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Preface

I have many debts. First to chance. There cannot have been many
other philosophy departments housing experts on both Le&niewski

and Husserl at the time when | studied in Manchester. My interest in
mereology dates from an occasion on which | rashly flashed some
axioms for a part-relation about the departmental office (they were
about the strength ofa meet semilattice), and Czeslaw Lejewski, who
happened to see them, told me they werefar too weak (I now think
they were too strong, but it took a long time to get to this). At the time
| set off to read Leonard and Goodman, and then the secondary
literature on Lesniewski. At about the same time, Wolfe Mays was
holding reading seminars on Husserl’s Logical Investigations. | think
we skipped over the third; though its use of mereological concepts
caught my attention, it seemed odd and unfamiliar, and it was mainly
Kevin Mulligan’s insistence on its importance which brought myself
and Barry Smith back to it over and again. To Kevin and Barry | owe
most stimulation and encouragement: their passionate interest in
ontology, their wide knowledge, and their unconcern for philo-
sophical fashion have helped me in countless ways. Several parts of
this book go back to our discussions in meetings of the Seminar for

Austro-German Philosophy and publications arising therefrom.

Many other people helped in various ways, in discussion, correspon-
dence, sending me their work and in other ways. Apart from the four
mentioned, | should like in particular to thank David Bell, Hans
Burkhardt, Roderick Chisholm, the late Ted Dawson, Rick Doepke,

Kit Fine, lvor Grattan-Guinness, Guido Kung, Wolfgang Kiinne,

Karel Lambert, Audoenus Le Blanc, the late Peter Nidditch, Gilbert
Null, Herman Philipse, Michael Resnik, Richard Sharvy, Peter Van

Inwagen, Paul Weingartner, and David Wiggins. Other occasional

debts are mentioned in the footnotes. The reader for Oxford

University Press gave very helpful constructive criticisms ofan earlier
version.

To my colleagues, first in Bolton, then in Salzburg, many thanks
for providing support and encouragement. My thanks in particular
go to Edgar Morscher for his considerable help. Annemarie Brenner
was the writing power behind two earlier versions, and kept the
caffeine flowing.
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The book is a slightly modified version of my Salzburg
Habilitationsschrift, and | should like to express my gratitude to the
members of the Habilitationskommission, and in particular to the
referees, for their work.

For financial assistance in enabling me to travel to colloquia I am
grateful to Bolton Metropolitan Borough Council, the Austrian
Federal Ministry of Science and Research (Bundesministerium fur
Wissenschaft und Forschung) and to the Osterreichische For-
schungsgemeinschaft.

My greatest debt is to my wife Susan, and | dedicate this book to
her in love and gratitude.

SALZBURG,
JULY 1986
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Introduction

This book has two major aims. The first is to give a connected account
of the various kinds of mereology, or formal theory ofpart, whole, and
related concepts, which exist, widely scattered, in the literature. This
aimis fulfilled mostly in Part I. The second and more important aim is
to expose the philosophical defects of most of this tradition, and to
suggest why, where, and how it should be put right.

The standardly accepted formal theory of part-whole is classical
extensional mereology, which is known in two logical guises, the
Calculus of Individuals of Leonard and Goodman, and the
Mereology of Lesniewski. Despite the discrepancies between the
underlying logics of these two approaches, there is a precise sense in
which both say the same things about parts and wholes. Classical
extensional mereology (CEM) is subject to two major criticisms. The
first is that, either out of conviction or for reasons of algebraic
neatness, it asserts the existence of certain individuals, mereological
sums, for whose existence in general we have no evidence outside the
theory itself. The second and more fundamental criticism is that the
theory is not applicable to most of the objects around us, and is
accordingly of little use as a formal reconstruction of the concepts of
part and whole which we actually employ.

There are two reasons for this. The first is that the underlying logic
of CEM does not have the resources to deal with temporal and modal
notions in connection with mereology, such as temporary part,
temporal part, essential part, or essential permanent part. This is not an
internal criticism of CEM, since one could envisage suitably extending
it to cope with temporal and modal concepts. However there is an
internal reason why CEM is not suitable for such extension, and this
concerns mereological extensionality. This is the thesis that objects
with the same parts are identical (by analogy with the extensionality of
sets, whereby sets with the same members are identical). If mereolog-
ical extensionality is accepted, then two prima facie facts need to be
accounted for. The first is that certain things, like human beings, have
different parts at different times: they are mereologically variable or in
flux. An object with different parts at different times cannot be
identical with the sum of its parts at any time, for then it would be
different from itself. The second problem is that some objects (again,

1



2 Introduction

like human beings) might have had some parts other than those they in
fact have, and yet still have been the same objects. In other words, they
are not modally rigid in their parts. If we accept mereological
extensionality in a modally strengthened form, to the effect that
objects with the same parts must be identical, then no object could
have had parts other than those it actually has, a thesis called
mereological essentialism, and associated with Chisholm.

In the face of these two problems, a number of strategies may be
adopted to preserve extensionality, some of them extreme. One may
try revising the logic of identity, or denying that objects have
undetached parts. The modal problem may be ignored by refusing to
take modality seriously. If it is taken seriously, then it seems that
mereological essentialism is the best option. One then faces the
problem of explaining why it appears that ordinary objects are not
modally mereologically rigid. Chisholm accounts for appearances by
construing such objects as logical constructions out of objects for
which mereological essentialism indeed holds.

Since it is more difficult to ignore time than modality, the problem
of flux has been faced more often. The analogous solution to
mereological essentialism is to deny that objects do vary their parts:
they are mereologically constant. Chisholm holds that objects pro-
perly so called are indeed mereologically constant, and the appearance
of variability among objects is to be explained by construing these,
once again, as logical constructions. | argue that the price Chisholm
pays is in each case too high to warrant upholding mereological
extensionality.

A second and more popular solution to the flux problem is to
propose replacing the things (continuants) of our usual ontology by
processes, which have temporal parts. | argue that the difficulties
involved in such a revision have been greatly underestimated, and that
in any case the move fails to save mereological extensionality because
such four-dimensional objects fall prey to the modal argument.

There are nevertheless places where extensional mereology is
appropriate, in particular among events and among non-singular
objects, that is, classes and masses: in the last two cases the full classical
theory can apply. It emerges that part’, like other formal concepts, is
not univocal, but has analogous meanings according to whether we
talk of individuals, classes, or masses.

It remains to be considered how mereology looks when extensio-
nality is rejected. Part 1l considers the mereology of continuants,
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which may be in flux. The rejection of extensionality has as a
consequence that more than one object may have exactly the same
parts at the same time, and hence occupy the same position. Another
somewhat controversial thesis defended is that an object may exist
intermittently in special circumstances. These views are applied
together to give a novel solution of the Ship of Theseus problem.

Consideration ofthe conditions under which distinct things may be
in the same place at the same time leads to a discussion of the nature of
composition, constitution, and matter in their mereological ramifi-
cations. With the rejection of extensionality, it becomes possible to
distinguish different concepts of proper-or-improper-part which
enrich our conceptual palette and allow disputes to be resolved as
turning on equivocation.

Modal mereology has received almost no attention because the
logical opinions of mereologists and modal logicians have usually
been fundamentally opposed. Part 111 brings modality and mereology
together as they are found in the work of Husserl at the beginning of
the century and later in that of Chisholm. Mereological essentialism is
rejected as a general doctrine, though again there are regions in which
it is appropriate, essentially those where extensionality applies. For
most continuants some parts are essential and others are not.

Husserl used modal mereology as a tool in developing various
concepts of ontological dependence of objects on other objects, a
study which quickly leads into some of the central topics of ontology,
concerning substance and conditional and unconditional existence.
The modal approach developed here isused to re-examine traditional
problems in this light, and to reassess Husserl’s achievement in this
field.

The arguments have so far turned mainly on extensionality and
what happens if it is rejected. In the last chapter | return to
mereological sums, and ask what it is they seem to lack that other
paradigmatic objects have. The leading idea here is that ofa family of
objects which is maximally connected under some relation; an object
composed of such a family is integrated under the relation; such
integrity—provided the relation involved is not merely formal—is
what arbitrary sums and incomplete fragments lack. Among the kinds
of relation constitutive of such integrity we consider forms of
ontological and functional dependence, and give an account, based on
work by Grelling and Oppenheim, of the characteristic structure or
Gestalt of such integral wholes.
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A word should be said about the use of symbolic formulae and
formal systems. Since most of the existing work on mereology uses
such means of expression, their use is unavoidable if we are to survey
such theories and compare their relative strengths. As for the rest of
the book, since the aim is to discover the most suitable mereological
concepts and the formal principles governing them, though it is in
principle possible to do without symbols, in practice we need them for
their brevity and clarity, and to enable us to test the consequences of
formulae using the established means of formal logic. Nevertheless, |
want to stress that this book is about ontology, not logic. The level of
logical sophistication required to understand the text is not high: a
journeyman’s acquaintance with first-order predicate logic with
identity will suffice. Even the modal sections require no more,
provided one is prepared to indulge the fiction of possible worlds. The
unfamiliar language of Lesniewski is introduced in such a way that a
reader without foreknowledge may follow subsequent discussion; but
in general I stay closer to predicate-logical means ofexpression. | have
tried to make the notation as unfussy as possible; a survey of the
notation used generally, in particular the conventions which allow
parentheses to be almost entirely dispensed with, can be found in §2.2.
Apart from this, the symbolically dense Chapter 2 is not a prerequisite
for understanding the main argument. It is a survey exhibiting the
riches of the predominant extensional tradition, and gathers material
which is otherwise widely scattered.

Finally, 1 should mention that the book does not deal with two
areas where mereology overlaps with other important philosophical
issues. The first is vagueness. Apart from some remarks in Part 1I,
where mention of vagueness is unavoidable, this subject remains
within the haven of bivalence. The second issue is whether there can be
a mereology of abstract objects (if there are any). The discussion is
confined to the concrete, except fora few remarksin 84.10. The reason
for avoiding these two areas is that to discuss them with the required
throughness would involve bringing in a good deal of material which
is not in itself mereological, and which is also not relevant to the main
argument, which is that extensional mereology is inadequate even for
its primary intended sphere of application—concrete individuals.



Part |

Extensional Part-Whole Theory

Seek simplicity and distrust it.
Whitehead, The Concept of Nature, p. 163

The theories of part and whole discussed in Part | are distinguished
being the only ones for which fully worked out formalizations exist.
In fact, the formal systems have tended to be discussed for their own
sake, and the question of the extent to which they capture intuitive
notions of partand whole has less often been put. The principal theme
of this book is that despite their formal elegance, these theories
leave much to be desired as general theories of part and whole.
Nevertheless, it is appropriate from a logical point of view to regard
them as the classical formal theories. They set the standard for future
formal developments and form the background to our later criticisms,
amendments, and extensions. For this reason, the concepts and
notations which are here introduced will be employed and modified
throughout the rest of the book. However, as there is no connected
text containing even a modestly thorough survey of extant modern
literature on part and whole, it seems appropriate in this part to draw
together information which is otherwise widely scattered. This
information on formal systems is of interest to the scholar of
mereology, but not so important for the main argument of this book,
and is therefore collected together in Chapter 2, while the material
essential for the' further arguments of the book is found in the
Chapter 1.

Terminological Note 1: ‘mereology*

The term ‘mereology’ will be used generally for any formal theory of
part-whole and associated concepts. So our study in the first part is of
extensional mereologies. We shall speak similarly of mereological
concepts, theories, principles, etc. Lesniewski called his own particular
formal theory ‘mereology’, literally ‘science or theory of parts’, from
the Greek pepo$, ‘part’. The term is often therefore applied to
Lesniewski’s theories alone, or to theories formulated in his fashion.
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In this usage it excludes formal theories formulated in a different
logical style, in particular the calculi of individuals of Leonard,
Goodman, and others. However the word ‘mereology’ and its
cognates are so convenient that it is worth using them more broadly.
To distinguish Lesniewski’s formal mereology from others, we write
‘Mereology’with a capital letter, or else mention Lesniewski by name.
This convention is similar to one employed to distinguish the general
philosophical theory of being or what there is, ontology, from
Lesniewski’s formal logic of being, Ontology. So a Mereology is a
particular kind of (extensional) mereology.

Terminological Note 2: ‘extensional’

The kinds of system considered in Part | are similar either to those of
Lesniewski, whose book of 1916 is the first rigorous, albeit still
informal, treatment, or to the calculi of individuals of Leonard and
Goodman. The latter come in two sorts, those employing some set
theory and those employing none. Calculi of individuals using sets
were also developed independently of Leonard and Goodman by
Tarski. The logical language used in calculi of individuals is that of
first-order predicate logic with identity, sometimes supplemented
with a modicum of set theory, whereas that used in Mereology is the
language of Lesniewski’s Ontology. The two languages differ fairly
considerably, as do the metalogical opinions usually associated with
them. Nevertheless, as far as the principles of part and whole go, there
is enough community of substance and attitude between them to
warrant regarding them as variants on a single theme. This affinity is
more precisely delineated in Chapter 2. Systems similar either to a
calculus of individuals or to Mereology are here called extensional
mereologies (part-whole theories). The term is chosen for its general
aptness rather than its immediate lucidity, for the following reasons:

(1) Extensional mereologies bear an intended algebraic similarity to
the theory of classes, which is the inner haven of extensionaiity.
The reasons for the similarity are both historical and systematic,
and will be examined in Chapter 3.

(2) The theories are by design free from modal or other intensional
operators.

(3) The logicians most closely involved in their development have
tended to evince a thoroughgoing extensionalist attitude to
logical matters.
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Finally, we may note a pun on ‘extend” the most appropriate
interpretation for extensional mereologies, one which renders all their
axioms plausible, is one in which the singular terms ofthe theory stand
for spatial, temporal, or spatio-temporal extents, or for extended
matter.

Note on Notation

A standard notation is employed throughout Part 1and, as far as
possible, throughout the book. It is introduced gradually with the
concepts and principles in Chapter 1, but a summary of conventions
employed may be found at the beginning of Chapter 2. This should be
consulted in case of doubt as to what any particular sign in this part
signifies. Tables comparing our usage with others in Ontology and
mereology may be found in §2.11, and there is a list of first and
elucidated occurrences of symbols at the beginning of the book.






1. Concepts and Principles of
Extensional Mereology

Although Lesniewski’s Mereology was the first extensional
part-whole theory to be rigorously developed, it is expressed in the
formal language ofthe general logic Lesniewski called ‘Ontology’,and
which is sometimes called his calculus of names.1This language is, by
comparison with those of predicate logicand set theory, still relatively
little known, so we first introduce mereological concepts and prin-
ciples in more familiar guise. Lesniewski’s notation can then be
introduced without any great difficulty in its intended meaning. As far
as the narrower issues of extensional mereology are concerned, there
is no important difference between Lesniewski and other writers.
They all in a clarifiable sense say the same. In particular, the
questionable aspects of extensional mereology remain questionable
no matter which language is used to express them. However, there are
a number ofreasons for not confining discussion and presentation to
the more familiar logical basis of calculi of individuals. For one thing,
much of the most detailed discussion ofextensional mereologies takes
place in the Lesniewskian tradition, so the interested reader should
acquire a smattering of the different logical dialect. For another thing,
one ofthe most promising interpretations for Mereology is one which
is internal to Lesniewski’s Ontology, knowledge of which must
therefore be presupposed. Last, but not least, Lesniewski’s logic and
the language it is expressed in possess a number of philosophically
attractive features, and for that reason alone wider acquaintance with
them is desirable. A more detailed account of the relationship between
predicate logic and Ontology may be found in the following chapter.

1.1 Basic Concepts

1.1.1 Proper Part

The most basic and most intuitive mereological concept, which gives
the subject its name, is that of the relation of part to whole. Examples
of this relation are so legion, and it is so basic to our conceptual*

* Cf. stuPEoci 1955.
9



10 Extensional Part-Whole Theory

scheme, that it seems almost superfluous to offer examples, but those
in Table 1.1 are illustrative of many others:

Tabte 11 Some Typical Wholes and Parts

Whole Part

a (certain) man his head

a (certain) tree its trunk

a house its roof

a mountain its summit

a battle its opening shot
an insect’s life its larval stage
a novel its first chapter

To express that the object x is (a) part of the object y we write
X«y

and say % is (a) part ofy' or, more often, % is a proper part of/. The
reason for the second (preferred) reading will become apparent
presently.

Here %’ and y are (singular) variables, the entities they ambigu-
ously signify being individuals. Leonard and Goodman called their
mereologies ‘the calculus of individuals’ to emphasize that the terms
of the part-relation are all of the lowest logical type, as distinct from
entities of higher type such as classes, functions, or attributes. The
choice of name suggests also that the principles developed apply to all
individuals, irrespective of kind, in a way in which other concepts and
principles, such as those of genetics, do not. We adopt this usage of
‘individual’.2

The most obvious formal properties of the part-relation are its
transitivity and asymmetry, from which follow its irreflexivity. That is,
the following are true for any individuals:

Nothing is a (proper) part of itself.

Ifonething isa proper part ofanother, then the second isnot a proper
part of the first.

Ifone thing isa proper part ofanother, and the second isa proper part
of a third, then the first is a proper part of the third.

1 Where we use ‘individual’. Lesniewski used equivalents of ‘object’ (przedmiot,
Gegenstand\ We use ‘object’more widely, to cover also masses and classes (Ch. 4). Cf.
RUSSELL 1903: 55 n.; Russell used (confusingly) ‘term’ for individuals.



Concepts and Principles n

These principles are partly constitutive ofthe meaning of ‘part’, which
means that anyone who seriously disagrees with them has failed to
understand the word. The relation of proper part to whole is thus a
strict partial ordering, but not all strict partial orderings are part-
relations; these principles will need to be supplemented.

1.1.2 Part (Proper or Improper)

Just as in arithmetic, the relation less-than (<) is often less convenient
to use than the relation less-than-or-equal (£); so in the theory of
partial orderings in general, and mereology in particular, it is often
algebraically more convenient to take as the primitive of a formal
theory the corresponding non-strict relation part-of-or-equal. It is no
minor question what this ‘or-equal’ means. An essential characteristic
of extensional mereology is that it mean ‘or-identical’. If x and y are
identical, then we say that x is an improper part ofy (and vice versa).
That x is a proper or improper part of y is expressed by
X<y

We read it, for simplicity, as *x is (a) part of y’. This relatively minor
deviation from normal usage is warranted by its convenience.3

It is trivially true that in this sense of ‘part’, two individuals are
identical ifand only iftheir parts are the same, and in certain calculi of
individuals this is used to define the relation of identity. The question
whether the part-relation is in some absolute conceptual sense prior
or posterior to the identity relation is perhaps not as obvious as it may
at first appear,4 but we shall always take the identity relation as given,
for reasons to be given below. With identity at our disposal, it is
possible to define either ‘part’or ‘proper part’in terms of the other, so
the choice as to which to take as primitive in a mereological systemisa
matter of convenience. While ‘proper part’ is the more natural
concept, ‘part’ is algebraically more convenient. In any case, exten-
sional mereology may be based on a good few more than just these
two possible primitives.

1.1.3 Overlapping

Two individuals overlap mereologically ifand only if they have a part
in common. This includes the case where one is part of the other, and

* The readings are mirrored in the symbols: ‘< “and *pt' are simpler, while *«”and
‘ppl’ stutter. Both symbolic conventions have precedents in the literature: cf. Leonard
and ooodman 1940, henry 1972

4 Cf. sharvy 1983b: 234, where it is contended that the part-predicate is more
fundamental than identity.
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also the case of identity. For 'x overlaps / we write
Xoy

It is easy to see that overlapping is reflexive and symmetric, but not
transitive, as shown by the diagram of overlapping discs below. In

general, overlapping individuals are such that neither is part of the
other. Two intersecting roads overlap at their junction, but neither is
part of the other. Overlapping sometimes occurs abnormally among
human beings and other animals, in the case of Siamese twins. Where
individuals overlap, but neither is part of the other, we may speak of
proper overlapping; in mereology this concept plays hardly any role,
though there is reason to think it is of importance in our conceptual
scheme, if only in a negative way. There appears to be a certain
conceptual uneasiness about proper overlapping. This might be
connected with its abnormality for human beings (as a permanent
state—the mother-foetus case is quite normal), but may be more
general. We readily accept stateless tracts of sea between nations, but
the idea of two nations’ having overlapping territories is most
uncomfortable for more than one reason. There appears to be a
general tendency to draw conceptual boundaries, cast concepts of
physical things and events in such a way that for most practical
purposes proper overlapping is avoided. In many cases, where the
objects classified are in any case marked by discontinuities at their
borders with the environment, this tendency follows the natural grain
of the world; but in dealing with inherently undivided continua, we
have a freer hand. Yet in the case, for example, of colours we
predominantly order primary colour terms so that there are stretches
ofno man’s land between the foci of colour terms rather than allow
such terms to clearly overlap.

Whatever the anthropological significance of this, the simpler idea
of overlapping defined first above is mereologically and conceptually
quite unproblematic, though it may interact with other mereological
concepts in a questionable way. It can be and has been used as the sole
primitive concept in calculi ofindividuals, and its counterpart likewise
in Mereology.
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1.1.4 Disjointness

Individuals are disjoint iff (ifand only if) they do not overlap, i.e. they
are disjoint iff they have no part in common. We write

x[y
for x is disjoint from y\ Examples of disjointness abound. Most
human beings are disjoint from one another. Disjointness is sym-
metric. Like overlapping, it is a straightforward concept, and can be
used as sole primitive in a calculus of individuals.
We come now to mereological operations.

1.1.5 Binary Product

If two individuals overlap, they have, by definition, at least one part in
common. In terms of the part-ordering, any such common part is a
lower bound for the two individuals. Most mereological theories
assume that overlapping individuals have a greatest lower bound or
infimum, which is the lattice-theoretic meet: the traditional term is
‘product’. The product of x and y is that individual which is part of
both, and which is such that any common part of both x and y is part
of it. For this product we write
X-y

It is the mereological counterpart of the intersection of two sets, with
the difference that in normal set theory even two disjoint sets have an
intersection, namely the null set, whereas disjoint individuals precisely
lack any common part. Most mereological theories have no truck with
the fiction ofa null individual which is part ofall individuals, although
it neatens up the algebra somewhat.3 So the operational notation for
product, if understood to denote a function, denotes only a partial
function.6 Rather than appealing to partial functions, we take
operational notation as equivalent to definite descriptions, so that ifx
and y do not overlap, *x¢/ is equivalent to an improper description.
Improper descriptions may be dealt with in a number of different

5 The chiefculprit in propounding this absurdity is R. M. Martin: see martin 1943;
1965; 1978:13ff See also carnap 1956: 36f. bunge 1966 and 1977: 51 even proposes
more than one null individual. But the idea is neatly dispatched by OEACH 1949, and we
need not take it seriously. The theory of substance in bunge 1977 appears to be similar
in strength to a classical extensional mereology plus a null individual, though Bunge
claims (50) that the part-whole relation is adequately captured by a partial ordering!
Bunge’s views are too far offour track for it to be worth our while trying to unravel the
parallels.

* This is the method chosen in pOhringer 1982.
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ways, and in this chapter no particular method is preferred. The
following chapter suggests basing a calculus of individuals on a free
logic with descriptions, which is philosophically the most acceptable
alternative. A further advantage of this choice is that it brings calculi
ofindividuals a step closer to Lesniewski’s approach and so facilitates
comparison.

Having defined binary products, it is clear that finite products of
any number of places may be defined, since the product is obviously
commutative and associative. For arbitrary products, however, a
stronger operation is required.

1.1.6 Binary Sum
We define the mereological sum of two individuals x and y

X +y
as that individual which something overlaps iffit overlaps at least one
ofx andy. So a broom is, roughly speaking, the sum ofits handle and
its head.7 We shall see below that this definition does not always
coincide with that of their mereological least upper bound or lattice-
theoretic join as the ‘smallest’ individual containing them both.

It isa central thesis of classical extensional mereologies that any two
individuals possess a sum. Since individuals may be disjoint, spatio-
temporally widely separated, and of quite different kinds, this
assumption is very implausible, and it will be part of our task in later
chapters to account for and set limits to this implausibility.

As in the case of products, the binary sum operator can be used to
define sums of arbitrary finite numbers of individuals.

1.1.7 Difference
If x and y are two individuals, then their mereological difference,

X-y
is the largest individual contained in x which has no part in common
withy. It exists only ifx isnot part ofy. Ifx and y overlap and x is not
part of y, then x —y is a proper part of x. In some non-classical
mereologies a unique difference does not always exist.8

1 Elucidating the force of this 'roughly speaking’ will occupy us a good deal. The
broom example is not without its prehistory: cf. Wittgenstein 1953: 8§60, henry 1972:
118 If. Perhaps it is chosen because brooms have only two (major) components.

* Sharvy (1980: 621,19836:234) calls partial orderings which are closed under least
upper bounds quasi-mereotogies, and for them differences may fail to exist where they
exist in classical raereology. This is because the overlapping principle SA15 fails. For
further discussion see the next chapter.
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1.1.8 General Sum and Product

The existence of binary sums and products is no guarantee that every
rinss of individuals has a sum, or that every class of individuals with a
common part has a product, since such classes may be infinite. To
cover such cases, a new concept and a new notation is needed. We take
Ihe sum (sometimes called thefusion) ofall objects satisfying a certain
predicate F<Jto be denoted by a variable-binding operator o and write

ax Fx

for this sum. The corner brackets mark the scope of the operator and
can be omitted in the case of simple predicates, where no scope
ambiguity threatens.
Similarly, the general product or nucleus ofall the objects satisfying
F{ is written
rt/Fx1

with the same proviso on corners. Of course this product will only
exist if all the objects satisfying the predicate have a common part. It
turns out that the general sum operator suffices on its own to define
the binary sum and product, the general product, and the difference
operator. In fact, as we shall see below, slightly different ways of
defining the general sum are possible, and they are not all equivalentin
systems weaker than a full classical extensional mereology.

If the existence of binary sums poses a problem, then sums of
arbitrary classes of individuals pose a greater problem. Nevertheless,
Mereology and calculi of individuals, the classical extensional
mereologies, have as a central thesis an axiom stating the existence of
general sums.

1.1.9 The Universe

On the assumption that arbitrary sums exist, there then exists the sum
ofall objects whatever, a unique individual of which all individuals are
part. This is denoted by ‘U’ and is called, for obvious reasons, *the
Universe’. It functions algebraically as a Boolean unit element in a
mereological algebra. The existence of the Universe (in this special
sense)9 is perhaps slightly less controversial than the existence of
arbitrary sums, so in a non-classical mereology in which arbitrary
sums are not guaranteed, the existence of the Universe would have to
be specially postulated, but conditionally. If we accept the possibility

* Much is made of this in munitz 1974: 191 ff.



16 Exlensional Part-Whole Theory

that no individuals at all exist as a logical possibility, then in such a
case the Universe would not exist either. It iscommon to speak ofthis
alternative as that of the empty world or empty Universe (by analogy
with the empty set—which the empty world is in some semantic
theories). But strictly speaking this terminology is wrong, for the
world or the Universe is not a container which may or may not be
filled—it isthe whole filling. And so this limiting case is not one where
the Universe is empty, but one where there is no Universe. Both
Mereology and the calculus of individuals based on a free logic given
below, admit this case.

1.1.10 Complement

Assuming that differences and the Universe both exist, then for every
individual there is a unique individual comprising the rest of the
Universe outside it. If x is the individual, this complement, U —x,
written X’ exists and is unique, providing U exists and x is not
identical with U. The complement ofan individual is its complement
in the Boolean sense also; its interest is chiefly historical and algebraic.
In weaker mereologies a complement does not always exist, even if
there is a Universe.

1.1.11 Atom

Finally we consider the predicate '£ is an atom’. An atom is an
individual with no proper parts; it is accordingly indivisible either in
fact or in theory, as befits the etymology of its name. Atoms in this
strict mereological sense are not to be confused with atoms in the
sense of physics and chemistry, which may have numerous proper
parts and are far from indivisible, even in fact. Here the etymology of
the name has lost touch with progress in physics; ‘atom’is no longer a
functional but a rigid term for certain natural kinds. Whether there
really are mereological atoms is an unresolved question, and it is at
present difficult to see what could resolve it. The problem ofatomism
is discussed in greater detail below. We shall use the expression ‘At x
to mean X is an atom’.

There are a great many other mereological concepts which can be
defined with the means we have outlined, but we have covered the
most basic and important ones. To illustrate those we have listed, it is
helpful to have
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1.2 An Example

Consider the plane figure below: a (filled) planar rectangle U

exhaustively divided into three squares X, y, z. The letter TJ” has been
chosen because we shall indulge the false supposition that U and its
parts are all there is, so all the concepts mentioned above can be
illustrated. Further, we confine consideration to just those individuals
which can be compounded of x, y, and z, ignoring all others. That is,
we are treating the squares as if they were atoms. Of course, in reality
they are not so, but atoms cannot be drawn. Of the individuals
compounded just of X, y, and z one has already been mentioned: U
itself. We have

U=x+y+z
The remaining sums may be given names as follows

u—x+y
Ve X+2z
W=y+7

end note that whereas u and w are connected, v is not, so the
assumption that there is such an individual as v is less secure than the
assumption that there are such individuals as u and w, other
considerations apart.

First of all we list some representative mereological facts concern-
ing U and these parts: x(y, y(z, z(X, X « u,Xx < » X < U, u« U,
uo v,Uv=xX+w= mt+tu®®U, k—w —X, Vv X Y. The general sum
and product operators have not been illustrated in this finite model.

It is no accident that there are only seven individuals compounded
out of the three squares. If they really were atoms, then these seven
would be all the parts of U. In a classical mereology, there is a fixed
relationship between the number ofatoms and the number of objects,
assuming that everything ismade ofatoms. Ifthere are catoms, where
c is any cardinal number, then there are 2e—1 individuals. Thus the
cardinality of intended models of classical mereology is restricted.
Ihcre are models with 1, 3, 7, 15, 31, 2K0, and numerous other
cardinalities, but none with cardinality 2, 12, or KO, for example.
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We have illustrated an atomistic case. In this case there is a marked
algebraic affinity between the calculus of individuals and the calculus
of classes, which will be pursued in greater detail in Chapter 4 below.
In the figure there are of course more than just seven parts to U. Ifthe
plane figure U were a continuum, then there would be at least
continuum-many parts.

Simple geometric figures like this are useful for illustrating concepts
and finding ways to prove suspected theorems.10 However, their
usefulness is limited because they possess features which do not
necessarily hold for all mereologies. For instance, sums of disjoint
areas do not appear especially problematic, for in each case the entities
summed are alike in species. There are no conceptual difficulties about
states whose territories are not connected.

13 The Lesniewskian Approach

The differences between Lesniewski’s Mereology and calculi of
individuals spring not from the mereology as such, but from
differences in the underlying logic. The languages are different, and
the conception of logic entertained by Lesniewski and his disciples
deviates markedly from the conception entertained by the average
practitioner of predicate logic. Lesniewski’s nominalism was so
thorough that he applied it to his own logical systems, construing
these not as abstract sets of propositions or whatever, but as concrete
assemblages of physical marks. The Platonic view of logical systems
envisages these as timeless constellations, whereas Lesniewski is
forced to see logical systems as dynamic, growing in time by the
addition of new marks called theses, according to well-defined rules.
However, this thoroughgoing nominalism can be applied as much to
predicate logic as to Lesniewski’s own systems, and is peripheral to
our concerns here. The essential differences between Ontology,
Lesniewski’s general logic, and standard set theories and predicate
logics, concern in particular three areas: terms, quantification, and
definitions. We take these in order of importance.

1.3.1 Terms

In orthodox predicate logic, all proper names and other genuine
singular terms are essentially singular—that is, designate precisely one

10 They are obviously related to Euler diagrams, whose appropriateness for
mereology was noted by frege 1895.
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Individual. In free logic this restriction is relaxed to the extent of
allowing empty terms. These are inter-substitutible salva congruitate
with genuine (i.e. referential) singular terms, but do not designate
anything. In other words, designation, from being a function, becomes
a partial function. Lesniewski’s logic likewise allows empty terms, but
it goes an important step further, widening the notion of designation
Kill further so that it becomes a general relation. While in orthodox
logic a term designates exactly one individual, and in free logic it
designates not more than one, in Ontology a term may designate more
than one individual. This is not ambiguity, but straightforwardly
plural designation. In this respect Ontology follows natural language,
which possesses grammatically connected expressions like ‘Russell
and Whitehead’, the brothers Grimm’ and ‘Benelux’, which designate
several individuals. It isa prejudice to suppose that designation must
always be singular, or in default of this not occur at all.11 Interpreters
of Lesniewski frequently express this fact about his logical language
by saying that the names in it are common nouns, or that the language
makes no distinction between proper and common nouns. This view is
debatable,12 but the issue is not crucial to our concerns here. If we
consider again our example from the previous section, then to the
seven singular terms which we already have, namely Xy, V, V, V,
‘W, and ‘IT, we add first of all the empty name ‘A’, which does not
designate at all. Then we add plural names. The semantic Table 1.2
offers a fragment of the possibilities, where it is to be noted that the
symbols are mentioned on the left but used on the right.

Tabte 12 Some Plural Termsfor the Squares Example

Token of term Individuals designated
a

b X'y

C X,Z

d y

e u,v,vt

f ut=

\% X,Y,Z,u,v,w, U

Since there are seven individuals under consideration, there are
27 = 128 ways of designating a selection of them, including the null
11 Against this prejudice an increasing number of voices are being raised. Cf. the

references to the discussion in Ch. 4.
11 It is argued against in simons 1982d.
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case, so we have left 113 combinations without a term. The expression
‘V’is a standard one in Ontology: dual to ‘A’ it is a universal term;
here it designates all seven individuals of the putative universe. The
distinction between ‘V’and ‘U’should be clearly noted: the former isa
term which designates all individuals, and in any case where there is
more than one individual, this means it is plural. The latter is a
singular term (except in the case where nothing exists, when it is
perforce empty), and designates that individual which is the mereolog-
ical sum of all individuals.

The introduction of plural terms gives Ontology, and with it
Mereology, an expressive power beyond that available to predicate
logic of first order without the introduction of sets; for variables may
be quantified which may be interpreted plurally, and predicates may
be introduced which have plural subjects, allowing the direct rep-
resentation of notions such as ‘outnumber’ or ‘surround’ which
require paraphrase into second-order logic or set theory when
translated into predicate-logical idiom. These possibilities are here
simply stated; we are not here concerned with their general philo-
sophical signifiance.

1.3.2 Quantification

Lesniewski understood quantification in a non-referential manner. In
classical predicate calculus ‘3xFx' may be read roughly as ‘something
Fs’or ‘there is (exists) an F-cr’,and ‘VxFx’as ‘all (existing) things are
F-ers’. This referential interpretation may be extended to accom-
modate plurals: ‘3aFa’then means ‘some thing Fs or some things F’
or, slightly more accurately, ‘there is (exists) some thing or things a
such that it or they F\ If we use the term ‘manifold’ to cover both the
singular and plural case, it means ‘there isa manifold such that F(it)’.
Such quantification still carries existential import, and if empty terms
are admitted, inferences such as Fb (—3aFa are invalid.13 For
Lesniewski on the other hand such an inference is valid, so whatever
else his ‘for some a: Fa' means, it does not mean ‘there exists a such
that Fa’. It can be proved in Ontology that for some a, adoes not exist,
so this reading is wholly alien to Lesniewski’s conception of quantifi-
cation. We mark this difference in meaning with a difference in
symbols: for Lesniewski’s universal quantifier we write ‘11°and for its
dual, which must be called the particular not the existential quantifier,

13 Classical quantifiersand plural terms are mixed in this way in the manifold theory
of Simons 1982c. Note that V ’, as usual, marks an inference.
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we write ‘E\ Whether Lesniewskian quantifiers are to be understood
mbstitutionally or in some other way is a controversial matter, which
We pass over here but mention in more detail in the following chapter.
For our purposes it suffices to note that Lesniewskian quantification
li ontologically neutral or uncommitting: the fact of quantifying
variables of a certain category is not sufficient to commit one to
quantifying over corresponding entities.

1.3.3 Definitions

For reasons which we again deal with at greater length elsewhere,
lesniewski regarded all definitions as object-language equivalences
Introducing a new expression, subject to detailed restrictions designed
to exclude circularity, paradox, and other unpleasantnesses. We shall
follow him in this regard, styling definitions with a ‘D’ in their
nomenclature, but treating them otherwise as any other axiom, and
not as a metalinguistic abbreviation.

1.34 Concepts of Ontology

Anumber ofpredicates may be taken as primitive in Ontology, but the
most usual and useful is the predicate ‘s’ of singular inclusion. This
(wars only a partial similarity to the membership relation ‘e’ of set
theory (we have written them both so the different symbols can be
noted). Whereas both expressions flanking ‘e’ are singular terms,
neither one flanking ‘6’ need be singular. Whereas in most set theories
telf-membership is ruled out, because sentences of the form x e x are
either always false or else not well formed, a formula ‘aea’may be true
(namely in the case where ‘@’ denotes exactly one individual). The
truth-conditions of a formula laeb’ are easily given: it is true iff 'a’
designates exactly one individual and it is one of the one or more
individuals designated by b\ It is usually easiest to read the sign €’ as
the English copula ‘isa’, buta more accurate reading is ‘isone of’or fis
among’. The natural language reading offers in any case at best an
approximation to the intended meaning.

Other predicates and further kinds of constant may be defined
using ‘e’ and the available logical resources of propositional connect-
ives and quantification. The definitions are given in Chapter 2, but
Table 1.3 gives a list of useful constants, together with suggested
readings and truth-conditions.

In addition to these predicates we may define the constant terms Vv’
and ‘A’ which were mentioned above.
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Table 1.3. Important Concepts of Ontology

Concept Formula Reading Truth-conditions
Singular Identity a« b a is identical with b a’ and 'b' designate the
a is the same individual as b same individual

Non-plural Identity a* b a is the same as b ‘2’ and 'b* designate the
same individual or are
both empty

Identity am b aand b are the same a2’ and ‘b’ designate the
same individuals or are
both empty

Existence Ea j\a eXISt-(S) :

1lthere is at least one of a  ‘a’designates at least one
individual

Uniqueness la there is at most one ofa  ‘a’designates at most one
individual

. . .1there is exactly one ofa  *a’ designates exactly one

Singular Existence - E!a 5 s an individual individual y

Inclusion acb lkanyaisab 'b' designates whatever
‘a’ designates (if
anything)

Strong Inclusion ach everyaisab ‘b’ designates whatever
‘a’ designates (at least
one thing)

Intersection aAb some aisab some individual is desig-

nated by both ‘a’and 'b’

1.3.5 Concepts of Mereology

Whatever is or has a proper or improper part, whatever overlaps or is
disjoint from something, whatever isa sum or product of individuals
isan individual. So, as far as the relations and operations of mereology
go, there is no systematic reason why Mereology should differ greatly
from calculi of individuals. In fact the difference is slightly more
marked than it might be because of Lesniewski’s way of expressing
mereological relations. Take the sentence 'x is a proper part ofy\ In
predicate logic this is given a tripartite structure, the transitive verb
phrase ‘is-a-proper-part-of’ being treated as a logical unit. Lesniewski,
on the other hand, uses the availability of plural terms and singular
inclusion to express the same thing in a quadripartite structure, x is-a
proper-part-of (y)\ breaking the predicate into the copulative pre-
dicate ‘is-a” (expressed by V) and a functor taking one nominal
argument to form a complex term, ‘proper-part-of ( ). The whole
sentence thus has the Ontological form xea’, where the second term
is complex. This difference may be illustrated by comparing the two
structure diagrams below.
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The semantic work which is done in predicate logic by the predicate
la here shared by the formal predicate ‘e’ and the specifically
mereological functor ‘ppt’. In principle there would be nothing to stop
I ciniewski using the same predicate as the calculus ofindividuals. The
use of the functor ‘proper-part-of’ inserts an additional layer of
ilructure which allows the term ‘proper part ofy' to emerge, and this
will usually be plural. The restriction of predicate calculus to singular
terms does not allow this extra level of structure to be represented. So
In Mereology the sentence ‘any proper part of x is a part of x\ which
requires the rather complex formulation “Vyry « x =y <x7 in
calculus of individuals, may be given the simpler formulation
Ppt(x) ¢ pt(x)".

In similar manner, instead of predicates ‘is-a-part-of’, ‘overlaps’, ‘is-
outside’, and so on, Mereology has term-forming functors ‘part-of’
(pi), ‘overlapper-of (ov), ‘outsider-of’ (ex). Whereas calculi of in-
dividuals then use operational notation for binary sum and product,
In Mereology expressions of category N/N N are used, which take two
nominal arguments and yield a complex term, ‘binary-product-of ( )
mnd ( ) (Bpr( , ))and ‘binary-sum-of ( Yand ()’ (Bsm( , )). This
preference for terms rather than predicates is a matter of taste and
expediency rather than principle; it has its advantages and dis-
advantages. The latter can be circumvented at any time by defining a
suitable equivalent predicate, which is always possible in Mereology.

When it comes to expressing the general sum and product,
Mereology looks more straightforward than calculi of individuals.
Instead of a variable-binding operator, we have two functors of the
same category as ‘ppt’, ‘sum-of (Sm) and ‘product-of’ (Pr). This is
(tossible because the argument-expressions may of course be plural:
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instead ofa complex expression ‘the-sum-ofx such that x is-a-square
we have simply ‘the-sum-of squares’. Hence a complex nested
expression like ‘the sum ofall the overlappers of parts of x' comes out
as ‘Sm(ov(pt(x)))’ where in predicate-logical terms we need
Vzr3yrzo yay <x 1\ Ofcourse, the variable-binding notation has
advantages when it comes to expressing sums and products of
individuals satisfying particularly complex predicates, where
Mereology must first compress the predicative condition into a
suitable complex term, if necessary via definition. In practice, each
form of expression is as good as the other and the differences between
them are not logically important, except for the important point that
in Mereology all nominal variables may be quantified without
incurring ontological commitment. Table 1.4 shows the equivalents or
near-equivalents of mereological constants which we have discussed.

Tabte 1.4. Equivalent Concepts in Calculus of Individuals and Mereology

Concept Calculus of individuals Mereology
Proper part X«y *<ppt(y)
Part X<y xept(y
Overlapping X0y xeov(y)
Disjointness x\y xeex(y)
Binary product Xy Bpr(x, y)
Binary sum X+y Bsm(x, y)
Difference X~y , Cm(x,y)
General sum ax lx—x Sm(a)
General product XXTEX' Pr(a)
Universe ] u
Complement X Cpl(x)
Atom At x xsatin

The difference in form of expression for the binary product is not
quite as minimal as it looks, since the Mereological expression is not
syntactically confined to the role of a singular term. However,
wherever the resulting term satisfies a uniqueness condition, we have
given the corresponding Lesniewskian functor a capital letter.

This should suffice to prepare the reader for confrontation with
Lesniewskian texts. As a final warning, it should be mentioned that
there is no standard notation in Lesniewskian logic, and it will be
possible to find numerous equivalents for the notation we have given
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here. As a guide to orientation, there is a table of equivalents in
Chapter 2. Our notation has been chosen partly to conform with our
informal terminology, partly to illuminate the parallels with the
notation in calculus of individuals.

1.4 Mereological Principles

Since the first presentation of classical mereology by Lesniewski in
1916, many writers on the subject have assumed that, since the theory
avoids both Platonism and paradox, it is to all extents and purposes
philosophically harmless and uncontroversial. Thus many of the
writings on mereology are concerned with bringing logical refinement
to the existing system, by suggesting new primitives, shorter axioms,
and the like. While they are interesting in themselves, these contri-
butions take the classical theory for granted and do not question its
presuppositions. For someone who questions the cogency of some of
these presuppositions it is remarkable how little work has been done
on systems of mereology weaker than the classical ones of Lesniewski
and Leonard and Goodman.14*So it is important to lay out the
principles of extensional mereology not in the most economical and
idiomatically most elegant way, where the power of the axioms is not
Immediately evident, but rather by starting from obviously acceptable
principles and adding to them gradually in steps which are as small as
possible. Only in this way are we likely to establish the boundary of
what is uncontroversially acceptable.

Algebraically, a mereology isa partial ordering, but ofa kind which
hus attracted little attention among mathematicians.13 The algebraic
structure of a full classical mereology is that of a complete Boolean
algebra with zero deleted,16 which is a much richer structure. In
between these two extremes there is much room for discussion and
dissent.

The family of systems S introduced below constitutes an attempt to
Il in some of the gaps between the weakest and strongest systems. It
uses the signs introduced in 81.1. We do not stop to explain the

14 There is a survey of such systems in the next chapter.

' Among lattices, by contrast, mathematicians have worked out a detailed
lasonomy. See, for example, the variety of approximations to Boolean algebra in
rasiowa 1974, which arise through considering the algebras of non-classical pro-
positional calculi. Non-classical mereologies have been unable to command such
mention.

** Cf. tarsm 1956¢ 333n.
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symbolism, which is straightforward: details can be found at the
beginning of Chapter 2.

Systems S: no sets;'« " primitive; “= * assumed

Like the most cautious calculi of individuals, we eschew use of sets; the
logical constant of identity is presupposed and not defined mereologi-
cally. The chosen primitive is the most intuitive predicate, ‘is a proper
part of’. The logical basis is

SAO Any axiom set sufficient for first-order predicate calculus with
identity

The relation “« ’is at least a strict partial ordering; this is reflected in

SAl X« y=~y«X

SA2 X« YAy« ZI=>X«1

We can define ‘part’ then as

SD1 X<ysX«yvX =Yy

It is possible to take ‘< ’as primitive instead, defining a proper part as

a part which is different from its whole. The above axioms fall well

short of characterizing the part-relation; there are many partial

orderings which we should never call part-whole systems. The

simplest is the partial ordering on two Objects having the Hasse
diagram shown below. How could an individual have a single proper

I»

part? That goes against what we mean by ‘part’. An individual which
has a proper part needs other parts in addition to supplement this one
to obtain the whole.17 Principles which tell us something about how
this takes place will therefore be called supplementation principles.

17 One philosopher who apparently did not think so is Brentano (cf. brentano
1933, 1981), for whom a substance (e.g. a man) is a proper part of an accident (e.g. a
sitting man), without there being any extra part added to the man to get the sitting man.
Cf. chisholm 1978: 201 ff. A rather similar position is to be found in Fine’s theoiy of
qua objects in fine 1982, which we discuss in a later chapter. However it seems unlikely
that Mrs Thatcher isa proper part of Mrs Thatcher qua Prime Minister, so Fine’s theory
is not quite the same as Brentano's. In any case, the theory of Brentano is hardly
plausible enough to shake our conviction that some supplementation is necessary. If
there is (as Brentano and Fine think) a difference between a man and the same man
sitting, it is not a mereologkal difference.
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Wa first consider two which are clearly too weak, and then two others.
I he first simply suggests that any individual with a proper part must
havo ut least two proper parts (where *+’ as usual means ‘not
Identical’):

NM Xx«y=>3zz« yaz+ x1

Il ho corners here are scope-marking brackets, a symbolization used
hy I.cGniewski; they have the advantage of not crossing the line and so
aid legibility. They have nothing to do with Quine’s quasi-quotation.)
I'his principle is far too weak to do the required job, since it is satisfied
by an infinite descending chain (see below), and this no more deserves

to be called a model of part-whole relations than does the previous
one. A stronger principle is

SK2 x«y=3zrz« ya ~z< x1

While this blocks the chain example, it still lets in an inadmissible
model, shown below.

A moment’s thought shows that this too cannot be a model of part
and whole. What we have here is a universe all of whose parts overlap
each other. But surely ifa universe is complex (i.e. has proper parts at
all), then at least two of these parts will be disjoint. To express this we
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first define overlapping and disjointness:

SD2 xoy=3zz<xaz<yl

SD3 xj,ys ~xoy

We then have

SA3 X « p 32z« Yya z[X' (WSP)
This axiom will be known as the Weak Supplementation Principle.16 It
says that ifan individual has a proper part, it has a proper part disjoint
from the first. This eliminates the questionable lattice model. However

the model below satisfies the axioms SAQO-3. Here we have a case
where two distinct individuals are made up ofexactly the same proper

parts. This seems at any rate odd—uwhy are the two not one? We shall
have occasion in Part Il to look with greater favour on the idea that
distinct individuals can indeed share all their proper parts, but in a
more complex setting, where issues of time are introduced. 1fwe think
of a complex whole as in any way like a class of its parts—albeit a
collective rather than distributive class,19 then it seems implausible
that the same parts can form two distinct wholes, just as distinct
classes cannot be formed from the same elements. This suggests
adding, by analogy with the extensionality principle of class theory, a
principle which says that if individuals have the same parts, they are
identical. If ‘part’meant ‘< "this would be trivial, so it must here mean
‘proper part’. But as it stands this formulation will not do, because any
two atoms have the same proper parts, viz. none, and so would be
identified. Hence we need to add that the individuals in question are
not atoms. We express a one-sided form ofthis Proper Parts Principle:

SA4 3zrz« xla Vzrz« X =z« yl=>x <y (PPP)

Adding this to SAO-3 eliminates the four-element model.
The extensional aspect of extensional mereology appears to be
closely connected with PPP, as its motivation shows. However, we

11 A number of principles whose importance extends beyond a chapter are referred
to not by their local numbers but by descriptive names or their mnemonic abbreviations
given on the right of the line.

19 The terminology is due to Leiniewski, but the distinction goes back (at least) to
FREGE 1895. Cf. SINISI 1969.
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mhall sec that in a slightly stronger setting PPP can be made, with help,
to follow from WSP. To prepare the way for this, consider the
following Strong Supplementation Principle:
XA5 ~x<y=>327 <Xxazlyl (SSP)
It can easily be checked that WSP follows from SSP. In addition, PPP
alio follows from SSP. To show this, we take PPP in the partly
contraposed equivalent form 3zrz« x*a ~ X <y =>32Z1Z« xa
z« yl1 The proof is presented in a slightly abbreviated natural
deduction form:

(D 3z «x’a ~ X <Yy Assumption
(2 3zz < xazlyl 1, SSP (SA5)
Q) X|,yaz« x= ~z«y SD3
4) x(y => 3?27z« x A~ 2z« yl 1,3
B) xoyazty =z X SD3
(6) XxoyAz<xA zjy = 5, SD1, SD3
Z« Xa ~ z«Yy
(7) x 0y =53zrz« xa ~ z« Yyl 2,6
8 xoyv xly SD3, excluded middle
(9 3zz« x A ~ z« yl 8,4,7

It can be directly checked that SSP also rules out the four-element
model, as this result implies. Hence SSP isstronger than WSP, as their
names tell. In fact, however, SSP cannot be derived from SAO-4, as the
following counter-model shows. If we take all half-open, half-closed
intervals on the real line, and interpret ‘< *as set-theoretic inclusion,
then it can be checked that all of SAO-4 are satisfied, but SA5 not. For
theinterval [0,1) is not part ofthe interval (0,1] (or vice versa), but no
part of [0,1) is disjoint from (0,1]. It is characteristic of this model
that overlapping intervals do not always have a unique product: this
applies in particular if the overlap is either purely open or purely
closed. Hence by adding SA3 directly to SAQ-2, we obtain a system
which is strictly stronger than that obtained by adding SA3-4.
Since adding PPP directly to the partial ordering axioms SAQ-2
yields something stronger than a mere partial ordering—the model
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is thereby excluded—the lattice of structures shown below is thereby
established:

The strongest resulting system still does not rule out all models which
may appear suspicious. In particular, it still admits the model below.

This hasincommon with the previous interval model that overlapping
individuals do not always have a unique product. In the context ofan
extensional mereology, the assumption of unique products appears
plausible—iftwo objects overlap, why should there not be a maximal
common part? This suggests adding

SA6 X0y =>3zVWw<z = w<xAw<yl
Defining

SD4 xeymsizVWrw< z=w<xa w<yl
this amounts to

SF3 XopE!(x7)

In this stronger context of SAO-3 + SA6, the Strong Supplementation
Principle SAS is derivable. We set out again a shortened natural
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deduction:

D ~(*<y) Assumption

@ x[yvxoy SD3, excluded middle
3) x <x SD1

) >3zrz< xazlyl 3, EG

B) xo>=E!l(x7) SF3

(A) ET(xT7)3.~(x<)i)3XT7T«x Simple Theorem
(") x o p 3zrz« xAzIxY 1,5, 6, WSP (SA3)
B Wrz<xA z\x y=>zlyl Simple Theorem
(9|xop 3zz< xazlyl 7,8

(10) 3zrz< xa z[yl 2,4,9

Ilence, when products are guaranteed, PPP follows from WSP, which
means that the extensional aspect ofthis system is shared between SA3
and SAG.

The system derivable from the axioms SAQ-3 + SA6 may be
considered as a system of Minimal Extensional Mereology. It excludes
obviously unacceptable models but—apart from the extensional
aspect-does not include anything we can take as being too strong an
assumption. When we are considering the requisite formal properties
of a part-whole relation in such abstractness, it is not easy to draw the
line between the acceptable and the unacceptable, since intuitions are
weak at this level of generality.

That this minimal mereology falls well short of the strength of the
full classical systems can be seen not only by the absence of infinitary
operators, but even among small finite models. For full classical
tilensional mereology there is only ope seven-element model (up to
Isomorphism), shown below, whereas for this minimal mereology

there are, again up to isomorphism, twenty-eight models, essentially
ttecause there are no principles guaranteeing, either conditionally or
unconditionally; the existence of sums or even upper bounds. So the
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most natural way to extend the system is to consider how bounds and
sums may be added.

The individuals satisfying a predicate <£are bounded above if there
isan individual of which all these are part. To express this we define a
constant {rx”x1which is half-predicate, half-operator, and read
‘2 tX'FxZT as ‘z is an upper bound for F-ers”:

SD5 7z txFx125 3X Fx'a WXIFX =>X < z1

In particular,ifz tx x = y v x = withen 2isa common upper bound
for wand y: both are part of it. If the universe U exists, then it is an
upper bound for everything. The existence of upper bounds does not
imply the existence of sums or of least upper bounds. To see this,
consider the set of subsets of the natural numbers which are either
non-empty and finite or are infinite and have a finite complement
(possibly empty, i.e. including the set ofall natural numbers). Then it
can be checked that, interpreting *<’ as the subset relation, all the
axioms of minimal mereology are satisfied. Further, every collection
ofsets is bounded above by the whole set of natural numbers (which is
here the universe), but there are collections of sets of natural numbers
without a least upper bound, e.g. the collection ofall finite sets ofeven
numbers.

The conditions of being a least upper bound and being a sum are
different. The least upper bound of two individuals may be defined as

SD6 x+'ya tzMwmx <wAy<wsz<*vl
whereas the sum of two individuals is defined as follows:
SD7 x+y« zVwwozswoxvwoyl

It may be checked that if a sum exists, then so does a least upper
bound, and the two are identical, but the converse is not true. In the
model below, the two outermost atoms have a least upper bound, the

universe, but no sum, because the only individual which overlaps both
is U, but this overlaps the central atom. Similarly, if we consider open
intervals on the real line, then any two open intervals have a least
upper bound, namely the interval whose end points are their
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outermost extrema, but disjoint intervals with a gap between them
have no sum.

Conditions ensuring the existence of upper bounds, least upper
bounds, and sums are therefore many. We shall not explore all the
(Missibilities, but consider the simpler and more intuitive ones.

The most plausible condition, and a weak one, is the principle that
any two overlapping individuals have an upper bound. The rationale
I>ehind this is somewhat as follows. Suppose that for an individual to
exist, there must be some form of connection (direct or indirect)
among its parts. This vague condition will be made more precise in the
final chapter, where we come to discuss the matter more fully. Ifthen x
und y overlap, then each is connected to their common part, and so
they are connected to each other, connection being transitive. If being
connected is then also a sufficient condition for belonging to a
common individual, x and y are both parts of some individual, which
I*an upper bound for them. This principle is

SA7T X0y =3rx<zay<z
and the simplest model of minimal mereology it rules out is shown
Iwlow. Somewhat stronger is the principle that any two overlapping

individuals have a least upper bound, which we may formulate as
SA8 xoy=>E!(x +»

and still stronger the principle that overlapping individuals have a
mm;

SA9 xopE!(x +j)

Conditions SA7 and SA8 cannot be distinguished among finite

models, but SA7-8 and SA9 can: the model below satisfies SA7-8 but
not SA9, the outer two non-atoms having no sum.



34 Extensional Part-Whole Theory

Somewhat different are principles guaranteeing the existence of
least upper bounds or sums for pairs of individuals bounded above:
SA10 x< :aji< z3E!(x+'ji)

SAll x<zAy<z=>E!(x-|-y)

These are both in a sense symmetric to SA6, depending on whether the
product isconsidered as a greatest lower bound or as dual to the sum.
The second implies the first, but not vice versa: the four-element model
considered in connection with SD6-7 and the seven-element one
above both satisfy SA10 but not SA11 Ofcourse adding SA7 to SA10
(SA11) yields SA8 (SA9).

All these are conditional principles. Of a different sort are
unconditional ones, statements to the effect that any two individuals
have an upper bound, least upper bound, or sum:

SA12 3mx<zay<?'
SA13 E!(x+'y)
SAl4 El(x+Yy) (BSP)

Note that the existence of upper bounds for two or in general finitely
many individuals does not guarantee the existence of a universe. The
lattice of square-free natural numbers under the partial ordering of
divisibility has upper bounds only for finite sets. These unconditional
principles can of course be used together with conditional ones to
yield stronger conditions: for example, from SA12 and SA11 we
obtain SA14. The leeway between SA8 and SA9, SA10 and SA1l, or
SA13 and SA14 can be made up with

SA15 zox+'y=>zoxvzoy

It is with the strongest principle SA14, which we may call the Binary
Sum Principle (BSP), that we finally attain the strength, among finite
models, ofa Boolean algebra minus a zero element. This narrows, for
example, the seven-element models down to just one. The square-free
numbers model is one which satisfies all of SAO-6 + SA14, but which,
through lacking a unit element, fails to be a Boolean algebra minus
zero. The existence of a universe has to be guaranteed separately at
this stage:

SA16  3xVWyry < x'

As we remarked above, it is difficult in the absence of more concrete
examples to set firm limits to the intuitive concept part;indeed, it may
be doubted whether this concept has firm limits. Within the terms of
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reference imposed by extensionality of parts, i.e. PPP, my own feeling
is that SA7 marks a point beyond which intuitions begin to waver. Of
ull the principles of classical mereology, it is the Sum Principle,
whether in its weak binary or in its strong general form (which will be
given below), which has come in for most criticism, and which has
offended most intuitions concerning the meaning of ‘part’. Thus a
number of authors have used mereological systems in which the
universal existence of even binary sums is not guaranteed. A case in
point is Whitehead, whose non-classical extensional mereology is
examined along with others in Chapter 2. Whitehead definesa concept
of joining among individuals (Whitehead speaks rather of ‘events’)
which amounts roughly to their having a sum: ‘Two events which are
joined have that relation to each other necessary for the existence of
one event which extends over them and over no extraneous events.’20
The concept joining is a first step towards analysing the idea of a
common boundary of events (and represents therefore a step on the
bridge from mereology to topology); but in classical or any other
mereology, where any two individuals have a sum, each individual is
trivially joined with every other. It is worth noting also that
Whitehead rejects U, since he has an axiom to the effect that every
individual is a proper part of some individual.

When it comes to adding principles governing general products and
sums, matters are similarly complicated. However, in this area firm
intuitions are ifanything still rarer, so we mention only the main steps
on the way to full classical mereology.

A general least upper bound operator may be defined as follows:

SD8 &Xx Fx « txV/x <y =VzFz=>z<y"

while a corresponding general sum operator is given by

SD9 ox Fx « ixVI/xoy= 3ztFzazoy"

A general product may be defined in the following way due to
Breitkopf:21

SD10 itxrFx' » ixVyry < x s VzFz >y <77

The symmetry of SD8 and SD10 is pleasing, but, as we saw above,
least upper bounds and sums differ in many systems.

We saw that it is safer to give conditional existence axioms for
bounds and sums than unconditional. In the case of the general
product, all the objects satisfying the predicate F£ having a common

whitehead 1919: 103. .| breitkopf 1978: 230.
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part means they all overlap each other, and in this special case it can be
seen that a least upper bound and a sum are the same. This suggests
the following conditional existence axiom:

SAl7 ixy Fxa Fyo x o y' =EIff'x'Fx1

The next stronger condition, SA18, replaces '0™ by 'o' in this
definition. But on the motivation behind SA7, this condition appears
too strong. For a number of individuals to be connected, it is not
necessary that each overlap each other, but it is sufficient if each is
connected to the other by a chain of overlappings. This suggests
replacing the antecedent of SA17 by one where, instead of the
overlapping relation, we take its ancestral o*:

SA19 'ixy Fx a Fy=>x 0+yl=>E!0’xrFx1

and mutatis mutandis for SA20, conditional existence of sums. A
similar rationale concerning common upper bounds rather than
overlapping suggests

SA21  3xrx xy Fy" s5E!ox Fx'

and its <r-counterpart SA22.

There are no strictly unconditional guarantees of existence for the
general operators: there have to be individuals satisfying the predicate
in question. We write out the axioms fully:

SA23 3xFxr> 3xVyrx <y =iz Fz>z<y”
SA24 3xFx =5 3xVyryo x = 3zrFz/\yoz" (GSP)

In view of SD8-9 these amount to ‘3xFx =FXo’x F x ' and *3xFx
= EIffx FxZ1 respectively.

There isno need for a special axiom for products, since if something
is part of all F-ers, then the product may be defined as the sum of all
such common parts.22 In fact, in this case it may equally well be
defined as the least upper bound ofall such common parts. The proof
that these two definitions of product are equivalent uses the Strong
Supplementation Principle and the existence of binary products to
derive a contradiction from the assumption that the least upper bound
ofall common parts is not itselfa common part. Since it therefore isa
common part, it is then straightforward to show that this least upper
bound is also the sum of all common parts.

The leeway between SA23and SA24 may be made up by adding this

22 Thus the third axiom of breitkopf 1978 is not independent
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ilrong overlapping principle to SA23:
SA25 xo00'zFz3 3zrFzaxoz'

With SA24, the General Sum Principle (GSP) we finally attain the
(till strength of classical extensional mereology.

15 Classical Extensional Mereology

It isan indication of the economy with which the classical theory may
lie presented that the axioms SAO-3 alone need be added to SA24 to
secure the full system. The intermediate stages between minimal and
classical extensional mereology are simply swallowed up. The strength
of SA24 allows definitions to be unified, using sums. For reference, we
present the system resulting from this simplification all together,
retaining the numeration from the previous section, even for defi-
nitions which look different but are (in this system) equivalent to
those previously given.

System SC of Classical Mereology: no sets; *«” primitive; *="assumed

Ditfinitions
SD1 X<ysSX«yvXx=y
SD2 xo0y = 3zrz<xaz <yl
SD3 xlys ~xoy
SD9 oxrFx1» ixVyrxoys 3zrFza zoy"
SD4 x7«ffzrz<x A :<y
SD7 X+Yy«ozz<XV:z<yl
SD10 nxrFx' « «ocVWrFy >x < y1l
SD11 X-y™* <2z < Xa z"y1
SD12 U %ax x = x'
SD13 x« U -Xx
Axioms
SAO Any axiom set sufficient for first-order predicate calculus
with identity.
SAl X« yz$s~y«X
SA2 X« Yyay« ZEX« Z
SA3 X«y= 3272« Yaz[xl
SAS24 3xFx = 3xVyryoxs 3zrFzAyoz1



38 Extensional Part-Whole Theory

The slight difference in nomenclature in the final axiom picks up a
point which in fact affectsall of SA17-25, namely that these are strictly
speaking not axioms but axiom schemata, in view of the presence of
the unbound predicate variable ‘F’ in all of them. It is by this means
that calculi of individuals may be axiomatized as first-order theories.
The price is that they are not finitely axiomatized thus; SAS24 then
stands for an infinite bundle of axioms of the same general form.

Apart from the other axioms mentioned in the previous section, a
large number of intuitively fairly straightforward theorems can be
derived from these axioms and definitions. The following list is
inspired by a similar one to be found in Breitkopf.23

Theorems

Proper Part

SCT1 ~ X« X
Part
SCT2 x <X

SCT3 x-ysx<y/\y<x
SCT4 X<yA)K23X<2
SCT5 x<yAy«2Dx«z
SCT6 x«yAy<2=>x«2
SCT7 x=vys VzZrz<xsz<y"
SCT8 x=ys Vzx<zsy<z'

Overlap

SCT9 xox

SCT10 xoyoyox

SCT11l x<y = xoy

SCT12 x<yAxo0z =yot

SCT13 x<ysVzrz<x320y'

SCT14 Vzrz<x320y’=Vzizox =20y’
SCT15 x<ysV2r20X3zoy'

SCT16 x=y=VzZzoxs zoyl

BREITKOPF 1978: 231ff.
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Disjoint

K(T17 ~ jo*

»(T18 xly=>>-Ix

HCT19 x <yay\z >Xj.z

NCT20 x<ys Vzrz\y >zIx1
NCT21 x <y =Vzrz\y=> ~ z <x'
SCT22 x - y="zrz\y = z\x"
Product

SCT23 x =X X

SCT24 xoy=> X-y - y-X

SCT25 x0>3 X 7<xax7<)
SCT26 xoy*z<xyz3z<x/\z<y
SCT27 x < px7 =X

SCT28 xojiax = X 73 x<j»
SCT29 x+yaXxoy =X-y« XV X-y«y
SCT30 3wrw<XAVKIIAVK2'3X’'()I'2) = (X7)'2
Sum

SCT31 x=x+X

SCT32 x+y=y+Xx

SCT33 x+ (>+2)= (X+>)+r
SCT34 x < x+y

SCT35 y<x +y

SCT36 x+y<2sx<2A)i<2
SCT37 xly=>x«x +yA.y«x +y
SCT38 ~x<.y:3j'«x +V¥

SCT39 X+ ys X«X+yvy«x +y
SCT40 x=x+ysy<X i
SCT41 x<y +zAXj,2=3x<y
SCT42 X« yAy[z X+Z«y+Z
Difference

SCT43 XOYyA ~ X<y=X—y«X
SCT44 XxX«yzsy —X«y
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SCT45 xly> >y —x =y

SCT46 ~y <XAYy—X =Yy =xly

SCT47 x\y =>(x+y)-x =y

SCT48 x«y=>x +(y—x) =y

SCT49 xoyA «'X <px-XT7T «x-}i

SCT50 ~x<z=>.x<y=>x —Z<Yy —Z

Universe

SCT51 U<x =x=U

Complement

SCT52 El!xsx+U

SCT53 x + U = xlIx

SCT54 x*U=>x+x=U

SCT55 y+ U=>x<ys xly

SCT56 x*U=>x =i

SCT57 y+UAXOYA ~ X< pX =(X7+x7)

General Product

SCT58 x = nzrz = x1

SCT59 x —nzrx < 7'

SCT60 3y« y' =x = »zrx « z1

SCT61 3xVyrFy 3 x < yla JX"Fx1= ixVyrx <y s VzrFz
>y <z

General Sum

SCT62 x =azz—x

SCT63 x = <z < x1

SCT64 3yry« x1l=x=azz« x1

SCT65 3xrFx’ =axrFx' = ixVyrx <y & VzrFz >z <yll

SCT66 3xrFx’ =axrFx" — ixrVyrFy =y < x1a Vyry o X
s 3zrFzAyoz™M

14 In tarski 1937:161,and tarski 19566:25, the sum is defined (though using sets)
in a way which in this context is tantamount to
<XFEX'* txrV /IFy =y <X'a V/y <X =3 FtA to y"™

which is a cross between aand 0’:SCT66 shows that this definition is here equivalent
to a.
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NCT67 x o QyFyls 3zrFzazox1

8CT68 x[oyrFy'~>VzrFz z[x'

SCT69 x+ U =8x = ozrz\x'

SCT70 oxrFx' <ay Gy"=VxrFx = 3yrGya y o x1l

Il should be mentioned that the formulae containing a free F’ are
strictly speaking not theorems but metatheorems or theorem
schemata. The expression of a number of these results is slightly
complicated by the need to ensure the existence of individuals
satisfying a certain condition, for example in SCT24-6, SCT28-30,
SCT53-7, SCT65-6, SCT69. These extra conditions are a nuisance,
and are one of the main reasons for recommending the adoption ofa
tree logic as logical basis, a step which is considered in more detail in
the next chapter.

1.6 The Question of Atomism

The system SC, like other classical mereologies, does not pronounce
one way or the other on the question whether or not there are atoms,
and whether everything is composed of atoms. To recapitulate, an
atom is here understood in the specific mereological sense as an
Individual which has no proper parts, or equivalently, as one whose
only part is improper, i.e. itself. The simplest model of a mereology in
which there are atoms is the one-element trivial model; any finite
model of SC is perforce atomistic, and has cardinality 2" —1, where nis
the number of atoms. A model of atomless mereology is provided by
the regular open sets ofa Euclidean space, the part-relation being set-
inclusion confined to these sets.25 The disjoint union of such a model
with an atomistic one yields a model which is neither atomistic nor
atomless: there are some atoms, but not everything is composed of
them.

There are a number of equivalent ways of defining an atom: we
choose

SDH Atxs ~ 3zrz« x1%
Theses of atomicity, atomlessness and the curious hybrid between

29 Cf. tarski 1956c: 341, n. 2., also sikokski 1969: 66. A regular open set is the
Interior of a closed set.

16 tarski 1956¢: 334 mentions seven different possible definitions of ‘atom', and
*0aoctNSKI 1971d proves the equivalence of their respective transpositions into
leiniewskian terms. There are no doubt many more equivalent definitions.
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them may then be formulated as follows:
SF3  Vx3yrAty a y < x1

SF4 Vx3/y « x1

SF5  3xrAtxnA 3xVyry < x = 3zrz«y"

These three formulae may be added on to SC, but only one at a time,
for they are mutually incompatible.

Itis fair to say that the hybrid position resulting from adding SF5 to
a mereology has rarely been seriously entertained. Since the issue of
atomism has been one which has been aired predominantly in
metaphysics and the philosophy of nature, the compulsive tendency to
a uniform picture of the world has left it out in the cold, where we too
shall leave it.

The issues involved in the question whether the atomistic or the
atomless mereology is in some sense the ‘correct’one in application to
the physical world are among the deepest that mereology has to face,
and, despite some work which has been done on the alternative
axiomatic bases of atomistic and atomless mereology (which will be
reviewed in Chapter 2\ the question has not yet been squarely faced
among mereologists. The opposition comes out most clearly in the
consideration of putative physical continua such as spatial extents,
temporal stretches, or spatio-temporal regions. The normal mathema-
tical tool with which such continua are worked is some kind of set
theory, where the approach is essentially atomistic, from points to sets
of points. This mode of working is now so deeply ingrained in pure
and applied mathematics that it would take a revolution to replace it.
On the other hand, no one has ever perceived a point, or will ever do
S0, whereas people have perceived individuals of finite extent. So the
natural philosophical approach is to treat points and other boundaries
as in some sense ideal abstractions or limits arrived at by approxima-
tion from individuals alike in kind with those which are experienced.
In dealing with continua, this enjoins an atomless mereology: points,
lines, etc. are not parts of the concrete individuals (solids, ‘events’, or
whatever) in which they lie. This way of thinking goes back to
Avristotle, but has found such notable modern representatives as
Russell, Whitehead, de Laguna, and Nicod.27 Leibniz, as he often
does, faces both ways: the phenomenal sphere is atomless, but the
monads are ‘the true atoms of nature’.28

2l RUSSELL 1914, WHITEHEAD 1919, 1920, 1929, DE LAOUNA 1922, NICOD 19706.
Z Monadology, 8.
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The opposition between these two views of continua does not bear
directly on mereology,,since it comprises a geometric or at least a
topological component, which introduces considerations essentially
external to mereology. However, it appears very natural to base the
second, atomless approach on mereology rather than set theory, and
this means that many of the concepts involved are partly or wholly
mcreological in nature. While the introduction of topological con-
cepts constitutes in many ways the natural ‘next step’after mereology,
nnd indeed it is possible to take as primitive a concept from which
I>0th mereological and topological concepts are derived,29 the details
nnd implications of this approach lie outside the scope of the present
study. The question of what is meant by an ideal limit or abstraction
ulso introduces considerations which would take us too far afield. The
interesting problems raised by the atomless approach are nevertheless
undoubtedly a fertile field for study. We shall confine our remarks in
this chapter to indicating the impact of the adoption of atomism or
ntomlessness on mereology itself. Some more considerations will be
found also in the survey in the next chapter.

Adopting atomism as a thesis enables mereology to be given a
simple axiomatic basis. This will be shown in greater detail in
Chapter 2 in connection with systems developed by Eberle; but the
main points may be mentioned here. In particular, an individual is
then part of another iff all the atoms of the first are atoms of the
second (where an atom ofan individual issimply an atom which is part
of that individual). This may be expressed as

SF6 VIrAtzaz<x3:</3 X <j

and this takes the place of the Strong Supplementation Principle in an
axiomatic treatment. Similarly the General Sum Principle may be
given the simple form
SF7  3xrFx' = 3xVyrAty =>y<x b 3zrFzay <zIl

Together with the axioms for *<” being a partial order, these two
principles suffice to axiomatize atomistic mereology. We then get a
particularly straightforward identity condition for individuals: they
are identical iff they have the same atomic parts:
SF8 x=ys VzrAtz =>z<xs z<yl

The simplicity of the resulting system is comparable to the simplicity

29 This is done in the work of CLARKE 1981, which we discuss briefly in the next
chapter.
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of atomic Boolean algebras, so that, by a modification of the well-
known representation theorem for atomic Boolean algebras,30 every
atomistic mereology (i.e. every model of these axioms) is isomorphic
to the field of subsets of the set of its atoms, excluding the empty set.

In an atomless mereology, the identity condition SF8 is totally
ineffective, since the right-hand side is vacuously satisfied. If, however,
we can find a predicate 'Ft' satisfying

SF9 Vx3yrFyay < x1
SF10 VztFz =z <x =z<yl=>x=y

then = - performs a role like that o f‘At’ in atomistic systems. We may
call it a basic predicate, and the objects falling under it a base for the
system. For example, in the atomless system consisting of all open
regular subsets of the real numbers, the open intervals with rational
end points form a base. Note that here the base is countable, whereas
the open regular sets are not. An atomless system may have more than
one base—for example, the open regular sets in the Euclidean plane
may have as base the open discs with rational centres and radii, or the
open squares with rational corners, and many more. Ofcourse a trivial
base may always be obtained by taking the predicate ‘= but this is
not usually very useful. However unless a definite application is in
view, there is little that can be said in concrete about likely bases which
are more useful. The idea ofa base can however be relativized to things
satisfying a certain predicate: we can then say that the F-ersform a
base for the G-ers when the following conditions are fulfilled:

SF11 VxrGx = 3yrFya y < x(
SF12 VxyrGxa Gy =>VzrFz3 .z<xsz</ =x=/

The interest of this idea is that it may be applied even if atomism is
accepted, and may be a far handier criterion of identity than the
universally available atomic one, SF8.31 We do seem to apply such
criteria approximately in everyday life. To a first approximation only,

10 STONE 1936. Cf. sikorski 1969; 23, 28.

3L Cf. the similar attempts by yoes 1967, eberle 1968, 1969, and schuldenfrei
1969 to formulate a notion ofatomless systems fulfilling a role similar to that ofatomin
giving the tontent' ofan individual. These efforts have the disadvantage that they bring
in set-theoretic notions extrinsic to part-whole theory, whereas the notion of a basic
predicate is defined purely in part-whole terms. Similar remarks apply to the
Lesniewskian equivalent defined in the next chapter. Both the term ‘base’ and the
general idea are borrowed from topology. It can easily be shown, given some machinery
for quantifying over subsets or submanifolds of bases, that every individual is the sum
of elements of a base, which is just the topological definition.
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nnd avoiding for the moment questions ofthe identity of things in flux
(i.e. things which lose and gain parts), we might say that, at any one
time, manufacturers components form the base for machines, while
cells form a base for organisms. One machine can be part of another
(as a carburettor is part of an automobile), but different machines
differ by at least a component, as different organisms differ by at least
acell.

1.7 Summary

We have introduced the main concepts of extensional mereology in
(heir predicate-logical and Lesniewskian guises, and indicated how
they may be axiomatized in a system of predicate logic. The strongest
resulting system SC is representative of systems which we call classical
extensional mereologies. Such systems may.be supplemented by
theses of atomicity or atomlessness, but there appear at present to be
no conclusive reasons for preferring one of these extensions at the
expense of the other. Anticipating later critical remarks, we have
hinted that certain of the principles embodied in classical extensional
mereology may be philosophically suspect, and in order to dem-
onstrate the (usually hidden) strength of the classical assumptions,
we fanned out the principles which may be extracted so that we
obtained a lattice of progressively stronger systems on the way to SC.
In this way the source of philosophical suspicion may be more easily
pin-pointed. Principles to watch out for in later chapters are in
particular the Supplementation Principles, the closely associated
Proper Parts Principle, and the Sum Principles. If the criticisms ofany
or all of these turn out to be justified, then a universally applicable
mereology will have to be non-classical in at least one respect.

The material in this chapter suffices to enable the reader to follow
the main argument from Chapter 3 onwards. The ensuing chapter isa
survey whose detail is less relevant to the main argument, and so may
be skipped over, though it should be noted that §9.3 of the final
chapter presupposes material from §§2.9-10.



2 Survey of Extensional Mereology

21 Introduction

As far as its purely mereological content goes, this chapter consists
predominantly of variations on the theme introduced in Chapter 1. It
may therefore be left out if the reader is not interested in the details
presented. Since the original formulation of a mereology by
Lesniewski in 1916, a number of writers, working sometimes in-
dependently of one another, have formulated and reformulated
principles which are clearly mereological in nature and which all
conform to the principles laid down in the previous chapter for a
minimal extensional mereology. Much of this work is scattered and
some of it is difficult to obtain. Much of it has been developed less for
its own sake than for some extraneous purpose. We attempt here to
summarize the major contributions without aspiring to universal
coverage. Since the two major lines of approach, those initiated by
Lesniewski and Leonard respectively, differ considerably in their
logical base, we also show in what respect their mereologies are
equivalent. We finally survey several extensional mereologies which
fall short of the classical in their strength, which prepares the way for
later discussion on sum principles.

2.2 Presentation of Formal Systerrs

In the following portrayals of diverse formal systems, fixed conven-
tions are observed regarding symbolization and formalization. All
axioms are presented schematically using metavariables, dispensing
with a rule of substitution. Definition are expressed in the meta-
language in the form of equivalences or identities, their status as
definitions being marked by the use of a ‘D’ in their nomenclature.
Quotation and quasi-quotation devices are dispensed with as far as
practicable. The term ‘parameter’ is used for free variables, and
‘variable’ is restricted to bound variables. Where these are distin-
guished in a system, distinct runs of letters are used for them.

2.2.1 Metavariables
We have the following runs of metavariables, where we understand
that any number may be constructed in each run using subscripting.

46
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Singular terms: s, t, u, slt. ..

Singular variables: x, vy, z, w, xIt...

Icsniewskian nominal variables: a, b, ¢, d, e, au. ..

Predicate parameters: one-place: F, G, H, FIt. ..
two-place: P, Q, R, Pit. ..

Class parameters: a, /7, y, al(. . .

Formula parameters: A, B, C, At, .. .

2.2.2 Truth-Functional Connectives

We use the symbols ~ a v => s for negation, conjunction, disjunc-
tion, material implication, and material equivalence respectively. To
minimize the use of parentheses to mark grouping, these symbols will
be assumed to bind their arguments in decreasing order of strength as
listed, so that negation binds the strongest and equivalence the
weakest. Where the same connective occurs twice or more within a
formula, parentheses may be omitted on the understanding that they
be restored by association to the left. This convention may be
overridden by that of placing a dot after a connective, according to the
stipulations of Church.1 So the formula A =B =>C abbreviates
((4 =>B) =C), and the formula A =.B =3C abbreviates (A =(B =C)).
The use of a dot to replace a left parenthesis is occasionally useful in
other cases: for example, instead of/4=j (B = C) we may write A =>. B
m C. Outermost parentheses are usually omitted.

2.2.3 Quantifiers and Operators

We let the symbols V 31 represent the universal quantifier, existential
quantifier, and definite description operator respectively. However, in
Lesniewskian systems the quantifiers do not, as in normal predicate
logic and in free logic, carry existential import. We accordingly mark
quantifiers without import by using the symbols 11Z for the universal
and particular quantifiers respectively. We follow Lesniewski in
marking the scope of variable-binding operators and quantifiers by a
special kind of bracket: we shall use upper cornersr \ Where scope is
obvious, however, corners will be omitted. Any number of variables
may follow a quantifier. In universally quantified formulas, the
outermost universal quantifier will be conventionally omitted. This is
to be understood only as an abbreviation: variables apparently

1 Cf. CHURCH 1956:75. A dot replaces a left parenthesis whose right mate is inserted
immediately before the nextright parenthesis to the right of the dot which has no left
mate to the right of the dot, or else the right mate goes at the end of the formula.
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unbound in such formulas are not parameters and their binding
quantifier can always be restored. In orthodox predicate logic and in
Lesniewskian systems there is really no need for a distinction between
parameters and variables; Lesniewskian systems do not have para-
meters at all, and orthodox predicate logic can always replace
theorems containing parameters by ones where the parameters are
replaced by variables, all universally bound at the beginning.
However, in systems of free logic, which we shall have occasion to use
at several junctures, the difference between parameters and variables
is crucial in that parameters, like definite descriptions, may lack
denotation, so formulae containing parameters are in general not
interderivable with those obtained by replacing the parameters by
variables and quantifying universally.

Further constants will be given for each system or group of systems
as we come to them.

2.3 Caleuli of Individugls Without Sets

By a ‘calculus of individuals’ we understand a classical mereological
theory formulated in the language of standard predicate logic,
possibly using sets. The first Calculi of Individuals were developed by
Leonard and Goodman2 and, independently, by Tarski,3 using sets.
For his book The Structure of Appearance,* Goodman, who for
nominalist reasons rejected sets, preferred a version using only the
language of first-order predicate calculus, and it is this which we give
first. The mereological constants all have the meaning which was
assigned them in the previous chapter.

2.3.1 System CI: no sets; ‘O’ primitive; ‘= defined
Definitions

CID1 x\y= ~xo0y

CID2 x<ys Vzazox=zoyl

CID3 x=ys VzZzoxszoj»'

CID4 X«ysx<yA ~y<X

CID5 oxFxssizvVyryo zs 3xFx ajiox'

1 Leonard and Goodman 1940. The first version appeared in Leonard 1930 (cf.
Goodman 1977: 30 n.) but whether independently of Lcsniewslci is not said.
* TARSKI 1937: 19366. 4 GOODMAN 1977.
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We have used the sign ‘« ”in the definition CID5 because, depending
upon the theory of descriptions which is employed, a singular term
defined using a description may either be empty, or may denote a
selected individual, or may be constructed as a pseudo-term to be
eliminated by the expansion of the description. We wish here to have
these options open. Using the same convention we may define binary
sum and product:

CID6 x-y « azz <xaz<yl
CID7 x+y* ozz<xvz</

Axioms

C1A0 Any set sufficient for first-order predicate calculus without
identity.

We are for the moment postponing a decision on what sort of
theory of description we are to add. Leonard and Goodman use
Russell’s theory while Breitkopf5 uses a Fregean theory. We shall
eventually settle on a free description theory as the most useful, but
only after discussing the use of free logic in the formulation of calculi
of individuals.

CIAL xoy=3wwozswoxAwoyl
CIA2 3xFx=3xV/yoxa 3ztFzayo z"
CIA3 Vzrz o x = zoy'-=>.Az) Alyl/x~\

where A[yl/x] is any formula obtained from A by replacing occur-
rences of x which are free in A by occurrences ofy, taking care that no
»uch occurrence becomes inadvertently bound by a quantifier in a
well-formed part where y is bound, by changing the bound variable y
to another, say alphabetically first which does not appear
In A

Axiom CIA3 is the usual Leibnizian axiom for identity, which is
needed even though identity is defined by CID3. Axiom CIA1 says in
clTect that two individuals overlap iff they possess a binary product,
while CIA2 ensures the existence ofa sum or fusion ofany non-empty
monadic predicate. In a system where axioms rather than axiom
schemata are used, and a rule of substitution for variables is given,
CIA2 must still be expressed as a schema, since, again for nominalistic
reasons, Goodman does not permit quantifiers binding predicate
variables.

5 BREITKOPF 1978.
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Breitkopf lists forty-eight simple theorems derivable from these
axioms, among them those showing that = is an equivalence relation
and < a partial ordering. Important for our purposes are

CIT1 x=ys Varz\x s z\y'
CIT2 x=y=Vuaz<xs z<yl
CIT3 xoy = 3zz<xaz<y

which show that either | or < can be taken as primitive rather than o ,
and can yield identity conditions for individuals. Further identities
define the universe, the complement ofan individual, the difference of
two individuals, and the product of the individuals satisfying a given
predicate. This is very similar to what was done in SC.

CID8 Uw«axrmx =x'

CID9 x«<rzrzlx1l

CID10 x—y « X-y

CID11 nxFx X ox'iy Fy >x <yl

It is not difficult to show that CI is equivalent to SC, so the general
remarks we made above in connection with the latter apply here.

The assumption ofatomism allows a simplification of the axioms of
calculi of individuals. To see this we consider systems with *<’
primitive. A number of such calculi have been investigated by Eberle,6
who has proved their completeness with respect to certain algebraic
structures with ‘< "interpreted as a partial ordering to which further
conditions are added. The following systems are modelled on those of
Eberle, and are named accordingly.

2.3.2 System E: no sets; *<’ primitive; ' =’ defined

Definitions

EDI xoys 3zZz<xa:z<yl
ED2 x=y=x<yAy<x
together with CID1, CID4, CID15.
Axioms

EAO asCIAO

EAl x<y=Vzzoxzzoyl

* EBERLE 1967, 197ft 50 ff.
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EA2 as CIA2
liA3 as CIAS.

This system can be shown equivalent with Cl, and so is neutral on
atomism. However, Eberle builds a series of atomistic systems also
busedon *  The strongest ofthese isequivalent to E (or Cl) + CIF1,
but if we presuppose atomism from the start, we can build up to it
from a weaker system as follows.

2.3.3 System AE: atomistic, no sets; *<’ primitive; *=" defined
Definitions as system E.

Axioms

AEAO as CIAO

AEAlL X< X

AEA2 x<y*\y<z=)x<z

AEA3 VzrAtz Az<x=>z<yl=>x<y
AEA4 as CIA3.

These axioms, together with ED2, tell us that < is a partial ordering,
und that ifall atoms ofx are atoms ofy then x is part ofy (the converse
of AEA3 follows easily from AEA2).

System AE, unlike those going before, does not guarantee the
existence of sums and products. It can be extended to do this. Ifweadd
as an axiom

AEF1 372z <xaz<y =>3WzAtz=>.z<wsz<xAz<yl

which tells us that, in effect, any two overlapping individuals have a
product, we guarantee binary (and thence finite) products. In the
presence of the other axioms and axioms for handling descriptions,
AEF1 is equivalent to

AEF2 3zz<xaz<y mElIX-y

Sum-closure is assured by the addition of the formula

AEF3 3wWVzrAtzo.z<wsz<xvz<yl

which again, under suitable axioms for handling descriptions, is
equivalent to

AEF4 Elx+y

Eberle presents three systems based on AE; the first adds AEF1, the
second adds AEF3, and the third adds both. Eberle obtains complete-
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ness with respect to his models by adding suitable closure conditions
to the algebraic structures. Systems including the sum-closure axiom
AEF3 ensure the existence of finite sums. The general existence of
sums (finite or infinite) can be ensured by adjoining as axiom the
formula

AEF5 3xFx = 3xVyrAty =>y< x = 3ztFzay < zIL

which we may call, following Eberle, the strong sum-closure con-
dition, since once again, given axioms for descriptions, this condition
is equivalent to

AEF6 3xFx =E'.oxFx

The weaker closure conditions follow at once from AEF5, which is
essentially stronger: it is independent of AE + AEF1 + AEF3, as can
be seen by the model consisting of all square-free natural numbers,
ordered by ‘divides’. The atoms are the primes, and the axioms of AE
are satisfied, as are AEF1 and AEF3, which correspond to the
existence of highest common factors and lowest common multiples
respectively for pairs of numbers. But AEF5is not satisfied, since there
are monadic predicates satisfied in the set with no sum in the set, e.g. ‘is
prime’or ‘iseven’. Soitis AE + AEF5 which is equivalent to Cl plus an
axiom of atomism (cf. SF3), the atomistic version of Goodman’s
calculus.

Although Eberle’s systems decide the question of atomism in a way
which Goodman’s do not, Eberle is aware both of the substantiate
nature of this assumption7and of the hidden strength of the classical
axioms.

We next turn to systems which employ sets.

2.4 Calculi of Individuals with Sets

The first calculus of individuals to be presented under this name, by
Leonard and Goodman, uses sets of individuals rather than predicates
of individuals. Sets of sets are not needed. In place of the sum and
product operators a, n, there are binary predicates, which we write ‘Su’
and ‘Pr’ respectively,8 whose first arguments are individuals and
whose second arguments are sets. The system presupposes as its logicl

1 Cf. the brief discussion in §82.4 and 2.9 of eberte 1970.

' We conventionally write a functor or predicate with a capital letter when the
resulting functional expression or predicate satisfies a uniqueness condition. Our
reasons for avoiding terminology reminiscent ofclasses and classalgebra emerge below.
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that part of Principia Mathematica necessary to deal with individuals,
icts of individuals, and predicates of these, including identity.

2.4.1 System LG: sets; “V primitive; *=" assumed

Definitions

LGD1 x<y=Vzrzly =>zIx1

LGD2 xoy= 3zz <Xxaz<yl

LGD3 xSuas Vyrylx s Vzrzea =>ylzll
LGD4 xPras V/y <xs V/zeois y<zIll
LGD5 as CID4

Axioms

LGAO Any set (such as PM) sufficient for the logic of predicates
(including identity) and sets.

I.GAI 3xrxeal3 3xrxSuan
LGA2 x<yAy<x=>x =y
LGA3 xoys ~xly

In these terms the following Boolean concepts may be defined, where
*{X, y}’ designates a pair set,and 4{x: Fx}’the set of individuals which
are F:

LGD6 U = Su‘(x:x =x}
LGD7 x+vy = Su‘{x\y}
LGD8 x y«Pr{xy}
LGD9 x » Su{y:y | x}

Leonard and Goodman’s work was anticipated by Tarski, who took
I-esniewski’s mereology as his starting point, but preferred not to use
Leiniewski’s underlying logic. One of Tarski’s systems is atomistic,
the other leaves the atomistic question open. As with our exposition of
Leonard and Goodman, we have altered the notation slightly to allow
ready comparison with other systems.

2.4.2 System T: sets; 4< ’ primitive; *=" assumed

Definitions

TD1 xlys ~ 3zrz<xaz<yl

TD2 xSua = Wryea =y < Xxla ~ 3yry < Xxa Vzrzea s z"yll
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Axioms

TAO asLGAO

TAL X<JAJZ<ZDX<Z

TA2 3xrxex' =3xrxSua a Vyry Sua 6x =y"

This tells us that *<* is transitive, and that every non-empty set has a
sum. This is a very compact axiom set, and the beginning of its
development is somewhat involved. The second axiom can be replaced
by two others, as in System AT below, but in either case, the system
can be proved equivalent to that of Leonard and Goodman.

2.4.3 System AT: atomistic, sets; *<’ primitive, '= * assumed.
For this system we write ‘{x} ’for the singleton set whose only member
is X.
Definitions
ATD1 xSua s Vyryea ddy < xla Wry < xd 3zwrzeaA
W< ZAW<y"%
ATD2 as CID15

Axioms

ATAO as LGAO

ATAl asTAI

ATA2 ySu {3 =>x =y

ATA3 asLGAI

ATA4 3yrAtyay <xl1

The system obtained by omitting the atomistic axiom ATA4 is
equivalent to system T, and hence to LG.

The notion of a base can be replaced by that of a base set. We say
that a forms a base set for (I when the following conditions obtain:
Bl WVxrxej8 =>3yyex ay <x1l
B2 Vx/xejSayep =>VzrzeaD .z<xsz<ylDx =yl

In an atomistic system the set {x: At x} ofatoms forms a base set for
every set.

In terms of part-whole theory itself, the use or non-use of sets
makes no substantial difference to expressive power. The sum axiom

* We here write out the expression in full, whereas Tarski uses compressed Prtncipla
Mathematical notation.
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may be expressed as an axiom using sets, while with predicates a
»chema must be used if second-order quantification is to be avoided.
The substantial issues of the existence of sums and of atomicity are
also unaffected by the use of sets. They indeed play no very forward
role in the calculus, and ifwe disregard the elided universal quantifiers
preceding such axioms as LAG1 and TAZ2, treating the resulting
formulae as schemata with free set variables, then we are only using
what Quine calls virtual classes.10 On the other hand, while the
philosophical issues of the acceptability of sets are in themselves
external to mereology, the historical and philosophical motivation
t>chind extensional mereology is far from independent of the concept
of a class or set, as we shall see.

2.5 A Free Calculus of Individuals

We have hitherto been deliberately vague on how to treat improper
descriptions, though everything mentioned can be handled ad-
equately by a Russellian theory in which descriptions are treated as
Improper symbols.11 In calculi of individuals, improper descriptions,
such as those for products of disjoint individuals, or for sums of
unsatisfied predicates, are likely to occur frequently, so it isa help in
streamlining the theory to have a satisfactory treatment of such
descriptions, and therefore of the compound terms defined by means
of description. There are in any case good general philosophical
grounds for admitting empty terms into logic, and for admitting the
empty domain as a possible domain of interpretation. These argu-
ments are well publicized and need not be repeated here.12 So it is
worth seeing, at least for the calculi without sets, how a calculus of
Individuals may be based on a free logic. Free calculi with sets can be
treated analogously, though to take the opportunities offered by free
logic to look again at the normal assumptions of set theory13 would
Involve considerations leading us too far afield.

There is no single free logic, but a range of systems upon which a
calculus of individuals may be constructed. For our present purposes,
a system is preferable which is as nearly extensional as possible; we are

1 quine 1969a; 82.

1 This is how Leonard and ooodman 1940 treat descriptions, breitkopf 1978
prefers a Fregean theory.

1 Cf., e.g, hintdcka 1969b, 1ambebt 1966,1967, schocx 1968.

" An excellent example of such a rethink is provided by bencivenga 1976.
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dealing with extensional part-whole theory, after all, and the choice
should not be taken as endorsing the system chosen as suitable for
other purposes—nor would it be taken to imply that, in a wider
context, the system is philosophically unproblematic.14

The basic logic chosen for portraying free calculus of individuals is
Lambert and Van Fraassen’s FD2.15 Because our notation differs
slightly from theirs, we describe the preliminaries in greater detail
than hitherto.

System F: no sets; *<’ primitive; underlying logic for ‘« * assumed

Notation and Formation Rules

We use the notation outlined in §2.1, including among the meta-
variables those for singular terms, singular variables, predicate
parameters, and formula parameters. Well-formed formulae (wffs)
and singular terms are defined by simultaneous recursion as follows:

(1) Singular parameters (for which we have no separate meta-
variables) and singular variables are singular terms.

(2) Ifs, tare terms, then Fs, Pst, s <t and s w t are atomic wffs.16

(3) If A and B are wffs, then so are ~ A, (A a B), {Av B\ (A 3 B),
(A=B), Ix A"and 3x A\

(4) If A is a wff, then ixrAlis a term.

(5) Nothing is a wff or term except by virtue of clauses 1-4.

Conventions on omitting parentheses and scope cornersareasin §2.1.
In writing definitions, axiom and theorem schemas, the occurrence of
singular term metavariables is to be understood so that if the
metavariable denotes a singular parameter, or a definite description,
that is to say, a term of the form ixr4', this occurs freely in the
formula, whereas if it denotes a variable, this is understood to be
bound initially by a universal quantifier, which we however conven-
tionally admit. So, for example, the schema

3Xx < sl

covers formulae of the form 3xmx < sl where s is a parameter,
3xrx < iyFy\and also Vy 3xrx < y\ which we have hitherto abbrevi-

14 For criticisms of previous free logics on this point, see benctvenga 1980.

Bvaniraassen and Lamsere 1967. FD, has the advantage, as is shown in this
paper, of being demonstrably sound and complete.
14 We are using where Van Fraassen and Lambert use ‘— We are not here

concerned with predicates of more than two places.
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ated as 3xrx < y\ and shall continue to do so unless we wish to stress
the quantification.

If A is a wff, A[s/t] denotes that formula obtained from A by
substituting s for all occurrences of t, where A is to be rewritten if
necessary as follows: if A contains a well-formed part of the form
V/fllor 3smB\ in which t occurs free, then s is to be uniformly
replaced by the alphabetically first variable not occurring in A. With
the same precaution, we use 'A[s//tJ as stated in §2.4, p. 49 above
for cases where the substitution need not be uniform. If A is a formula
containing distinct parameters tu ..., t, let A\ xl ... x,,/f, ... 1]
denote the result of replacing t, uniformly by x,,t2by x2, ..., t,by
X,, provided A is rewritten as necessary to avoid clashes, and
X,,..., X. are all distinct variables.

Definitions

FD1 E!ss3xrmx*s’

FD2 s=12S«(akE!s

FD3 j«t=s<tA~t<s

FD4 sots 3xx<sax<tl

FD5 sits ~sot

FD6 oxFx * izVyryo zs 3xrFxay o x”
FD7 st=o0zz<saz<tl

FD8 s+ 1» ozz<svz<tl

FD9 A«ixr~x«xl1

Rules
FR1 Modus ponens: If A and A =B are theorems, B is a theorem.
FR2 If A is a theorem, and ftt....... t, occur in A, then

VX oo XHA[XT ... X/t ... t,]1 is a theorem, where
x1(.... xaare distinct and tt, .... t, are distinct.
Axioms

FAO All formulae which are tautologies of propositional calculus.
FA1 VxrA fl1=>VxA =>VxB
FA2 A =>VxA, where x is not free in A

FA3 VxA 3 Aly/x], where x and y are distinct variables (note that
this abbreviates VWrVxA = AQy/x]))
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FA4 s&t=A=A[ U]

FAS ixA«ss V/s«ys Aly/x] a VXA =y « x11, where x and
y are distinct variables.

FAO-5 together with FR1-2 constitute a system differing inessentially
from the system FD4 of VVan Fraassen and Lambert. Among the more
important theorems of this system are the following.

Theorems of the Underlying Logic
FT1 s* vxrx » sl
FT2 sx s
FT3 E!ixA = 3yVxrA = ;
FT4 E!txA 3 A[txA/X]
FT5 ~ ElixA3 txAx A
FT6 ~ Elsa ~Elt3sa
FT7 E!s=~sx A
Given our definition of *=’
FT8 X» X
FT9 s=o0E I(
FT10 Els=s=s
Now for the specifically
Mereological Axioms
FA6 s<t3 ElsaE!lt
FA7 S<tAt<H3S<#
FA8 S<tAt<SZ>SXt
FA9 VII 0X320 S 3X<S
FA10 3xFx =>3xVyryoxs 3zrFzayo 2"

FAG tells us that whatever isor has a part exists. The restriction of the
first member of the consequent of FA9 to a variable preserves this, for
since

FT1 ~x<A
FT12 ~xo0A
were FA9 not so restricted, we should obtain

FF1 A<s
which would contradict FAG.
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Because the negation of FF1 is a theorem, this free calculus of
Individuals does not algebraically resemble a Boolean algebra despite
the presence ofthe term TV. And indeed, it seems absurd to imagine, in
the case where anything more than a single atom exists, that
everything could have—albeit in the ‘improper’ sense—a common
part. Nor do we have to go any way towards giving into this
assumption to obtain the algebraic symmetry of Boolean algebra:
given the definitions
FD10 s<'tss<tvj«A
FD11 U« oxXx « X1
FD12 sasuxxlsl
we have as theorems
FT13 s<-s
FT14 s<-t At <-u =s<-u
FT15 A<-«

FT16 s< U

FT17 s<-t-u=s<-tas<-u
FT18 s+t<-u =s<'UAt<x>
FT19 s-(t+u) <-(s-t) + (s,u)
FT20 ses<mA

FT21 U <-s+sl7

which show that F, or a weaker system with U and closure under
binary sum and product, isvery close to being a Boolean algebra. The
defined constant ‘< ¢ is however not the part-relation, but an artificial
one merely introduced here by convention for algebraic comparison.
This symbolic fudging through ‘< ¢ cannot hide the fact that F falls
short of being a proper Boolean algebra, because we cannot assert the
formula

FF2 3xV/x<-y
although we can assert FT 15 and its quantified version
FT22 VxrA < ex1

which brings us almost there.
In this section we have considered only a free version of the full

17 These correspond to the axioms of Boolean algebra taken from Schroder by
Lesew ski1 1960-1.
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calculus, but it is clear that any of the weaker mereologies envisaged in
81.4 could be formulated in similar terms.

2.6 Lesniewski’s Mereology

The earliest extensional mereology to be fully worked out was
Lesniewski’s Mereology. Lesniewski’s intention was to use
Mereology, along with its logical basis, to provide a new foundation
for mathematics. For various reasons, this programme was never
completed, and Le&niewski’s extensive unpublished writings were
destroyed in the Second World War. Mereology remained however
for the scientific community to evaluate. Although Mereology was the
first of Lesniewski’s systems to be formulated, it presupposes two
more basic theories, Protothetic and Ontology, which were developed
in reverse order. The whole, consisting of Protothetic and Ontology,
forms a logical system of considerable originality and power,
developed with an attention to exactness without parallel before or
since.

Protothetic (ffirst principles’) is Lesniewski’s counterpart to the
propositional calculus, which it contains as a proper fragment. In
addition it contains variables of each propositional type, and quan-
tifiers. Allowing for the fact, mentioned in 8§13 above, that
Lesniewskian systems are not fixed, but grow, Protothetic is equi-
valent to a system of propositional types such as those of Church or
Henkin.18 Since we do not need to employ anything more from
Protothetic than the classical propositional calculus, we can refer the
reader elsewhere for a fuller account.19

2.6.1 Ontology

Ontology is the logical system coming next after Protothetic in
LeSniewski’s hierarchy. In its general features it combines aspects of
the logic of Schrbder with a simple type theory of functions, although,
because Lesniewski was nominalistic by inclination, there are strictly
speaking no functions for him, only functors (the expressions which,
in a Fregean logic, would denote functions.) Because of his under-
standing of quantification, Lesniewski feels free to quantify variables

“ CHURCH 1940. HENKIN 1963.
* SHPECK] 1933, SCBOONSKI 1960, MIEVILLE 1984: pt. 2.
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of all categories without incurring ontological commitment. This has
lod Quine to represent Lesniewskian quantification as substi-
tutional,20 but it is clear that Lesniewski does not quantify over
expressions, nor does he presuppose there must be infinitely many
expressions,21 which would surely be an implausibly strong assump-
tion for a nominalist. As an alternative hypothesis, KUng and Canty
have suggested that in quantifying after the fashion of Lesniewski, we
quantify neither over expressions nor over their denotations but
lather over their extensions.22 While this position is more plausible
than Quine’s, it still lets in abstract entities, so to speak, by the back
door.23 It also seemingly employs entities which Lesniewski could not
sven grasp, namely sets. KOng’s suggestion that we should treat
quantifier-expressions as prologues to their matrices24 is worth
pursuing independently of the set-theoretic version of the
KOng-Canty position, and my own suggestion, detailed elsewhere,23
Is to employ a combinatorial semantics based on the primitive idea of
an (extensional) way of meaning, so that an expression of the form
'n...r--Tistrue iffno matter in what way the variables following
I ho *IT mean, the matrix is true, the ways of meaning of compound
expressions being determined combinatorially from the ways of
meaning of their parts. Be that as it may, the best reading for ‘11’ and
‘L' is simply “for all”’ and ‘for some’ respectively.

We presented the basics ofOntology, in particular its use of plurally
designating terms, in §1.3, so we can proceed straight to the

Hose System L of Ontology

In this section the nominal variables a, b, c, etc. belong to the object
language to conform with usual Lesniewskian practice. Conventions
and abbreviations concerning bracketing will still be the same as in
previous sections: in particular, apparently free variables are to be
understood without exception as being I1-universally bound with the
whole formula as scope. There are no free variables in theses of
IxAniewski’s logical systems. Aswas mentioned in §1.3, definitions are
here object-language equivalences rather than metalinguistic abbrevi-
«iions. This conforms to Lesniewski’s treatment. Later, we shall

nevertheless employ abbreviations (in fact is already one).
10 quine 1969b: 63, 104 ff. 11 As do dunn and BELnap 1968.
' kOno and canty 1970. 2 Cf. simons 1983d: §3.4.

M kOno 1974, 1977. 25 simons 1985*
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Lesniewskian definitions come in two basic kinds, which we call,
following Luschei,26 propositive and nominative, according to whether
the semantic/syntactic category of the definiendum has an index in the
familiar quotient notation beginning with ‘S’or ‘N’ respectively. These
definitions must conform to certain conditions; we do not need to
consider these in complete generality, but give schemes for those we
need as follows (where quantifiers have been included for clarity):

Propositive LDS1 Ila,...arM[ax... a,] a A’

Such a definition defines an n-place predicate M. The right-hand side
contains only ax, ... a, free, and otherwise only constants which
have previously been defined.

Nominative LDS2 llaal...a/aef (ax... a,) a £ braeb Aflll

Such a definition defines an n-place operator (name-forming functor)
/. In the case n = 0,/itself isa defined name. The conjunct B contains
onlyat mosta, b,a,,..., a,freeand otherwise only constants which
have previously been defined.27

For many purposes simpler nominative definition frames are
sufficient:

LDS3 naar ... a,raef(ax...a,) s aeaa Bl

with similar conditions on B. Any definition conforming to LDS3 can
be replaced by one conforming to LDS2. A further possibility is

LDS4 Tlaai.. ,anraef(ax.. .aj a aeg(...)a B’

where at most ax, ..., a, occur free ing(...) (which may also be a
name), and g must be previously defined; B is as before.

Definitions

The following definitions include all the constants mentioned in §1.3
and a few more besides: they conform to the schemata LDS1-4:

LD1 Ea = 'Lbrbea’ Existence
LD2 'asllkr/>£EBACEa
=bee Uniqueness
LD3 Ela = aea Singular existence

LD4 aa M llcrcea&cebl Identity

2< 1uschei 1962: 169. Propositive definitions are often called ‘propositional’ or
‘ProtothetieaT; nominative definitions ‘nominal’ or *Ontological’. Both pairs of terms
are misleading.

27 The extra clauses involving ‘s' in the various kinds of nominative definition serve
to prevent paradoxes. Cf. henry 1972: 46.
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LD5 a= b= aeba bea Singular identity (with import)
LD6 axbslaAastb Singular identity (without import)
LD7 a=bsEaAa”b Identity with existential import.
LD8 ac = llccea = cebl Inclusion

LD9 aCbsEaa a<b Non-empty inclusion

LD10 aeV = aea Constant universal name

11)11 aeAs aeaa ~ aea Constant empty name
LD12 aeb vjc

- aeaa.aebv aec Nominal union
LD13 aebn cs aeba aec Nominal intersection
LD14 aeNb & aeaa ~ aeb  Nominal negation

All constants here defined which are equiform to ones from previous
sections bear the same interpretation. This goes for E!, =, », and A-
For alternative notations for some of these, see the table ofequivalents
at the end of the chapter. Although technically speaking, LD1-14 are
all definitional axioms, we have separated them from the proper

Axioms of Ontology

LAO Any set of axioms and rules sufficient for propositional
calculus and the manipulation of quantifiers binding variables
in any category.

The 1920 (‘Long") Axiom of Ontology

LAl aebs 'Lccea'a llcrcea =>ceb'a Tlcdfceaa dea” cedi'

The form of this axiom is important. It constitutes a kind of implicit
definition of singular inclusion: implicit, because V occurs on both
aides of the equivalence. While not the shortest possible axiom for V,
it is the most perspicuous: the three clauses on the right correspond to
the three conditions on a Russellian definite description: there is at
least one a, there isat most one a,and whatever isaisb (cf. LT7 below).
To this we add as an axiom a particular thesis of

Ontological Extensionality
LA2 nfga”... flmarae/(al.. .aj * aegfa ... a,)1

=nFiF</> = F<B1

Here/and gare n-adic nominal operator variables, and F isa monadic
variable taking such variables as arguments. In the special case where
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n* 0,/ and g are nominal terms and F is a monadic predicate
variable. Both termsf(ax... a,) and g(at. . .a,) may contain only
alt.. a, free, and must be previously defined. Given these axioms
and definitions, a large number of theorems may be proved; but we
shall list without proof only such as we shall find useful. It is worth
noticing that, whereas in ordinary predicate calculus the bulk of the
work in a theory is done by predicates, the availability of multiply-
designating terms in Ontology has the effect that much more work is
done by terms and term-forming functors. This is, as we shall see, only
a contingent matter of exposition, and by defining numerous pre-
dicates we shall be able to compare Mereology more readily with
foregoing systems. The following are some important theorems.
Theorems of Ontology

LT1 ElasEflAlo

LT2 Ela=a=a

LT3 ElasltW

LT4 Eaa ~aatA

LTS5 EasadV

LT6 a-isElaAaab

LT7 aebiEIdAacl)

LT8 aebs laa aCb

LT9 l!as Tlcdrcea a dea =>c m=d'
LT10 aeb & Lease a ceb’
LT11 aeb Abec=> aec
LT12 aaisnf'FM sF M1

In the presence of extensionality, LT10 can serve instead of LAI as
axiom.28 It should be mentioned that numerous constants besides ‘s’
can serve as single primitives of Ontology. We are not interested in

ringing the changes here: the interested reader is referred to papers by
Lejewski on the subject.29 We now turn to Mereology.

2.6.2 Mereology

Mereology is the oldest and best-researched of Lesniewski’s formal
systems, and for that reason a large number of primitives have been

*e Cf. SOBOCINSK1 1967. ” LEJEWSKI 1958, 1960-1, 1977.



Survey of Extensional Mereology 65

discovered on which it can be based.30 Briefly, if/ is a primitive
functor on which Mereology is built, and g is another functor for
which a theorem exists of the form

aef(ax...a,)s A
where A contains only a, a,,..., a, free, and g as the only
Mereological functor (besides possible ontological functors), then g
can be primitive. Indeed, not only nominal functors need be primitive,
besides hunting for primitives, researchers in Mereology have spent
much energy in producing single-axiom versions of the systems with
various primitives. Our goal is not compression or economy but
clarity, so we shall only mention such possibilities in passing, and
prefer a multi-axiom system based on the monadic nominal functor
‘pt’which corresponds effectively to the choice of ‘< ’as primitive ina
calculus of individuals.

System M; ‘pt’ primitive
Definitions

These definitions conform to the stipulations laid down for Ontology.

Most of the expressions defined were introduced informally in §1.3.

We pass special comment only on those which were not mentioned

there.

MD1 ueppt(b) s aept(b)a ~a=b

MD2 aeov(b) = aea a beb a Zc cept(a) a cept(b)1

MD3 aeex(h) = aea a beb a llcrcept(a) = ~cspt(i>)’

MD4 aeSm(b) & aea a Tlcceb =>cept(a)la llcrcept(a) =

Lderdeb a eept(c) a eept(d)1L

MD5 aefu(b) s aea a ricrcEpt(a) =>1Aerdeb a dept(a) a eept(c)
a eept(d)L

We read ‘ae fu(fc)’as ‘a is a fusion of bs\ Here the indefinite article is

necessary because not all bs need be involved (‘fused’). In this respect

the sum is different, since it satisfies a uniqueness condition (given by

the second clause in the definiens of MDA4): if there isany sum, there is

snctly one, whereas if there is more than one b there is more than one

(\uion of bs, of which the sum is the largest. We mark the uniqueness
with a capital letter. Sometimes a fusion is called a ‘collection’and the

,0 Cf. WELSH 1978.
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sum the ‘complete collection*, but we prefer to steer clear of
terminology which smacks of sets or classes, for reasons which will
become clear.

MD6 aeUsaeSm(V)
MD7 aenu(h) s aea AEha licrceh s aept(c)l

Weread ‘aenu(h) as ‘a isa nucleus ofbs\ Again the indefinite article is
required, since a nucleus of bs is any object which is part ofall the bs.

MD8 aePr(E>) =aeSm(nu(h))

The general product isjust the maximal fusion of bs. There can be at
most one, and we mark this again with a capital letter. Finitary
operators may be defined analogously to the way they were defined in
SC:

MD9 aeBpr(h.c) s hfihA csca aePr(h vjc)
MD10 aeBsm(h,c) a beb a cec a aeSm(b uc)
MD11 aeCm(b,c)s beb a cec a aeSm(pt(b) nex(c))
MD12 aeCpl(h) s aeCm(U, b)
This is one way of defining the constant term ‘atom’

MD13 aeatm = aeaa nhrhept(a)o b =a'
Various alternatives to this definition have been explored by
Sobocinski.31 We can also define a nominal functor ‘atom of”:
MTD14 aeat(b) s aeatm a aept(h)
If no two as overlap, we say they are discrete:
MTD15 dscr[a] s Tlbcrbeaa cea = b= cv beex(c)l
MTD16 w-dscr[a] s IlbebsaAcc aa hept(Sm(c)) = bee’

We read *w-dscr[a]’ as ‘as are weakly discrete’. As its name implies,
this isentailed by discreteness, but not vice versa. Weak discreteness of
as means that any a which is part ofthe sum ofone or more os is one of
these as; that no new aarises by putting several other as together. This
implies that no a is ever a proper part of another a. The last two
definitions are propositive, and because of the abundance of name-
forming functors, we temporarily signal that a constant is a predicate

sobocinski 1971a.
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by putting its argument in a different shape of bracket, a practice
favoured by Lesniewski and his followers.32

Axioms of Mereology

The following axioms are to be added to those of L.

MAI aept(b)=>beb

MA2 aept(b) = 6¢cpt(c) aspt(c)

MA3 aeSm(c) a bsSmfc) =>a="b

MA4 ‘'Lccea =>LcceSmfa)l

These axioms tell us that only (existing) individuals can have parts,
that the part relation is transitive, and that if something is one of a,
there is a unique sum of a Some of the theorems which can be
developed from this set are the following.

MT1 aeo=>oept(a)

MT2 aept(b) = 6ept(a) Ba =

MT3 afpt(b) s aEppt(b)va="b

This theorem shows that ppt may be taken as primitive; using this
formula, together with

MT4 a£ppt(b) a be ppt(c) =a£ppt(c)

MT5 acppt(b) =3 6e/v(ppt(a))

and MD4, MAS3-4, Lesniewski first constructed a system of
Mereology in 1916.

MT6 aeu s a = Sm(a)

MT7 aca asa= Sm(pt(a))

Using MT7, it can be proved that

MT8 a £pt(b) = "Lcaec a be Sm(c)1

which shows that Sm can also be taken as primitive. This is a
possibility which has not been exploited in the comparable calculi of
individuals (i.e. taking o as sole primitive), because to attain something
comparable to the bound ‘¢’ in this possible definition of pt, a calculus
of individuals would have to quantify predicate or set variables, and
this would no longer befit the nominalistic intentions of most
calculists of individuals.1

11 Using different shapes of brackets allows analogies among constants to be
-mpressed by usingthe same symboland disambiguating by meansofthe brackets—e.g,
one may define ssamong higher types.
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Other potential primitives include ov and ex: that if one may be
primitive, so may the other, is easily seen by

MT9 aeov(h) s aeN(ex(b))
MT10 aeex(b) = ae/v(ov(b))

The two functors have the obvious properties
MT11 aeaa beb =>.aeov(6) = ~ aeex(b)
MT12 aeasacov(a)

MT13 aeov(b) = beov(a)

MT14 aeex(h) = beex(a)

and their potential primitivity can be seen by
MT15 aept(b) s aeaa ncrc«ov(a) = csov(h)l
MT16 aepX(b) = aeaa ncrceex(b) ceex(a)l

Given either of MT15 or MT16, the other follows easily by previous
theorems, but the proof of either from the axiom is quite involved.
Another possible primitive unexploited by calculi of individuals is fu.
Some of the more recent results on alternative axiomatizations are
summarized in the next section. A perhaps surprising candidate for
primitivity is the predicate dscr. This discovery was made by
Sobocinski in 1934, and is encapsulated in the theorem

MT17 aeex(b) s aear\ beba ~(a = b)a dscrlfau6]

which allows us to define the potential primitive ex in terms of dscr.
The predicate dscr is historically important also in that it played an

important role in Lesniewski’s attempt to produce a foundation for

mathematics. For a collection of objects which are discrete, all its sub-

collections are discrete. This is given by

MT18 dscr[a]l a b c a o dscr[b]

Also, distinct discrete collections have distinct mereological sums

MT19 dscr[a] a dscr[b] =>a ~ h = Sm(a) * Sm(b)

which means that mereological sums of discreta can behave for once

like Cantorian sets. In particular, Lesniewski showed that an analogue

of Cantor’s theorem about the cardinality of power sets holds: if osare

discrete and there are at least two of them, there are more fusions ofas

than as. In this case the fusion functor fu works rather like the subset

operator. Lesniewski’s investigations have been carried further in
recent years by Robert Clay, who has strengthened Lesniewski’s
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results by showing that they hold for the weaker functor w-dscr
(weakly discrete), which is precisely the functor required to ensure that
distinct collections have distinct mereological sums. This is based on

MT20 w-dscr[a] = Ubcb <aace aa Sm(fc) Sm(c) =6~ c"

which is easily proved from the definition MD16. Even more
surprisingly, Clay has been able to show that w-dscr may serve as a
single primitive for Mereology.33

2.6.3 Atomism, or Not

Like the Leonard-Goodman calculus of individuals, Mereology
entails neither atomism nor atomlessness, as can be shown by the same
models used for the Calculus of Individuals. The term ‘atm’, definable
In various possible ways, and the functor ‘at( )’, ‘atomof... ’,can be
used to axiomatize a system of atomistic mereology rather as Eberle
axiomatizes atomistic calculi of individuals. The results of these
researches have been presented by Sobocinski,34 building on earlier
researches of SchrOder and Tarski into Boolean algebra. Apart from
the numerous definitions o f ‘atom’ or ‘atom of*, there are numerous
ways of stating the thesis of atomism, of which one of the simplest is
Sobocinski’s
MF1 aea =>l.brbept(a)a llcrcept(b) 5c = b"

Taking the functor at as primitive, Sobocinski has produced a

straightforward system of atomistic Mereology based on the
axioms3b

MF2 aeat(b)=>beb

MF3 aeat(b) a ceat(a) =c=a

MF4 aea a bib a llcrceat(a) s ceat(b)l=a="Db

MF5 aeb =EcrEdrdeat(c)la Thfdeat(c) e Ee deat(e) a eib'"

Lejewski has managed to produce a single-axiom system based on this
same functor, which we present in the following section. Both ofthese
systems are equivalent to one obtained by adding MF1 to general
Mereology.

One may similarly formulate an atomless Mereology with a single
axiom based on the single primitive ppt. Lejewski’s result on this is
given in the next section. In an atomless system, it is also possible to
define the notion ofa base, which may partially replace that ofan atom.

** clay 1961, part of which appeared as clay 1965.
** sobocinski 1967, building on takski 1935. 15 Ibid.
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The presence of plural terms in Ontology makes this particularly easy.
We define the binary predicate <3as follows, where 'a <3b' may be read
‘as form a base for bs":

MD17 a<3b=Hcceb I,drdea a dspt(c)lA llcdrceb a defers.
riereea =>.eept(c) & eept(d)l=>c = dl
which, it will be observed, is the exact Lesniewskian analogue of the

conjunction of the conditions SF10-11 of §1.6 or BI-2 of 82.4.3. In
atomistic Mereology it is easy to show that

MF6 atm 3V

that is, that atoms form a base for everything.

In this section we have attempted to survey briefly the Lesniewskian
way of doing part-whole theory. That this family of systems is still
undergoing development and refinement may be gathered from the
next section, in which we give a summary of alternative axiomatiz-
ations. It will by now be evident however, that Mereology and calculi
of individuals are beating about the same bush as far as mereology
goes, and that it is their different respective logical bases which
obscure this. The sense in which the two kinds of system may ‘say the
same thing’is the subject of the more detailed comparison of §2.8. To
prepare the way for this, we may note that it is easy in Mereology to
shift the expressive weight from terms to predicates using suitable
definitions. So we close with a series of propositive definitions. The
choice of symbols reflects our comparative aim:

MD18 a<fe = aept(fe)
MD19 a«bsaeppt(b)
MD20 ao bs aeov(b)
MD21 a”h = aeex(b)

MD22 At[a] = aeatm

2.7 Alternatives and Developments in Lesniewskian Mereology

The exploration of alternative primitives and axiomatic bases for
Mereology was instigated by Lesniewski himself, but it has been
carried a good deal further by a series of workers, including
Sobocinski, Lejewski, Clay, Rickey, Welsh, and Le Blanc. It is fair to
say that none of these has questioned the appropriateness of
Mereology as an adequate analysis of the concept part and its
relations, but their formal work is of unquestionable value neverthe-
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less, and demonstrates the richness of mereology, in particular the
richness of the Lesniewskian approach to classical mereology.
Nothing of comparable detail has been attempted for the case of
calculi of individuals. The following summary is just that: a brief
resume of some results. For proofs, the reader is referred to the
primary literature.

2.7.1 A Symbolic Convention

Some of the formulae displayed in this section are rather long and
contain a large number of variables. To help in understanding these,
we adapt a convention introduced by Lesniewski and still employed
by those who do logic in his wake. When a nominal term was clearly
intended to be singular, either categorically, or when appearing on one
nide of a conditional or biconditional, Lesniewski would write the
term using a capital letter. This applies in particular to terms standing
in front of V. Thus the definition of ‘E’ could be written in the
following form:

LD1' Tlarka = ZArAea"

(where both quantifiers are made explicit). This convention is a
considerable help in reading the often involved formulae of Ontology
and Mereology. Since we have already used singular variables in the
exposition of calculi of individuals, we shall adopt the slightly
different convention of using Italic lower-case letters from the end of
the alphabet for singular variables (u, v, w, X, y, r, etc.), reserving those
at the beginning (a, b, ¢, d, e, etc.) for nominal variables which, it is
envisaged, can be truly understood, either categorically or hypotheti-
cally, to be plural or empty as well as singular. This convention is
purely informal; | know of no canon of binding rules accepted by
Lesniewskians for its use, though it is intuitively easy to grasp.
Nevertheless this convention can be put on a formal footing, and we
shall do so in the next section for the purposes of comparing
Mereology with calculi ofindividuals. So LD1 may now take the form

LD1" Easlxxcal
(eliding the universal quantifier once more).

2.7.2 Alternative Primitive Constants

Lesniewski’s first choice for primitive was the most intuitive functor
ppt, but he also knew that Mereology could be based on pt, Sm, ex, ®,
\ and fu (for those not previously defined, see below). An exhaustive
study of possible primitives and primitive combinations has been



72 Extensional Part-Whole Theory

carried out by Welsh, to which the interested reader is referred for
details.36 We bring only what the sports commentators are pleased to
call edited highlights.

To show that an expression is primitive, it suffices to prove an
equivalence which can be used to define a known primitive in terms of
it. We shall display such equivalences without proof; it suffices for our
purposes ifthey can be seen to be valid. So taking pt as primitive, that
ppt, Sm, ov, ex, and dscr are also primitive is shown respectively by
MT3, MT8, MT15-17. That fu is primitive may be shown by

MT21 xeppt(y) s xex a Ezrzez a yefu(x uz) a ~ yefu(x u z)1

Further primitives which we have already defined are the binary
functors Cm, Bsm, and Bpr, and the general product Pr:

MT22 xeppt(y) = xexa Cm(y,x)eCm(y,x)a ~ £zrzeCm(x,y)1
MT23 xept(y) = xex a yeBsm(x,y)

MT24 xept(y) as x eBpr(x,y)

MT25 xept(y) syjyAxsPr(x uy)

That w-dscr is primitive is not so easily seen, and we refer the reader
elsewhere for details.37
Lesniewski defined a binary disjoint sum functor ©:

MD23 xe (y®z) s xeSm(y uz) a yeex(z)

and its generalization to arbitrary terms

MD24 xcDsm(a) ssxeSm(a) a dscr[a]

and either of these may be taken as primitive, by

MT26 xeex(y) s xex a (x0y)s(x©y)

MT27 xeex(y) = xexAyeyA ~ xey a lzrzeDsm(x uy)'

The following compounded primitive is due to Lejewski, who has
given a single axiom for it:

MD25 xeptSm(y,a) a=xept(y) a yeSm(a)

In terms of it we may easily get back the two primitives pt and Sm:
MT28 xept(y) s xeptSm(y,y)

MT29 xeSm(a) as x eptSm(x, a)

Itisalso possible to take several Boolean operators as primitive, as has*

** welsh 1978, building on and expanding previous work.
17 This result took up a good part of ctay 1961. Cf. welsh 1978: 34.
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Iwn shown by Welsh.38 Finally we mention another difference
operator known to Lesniewski as a primitive:

MD26 xey\z s xsCm(y,z)A zept(y)
MT30 xeppt(y) = xexa (y\x)e(y\x)

Primitives are so thick on the ground that Sobocinski remarked,
‘practically every Mereological functor of significance can be em-
ployed in this capacity.’3 That some cannot be primitive is shown by
adapting Padoa’s method.40 Let P be a functor which it is known can
serve as sole primitive of Mereology and let C be another functor, and
suppose we find two models in which C is given the same interpret-
ation but the interpretation of P in each case differs. Then C cannot be
a sole primitive for Mereology, since if it could, P would be definable
In terms of C and would therefore have to receive the same
Interpretation in each model. Consider the three seven-element

models due to Gay, reproduced above. Models 3Land £ show that
neither U nor Cpl can be primitive, since in each case the interpre-
tations of these constants remains the same, while that of ppt is
different. Consider now the concept of proper overlapping mentioned
in 81.1.3. The definition of its term-functor form is

MD27 xeoov(y) s xeov(y) a lzwrzeCm(x,y) a weCm(y,x)1
and models 3Lland © show that it cannot be primitive, since only u, v,
and wproperly overlap each other in each model, but the proper part-
relation is interpreted differently. Another non-primitive constant is
that of weak exclusion:

MD28 xewex(y) s xex ayeyA ~xcpt(y)A ~yept(x)

That this cannot be primitive is again shown by models 31 and <

Interestingly, though neither proper overlapping nor weak exclusion
is primitive, together they suffice as primitives for Mereology, as can*

** welsh 1978: 35. *9 sobocinski 1954: 36.
) padoa 1967. Cf. Tarski 1956a: ch. 10, suppbs 1957: $8-8.
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be seen by
MT31 xeex(y) s x«wex(y)a ~ Xeoov(y)
Further results of this kind are given by Welsh.

2.7.3 Alternative Axiomatic Bases

Again we report work which was initiated by Lesniewski and carried
further by his logical descendants. Following Lesniewski, Sobocinski
has enunciated a canon of desiderata for well-constructed axiomatic
systems.4L Among other things, a system should have as few undefined
primitives as possible, preferably just one. Its axioms should not only
be independent, but also as few, short, and simple as possible. Also
axioms are better if they are organic, that is, contain no well-formed
part which, if removed and universally quantified, would be a
theorem. This precludes getting single axioms on the cheap by
conjoining several shorter axioms. These desiderata have proved a
powerful stimulus to search for ever shorter and simpler axioms for
Mereology, based on its various primitives. Sometimes the various
desiderata conflict: for example, one may have several short, simple
axioms, or just one long one. For perspicuity and ease of handling,
several short axioms are preferable to one long one, but the
production and shortening of single axioms is always a logical
achievement. As before, we simply list a selection of results whose
proofs are to be found elsewhere.

The measure oflength ofa formulain Ontology or Mereology is the
Ontological unit, which is any well-formed part of the form ‘ae0'ina
system where singular inclusion is taken as the primitive of Ontology.
So, for instance, the long axiom of Ontology, LA, is seven units long,
while the short axiom, LT10, is only three units long.

The shortest single axiom to date for Mereology is based on ov. It is
due to Le Blanc, asare all the results mentioned below unless stated to
the contrary.42 It is nine units long:

MT32 xeov(y) = Y.zdZea a nwprm uuew s T.trueov(r) s
Zsrsea a ssov(t)la weo\(v) =
xeov(i)) a yeov(c)u

41 SOBOCINSKI 1955.

41 Cf. 1e blanc 1983, 1985a, 19856. The last two papers report results only up to
1980, and 1 must thank AudoBnus Le Blanc for sending me a detailed account of his
recent results, only a small selection of which have been mentioned here.
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What this tells us, using only ov, is that the individuals x and y overlap
tit they have a product, i.e. iff there are individuals whose sum is the
lai gc*t individual such that whatever overlaps it overlaps both x and y.
Hare is one of two ten-unit axioms which Le Blanc has found for
Mereology based on pt:

MI'33 xept(y) = nzyept(z) =>xept(z)la ZaTlzrzey =
ITwwsa 3 wept(z)la rivwrsvept(z) =
Suurt;«pt(vv) a uept(«)A uea” 1
We can work to make this understandable by defining functors of
upper bound and heap respectively, where a heap is a part ofa fusion:

MD29 xeub(a) = xex a Zyyea' a llzrzea 3 zept(x)L
MIX30 xehp(a) = xex a n/yeptfx) 3 Xzrzea a zeov(y)u
It ii easy then to see that

MT34 xeSm(a) s xeub(a) a xehp(a)

10 that MT33 has the sense that x is part ofy iff whatevery is part of,
nii part of, and whatever isy isa sum of one or more individuals, it
Iwing both upper bound and a heap of these.

The difficulty of these long axioms is understandable, in that a
mingle formula having the form of an equivalence implicitly defining
the primitive has not only to yield all the required properties of this
primitive, but also to make possible a definition of sum, and implicitly
slate that any collection of individuals has a sum.

Apart from these two, Le Blanc has achieved numerous other
Improvements in finding shorter and simpler axioms for other
functors. Before these discoveries, it was generally Lejewski who held
the record on shortest axioms. He has a thirteen-unit one using
ptSm,43 and has also given single axioms for atomistic and atomless
Mereology, based respectively on at and ppt:44

MF7 xeat(y) = yey Arizwarweat(y) a yea a lliu>ez s
lurueat(t>) s Ztueat(t) a realll 3
at(x)ex a xeat(z)1
(ten units), and, underlining once more the greater complexity ofa

41 Cf. 1ejewski 19633, where instead of ‘ptSm’ Lejewski writes *elK]".
** Cf. LEJEWSKI 1973.
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atomlessness, the fourteen-unit
MF8 xeppt(y) &yey a ~ yeppt(x) a nzwarweppt(y) a yea a
nvvez s lluuea =veu v uspptft;)1la
N uu eppt(i>) =3 Ztsrtea a se ppt(u) a
seppt(r)11
Despite their virtuosity, these single axioms are difficult to grasp
and work with; and for exposition and ease of working larger groups
of short, simple axioms are better. Those given above for pt and at,
both due to Sobocinski, are of this type. Le Blanc has also explored
such systems, variously emphasizing different kinds ofsimplicity, such
as reducing the maximum number of units in any axiom of a set, or
trying to get rid of internal universal quantifiers, as well as ex-
perimenting with systems based on more than one primitive. Our final

example is of this kind: it is jointly based on pt and ov, is beautifully
perspicuous, and has no axiom longer than four units:

MT35 xeptfy) a y«pt(x) =xey
MT36 xeov(y) = Xzrzept(x) Aze pt(y)n
MT37 xept(y) s xex a 112rX8ov(z) =>yeov(z)1
MT38 ITaLxnyrxeov(y)s T.zrzea a zeovfy)ll
Here it can be seen that MT36-7 demonstrate the mutual dependence
of the two primitives: they constitute a kind of internal inter-
definition.

Mereology is a subject rich in logical interest, and these develop-
ments show that this interest is far from exhausted; we may expect

axiomatic bases asymptotically to approach optimum forms, rather as
they have done in propositional calculus.

2.8 Affinities

We have mentioned at several junctures the obvious community of
content of calculi of individuals on the one hand and Mereology on
the other. Those who take an interest in both kinds of system soon
become adept at translating’concepts and principles from one idiom
to the other. This informal procedure can be put on a firmer footing,
however, and it is this which we attempt here. To draw the
comparisons, we must overcome the differences of presentation and
substance in the underlying logical systems. The alternatives of
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IMatonist and nominalist forms of presentation apply to either, so we
may choose one or other as medium of comparison. For simplicity,
not out of philosophical preference, we choose the Platonistic.
Ixsniewskian definitions, it was agreed above, are simply special
axioms. When a Lesniewskian describes a definition as creative—and
numerous definitions are creative, in the sense of allowing proofs of
theorems not containing the defined symbol which were not possible
without the definition—then all that means in more familiar terms is
that the extension of a system obtained by adjoining the definitional
axiom is not conservative.

We have already taken two steps towards showing how Mereology
and calculi of individuals may be more directly compared, firstly by
introducing a free calculus, secondly by showing how to use predicates
in Mereology rather than term-forming functors. A direct comparison
can be made by extending the language of Mereology so that other
systems may be directly embedded in the extension, in the sense that
any formula in a system under scrutiny has a synonymous equiform
counterpart in the extended Mereology. Since the extensions in no
way add to the expressive capacity of Mereology, it transpires that
everything sayable in a normal or free calculus of individuals has a
translation within Mereology.45

The variables a, b, c¢,... of Mereology are terms which may be
semantically empty, singular, or plural. The two extensions of
Merology we create here are obtained by adding new ranges of
variables to the vocabulary. In each case, it is assumed that the
formation rules, axioms, and inference rules of Mereology are
extended in the obvious way to cover the new variables, so the
variables of the new subcategories are inter-substitutible salva
congruitate with the old.

2.8.1 System M' Mereology with Singular Variables

The new singular variables are x,y,z,w,xIt..., and we use the same
letters as corresponding metavariables. These variables are intended
to functionjust like the singular variables of classical logic. We achieve
(his in a slightly roundabout way by adding the following axioms
to M:

M'Al nxllabraex a bex aeb
M'A2 Tix'JmEo =Ex1

45 Cf. SIMONS 1985<f.
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M'A3 IIxEarxa o'

M'A4 TlarE\a Zxrxa all

M'A5 XaEa

The three axioms M'Al, M'A2, and M'A5 together ensure
M'TI  nxEIx

that is, that each of the new variables is genuinely singular. We could
have ensured this straight away in a single axiom, but we are planning
ahead for M". The point to notice is that M'A5 is expressed in the
language of unextended Ontology, and is a way of stating the
Fundamental Fact about our world—we might call it the
Leibniz-Heidegger fact—that there is something rather than nothing.
Since this axiom is independent of Ontology, it shows that M' makes
an ontological commitment to a non-empty universe, where M does
not. But since this principle is derivable in classical logic, and our aim
is to embed a classical theory, this commitment is to be expected.
Axioms M'A3-4 are shuttle principles serving to allow the
interchangeability of singular and neutral variables in contexts where
singulars will work.

To partner the new variables we introduce two new quantifiers. In
fact they are not so new after all:

M'DlI WMicA= nhrE/i =>Al
M'D2 3hA s HhrEha A’

Weare here using h, k, ... as metavariables ranging over both singular
and neutral variables. These definitions (actually definition schemata,
because A isany wff)are neither propositive nor nominative, so do not
conform to Lesniewski’s canons of definition. In this case they are best
regarded in the conventional way as abbreviations.46 The two new
quantifiers are dual in the usual way. Their behaviour with respect to
subaltemation is worth noting. While the subalternation principle

rioA 3 ZaA

is unconditionally valid in Ontology, and is carried over to the
singular variables, the analogous principle for Vand 3 does not hold,
since on the empty domain it is true that Yla Ea =Ea\ but false that
farEa . Ea\ On a non-empty domain, however, the subalternation

In his ‘official’ logical language, which was developed for metalogical purposes,
Le&niewski, like Frege, only used the universal quantifier. In everyday practice, he used»
modified Peano-Russell language, whose *3’ may be regarded as an abbreviation in the
usual manner.
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holds for both kinds of variables. Hence M'AS guarantees classical
xubalternation.

We then embed a calculus of individuals such as CIl, whose
underlying logic is classical, first by eliminating all descriptions
according to the Russellian schema, leaving classical quantifiers Vand
3 intact, and binding any otherwise free variables (nominal or
predicate) initially by “I1°. The variables x, y, z, ... and the signs =,
<, 0,l,... all belong to M', and the axioms and rules of CI are
mapped into theorems and admissible rules of M'. When binding
alngular variables, it does not matter whether we use the restricted
quantifiers VV3 or the unrestricted ones ITS, so we can embed classical
systems with or without free singular variables. But it iseasy to see (by
an inductive proof) that all the signs introduced with M' are
eliminable: any sentence containing such signs is equivalent to one
expressed wholly in terms available in M; furthermore, this translation
preserves theoremhood, provided we add the existential assumption
M'A5 to M. So, for example

CIT3 xoys 3xrz<xaz<yl
is mapped into
MT2 lIxyrxoy = 3zrz< xaz<yll

which is equivalent in M" (after simplification) to
M'T3 lla6raeov(6) = Lc cept(a) a cept(b)1l

which is of course a theorem of M. So we can see the basis in principle
ofthe intuitive translations’that researchers in the field ofextensional
part-whole theory have been able to carry through. Nevertheless,
since M' is not a conservative extension of M, some of the theorems of
Cl (such as x 0 x’)having counterparts in M" which are not theorems
of M, it iswrong to regard Cl as equivalent to a part of M. Conversely
(here are many features, in particular quantifiers binding plural and
predicate variables, which can be found in M and not in CI. To that
extent Mereology is both more powerful and logically purer (since it
makes no existence assumptions) than CIl, SC, etc., but these are
logical, not mereological differences. A step towards logical purity
may be taken from the side of classical calculi by dropping M'AS,
which leaves us with a so-called ‘empty’or ‘universal’logic, that is, one
whose theorems are true on all domains, not just non-empty ones. In
this weaker context, the subalternation principle for Vand 3 and
M'TI are no longer valid. The loss of M'A5 also affects the
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theoremhood of
MT4 YIxA = llarEla =>A[a/x]’

since the right-left implication fails on the empty domain (substitute
‘Elx’ for A).

2.8.2 System M": Mereology with Non-Plural Variables

Despite the increase in logical purity obtained by dropping M'A5,
thereby turning x,y, z,... from singular into non-plural (singular-or-
empty) variables, one of the main reasons for adopting a free logic,
especially as the basis for a calculus of individuals, is that there are
purportedly singular terms which are without reference even on a
non-empty domain—for example, the term for product of two non-
overlapping individuals. The new variables of M" however take values
on all non-empty domains (M'A2) and so cannot play the required
role. So we enlarge the language of M' by another run of non-plural
variables s, t, u, v, slt..., for which

M"A1l risrriahrass a bes =>aeb1l
M"A2 flsLars al
M"A3 narla=>Es's™all

The difference between these variables and the previous non-plural
ones lies in the minor alteration in the third axiom and the absence of
anything corresponding to M'A2. It may seem wasteful to have two
runs of non-plural variables, but in fact this is the procedure adopted
by most free logics, although, since they use only Vand 3 (to bind
X,Y,2,... Xthe variabless,t,u,... remain free. The identity predicate
favoured by most free logics is not = but rather «, which is totally
reflexive on non-plurals

M'TI TImm»m™

where m, n are metavariables for all non-plural variables. Another
theorem is

M"T2 IImrElms 3xrx * m"

which shows that the usual free-logic definition ofsingular existence is
respected. It is furthermore possible, in the context of Ontology with
added variables, to give an explicit nominative definition schema for
singular definite descriptions:

M"DS1 n<iraeixA s ata a A[a/x] a Tlbrbeb* A[h/x] =>bea"
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Ncan be checked that the addition of this schema enables us to embed
within M" all formulae of the free system F, binding all otherwise free
variables (parameters s, t,... and predicate variables) initially by I1.
All variables x,y, z,... are bound by V, 3or t. In addition, the axioms
and rules of F are theorems and admissible rules of M", and each
formula of F is equivalent in M" to a formula of M, the equivalence
preserving theoremhood. So, by bringing the underlying logic of the
calculus of individuals nearer to that of Lesniewski, we can see how, in
the sense here made precise, the calculus of individuals, when freed of
existential assumptions, is equivalent to a proper fragment of
Mereology. The converse project, of finding a formula in the calculus
of individuals corresponding to any given formula of Mereology,
cannot be carried through without resorting to a higher-order logic.
In this case Lesniewskian terms would be replaced by monadic
predicates; if the predicates Faand Fbreplace the terms aand b, then
the translation for ‘aeb’ will be ‘Fb(ix rFax 1)’. The effect is to map the
lesniewskian constants and variables in Ontology onto the next
higher type in a simple type theory, a suggestion which has been made
by Hiz as a way of understanding Lesniewski for logicians not trained
in Warsaw.47

2.9 Non-Classical Extensional Mereologies

In view of the criticisms which can be brought against classical
extensional mereology, it is important to note that a number of
authors have produced extensional mereologies which fall short ofthe
classical in strength. While differing among themselves as to which
principles to accept, all of the authors to be considered are agreed in
rejecting the general sum principle. The mereologies have been
developed for a variety of purposes, so it is not surprising that they
diverge on some points. In each case we briefly mention the purpose
for which the theory was developed, and give a compressed presen-
tation relying on the nomenclature of Chapter 1

2.9.1 Whitehead's Mereology of Events

The missing fourth volume of Principia Mathematica was to have
been Whitehead’s treatise on geometry. Some of its material clearly

47 Cf. Hit 1977. Against this interpretation however cf. Smons 19824. The remark
about Warsaw comes from hiz 1984.
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made its way into his masterpiece, An Enquiry concerning the
Principles of Natural Knowledge, which we take as the definitive text
for Whitehead’s early mereology. The later theory of Process and
Reality is somewhat different, and is more topological in nature. We
consider it briefly in §2.10 below. Whitehead’s mereology is the basis
for his theory ofextensive abstraction, by means ofwhich he intended
to provide certain logical constructions (in effect, classes of filters) to
replace, among other things, the points, lines, and surfaces of classical
geometry. Since Russell knew of this method in 1914,48 it is possible
that Whitehead’s mereology was developed not only independently of
Lesniewski, but maybe also earlier.

The objects to which Whitehead’s mereology are meant to apply are
called ‘events’,and his position at the time was that such events are the
primary natural entities, all else being aspects of or constructions out
ofthem. Whitehead’s preference for events as ontologically basic may
well stem from his preoccupation with relativity theory. Among the
events he considered are certain massive ones which he called
‘durations’, slabs of reality cut square to the time axis, in terms of
which temporal notions were to be defined. And indeed, extensional
mereology is more plausible for events than for material continuants.
However, we present Whitehead’s mereological principles in abstrac-
tion from their intended application, leaving more general comments
on events until later.

Itisa pity Whitehead left behind no formal treatment of mereology,
since all the accounts we have from him are informal presentations in
which he does not trouble to make clear which of the stated principles
are axioms and which are theorems.49 When Lesniewski and Tarski
became aware of the parallels between their work and Whitehead’s,
they constructed an independence proof showing that certain of
Whitehead’s ‘theorems’did not follow from his ‘axioms’.50 The charge
is unfair to the extent that in the works in question Whitehead did not
set out to separate axioms from theorems. We shall follow him here,

*' RUSSELL 1914.

4* whitehead 1919; 75 f.and 1920; 76, drops hints concerning possible alternative
axiomatic developments which indicate that he had some mathematics in the
background.

50 Cf. sinisi 1966. The writers clearly overlooked the formulation 'Some properties
o f K O] essential for the method of extensive abstraction are...’ (whitehead 1919:
101, my emphasis). It isnot denied however, that Whitehead’s presentation failsto come
up to Warsaw standards.



Survey of Extensional Mereology 83
calling all asserted sentences indiscriminately ‘principles’.3L

System W: The Theory of Extension: sets; 4» ’ primitive; 4= * assumed

Whitehead’s primitive is the concept of covering or extending over,
which he writes4<’and which we might write4» ’. Since it is merely the
converse of the proper part-relation «, we simply transpose
Whitehead’s theses into ones where the latter is taken as the primitive.
The following definitions and principles are in the order Whitehead
gives them.

WPL x«y=xXx+y

WP2 Vx3yzry«x ax«zl

WP3 Vzrz« x =>z«ylax+y=>x«y
WP4 X« yay«z0oX«zZ

WP5 X« z=3yrx« yay« zl

WP6 Vxy3zix«zAy«zl

It is worth pausing here to take stock. WP1 and WP4 require no
comment. WP3 is a version of PPP, the proper parts principle. WP2
says that every event both isand has a proper part. This entails on the
one hand atomlessness and on the other hand the non-existence of a
maximal object U. It follows immediately that the General Sum
Principle cannot hold, for if it did, U, the sum of everything, would
exist. WP6 tells us that nevertheless any two events have an upper
bound (by WP2 therefore infinitely many). WP5 is a denseness
principle: between any two events of which one is a proper part ofthe
other, there is a third. In classical mereology this follows from
atomlessness. That the world is ‘open’ both above and below seems to
have been something which Whithead found self-evident, for he gives
no arguments for it.

WDl xoy= 3z« Xaz«yl

Whitehead does not define *<’ (cf. the way WP3 is stated): this
definition of overlapping (which he calls ‘intersection’) is different
from the usual one, but in an atomless context they are equivalent.

WP7 Vzrzox=3zoyl=>xX«yvx =y

This is the Strong Supplementation Principle. Whitehead simply
states it. That it does not follow from WP1-6 can be seen by taking the’

51 Exercise: do the job properly.
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rational numbers with their natural orderingas a model for WP1-6.”
WD2 x(ys ~xoy

Whitehead calls disjoint events separated. A set of events is separated
iff its members are pairwise disjoint (cf. ‘dscr’ in Mereology):

WD3 sep(a)s Vxyrxb6aayeaax +ys xlyl

A dissection ofan eventisa non-overlapping exhaustive analysis ofan
event into a set of parts, and conversely the dissected event is the one
and only event of which that set is a dissection’.53

WD4 adissx s sep(a)A Vyry 0 x s 3zrzeaayozll
WP8 adissx a adissy zx —y
(Cf. ‘Dsm’ in Mereology.)
WP9 x« yo 3aradissyaxeal
WP10 x«y 3zmr«yA zlxl

So far, apart from being open above, Whitehead’s mereology is still
reasonably familiar. The definition of the relation ofjoining between
events changes this:

WD5 xjnys 3zrzoxAzoyA 3aradisszA Viwmwea
B[BW« XV w« ylll
Joined events are those which are continuous with one another. If
events overlap, they are joined
WP11 xoy = Xjny
but Whitehead says that joined events may be separated:
WP12 SxyxjnyAxlyl
This shows that Whitehead does not accept the Binary Sum Principle,
since in classical mereology any two individuals are joined: the sum

X +y can be dissected into x -y, x - y, and y —x (all three of which will
exist only if x and y properly overlap).

Whitehead then defines adjunction and injunction:
WD6 xadjy = x(yAxjny
WD7 Xinjys y« Xa 3z z(XAzadjyl
and states
WP13 y« xaz[x azadjy3 zadjx

51 Cf. sinisi 1966. The other independent principle i* WP10, ie. WSP.
’ whitehead 1919: 102.
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Example of injunction
Example of adjunction

Injunction is the boundary union of an event and its part, adjunction
l« the boundary union of separated events. With these concepts
Whitehead can begin to give an analysis of the concept boundary, and
from this point in his exposition the method of extensive abstraction
lakes over the account.

In The Concept of Nature Whitehead produces a slight variant of
the mereology of the Enquiry, restricting the strict upper bound thesis
WP6 to what he calls finite’ events, i.e. excluding durations. This
decision was later reversed.54 In the later work a variant definition of
Joining is offered

WD5' xjnys 3z zoxAzoyAVwrw«z=>woxvwoyll

which effectively says that events are joined iff they have a binary sum.
Whitehead clearly holds that all events are connected or continuous,
in the sense of not consisting of two or more disconnected pieces. But
he cannot say so in purely mereological vocabulary, since a definition
of connectedness would presumably have to use the concept of
joining. But in any mereology accepting binary sums without
reservation, any two individuals are joined, so this could not be used
to discriminate connected from disconnected individuals. To express
the topological concept of connection, we need more than plain
mereology, and when we have it, we need not stint on binary or other
sums, as §2.10 and §9.3 show.

In any case, the assumption that all events are connected is no
longer laudable caution, but downright miserliness. Continuity or
connection is important to many objects, but there is no reason to
think that all objects, even all individuals, should be connected. A
trombone does not cease to exist when dismantled in its case, and a
football match is a single event despite the break at half-time. If we
refuse to accept disconnected individuals, then a purely mereological

5 whitehead 1920:76, reversed at 197 f. Cf. also the 2nd (1925) edn. of the Enquiry,
204.
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oddity results: individuals may overlap and yet have no product, for
example two kidney-shaped areas shown below.53 Of course, a mere

oddity or algebraic inconvenience is no philosophical argument, but
since we do in any case already accept disconnected individuals, we
have good reason to think that Whitehead’s informal restriction is too
stringent. The ostensible reason for wanting to restrict the existence of
events to connected ones, namely the interest in defining boundary, is
not binding, since the tools required to do that are available in an
extended theory whether or not we accept disconnected individuals.
Accepting some disconnected objects, however, falls well short of
accepting arbitrary sums, as the next section shows.

2.9.2 Bostock's Theory of Parts

Bostock develops a mereology in connection with providing a
foundation for the theory of extensive measurement, rational and
irrational numbers.56 By contrast with Whitehead’s treatment,
Bostock’s more recent one is explicit in its axiomatization, very clear,
and gives reasons for the principles adopted, why they are so strong
and no stronger. We can therefore be briefin exposition. Despite the
specificity of its use, and Bostock’s sceptical view that ‘it is un-
profitable to concentrate upon some one relation which is supposed to
be the relation of part to whole’, his system is still ‘an attempt to
capture the formal features shared by all relations which are
reasonably regarded as part-whole relations’.37 Both the scepticism
and the aim seem to me to be just right, but Part Il will offer
considerations suggesting that Bostock’s assumptions are still too
strong to be minimal in the way he suggests.

System P: no sets; *<’ primitivess

We present the system with inessential notational alterations,
referring for brevity to Chapter 1 Bostock in effect presents two

55 Cf. bostock 1979; 125. 56 Ibid: ch. 2, 84, ‘Parts”.
57 lbid: p. 124.
9( Bostock uses some set theory notation, but regards it as merely syncategorematic.
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lyitcms at once, one with several simple axioms, and an equivalent one
with just two compact axioms. First defining disjointness as usual
D1 xly 3 ~ 3zrz<xaz<yl

Rostock then has

I'Al x<ya Vzry\z = xlz1

which is equivalent to four theses stating that < is a partial ordering
satisfying SSP. The definitions of binary product, difference, and
general product are equivalent to those of SD4, SD10, and SD11. As
iluisls to the products he takes not the sums + and o but rather the
liwNE upper bounds +'and & (cf. SD6, SD8). The second axiom of the
compact set is

I»A2  3xFx a 3yVXrFx =>x < y1= 3yVzryl.z a VxrFx 55zI1x”

This tells us that if there are any F-ers and they are bounded above,
then they have a sum (tr, not just a least upper bound 0") (cf. SA22). The
icsulting system is a little weaker than classical mereology; it does not
commit us to the existence of U, but either adding this (SA16) or
replacing PA2 by the General Sum Principle SA24 brings us back to
classical strength.

Bostock’s system is thus fairly strong, certainly much stronger than
the very weak minimal system envisaged in Chapter 1 It has only six
non-isomorphic seven-element models. Binary least upper bounds
exist if two objects have an upper bound (SA10), binary and general
products, and differences exist under classical conditions. This relative
strength is due to Bostock’ express purpose ‘precisely to exploit the
analogy between parts and subclasses’,59 a motive lying behind
classical mereology as well. Bostock’s reason is that it is this analogy
‘that explains why the notion ofa part isat all important to us’.60 That
there isan analogy in many cases cannot be doubted; more will be said
about this in Chapter 4. On the other hand, Part Il will try to
undermine the analogy for other cases.

On the other hand Bostock avoids the most extreme theses of
classical mereology, because there are or may be classes of objects
unbounded above. His argument is that a stronger postulate, such as
that of classical mereology, might result in sums which were in some

Ibid: 127. 40 Ibid: 125.



88 Extensional Part-Whole Theory

sense too large, or too heterogeneous in composition.61 The system P
therefore represents one fairly natural compromise between the
demands of universal applicability and algebraic neatness.

Bostock also notes the possibility of interpretations of P which are
not intended and not mereological; to exclude these he adds the
informal demand that sums should be understood as being made up
out of their summands. Unintended interpretations of a formal
system are of course possible at any time. An example is provided by
our Hasse diagram models (81.4), since the higher dots are certainly
not made up out of the lower dots. But ‘make up’ is itself a
mereological notion—the lower dots fail to make up the higher ones
because they are not parts of them. Bostock’s informal demand
reduces to the unobjectionable requirement that when doing mer-
eology we understood ‘part’ to mean part, and not another thing,
which is just to say that inintended interpretations are not wanted.

2.9.3 Sharvy’s Quasi-Mereologies

In this case we outline the formal aspect first and discuss the context
and applications afterwards. Both classically and in Bostock’s P we
have

RP ~x<y=>3VWmw<z=w< xawlyl

which amounts to saying that if x is not part ofy, the difference x - y
exists. This is a principle even stronger than the Strong
Supplementation Principle: we call it the Remainder Principle, since
X —y is the remainder of x when x ey is substracted; it is the maximal
supplement to x my in x (and vice versa). Its strength can be gauged by
the fact that ifadded to the axioms for partial order and the existence
of U itensures the appropriate existence of binary sums and products,

the product as x —y, the sum as x ¢y.62 Sharvy calls a quasi-mereology
any partial ordering which is closed under taking general least upper
bounds. Such a system can be axiomatized by SA1-3 + SA23. In
general a quasi-mereology does not satisfy RP. A model of such a
theory, essentially similar to examples offered by Sharvy, is the
following. Take as individuals all sets of natural numbers containing

61 Ibid: 126. Exactly what is meant here is not made clear. The reference to objects
which are too large suggests Bostock has set-theoretic applications in mind, while the
idea of heterogeneity suggests rather empirical applications. The heterogeneity
objection is fully endorsed below.

61 This is the general case, assuming all complements involved exist. Special cases
have to be handled separately.
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*| least one odd and one even number, taking set inclusion as the
ltort-relation. Then although the set {1,2} is a proper part of the set
11,2,3,4} there is no difference in the domain, since {1,2}
can be supplemented by any of {3,4}, {1, 3,4} and {2, 3,4} to get
(1,2, 3,4}. Each of these three is disjoint from {1,2}, there being no
Intersection containing both an odd and an even number, but as none
Pa unique maximum the difference does not exist. This is a special
case of a general method for constructing new quasi-mereologies
from old, by taking the direct product of two or more.

Sharvy’s quasi-mereology is thus non-classical in a very different
way from Bostock’s system. Quasi-mereologies admit nine non-
Isomorphic seven-element models, but the only one they have in
common with the six of Bostock’s system is the classical model, since
quasi-mereologies have U.

The example ofa quasi-mereology appears somewhat suspect, since
after all, qua sets, {1,2} and {1, 2, 3, 4} do have a unique difference,
namely {3,4}. It is only qua odd-and-even sets that {1,2} and {1,3,4}
arc disjoint. Bostock has noted that restricting part-whole relations to
certain parts may yield something which fails to be a part-relation, and
that appears to apply here.63 However, a more intuitive model for
quasi-mereology can be found ifwe take the example of § 1.2and drop
the disconnected sum v. we then obtain a six-element model with the
Hasse diagram shown below (note that y has no complement).

U

Sharvy’s aim in noting quasi-mereologies is not that of giving a
general mereology, but rather of giving a general account of reference
and definite descriptions for all kinds of nouns: count singular, count
plural, and mass. This is a topic considered in Chapter 4. Sharvy
considers quasi-mereologies only for the case of domains which are
the extensions of predicates corresponding to such nouns. Thed

41 Cf. bostock 1979: 128. Of course this restriction is precisely what Sharvy wants.
Sharvy and Bostock would presumably not agree as to what counts as a part-relation.
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< -relation then represents the part of or some of relation on this
extension. Thus viewed, the part-relation bears a non-accidental
similarity to the Ontological functor C, which can also be read as ‘are
some of (the)*. In Sharvy’s view all predicates determine a quasi-
mereology on their extensions. In certain cases—for example, for
predicates corresponding to some count nouns—the part-relation is
identity, for example for ‘boot™—the only boot-part of a boot is the
boot itself. For other predicates the part-relation is not trivial, for
example, for ‘water—the water-parts of some quantity of water are
the sub-quantities which are water (as against hydrogen, for example).
Sharvy sees this as a sign that the part-of or some-of relation, thus
relativized, is more fundamental than identity, since identity appears
as a special case: in place of Quine’s ‘No entity without identity” he
proposes ‘Nothing without a quasi-mereology’.64 However, the
attempt to see identity as a special case fails, because if the partial
ordering corresponding to a predicate is identity, the = -least upper
bound of a subset of the predicate’s extension exists only if the subset
contains a single element, so the ordering is not a quasi-mereology, for
which the least upper bound must exist for all subsets of the extension.
Sharvy’ approach works better for mass nouns and for count nouns
unrestricted as to singular or plural. To discuss this now would mean
anticipating Chapter 4, so we postpone further comment.

2.9.4 Needham and Van Benthem on Intervals

These two theories are taken together because of their similarity of
aim and content. Both authors are interested in exploring temporal
concepts using the notion ofa temporal interval. Both present special-
purpose mereologies for such intervals where the pure mereology is
joined by principles for temporal betweenness (Needham) or order
(Van Benthem). The special subject matter enjoins principles which
are not valid for all mereologies, so, for example, Needham’s
definition of ‘between’ works only for a single dimension and for
connected individuals. In each case we mention just the pure
mereological component.

Needhames has a mereology similar to LG, based on t but with
weaker summation conditions, because intervals are normally taken
to be finiteand connected. He defines <, o ,and « as do Leonard and*

** shahvy 1983b: 234. The claim it already hinted at in sharvy 1980: 621 f.
43 NEEDHAM 1981.
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Ooodman (LGD1-2, and the obvious definition for «), and the
binary product is also defined as one would expect. The interesting
definition is that of an interval abutting another

ND5 xXIlysxlyA 3/zoxAzoyA Vwwor
>woXxvwoyll

|cf. WD6 defining adjunction in Whitehead. 1f we definejunction using
WD5' the two definitions are equivalent in the atomless context.)
Needham’ axioms are then LGA2-3, product existence (equivalent to
SA6), a limited sum principle to the effect that sums exist of intervals
which overlap or abut

NAS xoyvxtXy =>3zVwmw(r =w(x a wlyl

and finally atomlessness (SF4.)

Van Benthem66 is more flexible in the assigning of axioms, being
prepared to ring the changes as circumstances warrant. He bases the
pure inclusion fragment of his calculi on <, which can be interpreted
as set-inclusion or as mereological part according to taste. Pure
principles governing temporal precedence and mixed ones relating
precedence and inclusion are also added. A suggested minimal theory
ofinclusion makes < a partial ordering with product existence (SA6).
As next likely candidate for a near-minimal theory, Van Benthem adds
a version of SSP:67

SCT13a Vzrz <x"zoy'=>x<y

Supplementation principles Van Benthem calls freedom postulates,
and he has reservations about their status as pure inclusion prin-
ciples.88 When considering interval models which yield structures
isomorphic to the integers or the rationals he adds further SA10
+ SA12 (= SA13).69 These models also enjoin connectedness, which
is expressed as a mixed principle. Connectedness is not part of the
minimal set. As dual to the product Van Benthem takes not the sum
+ but the least upper bound +', but in the minimal case this need not
exist. It is interesting that for a minimal theory Van Benthem is
prepared to do without any supplementation principles at all. This
admits models of the pure inclusion fragment which are not

*  VANBENTHEM 1983, esp. ch. 1.3. 67 lbid: 69.

11 Ibid: 242 f. Van Benthem notices here the tendency to view part-whole theory
through Boolean-algebraic spectacles, about which he rightly has reservations.

** |bid: 72. The difference between integer (discrete) and rational (dense) models is
not a purely mereological one, but resides in the principles relating parts and
precedence.
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extensional in the sense of 8 1.4, indeed not even mereological, such as
the two-element model. But it would be over-hasty to conclude that
Van Benthem’s axioms are too weak to characterize a port-relation,
since he, like Needham, is not developing a mereology in isolation for
its own sake, but as part ofa more inclusive theory, where the mixed
principles have their repercussions on the mereological component,
for example, entailing that intervals be finite.70

2.10 The Boundary with Topology

Several of the systems considered in the last section have an eye to
applications outside mereology, but for which mereology is to serve as
the basis. In this role mereology is often more intuitively attractive
than the more usual set theory. In addition to the interval theories just
mentioned, there have been several attempts to base various kinds of
geometry on mereology. For instance, Tarski’s system T (82.4.2)
forms the basis for a treatment of solid geometry based on the
primitive sphere.11 Whitehead’s method of extensive abstraction uses
mereology and set theory to define not just points but all other
geometrical and temporal boundary entities, such as moments, point-
moments, or surfaces, in terms of sets of concrete events. After the
appearance of Whitehead’s early work, an alternative approach to
solid geometry was suggested by de Laguna,72 using the primitive
predicate ‘fconnects rjto £. Whitehead thereupon adopted a modified
version of de Laguna’ approach in Process and Reality with the
simpler predicate  is connected with rf, which may be intuitively
understood to mean the sharing ofa point, though of course this is to
be used to define points and other kinds of boundary.73 The relata of
this relation are no longer events, but regions. Analogously to the
earlier treatment of events, Whitehead assumes that all regions are
connected internally.

It would take us beyond the bounds of our study to consider either
abstraction or topology in detail. However, it seems plausible both
that topology should be given a mereological rather than point-set-
theoretical basis, 74 and that the introduction oftopological notions is

,0 1bid; 64 f.

71 tarski 19566. The mereology isatomless. Points are regarded as sets ofconcentric
spheres. This isa special form of Whitehead's more general maximal filter construction.

73 ne 1acuna 1922, 73 whitehead 1929: 449 ff.

74 For an early plea, cf. menger 1940.
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Intome sense the natural next step after mereology. Thus the attempt
In graft a theory of time directly onto mereology, as exemplified either
li» ihe work just discussed, or by recent work of Lejewski, jumps right
a«ross the topological concepts common to space and time to deal
with a special case.T3*

The theoretically most satisfactory way to proceed is to present a
pure mereology first, then add on topological concepts and principles.
Another possibility is to develop a unified mereo-topology based on a
tingle concept straddling both disciplines. This is less clear, but more
economical as a single theory. We outline one approach of each type
Itelow. For the first sort only the work of Tiles lies to hand. The second
kind of theory is that developed by de Laguna and Whitehead, but we
like as representative much more recent work by B. L. Clarke, which
It free of both the limitations and the defects of the earlier work.76

2,10.1 TI: Theory of Tiles

Tiles’s account77 is developed not for its own sake, but as part of a
discussion of the discriminatory capacities required for someone to
talk about and identify events. We abstract from the context and
consider just the formal theory. For his mereology, Tiles takes a full
classical theory similar to LG, though understanding the sets as
virtual. Taking < as primitive, he defines o and I, Suand Pr (TIDI-4)
by LGD2, CIDI, LGD3-4 respectively.78 His axioms TIA1-3 are
LGA2, SCT14, and LGD1. The topological addition is based on the
tingle intuitive notion ofone individual’s being wholly within another,
or being an internal part of it. We write this ‘<o\ The following
axioms are suggested for this notion:

TIA4 x<oU
TIAS x <oy y<z x<°z

71 Cf. 1ejewski 1982. Lejewski’s Chronology, as he calls it, is based directly on
Mereology, and uses two primitives, ‘is an object wholly earlier than’and Is an object
whose duration is shorter than that of. The second is of course metric rather than
topological. Lejewski points out that tarski 1937 initiated this approach—of which we
have mentioned only the mereological part—but that Tarski is there committed to
momentary objects, on which Lejewski remains neutral

76 de laguna 1922 is limited to solid geometry,and whitehead 1929is not only not
formally presented, but actually inconsistent: cf. CLARKE 1981: 204 f.

77 tites 1981: 40 if. and 33 if

7* Both of Su and Pr are wrongly defined in terms of implications rather than
equivalences, and there isa misprint in the definition of Pr. TID5 is missing: it should
presumably be a definition of « (cf. TIA7).
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TIAE x<°yz3j«>X

TIA7 x+UAx<opx«jl/
TIA8 y<oxAz<*X3y+z<oX
TIA9 x <oyax <°z X <«y-Z

In terms of <o Tiles defines separation, connection and (self)
connectedness:

TID6 x][ysx<oy (x is separated from y)
TID7 x$y =~ (xX][y) (x is connected with y)
TID8 cn(x)s ax =y+z >y $7' (x is (self-)connected)

The condition TIA8 on finite sums can be strengthened to cope with
arbitrary sums. Rather than use indexing sets, as Tiles does, we might
employ

TIA8 3xFxa VxiFx = x<o0y13 oxFx <»y

Although the basic idea is good, the formal execution is defective in
several ways. A minor point concerns TIA6, which ought to have an
antecedent x + U a y 4=U'" to ensure the existence of complements.
This difficulty is inherited by the definitions TID6-8. TIA7 has as
consequence that the only open individual (one which is its own
interior part) is U, but it is desirable to allow more than just this trivial
case—open individuals ought after all to correspond to open sets in an
orthodox topology. The definition of self-connectedness does not
work. For consider the three-element mereology {x, y, U} with xand y
asatoms, and everything an interior part of U; xand y without interior
parts. Then x and y are by the definition connected with each other,
and U is self-connected. If we alter this model to the extent of
stipulating that U <®x, we can check that the axioms of TI are all
satisfied, which means that the axioms fail to entail the obvious
required result that an interior part is a part:

TIFI x<*y3x<y

2.10.2 CL: Theory of Clarke

N o such complaints can be raised against the nice formal development
of Clarke.79 His system is based on Whitehead’s primitive of
connection, the relata being informally understood as spatio-

79 Crarke 1981. See also the development in Crarke 198S, which goes on to
construct points. In the later paper Clarke corrects a misprint in what is our CLA5 (cf.
74, n. 4) and defines separation and self-connectedness in the same way as Tiles (69.)
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temporal regions. As with Whitehead, that x is connected with y
means intuitively that x and y share a point. But neither points nor any
other boundaries appear as individuals; all individuals have an
Interior. As we shall see, this yields a mereology which is in various
respects non-classical. Clarke’s account being easily accessible, we
refer the reader to it for details, and summarize here just the main
points of interest.

In terms of connection ($) we may define a number of mereo-
lopological concepts, some familiar, some less familiar, as follows:

CLD1 *]1[)'s ~ (x$y)

CLD2 x<ys Vzz$x =

CLD3 x«y3 x<yA ~y<Xx

CLD4 xo0y3 3zz<xaz<y'

CLD5 x|,y3 ~xo0Yy

CLD6 xxysx$yA~xoy

CLD7 x<ysx<yA 3zzx Xazx Yyl

CLD8 x<oysx<yA ~3zmzx xxXxx A zxyl

We may read *X] [y’ as x is separated from y’ (or, as Qarke says,
‘disconnected’), X X y’as X is externally connected to y' or *x just
touches y’, X < y’as x isa tangential part ofy\ and x < <y\ as before,

as x isan interior part of y' (Qarke says ‘non-tangential part’.) The
axiomatization begins as follows:

CLA1 x$x

CLAS Xjjy syjjx

CLA3 Vzrz$x 3 z8y’=>x =y

Here the first two axioms correspond to Clarke’s first axiom, which is
inorganic. The third axiom shows the theory is extensional, and
Clarke indeed compares it to the extensionality principle of set theory.
It will be noticed that o and < do not interact together as they do in
classical mereology, but that $takes over the role of o in this regard.
The following two theorems show the relationship clearly:

CLT1 ~ (xX y)s.x0ysx3$y

CLT2 ~ 3zrzx x1=>x<ys Vzzoxszoyl

Only when an object touches nothing tangentially (intuitively, when it

is open) can we treat its parts in the way we do in classical mereology.
Among the further theorems mentioned by Qarke are ones cor-
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responding to TIA5 and T1F1. In the definition of Boolean operators,
we note a similar transformation from the classical:

CLD9 oxFx'« ixV/y$xs 3zrFzay$zn

CLD10 x+yaso0zz <XViI<y

CLD11 x»oyyUx"

CLD12 uUasaxxgxl

CLD13 x-yessazz<xaz<yl

Clarke mentions a sizeable number oftheorems using these operators,

some of which again differ from those of classical mereology. An
example is

CLT3 E!xaElya~xXx y=>xty=Us x<y

where the deviation from the classical may be noted in the extra
conjunct in the antecedent. Of more intrinsic interest are the
topological operators which are now definable—because of the
absence of a null element and boundary elements Clarke calls them
‘guasi-topological™:

CLD14 °xasoyy <«x' (interior of x)
CLD15 ox«<r/~(yg°x)1 (closure of x)
CLD16 *xas<yry < «xl1 (exterior of x)
CLD17 op(x)sx = °x (x is open)
CLD18 cl(x) = x —x (x is closed)

At this point we need additional axioms

CLA4 3zrz<ox1

CLA5 Vzr(z$x =z o0 x)a (zJy =z 0 y)' =>Vaz$x-y
=70 Xx-yl

which again correspond to a single inorganic axiom of Clarke. They
tell us that every individual has an interior, and that the product ofany
two open individuals is again open. Among the many interesting
theorems which Clarke lists are the following:

CLT4 Vx3yy = X
CLTS °x<x

CLT6 y<°x = y<«X
CLT7 x<y=°x<°
CLT8 X<0Xs°X =X
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CLT9 ~ (xx °)

CLTIO 0x = °x

CLT11 °U=U

CLT12 E!(xey) =>°xe"y = °(xsy)

The theorems CLTS5, 10, 11, and 12 are particularly interesting,
Itecause they show that the interior operator is almost like that of
orthodox topology, the difference lying only in the antecedent to

CLT12. With similar conditions ensuring the existence of appropriate
Individuals, the closure operator also approximates that of topology:

CLT13 E!x=>E!cx

CLT14 E!x=>cx = (°*)

CLT15 Elx=>°x = (")

CLT16 E!x=>x<cx

CLT17 E!x =ccx = ex

CLT18 Elxa Elya El(xey)=>cx+ty = O(x +Y)

CLT19 Elxa Ely =>x <y=)cx <cy

CLT20 E!x=>xx = °(X)

Clarke’s estimation of the nature and significance of his system is
worth quoting:80

... just as the linguistic domain of the classical calculus of individuals is a
[complete] Boolean algebra with the null element removed, our theorems
indicate that the domain of the present calculus is a closure algebra with the
null element and the boundary elements removed. It is interesting, however,

that so much topology can be reflected under these conditions and with such
minimal assumptions.

It is indeed interesting, although it is unlikely that a busy mathema-
tician will be prepared to forego the convenience ofset theory to have
to put up with the troublesome antecedents of the latter theorems. The
significance of the quasi-topology with a mereological basis must
surely be philosophical. And just here we have reservations. For the
idea of the ‘removal’ of boundary elements can be taken in two ways.
On the first interpretation, points and other boundary elements
really’ exist, so $ really means o, and so on, but the domain of
individuals has been artificially restricted to individuals with an

,0 Ibid: 216.
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interior, which would explain why the resulting mereology is non-
classical, it having been deprived of some elements. This is hardly an
open-faced attitude to boundary elements, so suggesting the second
interpretation, namely that there ‘really’ are no such elements, and
that the calculus is to be taken at face value. Then we see that one of
the mereological principles missing is the remainder principle, for
removing the interior ofa (non-open) individual leaves no difference.
Indeed, it leaves nothing at all. If we take any individual, then its
interior isa proper part ofits closure, yet there is no proper part of the
closure which is disjoint from the interior. We do not even have the
weak supplementation principle. What we are being asked to believe is
that there are two kinds of individuals, ‘soft’ (open) ones, which touch
nothing, and partly or wholly ‘hard’ ones, which touch something. Yet
we are not allowed to believe that there are any individuals which
make up the difference. We can discriminate individuals which differ
by as little as a point, but are unable to discriminate the point. It is
hard to find satisfaction in this picture.81 On the other hand, if we are
to do something like topology without accepting points and other
boundaries, it is hard to see how else it can be approached. This
suggests that a philosophically adequate account must be more
complex, involving for example successive vague approximations to
sharp boundaries, a variant suggested in outline by Menger& and
Tiles.83 This would be less mathematically crisp, but would offer a
more realistic basis for explaining how topological concepts might be
acquired by someone who—Ilike all of us—has never experienced an
ideal, zero-thickness boundary.

2.11 Appendix: The Notational Jungle

Mereology is more than usually cursed with a plethora of different
notations. The only safe rule when reading a text is to check exactly
what the author intends by each symbol. But there are a number of
more frequently recurring variants, and to aid in scanning the
literature we tabulate the most important ones (see Tables 2.1-2.3
below). The plot is thickened by the presence of the relatively

(> The view was explicitly held by bol1zano: cf. his 1975: $66 fnaccording to which
two bodies may only properly touch at places where one of them has. and the other one
lacks, boundary points. Against this cf. brentano 1976: 174. Cf. also van benthem
1983: 68.

*J menger 1940: 107. 11 TILES 1981: 56 f.
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tmlitmiliar functors of Lesniewski’s Ontology and Mereology, which
*Iso have variant notations, and these too are tabulated as far as is
practicable. We have to plead guilty to occasionally adding to the
number of symbols on the market, but in a comparative study like this
* Inrge repertoire is inevitable if ambiguity is to be avoided. Our
lymbols have been chosen to be as far as possible mnemonic either
phonetically or iconically, and we have sought to maximize the
illMunce between mereological and set-theoretical notations without
completely losing the analogies.

Table 2.1. Calculi of Individuals

Simons Leonard-Goodman Tarski'4 Others
< < P <s * <C
m « c % <
0 0 0

i | 1)( 2z
.y Xy X n_y Xay
«ty X+y XyJy

ik U w a* Un
*Sua x Fu a x £a SF
sPra x Nu a Xna P N

1 —x —x

Table 2.2. Lesniewski’s Ontology

Simons NDJFL« Lejewski-Henry'5 Others™
a«hb At a aeb e{Aa}
X ea

E | ex

! — sol

E! ob

cr (= c

a 0 0

*

Si a O

C c c

« Notre Dame Journal of Formal Logic

M TARsKI 1937. " LEJEWsKI 1958, 19671), HENRY 1972.

" Cf.eg.sobocinski 1967. It was Lesniewski's practice, sometimes also followed in
NDJFL, to write functors before their argument expressions, which occur in a string
enclosed by special brackets. For predicates, these had the shape of braces { }
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Table 2.3. Lesniewski's Mereology

Simons  Lejewski-Henry87 NDJFL Le Blanc RPT8  Lesniewski8d

pt Pt el in el ingr
ppt ppt pr,pt pt pt cz
ov ov ov ov

ex ex ex ex extr w
Sm cd Kl Cd KJ Kl
fu d d d d zb

87 Lejewski’s publications in NDJFL use that journal’s symbolism; his own
notation, more mnemonic for English speakers, is used in nenry 1972. Le Blanc
informs me that he disapproves, as | do, of the attempt to imitate set theory in the
NDJFL notation. The Lejewski-Henry notation avoids this best, but the reading
‘(complete) collection’ for “(c)cl’ still carries such undertones.

*s Rocinik Polskiego Towarzystwa (SOBOCINSKI 1954, 1bjewski 1954.)

19 1esniewski 1927-30. (The abbreviations are mnemonic in Polish!)



3 Problems

Extensional mereologies are mostly very similar to Boolean algebras
or complete Boolean algebras in their algebraic structure, and this
similarity is not accidental. It can be accounted for by considering the
jobs which they were and are called upon to perform. In most
applications of mereology the natural rival is some kind of set theory,
and mereology is usually preferred, when it is preferred, for philo-
sophical rather than mathematical reasons. This can be seen by
examining both the development of the main systems of extensional
mereology and more recent applications. The resulting systems have
tended to be strong, to hold their own more readily against their
inherently more powerful set-theoretic rival. In our view this heritage
has had detrimental effects on mereology, which will be considered in
some detail in this chapter. Beforehand, it is worth briefly outlining
the genesis of extensional mereology, as this helps to explain why the
main systems are as they are.

31 Historical Remarks

We have already noted that in chronological order of appearance, the
main systems of extensional mereology are those of Lesniewski,
Whitehead, Tarski, and Leonard and Goodman. Apart from the
separately developed systems of Whitehead, all subsequent
mereologies were influenced to a greater or lesser extent by
Lesniewski.

Lesniewski conceived Mereology as a replacement for the calculus
of classes.1 His original name for it was ‘calculus of manifolds’. The
sums or fusions of Mereology are often called ‘collective classes’ by
I"sniewskians, and their parts ‘elements’. We noted in the previous
section the unfortunate tendency that many mereologists of
Ix&niewskian stamp have of employing terminology and notation
reminiscent of set theory. This tendency has its origins in the master.
There isindeed a good algebraicanalogy between mereology and class
theory, which is examined in greater detail in the next chapter, but we
prefer to replace the notation reminiscent of classes by one without

1 For information on Le&niewski’s development, see 1uschei 1962, surma 1977,
MfeviLLE 1984.
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such connotations, since in our view the notion of class is essentially
distributive rather than collective (the difference will be explained
below).

Lesniewski was struck forcibly by Russell’s paradox of naive set
theory, and Mereology arose out of his efforts to track down what he
considered to be the mistake in the reasoning leading to the paradox.
In Lesniewski’s view the problem lies in overlooking an ambiguity in
the term ‘class’. 1 f ‘class’ is understood in the mereological sense as a
sum, then, since every sum is a part of itselfor, in Lesniewski’s terms,
an element of itself, there is no class which is not an element of itself,
and hence no class of classes which are not elements of themselves.
Hence Russell’s paradox cannot arise in Mereology. One might be
forgiven for thinking that this analysis is not directly relevant to
Russell’s paradox, since the classes Russell was considering are not
concrete wholes such that every part is a ‘member’. One of Russell’s
examples is that the class of teaspoons is not a member of itself, since it
isnot a teaspoon.2 The members ofsuch a class cannot be just any part
of the world-heap of teaspoons, but only teaspoons. Lesniewski
distinguished such classes from mereological wholes by calling them
‘distributive classes’. However, he believed that such classes do not
exist, since expressions in which apparent reference is made to such
classes are replaceable without change of sense by expressions in
which no such apparent reference is made; in particular ‘a isa member
of the class of bs' may be replaced simply by ‘aisa b'\ in Ontological
terms, 'aeb’. If the term ‘the class of teaspoons’ is not so eliminable,
then in Lesniewski’s view it can only stand for the sum of all
teaspoons. But as a sum, or collective class, it is variously describable:
in particular it is the sum of all objects consisting only of teaspoons
and undetached teaspoon-parts, and since it consists itself only of
teaspoons and their parts (it is a fusion of teaspoons), it is, in that
sense, ‘self-membered’.

Some years previously, Frege had also distinguished between a
‘concrete’ and a ‘logical’ notion of class. Frege’ point was directed
against Schroder, whom he accused of confusing the two senses.3

2 RUSSELL 1971 119. 3 FREGE 1895.
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Frcge points out that a calculus of collective classes is simply a calculus
of part and whole.4*

Lesniewski knew Frege’s criticisms,3 and his development of
Ontology and Mereology may be seen as making good Frege’s
criticisms of Schroder by developing two calculi, distinguishing
Frege’s two concepts of class, along broadly SchrOderian lines.64t is
notable that Schroder’s basic sentence form is 'a <<b',1 a tripartite
subject-copula-predicate form, such as one finds in Lesniewski,
where subject and predicate are both nominal expressions ex-
changeable salva congruitate. The tradition passes back from
Schroder through Booleand Leibniz to Aristotle, whereas the modern
function-argument analysis stemming from Frege, and transmitted
into the modern tradition by Russell and Whitehead, while finding
acknowledgement by Lesniewski,8does not obscure this SchrOderian
heritage.9

Schroder’s major work, Vorlesungen liber die Algebra der Logik,
despitejust criticism by Husserl and Fregel0ofits philosophical basis,
nevertheless exercised wide influence as the work in symbolic logic up

4 Frege’s own ‘ogical’ classes, the WertcerlHufe of monadic predicates, turned out,
ironically, to be far more vituperative than Schroder’s rather innocent manifolds, which
were cushioned against paradox by an early form oftype theory (cf.church 1976). Now
ihit the pioneering days are over and formal set theory has stabilized, it iseasy to forget
how fluid conceptions ofclass were around the turn of the century. The popular suocess
of Zermelo-Fraenkel set theory is based on its undoubted mathematical virtues, not on
lIs philosophical motivation. On the unnaturalness of sets, see the nice discussion in
shaler 1982; ch. 5.

* Cf. sIN1sI 1969.

4 Lesniewski described his Ontology as ‘a kind of modernized traditional logic’,
which is closest in content and power’to Schrader’s talculus of classes’, assuming this
Is taken to include the theory of Individuals’ (1esniewski 1929; 5.) He translates the title
of his 1916 monograph as Die Grundlagen der allgemeinen Mengenlehre. In those days
Menge was variously translated as ‘set’, ‘multiplicity’, ‘manifold’, or ‘aggregate’.

1 Schroder writes ‘a*b\

1 1esniewski Writes (1929) that Frege's Grundgesetze is for him the most imposing
embodiment of the achievements of the deductive method in the history of the
foundations of mathematics. Not many logicians preferred Frege so decisively over
Itinsell and Whitehead at that time.

" Insimons 19836: §2,1argue that Ontology does not however rest on a two-name
Iheory of predication, but isdearly Fregean in inspiration. Lesniewski merely preserves
more of the old logic than do Frege, Whitehead, and Russell. The dose relations of
Ontology to Aristotelian and Boolean logic can be seen from 1ejewski 1960-1,1963h.

10 HUSSERL 1891, FREGE 1893.
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until the publication of Principia Mathematica.1l The algebra of logic
which SchrOder axiomatizes is Boolean algebra, and he regards this as
essentially capable of various interpretations or applications, one of
which is a calculus of ‘manifolds’ or domains’. Schroder’s investiga-
tions, and those of Huntington,12 were carried forward by Tarski,13
who introduced infinitary sums and products, thus inventing com-
plete Boolean algebra. Tarski was well aware of the close relationship
between complete Boolean algebraand Mereology. So both Ontology
and Mereology are closely related to Boolean algebra, in the form
presented by SchrOder. The algebraic similarities are probed furtherin
the next chapter, where our conclusion is that there are different,
analogous senses o f part’ even among extensional systems, and that
these cannot be combined into a single overarching interpretation.
Though, like Lesniewski, we seek to avoid Schroder’s mistakes, this
will amount to a partial vindication of his approach against the
criticisms of Frege.

Both of the main previous extensional part-whole theories have
been burdened with providing the foundations for ambitious philo-
sophical programmes: Mereology was to provide, along with the
logical systems it presupposes, a new foundation for mathematics,
while calculi of individuals were to serve in Goodman’s programme of
constructive nominalism. Goodman makes clear14 that for him the
calculus of individuals is meant to supplant set theory as a theoretical
tool. Its essentially weaker character is perceived by him as an
advantage, since it prevents the creation of infinitely ascending chains
of new entities from the same basic entities, which contravenes the
principle of‘no difference of entities without difference of content’.13
The need to provide sufficiently powerful principles to carry the
weight of such programmes has tended to interfere with the more
modest aim of assessing the place and characteristics of various
concepts ofpart in our actual conceptual scheme. The two aims would

11 dambska 1978: 123, claims that the lectures Kasimir Twardowski gave on The
Attempts to Reform Traditional Logic’at Lemberg (Lw6w), which concerned the work
of Bolzano, Brentano, Boole, and SchrOder, were attended by-Lukasiewicz, Lesniewski,
Kotarbinski, Czeiowski, and others. This claim requires substantiation, but it is
certainly true that Polish logic in general did not break with the past as radically as
Frege, Whitehead, and Russell (cf. Lukasiewicz’s lifelong interest in Aristotle’s
syllogistic).

12 HUNTINGTON 1904, 1933. 11 TARSKI 1935.

14 coobMAN 1956, 1977: §11. 4.

19 The principle will be judiciously injured in Part Il.
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not be incompatible, were it not that extensional mereologists by and
large refuse to accept that concepts of part which deviate from theirs
are not in some way inferior or defective. We are pursuing here the
more modest aim, as free as possible from programmatic burdens. The
concepts of part which emerge are indeed richer and more varied than
those we come across in extensional mereology, the unifying drive of
which obscures this richness.

Extensional mereologists by and large share several other charac-
teristics. One is mistrust or rejection of intensional notions such as
necessity. Another is a preference for some form of nominalism. A
third is a tendency to a form of materialism, the nature of which will
become more apparent below. Finally, it will be noticed that the part-
relation and all the other mereological concepts dealt with in the
previous two chapters are tenseless or ‘eternal’ relations, like those
found in pure mathematics. This isto be explained in good part by the
purpose for which they were developed in the case of Lesniewski, and
by the philosophical view of time held by others such as Whitehead.
This cluster of opinions and manners of treatment may not have a
tight internal logical structure, but regarded as a package, it exerts
considerable epistemic thrust on the way in which part-whole theory
is considered and applied.

3.2 Criticisms

The historical community of most extensional mereologies lent them
common aspects of content which have been criticized. We deal with
these criticisms and problems in ascending order of importance: they
are:

(1) That there are senses of ‘part’where awholedoesnotcountas one
of its own parts.

(2) That there are senses of ‘part’ for which the part-whole relation is
not transitive.

(3) That there is no guarantee of the existence of ‘sum-individuals’,
equivalently, that the various axioms guaranteeing the existence
of such sums for arbitrary classes of individuals, or for the
individuals satisfying an arbitrary predicate or denoted by an
arbitrary plural term, are false.

(4) That the identity criteria for individuals imposed by the axioms
which identify individuals having all parts in common are in
general false.
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(5) That the ontology forced onto us by the acceptance of the
principles of extensional part-whole theory is a materialistic
ontology of four-dimensional objects.

The last three and most serious criticisms are all linked, but we
separate them for clarity. We deal with the criticisms in turn, but first
make a general point. In constructing a formal theory such as those of
the previous sections, there is a certain tension between, on the one
hand, the demands of consistency and technical simplicity and, on the
other hand, those of being true to the features and complexities of the
linguistic usages corresponding to the concept whose meaning is built
on and modified by the formal theories in question. Clearly a formal
theory cannot adhere slavishly to usage if this usage is conflicting
and/or if its formalization would result in an inconsistent theory.
Against that, a formal theory claiming to represent—even in part—or
regiment a concept in general use, such as that of'part’,cannot lose all
sight of the informal usage from which it is intended to derive its
interpretation and plausibility. A compromise between these two
unacceptable extremes has to be found, but it is no easy matter to
determine where. This whole book is in part an attempt to hit on such
a compromise for the small word ‘part’. It is by no means obvious that
there is a single, uniform sense of this term: indeed, we shall claim in
the next chapter that there are a number of distinct concepts of part,
some of which possess formal analogies to others, and that it is highly
doubtful whether these are all restrictions of some single, overarching
part concept. If this is correct, then it is not a conclusive argument
against this or that theory that there are senses o f ‘part’ which it does
not reflect, nor can we thereby argue against it that it cannot therefore
be the theory of part and whole. For perhaps there is no such theory.

3.2.1 Proper Parts

In an article criticizing extensional part-whole theory, Rescher makes
points similar to (1)—4) above.16 Point (1) is, however, quickly dealt
with. All extensional part-whole theories recognize a sense of ‘part’,
namely ‘proper part’ (represented by *«’ or ppt’above) in which it is
false to say that something is part of itself. This asymmetry indeed
seems to characterize our most basic conception of part. It is possible
to construct the theories on this concept as primitive, as we have seen
clearly in the case of system S above. The choice of *<’ or pt’ as

1° rescher 1955. Cf. the criticism of it in leiewski 1957.
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primitive is purely a matter of convenience, and the only possible
objection can be to calling the predicate or functor involved a ‘part’-
rclation. However, in describing the relation we have to bring in the
notion of ‘part’ somewhere, so it is mere verbal quibbling to object to
the inconsiderable adjustment involved in including the limiting case.

J.2.2 Non-transitivity

As examples of non-transitive part-relations, Rescher mentions those
between military and biological units. Aplatoon is part ofa company,
» company part ofa battalion, but a platoon is not part ofa battalion.
A nucleus is part of a cell and the cell is part of an organ, but the
nucleus is not part of the organ. Or, to take an example from a more
detailed linguistic investigation by D. A. Cruse,17 a handle is part ofa
door, and the door is part of a house, but the handle is not part of the
house.

In all these cases, and in many others like them, there seems to be a
way of understanding the term ‘part’ so that the objection is clearly
wrong, namely that sense where the one object is spatio-temporally
included in the other. If the cell nucleus is not part of the organ, is it
somewhere outside the organ, or perhaps merely adhering to it? But
then either its cell/is not inside the organ or it is not the nucleus of a
cell inside the organ. Again, if the handle is not part of the house, is it
lying somewhere detached from the house? But if so, how can it be
part ofa door that is part of the house? If we consider merely the men
concerned, the platoon is part of the battalion.

It may perhaps be true, however, that there are senses of ‘part’ in
each case which are narrower than this basic spatio-temporal sense,
and involve some other relation, perhaps one of being a part making a
directfunctional contribution to the functioning of the whole. In this
sense, for example, the nucleus contributes directly to the functioning
of the cell, the cell directly to the functioning of the organ, but the
nucleus contributes thereby only indirectly to the functioning of the
organ, so is not a part in the narrower sense. Similar points apply to
the door-handle example. The case of military units is slightly
different. Here we are not strictly dealing with an individual in the

17 cruse 1979. Cruse’s (albeit tentative) use of the frame ‘A has a ¢’ for the
part-whole relation is certainly unhelpful, as the frame is too weak to pick out such
relations from others. Not even the most ardent male chauvinist would use the truth of
John has a wife* to argue that she is part of him. But Cruse makes numerous useful
remarks, e.g. concerning the difference between parts and attachments.
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sense that a soldier is an individual. Nor does a mere collection or set
ofsoldiers count as a military unit. Such units are institutions, and are
in part constituted by such relatively abstract objects as Army
Ordinances and lines of command. The sense of part” which is not
transitive probably has to do here with direct lines of command and
responsibility, perhaps also with function.

In each of these cases, non-transitivity arises by narrowing or
specifying some basic broad part-relation, the specifications introduc-
ing concepts themselves extrinsic to part-whole theory, such as
function, causal contribution, and lines of command. The existence of
such examples does not in any way entail that there are not more basic
senses of ‘part’ which are transitive: indeed, it tends on analysis to
confirm that there are. Further, since the considerations restricting the
transitive concepts are frequently themselves not relevant to
part-whole theory, this is reason to exclude them from mereology as
such.

There is, however, one intransitive sense o f‘part’ which is intrinsic
to the theory, but which, being easily definable in extensional terms, in
no way constitutes an objection to extensional part-whole theory.
This is the notion ofan immediate part, definable in the vocabulary of
even the weakest system of 81.4. x is an immediate part of y iff18

X«ya~3Zx«zaz«y'

It is clear that this is applicable only where the individuals concerned
are not all atomless, and further that it is itself a restriction of the
transitive relation «. We conclude therefore that the objection
concerning non-transitivity does not effect the legitimacy of exten-
sional part-whole theory in accepting basic transitive part-relations.

3.2.3 Too Many Sums?

The general existence of sums or fusions is the feature of extensional
mereology which has found least acceptance. Among those who have
rejected it are Rescher and Chisholm,19 as well as the authors
mentioned in 82.9. It does not appear to be intrinsic or analytically
part of the part-concept that to any arbitrary collection of individuals
there isa sum individual including all these and nothing outside them.*

** Cf. Husserl's definition o f ‘absolutely immediate parts’as ‘such as may enter into
no part of the same whole' (husserl 1984: A262/B,268 f, 1970: 469. ‘Part’ here
obviously means ‘proper part*. Findlay’s translation wrongly has ‘any’ instead of *no’.

” rescher 1955, CHISHOLM 1976: 219.
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Someone disputing the sum axioms is not disagreeing with
I"sniewski, Goodman and co. about the meaning o f part’, nor does
he fail to understand what is meant by sum’or any of its synonyms.20
He is disagreeing, as Goodman admits,2l over the sense and/or range
of application of the term ‘individual’.

Goodman’s use of the term ‘individual’ is frankly technical.
Goodmanian individuals do not have to be connected, causally
cohesive, or possess other properties which medium-sized dry in-
dividuals falling under sortal concepts normally possess. The intended
analogy between extensional part-whole theory and extensional set
theory plays a considerable part here. Just as any old collection of
Individuals can (modulo occasional paradoxes) be comprehended into
an abstract set, so, argues Goodman by analogy, any old collection of
Individuals may (without threat of paradoxes) be considered to make
up a sum individual. This individual can serve for some purposes as a
aubstitute for the set for philosophers who deny the existence of
abstract sets, such as Goodman or Lesniewski. Just as abstract sets
may be comprehended of individuals which are ill assorted, and do not
constitute a class, group, collection, or whatever in any everyday sense
ofthe word, so a Goodmanian individual may have an odd assortment
of parts, and may not be an individual, substance, or thing in any
everyday sense of the word.

This analogy with sets illuminates Goodman’s purpose, and
illustrates well enough the measure of technical innovation involved,
but it only constitutes a good analogy to the extent that the existence
of arbitrarily membered sets is acceptable. We shall see in the next
chapter that the existence of concrete (as distinct from abstract)
pluralities of various kinds may be reasonably asserted, though the
existence of arbitrarily membered pluralities must be more carefully
argued for, since such entitites (for which we use the term ‘class’)
uppear to some extent to be the mere reflection of the existence of
plural terms, and it has to be shown that this is more than just afagon
de parler. Goodman’s individuals have a similar appearance: they
seem to exist just because there is a form ofexpression which requires
areferent. The objection here is not that there are no sums, for clearly
there are: rather it is the assumption that there are arbitrary sums

2 As has been suggested to me in a letter by AudoCnus Le Blanc. One can
understand the axioms and definitions of a theory without being convinced they are

trug.
& GOODMAN 1956 (1972: 155f.)
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which is in question. The requirement that, to be counted as an
individual, something must possess exact identity conditions, is
perhaps a little too strong: a great many of the things which we count
as individuals possess identity conditions which are somewhat blurred
at the edges, not least ourselves. However, for the things which we
habitually count as individual substances, the identity conditions we
possess are tied, as Wiggins has plausibly argued,2? to a substance
noun or sortal term, and the admission of Goodmanian sums does
away with this general feature. Of course the defender of
Goodmanian sums may point to the feature of extensional
part-whole theory whereby identity consists in community of parts.
However, as we shall see, this general condition is itself questionable.
For all the arguments on both sides, the opponent of sums would
have a far better case ifhe could prove, as Russell did for sets, that their
general and uncritical acceptance leads to contradictions. But no critic
has managed to show this, for the very good reason that even the
strongest extensional mereology is demonstrably consistent.23 It is
not the formal theory which is suspect, but its uncritical application to
the world. We have only the uneasy feeling that sums are gratuitous
entities, although they cannot be accused of leading to inconsistency.
However, the ease with which Goodman, Lesniewski, and like-
minded philosophers are able to accept them isnot independent of the
general rejection by such philosophers of abstract objects, and a
decided predilection for materialistic ontologies. For someone who
believes in universal, or mathematical objects, or possibilia, or
Meinongian non-existents, that there could be sums bridging the gaps
between the various ontological realms does not seem plausible,
though there might be sense in talking about part-whole relations
within the different realms.24 On the other hand, it is again not clear
what harm such sums could do which is not already inherent in the
ontological pluralism presupposed. But sums.undeniably look con-
siderably less sinister when restricted within some sort of monistic
ontology. Sums could be considered as the occupants of arbitrary
portions ofspace or space-time, it being accepted in advance ofcoursel

]1 wiggins 1980; ch. 2.

11 The simplest model of Mereology is the one-atom model. There are also proofs of
the consistency of Mereology relative to the theory of real numbers (clay 1968—the
idea goes back to Lesniewski) and to Protothetic (1ejewskj 1969).

24 For part-relations between universals, see Armstrong 1978: vol. Il, 36 iT,and the
brief discussion in §4.10 below. Part-relations among abstract objects have, however,
been left outside the scope of this book.
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that the existence of such arbitrary portions is itself acceptable. Here
we have the pun on ‘extension’: extensional mereology works for
extents, portions, or regions of extended space or space-time. If
material objects are conceived simply as extended in space or
space-time, as the occupiers of these portions, then the credibility of
material objects which are arbitrary sums is enhanced by the
credibility of the extended portions which they occupy. Similarly,
anyone who considers that there isan amorphous prime matter, which
exists purely by virtue of its occupation of space or space-time, will be
likely to find arbitrary masses or heaps of the stuff as acceptable as
arbitrary portions of the space or space-time it occupies. The point
about such cases, which lends credibility to the sums in question, is
that the associated predicates are cumulative: if a sum exists, the
predicate which applies to the parts applies to the whole: any sum of
portions of space-time is itself a portion of space-time, any sum of
portions of a certain kind of stuff (whether primary or not) is itselfa
portion of that kind of stuff. Quine has pointed out the cumulative
aspect of mass predicates,2 and it would seem that masses of stuff
seem best suited to form arbitrary sums, a line we pursue in the next
chapter. Where a predicate is not cumulative, as ‘is a man’, we are
inclined to look askance at putative sums. At best, many would want
to say, what exists when we ‘heap’together a number of men is not an
individual, but rather a number of men: a class, plurality, or manifold
of men. And this is itself not an individual, but a plurality of
individuals. For someone who accept Goodman’s nominalistic prin-
ciple that there is.'no distinction of objects without distinction of
content’,26 the acceptance of concrete pluralities would be reason to
deny the existence of sums as well, or, perhaps, to claim that such
pluralities are merely sums under another name. We shall see
presently however, that it is possible for a sum or a plurality to occupy
precisely the same portion of space-time as an individual and yet not
be identical with it, so that Goodman’s principle is to be rejected. And
in general, once we move away from the simplistic view of matter or
material objects as mere occupiers of space or space-time, we shall
find the assumption that there are arbitrary sums less attractive, even
if it cannot be shown to lead to contradictions.

Even the assumption that portions of space, or time, or space-time
may always be summed to give another portion satisfying the

15 QUINE 1960: 91.
14 ooooman 1956 (1972: 158 ff.)
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mereological sum axiom would not be universally accepted. Many
would add the requirement that the portions in question all be
connected. It is here worth recalling the interval model of §1.4, which
showed that a finite number of intervals may have an interval as least
upper bound without having a sum. On models ofhigher dimension, a
least upper bound may not exist for a number of disconnected
portions, though they may have upper bounds.

3.2.4 Mereological Extensionality
The last section showed that considerations in part-whole theory
quickly lead to questions ofgeneral ontology, which is not surprising,
given the highly general or formal nature of mereological concepts. In
extensional part-whole theory there is a close tie between mereolog-
ical concepts and the concept of identity via the Proper Parts Principle
SA4 and the definition of “part’ SOI, giving rise in particular to the
theorems

SCT7 x=ys Vzrz<xs z<yl
SCT71 3zrz« x1v 3zrz« yl1=> Vzrz« x &z« yl=>x =y
These correspond to two different meanings of ‘individuals with the
same parts are identical’. The first is in a sense quite unobjectionable,
since ‘part’is defined in SD1 as ‘proper part or identical’. There is the
supplementary question whether this is the best definition of the
intuitive concept of proper-or-improper part. Consider the following
alternative definition:27
SD15 *5ys (3zrz« x1=>Vzz« X >z« yDa

(~ 3zrz«x'ax«yvx =y)

It follows by elementary logic and the transitivity of « alone that
SCT72 x<y=>x"y
but the proof of the converse implication requires SA4, the Proper
Parts Principle. Without it, we cannot prove either of
SF12 xSIyAy~x=x=y
SF13 Vzrz~xsz$y' =>x=y
With this in mind, let us consider Rescher’s next objection: it runs28T

17 I'am indebted to the reader for Press for the helping me to clarify what isat stake
here.
** rescuer 1955: 10.
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The extensionality property, which entails that wholes are the same if they
possess the same parts, rules out those senses of ‘part-whole’ in which the
organization of the parts, inaddition to the mere parts themselves, isinvolved.
Different sentences can consist of the same words.

We have noted the ambiguity inherent in the expression ‘wholes are
the same if they possess the same parts’. Rescher has in mind a thesis of
the same form as SF13. On the other hand, he makes a thesis like SF12
one of his axioms, while arguing also that ‘part’ need not be reflexive,
whereas both our relations < and ~ are reflexive. The prose seems to
fit SCT71 better. However, it is the objection and the example which
we wish to discuss. The objection is in our view perfectly correct. We
might put it in this way. Certain individuals exist purely in virtue ofa
number of other individuals’ existing, those which are its parts. These
are sums. Then there are individuals which exist only when certain
other individuals exist and are related to one another in a certain way.
Take Rescher’s example of linguistic objects. This isin one way rather
unfortunate, since it speaks of what can be the case rather than what is
(he case, and also it is most readily understood as referring to abstract
types rather than concrete tokens. We are not discussing the
mereology (ifthere isone) ofabstract objects (ifthere are any), so let us
consider word tokens. Suppose we have a set of pieces of plastic
formed like words, such as might be used for graphic displays or
children’s games. These are as concrete as one can get. Now in the box
of words, suppose there are, among others, a token of the word
‘cardinals’ and a token of the word ‘multiply’. While these two are
lyingaround in the box with the other tokens their sum may exist, but
there is ho sentence in the most literal sense made up of them. If we
now remove them and lay one before the other, we create, for example,
a token sentence ‘multiply cardinals’, which may be construed as an
imperative directed to arithmeticians, or a different imperative
addressed to the Pope. Now Rescher’s point is that this sentence is
other than the sum of the parts, since the sum existed beforehand, but
the sentence did not. And if we now reverse the order ofthe tokens we
destroy the original sentence and create a new one, ‘cardinals
multiply’, which is declarative, and could mean various things, for
example, that the Pope is busy, or that their Eminences are busy at
arithmetic or other activities. Whatever the blocks may be taken to
mean, we have two different English sentences. It could be objected
that these sentences exist at different times, and that this allows a
mereologist of extensional leanings a way out via temporal parts (see
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the next section). But we can imagine the pieces to be semicircular, so
that they form a ring, so that the two sentences exist simultaneously
and which sentence we are reading depends on where we choose to
start. This is the best way | can devise to rescue Reseller's example.
While it is natural to say that the two sentences are composed of the
same (token-) words, they do not obviously provide a counter-
example to the Proper Parts Principle and SCT71, because it is not
obviously wrong to say, for example, that one sentence has the
fragment ‘nals mult’ as a part while the other does not.

To find a counter-example in Reseller's style we need two in-
dividuals which are clearly not identical yet which equally clearly have
all the same parts, so that their difference is not a matter of the parts
alone but also of the relations in which these are required to stand to
one another; the same individuals must stand in two different sets of
structural relationships at once. Examples spring to mind among
pluralities. The Family Robinson may at the same time be the
Basketball Team Robinson. But it is here tempting to identify the two.
Or the Buildings Committee may have the same members as the
Personnel Committee. A convincing natural example ought to come
from individuals rather than pluralities, and here we must anticipate
later discussion and mention Doepke’s example ofa person and that
person’s body.29 What this and other examples suggest is that there is
another way to generate counter-examples to extensionality than
considering the relationships among the parts in the static sense of
how they stand to one another. The difference between a person and a
body is that the former only exists as long as certain kinds of process
are going on in the body. These processes are not parts, nor are they
relationships among the parts, though they are closely connected with
such relationships. So when Rescher speaks of organization, we can
understand that to mean anatomy, or physiology as well as anatomy.

It is usual among extensional mereologists to attempt to explain
away such putative counter-examples either by claiming the identity
of the objects concerned, or by claiming the non-existence of at least
one, or by resorting to an ontology of four-dimensional objects. This
last move is discussed below. An attempt to cope with the fact that
different individuals may be constructed from the same parts by
concatenating them in a different way, without invoking a four-
dimensional ontology, and employing only the part-whole relation, is

29 DOEPKB 1982.
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made by Eberle. His favoured theory requires, however, the construc-
tion of ‘elational individuals’. In order to do this, he needs a
nominalist analogue of ordered pairs, and these are constructed by
considering atoms to have ‘sides’, which are nevertheless not parts, and
new individuals (‘links’)to consist of the left side of one atom and the
right side of another.30 The addition of the clause in italics seems to
me to reduce Eberle’s approach to absurdity. Ifan object has distinct
sides, it has distinct parts, for where there are no parts, neither
extension, nor shape, nor divisibility (ergo nor distinct sides) is
possible.3L

Certainly, if we wish to maintain the thesis PPP for substances in
the Aristotelian sense, three-dimensional continuants which come
into being, change, and pass away, then we land in difficulties, as an
example of David Wiggins shows.32 A cat, Tibbies, consists ofa body,
Tib, and a tail, Tail. But we cannot identify Tibbies with Tib + Tail
because Tibbies could, through an accident, lose her Tail, but still
exist, while Tib + Tail cannot lose Tail and continue to exist. Even if
Tibbies fortunately never parts company with Tail, the essential
possibility that she could do so is enough to distinguish her from the
sum. But then, if Tibbies remains intact throughout her life, this is a
case where every part of Tibbies is a part of Tib + Tail and vice versa,
yet Tibbies 4=Tib + Tail, which contradicts PPP. Two distinct ma-
terial objects can then coincide spatially for their whole lives, yet not
be identical. The defender of PPP may attempt the familiar move to
four-dimensional objects to clear the objection. If, it will be said, the
cat does not lose her tail, then the four-dimensional cat entity is
identical with the sum of cat entity parts, whereas if the cat does lose
her tail, she will be a proper part of this sum whose earlier temporal
parts (before tail loss) are identical with the earlier temporal parts of
the sum, and whose later temporal parts leave out the later temporal
parts of the disconnected tail. It may be admitted that whether or not
the four-dimensional cat-process is identical with the sum of cat-part
processes is a contingent matter, but the extensionality principle is
saved.

The answer does not avoid Wiggins’s objection, since we can
transpose this into the ontology of the defender. The difference
between a four-dimensional cat-process and a sum of cat-part-

,0 EIEKLE 1970: 93. 1 Leibniz, Monadology, 53.
11 wiociNS 1979. The example comes from William of Sherwood via Geach.
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processes is that the sum’s later phases can be grossly disconnected,
while those of a cat-process cannot. The sum can branch out widely in
a way in which the cat-process cannot. If the sum does not thus
branch, it remains such that it could have branched, thereas the cat-
process lacks this possibility. Hence the two may coincide spatio-
temporally as four-dimensional objects, but differ in respect of this de
re modal property. Of course, many defenders of four-dimensional
ontologies do not like modality, though Wiggins has suggested the de
re properties here involved are consonant with referential trans-
parency.33 The only way out for defenders of PPP is to deny modality
de realtogether. This indeed Quine and others have done, but the issue
is a wider one, not local to mereology.

We showed in §1.4that PPP follows on acceptably weak mereolog-
ical assumptions from the Strong Supplementation Principle SSP
(SA5). So if PPP is rejected, SSP must be rejected along with it. And
indeed, if we look once again at the four-element model (see below)

which is a rough approximation to the state of affairs with the two-
word ring sentence, we can see at once that SSP is here falsified. This
model is indeed the simplest one to falsify both SSP and PPP,
showing two different individuals compounded of the same proper
parts.

Rejecting SSP gives no reason for rejecting the weaker WSP (SA3),
which this model respects. The Weak Supplementation Principle,
according to which an individual with a proper part has another
proper part disjoint from the first, is much more plausible, so much so
that, in cases of putative counter-examples where a disjoint sup-
plement is lacking, we are more inclined to deny that the one object isa
proper part of the other at all. That would suggest that WSP is indeed
analytic—constitutive of the meaning of ‘proper part’.

To abandon PPP is to leave behind the well-charted waters of
extensional mereology. The relation ~ is not anti-symmetric, no

JJ wiggins 1980; 110 ff. This presupposes Wiggins’s own analysis o f de re modality,
but the analysis offered in Ch. 7 allows the same point to be made: () Fxa ~ § Fy—=>

Xty
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longer a partial order, but only a semi-order: reflexive and transitive.
In terms of it one may define a symmetric predicate, the coincidence of
parts:

SD16 x” s XN ax>5x

Individuals which thus mereologically coincide will be, at any time at
which they coincide, perceptually indistinguishable from one another.
They will occupy the same place at the same time, coincide spatially,
or, as we shall say, be superposed. It is a question which will occupy us
later whether all superposed objects must coincide mereologically.

The apparent oddity of this position, and the loss of algebraic
neatness which rejection of PPP brings with it, are prima-facie
reasons for looking askance at the rejection of extensionality of parts.
We shall see, however, that the oddity disappears on closer acquaint-
ance, and that the riches brought by rejecting PPP more than
outweigh the loss oftheoretical simplicity by virtue oftheir descriptive
and explanatory power. From the standpoint of later chapters,
extensionality of parts will look unacceptably ascetic. This applies in
particular to Goodman’s Principle of no difference of objects without
difference of content: where ‘content’ means only ‘parts’, every
exception to PPP is an exception to Goodman’ Principle.

The issues surrounding the last problem, the move to an ontology
of objects extended both in space and in time, are of sufficient
importance to require more extended treatment.3

33 The Flux Argument

According to the conceptual scheme inherent in our everyday
thinking, one of the fundamental classes of object to be found in the
world is that of things or substances, material objects extended in
three spatial dimensionsand enduring in time without being extended
in time. Such material objects, ofwhich material bodies like organisms
provide a paradigmatic example, are contrasted with the events, states,
and processes in which they are involved, which are in general both
spatially and temporally extended. An object is temporally extended
iff it has proper parts which are distinguished by the time of their
existence or occurrence, as, for example, a race has earlier and later
parts. The earlier parts or phases of a race are over, exist no longer,
when the later parts are taking place. By contrast, the things or people
running in the race (normally) exist throughout the race. Unlike the
race, they have no temporal parts, only spatial ones. Unlike the race,



118 Extensional Part-Whole Theory

they can change. One of the ways in which they can change is by
gaining and/or losing parts. This distinction of physical objects into
those which have temporal parts, which are often called ‘events’, but
which we call, following Broad, occurrents, and those which do not
have temporal parts, which we again follow Broad in calling
continuants34 is a corner-stone of everyday common sense. It should
not be given up unless there are compelling reasons to do so. It may be
noted that we ourselves are continuants, so any revision involves
revising our conception of ourselves. However, a number of philos-
ophers have proposed abandoning the continuant/occurrent on-
tology in favour of one containing occurrents only, because of
difficulties and puzzles to which the everyday ontology gives rise.
These difficulties turn out to be mereological in nature, and concern
the putative flux, the gain and loss of parts, of continuants.

The dialectic illustrating the urge, in explaining change in general
and flux in particular, to move to an ontology in which the only
physical objects are temporal in the sense of having temporal parts, is
displayed in an argument put forward by a number of writers.3* In
fact the versions of the argument vary slightly from one writer to
another, but we shall pick out a version which may be considered
typical, and which isalso useful for our purposes. The Flux Argument,
as we shall call it, brings together a number of crucial ontological
issues, and has elicited the most varied responses. It is almost a
touchstone for finding out important facts about a philosopher’s
ontology. Let us first go through a form of the argument, and then see
what it can lead to and has led to.

We take again poor Tibbies. Suppose we call her tail ‘Tail’and the
remainder of her Tib’, as before. At a certain time, t, say, Tibbies isa
perfectly normal cat with a tail, felis caudata. Then comes the accident
in which she loses Tail, and at a later time t', Tibbies, having survived,
is tailless, felis incaudata.86 Before the accident, Tib and Tibbies were
obviously distinct, having different weights, shapes, and parts. After

34 BROAD 1933: 138 ff.

35 CARTWRIGHT 1975, CHISHOLM 1976: 157 f., HELLBR 1984, HENRY 1972: 118 ff,
Thomson 1983, van inwaoen 1981 are the modern sources | have used. As Chisholm
notes, the problem ofincrease was posed by Aristotle in De Generatione et Corruptione,
321a, and there are discussions of this and similar problems in Abelard, Aquinas,
Hobbes, Locke, Leibniz, and Hume, among others.

36 lamassuming for the sake ofargument that there isno vagueness about where the
tail begins and ends anatomically. This simplifying assumption has no bearing on the
flux argument.
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Ihe accident they share these and many more properties. So it seems
plausible to assert both

(1) Tibbies 4&Tib at t
and

(2) Tibbies = Tib at t*

Since both Tibbies and Tib exist at both t and t', we have

(3) Tibbies at t = Tibbies at t'

(4) Tibatt—Tibat t'
whence by transitivity of identity it follows from (2,3,4) that

(5) Tibbies at t = Tib at t,
contradicting (1).

What went wrong? Both in the (studiedly ambiguous) descriptive
setting up of the argument and within it a number of assumptions
have been made, each of which has a certain prima-facie plausibility,
and yet each of which has been questioned at some time or other.
There are suprisingly many:

(@ Material objects such as Tibbies exist—however they are to be
construed.

(b) Material objects such as Tibbies and her parts are continuants.

(c) Material objects such as Tibbies may gain and/or lose parts
without thereby ceasing to exist.

(d) Proper parts of material objects, such as Tib and Tail, exist even
while still attached to (i.e. undetached from) their wholes.

(e) Identity is transitive.

If) ldentity is not relative to a sortal concept.

(g) Identity is not temporary, or relative to a time.

(h) Distinct material objects may not exactly occupy the same place at
the same time.

(i) Distinct material objects may not share all their proper parts at
the same time, provided they have proper parts (temporally
relativized version of PPP!)

Where have philosophers parted company over the Flux Argument?
Assumption (a) is needed to get the argument going at all. None of
the philosophers studied here denies it outright, although Chisholm
regards objects with a flux of parts as being not objects, not existing, in
the strict sense, but only in a derived sense.
Assumption (b) is used in the description setting up the argument,
and is our chiefconcern. The outcome of the argument has been used



120 Extensional Part-Whole Theory

by a number of philosophers as a reason for denying (b). We shall see
in the next section how its rejection affects the argument. (b) has been
denied by, among others, Quine, Cartwright, Henry, and Heller, and
accepted by the others mentioned in footnote 35.

Assumption (c) is denied by Chisholm for objects which exist in the
strict sense, entia per se. This is the thesis of mereological constancy,
and we shall take issue with it below. Objects in a secondary or
derivative sense, entia per alio, do undergo flux, but only in the sense
that they are successively constituted by different entia per se which
differ in their parts. Note that Chisholm does not deny that there are
continuants: indeed, he strongly rejects the four-dimensional on-
tology of temporal objects. Only for someone who does accept
continuants can the question of mereological essentialism in this form
(the constancy of parts) arise, since flux of parts is a change, and
strictly speaking only continuants can change. This will be gone into
in greater depth below. Among the remaining writers we have in view,
Geach, van Inwagen, and Thomson all accept (c).

Assumption (d) is denied by van Inwagen. There is a precedent for
this way of thinking in Aristotle.

Assumption (e) has been questioned by Prior and denied by
Garrett.37 The effect of denying transitivity is also obtained if either
(/) or (3) is denied, i.e. if relative identity is accepted.

Assumption (/) is denied by Geach.

Assumption (g) is denied by Grice and Myro.38

Assumption (h) is denied by Wiggins, Doepke, and Thomson,39
inter alia, in our opinion correctly.

Assumption (i) is denied by Doepke and by us. Since the disposition
ofamaterial object’s parts determines its place, we must also deny (h).

Working back through the denials, we may see how they block the
argument to the contradiction.

Denying (i) or likewise denying (h) allows one to reject step (2) in the
argument. We consider Tib and Tibbies to coincide mereologically at
t', but it would suffice to take superposition of the two as a fact. The
positive reason for not identifying Tib and Tibbies at any time lies in
Leibniz’s Law: Tib and Tibbies are absolutely distinct since they differ
in the properties they have at t.

37 PRIOR 1965-6, OARRETT 1985.
3* Cf. the reference to this unpublished work in doepke 1982.
39 Wiggins 1968, 1980: ch. 1, DOEPKE 1982, THOMSON 1983.
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Denying (g) or (e) blocks the inference to (5). That Tibbies = Tib at
I' then no longer entails that Tibbies = Tib at t.

Denying (/) means rephrasing the identities using sortal predicates,
lor example ‘is the same cat as’and ‘is the same (undetached) cat-part
rh. What we then get is somewhat as follows: Tib is the same cat as
Tibbies at t' and the same cat-part as Tib at t, but we cannot thereby
conclude that Tib is the same cat as Tibbies at t, or the same cat-part as
Tibbies at t. Effectively, transitivity is blocked, as in the two previous
Cases.

Denying (d) means denying that Tib (and Tail) exist at t, so the
question as to that with which they are identical which exists at that
lime does not arise. But if Tib comes into existence at the time (call it
cut) of the tail’s being lost, how can it be identical with Tibbies, which
existed beforehand? Van Inwagen accepts (a) and (b), the classical
logic of identity, and (/). So he must either deny that something (Tib)
comes into existence at cut, or move to a Chisholmian view, denying
(©). He opts for the former. Tibbies gets smaller when Tail is cut off,
but the only thing that comes into existence is Tail (if Tail is whole,
otherwise various other bits come into existence.) Van Inwagen’
position seems not only to fly in the face of common sense (which he
recognizes), but to be unnecessarily radical in the light of the easier
alternatives of denying (h) or (i). The consequences of denying the
existence of undetached parts must surely be grave.40

The denial of (c) will occupy us at length below, and we reserve
discussion of it until later. It may be noted that Chisholm’ revision of
our normal conceptual scheme is less radical than revising the logic of
identity or the ontology of continuants, but is more radical than
denying (h) or (i). Denying (c) blocks the argument again at step (2).
Tibbies and Tib are not identical at t\ though they are very intimately
related by both being constituted, at that time, by the same
mereologically constant ens per se.

3.4 Fourth Dimension

Denying (b) is a favoured way out of the Flux Problem. Suppose we
‘reconstrue’ material objects as four-dimensional processes. Then the
separation of Tib from Tail looks rather like the diagram below,

40 vaninwaoen 1981 suggests that predications apparently about undetached parts
can always be diverted to be about something else, but does not go about carrying out
the enterprise.



122 Extensional Part-Whole Theory

Tibbies Tibbies

where we suppress two spatial dimensions and let the temporal
dimension be represented by the horizontal spatial direction.41 Here
we see a temporal section between tand t' of Tibbies, Tib, and Tail, or
rather, of the corresponding processes, but we shall continue for the
moment to call the processes by the same names as the continuants.
The later part of Tibbies, between cut and t', is identical with the later
part of Tib, but its earlier part, between t and cut, is identical with the
earlier part of Tib + Tail. So Tib and Tibbies do not share all their
parts, differing in respect of their earlier ones. Thus accepting their
non-identity does not entail rejecting mereological extensionality. It is
also natural to understand a phrase like ‘Tibbies at t’as denoting a
momentary three-dimensional phase or time-slice of the four-
dimensional object Tibbies, and this blocks the Flux Argument in the
form given because (3) and (4) as thus construed are false. Temporal
modification is removed from the predicates and instead built into the
terms, so there is no need to tense mereological predicates or index
them with times: they may be ‘eternal’, as they are usually understood
in extensional mereology.

Note that the later part of Tib + Tail is spatially disconnected,
whereas its earlier part is not. Tibbies remains connected throughout.
What if Tibbies had remained intact? Then it would seem that Tibbies
= Tib+ Tail. Recall however our argument from the previous
section. Tibbies is (thus reconstrued) a cat-process, and so cannot
spread out in the way Tib + Tail can. Hence, although Tibbiesand Tib
+ Tail ex hypothesi share all their parts, they are distinct—a counter-
example to PPP. To counteract this, the defender of extensional
mereology must claim that the notion ofsuch de re modal properties is
absurd or incoherent or in some other way unacceptable.

Assuming this claim is made, what advantages does the four-
dimensional ontology offer? It is not just a matter of rescuing

41 WOODGE* 1937 usesjust such diagrams in discussing the biology ofnatural fission
and fusion.
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cxtensional mereology, which is a relatively moderate gain. For one
thing, there is no tampering with the logic of identity. For another, it
does not fly directly in the face of common sense by flatly denying
momething that seems obvious, such as that continuants have un-
dctached parts, or may undergo flux of parts. The revision is a
transposition into a new ontological key which does not deny such
facts, but reformulates them in a new language. For this ontology
epeaks its relative simplicity (look—no continuants), its use of a
category (occurrent, event, process) which is already familiar, and the
straightforwardness of its treatment of the relation between space-
time and what fills it (compare the denial of (h)). Finally, there is the
suggestive consonance of this ontology with the view of things found
in most presentations of the physics of relativity theory. All of these
advantages have recommended this ontology to a series of scientifi-
cally inclined philosophers from Whitehead onwards.42

It is only fair to outline the positive side of the four-dimensional
ontology, because we are going to reject it as being scarcely intelligible
to us. This might be merely a defect of our present modes of speech
and cognition, one which could in time be overcome by enough work
on the part of philosophers, scientists, and linguists. Our complaint is
not that the four-dimensional ontology is inconsistent (if it is
inconsistent, this fact is far from obvious), but that no one has begun
to do the work required to make it understandable to we users of a
continuant/occurrent ontology. Until it is shown that it can be made
comprehensible, there is no reason to reject our present—Iargely
Avristotelian—framework. In particular, the Flux Argument can be
blocked, by the much simpler expedient of denying assumptions (h)
and (f).

Arepresentative summary of what happens to material continuants
in the process ontology is the following by Quine, which nicely
illustrates several of the points made above:43

Physical objects conceived thus four-dimensionally in space-time, are not to
be distinguished from events or, in the concrete sense of the term, processes.
Each comprises simply the content, however heterogeneous, of some portion

42 Notable representatives have included McTaggart, Russell, Carnap, Quine, and
Smart. Strongly against it are Broad, Prior, Geach and Chisholm, inter alia. See also
hacker 1982, which brims over with good sense. Hacker calls the four-dimensional
picture a ‘metaphysical quagmire’ (4) and doubts whether we could speak four-
dimensionalese (5).

41 QUINE 1960: 171.
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of space-time, however disconnected and gerrymandered. What then dis-
tinguishes material substances from other physical objects is a detail: if an
object is a substance, there are relatively few atoms that lie partly in it
(temporally) and partly outside.

Quine’s last point here is simply wrong. It suggests that material
substances are simply those which gain and lose relatively few atomic
parts. But for objects in constant flux, such as organisms, there are
probably very few atoms which stay with them throughout their
careers.

Chisholm has attempted to show that three arguments which have
been offered in favour of the ontology of occurrents are unconvincing.
Here, in summary, are the arguments and Chisholm’s rebuttals:44

(1) The argument from spatial analogy. Chisholm points out that,
far from there being an analogy between space and time, there is an
important disanalogy at just the crucial point: ‘One and the same
thing cannot be in two different places at one and the same time. But
one and the same thing can be at two different times in one and the
same place.’'45 The point is not conclusive, since the defender of
temporal parts may use his thesis to argue against the disanalogy. But
he cannot then use the argument to argue for his thesis without
circularity.

(2) The argument from change. How can Phillip be drunk last
night and sober this morning? For him to be both is contradictory. So
it is different temporal parts of him of which we predicate*drunken-
ness and sobriety. This point is easily coped with: rather than say that
one stage of Phillip is (timelessly) drunk and another stage is sober, we
simply say that Phillip was drunk last night and is sober this morning!
Either we uses tenses, as in natural language, or we relativize our
predicates to times.

(3) The argument from flux (not the same as the Flux Argument
above!): Quine uses temporal parts to solve Heraclitus’problem about
bathing in the same river twice: ‘Once we put the temporal extent of
the river on a par with the spatial extent, we see no more difficulty in
stepping into the same river at two times than at two places.’46
Chisholm replies that, since not any sum of river-stages is a river-

44 CHISHOLM 1976: appendix A. 43 lbid.: 140.
44 QUINE 1960: 171.
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process, we must say what conditions such a sum must satisfy in order
to be a river-process. He finds that this either again presupposes
continuants (river banks, human observers), or a theory of absolute
itpace, or finally requires the introduction of a technical term ‘is co-
lluvial with’, which can only be understood to mean ‘is part of the
same river as’. So we are no further forward.

The last point touches the nerve of the reform suggestion. To be
successful, the suggestion must show how to eliminate all singular and
general terms denoting continuants, and all predicates and other
functor expressions for which singular or other terms denoting
continuants are argument expressions. All proponents of a process
ontology, with the possible exception of Whitehead, indulge ina form
ofdouble-talk when it comes to giving concrete examples. So we have
talk of river-stages, or stages of Phillip that are drunk or sober, and so
on. Quine talks happily of ‘conceiving’ or ‘construing’ continuants
four-dimensionally. But this is not simply redescription, for when
something is redescribed, it gets a new description. Reconstrual, taken
seriously, is rejection. Continuants literally disappear from our
ontology, leaving something else in their stead. To describe what is
introduced, we need a completely new language. So it is cheating to
talk of rwer-stages, of stages of Phillip, of col-processes. Even if we
ullow such talk—as a temporary measure—it is not just cheating but
false to talk of bathing in a river-stage, ofa Phillip-stage being drunk.
It cannot be right to change the subject and leave the predicate
unmodified and still think one has a true sentence. Likewise,
Cartwright talks of the distinct careers of four-dimensional objects.47
But only continuants, like generals and opera singers, have careers A
four-dimensional object does not have a career—at best it is a career.
But if continuants disappear from our ontology, it is not a career of
anything. The double-talk isan attempt to smooth over the difficulties
involved in replacing continuants by keeping the respectable fam-
iliarity of the old while reaping the benefits of the new. The
strangeness of the four-dimensional objects is almost always under-
estimated in the literature. Where it is not, in the philosophy of
Whitehead, we are confronted with an obscurity which has become
proverbial.

The problems of understanding the process ontology arise in part
because we naturally use our existing conceptual scheme involving

47 CARTWRIGHT 1975: c.g. 167.



126 Extensional Part-Whole Theory

both continuants and events to try and step beyond it to one without
continuants at all, and it is questionable whether we can succeed
in leaving continuants behind. Even scientists who use four-
dimensionalese in their work relapse into being Aristotelians when
they talk about their books, apparatus, families and—themselves. To
be really thorough, one would have to replace all this talk as well. If
Strawson is right,48 this is impossible, since reference to anything is
ultimately parasitic upon reference to perceptually prominent
continuants—bodies and persons. Perhaps it is possible to transpose
Strawson’s requirements regarding objectivity and reidentification
into a process ontology. In that case, even if we are in fact unable to
work ourselves completely into such an ontology, it would be in
principle possible for other sentient beings or perhaps alien human
cultures to live with such an ontology, engage in commerce and
science, and flourish. Whether this is possible seems to me to be not a
priori decidable: we should have to wait until we confronted such a
culture—and then we should have the translation problem to solve.

None of this shows the impossibility of a process ontology, simply
its alien nature. For not only do continuants go, so also do the most
familiar of occurrents, the events which involve continuants, in
particular changes in continuants. For in the four-dimensional
ontology, as Geach has stressed,49 there may be timeless variation, but
there is no change. Change consists in an object having first one
property (or accident, as | should prefer to say) and then another,
contrary one. But processes have all their properties timelessly, in the
sense that what have different properties are different temporal parts
ofa process, and not the whole process. This is no more change than
the fact that a poker is cool at one end and hot at the other is a
change.50

The credentials of the four-dimensional ontology are often consid-
ered to hang together with those of physical science, in particular
relativity theory.51 But the evidence that relativity theory forces us to
abandon the ontology of continuants and events is slight and
circumstantial. It is true that Minkowski diagrams represent time as
simply another dimension along with the spatial ones, but we cannot

41 STRAWSON 1959: ch. 1 49 geach 1965 (1972: §102).

50 Mctaogart 1921-7: 88315-16. Cf. geach 1965 (1972 304)

51 Cf. for example smart 1972, who claims that the Minkowskian picture of special
relativity and the calculus of individuals together make up ‘a metaphysically neat
picture' (13).
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argue from a diagram, which is only a convenient form of representa-
tion. Acloser examination of the concepts and principles of relativity,
however, shows that they rest squarely on the ontology of things and
events. A world-line is a sum of events, all of which involve a single
material body, any two events on the same world-line are genidentical.
That which cannot be accelerated up to or beyond the speed of light is
something with a non-zero mass. But only a continuant can have a
mass. In like fashion, the measuring rods and clocks of special
relativity, which travel round from place to place, are as assuredly
continuants as the emission and absorption of light signals are events.
Nor does relativity entail that large continuants have temporal as well
as spatial parts. It simply means that the questions as to which parts
large continuants have at a given time have no absolute answer, but
depend on fixing which events (such as gains and losses of parts) occur
simultaneously. Whether body of gas A detaches itself from a large
star before, after, or simultaneously with the falling of body of gas B
into the star, may depend on the inertial frame chosen.52

In view of these problems, we suggest that rejection of the old
ontology be postponed until such time as the promised better
alternative is in a more liveable state. The Flux Argument enjoins then
that we reject extensional mereology, but the minor inconvenience
this brings is nothing compared with the conceptual upheaval
involved in rejecting continuants.

3.5 Applications of Extensional Mereology

Ifextensional mereology is rejected as a universal theory of part and
whole, it is nevertheless worth asking whether there are more
restricted domains within which all its principles may be truly applied.
Of course, any abstract mathematical structure which is a model of
extensional mereology, i.e. is a complete Boolean algebra without
zero, is trivially such a region, but we are concerned with concrete
applications, that is, applications where the individuals of the domain
are not abstracta. Without claiming exhaustiveness, it seems plausible
to suggest the following candidates: spatial, temporal, and spatio-
temporal extents; the prime stuff or occupier of such extents;
occurrents; and finally, masses and pluralities in general. Of all these

5J For further arguments that relativity theory does not compel rejection of the
ontology of continuants and occurrents, cf. mellor 1981: 128-32.
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candidates, perhaps only the first group is really uncontroversial. In
particular there appears to be nothing against taking spatio-temporal
extents to fulfil the laws of classical extensional mereology. The
only—big—question is whether there are such extents. That is a
question which lies outside the scope of this book; but were it be
answered affirmatively, then we should have a straightforward
application. Regarding the prime occupier ofextents, which Quine for
example called the ‘content of a portion of space-time’, we may have
doubts as to whether there is any such, in view of the possibility of
superposition which will be mentioned below. As to matter in the
traditional sense, as the occupier of space (as against space-time), it is
again far from clear that anything answers the description. If there
should be such stuff, however, since it is continuant (one cannot
exactly say a continuant), we need the considerations to be found in
Part Il. Occurrents seem to have some prospects of fulfilling at least
the extensionality principle, whether or not arbitrary sums are
allowed. For them it is important to define the notions of spatial and
temporal part. As to masses (in general, not just masses of prime
matter) and classes or pluralities, it turns out that neither calculi of
individuals nor the more ample resources of Mereology serve all the
purposes we have even for an extensional part-whole theory, since we
shall discover that there are different senses of part’ according to
whether we are talking of a relation between individuals, between
classes, or between masses. This is a rather different criticism from the
foregoing: the point is not that extensional part-whole theories are
here misleading, but rather that they have several different, but
analogous, applications. The connections between the different
analogous senses of ‘part’ thus finding employment are sufficient to
prevent there from being a single, overarching sense of ‘part’ which
covers all ofthem, despite their appealing formal parallels. The way to
meet this criticism is not to abandon extensional part-whole theory as
such (although we do not attempt to defend it for individual but
Tather to reduplicate its structure in a peculiar way. This rather radical
suggestion cannot be made clear until the requisite notions of mass
and class have been introduced. The applications of extensional
mereology to occurrents, masses, and classes will be discussed in the
next chapter. The status of matter and its mereology must wait until
temporal notions are introduced in Part II.



4 Occurrents, Classes, and Masses

In this chapter we discuss the mereology of three kinds of object for
which it is reasonable to suppose the extensionality principle PPP
holds: occurrents, classes, and masses. We have already encountered
the former in the previous chapter. Classes and masses provide the
most plausible concrete interpretations of classical extensional mer-
eology. The ontological categories of class and mass have been
relatively neglected by comparison with that of individuals, and we
shall need to introduce them carefully. The concept ofclass is not that
found in contemporary set theory, but what we contend to be the old-
fashioned notion of a plurality of individuals; this view too will need
some preliminary explanation.

4.1 Occurrents

Occurrents comprise what are variously called events, processes,
happenings, occurrences, and states. They are, like continuants, in
time, but unlike continuants they have temporal parts. The concept of
temporal part will be more precisely defined below. We adopt Broad’s
term ‘occurrent’ rather than resort to the expedient, often found in
philosophical discussions, of stretching the term ‘event’ to cover
processes and states.

These are numerous general ontological problems concerning
occurrents which we do not touch on because they do not directly
involve mereology.1 Throughout this section and the next, we shall
simply assume that there are occurrents, and ignore reductionistic
attempts to eliminate or reduce them.2xSince occurrents are dis-
tinguished from continuants precisely in having temporal parts, the
arguments of the last chapter show that continuants cannot be
reduced to occurrents, and it appears that the converse is the case as
well. In general neither continuants nor occurrents have any onto-

1 The issue of identity conditions for events is central to much recent analytic action
theory—probably to its detriment. Like anscombe 19791 do not think there is such a
creature as a general identity condition for events, any more than there is one for
material objects. Cf. SIMONS 1982e.

2 Cf.thearguments against the reductionism ofhoroan 1978 by attman etal. 1979.
Thisisnotto deny that there are good pointsin both horgan 1978and horgan 1981
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logical, epistemological, or referential priority over the other. We need
both.3

Because occurrents have temporal parts, they enter into predi-
cations involving temporal reference in a quite different way from
continuants. Characteristic ofa continuant is that at any time at which
it exists, it is present as a whole, and not just in part. So when a
continuant has first one property and then another, contrary property,
it is the whole continuant which has the properties and not different
parts of it, whereas with occurrents we can always refer such
temporary properties down to temporal parts. To express that a
continuant has a property at a certain time we need to modify the
predicate temporally. We write this form of atomic predication using
subscripts:

F.c

corresponding roughly to the English ‘c is F at r’. This is subject to
exceptions, such as logical predications involving timeless predicates
like identity or class membership, but it holds for a large class of
predicates. In particular, it holds for the predicate ‘is part of’, and we
shall make use of such temporal modification in coming chapters.

By contrast, the time ofan occurrent is so to speak builtinto it.4 The
form of atomic predication suited for describing events is simply

Fe

where temporal characteristics are absorbed in the predicate. If we
compare the sentences3

Caruso was in San Francisco on 18 April 1906
The Great Earthquake was in San Francisco on 18 April 1906

we see that the first ascribes Caruso a location at a time, whereas the
second ascribes the earthquake both a location and a time. In the
second, but not the first, we may recast the proposition as a%

5 So, for instance, the view of martin 1978: ch. 1 that reference to continuants such
as Brutus may be replaced by reference to Brutus events—i.e. events involving Brutus—
is crassly inadequate until it can be shown that individuation and characterization of
Brutus events can proceed in total independence of individuation and characterization
of Brutus. The mere introduction of hyphenated expressions into an already existing
language is not enough, strawson 1959: ch. 1 argues for the priority of continuants as
objects of reference, but cf. the criticisms in moravesik 1965, davidson 1980: 173 if.

+ Bythiswedo not mean thatthe time ofan occurrentis essential to it. Thatisa more
difficult issue. Cf. the account in forbes 1985: ch. 8, §85 f., which is mentioned in §7.5
below.

9 The example and the discussion of it follow ROBERTS 1979.
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conjunction. In the second, but not the first, we may replace ‘was’ by
‘occurred’ or ‘took place’. The second involves two binary predicates,
the first a single ternary predicate, ‘£ was in 1j on £. Whereas Caruso
could and did move around and change, the earthquake could do
neither. It did not have its location at a time: it simply had it.

When we come to speak of mereological relations among occur-
rents we shall accordingly not need to modify the mereological
predicates temporally as we shall need to do for continuants. It is this
which recommends occurrents to philosophers wishing to apply the
full extensional mereological axioms to the physical world.

The relation of occurrents to time is direct and intimate. Their
relation to space is usually less direct, in that their location is given by
that of the continuants which participate in them. In this way they
seem to be the ‘duals’ of continuants, which have a direct relation to
space and an indirect relation to time.6 By virtue of involving extended
continuants, occurrents may be scattered and have spatial as well as
temporal parts. Perhaps not all temporal occurrents involve continu-
ants; for instance, the change of intensity of a magnetic field is an
event, but may be the field is not a continuant.7 In any case, the
location of an occurrent can only be determined because there are
continuants from which we take our bearings at different times.
Dually, the date of happenings, whether or not they involve continu-
ants, is reckoned by taking some event as fixed and relying on local
cyclical processes to enable us to measure the temporal gap.

Where occurrents are positive in both duration and spatial extent,
they may have parts which are neither purely spatial nor purely
temporal, in addition to their spatial and temporal parts. In a football
match, the first half of play is a temporal part, the events taking place
in one half of the field make up a spatial part, and the part played by
one of the players is neither purely spatial nor purely temporal. These
ideas can be more precisely defined.

6 Cf. wisoins 1980: 25-6, n. 12 on the duality, which is however not perfect.
Continuants occupy space but persist through time. Dual to continuants would be
objects which had temporal but no spatial parts, zem a < n 1970 claims there are such
objects, which he calls ‘processes’,and further objects, which he calls ‘types’, which have
neither spatial not temporal parts. For my part, | have been unable to see that there are
either processes or types, nor would | agree with Zemach that either continuants alone
or events alone would provide a scientifically acceptable ontology.

7 Theexample isdue to Myles Brand. Afield is ofcourse nota material object, but we
might plausibly claim it isa continuant. The example supposes—tendentiously—that a
change in field intensity is a real and not a mere Cambridge change.
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We let e, f e',... be variables for occurrents, subject to the
vocabulary of tenseless mereology and the axioms of at least the
minimal extensional theory. How far we can go beyond this will be
discussed below. Denote the spatio-temporal location of a given
occurrent e by *spn[e]’ and call this region its span. We may say an
occurrent is at its span, in any larger region, and covers any smaller
region. Now suppose we have fixed a frame of reference so that we can
speak not merely of spatio-temporal but also of spatial regions
(places) and temporal regions (times). The spread of an occurrent,
(relative to a frame of reference) is the space it exactly occupies, and its
spell is likewise the time it exactly occupies. We write ‘spr[e]’ and
Ispl[e]’ respectively for the spread and spell of e, omitting mention of
the frame. It is possible to define analogous senses of ‘at’, ‘in’, and
‘covers’ for these kinds of occupation.

An occurrent whose spell is a single moment is momentary; one
whose spread is a single point is punctual; and one which is both is
atomic. Atomic occurrents are the point-events of relativity theory. It
is doubtful whether there really are any, but very small and short-lived
events approximate them. An occurrent is connected (spatially
connected, temporally connected) according to whether its span
(spread, spell) is topologically connected. A football match is not
temporally connected because of the half-time break. The part of a
football match consisting of the actions of the two goalkeepers in a
single half of the match is usually spatially disconnected.

Using the notions of spread and spell, we can define those of
temporal and spatial part of an occurrent. A temporal part of an
occurrent is a part including all simultaneously occurring parts of it:

g <Te=e<eaiff<easpl[/] <spl[e]z>f<f
A phase of an occurrent is a temporally connected temporal part ofit,
and asliceisa phase of zero duration. The definition of spatial part is
analogous:

e'<ses e <eaiff<easpr[/] <sprle]-=>f<f

A segment of an occurrent is a spatially connected spatial part of it,
and a section is a segment of zero width in one dimension.

There appears to be no objection to taking spatial, temporal, and
spatio-temporal regions to be subject to the principles of the full
classical theory. This could then be used to lay the mereological basis
for a natural geometry and chronometry. For this there is no need to
deny, as Whitehead did, that there is a unique maximal region,
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although we do not know whether this is finite or infinite in extent.
There is clearly by definition no such thing as superposition of distinct
regions, and so no reason to deny the Proper Parts Principle for
regions. Finally, the totally homogeneous nature of regions places no
conceptual obstacles in the way ofaccepting the unrestricted existence
of arbitrary sums of regions.

A somewhat different picture emerges when we consider occur-
rents. For these are not in general mere occupiers of space-time. No
less than continuants, they come in natural and artificial kinds, which
rules out their classification in pure mereological or even pure spatio-
temporal terms. It is, by comparison with the case for continuants,
fairly obvious that the superposition of occurrents entails neither their
identity nor their mereological coincidence. To take an example from
Davidson,8 the warming up and the rotating of a metal sphere may
have the same span, but they are clearly distinct, and it is not even clear
whether they overlap mereologically. The ease with which occurrents
can be superposed has suggested to Brand that superposition be used
as a criterion for distinguishing continuants from occurrents: no two
continuants may be superposed, whereas occurrents may be super-
posed, and are identical only when they are necessarily superposed.9
We cannot use this criterion, since we take continuants to be
superposible as well. Even the sense of‘being in the same place at the
same time’ is different according to whether we are speaking of
continuants or occurrents. We should rather speak of occurrents
having the same span, or at least having phases with the same span.
This does not rule out the application of PPP to occurrents, however,
so until a convincing counter-example turns up, it is worth taking the
mereology of occurrents to be extensional. One kind of putative
counter-example is given in action theory by certain cases of what is
called level generation.10 Consider the following: Princip’ crooking
his finger (basic action), his pulling the trigger, his discharging the
firearm, his firing the fatal shot, his killing the archduke, his setting off
the war. All these are sometimes regarded as distinct actions, though
some or all of them have the same brute physical parts. But in this case
we do not need to give way: the alternative theory, according to which
we here have only one event which parades under numerous distinct

' DAVIDSON 1980: 178f. Cf. also 125.

' brand 1976: 144IF, brand 1981, brand 1984, ch. 3. For criticisms of Brand see
HOROAN 1980, SIMONS 19816.

10 On level generation, see Goldman 1970, horgan 1981:461.
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and logically non-equivalent descriptions, is in any case much more
plausible.11

If we thus incline to extensionality of parts for occurrents, the sum
principles are a quite different matter. Occurrents so separated in
space-time that there could be no causal link between them surely
cannot be of a single nature, cannot form a sum. On the other hand, it
is plausible to suppose they may nevertheless be common parts of a
more embracing whole, i.e. that they may have an upper bound.
Indeed, the existence of a unique maximal upper bound appears
perfectly acceptable. If we accepted the process ontology we should
call it ‘the Universe’, but a better title is ‘the Career ofthe Universe’. If
we accept that the Universe is expanding, then we accept it as a
continuant, since expansion is a form of real change. Note that ‘the
Universe’ in this everyday sense is not the same as U in the classical
theory.

In summary, it appears reasonable to suppose that occurrents fulfil,
not the full classical axioms, but rather the following weaker set from
81.4: SAO-3, 6, 16, and 23.

Since occurrents, unlike continuants, cannot first have and then
lack a property, they cannot change, not even in relation to other
things. In particular, therefore, they cannot move. That is not to say
that they are stationary and fixed, but rather that the opposition of
motion and rest has no application to them. There are, however,
usages which seem to attribute change to occurrents, such as

The argument began calmly, but soon became heated
The wedding moved from the church to the bride’s parents”house

These are connected with the fact that we may say of an event while it
is going on ‘It is at present calm’, ‘It is now in the church’, and later
‘Now it is heated’, ‘It is now no longer in the church, but in this house’,
and so on. This runs exactly parallel to the sorts of thing we can say
about continuants while they are in existence. One ofthe disputants is
first calm, then he becomes angry; the wedding guests are first in the
church, then they move elsewhere. Why can continuants change and

1 There are several attitudes to such events. One attitude says they are all the same.
Another says they are all different. A third says some are parts of others, so some may be
identical and others not. The last and most flexible position appears to be the only safe
general course: without a universal recipe for deciding identities, one must approach
each case on its merits.
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temporal objects not, although many of the latter involve or are
changes?

It is sometimes said that changes change, for example, that an
deceleration isa change in velocity, which is itselfa change in position.
»ut this is muddled thinking: velocity is not a change; it is a vector
magnitude associated with a change, the motion of a continuant, and
deceleration is another vector magnitude associated with the change
and the first magnitude. A change in a magnitude, vector or scalar, isa
measure of a real change, but is not itselfa real change. In any case, if
changes were to change, would they not require a second time,
alongside the first, in which to change?

Some predicates are true of their subjects by virtue of other
predicates’ being true of parts of these subjects. Socrates was snub-
nosed because his nose was snhub; Table Mountain is flat-topped
because its top is flat. In general, if b <aa Fb, then kx 3y
'y < xa Fy"istrue ofa. We call a predication ofa whole inherited from
a predication about one or more ofits proper parts a local predication.
A predication about an occurrent may be temporally local, that is,
inherited from a predication about temporal parts. There are also
spatially local predications, inherited from predications about spatial
parts. These are possible for both occurrents and continuants, and are
indeed the only kind of local predications for the latter. So, to take
again McTaggart’s example, a poker may be hot-tipped and cool-
handled, in that its tip is hot and its handle cool. This complex state
constitutes a variation, in that the poker has different temperatures in
different parts; but this is not a change, since the contrary properties
do not claim the same part of the poker and so may be simultaneously
instantiated. If, on the other hand, we suppose the poker uniformly
hot, and then uniformly cool, the contrareity of the properties and
the fact that they have the same subject entails that the times at which
the poker has them must be different. But we must take this to mean
that the poker changes, because it has no temporal parts to which we
could more intimately assign the contrary properties. By contrast, an
argument which is first calm and then heated does have temporal parts
which can receive the contrary predicates ‘calm’and ‘heated’; its early
phases are calm, and its later phases are heated, and predications
about the argument mentioning this are, if they have the whole
argument as subject, temporally local. (There are of course, in
addition, non-local predications about it—for example, that it lasted
twenty minutes.) So it is not the whole argument that is first calm and
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then heated; since these properties do not claim the same object, they
do not constitute a change.12 For the same reason, occurrents do not
move; rather they have some phases in one place, others elsewhere.
This particular case has been forcefully argued by Dretske.13

It is now commonplace to distinguish between real changes and
mere Cambridge changes.14 An object ‘undergoes’ a Cambridge
change when some proposition concerning it changes in truth value.
But this need not involve the object itselfchanging. That five ceases to
be the number of John’s children is not a change in five; that a
politician or a film-star gains or loses in popularity is not a change in
them, nor is someone's attaining majority. In the Cambridge sense,
objects which are not spatio-temporal at all, like numbers, can change,
and so can spatio-temporal objects which do not exist at the time in
question, as when a soldier is posthumously decorated. Pinning down
the more important concept of a real change is more difficult.
Certainly qualitative alterations are real changes, but so are substan-
tial changes. Since the bogus Cambridge changes usually or always
involve switches in the truth value of relational propositions (those
involving ages being only an apparent exception), Cambridge changes
are sometimes called relational changes. But this appears mistaken,
since there are real relational changes, such as changes in the relative
positions and distances of several bodies. These are not changes in the
objects so much as changes among them. Perhaps the only character-
istic that all real changes have in common is that they ail involve their
subjects in some causal manner. A chameleon’s change in colour not
only involves movement of pigments in its skin, it alters the skin’
capacity differentially to absorb and reflect incident light, which is the
point of the whole affair. Even the relational changes of distance and
position of objects affect their relative causal powers, such as their
mutual gravitational attraction and the time it would take for light to
go from one to another.

As we loosely formulated the idea of Cambridge change, temporal
objects are subject to Cambridge changes, in that the same temporal
object may be spoken of in a sentence whose truth value varies with

11 MEIXOR 1981 makes the same point: lOff.

13 dretske 1967:he draws the cautious moral that ordinary usage isnotalways to be
trusted. SO it isn't.

14 oeach 1969:7If.; 1972:321 f. The epithet ‘Cambridge’ derives from the fact that
this criterion of change was employed by a number of Cambridge philosophers,
including Russell and McTaggart.
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time, for example: ‘It was twenty years ago today that Sergeant Pepper
taught the band to play’. It is only in this sense that the action ofan
assassin in shooting a public figure later becomes a murder, when the
victim dies. But since mere Cambridge change is not really change, this
does not affect our position that occurrents do not change.

4.2 Activities and Performances

Occurrents enter into action theory at the very basis, since many
uctions and all acts are events. Not all actions are events if we count
deliberate omissions and forbearances as actions, but provided we
confine ourselves to actions in which the agent actively does something
(acts), then these are all events and therewith occurrents. Mereological
considerations occasionally play a part inaction theory,15and we here
show how they can be used to give a simple explanation of an old
distinction.

Action theorists frequently distinguish between two different sorts
of action, namely activities and performances.16 The difference is a
well-founded one, showing itself in the different tense and aspect
behaviour of action verbs. Languages mark the distinction in various
ways: in English, to which our discussion is confined, it concerns the
continuous and perfective aspects. The main difference is that for
activity verbs such as ‘weep’, laugh’, and ‘talk’, the continuous of a
tense entails the perfect of the same tense (with a minor reservation to
be noted):

John is weeping -* John has wept (on this occasion)
John was laughing  John had laughed (on that occasion)

whereas for performance verbs such as ‘wash’ or ‘build a house’, the
continuous of a tense entails the negation of the perfect of the same
tense:

John is washing -»John has not yet washed (on this occasion)
John was building his house -* John had not (yet) built his house

Discussion ofthe distinction goes back to Aristotle, though it has been
much intensified in recent years. It is worth noting that the same

15 Cf. thalbero 1977: ch. 4f., Thomson 1977, who both champion the middle
position on event identity (cf. note 11 above) and hold that, e.g., Princip’s pulling the
trigger is only part of Princip’s firing the gun. In this case the part-whole analysis is
resistible: cf. HORNSBY 1980: ch. 2.

16 vendler 1967: ch. 4, ‘Verbs and times', kenny 1963: ch. 8, ‘States, performances
and activities’, potts 1963. Cf. also various essays in ROHRER 1980.
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distinction can be made in the case of at least some occurrents which
are not actions, where we may speak of changes with a culmination
(birth, for example, or fission of an atom) and changes without a
culmination, such as motion.17 But most attention has rightly been
focused on the distinction as it applies to actions.

In the formulation of the entailments we had to add ‘on this/that
occasion’ because a simple perfect aspect tends to mean ‘at any
previous time’. So without qualification, that John is washing is by no
means incompatible with John’s having washed, for example, the
previous day. That we have to specify particular occasions shows that
the main point of the distinction is ontological rather than purely
linguistic.

Apart from this distinction, others which have been mentioned are
that performances take (a certain) time, for example, it takes ten
minutes to climb the staircase, whereas activities go onfor a time, for
example, someone may sing for ten minutes, and that performances
but not activities may be interrupted before completion, since
performances, but not activities, may be brought to completion.

What does the difference between performances and activities
amount to, and how can it be used to explain the differences between
the two kinds of verb? One suggestion by Joy Roberts is that we
should take activity sentences to have an underlying logical form in
which the verb is nominalized and the resulting nominal made the
subject ofa sentence ofthe form F,«’, that is, one ascribing a property
to a continuant at a time, whereas performances have a logical form in
which the nominal fits the subject position of sentences ascribing
properties to events, i.e. of the form ‘Fn’.18 Ingenious though this
proposal is, there are a number of objections which can be raised
against it. In the first place, the notion ofan underlying logical form is
a dubious one which should be avoided if possible, especially if the
underlying form appears to use linguistic constructions like nominal-
ization which are arguably less basic than the one appearing in the
surface form. Secondly, there is the fact that nominals like ‘John’
dressing’in fact have two uses: they may denote either a performance
itself or the characteristic activity leading up to completion of the
performance. More importantly, Roberts’s proposal amounts to

17 Among them gabbay and moravcsik 1980; what issaid here could be extended to
what they term ‘processes’ and ‘mere events’. We have restricted attention to actions
merely because they provide the clearest examples.

“ ROBERTS 1979.
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treating activities as continuants. But activities are not continuants,
tince they have temporal parts. If John’s weeping were a continuant,
then it would all be present at any time at which it is going on, which is
lalse, since at any such time some phases are past and others yet to
come. And if activities are not continuants, the theory that we
lomehow treat them as though they are lacks all motivation.19
A more satisfying explanation for the difference between activities
and performances and their connection with the aspect of verbs can be
provided by means of mereological considerations, and to this end we
introduce a number of concepts.20
Apredicate isdissective iffit applies to all parts ofanything to which
it applies:
diss (F) = VXxyFx a y <x =Fy'
and antidissective if it applies to no proper parts ofanything to which
it applies:
antidiss (F) = Vx/Fxay« x3 ~ Fyl
The predicate ‘weighs less than 2 gm’ is dissective, while ‘is a circle’ is
antidissective. The absolute property of dissectiveness is less useful
than a relativized version: F is G-dissective iff it applies to all parts
satisfying ‘G’ of those things to which it applies:
disso(F) s VxyrGy=.Fxay < x= Fyl
For instance, ‘water’ is not absolutely dissective, since there are parts
of any quantity of water which are not water. Where a predicate is
dissective down to some but not all parts, we shall informally call it
partly dissective. Relative dissectiveness is often part-dissectiveness
and vice versa. A predicate is finally phase-dissective iffit applies to all
phases of whatever it applies to. Phase-dissectiveness is dissectiveness
relative to the relation of being a phase of.
The nominals characterizing activities are partly phase-dissective.
Any sufficiently long phase of a weeping is itselfa weeping, etc. The

19 Another flaw is that Roberts claims that ‘For object sentences, the progressive
tenses have the same conditions as the respective simple tenses’ (Roberts 1979: 180).
This means that ‘John's weeping is loud' and “*John’s weeping is being loud' have the
same truth conditions, whereby so do ‘John weeps loudly’and John is weeping loudly’.
But the simple tense in both activity and performance verbs connotes habit or repetition
(icenny 1963:175). In fact, for certain predicates, of which ‘is loud” is one (kenny 1963,
hence our asterisk), there is no genuine progressive at all; cf. Roberts’s ill-formed
“*John is being hungry’, “*The earthquake is being 6.5° (179).

10 These definitions are in the style of Leonard and Goodman 1940, but do not
exactly follow theirs.
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nominals characterizing performances are, on the other hand, anti-
dissective. No proper part ofa dressing is itself a dressing, no proper
part ofacircle drawing isa circle drawing, etc. A dressing isa complete
dressing or it is no dressing at all (we are here overlooking the above-
mentioned ambiguity in nominals like ‘dressing’).

To link these simple mereological characteristics with the aspect of
verbs, we need an account of the truth conditions of sentences
involving verbs in certain aspects. We need only make this account
sufficiently detailed for our purposes, and do not have to go into every
last detail. We give these conditions only for the present tense: other
tenses can be handled similarly. We use [r, f j for the closed temporal
interval between t and t'.

The truth conditions for aspects are then as follows:

Continuous Aspect

ais 4>ingat t iff for some f', t" such that t' is earlier than tand t" is
later than t, there is a (sm) <p-ing by a which covers [t', f'].

We may illustrate this as follows:

NVAVAATPS -ing
t t t*

Perfective Aspect

ahas §=d at tifffor somet', t" such that t' isearlier than t" and t" is
not later than t, there isa (sm) (f~ing by a in [t', t"].

We can illustrate this by the diagram below. That is, a has g)dat t iffit

a™p-ing

—_t— 1 —»
it t i

4>s in some interval ending not later than t. In this case we are
interested in the most recent episode of <p-ing if there are several. (Cf.
the remarks about ‘on this occasion’.)

We now turn to proving the aspect laws for activity and perform-
ance verbs (present tense only, with time reference explicit).

Suppose that a is 0-ing at t. Then there exist tt and t2, with t later
than t2and earlier than t2, such that a’s $5ing covers [tj, t2]. There are
two cases to consider. Case 1. t>ingis an activity. Then 4>-ing is partly
phase-dissective. [tI5t] is a phase of [tlt t2], so provided it is long
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enough for the phase of a's $>-ingover [rlt t], to be itselfa <~ing by a,
there is a 4>ing by a at and therefore in [ft, t], whence by the truth
conditions for the present perfect, a has <€=d at t. Case 2: €~ing is a
performance, a’s <>ingcovers [tu t2] so there is a temporal region t
(usually an interval) containing [f2, t2] such that a’s <>ingis at t. Any
interval [f3, t4] contained in twith r4not later than tisa proper part of
r and therefore, since 0-ing is antidissective, there isno <=ing by a in
any such interval (previous episodes of <E-ingoutside « are, we agreed,
not considered). Hence a has not <&d at t, and will only have <=d (on
this occasion) on or after the end of t, assuming the <&ing is
completed.2l

4.3 Plural Reference

Since modern predicate logic replaced the traditional logic of terms,
the semantic relation of reference has occupied the attention of
philosophers and logicians almost exclusively in one special form
only, namely singular definite reference. The paradigm expressions
serving to refer to single individuals are proper names like ‘Bertrand
Russell’; but in many logical theories, excepting Russell’s own, definite
descriptions are treated as belonging to the same syntactic category as
proper names. We follow tradition in calling such expressions
‘singular terms’. In their number we also reckon certain indexical
expressions like ‘him’ and ‘that man’, although the semantic pe-
culiarities of indexicals are not our interest here. The expression
‘singular term’ contrasts traditionally with ‘general term’. General
terms include in particular common nouns like ‘horse’and common
noun phrases like ‘small white cloud’. A stock explanation of the
difference between singular and general terms was that singular terms
can denote only one thing, whereas general terms can denote any
number of things, or none at all. This account leaves much to be
desired, but in most modern treatments the issue of how singular and
general terms differ simply does not arise, since, following Frege and
Russell, general terms are regarded as mere parts of predicates like ‘isa

11 Mattersare in fact more complicated than this, because John can both be drawing
acircle (hence not yet have drawn it) and have just drawn a circle (hence no longer be
drawing it), in that he may simultaneously start drawing circles with each hand and
Anish one before the other. But these complications affect the verb rather than the
performances concerned, each of which isa separate performance in its own right. The
analysis fits if we take more specific verb phrases like ‘draw a circle with his left hand”.
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horse’, which do not designate or denote, but are true of or apply to
any number of individuals, or none at all. In this respect Lesniewski
remains closer to the traditional analysis of atomic sentences, as did
Schroder before him. In the informal explanations given as to how to
interpret the names and functors of Ontology,22 ‘names’ are said to
include not only proper names and definite descriptions, but also
common nouns and common noun phrases, and even some adjectives.
The true position ofcommon nouns ina natural language like English
or German is captured neither by orthodox predicate logic nor by
Ontology. Common nouns are neither mere dependent parts of
predicates nor of a kind with proper names; they form a third basic
syntactic category, along with sentences and definite terms, and a
formal language which adequately characterizes their role will
accordingly be syntactically more complicated than either predicate
logic or Ontology.23 This is not our principal interest here. We are
concerned to contrast singular terms not with common nouns but
with another kind of term, namely plural terms.

Natural languages abound with plural terms; they include plural
proper names, like ‘Benelux’, plural definite descriptions, like ‘the
authors of Principia Mathematica', and multifarious plural indexicals,
like ‘these books’ or ‘they’. In addition there are terms formed by
conjoining other terms, like ‘Lennon and McCartney’, ‘the
Montagues and the Capulets’, ‘Henry VIII and his wives’.

Plural terms in English differ from singular in two ways: syntacti-
cally and semantically. The more important difference is semantic. To
explain it, we must first distinguish syntactic singularity and plurality
from semantic singularity and plurality. A term is syntactically
singular (plural) if the verbs it fits in a grammatical sentence must be
singular (plural) where this difference in number is linguistically
observed Thus ‘Socrates’ is syntactically singular and ‘Lennon and
McCartney’ is syntactically plural, because ‘Socrates is singing’ and
‘Lennon and McCartney are philosophizing’are grammatical, while
‘eSocrates are singing’and ‘“’Lennon and McCartney is philosophiz-
ing’are ungrammatical. According to this test, some English terms are

¢ Cf. LEJBASKI 1960: 17, henry 1972: 17.

2> On common nouns cf. lewis 1970, fitch 1973, simons 1978, leiewski 1979,
Gupta 1980, simons 19824. Gupta’s approach is in many ways the most suggestive,
since it offers an explanation as to why common nouns appear to be dispensable in
extensional logic (cf. the demonstration in a Lesniewskiancontext by Lejewski), namely
that their different logical behaviour only shows up in modal contexts.
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syntactically indeterminate as to number; for instance ‘the orchestra’,
since both ‘the orchestra is playing’and ‘the orchestra are playing’are
grammatically acceptable. The syntactic distinction between singular
and plural is not a universal feature of natural languages. Some
languages, such as Chinese, manage very nicely without it; others, such
as Sanskrit, make a tripartite distinction between singular, dual, and
plural (more than two); Lyons reports that in Fijian there iseven a trial
number.24g2Logically, the syntactic distinction is unimportant and
even inconvenient,23 and we prefer to consider formal languages
where it is not made.

A term is semantically singular if it designates one object, and
semantically plural if it designates more than one object. ‘Socrates’ is
semantically singular, and ‘Lennon and McCartney’ is semantically
plural. A term which is either semantically singular or semantically
plural we call referential. A term which isnot referential, i.e. one which
does not designate anything at all, we call empty. In normal use,
syntactically singular and plural terms are intended to be semantically
singular and plural respectively, but both kinds may be empty, as
‘Pegasus’and ‘Holmes and Watson’testify. From now on, we stipulate
that ‘singular’ and ‘plural’ shall mean ‘semantically singular’ and
‘semantically plural’ respectively. In Lesniewski’s Ontology the
variable names may be empty, singular, or plural. The constant name
‘A’may only be empty; by virtue of the fact that the theses of Ontology
are true even in the empty domain, no name in Ontology is guaranteed
to be referential. The singular terms (constant and variable) of
classical predicate logic must be singular on all interpretations; in the
free logic of Lambert, van Fraassen et al. or in Lejewski’s theory of
non-reflexive identity,26 terms may be singular or empty; in my logic
of plural reference there are neutral terms, which are like those of
Ontology, ‘singular’ terms, which may be singular or empty, and
‘plural’ terms, which may be plural or empty.27 For most logical
purposes it is convenient to use only neutral terms, as Lesniewski
clearly recognized instinctively. What is important is the recognition
that designation may be not merely a function, as in classical logic, or a
partial function, as in free logic, but in general a relation. The term ‘the

24 LYONS 1968: 283.

25 simons 1982c. Cf. 88 of simons 19854. 26 lejewski 19676.

21 Cf. simons 1982c, 83, and simons 19854, which extends further the embedding
procedure of §2.8 above to account for such an option.
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authors of Principia Mathematica' designates both Russell and
Whitehead, that is, it designates Russell and it designates Whitehead,
and no one else. It isnot true of each of them; that holds rather of the
predicate s an author of Principia Mathematica’, nor does it
designate the set {Russell, Whitehead} as this is normally understood.
How can a set write, or co-operate in writing a book? A set is an
abstract individual, and cannot put pen to paper or exercise any other
causal influence. At best, its members can do that. If anyone objects
that my use o f ‘designate’is deviant, my reply is that it may not reflect
the predominant tradition on reference, which has concentrated
almost exclusively on singular reference to the detriment of every-
thing else, but that does notjustify giving it the emotive label ‘deviant’;
if someone wants to use another term, say ‘denote’, exclusively for
singular reference, that is fine, as long as | can use ‘designate’ in my
way.28

4.4 Pluralities: Groups and Classes

If the linguistic phenomenon of plural reference is relatively un-
problematic, a more difficult question is whether there are plural
objects, objects that are essentially not one thing but many things.
Russell, for instance, thought in 1903 that there are: the operation
corresponding to the use of ‘and’ in forming lists, which he called
‘addition of individuals’ or ‘numerical conjunction’, and the objects
thus formed, of which numbers other than one are assertible, which he
called ‘classes as many’. Russell called individuals ‘terms’; non-
individuals, including classes as many, he called ‘objects’.29 The
notion ofa class as many can also be found in the work of Cantor and
Bolzano.30 Russell counted among classes both classes as many and
(as a limiting case) individuals, but denied the existence of any null
class, rightly in my view.

Classes are the ontological counterparts of referential terms,
singular and plural, and it is just for this reason that the question of
the existence of pluralities arises; surely the recognition of plural
reference as a relation between one term and several individuals
whereby we refer to all of them at once, obviates the need to recognize

11 Cf. SIMONS 1982*: 166-8. " hussell 1903: 43, 55n.

,0 bolzano 1981: §882 ff, 1975: §3f. (from which Russell look the concept of
numerical conjunction) canto* 19326:443 (1967:113). For further historical remarks
cf. simons 1982c. §1.
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classes as a distinct kind of object over and above the several
individuals severally referred to? The assumption that the one term
corresponds to one object is an unwarranted carry-over of the idea
that terms have a many-one relation to their referents, which applies
only to singular terms.

This argument overlooks the innocuousness of classes in the sense
here meant, for which sense | have also used the term ‘manifold’.3L A
class is not something over and above its several members, and the
members are the class. Someone who admits that there is more than
one individual thereby admits that there is a class of more than one
individual. In particular, a class of several individuals is not a new,
higher-order, abstract individual. A class of several concrete in-
dividuals is itself a concrete particular,32 though not a concrete
individual. This conception of classes, as 1ow-brow’collections rather
than ‘high-brow’ abstract individuals, fits the linguistic phenomenon
of plural reference rather than the requirements of foundations of
mathematics.

One reason why classes seem to be higher-order individuals rather
than lower-order pluralities is that we speak, in the singular, of aclass,
one class, this class, even where the class has more than one member.
But the presence of the grammatical singular is not a sufficient
indication that we are referring to an individual. For one thing, the
grammatical singular is used in English to refer to particular masses,
such as ‘this water’, ‘the gold in this ring’,and these, we shall argue, are
not individuals. In a case like ‘the class of men in this room’, the
complete term is a complex one made up of a collective noun in the
singular plus a general noun (phrase) in the plural. English abounds in
collective nouns, both general-purpose ones like ‘class’, ‘group’, and
‘collection’ and lexically specific ones like the famous ‘murmuration’
(of starlings) or ‘exaltation’ (of larks).33 They all serve the function of
referring collectively to a number of objects while the noun phrase is
singular. This means that we have the grammatical means available to
pluralize the collective noun phrase and apparently refer to several
collections, as in ‘the groups of people began to converge’. Other
languages with plurals possess the same device.

Let us call a term like ‘the collection of jewels in this box’a group

3l simons 1980, 19826, 1982c. 32 As are the aggregates of Buttoe 1977.
31 Cf. SPAXKES 1975.
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term.3* The noun ‘collection’and its like we call collective nouns. The
object, if there is one, referred to by a group term is a group. The
ontological question facing us is whether there are groups. Prima facie
this question is trivial; if someone asks us whether there are flocks of
birds, herds of cattle, packs of wolves, bunches of grapes, orchestras,
committees, and battalions, the answer is surely positive. If the
question is whether there are such groups over and above or in addition
to individual birds, cattle, etc., we must answer more carefully. Of
course there would be no orchestras if there were no musicians, and
when we have got suitable musicians organized and playing together
we do not need to add some further ingredient to obtain an orchestra.
All the same, an orchestra is not simply a number of musicians. If we
consider at random several musicians, the chances are overwhelming
that they do not constitute an orchestra; they may be in different
continents, or live at different times. An orchestra is made up of
musicians who regularly come together to play together; for that to
happen they must have overlapping lives, and must be sometimes in
one room together while they play. Such conditions on its members
are constitutive of an orchestra; if they are not fulfilled, we have no
orchestra. There are also other conditions, requiring a certain
distribution of instruments, depending on the kind of orchestra and
the pieces they wish to play. For the most part, the constitution
conditions of groups are lax enough to allow fluctuation of member-
ship. Ifoneviolinist leaves and another takes her place, the orchestra is
not thereby destroyed and replaced by another. There are limits on
this procedure ofreplacement: we cannot at once replace all players, or
all but one, and still have the same orchestra. It would at most be a new
orchestra with the old name. But given the possibility of replacement,
groups may continue to exist even though over time they undergo a
complete change of membership. They can thus ‘outlive’ their
members: the Halle orchestra is well over a century old, and all its
original players are long since dead. The same goes for many other
kinds of group. Such groups are relatively independent of their
personnel.

The limiting case of a group is a class. A group is several objects
fulfilling certain constitution conditions. The existence of the group
members alone is insufficient to guarantee the existence of the group.
In the case of a class, it is sufficient, since a class is simply the several3

34 black 1971 calls them ‘ostensibly singular plural referring expressions'.
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objects; there are no further constitutive conditions.33 The relation of
member to class is tenseless, like identity, so classes cannot fluctuate in
membership even if their members exist at widely different times. So
classes may be adequately handled by a tenseless, extensional theory
like Lesniewski’s Ontology.

If the existence of groups is not in doubt, that of classes, precisely
because they are a limiting case, is less secure. Lesniewski, who called
such classes ‘distributive’ by contrast with ‘collective classes’ or
mereological sums, thought that all reference to classes was elimin-
able, a sentence of the form ‘A is a member of the class of bs’ being
simply an unnecessarily elaborate way of saying ‘A isah’. However, to
prove that reference to classes is eliminable we have to show that it is
eliminable in all contexts. Some predicates concerning classes prove
easier to eliminate than others. For example ‘the as outnumber the bs’
may be familiarly defined in terms of the existence of a bijection
between the bs and a subclass of the as but not vice versa,36and this
definition can be so written that ‘a’and b’ appear only in contexts of
the form ‘cea’, ‘ceb’. But there are other predicates true of groups,
like ‘surround’or ‘disperse’, for which an elimination does not readily
suggest itself. In some cases where ineliminability seems assured, for
instance ‘the os cover an area of 100m2’ (it being possible that os
overlap, for instance), it would be open for a Lesniewskian to claim
that the subject is the collective class or sum of as; but this way out is
not available for a true proposition like ‘if there are 10 os, there are
1,023 classes of 0s’, and if the as are not at least weakly discrete (cf.
Chapter 2, MD16, MT20) distinct classes of as may have the same
sum. Such examples strongly suggest the ineliminability of plural
reference. If we write them out in Lesniewskian language—nhere is the’

15 Wittgenstein 1913: ‘Mankind is a class whose elements are men; but a library is
not a class whose elements are books, because books are part of a library only by
standing in certain spatial relations to one another—while classes are independent of
the relations between their members.” The details are wrong, since books may be taken
out of libraries, and not just any lot of books in the requisite spatial relation constitutes
a library; but the main point is right.

46 For the expression of this in Lesniewskian language, cf. sobocinski 1954: 42,
n. 12. Similar eliminations are possible for other statements of numerical proportion,
eg. There are 50% more as than bs’as *for some relation R, the domain of R is the as
and the converse domain ofR isthe be,and every a bears R to exactly two bsand every b
bears the converse of R to exactly three os'.
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shorter ‘if there are two as, there are three classes of as™:
Zbcrbeaaceaa b~ ca lldrdeazid®bsrdmc??
Zbcd'bdaacdaadEaab cacdedadf ba
TleelZa z>embve2tcvend"”

the quantification binding non-singular variables cannot be replaced
by quantification binding singular variables only.

4.5 Analogies Between Ontology and Mereology

There isa notable duplication ofalgebraic structure in Ontology and
Mereology, although this is to some extent masked by the forms of
expression normally employed in the latter. Aswe pointed out in §3.1,
both are closely related to Boolean algebra: Tarski showed that
Mereology is like extended Boolean algebra save for the null element,
while Lejewski has shown how to interpret Boolean algebra within
Ontology.37 The principal algebraic difference between Ontology and
Mereology is that whereas general Mereology is neither atomistic nor
atomless, Ontology, taking the functor ‘C ’to correspond to the part-
relation <, is atomistic.

It may sound odd to talk of atoms’ in Ontology, but we might
remember that the Greek word for ‘individual’ is ‘Keo/joc’; the
concepts ‘atom’ and ‘individual’ are, etymologically at least, closely
related.38 We can show that the similarity isalgebraic as well as merely
etymological. Consider, for instance, the following uninterpreted
formula

aEb = ZcrcEala llcrcEa =c-Eh1
a llcdrcEaadEa =cEd1

One interpretation of this which makes it true is to take E ’to mean
the same as V, in which case the formula is simply Lesniewski’s
original axiom for Ontology. However, another interpretation can be
obtained by making use of a mereological definition which says that

aotzb = aept(b) a llcdrcEpt(a) a dspt(a) cepUd):
and taking E ’of the uninterpretedformula to mean the same as ‘at’,
which as a binary predicate means ‘is-an-atom-of’. The formula thus%

17 TARSKI 1935, LEJEWSKI 1960-1.
J* In schrOder 1890-1910, the term 'individual' (‘Einzelne’) is used for what are
now called Boolean atoms.
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interpreted is not a theorem of general Mereology. It always holds
from left to right, and from right to left also in atomistic or atomless
Mereology, but the hybrid model given in §1.6 gives a counter-
example to the right-left implication.

Conversely, consider the effect of taking the primitive of Ontology
to be ‘EZ: Lejewski notes39that, in doing so, one can use the following
axiom

aOb s LcrcCalAHcrc\Za =1,drdC.ca dObA

nef'eOdAfOd”™NeOf™
defining s’ by
aebs aOb a llcdrcOa a dOa =c0Od:
which is of course perfectly analogous to the definition of‘at’in terms
of ‘<,
a<b 3 aept(b)
acerb = a<ba llcdrc <aAd<a~=>c<d'

The important thing about Ontology is that its axioms guarantee that
if anything exists at all, then an individual object exists; in particular

ea= l,brbea’

whereas of course the analogous formula in Mereology (if anything
exists then an atom exists)

Ea =3 T,brbccraz

is only true on atomistic assumptions.

What makes it possible to show these similarities and differences is
the fact that Ontology allows plural as well as singular (and empty)
terms, and so enables the functor ‘C’ to be given a non-trivial
interpretation. What the similarities appear to show is that there isa
certain sense in which both ‘ET and ‘< "are part-whole relations: both
are partial orderings with suprema, ‘almost closed’ under certain
Boolean and extended Boolean operators. But of course, because
individuals have parts (in the sense of *<”) while (distributive) classes
have parts (in the sense of‘ET),and individuals are the members of the
classes, the two senses must be kept apart. As Ontology on the one
hand shows, it is possible to develop a theory of ‘ET without a theory
of ‘<’, and as the calculus of individuals shows, it is possible to
develop a theory of *<” without a theory of ‘C ’, although one has to

3 | ejewski 1958: 164.
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resort to axiom schemata for predicates or use abstract sets to express
the general principle of the existence of fusions. But since in the sense
of *<’, only individuals, and not pluralities (classes with two or more
members) can be or have parts, the role of plural reference in
Mereology is a background one.

It is important to notice that there isa sense of ‘are part of’ used in
connection with classes which coincides with the sense ‘are some of’,
that is, class inclusion. We say for instance that the husbands in this
city are part of, are some of the married people in this city. The
pronunciation of ‘some’ is important here: it should be given the
stressed pronunciation [s v m]. There is an unstressed use of ‘some’,
pronounced [sam] or [sip], and occasionally also written ‘sm’ in
philosophical and linguistic texts. This unstressed ‘sm’ is simply a
mass/plural counterpart of the singular indefinite article ‘a(n)’,and is
found in sentences like “There are sm apples in the bowl’, “There is sm
milk in the jug’ (compare ‘There is an [an] apple on the table’) The
stressed ‘some’, like the ‘one’ in ‘one of’, is not an indefinite article.

The analogy between ‘C *and the part-whole predicate *<’can be
made more perspicuous by noting the following parallels: the
formulae given in each column are theses of Ontology and Mereology
respectively:

Ol aCb=>EaakEb Ml a<b=5ElaacEfr

02 Ea=aCa M2 Ela=a<a

03 aC.babdc =aOc M3 a<bAb <czma<c

04 aObabda=as b M4 a<bab<a=a=b

05D aAba EcrcCaadzhbil M5D aobs Xcc<aac<b'

06 aCis 2crcAala M6 a<b =Ecrcoala

ricAa"cAhi Tlcco a=c0b

07 2arEaa =7brEb M7 XarBlaA<t>a=>ZbrE'b'
ancrcA b=Z2ZdreEda ane'eo bs XdrElda
$dacAdm <ela codin

These theses show how both relations are, in their different ways,
part-whole relations, the class inclusion relation C just as much as
the usual relation between individuals. It is worth recalling that the
Galilean proofthatthere are as many squares as natural numbers was
once treated as a paradox, on the grounds that is showed that a whole
need not be greater than its parts. In the nineteenth century, it was
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common to call class inclusion a relation of part to whole, and even
now the standard German for ‘subset’ is ‘Teilmenge’, ‘part-set’.

Another important point is that whereas the theses 04 and 07 of
Ontology are thoroughly uncontroversial, the corresponding theses
M4 and M7 of Mereology are by no means so (see §83.2.3 for M7 and
83.24 for M4.) By contrast, 04 tells us merely that classes are
extensional, and 07 assures us of the existence of unions. 04 is thus
partly constitutive of the notion of class, and 07 can hardly be
doubted.

If we make serious use of the availability of plural subjects in
Ontology, we notice quickly that predicates and other functors may
be defined which generalize those we can use of individuals, and are
analogous to them in logical structure. The most obvious predicate is
that of strong identity ‘S ’, which can be defined as

aSbs adbabda (cf Chapter2, LD7 for an equivalent
definition)
in analogy with the definition of singular identity
a—b = aeb a bea
Similarly, functors of singular and strong difference may be defined
respectively as
askbs aeaabeba ~ (a=Dh
atb s fICoA bdba~ (aSh)

Where there is identity there isdifference, and where there is difference
there is number. If a + b, then a and b are two—two individuals.
Where a £ b then a and b are also two, but not necessarily two
individuals. They might be two pluralities, or one plurality and one
individual. A predicate meaning ‘isa plurality’may easily be defined as

plur amLbcrbeaa ceaAb”c’

Since we have agreed to use the term ‘class’ to mean ‘individual or
plurality’, we do not need to define a new predicate ‘is-a-class’, since
the predicate ‘E’ already does this work, the following being a thesis:

Eas Elav plura

So,ifa $ b, we can say, quite generally, that aand b are two classes. A
special case is where a and b are individuals. Despite the prejudices of
most philosophers, ‘one’ does not mean the same as ‘one individual’,
nor does ‘the same’mean ‘the same individual’. So a plurality is in one
sense one, and in another sense many. It is one class (as distinct from
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other classes), but at the same time is (i.e. is composed of, has as
members) many individuals. Lejewski reports that Lesniewski could
attach no sense to the term ‘set’ as this occurs in the set theory of
Zermelo.40 This is understandable, as Zermelo’s sets may be members
of higher-order sets, and so are (abstract) individuals, yet apart from
the empty set they manage to have members as well.

The reason for this confusion lies in overlooking the analogies of
the formal concepts of identity, difference, and number, analogies we
claim extend to the formal concept proper part. On the mistaken
assumption that whatever is one is one individual, classes (which are
also one) are also individuals. Note that we are not here using
‘individual’to mean ‘Urelement’ whereas this seems to be the meaning
that Leonard and Goodman attach to the word. Lesniewski did not
use the word ‘individual’, but rather the Polish and German
equivalents o f‘object’ (przedmiot, Gegenstand). We have not used this
word because we prefer to have it in reserve to cover all of individuals,
masses and classes. An individual is in our view anything which can be
the subject of a true singular count predication which is neither
disguisedly plural nor disguisedly mass, for example, ‘Hans isa man’.
Every individual falls under what have been called sortal nouns. This
is certainly a different meaning of ‘individual’ from that used by
Leonard and Goodman, who, according to Sharvy (see below) use the
term in fact for masses. We do not go so far as to restrict the term only
to connected objects: ‘country’ is a good sortal and ‘Denmark is a
country’ is true, but Denmark is not connected.

The sense in which a plurality is many means that it cannot under
any conception be a member ofa class. The only way to make sense of
the abstract sets of Frege, Zermelo, and the modern tradition is to
conceive the membership relation as just one more relation between
individuals.41@n this way sets may be thought ofas individuals which
represent42 or comprehend43 classes.

40 1ejewski 1967c. On how Lesniewski might have handled sets, cf. 1ejewski 1974,
1985. A different approach is suggested in simons 1982d.

41 This is the conclusion of stenius 1974.

42 Cf. this idea in stenius 1974, but before him in 10wenneim 1940 and again in
simons 1982c, also the remarks in $4.10.

41 Cantor speaks of Zusammenfassung zu einem Ganzen’. Cf. the comparisons in
simons 1982c and 1982d. In his later work Cantor clearly distinguished sets (Mengen)
from pluralities (Vielheitetif, cf. above all the correspondence with Dedekind: cantor
19326.
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We said before that number terms have different meanings for
individuals and for classes, though there are analogies between them.
First of all we recall the definition

E'a = Ecrceala llcdrcea a dea =>ced1
We then define numerical functors taking one-place predicates as
arguments:
Ij (8 = ZorElaa $aa llbrEli>a  =3b=au
12(") =EabrElaa “"aa Elba $+haa+ba
llcrElca ge=>c=av c=b"

and so on, the series being indefinitely continuable. We may read
as ‘there are (exactly) n individuals which <&
The analogous functors may be obtained by a simple alteration:

($ = ZarEo a aa IlIbrEba th=>b = an
C2(#>) = EabrEaa aa Eha thaa$ bA
llcrEca <$€3 c=avc = ft
and so on, replacing ‘E’by ‘E’and ‘=""by ‘£  So we may read ‘CB(<)’
as ‘there are (exactly) nclasses which € The former definitions may be
considered as special cases of the latter, according to the scheme ‘there
are nindividuals which <iffthere are nclasses which have one member
and g If we define a functor K of predicate conjunction as
= $a aiffa

then this schema may be expressed as

I»(™) = C,(K<E!,$»
We can similarly treat other numerical functors such as ‘there are n

pluralities which <®& ‘there are n pairs which 0’ as restrictions in this
sense of the most general functor C,,.

4.6 Mass Reference and Masses

It seems to me that we can give reasons both for the parallels
underlying the two systems and the differences between them, namely
the difference in controversy value and the previously mentioned
atomicity of Ontology. To do this, we need to consider a kind of
predication which is dealt with neither by Ontology nor by orthodox
predicate logic, namely mass predication. It is by now well enough
known that natural languages contain common nouns which, in
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contrast to count nouns like horse’, table’, and ‘star’, are mass nouns,
for example ‘beef’, ‘water’, “furniture’, and ‘wood’. Some nouns, such
as ‘cake’ and ‘coffee’, admit of both mass and count uses. Syntactic
criteria for mass nouns include that they admit ‘much’and ‘a little’,
and resist ‘many’and ‘a few’. Where mass nouns are used in the plural
(except those that are already plural, like ‘oats’) the sense is either that
ofa kind or brand of the commodity in question, or that of a certain
standard portion.448

Sentences containing mass nouns enter into logical relations as
readily as those containing count nouns, for example:

All water from that spring is radioactive
The water in this glass is from that spring

The water in this glass is radioactive

The expression ‘the water in this glass’is what we call a mass term, by
contrast with the mass noun ‘water in this glass’. Attempts to cope with
mass predication within standard predicate logic have usually taken
the form of replacing straightforward mass predications like ‘The
water in this glass is from that spring’ by predications referring to
lumps, chunks, portions, or bits, which are taken to be individuals, and
hence fit to be quantified over. We may call this standard approach.49
Not many philosophers have dared to challenge the millennia-long
prejudice of Western philosophers in favour of the singular, or to
suggest that predicate logic is limited in its applicability. Lesniewski’s
Ontology, no less than standard predicate logic, has no avowed place
for mass terms, and it seems most likely that proponents of Ontology
would adopt the standard approach. A further defensive bulwark
against a special status for mass terms is provided by the general sum
or fusion principle of Mereology, which guarantees, givena number of
portions of some stuff, a unique maximum portion, containing all of
that stuff, for instance all the world’s water. Quine’s hybrid approach
to mass nouns treats them in the standard way in predicate position,
but in subject position as referring to this maximal portion.46*

Of those who have been prepared to assert the autonomy of mass
predication, | should mention Henry Laycock and Richard Sharvy.

44 Cf. the survey in Pelletier 1979 for these and other points.

45 Notable proponents of the standard approach are parsons 1979, Montague
1979.

44 Cf. Quine 1960, §20.
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The former has carried the argument to the other side and argued the
primacy of stuff,47 while the latter has suggested, not injest, that even
such a language as English might have no true count nouns48
Sharvy’s faith in the existence of masses, as distinct from individual
portions, enables him brilliantly to extend Russell’s theory of
descriptions so that it applies to mass predication.49 We shall have
occasion to make use of his insights below. One indication that all is
not well with the standard approach is provided by the fact that the
sentence

Most of the world’s gold is yet to be mined
is by no means equivalent with
Most of the world’s portions of gold are yet be mined50

since there may be many small portions already above ground and
fewer large portions below ground. To get round this, the defender of
portions must claim that he does not confine ‘portion’ to maximal
connected portions, but allows arbitrary sub-portions and perhaps
arbitrary sums as well. But, although we know that as a matter of fact
there are smallest possible portions of gold, namely gold atoms, this is
not something which could be known a priori and should oot
therefore have any part in the logical analysis of such predications.
Had gold been indefinitely divisible, then any two portions of gold
would contain the same number of sub-portions, no matter how much
gold they contained, and equivalence would not be guaranteed. Given
the mere possibility of any indefinitely divisible stuff, the equivalence
isat best a fortunate accident for the defenders of portions. One of the
advantages claimed for Ontology is its ontological neutrality, and this
advantage can be claimed to carry over to Mereology in that this is
neutral on the question ofatomism. The success ofa logical analysis of
mass predication ought not to be dependent on non-logical truths.

If mass predication cannot be treated as a form of singular
predication, the subjects of such predications must be something
other than individuals. They are sometimes called ‘quantities’, 51 but
as ‘quantity’ also has connotations of measure | prefer to call them
‘masses’. It may seem as though simply by using the grammatical
singular and plural—‘mass’, ‘masses—we have already admitted that

a7 laycock 1972, 1979. 4 sharvy 1978.

44 sHARVY 1980. 50 Cf. Mccawiby 1981: 436.
51 The usage stems from H.Cartw right, whose 1963 isone ofthe rather fewmodern
works to take non-singular reference seriously.
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masses are individuals, ifthere can be more than one of them. But this
objection confuses grammer with logic: it is right too to say that there
is more than one class, but that doesn’t make classes individuals. The
fact that a natural language like English has only one kind of singular
and plural means that terms designating classes or masses first have to
be artificially modified to singular before they can be pluralized. But
because terms for individuals do not need such modification, it is easy
to get the idea that only individuals can be denoted by grammatically
singular terms. It isone ofthe fundamental conclusions of this chapter
that the grammatical distinction between singular and plural is almost
completely skew to the ontological distinction mass/count, and the
latter’s further division into individuals and pluralities. There can be
more than one mass, as well as more than one class. The water in this
cup is one mass, the water in that cup another. The water in both cups
is a third mass, which is the sum of the other two.52

Where then does the difference lie between masses and individuals?
The difference between individuals and classes was that a class could
be many individuals. A mass is, as we should expect, neither one
individual nor many. This does not entail that a mass be indefinitely
divisible into sub-masses of the same kind. The units of furniture and
footwear are the individual chairs, tables, etc. and the individual boots,
shoes, etc. respectively. But mass nouns are not sortals: they provide in
general no principle for counting the items falling under them.53

If masses are neither one nor many individuals, it follows that there
isno logical relation between single masses corresponding to s’or ‘C’,
where these are understood to mean ‘is one of’ and ‘are some of’
respectively. The logical relation which masses enter into apart from
identity, is that which we may express by ‘is some of’. The water in this
glass is some of the water from that spring; the rice in this bow! is some
ofthe food in this bowl; and so on. The expression ‘is some of’can here
be replaced by ‘is part of’, just as, for plurals, ‘are some of’could be
replaced by ‘are part of’. Sharvy has pointed out that ‘is some of’
cannot be treated as equivalent to ‘is some (sm)\ To take his best
example: the water in my whisky-and-water is some of (part of) my
whisky-and-water, but it is not sm whisky-and-water.54 We shall see
presently how such sentences may be expressed in a formal language.
Once again, plurals show an exact parallel. The whites in a racially

52 This use of the’is that of sharvy 198ft of. below.
51 Cf. griffin 1977, ch. 3 on sortals for a more detailed picture.
54 sharvy 19836: 235. There are similar examples in sharvy 1980.
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mixed school class are part of a multiracial group, but they are not a
multiracial group, which must contain members from at least two
different races.55

It is not accidental that ‘some of’and ‘part of’are interchangeable
both for masses (‘is some of’) and classes (‘are some of’). We noted
already that ‘are some of’, as represented in Ontology by ‘CI’, has the
characteristic formal properties of a part-whole relation. It is not
surprising that ‘is some of’ shares these properties. To see this, we
need to consider how we could interpret MI-7 so that they
characterize the relation ‘is some of’. In Mereology the functors ‘E!’,
‘=" and ‘< ’involve the existence of individuals, in the sense that ifany
sentence ‘E!a’, ‘a = b’ or a < b' is true, then individuals exist. But
mass predication isindependent ofassumptions about the existence of
individuals. M1-7 can be divorced from this interpretation. To see
this, let the variables now range over masses, take ‘<’ the ‘is some of’
relation, as primitive, and define existence and identity predicates as
follows:

a=b=a<bAb<a
Eli=Lbrb=0o

It is then plausible to say that M I-7, so interpreted, characterizes the
‘is some of’ relation on masses. Since they are structurally exactly like
the equivalent formulae of Mereology they are, as we should expect,
neutral on the atomicity question, whereas 01-7 belong to Ontology,
which asserts that if anything exists, then individuals exist. So we see
now that there are in fact not two, but three possible interpretations of
a part-whole predicate characterized by any analogue of01-7: a class
interpretation, a mass interpretation, and an individual interpretation.
Furthermore, the principles M4 and M7 are not controversial for
masses. Ifthe rice in this bowl is some of the food in this bowl and vice
versa, then the rice in this bowl is (the same stuff as) the food in this
bowl. And if there is any water, then there is that maximal mass
containing all the water there is. ,,

| said that the existence of masses must be presumed to be logically
independent of the existence of individuals. We may envisage a
universe consisting of various basic kinds of stuff, mixed together in
different places in varying proportions, but nowhere showing the
abrupt discontinuities and unified structures characteristic of the

5 Here ‘class' obviously has its academic meaning.
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paradigm individuals—organisms, heavenly bodies, physical
objects—of our world. It is not just that we should be unable to
distinguish any individuals in this world—that would be an epi-
stemological, not a metaphysical difference. Rather there would
actually be no individuals. Someone who, thinking of such a world,
attempted to ‘generate’ individuals by considering particular parcels
or portions of the stuff there would be inventing logical fictions or
producing logical constructions in order to justify his own prejudices.
The paradigm individuals in our world are not logical constructions,
although there may be other individuals (the state, legal persons,
characters in novels) which are logical fictions or constructions. But
these are not exactly paradigm individuals.

Given that in our world there exist both individuals and masses,
what is the relationship between them? The fundamental relationship
is one which we may call constitution. Aristotle recognized the
existence of such a relationship when he correctly said that we should
properly say ofa bed not that it is wood, but that it is wooden (ofwood),
that a statue is not bronze, but bronzen (of bronze), and so on.56 The
wood and the bed are distinct entities: the wood existed before the bed,
and may outlast it. The wood constitutes or makes up the bed. Thus the
two may be in the same place at the same time without being identical.
Constitution isan asymmetric relation.37 Interestingly, it may be said
to hold not only between masses and individuals, but also between
classes and individuals. A toy fort may be made up of certain toy
bricks (and nothing else). Once again we see the parallels between
mass and class. Each brick may be made ofwood, and therefore made
up ofa certain mass of wood. So the toy fort is itself made up of that
mass of wood which is the sum of the masses making up the bricks
which make up the fort. Likewise, each brick is made up of certain
cellulose and other molecules, these are made up ofcertain carbon and
other atoms, so the fort ismade up ofthe carbon and otheratomsinall
bricks. We can thus see the way in which constitution is transitive.

It seems to me that the interpretation which does justice to all the
principles of Mereology, one which renders them all uncontroversial,
is one which Lesniewski never considered, namely a mass interpret-
ation. The first person to my knowledge to have stated this clearly is5

5 Aristotle, Physics vu. 3, 245*.
57 Cf. griffin 1977: 164; doefkb 1982: 55.
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Richard Sharvy. As he puts it:58

‘apart of” ... cannot be replaced by ‘some of’, which I claim is the proper
mereological and generally logical understanding of the mass and plural sense
of‘part of”. It isin fact the only sense in which the calculus of individuals has a
true interpretation that comes close to coinciding with an intended interpret-
ation. The temptation to read the calculus of individuals as having something
to do with nominalism comes from Goodman’ tacitly treating the variables
ofhis systemas ranging over quantities of matter in the first place, rather than
over individual substances (although he misleads us by calling those objects
"individuals’).

Elsewhere, Sharvy accuses the proponents of the calculus of in-
dividuals of an unwarranted materialism.30 That is, the principles of
Mereology, including M4, M7, and even perhaps M3, are plausible for
masses, but not for individuals: to assume they hold for individuals is
to treat these as though they were mere masses of matter. The
differences are well marked linguistically. Notice the difference in
acceptability of the following:

He took some of the gold
He took part of the gold
He took some of the apples
?He took part of the apples
*He took some of the table
He took part of the table

By contrast:

He took all of the gold
""He took the whole gold
He took all of the apples
*He took the whole apples
?He took all of the table
He took the whole table

but notice
He took the whole batch of gold
He took the whole batch of apples

If we examine the use of the predicate ‘is a part of’ in everyday
language, that is, that predicate which holds between individuals, we8

59 sharvy 19831k 236. My thanks to Richard Sharvy for sending me an earlier draft
of the material in sharvy 1983a, 1983b, and answering queries arising.
59 SHARVY 1980: 618 f.
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find that some of the principles of Mereology fail for it. In particular,
the existence of general sums is not assured. The four wheels ofa car
are parts of it (each is part of it), but there is not a fifth part consisting
of the four wheels.

Now the existence of senses o f‘a part of’which diverge from those
determined by the axioms of Mereology does not of itself prove that
Mereology is ‘wrong’. It shows simply that certain interpretations of
the constants of Mereology are not appropriate. However, | see no
hope of there being any relation between individuals satisfying all the
principles of Mereology. Accepting the appropriateness of the mass
interpretation, one could attempt one as follows:

Individual a isa part of individual b iff the matter making up a is
part of the matter making up b

Certainly one can define a very general part-whole relationship
between individuals in this way, but there is no guarantee that there
will be an exact match between this and the ‘is part of’ relation,
because there are cases where mass mis part of mass n where we do not
want to say that there are individuals a, bsuch that m = the matter ofa
and n = the matter of b. The assumption that this is so is precisely
what critics of Mereology disagree with. The matter of this stone may
be part ofthe matter of all the world’s stones, but that does not mean
that this stone is a part of an individual made up of all the world’s
stones, for there is no such individual.

At one time, | thought the difference between individuals and
classes on the one hand and masses on the other could be character-
ized by saying that for masses there is no distinction between
distributive and collective classes: roughly speaking, Ontology and
Mereology fall together into a single theory. This view no longer
seems to me to be correct. After all, we have argued that it makes as
much sense to speak of one mass, two masses, many masses, as it does
to speak of one individual, etc., or one class, etc. In other words, plural
reference and the relation ‘is one of’ can just as well apply to masses
and classes as to individuals. We may see this with the help ofconcrete
examples. Suppose we take sm gin g and sm tonic t and mix them
together in a glass to form sm gin-and-tonic a. Then a is one of the
items of which ‘is gin and tonic’ is true, whereas g and t are not. Let us
define a nominal term b as follows:

c isone of b sc exists and c is gin and tonic
We can approximate b in English by ‘the masses of gin and tonic in the
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world’. Then clearly a is one of b, but neither g nor t is one of b,
whereas g is some of(part of) one of b, and tissome of (part of) one of
b, namely a. The term b is a plural term designating all masses of gin
and tonic. We must distinguish this from the singular term denoting
the world’s gin and tonic. Let this term be ‘A \ It follows that a is some
of A, and therefore that each of g, t is some of (is part of) A. Also A is
one of b, but there is many another item which is one of b in addition
to A, although each such item is part of A. We must note that it is
possible also to read ‘some of’ (but not ‘part of’) so that whatever is
some of A is gin and tonic. But this is because this sense o f‘some of’
includes ‘sm\ In this sense

cissome of the world’s ginand tonic (A) iffc is part of the world’s
gin and tonic and c is sm gin and tonic

We may acknowledge this use of ‘some of’ (which applies also to
classes) without giving up the wider ‘part of’ relation.

Exactly similar considerations apply to classes. Suppose we take sm
white children tvand sm black children b and put them together in a
multiracial school class m. Then tvare sm of (are part of) m,and bare
smofm,and therewith both are part of the maximal class M consisting
of all school children in mixed classes. But m is one of the classes of
which ‘is a multiracial class’ is true, whereas neither tv nor b is a
multiracial class. The plural expression ‘the multiracial classes in the
world’ approximates a plural term r satisfying

cisone of r iff c exists and c is multiracial (is a multiracial class)

It is possible also to use the vocabulary of Ontology and Mereology
for these class terms.

In each case we must note an essential difference between the
functors of Ontology on the one hand and those of Mereology on the
other. Ontology has to do with singular and plural. Singular and
plural (one and many) applies equally well to all categories: in-
dividuals, classes, and masses. The connection between the two, which
prevents the singular/plural distinction from being completely skew to
that between individual and class is that, putting it picturesquely,
‘tlass’is the plural of ‘individual’. Many individuals are a class. A class
is many individuals.

It is possible now to see why the standard approach to mass terms is
so compelling. If several objects or items can fall under a mass noun,
then it seems to follow that these several objects must be many of
which each such object is one. Because the singular/plural (one/many)
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distinction coincides for individuals with the individual/plurality
distinction, it is thoroughly natural to think that this means that
masses are individuals. A similar remark applies to the ‘abstract
individual” approach to classes.

Nevertheless, accepting classes and masses as sui generis objects
does not involve a radical revision of logic. Predicate logic and
Ontology have been previously tied to the interpretation of singular
terms as designating individuals. Once it is realized that being a
(designating) singular term and designating an individual are not the
same thing, we can see that predicate logicand Ontology as such are in
need of no revision: all that needs to be done is to widen their
application.

4.7 Outline of a Comprehensive Theory

We outline here one way in which all the previous considerations may
be brought together.60 We take the rules and axioms of Ontology to
be defined analogously for three primitives ‘ec’, and eM with all
the usual defined functors. The three categorical predicates ‘s an
individual’, is a class’, and ‘is a mass’are simply *E!’, ‘Elc’, and ‘EIM.
Further, the connection between classes and individuals is given by
taking as axiom

CMAl Ylabra=c6s as,/)1
which implies
CMT1 llarElca = Elal

showing that a class is simply one or more individuals.
We define a part-whole relation ‘< ¢’ on classes simply by

CMD1 Nabra<cb =adlhl

while a further part-whole relation ‘< M for masses may be obtained
by adopting suitable mereological theses such as M1-7 (adapted to
masses). By virtue of the usual theses of Ontology, these principles
apply to the part-whole relation ‘<c’as well. But the algebra of‘<c’
must be atomistic, while that o f*< M need not be.

It should further be stated axiomatically that no class (and therefore

*° Foran approach which similarly gives both massand plural predication their due,
makes numerous good informal points, and is more developed semantically than this,
see link 1983, which also provides references to further literature. The present
approach was developed independently of Link in simons 1983ft. Comparisons must
await another occasion.
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no individual, individuals being unit classes) is a mass:
CMA2 ~ larElcaA E!Ma

The existence of unions, required by 07, is guaranteed even where
we have plural class terms, because we can employ the definitions
CMD2 ae, u(~>) = ae,aA EbrEj6 a aae,!)l

(union of a predicate)
CMD3 fc{b}as aech (monadic predicate derived from % )
CMD4 ae, Un[b] = ae u (ec{b}) (union of bs)
Here, for ‘a e, Un [b] to be true, ‘a’ must be a singular individual term,
but 'b" may be either a class or an individual term.

We now introduce a predicate corresponding to the notion of
constitution or making up: ‘a=*b' may be read as ‘a makes up b\ It
should be remarked that a more adequate theory of constitution must
wait until a later chapter, when we deal with tensed sentences about
continuants. We shall then be able to explicate further the properties
of constitution which we are here simply stating. It is governed by the
following principles:

CMA3 a=b=EMaakE!Db
CMA4 E!0s £6rEIMbab=>al
CMA5 b=>af\c=>a">b—Mc

Since no individual is a mass, it follows that making up is irreflexive
and asymmetric:

CMT2 ~ (a=>a)

CMT3 a=>b ~ (b=>a)

Now we define the most general part-whole relation among in-
dividuals which we found could be accepted without controversy:
cMD5 a<i>s lcdrc <m<k c=»ha d=>b"

Since, it is not axiomatically guaranteed that every mass makes up an
individual, the following are not theorems: x

CMF1 a=>baa<M =l.drc=>d1

CMF2 a=>I)Ac<Ma3I(irc=>(i’

The following theses regarding *<,” may easily be derived using the
properties of *=>"and ‘< M:

CMT4 a<,&=> Elua E!t6

CMT5 El,a=>a<,a
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CMT6 a<\bab<,c=ac<jC
Defining CMD6 a<>th=a<tbab <ta
We get CMT7 a<>b="Lee=>0"'aTlcc=a=i
further CMT8 a=>bab<,c >Edra<Mda d=*>
and CMT9 a=bac<tb Y.dd<Maad=c
Defining CMD7 a«{b=a<tbha
weget CMT10 a=sbab«,c=>~ (a=0)
CMT11 a=bac«,b=3~ (a=>0)
These properties of ‘< |’are all plausible and desirable. Because of our
caution in the admission of individuals corresponding to masses, the
properties of *<,” lack the algebraic simplicity of ‘< M or ‘<c\ For

those who are happy that Mereology applies to individuals as it
stands, we can recommend as axiom the formula:

CMF3 E!Ma =3Sfira=>fiA ncra=>c =>c = 1611

from which, using the definition of we can guarantee the
application of all of M 1-7 to Without this axiom, there are two
distinct notions of overlapping for individuals: having a common
individual part:

CMD8 ao,bs £crc<,aac<,bl
and having common matter:
CMD8* aof b= Zcdrc=>aa d=>bacoM
The former entails the latter, but not vice versa, though with the
simplifying axiom they coincide.

We mentioned earlier that there are senses in which a class may
make up an individual, and a mass may make up the matter ofa class.

To define these notions, we first of all define the sum or fusion of a
number of masses:

CMD9 aeMsum[6] s aeMa a EM6 a
llcrcoMa = T,drd eMb a c omfill
then the part-masses of a class:
CMD10 aeMpm[b] =aeMaA bsch a "Lee 6jba a=>cl
so the mass making up the matter of a class is simply
sum [pm [h]]
the sum of the part-masses of the class. Under the simplifying
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assumption above this means that to every class there corresponds a
unique individual which is its sum. This is the sum normally found in
Mereology.

Finally, a class makes up an individual if its matter makes up that
individual:
CMD11 a=¢tb=sum[pm][a]] =b

Within the framework of the system sketched, we can show how
Sharvy’s generalized theory of definite descriptions can be accom-
modated.61 For individuals, the theory is simply Russell’s and needs
little comment. For classes and masses, Sharvy employs the fact that
characteristic class and mass nouns are cumulative, that is, any sum of
parts (inthe sense of ‘< c’or ‘< M) falling under the noun likewise falls
under the noun. Now not all predicates true of classes and masses are
cumulative, for instance ‘has ten members’, ‘weighs ten grams’, but
where more than one thing falls under such a predicate the cor-
responding definite description is empty. On the other hand, where
predicates are cumulative, more than one object can fall under them
and the corresponding definite descriptions still denote: we can say of
more than one mass that it is coffee in this room, but ‘the coffee in this
room’denotes the sum ofall such; more than one classisa classof men
in this room, but ‘the men in this room’ denotes the union ofall such.
Sharvy’schosen notation for ‘the x such that €Xx)’is 'Ox e<qx":62it isan
advantage of Ontology that such descriptions may be given direct
nominative definitions rather than be defined in context:

CMD12 aec Oxr<x%s a BOA <aa Tlbr<h= b <ca'
CMD13 aeMOxrdxl= asMaa <aa Tlbrd¢b=>b Kmo'
If we look at the exact analogue for individuals:
CMD14 ae}OxrgX = ae,aa $aa Ylbr<b Dbc 7

we see that in certain circumstances this will agree with the Russellian
description:

CMD15 ae, xxr<&= aelaa 4=aA Ylbr<hi»b *a’
namely, when there isonly one individual asuch that <ta But there are

circumstances when the two will differ. Ifa table isformed by pushing
two smaller tables together, ‘the table’in the sense of 'O is the large

¢ SHAKVY 1980.
61 In shakvy 1980,V isused instead of‘0, but since> "is used in formal number and
recursion theory for a minimum function, Sharvy now prefers ‘0.
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table of which the other two are parts, while ‘the table’in the sense of
V does not denote. Both analyses seem to me to be genuine
alternatives, and the situation therefore more complicated than
Sharvy portrays it. This can be brought out by noting the following
definitions

CMD16 aecixrdX=a%a Tlbr<€b=>b =ca'
CMD17 aeMixr(f>x's a aa <aa llbrhmsb = Ma'

which are the class and mass analogues of Russell’s descriptions.
Sharvy is right that expressions like ‘the men in this room’, ‘the coffee
in this room’ are to be analysed using ‘0’, but if we add the
singularizing adaptors ‘class of’and ‘mass of’, to get ‘the class of men
inthisroom’, ‘the mass ofcoffee in this room’, then a similar ambiguity
arises as did for the table example. One possible reading is the ‘0’ or
maximal reading: the class of men in this room = c the class of all of
the men in this room, the mass of coffee in this room = Mthe mass of
all of the coffee in this room. But the singularization allows a
Russellian, V or uniqueness reading as well.63

4.8 Extending the Analogy?

According to the previous section, mereological concepts apply not in
one but in three analogous senses, corresponding to the three
categories of concrete particular: individuals, classes, and masses. Is
this the limit of the analogy? A range of further candidates may be
generated by picking up a possibility unexploited in the previous
section. We said that a plurality is in one sense many and in another
sense one: it is many individuals and one class. As one class, it may be
one of several classes fulfilling a certain condition. So we may have
ae, cand bec c. Now these classes c are also many classes, but in being
just these classes they also may be considered to have a certain identity
and unity which isanalogous to, but distinct from, the kind of identity
and unity their member classes have. It seems reasonable to suppose
that the unity, etc. of c stands to that ofbas that of b stands to that ofa.
And once we have taken two steps, it appears arbitrary to stop there.
Rewriting ‘e,’and ‘8Cas ‘a/and ‘fi2’respectively, we can then iterate the
construction, havinga chain likea be2ce3de4 ..., Here we have

63 There are other uses of ‘the’covered neither by Sharvy’ theory nor by mine, but
we leave these out of consideration here.
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an open ascending hierarchy of meanings of Is one of’, which allows
us to define analogous meanings of identity and inclusion: for each
i > 1we have

a*tb= aetha a
asifbs Fleee,as ce,ftl
s Zcrca, ala llcrce,a mece(bl

and so on. This allows us to interpret classical extensional mereology
atomistically at each level: [Z isjust < (+1. But since we can also have
plural mass terms, and sentences like ‘The water in this glass is one of
the masses of water drawn from that spring today’, which are
regimented in the form a eMb, the same kind of open hierarchy can be
built beginning with masses rather than individuals.

The prospect of such open hierarchies raises in acute form the
question of how seriously we should take the existence of referents
corresponding to terms at each of these levels. The higher we go, the
more tenuous appear the existence claims of such referents.

The suggestion in 84.3 was that plural reference is not everywhere
eliminable, which encourages one to accept the existence of pluralities.
At the same time, it was allowed that pluralities are innocuous; they do
not crowd the world, because if the individual A exists and the
individual B exists, then so does the class of A and B, but to say the
latter is to say no more than the former. The functor tlass of’ is a
singularizer, but unlike those obtained from collective nouns like
flock” or ‘congregation’ it functions in no other way, as used by
logicians. It isa mere syntactic adaptor and nothing more. In real life,
even the most neutral terms like ‘group’, ‘collection’, ctlass’, and ‘set’
tell us something more than that we have to do with more than one
object. The pure singularizer is a logicians’ invention. By contrast,
unadorned plurals are a grass-roots feature of ordinary language. To
extend the analogy from pluralities to pluralities of pluralities and so
on, we need the artifice of pure singularization, which is one argument
against accepting classes ofclasses and so on. It should be stressed that
we are not here taking ‘class’ in the mathematician’s sense of abstract
sets, so we are not here querying whether a mathematician could get
by without sets ofsets: that is a quite different issue. The question here
is whether there are pluralities of pluralities, and, as usual in ontology,
we must take our initial bearings from language. The raw evidence
from English suggests there is scant need for talk about classes of
classes. While nominal conjunction of singulars, as in ‘Romeo and
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Juliet’,yieldsa term for a plurality of individuals, conjoined plurals, as
in ‘the Montagues and the Capulets’,do not clearly yield a plurality of
pluralities: in some cases it appears to designate merely the union of
the two pluralities, which is itselfjust another plurality of individuals;
in other cases the terms appear to designate not the mere pluralities
but rather the families, which are groups. We have nothing against
classes ofgroups, groups ofgroups, classes ofgroups ofgroups, and so
on. It is only the formal case of classes of classes which appears
unnecessary. So on balance | think the analogy should be kept within
the bounds of the last section.64

4.9 Parts of Groups

Because collective nouns forming group terms are not thus mere
dummies, we can have physical hierarchies of groups, like a line of
circles of heaps of stones, or institutional ones, like an association of
leagues of clubs. In such cases, the additional constitutive conditions
imposed at each level in the hierarchy places restrictions on what can
be counted as a part of the group in question. The concept part is
therefore no longer purely formal, but has a material admixture, as
when used with respect to structured individuals to apply to
components or other salient parts. It will therefore not usually satisfy
the full classical principles. In particular, the same plurality of
individuals may simultaneously satisfy two or more sets of group-
constituting conditions. The groups may therefore coincide in
membership without being identical—extensionality goes. The exten-
sional classes making up groups at any time may be looked on as the
matter of the groups.

The ‘is one of” as holding between individuals and classes is the
purely formal concept of singular inclusion, but when applied to
groups this expression can have a tensed or temporally relative
meaning. For instance, the same sentence, ‘John is one of the
Directors’ may be uttered falsely before John’s election to the Board,
and truly after. The expression ‘the Directors’ thus designates those
who are now Directors in this case (it need not, but can and often does
work like this.) So the group designated by ‘the Directors’ is a
collective continuant: it persists over time and its membership may

M This is also the conclusion of simons 1982i>.
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fluctuate. With this and with tensed inclusion, we move outside the
ambit of Part | and into that of Part II.

4.10 Further Possible Applications of Extensional Mereology

Suppose we accept properties, expressed by predicates, of which
classes are the extensions. Then we can reflect back the mereological
structure of classes into one among properties. We can define

F<Gs 3xFxa WxrFx =>Gx1
If ext (F) is the extension of F, then

F < G = ext(F)Cext (G)
Since the syntactic category of the predicates is S/N, that of the *<’
defined is S/(S/N) (S/N), so we do not have a part-relation so much as
a syntactic analogue of one. To get a part-relation among properties,
we should have to take these to be abstract individuals denoted by
abstract singular terms, so that

Fx = x has Fness

Then we can define the obvious relation (equivocating on *<’) by
Fness < Gness = F <G

or in general
$< ™ s 3xrx has $a Vxrx has &=x has "

This is of course extensional inclusion. It can be defined analogously
for relations of any number of places. All these functors will exhibit
the formal properties of the part-relation < in a suitably analogous
form.

Traditional logic recognized not only extensional inclusion but
intensional inclusion as well. Predicates traditionally have an inten-
sion, which is a concept, and these stand in inclusion relations and all
the other mereological relations definable in terms of inclusion. The
intension of a concept is traditionally the conjunction of simple
(atomic) concepts which are its characteristic marks (‘Merkmale’) and
one concept is included in another iff all the marks of the first are
marks of the second.65 The relation between intensional and exten-
sional inclusion is captured in the following version of the Canon of

65 The part-concept among properties described by Armstrong 1978: voL ii, 36 ff. is
rather wider than this. Nevertheless, he recognizes this as a special case: P stands to
P & Q as the blade of a knife stands to the whole knife* (36).
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Inverse Variation of Intension and Extension:
int (F) < int(G) =ext (G) < ext(F)

However one might wish to interpret intension nowadays—and the
old atomistic sums will not wash66—as long as one can find a way of
talkingabout intensional inclusion, we may expect some version of the
Canon to hold, giving an interesting crossing of two mereological
structures among concepts.67

Some kind of intensional part-whole relation might be applied to
propositions, considered as the abstract bearers of truth and falsity. A
promising one is the following:

p <qg = Vara makes it true that pz> a makes it true that g

where the quantifier ranges over all possible truth-makers. This would
then define a form of implication, though what properties this had
would depend on the principles governing the relation of making
true68

A more immediate possibility for applying mereology among
abstract objects looks to (high-brow) set theory. Zermelo-Fraenkel
set theory, with ‘<=’ (inclusion) as the part-predicate, fails to model
classical extensional mereology, because there is a null set and no
universal set. Thus not all predicates yield a sum (‘£ = £’does not). In
a grounded cumulative hierarchy of sets, however, the sets generated
at any given level will provide place for a mereology provided we
exclude the empty set. This is not surprising, since they model a
complete Boolean algebra, and we just delete the zero to model
mereology.

A more direct way of reproducing mereological structure within
sets is to make use of Cantor’s idea that a set is an abstract individual
which comprehends a class.69 Let | be a fixed class of individuals, and
suppose that for each subclass aC | we assign an individual [a] to
represent or comprehend a, adding one for the empty class, in such a
way that there is exactly one individual per class and one class per
individual. Call the individuals representing classes in this way sets,
and define the relation < on sets in the obvious way:

X <Y=VabrX m[al]aY = [b]=a O’
Since the representing relation is arbitrary, provided only that the
© Cfirrege 1884 sos

*7 Cf. the lattice-theoretic account in 87 of simons 1986¢.
* Cf.muitigan etat 1984: 86. 69 Cf. note 43 above.
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restrictions are observed, and the cardinality is correct (there must be
2Gets if | has cardinality c), the induced mereological structure on sets
may have nothing intrinsically to do with relations among the sets
(which may be arbitrary individuals, abstract or concrete) apart from
their correlation with classes.

This is an instance of a general phenomenon. Suppose we have
some objects A on which a classical extensional mereology is defined
under the relation < (so A must have cardinality 2G—1 for some
positive c). Let B be another class with the same cardinality as A, and
let/: A -* B bean arbitrary bijection between the two. Then/induces
a mereology on B under the relation <' defined in the natural way

VXy«Erx < 'y =/"*(x) <f~i(yj'
Once again, any actual relation coextensive with <' need have nothing
to do with part-whole in any natural sense.

Since it is possible thus to generate mereologies cheaply, one should
be careful that the extension of existing concepts of part and whole to
newareas does not degenerate into a game. Enough has been said here
to give an idea of the possibilities. Since most of these concern abstract
objects of some sort, they strictly lie outside the scope of this book,
which is concerned with concrete objects. It is to these that we now
return.
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Part Il

Mereology of Continuants

In the state of living Creatures, their Identity depends not on a Mass of
the same Particles; but on something else. For in them the variation of
great parcels of Matter alters not the Identity

Locke, An Essay concerning Human Understanding, book 11, ch. 27, §3

The problems taken up in this part are among the most pressing of
those left aside by extensional part-whole theory as described in Part
I. We shall consider what happens to part-whole theory when
temporal considerations are taken into account, and discuss some of
the issues arising. Matters of modality will be left until the final part.

The interaction of part-whole issues with those of time varies
according as we consider continuants on the one hand or occurrents
on the other. Questions such as Was Aever part of B\ ‘When was A
part of B?”, “‘When did A have an a as part? are significant only for
continuants. We can ask ofa certain brass lever ifand when it was part
ofthe Flying Scotsman, but we cannot ask the same thing ofthe Battle
of El Alamein with respect to the North Africa Campaign: at best we
can ask when the battle took place, and whether it was indeed part of
the campaign. It is precisely because occurrents—events, states, and
processes—are extended in time and have temporal parts, whereas this
is not the case for continuants, that such questions are significant for
continuants alone, and for them we need to introduce temporally
modified mereological predicates.

Their introduction does not compel us to give up exlensionality of
parts, but the only way to hang onto this is to suppose that all true
continuants are like Locke’s masses of matter, mereologically con-
stant. We shall confront this position and claim it is untenable. That
leaves us with the problem of giving an account of the mereology of
continuants in flux, and of their relationship to ones which are not.






5 Temporary Parts and Intermittent
Existence

There are a number of mereological issues which are relevant to the
ontology of continuants, some quite crucially. Firstly there is simply
the question as to what happens when we attempt to extend the
notions developed in the tenseless extensional mereology of Part I to a
temporally modified part-whole relation. Many of the complications
arise because continuants may have temporary parts, be mereologi-
cally variable. We examine some of the implications of this view, and
defend it against criticisms by Chisholm. We also argue that
mereological considerations lead to the perhaps surprising view that
continuants need not exist continuously, and show how this in turn
leads to a novel solution to the Ship of Theseus problem.

5.1 Continuants

Acontinuant is an object which is in time, but of which it makes no
sense to say that it has temporal parts or phases. At any time at which
itexists, a continuant iswholly present. Typical continuants come into
existence at a certain moment, continue to exist for a period (hence
their name) and then cease to exist. Physical bodies, including human
beings, are prime examples of continuants. Most of the continuants
with which we are familiar have a life which, no matter how short,
covers an interval. But we do not rule out a priori the possibility of
continuants which exist only for a moment, though it is very likely
there are none except as idealized possibilities. Imagine two parallel
linesin a plane which begin one metre apart and move apart from one
another at a speed of 1 m/sec., while two other parallel lines square to
the first begin 3 m apart and move towards one another at the same
speed. Both sets of lines begin to move at the same instant. Then one
second later the four lines form a square with sides 2 m where they
overlap. This square configuration exists only instantaneously, but it
exists nevertheless. We further do not require that a continuant have a
continuous life: it turns out that there are philosophically interesting
continuants which exist intermittently.

We use the semi-technical ‘continuant’ in preference to ‘thing’,
‘substance’, or ‘object’. We reserve the latter as a formal term covering
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anything at all. Not everything which we regard as a continuant is
what would normally be called a (material) thing, object, or substance.
In particular, there are numerous continuants, such as smiles, knots,
and waves, which are disturbances in substances rather than sub-
stances. Nevertheless, typical continuants (those which do not exist
only momentarily) display an important formal property which
Aristotle took to be characteristic of (first) substances: they may have
contrary properties at different times in their lives, and yet it is the
whole continuant, and not just part of it, which has the different
properties successively.

It follows that a sentence ascribing an attribute to a continuant
must in general indicate the time at which the continuant has the
attribute. Two ways of meeting this requirement are open. Natural
languages tend to operate with devices like tenses and temporal
adverbs, which have an indexical element, taking the time of utterance
as datum. The other way is to suppose provided a system of dates for
giving names to times, so the general form of predication about a
continuant c is at t\ where 4is a tenseless sentence frame. For
various reasons, not all of them argued here, we prefer the latter
alternative. First, it is simpler. Secondly, we wish to consider
predications where temporal reference is significant alongside those
(such as identity predications) where it isnot. Finally, we shall thereby
be better able to get a better perspective on the differences between
continuants and occurrents. We leave it to the interested reader to
investigate how similar ideas can be formulated in a tensed language.

Although we shall concentrate mainly on continuants which are
individuals, there are plural and mass continuants as well. A
committee, orchestra, or species is a group which comes into existence,
continues to exist, then ceases to exist. These are all groups which are,
in the sense o f ‘part’developed in Chapter 4 for pluralities, mereologi-
cally variable: they change in membership. Pluralities designated by
plain plural terms, i.e. classes or manifolds, do not have to be
continuants. For instance, the events leading up to the First World
War are no continuant. Even where the members of a class are
themselves continuants, the class itselfis not. The kings and queens of
England should in all likelihood not be considered as a plural
continuant. This is because the purely tenseless predicate ‘is one of’of
membership is, like identity, a purely formal predicate, and hence
immune to temporal modification. A mass continuant would be
something like the wine in a certain bottle, which came into existence
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us part ofthe wine in one or more vats, and will probably cease to exist
when broken down in various digestive systems, or perhaps by turning
before then into vinegar. It is to be noted that, although we identify
this mass by reference to its period of being all together in the bottle,
its existence does not coincide with its period of being gathered
together: the same wine exists even after it has been poured into
several glasses. It is significantly less easy to find a clear example of a
mereologically variable mass continuant. The water in the River
Salzach might afford an example. However, we seem more inclined to
say the water in the Salzach today is different from that yesterday,
rather than that it is the same water with some difference in parts.
Mass terms tend to connote mereological constancy, since it is in
terms of conservation of matter (mass term standing in for mass
substance terms) that we account for mereological variation. This is
one reason why mass terms so plausibly fit the tenseless extensional
mereology of the previous chapter.

5.2 Temporary Parts

It is a belief deeply woven into common sense that many material
objects may, within certain limits, gain and/or lose parts without
prejudice to their identity and continued existence. We call such
objects mereologically variable, and contrast them with objects for
which the gain or loss of the least part spells doom; these we call
mereologically constant. Exact definitions of these concepts follow.
The belief in the mereological variability of most of the substances
with which we are acquainted is a key one in the metaphysics of
Avristotle and other realists such as Locke. Yet numerous philosop-
hers, including Abelard, Leibniz, Hume, Reid, and most recently
Chisholm,1 have found the belief to be either false or at any rate
sloppy. In examining this issue, we operate on Moore’s principle that
the onus is on those who wish to deny a common-sense beliefto prove
their case. We shall conclude that the reasons for hanging on to the
common-sense view are better than those for giving it up or revisingits
significance.

For the purposes of presenting the problems of flux in continuants,
there is no need for a sophisticated theory of time. We shall assume
that the variables t, t', t",... range over temporal instants, which we

1 See the references is chisholm 1976:14S, 221.
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think of as ordered by a dense linear ordering. It would complicate
matters unnecessarily to consider intervals rather than instants,2or to
consider the relationist position according to which times are
abstracted from events. One thing at a time. We introduce a predicate
modifier taking these instant variables as arguments, corresponding
to the temporal preposition ‘at’. Modification ofa simple predicate by
the modifier ‘at t' is signified by subscripting the variable to the
predicate sign. The logical constants, including identity, and all
expressions, including predicates, defined purely in terms of the
logical constants, are such that the modifier %t t' cannot significantly
be applied to them. Nor can it be attached to singular terms, although
it will occur within descriptive singular terms. Similarly, predicates
defined in terms of a formula where all occurrences of temporal
variables occur bound (as in CTD10 and CTD12 below) will not be
further modifiable. There are philosophical reasons for taking these
decisions to be the right ones, but we shall not here go into them, as
that would lead us too far afield. We adopt the convention that
unmodified occurrences of modifiable predicates are to be understood
as being existentially quantified, i.e. as meaning ‘at some time’,
according to the schema

CTDS Fat... aHs 3{F,ai ... af

where, to avoid scope problems, we restrict F to being a simple
predicate symbol (which may however be defined). We shall for the
present confine temporal variables to the roles of modification and
being quantificationally bound; mereological, ordering, and other
relations among times will not be considered, though they would be
necessary to take account of further issues such as coming to be,
ceasing to be, growing, and diminishing.
The formal system here sketched is called CT (for ‘continuants and
times’). We let &, b, ¢, a,, ... be continuant parameters and ¥, v, z,
(bound) continuant variables. The underlying logic we sup-
pose to be a two-sorted version of that underlying the free system F of
Chapter 2, allowing for necessary adjustments to vocabulary. Since we
want quantificational and identity theory for times as well as
continuants, we assume that the axioms and rules of the underlying
logic apply to both continuant and time terms. So the first axioms,

3 For in explicit treatment of time intervals using mereological concepts, see
neeoham 1981, whose mereological part we discussed in §2.9.4 above.
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rules and definitions of CT (after CTDS) are:
CTA 0-5 as FAO0-5, modulo vocabulary
CTR 1-2 as FR1-2, similarly

CTD 1-2 as FD1-2, similarly

We now consider mereological vocabulary. Definitions falling under
CTDS will not be given specially. We take “<,”as primitive, and leave
it deliberately open at this stage whether improper parts are identical
with their wholes: in the light of discussion in Chapter 6 it will
transpire that *<,”can be given more than one interpretation. For the
moment, the partial characterization given in the axioms to follow
suffices to introduce the important points we wish to consider. We
may define analogues of two familiar notions in the obvious way:

CTD3 a«,bs a<,ba ~ b<ta
CTD4 ao,b = 3xx<,aax <,hl

To deal adequately witlvcontinuants we need, alongside the timeless
logical notion of existence, a temporal notion as well, corresponding
to the sense in which it is true of Troy that it existed in the twelfth
century bc but not that it existed in the twelfth century ad. For this
purpose we introduce the predicate ‘Ex’, which, in contrast to ‘EP, is
temporally modifiable. The two are connected by the principle that,
for continuants, to exist (E!) is to exist (Ex) at some time, which we
embody in an axiom

CTA6 Elas 3frEx,al

which yields, by CTDS

CTT1 ElasExa

We do not have a tensed identity predicate. There is no sense which can
be given to the question When was a identical with bT which makes it
a question about identity. We further stipulate here that ‘Ex’and its
modifications are not significantly predicable of times: expressions
like ‘Ex,.t’are not well formed. We are now in a position to give axioms

for mereological notions comparable to minimal extensional mer-
eology without the extensional principle SA6:

CTA7 Ex,a=>a<,a

CTA8 a<,b =>Ex,aa Ex,b

CTA9 a<rbab<,c=>a<.c
CTAL0 a«,b=-3xx«,ba ~xo0,a'
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In each case we have suppressed an initial universal quantifier binding
the temporal variable. So far, the system appears not too dissimilar
from the system F of Chapter 2. We can mention some obvious
theorems:

CTT2 Ela=a<a

CTT3 Elas aoa

CTT4 Ela= 3xx o0al

CTT5 a<bzz E'aa E!h

which seem to promise enough similarities with the untensed system F
to make us feel that much the same theme is under discussion.

However if we look again, the parallels begin to break down. For
instance, the formula analogous to that expressing transitivity in F:

CTF1l a<bAb<cz>a<c

does not follow from the axioms given so far, for when fully expanded
it reads:

CTF1l' 3tra<,b'A 3trb <tc => 3tra <,c'

whichis false ifthe times when a is part ofb do not overlap those when
b is part of c. The theorem

CTTe 3fra <tba b <tc' = 3rra <tc

isofcourse a simple consequence of CTA9 by predicate logic. Further,
as a result of the critical discussion in Chapter 3, we do not want
mutual containment to entail identity, and so define a coincidence
predicate as follows:

CTD5 a< >,bs a<thab<ta
giving us such theorems as

CTT7 Ela=a<>a
CTT8 a«,b=a<tha ~ (a<>b)
Coincidence is an equivalence relation for continuants existing at any
particular time, in that
CTT9 Ex,a=3a<>a
CTT10 ao thb=b<>ta
CTT1l a<>bab<>c=a<>;c
and coincidence is connected with identity by
CTT12 a=Dbo. Exav Exb=a<>b
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We are in a position to give definitions of mereological constancy
(MC) and mereological variability (MV):3

CTDes MCas Vrt/rEx,a AExfa=3Vxrx <fa=x <, all

CTD7 MVa= ~ MCa

It follows from this, trivially, that

CTT13 ~Ela=>MCa

which is as we should expect: only continuants which exist (at all) have
parts that can vary.

Before bringing these concepts to bear on the issue of whether
mereologically constant objects have some kind of superiority or
priority over mereologically variable ones, we shall, to get the feel of
the new concepts, consider how far we can go in carrying over the
ideas developed for untensed mereology to this version. There are
appreciable differences.

A relatively minor point concerns how to define disjointness. We
consider three possible disjointness predicates. The obvious one is
CTD8 a = ~ao,b
Objects are disjoint at a time in this sense if (but not only if) either or
both does not exist then. This has the odd consequence that Socrates is
disjoint from Quine in 1646. Now of course there are dated truths
concerning objects not existing at the date in question, for example,
that Socrates was not alive in 1646, or that Quine was to be alive 300
years later. But it would seem odd to give a list of pairs of objects
disjoint from one another on, say, 1 July 1646, and include the pair
Socrates, Quine on this list. To take account of this we may define a
second disjointness predicate:

CTD9 a2,b=Ex,aa Ex6a ~ao0,b

In fact, a similar point could have been made with respect to the free
extensional system F, for there ~Elav ~E!b =>a[b, but the point
was too minor to mention. For those intent on preserving the parallels
to previous systems, neither of the two disjointness predicates so far
defined is a contradictory to o in the sense ofa[b = ~(a o b): both
notions are sub-contrary to o . A true contradictory may be defined:

CTD10 a3b = Vfa&b"
(or equivalently, replacing ‘1" by *2\)

3 shorter 1977 uses the terms '‘component identical’ and tomponent changing’.
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exists along with and coincides with b. Yet a and b may have no parts
in common, so the sum leaps back into existence with a brand new set
of parts. One may be forgiven for thinking that we are wishing these
strange objects on the world with our symbolism if we take them
seriously. To avoid them we can again define a modifiable predicate by
analogy with Pr:

CTD15 cSu,0obs Ex,caVxrxo,cs x0,aVvXxo,b'
where again the notions are connected by
CTT16 cSUab a Ex,c =>cSu,ab

and we leave diachronic questions open. But there is an intuitive pull
in another direction, requiring the simultaneous existence of a sum’s
summands at any time at which it exists. For this we may define a new
predicate

CTD16 cSMui = tVxrx 0,¢c = Ex,aa Ex,ba (x o,av x o0 ,bf
with the consequence

CTT17 cSMob VfrEx,cs Ex,oa Ex,!*1
This notion of sum does not of itself avoid intermittently existing
sums, for if a and b are already intermittently existing objects, which
sometimes exist at the same time and sometimes do not, then the sum
comes into and goes out of existence as well. But if there are no other
intermittently existing objects, none is introduced as a sum by this
definition (assuming we add the appropriate existence axiom).
There is accordingly room for grades of caution in admitting the
existence of sums: we may admit SM sums and not SU sums, though if
we admit the latter we admit the former, as long as at least two objects
ever exist simultaneously. Indeed, it is a theorem that

CTT18 CjSUab a c2SMab = VirEx,aa Ex,b 0 cx< >,c2

—whenever objects exist simultaneously, all their SM sums and all
their SU sums coincide. Conversely, if one of a, b exists at a time at
which the other does not, then at such times no SM sum exists, but an
SU sum does, assuming an axiom ensuring the existence of SU sums.
An SM sum is inherently frail: it exists only as long as both of its
summands, whereas an SU sum may outlast any particular one of its
summands, though of course not all of them. However we view the
existence of sums in general, there would appear to be room for both
of the concepts of sum here introduced.

Matters become more interesting when we consider the generalized
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notion of sum, because the time variables play a significant role. Pre-
analytically, we should expect a sum of, say, schoolteachers to be an
object comprised of all and only persons who are schoolteachers. This
simple-sounding requirement shows itself, however, to be ambiguous.
Do we mean all persons who are schoolteachers at any time, or all who
are alive at the time of utterances, or all who are alive and are
schoolteachers at the time of utterance (i.e. excluding retired school-
teachers and schoolteachers-to-be)? To cover the most important
alternatives, we define two new expressions. The first is a cross
between a quantifier and a predicate: it takes one nominal argument
and binds one nominal variable. The expression ‘SU’ will again be
used, for reasons which will become obvious. aSUx'A1 may be read
as ‘a is a sum of objects such that A\ and is defined as follows

CTD17 aSUX/T = VxVfxo,as 3/AJy/x]axo,/1

provided that A does not contain ‘r’ free. This covers both the case
where we consider the sum of objects which are Fs at some time or
other, and those which are Fs at some given time, for

CTT19 aSUxrFx m VxVitxo,a= 3y Fyaxo,y"

it being remembered that ‘Fx’ abbreviates ‘3f'rF,-x\ So in the
sense of SU, a is a sum of schoolteachers iff, at any time, a comprises
all those objects which exist at that time and are, were or will be
schoolteachers at some time or other. This sum may exist at a time
when no one is a schoolteacher, provided at least one ex-teacher or
teacher-to-be is alive.

Similarly we may sum those things which are schoolteachers at a
given time, say f', by

CTT20 fISUxrF,.x1m VxVfx 0,aa 3y Ft.jiaxo/

Again, at times other than t' there does not have to bea current F for a
to exist: only something existing which was or will be F at t'.

Neither of these notions captures the meaning intended fora sum of
things which are F at the time in question (the then current Fs). For
this we need a new predicate-cum-quantifier, this time binding two
variables at once. The expression ‘aSUMfrF(x1 may be read as ‘aisa
sum of Fs’, but it has a different definition, showing the ambiguity of
the vernacular expression:

CTD18 oSUMfF.x1m VxVixo,a = 3/F,ya xo,y"

SUM differs from SU with respect to the binding of the temporal
variable. It is accordingly SU which is the generalization of the binary
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sum (also written ‘SU”), since
CTT21 cSUabmcSUxx =avx =b'

but we cannot apply SUM to the open sentence x = av x = 6’,since
this cannot be significantly temporally modified. In the sense of SUM,
a sum ofschoolteachers isan object which, at any time, iscomprised of
just those persons who are schoolteachers at that time. So at a time
when no one is a schoolteacher, no SUM sum exists, although if there
are future or former schoolteachers alive then, an SU sum could exist.

For those who are disposed, as | am, to deny that there are
mereological sums or heaps of schoolteachers in any case, we must
caution that the problems of temporal sums are not avoided by this
denial, which applies only to this example. In particular, exactly
analogous problems arise for pluralities: ‘the collection of all school-
teachers’ exhibits precisely the same ambiguities, which in view of
Chapter 4 is to be expected. For reasons we gave there, we are on
stronger ground in asserting the general existence of sums when
considering pluralities and masses than when considering individuals.
In the case of mass terms however, the tendency is very strong to
understand ‘all the world’s salt’to mean only present salt, although it
might—at a pinch—refer to all the salt there ever was, is, or will be.
This tendency to prefer the SUM concept for mass terms may be
connected with their operating at a level closer to mereological
constancy, as we shall see.

Mereological notions are of relevance to our individuative prac-
tices. It matters, in finding out what Fido is, that we can in principle at
any time decide with reasonable certainty for most things whether
they are part of him, overlap him, or are disjoint from him at that time.
But we have not finished deciding what Fido is when we can pick him
out from his surroundings (and from what he surrounds) at any one
time. For an object like Fido does not stand mereologically still.
Things that were once part of him are shed, new things and stuff gets
incorporated. Fido is subject to change of constituent matter, or
‘metabolism’.3 Knowing what Fido is depends on knowing roughly
within what limits such metabolism or flux of parts is tolerable. The
kind of object does not determine which particular parts it has, but it
usually does set limits to what sort of parts it (typically) has, what these
are made of, and how they normally stand in relation to one another.

5 The German word for metabolism, 'Stoffwechser, is particularly apt.
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For objects which are especially important to us, such as ourselves, the
study of such part-part relationships even has a name: anatomy. This
applies in particular, however, to the objects of a kind taken at a
particular time, whereas for individuation we are also interested in the
diachronic story.

5.3 Chisholm’s Entia Successiva

Ifsome of the issues raised so far have had more to do with trying out
how far we can adapt the ideas of extensional mereology to the tensed
context than to real-life problems, we have still learnt that taking
account of time introduces considerable complications into mer-
eology. It is precisely this sort of complication which must be taken
into account if we are to give an adequate account of the mereological
aspects of continuants. Many of the complications stem from the
assumption that some objects can have parts at one time which they
do not have at another. If this assumption were wrong, or needed
importantly modifying, then we should need to think again. There is,
however, at least one philosopher who agrees with us in rejecting the
four-dimensional account of change, who accepts that we pre-
theoretically describe substances as having some of their parts
temporarily, yet who insists that a genuine continuant is mereologi-
cally constant. The finely wrought theory of Roderick Chisholmé
examines all the issues in this area, and comes to a very different
conclusion from us, namely that mereologically variable continuants
are not primary substances, but rather logical constructions out of
mereologically constant ones, and that talk of temporary parts is
loose. The issue is not an abstract one. If Chisholm is right, the vast
majority of those things we regard as substances, including such
apparently exemplary cases as organisms, are in fact logical
constructions.

Chisholm’s mereology is based on *«’rather than ‘< ’,and does not
presuppose the existence of arbitrary sums. He does not clearly mark
the distinction between tensed and untensed part-whole vocabulary.
If we consider the axioms he gives for part and whole, they may be
formulated as follows (using the variables of CT but the symbol ‘« ’as

* chisho1m 1973,1976: appendix B.
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understood in F rather than in CT):
RCAl x«yAyc<z3 xX«z
RCA2 X « p ~y«X
RCA3 x«y3 O(Ely3 x«y)
RCA4 x+y3 0(ExaElya~ 3zrx« zay « z))
On the basis of this vocabulary Chisholm introduces disjointness:
RCD1 x(y =xFya~ 3z« Xa-«y7a~X«ya~Yy«X
which is equivalent by predicate logic to the definition
X[,y =~3z<XAz<y’

on putting X<ysX«yvx =y

Two further notions, ‘wis strictly made up of x and y’ (we write ‘w

sm xy”) and X is strictly joined with y’ (we write *x sjy’) are defined
thus:

RCD2 wsmxy = X«xWAY«WAXIYyA ~ 3zrz« waz\x azlyl
RCD3 xsjy s= 3wrwsmxyl

The first of these is simply the notion of a disjoint sum. Because
Chisholm does not accept the existence of arbitrary sums it does not
follow, as it would in ordinary extensional mereology, that any two
disjoint individuals are strictly joined. Chisholm regards individuals
as strictly joined when there is no third individual between them.7
This however introduces topological considerations, so it is wrong to
say, as Chisholm does, that joining and disjoining are forms of
mereological change;8 rather they are part-mereological, part-
topological changes. The criterion for strictjoining isalso unfortunate
in that it implies that if x and y are strictly joined but not in contact,
they could become disjoined in virtue of the passage between them of
a third object, which isnot per sea change in either or a change in their
direct relations to one another. Ifthe passage ofa third object between
the other two is brief, and they undergo no essential mereological
changes in the meantime, then the question arises as to whether the
disjoint sum which went out of existence with the insertion of the third
object is the same as that which comes into existence when it was
removed. Ifit isthe same, we have an intermittently existing sum. This
problem of intermittence is one which Chisholm himself poses for the
case of a toy fort which is built from toy bricks, taken apart, and then

1 chishorm 1976: 153. « Ibid.
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reassembled with the same bricks in the same positions.9 This
objection is ad hominem, since Chisholm gives reasons for being
dissatisfied with the usual ontology which consist in mentioning just
such problems. However, there is no doubt that it is important for
numerous reasons to subjoin topological concepts such as those of
touching or being in the interior of something to those of
mereology.10

The axiom RCAZ3 is taken by Chisholm as expressing a principle
which is vital for his treatment, the principle of mereological
essentialism. We shall discuss such modal principlesin greater detail in
Part 111 below. Important here is that Chisholm expresses the
principle, or something like it, in another way, namely11

For every x and y, if x is ever part ofy, then y is necessarily such
that x is part of y at any time that y exists

This gives an essential or de re necessary property ofy. Anticipating
the discussion of such properties in Chapter 7, we symbolize it as

RCA3' 3frx«,y1” O (Ely =>VtrExy=>x«, yl)

This is a stronger principle than RCA3 (where we understand the
latter in such a way that the untensed predicates mean what they do in
CTDS.) Rather than try to puzzle out the connections between tensed
and untensed vocabulary in Chisholm, which he does not make clear,
we shall simply go ahead and modify his axioms to allow temporal
modification. The first two may be modified simply by subscripting
*«’with‘t"and binding the whole initially by “Vt\ The results we may
call RCAl' and RCA2' respectively. The fourth axiom does not
concern us here, so we leave it aside. If we now define untensed
occurrences of non-logical predicates to be eliminable in favour of
tensed ones as in CTDS, then RCA1-3 follow from RCAT-3'
provided we add some uncontroversial assumptions. We show this for
just the first case.

RCT1 X« Yyay«zoX«zZ

Proof

(D) x«yay«z Assumption

(@) 3try«,z’ 1, CTDS

QB y«,. z 2, Assumption*
* Ibid: 90.

10 Cf. tites 1981: 8§88ff. for an application of such an extension.
M chnisnorm 1976: 149,
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4) Ex,y 3, CTAs

(5) Ely 4, 3in, CTAs6

(6) 3rrx «>>" 1, CTDS

(7) IEx,y x «,y" 6, RCA3', O out, 5
(8) x«ty 7, Vout, 4

) x«,. z 8, 3, RCAl'
(10) x « z 9, 3in, CTDS

While it is perhaps understandable that Chisholm does not make
quite clear the relationship between tensed and untensed mereological
predicates, the relationship between RCA3' and our interpretation of
RCA3 makes it clear that the former is to be preferred. The force of
RCAZ3' is that if any objects ever stand in a purely mereological
relationship to one another (where a relationship is purely mereolog-
ical when it can be defined solely in terms of mereological primitives
and logic), then this relationship is essentially permanent in the sense
that it holds as long as all the objects involved exist, and only comes to
an end when one or more ceases to exist. This is presumably one
reason why Chisholm calls both coming-to-be ceasing-to-be
mereological changes—in our view unhappily (cf. the remark about
joining and disjoining above).

It must be stressed that mereological essentialism applies, according
to Chisholm, not to common or garden continuants, but only to
continuants properly so-called (entia per se) and their parts properly
(i.e. strictly and philosophically) so called. The mereological constancy
of such objects is a simple consequence of RCA3'. Mereologically
variable objectsare not continuants in a strict and philosophical sense,
but rather what Chisholm calls entia successiva or entia per alio.

We first sketch Chisholm’s theory of entia successiva, and discuss
some of the difficulties in its formulation. Roughly speaking, an ens
successivum is a series of entia per se, each of which is mereologically
constant, and which ‘stands in for’ or ‘does duty for’ the ens
successivum at a particular time. The idea is not dissimilar from that
which Russell applied to get bodies and persons as logical construc-
tions out of series of sense data, although Chisholm is of course not a
phenomenalist. Chisholm first defines direct succession between
stand-ins, then defines succession (which is relative to the kind of
object in question, be it a table, cat or whatever) as the ancestral of the
direct succession relation. Two entia per se constitute the same
successive a if they stand in the relation of a-succession. This gives us
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diachronic identity conditions for entia successiva. Finally, certain
particular properties possessed by entia per se (roughly, those charac-
terizing its present physical state, but the details may be omitted here)
are inherited by the entia successiva for which they stand in. This
applies in particular to part-whole. Chisholm explains the coinci-
dence of mereologically variable continuants such as cats and the
mereologically constant entities which do duty for them by simply
defining the parts of an ens successivum at any time to be those of its
stand-in. The apparent fact that continuants change parts is to be
explained by saying that different successive stand-ins may (per-
manently) have different parts.

We note that only mereologically constant objects can stand in for
others, and that mereological sums must themselves strictly be
constant. Without mereological constancy, there is nothing to stop
mereological sums from being mereologically variable. To see this,
take once again poor Tibbies, who was introduced by Wiggins to
discuss precisely the point at issue.12 Tail is her tail, and Tib the
remainder. Tibbies coincides with the mereological sum Tib + Tail,
and what is more, continues to do so, despite changes in the parts of
both Tib and Tail. For we introduced the individuals Tib and Tail, so
to speak, on the back of Tibbies, Tib as the body of the cat, Tail as its
tail. With blood circulation and the like, Tib and Tail toss certain parts
back and forth. But the body ofa cat and its tail metabolize parts in
such a way that their sum keeps in mereological step with Tibbies
herself. Now Wiggin point is to show that Tibbies is not identical
with Tib + Tail, despite their constant coincidence, since Tibbies, but
not the sum, possesses the modal property of being such that it could
continue to exist even if Tail were annihilated. (Here it is clear that the
sum is being understood as the frail SM sum of the previous section.)
Chisholm reply to Wiggins13makes it instructively clear that he is, at
least for purposes ofargument, taking body and tail as mereologically
constant parts, since he remarks that, although Tibbies may coincide
with Tib + Tail today, she may have coincided with some other
mereological sum vyesterday, such as Tib+ Tain, or Tip+ Tail.
Pressed, he would see the mereologically variable body and tail as
themselves entia successiva and their sum as only a loose and popular,

13 wiogins 1979 no0onan 1980:23 makes the some point. He calls the part ofany cat
apart from its tail a ‘puss’. Sometimes, for example in the case ofa Manx cat, a puss can
also be identical with a cat.

15 chisholm 1979: 385. X
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and not as a strict and philosophical sum, which may only involve
constant objects. We get closer to this idea by considering, not the
body and tail, but the masses of matter making up body and tail
respectively at any given time. We should argue, cm the contrary, that
the difference between the sum ofa body and tail on the one hand (i.e.
usually an integral cat) and the sum of the matter composing a cat’s
body and the matter composing its tail on the other (i.e. the matter
composing the cat) is not to be explained in terms of two different
notions of sum, a loose and popular one versus a strict and
philosophical one, but rather in terms of the difference between the
kinds of entities summed. However, this begs the question against
Chisholm, so we shall for the moment only work with sums of
mereologically constant objects, which are acceptable to him.
Chisholm gives, in two different places, different definitions of the
notion of kind-relative succession between entia pers e We use the
variable ‘a’as schematic for kind-words (‘cat’, ‘table’, etc.) in place of
Chisholm’s concrete examples. The earlier definition goes as
follows:15

x isat ta direct a-successor ofy at t' = Df (i)t does not begin before t (ii) x is
anaattandyisan «at f;and (i) thereisa z, such that z isapart ofxat tand a
part ofy at t! and at every moment between t' and t, inclusive, z is itselfan a.

If, for example, through the interval t', y is a table which does not lose
or gain any part, and x is the whole which arises by joining or
disjoining a piece to y at the first moment of f (or, indeed, by
simultaneously joining one piece and disjoining another), then x isat t
a direct table-successor ofy at t'. The common part ofx and y, say w, is,
if x arises simply by joining, y itself, or, if x arises by disjoining or by
simultaneous joining and disjoining, wis the part ofy minus the part
which is disjoined (there will in general be other such parts, but we
have in each case picked the largest such). What is wrong with this
account is that wis not throughout a table. Chisholm argues that it is,
as follows:16

Ifwecut offa small part ofa table, we may still have a table left. But if the thing
that is left is a table, then, since it was there before, it was then a table that was
a proper part of a table.

cnisnom 1976: 99 and 1979: 386.
chisnotm 19761 99. * Ibid.
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The argument is not logically valid. Were it correct, then
Shakespeare’s Prince Hal could have argued as follows (cf. Henry 1V,
Pt. 2, act tv, sc. v):

If the King dies, then we may still have a King (namely myself, the Heir
Apparent). But if that person is a King, then since he was there before, he was
then a King who was the eldest son of a King.

Hal was not King while his father was alive, but became King on the
death of his father, and could have become King earlier, had his father
died earlier. Similarly, the object which becomes a table was not a
table beforehand, but rather a proper part of a table which was
destined to become a table on detachment of the relevant part, and
could have become the table earlier had the part been chipped off
earlier. The point is not new, having been made before by Wiggins and
Quine, though in neither case against Chisholm.17

Chisholm later gives a different definition of succession as follows
(we adjust the symbolism to harmonize with our rendering of the
earlier version):18

x directly takes over fromy asan aatt « Dfy and x have a part in common;
eithery isa partofx or (sic)y ceasesto beanaatt; or x ispartofy and x begins
to bean a att

x isadirect a-successorofyatr =D fxisana during t;and at the first moment
of t, x directly takes over fory as an a

y is a direct ot-predecessor of x at t = Df x is an a during t; and at the last
moment of t, x directly takes over fory as an a

Chisholm then defines predecessors and successors in terms of finite
chains of objects which are both predecessors and successors of the
right kind. As he points out, the definitions are compatible with both
fission and fusion of as. Unfortunately, it seems that they are not

"7 wiggins 1968:95. quine 1981 has, as ever, a nice formulation ofthe point ‘A table
contains a graded multitude of nested or overlapping physical objects each of which
embodies enough of the substance to have qualified as a table in its own right, but only
In abstraction from the rest of the molecules. Each of these physical objects would
qualify as a table, that is, if cleared of the overlying and surrounding molecules, but
should not be counted as a table when still embedded in a further physical object that so
qualifies in turn; for tables are meant to be mutually exclusive. Only the outermost, the
sum of this nest of physical objects, counts as a table’ (92f.). We might quarrel with the
ponultimate point only: if we make a large table by pushing two smaller tables together,
itdoes not seem senseless to say we have a table which isa proper part ofa table. But this
la clearly a different kind of case from the one under consideration.

' chisholm 1979: 386.
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compatible with the simple case where an a simultaneously gains and
loses a piece. Ifa+ bisan a, and bdisjoins from aat the same time as c
joins a, so that a+ cisan a, then a + b should be the a-predecessor of
a+c, and a+ c the a-successor of a+b; but this is not allowed by
the definitions unless we know that a isan a throughout, so it connects
a+band a+ cin achain. However, we argued above that it need not
be the case, and in general will not be the case, that aisan a all the time.
In this case a will in general never be an a, being too bound up with
other parts throughout. Chisholm’s definitions only work, then, if
they assume a false principle.

It could be that there are ways of patching up definitions to take the
objection into account, but I am more interested in an essential feature
of Chisholm’ account which | find counter-intuitive, namely that
each of the stand-ins for what we ordinarily call an a (dog, cat, table,
ship, etc.) is itself, indeed is in the primary sense, an a. This is
important: the ‘is’ here is the ‘is” of predication and not the ‘s’ of
constitution.19 For ifit were the ‘is’ of constitution, i.e. if we read ‘ais
an a’as meaning ‘a constitutes (makes up) an a’,20 then we are entitled
to ask, ‘Which <& But this question can only be answered by invoking
the whole machinery of stand-ins to individuate the ens successivum,
for this derives its identity from those ofits stand-ins. Were this not so,
then there would be nothing to be said for the claim that the stand-ins
are ontologically prior; we should rather be investigating the relations
between different, intimately related, but nevertheless ontologically
coeval objects—which is indeed our position, but not Chisholm’s. So
the machinery must be invoked to explain itself if the ‘s’ in This
stand-in is a table’ is the ‘is’ of constitution, and we get no further
forward. So the stand-in really is itselfa table. The primary objects of
which we predicate things like ‘isa man’, ‘is a table’are mereologically
constant, and the rest of our usage is a mere playing fast and loose
with identity’: when we say that the man before us has lost a lot of hair
in the last year we are using ‘man’ loosely. What we strictly should say
is that the man who stands in today for the same successive man has
less hair than the man who last year stood in for him (him?). | am at
one with David Wiggins in thinking that Chisholm is here skirting
dangerously close to the four-dimensional ontology:21 despite the
latter’s disclaimer, and his insistence that the relation of a successive

19 On the ‘is’ of constitution cf. wigoins 1980: 30ff.
20 Cf. the converse in oriffin 1977: 165.
21 Wiggins 1979: 302.
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object to its stand-ins isnot that ofan aggregate to its parts,22 he is still
attempting to imitate the four-dimensional accounts of fission, fusion,
and continuity while foregoing temporal parts. The issue seems to
turn on whether the sortal concepts ‘man’, ‘table’, etc., which, as has
often been pointed out, are bound to conditions which stipulate
within reasonable limits what is to countat a time and over time as one
and what as many of the kind, are applicable primarily to mereologi-
cally constant objects, as Chisholm requires, or to mereologically
variable ones, as we believe, and as we contend is the commonsense
view. Chisholm’s view is forced on him by his theory, and it is not the
worse for that. But it has as a consequence that most if not all men use
most if not all sortal terms in a philosophically unacceptable way most
ifnot all the time. Since it is this apparently objectionable usage which
we inculcate into our children, it seems we must all be living in a kind
of linguistic original sin. This view may not be logically inconsistent,
but it seems an unacceptably high price to pay for making the world
safe for mereological constancy. There are problems raised in this
section which we shall take up later, in particular those relating to
matter, form, constitution, and the full modal version of mereological
essentialism.

5.4 Intermittent Existence and Part-Replacement

There is perhaps a disposition, based on our normal experience, to
deny that an object can exist for a while, cease to exist, and then come
back into existence again. Even where such ideas take foothold, for
example in certain theological contexts, it iscommon either to attempt
a reinterpretation of the idea of going out of existence, or at the very
least to hang on to some seed or other substrate whose existence
throughout the interval is asserted. Against intermittence, it was
stated by Locke ‘that one thing cannot have two beginnings’.23 This
looks like what Wittgenstein would have called a grammatical remark
about the term ‘beginning’, but if we look again we see that this term
can have both a local and a global meaning. When applied to activities
such as walking, talking, singing, climbing, it is true that, globally,
there can be only one beginning: we say, for emphasis, ‘When did you
first begin/start climbing?’ In the local sense, there can be many2

12 Chishotm 1979: 385f.
11 Locke, Essay, book 11, ch. 27, } 1; cf. also wicoins 1968: 91.
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beginnings ofan activity: a bird begins to sing anew every morning. Of
course, it is a different episode which is begun each time of a certain
kind of activity, and only the beginning of the first such episode is a
global beginning. But this cannot itself be used as an argument for
something’s never being able to begin existing more than once. Of
course existing is not an activity, but there is no indication that ‘begin
to exist’ cannot have a local as well as a global meaning. That
something globally begins to exist only once does not mean it cannot
come into existence (locally) more than once. It is true that an
organism, for instance, cannot have more than one life, and can
therefore only have one beginning to its life. But this is because the
term ‘ife’ is already global in meaning. There is no such thing as a life
which isshort ofa complete life. But this does not itselfentail that the
life of an organism must be uninterrupted. It is not absurd, and may
even be useful, to consider the possibility of real gaps in the life ofan
organism.

There is of course always a way out for those who wish to deny
intermittence: they can insist that what looks like something’s coming
into existence for a second or subsequent time is really either one thing
existing throughout, but being in some kind of radically altered state
for an interval, or else one thing’s going out of existence and another,
similar thing’s coming into existence later. This dual strategy preserves
the principle of continuity of existence while providing ways of
dealing with putative counter-examples.

Intermittence arose in conjunction with the discussion of tensed
sums and products, and will crop up in the next chapter when we turn
to superposition (being in the same place at the same time). However,
if we approach the question of intermittence undogmatically through
concrete examples, we find there is no easy decision on the matter. In
the case ofartefacts which can be dismantled for storage or service and
then reassembled, we have no hesitation in saying that the thing in
question exists throughout, even when not ready to perform its
characteristic function. Such objects may get scattered in the process
however, for example various parts of a car being sent to different
workshops for repair, and here we begin to have qualms. Suppose |
have a rare vintage car, whose engine must be repaired in Germany
while its wheels go to England and the body is repainted in France. Is
it normal to regard such a scattered object as an individual car?
Another problem is that we are more inclined to accept continuity of
existence if the thing actually gets put back together again, but surely
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whether it does so or not is accidental. Consider a time after
dismantling, with the pieces scattered. If they are later reassembled,
the thing existed at this time. If they are later lost, or simply not put
together again, or cannibalized for other artefacts, we date the demise
ofthe object back to the point of its last dismantling, so it did not exist
at this time. Whether a scattered dismantled object exists or not while
in that state (so to speak) is not then merely dependent on its present
physical state and its previous history, but also on the subsequent
history of its parts, which seems wrong.

Now it is certain that persistence conditions for artefacts are vague.
We allow them to persist despite part-replacement in repair, but there
is no exact limit to when too much has been replaced—or too much
replaced at once—to allow continuity of existence. Even if we allow
perfect retention of parts, however, we can find cases where we want to
deny continuity of existence. Suppose we have a machine which is fed
some special powder and some water. The machine, when set working,
mixes the two, pours the mixture into a mould, bakes it, collecting the
steam given off, and ejects a bust of Mozart, which it then crushes to
powder, mixes with the extracted water, and goes through the cycle
again. We suppose no matter is gained or lost in the process, so each
bust is made of exactly the same stuff as each other. Now the
pulverization makes it hard to claim identity across the gap, while if
the machine produced alternately busts of Mozart and Beethoven it is
even harder to claim that one bust of Mozart keeps coming back into
existence after a period of radical ‘dismantling’. The defender of
continuity will therefore claim that each time a new bust is made,
despite the total continuity of matter, the matter of one bust is used to
make another.

One thing that makes it less plausible to identify across the gap is
that the stuff of which the busts are made is mixed around each time,
so each minute part of the matter comes to rest at different places in
the finished busts each time. We can, however, screw up the tension in
the example by taking objects made of a finite number of rigid parts
which may be fitted together over and over in exactly the same way,
like Chisholm’s toy castle. Michael Burke has dealt with such an
example.24 A table made of thirty pieces of wood is dismantled, the
pieces used to make a chair, this dismantled, the pieces used again to
make a stool and a bird-house, and then finally reassembled in their

burke 1980: 39Iff.
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exact original order to make a table. Burke then claims two things: the
table ceases to exist when the pieces are taken apart the first time, and
the very same table comes back into existence. The example is
beautifully contrived to bring the problem to a head: we have
complete material continuity, and reassembly in exactly the same
order, to bracket out vagueness and encourage reidentification. At the
same time we have excellent reasons for denying that the table exists in
the meantime. The continuity theorist is on the spot whichever of his
two strategies he employs. However, by making untenable the usual
claim that the table exists in a dismantled state, Burke leaves the way
open for the continuity theorist to deny identity across the gap. He can
claim the case is like that of the busts, despite the sameness of
configuration. Each time a new table is brought into being out of the
materials of the old. Burke’s arguments for identity are thus notably
less convincing than those for the table’s ceasing to exist. His point is
rather that admitting such well-regulated kinds of intermittence
(material continuity and structural similarity) brings no harmful
ontological consequences, such as being unable to trace the objects
concerned across gaps in their lives.

This point seems to me to be well taken, but it is not enough for a
continuity theorist, who demands compelling reasons for giving up his
basic principle. So the issue looks finely balanced. Continuity theorists
have a simple account of existence without gaps. The price they pay
for this is some huffing and puffing about dismantled objects where
continuity is assumed, or multiplying individual objects where it is
not. On the other hand, both views appear to be ontologically benign;
each, taken on its own, has intuitions and arguments in its favour, and,
ifsensibly applied, it does not lead to ontologically bizarre results. The
trouble arises through the opposition of the two views: each interferes
with the smooth working of the other.

This opposition comes to a head in the celebrated problem of the
Ship of Theseus,23 which, we may recall, goes like this. A ship is built
and sails the seas. In the course of time, it needs repair, and its parts are
successively and gradually replaced over a period, so that at the end of
this time none of the parts is original. But a man keeps the original
parts and reassembles them in the original order. So now there are two
ships, and the question is, which of them is identical with the ship with

J5 For the extensive literature to this problem, ef. ORIFFIN 1977:177 n.; also wigoins
1980.92 ff, burke 1980 405. For the related Four Worlds Paradox, see salmon 1982:
§28.
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which we started? The problem is precisely that there are competing
claims: one side favours continuity of function despite flux of parts
(provided the flux is not too considerable at any refit), while the other
side favours material continuity despite the intervening period in
which the original parts are not together in the form of a ship. The
difficulty is that both sides have complementary points in their favour,
so that coming down on one side is unsatisfactory, while the attempt
to find an accommodation by relativizing identity, letting each side
have its say without interference from the other, by turning a problem
into a paradigm, fails to explain why there is a problem in the first
place.

55 Solution of the Difficulty

It seems to me that there is a way of turning all these features of the
opposition to the good without resorting to relative identity. To do so,
we must recognize that the sortal concepts associated with terms like
‘ship” in everyday life constitute a working compromise between two
opposing tendencies. One tendency is to link the identity ofa material
continuant with the identity of its matter: x is identical with y only if
the matter of x is identical with the matter ofy. The other tendency is
to link the identity of a material continuant with the identity of its
form: x is identical with y only if the form of x is identical with the
form of y. The opposition between these tendencies give rise to
difficulties if they are elevated into philosophical dogmas. In his
discussion of individuation, during which he brings up the Ship of
Theseus, Hobbes notes that among the opposed parties ‘some place
individuity in the unity of matter, others, in the unity ofform'.26 Even
where sortal terms as normally used tend not to give rise to difficulties,
abnormal or artificially concocted cases can activate the tension or
potential for ambiguity, because in such cases the working comprom-
ise breaks down and we are torn in opposite directions. This is
precisely what happens with the Ship of Theseus.

Instead of attempting to dispel the tension, let us simply use it. For
each sortal term for material continuants, let us suppose there are two

26 Hobbes, De corpore, part 2, ch. 11, section 7. It should be noted that Hobbes treats
the Ship oT Theseus problem not, as is now usual, as arising from the conflict between
the advocates of material unity and the advocates of formal unity, but rather as an
internal difficulty for the latter. He also mentions a third party, those who take every

real change to involve an object’s going out of existence and another’s coming into
existence.
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sortal terms corresponding to the two extremes. We call these two
kinds of sortals matter-constant and form-constant sortals. So in
addition to the sortal ‘ship’ we suppose there are two other sortal
terms, ‘matter-constant ship’ and form-constant ship’.

Before we proceed, a note on the terminology we are using. By
‘matter’ we mean simply the stuff or makings of something, in its
usual, common-sense, relative meaning. The term ‘form’ is not so
easily explained, and differs in what it involves according to the kind
of continuant considered. For organisms, the form consists in the
characteristic anatomical construction and physiological functioning
which together render it a living thing of its kind; for artefacts, on the
other hand, the form consists in the properties which render the
artefact capable of performing its intended function. ‘Form’may also
be understood in other ways: for geophysical objects like islands,
mountains, and glaciers, the form consists in those physical properties
which give the object its characteristic shape and relation to neigh-
bouring material objects. It can be seen that the concept ‘form’ is
heterogeneous: therein consists its summary usefulness.

The Ship of Theseus problem concerns an artefact: for various
reasons such problems do not arise so readily among sortals for
natural kinds. So a form-constant ship is a material continuant which
has the form of a ship (i.e., is so constructed that it can sail and carry
people and goods on water), and has this form at all times at which it
existsand without interruption. It is of no account whether it isalways
made of the same matter: the matter can change, as long as the
capacity for performing the function is maintained uninterruptedly. A
matter-constant ship, on the other hand, is a material continuant
which has the form ofa ship but which ceases to exist if any matter is
added or taken away.

These sortals impose very stringent conditions on the continued
existence of objects falling under them. Form-constant objects cannot
survive a disruption of continuity of their form: even the shortest
intervention which interferes with the capacity to function counts as
destroying the artefact. Matter-constant continuants cannot survive
the slightest change in their constituent matter. On the other hand, a
matter-constant continuant does not require a continuously main-
tained form. It could survive dismantling and reassembly, provided it
is put back together without any matter being lost or gained. If we
require that at all times at which it exists, it does have the appropriate
form, then it will exist intermittently if wholly or partly dismantled.
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Such extreme requirements are unlikely to be realized in practice.
For the most part, our interest in artefacts concerns what we can use
them for, and here continuity of function is far more important than
material continuity. The entrepreneur is in general indifferent as to
whether a defective device is repaired or replaced.27 Interest in
material continuity is less frequent, though it does occur, for example
among curators of museums and art galleriesand keepers of religious
relics. In practice, even here a compromise is made in allowing
restoration, providing too much of the material substance ofan object
is not exchanged. Here, as in the case of the entrepreneur, there are no
sharp limits to the tolerance. But the tendency to the extremes is there:
the curator leans towards the perfectly matter-constant object, while
the entrepreneur leans towards the perfectly form-constant object.
Usually neither gets his way completely, and if both happened to
make claims on one thing, such as a ship, they would normally have to
come to a compromise. In certain cases, however, each can have his
own way and not at the expense of the other. The Ship of Theseus is
just such a case. Here we start with one ship and competing interests,
while at the end of the story both the entrepreneur and the curator can
be content, each having his ship all to himself. We need to explain why
this is neither absurd nor miraculous. The reason is that each was all
along claiming a different object from the other, which is why they can
both end up satisfied, but initially both objects claimed the same
matter, which is why there was a conflict of interests to begin with.

The entrepreneur has what he wants because he has a ship out
sailing the seas, except for occasional refits in port. His isan (almost)
form-constant ship, and he keeps the same one throughout. The
curator has what he wants because, as the story goes, he gets back all
the original ship parts reassembled in the original ship shape. He getsa
matter-constant ship, the same one he started out with. Each is right
that he beheld and went on board his own ship to start with, and yet
each was also right to regard the other as a rival, since every part of the
matter-constant ship, including the whole, was part of the form-
constant one, and vice versa. The matter-constant ship and the form-
constant ship initially coincide, but later do not, since one is in a

27 Cf. wiogins 1980:98: for many practical purposes, we normally do not care very
much about the difference between artifact survival and artifact replacement. (A
negligence that in no way undermines the real distinction between these.)' We agree
with both parts of this.
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museum while the other is out sailing. We had two ships all along, but
not in the same sense of ‘ship’.

The solution depends on two controversial ontological theses: that
distinct continuants may have the same parts at the same time (may
coincide), and that continuants may exist intermittently. In this case,
the matter-constant ship went out of existence at the first refit, while
the form-constant ship carried on. From this point on their histories
diverge, which is why they are clearly distinct. The reassembly of the
original parts in the original order constitutes the rebirth of the
matter-constant ship. But this reassembly need differ qualitatively in
no way from the building of a new ship—and indeed, it is simul-
taneously the building of a new ship and the rebuilding ofan old one.
For the reassembly of a matter-constant ship is frequently the first-
time assembly ofa new form-constant ship. A shipwright cannot build
one without the other, since they coincide. Here our definition of
coincidence proves its worth. For the shipwright does not have two
jobs to do. He builds both a matter-constant and a form-constant ship
in the same operation, since every part of the one is a part ofthe other.
Why then, when the Ship of Theseus is reassembled, is there suddenly
a new form-constant ship in addition to the one still out on the seven
seas? Because the whole saga can start again from the beginning. The
newly reassembled ship could (probably against the curator’s wishes)
set off to sea, need repairs and refits, and the old parts be reassembled
yet again. We could then have three or (if something similar happened
elsewhere to the form-constant ship which starred in the original
controversy) four ships. In principle, the process could be continued
indefinitely. It isnot a miracle—no law of nature iscontravened in the
process. The only problem is that of finding an unobjectionable
description of what goes on.

It isimportant to see not only that relative identity is not used, but
also that we do not have fission of ships. Of the later ships deriving
from the originals, at most one is identical with the original matter-
constant ship, and at most one is identical with the original form-
constant ship. At each new refit, a new matter-constant ship comes
into existence, though most of these are not resurrected. And at each
reassembly, a new form-constant ship comes into existence. There are
indeed lines of descent, but no ship (ofeither sort) splits to become two
ships. Also, at no time at which we have a (complete, not dismantled)
ship in view are we confronted with something which is only a matter-
constant ship (for instance in the museum) or only a form-constant
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ship (at sea). In previous discussions of the problem, philosophers
have concentrated on the pseudo-question of which is the ‘real’ ship,
so that, even while recognizing divergent interests and perhaps even
different senses of ‘ship’, they have not recognized that the two kinds
of ‘ship’ coincide, so the problem is iterable.

Because the Ship of Theseus problem uncovers the latent ambiguity
in the term ‘ship’, it is a benign antinomy in the sense of Quine,28
showing the need for basic conceptual reform. There is a similar
precedent in the case of the term ‘word’, which needs to be made
precise for certain purposes either as ‘type-word’ or as ‘token-word’.
For most purposes the distinction is unnecessary, but there is a
pressure towards bifurcation which could lead to conflicts and taking
sides just as in the ship case. When the bifurcation is recognized,
significant progress can be made in clearing up muddles by using the
more differentiated terms. Of course, this is only a parallel: the
type/token distinction is not the same as the form-constant/matter-
constant distinction.

We claim that this solution of the problem not only relieves
conceptual cramp: it also explains why each side of the controversy
has something in its favour, and which points these are likely to be.
But it may be objected that the price istoo high: we practically double
the population of artefacts at a stroke, and this offends against
Ockham’s Razor. Of course the world does not look any the more
crowded, because of coincidence, but is the distinction not still
ontologically excessive? To this it may be answered, first, that
although our theory multiplies entities, it cannot be accused of doing
so beyond necessity, since it solves problems which more economical
theories could not. And secondly, if the supporters of material
constancy have been battling against the monopoly of mercantile
conceptions—for millennia, if Hobbes is to be believed—then we have
not suddenly produced new objects from nowhere, but have simply
given their due to objects which have been recognized by some people
for a long time but which the weight of practical interest encourages us
to overlook. Another advantage of the solution is that it accounts for
the attraction o f ‘best-alternative’ theories as to which is the real Ship
of Theseus. According to such theories, the decision as to which is the
real ship depends on circumstance: if there is only one candidate,
whether it be the merchant’s or the curator’s choice, that is the ship,

2L quine 19766: 5.
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and ifthere ismore than candidate after a certain time, then that one is
taken to be identical with the original ship whose claims to be its
successor are the best. If, as we have suggested, the term ‘ship’
possesses in real life a certain latitude, then it is natural that in
identifying ships through time we use this latitude and take the line of
least resistance. That on occasion there may be more than one
candidate with equally good claims is no worry to us, since we are not
committed to the view that the common concept of ship should be
able to resolve all the problem cases. The ‘best-candidate’ theorist
recognizes the flexibility of the common concept but gets into
difficulty because it is again assumed that there is a uniquely correct
answer to the question ‘Which is the real ship?’, so the fact that there
are apparently two real ships is disturbing.20

5.6 Corroboration Found in an English Idiom

We have accepted that practical interests push usage of sortals for
artefacts in the direction of form constancy, and have had to appeal to
slightly quirky interests like those of curators and collectors to show
that terms may tend in a matter-constant direction as well. But in fact
we do not need to contrive examples, since there are a few lexical items
of English and other languages which serve to designate a particular
kind of object in a particular configuration, and support a matter-
constant sense, where, importantly, the sense of ‘matter’ involved is
relative.

The clearest example is fist’. The OED defines a fist as ‘the hand
clenched or closed tightly, with the fingers doubled into the palm, esp.
for the purpose of striking a blow’. We abbreviate this as fist **df
clenched hand’. Similar definitions can be given for configurations of
hair, such as buns and pigtails. So every normal reader carries around
with him or her the equipment for producing and destroying two
intermittently existing continuants. All he need do is clench and
unclench his hands. When the hand is unclenched, the fist ceases to
exist, and when it is clenched again, the same fist comes back into
existence. What is decisive for fist identity is merely the continuity of
the hand. There are many makings of fists, but no one has more than9

i9 See wiogins 1980: 206-8, noonan 1985a, 1985ft, who argues strongly against
‘best-candidate’ theories, and oamett 1985, who attempts to rescue them by denying
the transitivity of identity.
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two fists. So fist” has an overwhelmingly matter-constant sense, and
yet the matter—the hand—need not be mereologically constant, and
usually is not. The hand itselfhas as its matter flesh, blood, bone, etc.,
and this can be in flux without in the slightest impugning its identity or
that of the fist it can form.

The example is simple because it deals with form as configuration,
but it is generalizable to form as function in the case of artefacts. Ifwe
take a multi-purpose object like a sofa-bed ora Swiss pocket-knife, we
see that it can satisfy only (we suppose) one of its possible uses at once.
When we fold the sofa out, it ceases to exist, and the bed comes into
existence, and when we fold the bed up the reverse happens. The
example is mentioned by Burke,30 who denies the analysis we have
given, however, on the grounds that an object’s sort isa function ofits
qualities, and coincident objects must have the same qualities. Even if
we accept this, we can argue that a folded up sofa-bed has different
qualities from a folded out one, so it can be alternately a sofa and a
bed. But Burke’s assumption that an object’s sort is a function of its
qualities is independently wrong, especially if we look at objects in use
in a community. There are numerous examples of pairs of objects
which can be physico-chemically exactly alike while belonging to
different sorts: holy water and normal water, genuine banknotes and
perfectly forged banknotes, meteorites and other pieces of rock,
original Celtic brooches and replicas, wedding-rings and other rings,
summit crosses and other crosses, maybe also persons and their
bodies. O fcourse each object in the pair falls under a higher sortal, but
it would be silly to deny this.

5.7 Further Cases of Intermttence, and Conclusion

As we have already seen in the case of the fist, intermittence can arise
otherwise than through dismantling and part-replacement, which is
typical for artefacts. We can find intermittence among objects which
are not rudely physical, but institutional or higher-order. For
instance, the state of Austria ceased to exist in 1938 upon the
Anschluss, but came back into existence in 1945. In this case the
foundations for identity across the gap were the geographical and

30 burke 1980: 394ff. We aie of course committed to denying Burke’s basic thesis
that ‘different material objects cannot be simultaneously embodied withinjust the same
matter' (391). We are nevertheless much indebted to his discussion.
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demographic ones, coupled with substantially the same constitution
in the Second Republic as in the First. However, if we could show that
intermittence could occur not only among artefacts and higher-order
objects, but also among natural things, then we should have given it a
secure place on the ontological map.

We should naturally expect intermittence among organisms to be at
the very least exceedingly rare. It is normally physically imperative for
organisms to maintain and repair themselves at a rapid rate, so that it
is normally impossible for them simply to ‘stand idle’ in the way a
machine can. There are states of organisms which seem to approach
such conditions, such as hibernation of mammals or perhaps certain
yogic states. But in neither case do we get any interest in conceiving
matter-constant organisms. While a mass of matter briefly in the form
ofa man is certainly something rather than nothing, there isno reason
in normal circumstances to think of calling it a matter-constant man.

However, if the state of medical technology were to advance in such
a way that we could freeze’ the normal metabolic change of parts ina
sort of artificial hibernation, we might want to think again. But for
organisms it is not mereological considerations which are uppermost.
The form ofan organism is at least as much a matter of physiology as
of anatomy. The continued existence of an organism depends not
primarily on its structure but on the continuation of characteristic
processes within it, which, admittedly, require an anatomical basisand
which tend to preserve anatomy. The mere cessation of such
processes, or at least sufficiently many of the most vital ones,
constitutes the going out of existence (death) of the organism, no
matter how well preserved its parts are. The difference between a
living organism and a corpse consists in some cases (though not in all)
almost exclusively in the absence of characteristic inner processes. Ifit
were possible to interrupt the activities, preserve the structure of the
underlying object, and restart the activities without impairment later,
then, to the extent that we make the occurrence of the activities an
essential characteristic of the organism, we have a reason to say that it
ceased to exist and then came back to life again. To identify across the
gap we require of course at least substantial bodily continuity.

There is no reason to think that such a thing is impossible, and
indeed it may already have taken place. In certain forms of open-heart
surgery the body temperature is artificially lowered by heart-lung
machine until it is sufficiently low for atrophy not to take place for a
period during which the machine is switched off, there is no blood-
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flow, and the brain shows a completely flat EEG. This state is
sometimes popularly described as a ‘death-like sleep’. But of course it
is not sleep, since in sleep there are characteristic forms of brain
activity. If we refuse to call it death, that is because we reserve this
fateful word for a global use, signifying the last or irreversible going
out of existence. In such cases the patient comes round after the
operation without loss of memory of what went before. So we satisfy
both bodily and memory requirements for identity of the person
before and after the operation. But there appears to me no reason to
deny that the person does not exist during the operation. The surgeons
carry out their crucial moves on something, a body, which falls short
of being a person or even a living human being; but provided they do
their work well, the basis for continued life is not impaired—indeed, it
ought to be enhanced—and the person literally comes back to life
after the operation. There is this much to Locke’s memory-
connectability theory of personal identity, that were we to find after
the operation an insuperable amnesia and loss of skills, but an
unimpaired general capacity for learning, then it would be unjust to
punish the person existing after the operation for crimes committed
by the person before, so by Locke’s ‘forensic’view the two are different
persons, even if they successively claim the same human body.

It may be objected31that since the concept person has as its point or
raison d'Stre both the provision of bearers of rights and the provision
of substrata of changes governed by psychological laws applicable to
rational beings, all we require is the continued capacity to generate the
characteristic processes demanded, rather than the actual activation of
these capacities. A person is still a person while asleep, so why is not
the person still there throughout the operation, if the capacities
concerned are physically realized in human anatomy? To this we reply
that, while the preservation of the physical substratum is essential, it is
not sufficient to guarantee the continued existence of a person,
otherwise an intact corpse would be a person. Some of the physical
states of the organism must be preserved in order to serve as the
foundation for the capacities which are later exercised. The person
must, so to speak, be still ticking over’. If this is not secured, then we
have no person, and indeed no human being. But these states may only
be realized in a certain kind of body which itself has other

3L And has been, by Doepke in correspondence. | am most grateful for his
objections, although | could not go along with them.
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characteristics which are required if the states characteristic of a
person are to be maintained. In keeping the body in good shape, the
surgeons do not preserve the person throughout, nor perhaps even the
immediate foundation for the person (the human being), but they do
preserve the foundation for the foundation, and that is why the person
can come back to life.

There are certain kinds of electronic typewriter which can store text
in a memory. The machine can be switched offand still retain what is
stored in its memory, provided a small current flows through it. That is
like a person asleep. Normally a passage of current is required to
prevent the information from being lost. If we could freeze the
information in the store to allow the current to be switched off
without loss of information, that would be like the body on the
operating table. In no case is there any change of structure. What is at
issue is what states are retained to allow the machine to take up from
where it left off. Normally, if we switch off the current, the memory is
erased. That is like a person dying. But if we preserve the capacity for
remembering in the absence of the usual renewing processes, we have
done enough. That is like a person going out of existence and coming
back into existence again.

Our final theory turns out to be not so different from that of
Chisholm except that we do not distinguish matter constancy as ‘strict
and philosophical’as against loose and popular’ form constancy. We
have the advantage over Chisholm of making clear how the actual use
o f'ship”ties in with its possible use to mean ‘matter-constant ship’; as
an extension of latent tendencies, without having to claim that the
normal use of sortal nouns is fundamentally in error. We also do not
need an absolute conception of matter, but only an uncontroversial
relative one. And, finally, we are not committed to mereological
essentialism.

On the other hand in our striving to gain respectability for
intermittence of existence, we should not wish to do down the claims
ofcontinuity. The priority in deciding what kind of thing a continuant
is usually goes to the form-constant end of the spectrum. A matter-
constant ship is after all a matter-constant ship, i.e. something in a
shape and condition suitable for use as a ship. And in each case,
intermittently existing objects presuppose some continuously existing
material substrate (mediate or immediate) whose continued existence
allows us to identify across the gap. There could be intermittently
existing objects whose fundaments are other intermittently existing
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objects, such as the elaborate Austrian peasant hair-style made by
intertwining two pigtails. But such a chain of dependencies sooner or
later (usually sooner) comes back to continually existing objects.

Even so, material constancy is not the same as material continuity.
An artefact is matter-constant if, at any time at which it exists, it must
have the same matter; but it need not exist throughout, nor (like the
hairpiece) need its immediate matter, although some matter must exist
throughout. Despite the stringent requirements on matter-constant
objects, it should be noted that they are not the same as those of
mereological constancy, since one and the same matter-constant
object may at different times coincide with different form-constant
objects even if it does not change an atom. And in any case, matter-
constant objects like fists clearly do change their minute parts. But this
brings us to consider matter and constitution in general, which is the
subject of the next chapter.



6 Superposition, Composition,
and Matter

Rejection of the antisymmetry of part-whole allows us to recognize
different objects having the same parts, which we exploited in the
previous chapter. Objects with the same parts are necessarily in the
same place at all times at which they have the same parts. This leads to
the more general question as to how more than one object can be jn
the same place at the same time. We defend this idea against
objections, and consider the more difficult issue of the conditions
under which such superposition is possible. It turns out that this
frequently happens when one object is the matter of, composes, or
constitutes another, and this in turn leads us to a general considera-
tion of matter and its likely mereological properties. Asin the previous
chapter, it is impossible to isolate mereological from more general
ontological issues.

6.1 Superposition and Coincidence

In the previous chapter we purloined the word ‘coincident’ for the
semi-technical concept of community of parts. We defined it in terms
of mutual inclusion:

CTD5 a<>bs a<,bab<,a

but given the transitivity of part-whole, this amounts to a and b
having all their parts in common:

CTT22 a<>,bs ExcjaExtbaVxrx <,as x <,bn

In extensional mereology, coincidence (as a timeless predicate) entails
identity, but we now have enough reasons to think this principle
cannot be applied in the tensed case. There is no reason to think a
matter-constant ship has parts which its corresponding form-constant
one does not, or vice versa. Similarly, even if Tibbies loses her tail inan
accident, so that she does not coincide throughout with Tib + Tail, she
coincides with this sum first and then later with Tib alone. The mere
fact that she could survive this mutilation, whereas the sum cannot, is
enough to distinguish them, even if no such mutilation ever occurs. A
less controversial example, which involves neither appeal to special
philosophical theories nor to technical mereological concepts, is that

210
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ofa person and her body. A person cannot be identical with her body,
because the person may die and the body be left. But during her
lifetime the person has no additional parts that the body fails to have,
in particular no immaterial parts. So they must coincide.l

We may also have coincidence between groups. It may happen that
for a period two distinct clubs or committees have the same
membership. Where *<’ is interpreted as the subclass relation, they
then coincide. However we shall find that this interpretation for
groups (paralleling that of Chapter 4 for classes) may not be the most
natural, so that sameness of membership may not suffice to guarantee
sameness of parts in the most natural sense of ‘part’.

The term ‘coincidence’ is often employed for the concept of two
things’ being in the same place at the same time.2 We shall instead use
the term ‘superposition’ for this concept: the word is used in both
physics and geometry for the idea of really or ideally bringing two
distinct figures or phenomena into spatial coincidence (‘Deckung’).
Objects which coincide in the sense of mutual containment are
obviously superposed. The temporary indiscernibility of coincident
pairs like a person and that person’s body, or a matter-constant and a
form-constant ship, rest on this.

There are certain cases where objects are superposed which for
categorial reasons cannot coincide. A continuant and an occurrent
involving all of it occupy the same spatial region for a while, but
clearly, since they belong to different categories, cannot have a
common part, and equally clearly they do not compete for this region.
A concrete collection or class of coexisting continuants occupy the
same region as their mereological sum if they have one. So Tib and
Tail occupy (between them) the same region as Tib + Tail and Tibbies,
but the class {Tib, Tail} has (in the sense o f‘part’ as subclass) only
three parts, whereas Tibbies and the sum have many more. It might be
questioned whether a plurality can occupy space, but this is an
unobjectionable aspect of taking its concreteness seriously, and leads
to no contradictions. The connected rabbit parts form a different class
from the rabbits, but the two classes occupy the same spatial region,
and again they cannot possibly compete for the space they occupy.
Similarly, the gold in a ring and the ring are not identical (since they

1 I here go back on critical remarks made in simons 1981J; 181 about wiogins 1980:
164.1was previously mixing up the notions body and corpse, which is easy enough to do,
since ‘body' sometimes does simply mean the same as ‘corpse’—but not always.

1 It is so used e.g. by Wiggins and Doepke. Burke uses ‘cohabitation’.
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have different life historiesX and in fact they are not coincident either.
They are clearly superposed, and it appears to conform to usage to say
that every part (sub-portion) of the gold in the ring is part of the ring,
but it is not obviously usual to say that a proper or improper part of
the ring is part of the gold in the ring. Theories are not obliged to
conform to usage, but we shall see there are systematic reasons to deny
that an individual can be part of the mass of stuff making it up. Taking
this for the moment as accepted, the ring and its gold are, as individual
and mass, superposed but not coincident. Similar remarks apply to the
ring, or the gold, and the gold atoms making up the mass of gold (and
hence making up the ring).

There is no small resistance in the philosophical community to the
thesis that different objects can be in the same place at the same time, a
thesis supported in recent years particularly by David Wiggins.3 The
strategies employed to avoid this undesirable position have been
clearly charted by Frederick Doepke,4 who also ably demolishes the
various objections to superposition. The following discussion is
largely based on that of Doepke. The strategies he distinguishes are:

() The One-Many View

(2) The Relative Identity View
(3) The Dichronic View

(4) The Reductivist View

The One-Many View disallows (quite properly) identity between a
plurality of objects, such asa number of wooden boards, and a single
object, such as a ship, made up of them. But not all cases of ostensible
superposition can be dealt with by finding one object to be one and the
other many, as testified by the person/body case. Cases of the sort
exemplified by the ring and the gold are, Doepke suggests, perhaps
similar. We agree: here we have neither one-one nor one-many
superposition but rather one-much superposition. However, both the
one-many and the one-much cases are cases of superposition, only not
the superposition of two individuals. Such is the extent to which
metaphysics has focused on individuals and ignored masses and
pluralities that only the one-one case is found threatening. But in the
broad sense of‘object’in which either a class or a mass is an object, i.e.
(inanalogous senses) one object, the superposition is in every case that
of two objects.

» WIGGINS 1967, 1968, 1980. 4 DOEPKE 1982.
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The Relative Identity Viewcomes in two versions, a temporal and a
sortal version. The sortal theory of relative identity, known as Thesis
R, says that for sortals F and G it is possible to find aand b such that a
and bare both Fs and Gs, ais the same F as b but not the same G. This
thesis is associated particularly with Geach, and receives its most
extensive defence from Nicholas Griffin.5 Wiggins has forcefully
argued6that R violates Leibniz’ Law, and since the latter is necessarily
true, R is necessarily false. Both Wiggins and Doepke point out that
Griffin has no acceptable substitute for Leibniz’s Law;7 as Doepke
points out, ‘relative identity’ is just a misnomer for certain kinds of
resemblance.8

The more interesting relative identity view is one which Doepke has
found in unpublished work of Paul Grice and George Myro.9 They
challenge Wiggins’s assumption that things which are ever different
are always different, pointing out that Wiggins’s arguments for the
distinctness of superposed objects rest on finding properties in which
they differ at times other than those at which they are superposed.
This remark applies also to the treatment of ships in the previous
chapter. So they argue that identity is relative to time: objects may be
identical at one time and distinct at another. This notion is logically
captured by the schema

Tl a=,b ='iFrFta = Fb"

where the quantifier ranges only over properties whose instantiation
does not entail the instantiation of any property at any other time
(which rules out properties like being two years old, being ex-
president of the USA, or being a bride-to-be) Doepke’s argument
against this is essentially the same as that against sortal-relative
identity. Despite its interest, this relation—we may call it temporary
indiscernibility—is characterized by a restriction of Leibniz’s Law. If

5 griffin 1977. For references to Geach and other supporters see this and also
wiggins 1980: 16n.

6 wiggins 1967, 1980.

7 Cf. griffin 1977: 140, wiggins 1980: 193, doepke 1982: 50.

* Doepke’s point is confirmed by examining Griffin’s examples, e.g. (griffin 1977:
205) ‘Bill's car is the same colour as Tom’s' is taken as a relative identity statement.
Griffin argues that cars may fall under the predicate ‘colour’ without being colours
(206), but his defence is void for want of exactness: something may fall under the
predicate'(isacolour’ (and then it is not a car) or it may fall under either'(iscoloured
or ‘( hasacolour’ (and then it may be a car) Griffin even takes it asa bonus point (211)
(hat relative identity statements include common-property statements.

* Cf. the reference in doepke 1982: 47.
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we dignify this kind of resemblance with the name ‘identity’, then we
might as well take any other resemblance as a kind of identity, such as
the ‘surface identity’ of a body with its surface, since they share
numerous (‘superficial’) properties. Temporary indiscernibility turns
out to be important in the theory of constitution discussed below. We
already presupposed the unacceptability of temporary identity in
setting up the system CT in the previous chapter, and Doepke’
argument against Grice and Myro vindicates this.

The Dichronic View rejects the assumption that the superposed
objects exist at the same time: it claims that, for example, gold is turned
into a ring, which then (for example, when smashed or melted down)
turns into—i.e. is replaced by—gold. But gold and ring exist at
different times. Similarly, a person does not coincide with her body,
but turns into a body—i.e. a corpse—at death.10 The Dichronic View
rejects the idea that in substantial changes (comings into and goings
out of existence) there is a substratum surviving the change: it views
such changes as the replacement of one object by another. But the
view is less well placed than the one we shall advocate to explain the
way many properties are carried across from one object to the other.
This continuity requires no special explanation ifa substratum having
these properties exists throughout the change.

The Reductivist View regards as real only the ultimate constituents
of which continuants are made, everything else being a logical
construction from such ultimate reals. Such views usually involve a
considerable revisionary element, eliminating from the chosen ca-
nonical language terms referring to and predicates true of such
constructions, which turn out to be most or all of the objects with
which we are familiar. If natural language is tolerated, this is usually
for pragmatic reasons, it being humanly impossible to dispense with
the benign fictions by which we live. While this attitude rightly
emphasizes the importance of material constitution, it overlooks the
fact that parts are not always ontologically prior to their wholes. A
whole put together out of independently pre-existing parts, and
continuing to exist by mere default of anything happening to destroy
it, such as a pile of stones, is such an ontologically posterior whole. But
interesting integrated wholes, like organisms, possess properties and
operate according to laws which are relatively independent of the

10 Thisis what I should have said in Simons 19814 (cf. note 1above), though I never
embraced the Dichronic View as a general position.
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particular material constituents happening to make them up at a
particular time. This is seen by the fact that they survive, and sustain
these properties and operations, despite flux in their parts. We shall
return in Part 11 to discuss the implications of this view, noting here
merely that this is also Doepke’s reason for rejecting reductivism: the
existence of constituted objects which retain their properties through
flux in parts (a flux which is indeed selectively regulated in the case of
organisms, where some potential constituents are absorbed, others
modified and absorbed, yet others rejected) makes it unnecessary to
explain specially why just these successive consignments of chemicals
take on certain characteristics, such as having a memory.11

Having fended off objections to superposition, we should now
consider more closely what it consists in and involves. We must
distinguish between a loose and a strict application of ‘being in the
same place at the same time’. An object’s position may be specified
with greater or lesser accuracy according to purpose. For some
purposes, it is acceptable to say that two people are in the same place
at once, for instance ifthey are in the same room or the same town. But
this is hardly a case of superposition. What we mean is that no matter
how exactly we specify the position of an object, it is the same as that
of another. Let us call any portion of space containing an object a
container for it, and the minimum container its receptacle.12 So a
sponge and the water held in it are only rudely, not properly
superposed. The exact receptacles of water and sponge are highly
intertwined, but either completely disjoint or at least almost com-
pletely disjoint. Only when we round the complicatedly shaped
receptacles off to get a simply shaped container for each do we find
that these containers coincide. (It is always possible to find a common
container for coexistent objects, but not usually by rounding off, as
here.) Where we hear of apparently superposed objects (which may be
fluid as well as solid), we usually invoke our knowledge of the gappy
nature of matter to avoid describing these as cases of genuine
superposition, cither by assimilating them to the sponge/water case, or
by treating them like a box of jumbled black and white chess-men.

11 doepke 1982: 58 f. A similar kind of argument is used in Chisholm 1976 for the
strict and philosophical identity of the selfover time, as contrasted with the mere loose
and popular identity of the body. As far as bodies go, Chisholm is a reductivist

12 sharvy 1983a: 446. Sharvy took the term from Cartwright 1975: 153, but
Cartwright uses it for sets of points, whereas we, like Sharvy, take ‘space' to be a mass
term, and do not presuppose the existence of points.
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This applies even where, as in the case of solutions and alloys, the
molecules of the constituents get intertwined. For practical purposes
of course, we do not distinguish the spaces occupied by different
components in a mixture, for example of gases, but simply take a small
common container. But there is stronger than purely pragmatic
resistance to the idea that two objects can be superposed and yet have
no part in common. Wiggins expresses this in the principle13

A and a proper part or constituent £ of a third thing C, where A + C and
A + B,and whereno partorconstituentofA isany partorconstituentofs or
of C, cannot completely occupy exactly the same volume at exactly the same
time.

Leaving Wiggins’s reasons aside for a moment, let us assess what this
claimamounts to. We let ‘r,a’ stand for the receptacle ofaat t, allowing
space to be subject to the tenseless operators and predicates of
extensional mereology: we assume fixed a reference frame which
determines the identity of tracts of space. On this application, we can
assume without worry all the axioms of full extensional mereology:
neither the sum axiom nor the strong supplementation principle is
controversial. The implication
CTAll a<tb ra<rpb
may be taken as axiomatic. We define four purely spatial relations on
continuants in terms of the mereological relations of their receptacles:
CTD19 ain, bs ra<rpb
CTD20 asup,b&ra*rb
CTD21 aex,b=ra[rb
CTD22 aov,4s raorb
reading the predicates respectively as ‘isinside’, ‘issuperposed with’, ‘is
outside’, and ‘overlaps’ (in each case ‘at t\) If a does not exist at t, then
r,a does not exist, so a continuant can only enter into these spatial
relations at times at which it exists.

Wiggins’s claim (ignoring the third object) is

a 4aa2(43 ~ (asup,b)

which may be simplified and contraposed to give
WP asup,4=80,4

11 wiooins 1968: 94.
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where the abbreviation stands for ‘Wiggins’s Principle’. This claim
does not appear especially startling. Indeed, it appears as though itcan
be strengthened. If we assume, in addition to the principles given
above, a strong supplementation principle relativized to times

SSP Wxrx < 1<i3xo0,l)1= fl<,i»
and the plausible principle
PP ain, b >3xmx <,ba asup,xl

(ifaisinside bat t, then a is superposed at t with a part ofb), then we
can prove the stronger coincidence principle

CP asup,i =a<>,i

which, since its converse is a theorem, tells us that superposition and
coincidence amount to the same thing. We sketch the proof:

(1) asup, b assumption

2 ~ (@<,b) assumption

(3 3xrx<,aax2, h1 2, SSP contraposed
4 c<iaac2 b 3, assumption
() cin, a 4, CTA11, df. in
6) cin, b 1 5, df. sup

(7) 3xrx <tbacsup”l 6, PP

(8) d <tba csup,d 7, assumption
9 co,d 8, WP

(10) co,b 8,9

(4) and (10) are in contradiction, whence

(12) a <tb

and by parity

(12 b<,a

If the coincidence principle were correct, it would establish a very
close conceptual connection between mereological relations and
spatial relations among continuants. At all events, we can agree with
Wiggins that ‘space can be mapped only by reference to its occu-
pants’,14 so the conceptual value of concepts of part-whole relations
among continuants would consist in good measure in their being
necessary for the development of concepts of spatial relations.

The coincidence principle is neat and the simplifications it affords
tempting. Nevertheless, these simplifications are bought at a price,

14 1bid: 93.
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and on balance I think it should be rejected. If so, which premisses of
the above argument are to be rejected: WP, PP, or SSP? PP seems to
me to be unobjectionable. My own choice would be to reject SSP, a
choice prefigured in Part I. Before coming to this, it is worth testing
Wiggins’s Principle WP against a hypothetical counter-example due
to Sharvy.

6.2 Mixtures

The term ‘mixture’ is used in everyday life for any object (usually a
mass or plurality) consisting of two or more kinds of object such that
the particles or members of the kinds are more or less evenly
distributed among one another. The word normally connotes forma-
tion by mixing, the mechanical interspersion of small parts, whence it
has acquired a special sense in chemistry which differentiates mixtures
from compounds and solutions, suggesting that in mixtures the
ingredients retain most of the most important characteristics they
have in isolation, that the relation between the particles or members is
one of mere spatial proximity rather than one involving important
structural connections. Since we are interested only in the spatial
relations of the parts, we use the term ‘mixture’ liberally to cover any
object, including compounds, solutions, alloys, and amalgams, where
two or more kinds of thing or stuff are closely interspersed,
irrespective of issues of other relationships between proximate parts
or of the emergence of new properties.

It is to be expected that a mixture of two or more substances falls
under a different noun from either of its constituents. A mixture of
black coffee and milk is neither black coffee nor milk. In Vienna,
where such mixtures are taken more seriously than elsewhere, there
are three different terms used of them according to the proportions of
the mix. But while the milk insuch a mixture isstill milk, the coffee in it
is no longer black coffee, since that is by definition (liquid) coffee
unmixed with milk or cream. The English—but not the Viennese—
equivocate, and call the mixture toffee’ as well. Similar uncertainties
attend the use ofterms for various other solutions and mixtures. Is salt
water water which has salt dissolved in it, or is it the solution of salt
and water? When it matters (for medical purposes, for instance), we
distinguish the two. When there isa point in tracing what happensto a
substance in a mixture, we find a word which applies to it irrespective
of whether it is mixed or not; it is at this level that names of chemical
substances have their application. ‘Water’ is a suitable chemical term,
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but ‘dirty water’is not. Water remains water when mixed with dirt, in
whatever proportions. But if a cupful of dirty water is mixed evenly
with a ton ofearth, no dirty water remains, and the same goes ifwe mix
it evenly with a lake of clean water. Similarly when there is a point in
tracing the constituents of chemical compounds, no matter how
compounded, we arrive at names of the chemical elements. And so on
down.

A number of part-mereological, part-spatial concepts apply to
mixtures. One is the relative homogeneity ofthe mix, having to do with
the evenness of distribution of the various ingredients. Another
concerns the relativefineness of the mix. For instance, a salad mixed
from 1cm diced cubes ofapple and cheese is halfas fine as one where
the cubes are of side 5 mm. The pieces ‘get closer together’, in the sense
that in a homogeneous mixture the average distance between the
centre of a cheese cube and that of the nearest apple cube (or vice
versa) is halfas great. These ideas are formalized together by Sharvy as
relative homogeneity. Since the ideal or perfect mixture is best
conceived in terms of masses, we henceforth ignore pluralities. Let m
be some mass, and let s be a class of parts of this mass (these are all
masses according to the principles of Chapter 4). Then s is a partition
of miff members of s are discrete and their sum is m; in the terms of
Chapter 4 (dropping ‘M’ subscripts):

spthm s dscr(s)a Sm[s] = m
A mixture has a natural partition into its ingredients. We now give
Sharvy’s important definition:15

A partition s of a mass m is *-homogeneous iff every sphere of diameter
greater than $lying wholly within r(m) [the receptacle of m; we ignore the
time-factor] overlaps the receptacle of each member of s.

The success we have had in explaining away apparent superposition
among the ingredients in mixtures suggests a general conjecture: no
mixture is indefinitely fine: all are grainy. In terms of Sharvy’s
definition, for every mixture there is some sufficiently small, but still
positive 6 for which the mixture is not ~-homogeneous.

In his discussion of true mixtures,16 Aristotle demands that a
mixture in the strict sense be homeomerous or like-parted. He instances

15 sharvy 1983a; 446. The definition could no doubt be extended to various other
kinds of topological space if need be.

Especially De Generatione et Corruptione, 327-8. Aristotle’s mixis is more like a
chemical combination than what chemists call a ‘mixture’and what he calls a ‘synthesis’,
since the properties of the mixture are not the mere resultant of the properties of the
ingredients, in the sense of not being a mere weighted average.
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water, which he wrongly conceived as a continuous indefinitely
divisible element. In Sharvy’ terms a mixture is homeomerous iffit is
zero-homogeneous with respect to its natural partition. As he then
points out, if there were such a thing as a homeomerous mixture, the
receptacles of the ingredients would coincide. We can prove this as
follows. First, we assume that space is indefinitely divisible without
points, i.e. we treat it as atomless. In these circumstances spheres form
a base for spatial regions, that is, following SF11-12 of Chapter 1:
Vxrregx = 3yrsphyay < x1
Vxyrregx a regy 3 Vzrsphz 3 (z<xsz<y)’3x =y
From these, along with Strong Supplementation (which is valid for
regions), it follows that
Vxyrregx a regy = Vzrsphz 3.z<x3zoy13x<yl
Now let s be the natural partition ofa homeomerous mixture m. Then
the definition of homeomerous’ tells us:
Vxrsphx a x < r(m) 3 Voraes 3 x o r(a)ll
from which it follows by distribution and permutation that
Varaes 3 Vxrsphx 3 .x <r(m)3 x o r(a)ll
whence by Strong Supplementation and the formula above,
Varflss 3 r(m) < r{af
and since a <m, r(a) < r(m), so we have:
Varaes 3 r(a) mr(m)1
But s are discrete, so if aes, bss, a + b, we have
asupba a\b

a counter-example to Wiggins’s Principle.

What are we to make of this? If Wiggins’s Principle is ‘a kind of
necessary truth’,17 then the apparent consistency of the idea of a
perfect mixture tells against him. Wiggins’s argument for his principle
runs:18

Suppose A and B were distinct and in the same place at the same time. Then
they could not have been distinguished by place. But then they would have
had to bedistinguished by their properties. Butno volume or area ofspace can
be qualified simultaneously by distinct predicates in any range (color, shape,
texture and so forth).

11 wiooins 1968: 93. ‘s |bid: 94.
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This last may be true, but it does not tell against the possibility of a
perfect mixture, since the qualities ofa mixture need not be those of its
ingredients in isolation, as is demonstrated by the imperfect mixtures
of everyday. The properties of a mixture may be expected to be some
kind of resultant of the properties (though not necessarily of the
perceptual qualities) of the ingredients. That we have become
accustomed to thinking of such properties as resulting from the
structural relations of particles in combination does not mean that an
explanation other than one using corpuscular notions would have
been unintelligible from the start. 1f a given mass of matter occupied
the whole of a given region, but occupation were a matter of degree
rather than an all-or-nothing affair, then it would be possible for
different masses of matter to occupy the same region, i.e. be
superposed, although their occupation might have different intensity
distributions. In a way, this is more like the notion ofa field than that
ofthe classical impenetrable particle, and it could well be the right way
to view matter. If that were so, then Wiggins’s Principle would be
wrong, and at any rate we must therefore doubt its necessity.

6.3 Can Things of a Kind Be Superposed?

Wiggins emphatically supports the following weaker principle due to
Locke:19

LP No two things of the same kind (that is, no two things which
satisfy the same sortal or substance concept) can occupy exactly
the same volume at exactly the same time.

Superposition as such does not infringe this, since it says merely that
different material objects may be superposed, but material object is not
what Wiggins calls a sortal or substance concept, since it is the fact of
its falling under such a concept which enables us to trace, individuate,
and distinguish an object, whereas the examples of the previous
chapter show that this could not be accomplished by the concept
material object.

What is at stake is that if we allow distinct continuants of a kind to
be superposed, then we do not have determinate means for tracing
things of the kind in question through time, since they become

19 Ibid: 93. Locke's classic formulation runs: Tor we never finding, nor conceiving it
possible, that two things of the same kind should exist in the same place at the same
time, we rightly conclude, that whatever exists any where at any time, excludes all of the

same kind’ (Essay Il, ch. 27, §1). On the answer to this by Leibniz, which is essentially
also ours, cf. note 21 below.
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temporarily indiscernible from one another upon their superposition.
If two as approach and then coalesce, and then two as head offagain
in different directions, then we have in general no way to say which, if
any, of the later two is to be identified with which of the former two.
An epistemically similar problem is provided by the coming together
of two swarms of bees. We do not in general know whether the two
swarms after the separation are the same two as the two which came
together, let alone which is which. In part this is a terminological
problem of how much transfer of membership impugns swarm
identity, but even if we were totally strict and insisted that not a single
bee changes allegiances, we still have an epistemic problem of
knowing which swarm is which. In principle this could be done by
tracing exactly the paths ofeach single bee. Swarms of bees are gappy,
and distinct bees are discrete, so there is no ontological problem.

There are apparent cases where entities ofa kind can be superposed
and yet where we can trace their paths through the point or period of
superposition and out on the other side. Examples include moving
shadows on a wall or spots of light from different lamps, wave-fronts
moving parallel to one another with non-zero relative velocity, and, to
take a fictional example due to Shorter,20 clouds of water vapour set
up by ‘cloud projectors’. In each case we have a means of identifying
objects across the superposition. In the case of the waves we assume
continuity of wave velocity, while in the other cases we can trace the
projected whatevers back along different causal paths.21

20 SHORTER 1977: 402ff.

21 Cf. Leibniz’s reply to Locke: The method which you seem to be offering here as
the only one for distinguishing things of the same kind, is founded on the assumption
that interpenetration is contrary to nature. This is a reasonable assumption: but
experience shows that we are not bound to it when it comes to distinguishing things. For
instance, we find that two shadows or two rays of light interpenetrate, and we could
devise an imaginary world in which bodies did the same. Yet we can still distinguish one
ray from the other just by the direction of their paths, even when they intersect’ (New
Essays H,ch. 27, § 1). Note that there are two senses of ‘shadow’. In one sense, a shadow
is three-dimensional, extending from an opaque objectaway from a light source, e.g. the
cone-shaped shadow cast by the earth away from the sun. In the other sense a shadow is
a two-dimensional figure obtained when a reflective surface is placed partly within a
three-dimensional shadow, and is its partial projection on this surface. While, as
Leibniz’s discussion makes clear, he is thinking of three-dimensional shadows (since a
light ray is not two-dimensional, and the examples are obviously alike), it is only in the
two-dimensional sense that shadows can completely coincide rather than merely
overlap, sharvy 1983a: 451ff. discusses what he calls a ‘projection model’ of
homeomerous mixtures, recalling Plato’s discussion of shadows id the cave in the
Republic. In practice this model tells us little about homeomerity: he admits it is ‘purely
geometric'. But Leibniz is also right that parts of different three-dimensional shadows
may be superposed.
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Now one reason which Wiggins offers for believing the principle is
this: 22

Space can be mapped only by reference to its occupants, and spatial facts are
conceptually dependent on the existence of facts about particulars and the
identities of particulars. If space is to be mapped by reference to persisting
particulars, then the nonidentity of particulars A and 5, both ofkind/, must
be sufficient to establish that the place of A at ti + the place of B at ts.

We may agree about the mapping of space by reference to particulars
in general, and yet accept cases where objects of the same kind
coincide, since all that the requirement of mapping demands is that
some continuants be unable to coincide with others of their kind.23
Exceptions, provided they are recognizable as such, and perhaps
provided they are somewhat in the minority (and both of these
conditions appear to be fulfilled in fact), are tolerable.

One reaction to the apparent exceptions is to hold that they do not
constitute exceptions since the objects in questions (waves, shadows,
clouds) are not material objects or substances. The only example
where this may clearly be doubted is fictional. Indeed, it may be true
that shadows and waves are not substances so much as accidents or
disturbances, but this strategy is unconvincing. It is begging the
question to say that if two things of a kind can be superposed, they
cannot be substances. What the cases of projections and waves in
general suggest is that Wiggins’s anxiety that we might lose track of
objects of a kind if they become superposed may be allayed if we can
find tracing principles which are strong enough to tide us over
temporary indiscernibility, such as distinct causes or continuity of
motion. Only ifeverything by which we can trace a continuant is so to
speak packed into its receptacle is Wiggins’s fear justified, and in such
cases his principle appears good. Since such cases seem to form the
majority, we have no trouble in mapping space.

Asortal noun for a kind ofcontinuant tells us, inter alia, under what
conditions the object continues to exist and under what conditions it
ceases to exist. Call these the persistence conditions for the kind of
object in question. That different objects may be superposed follows
from the fact that a single parcel of matter may be in such a state that it
happens simultaneously to fulfil several sets of persistence conditions

“ wiggins 1968: 93.
23 Cf.shorter 1977;406: ‘there will still be plenty of non-coinciding objects around
to make use of.
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at once. Butapart from the cloud example, we have yet to come across
a clear case of material objects of the same kind which may coincide.

At one time I thought | had found a counter-example to LP among
material continuants.24 After a number of criticisms, | am now
persuaded what | had was not a counter-example.25 The reasons why
it is not will help us to shed more light on LP, and suggest why it is
valid, if it is valid. Here is the example.

Suppose we have some granular material which we can manipulate
grain by grain. In particular, we can put grains together to form larger
or smaller heaps of the material. Call an object an n-heap if it is
maximal (i.e. a whole heap) and contains at least n grains of the
material. Then if m is greater than n, an m-heap is also an n-heap.
Suppose we have, say, a 10-heap consisting ofjust ten grains, and then
add further grains one by one. We successively bringan 11-heap, a 12-
heap, and so on into existence, but by definition these are all also 10-
heaps. Since they come into existence at different times, they must all
be distinct 10-heaps. Hence an arbitrary number of 10-heaps may
coincide (and hence be superposed).

The problem with the example is that, as defined, the terms ‘n-heap’
give only necessary, but not sufficient conditions enabling us to trace
an object falling under them. The term “10-heap’ alone does not tell us
under what conditions a 10-heap comes into or goes out of existence.
We can see this by considering a 10-heap consisting of 20 grains. Ifwe
take two grains away simultaneously, especially if these are not the last
two added, which of the eleven coincident 10-heaps supposed to be
there are destroyed? That we are unable to give an answer shows that
the terms ‘n-heap’ do not impart identity and persistence conditions.

We may grant that there are descriptive terms which do not impart
such conditions: a correct ostensive use of ‘that red object’, for
instance, does not tell us what we are referring to, since objects with
different persistence conditions may co-occupy the place indicated.
The terms ‘n-heap’ appear to be like this, meaning something like
‘heap containing at least n grains’, but from this description alone we
do not know what sort of heap is referred to. Why, then, should it be
necessary for sortal terms to impart necessary and sufficient identity
and persistence conditions? Doepke has argued that it is precisely
because substance sortals function to tell us which object we are

24 See SIMONS 19856.
29 See noonan 1986, Harris 1986, doepke 1986. The reader for the Press also
helped to persuade me of the error of my ways. For the recantation, see simons 19866.
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considering that we cannot be left in the dark.26 Sortal terms are
general, so to pick out objects falling under them we also have to give
something besides the term: Doepke plausibly suggests the place. If
term and place together do not pick out precisely one object, how can
the term be a sortal? Let us suppose for the moment that nothing else
is required; we come back to possible third factors below.

With this in mind, let us reconsider the heap example. Can it be
reconstructed using genuine sortal terms? It seems not. Consider the
new terms ‘n-Heap’, where an n-Heap is something which comes into
existence by bringing at least n grains together where before there
were not at least n together, and which goes out ofexistence again only
when less than n grains remain. Under these conditions we cannot get
more than one 10-Heap to coincide by adding grains, since once we
have formed a 10-Heap, it grows and remains the only 10-Heap until
the number of grains falls back below ten again, when it ceases to exist.
We can arrange for arbitrarily many material objects to coincide, but
they belong to different sorts (10-Heap, 11-Heap, and so on), and so
do not constitute a counter-example to LP.

The fact that one proposal fails does not suffice to show that either
LP or the stronger thesis that more than one thing of a kind can
coincide is correct: perhaps heaps are not a suitable example. We need
to consider the problem generally.

Suppose a sortal term for Fs gives us necessary and sufficient
conditions for the identity of Fs, and suppose two distinct Fs, Fxand
F2, coincide. There are two cases to consider. Either the coincidence is
permanent (i.e. F, and F2coincide at all times at which either exists),
orelseit istemporary (i.e.there isa time at which either only one ofF,
and F2 exists, or else both exist but are not coincident.) Suppose we
rule out temporary coincidence for the moment. That leaves per-
manent coincidence. Now it is clear that Fx and F2 cannot be
distinguished in the actual world by any oftheir observable properties
at any time during their lives. Hence they can at best be distinguished
by some modal property. Putting it in terms of possible worlds, we
may say that there is a world in which F, and F2 are non-modally
distinguishable. Again, we consider cases. One possibility is that only
oneofF F2existsin the world in question. Another isthat both exist.
Then there are two cases to consider. Either Fxand F2coincide in this
world or they do not. If their coincidence is permanent, we cannot

26 DOEPKE 1986.
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distinguish them non-modally as we assumed. Hence they cannot
coincide permanently. And now we face the problem of cross-world
identity. Which of the two Fs is and which is F2? We can
distinguish them by their properties within this non-actual world, but
on what grounds do we identify one of them with one of the two
coinciding Fs in the actual world, and the other with the other? It
seems that we should have some ground for identification: a mere
stipulation or convention is insufficient.27 If we then rule out all cases
in which Fj and F2exist together in the same world, we are left only
with the case where one of them exists and the other does not. But
then, given that the two are non-modally indistinguishable in the
actual world, we have no grounds for thinking there are two Fs at all.
So let us come back to the case of temporary coincidence in the
actual world. Here the assumption is that the life histories of the two
Fs diverge mereologically at some time either before or after the
period of coincidence. One problem here is that of fending off the
argument that what happens is not that two Fs come to coincide but
that rather two Fs join together (fusion) or one splits apart (fission).
Our normal way of dealing with cases of fission and fusion is to assert
that they involve replacement ofone F by two Fs, or vice versa, so there
isno question ofcoincidence of distinct Fs. We saw above in Shorter’s
cloud example that there are nevertheless cases where we appear to
have reasons for supposing that material objects may survive
coincidence, converging and then diverging again. It does not appear
absurd to claim that this is simply fusion followed by fission,
understood as before as involving replacement, so that strictly
speaking the cloud projected by one of the machines before the
coincidence is distinct from that projected by the same machine after
the coincidence. Another suggestion is that we may indeed identify the
cloud before with the cloud after, but that this cloud exists intermit-
tently, ceasing to exist at that moment at which the two clouds
supposedly coincide. However, we have reasons to suppose that
neither ofthese positions gives the best description of the case. Firstly,
against the fusion/fission account, the persistence of the clouds
depends on the persistence of the causal conditions for their
production in the form of the functioning cloud projectors. We
individuate the clouds via the projectors: here we have a third factor2

21 For arguments against ungrounded cross-world identities, see forbes 198S:
126 ff.
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besides term and place allowing us to trace objects across coincidence,
and since the same projectors are working uninterruptedly, we have
good reason to identify across the coincidence. Against saying the
clouds exist intermittently, we have the fact that either projector
would still have produced its cloud at that place and time even if the
other had not been working; the identity of either cloud with a cloud
at the point of coincidence would then depend on the latter’s merely
external relation to the other projector, in violation of a plausible
requirement which Wiggins calls the 10nly a and b’ condition.28 This
also tells against the fusion/fission analysis, since whether the later
cloud projected by one projector is identical with the earlier one
projected by the same projector would depend on an external relation
to the second projector.

One statement of the Only a and b principle by Wiggins is that it is
the ‘requirement that what makes the identity of a and b should be
independent of objects distinct from aand b'.29 Thus formulated, this
appears to be already violated by the clouds example, since whether
we have the same cloud depends on whether its projector continues to
function, and so refers us to the projector. Similarly, the identity of
dependent objects like headaches refers back (in part) to the identity
of their substrates. So perhaps we should add to the principle ‘apart
from objects upon whose existence the existence of aand b depends’.
However, this suggests a short way with the clouds example: projected
clouds of this kind are not substances at all, but mere disturbances like
shadows or waves, whose existence and identity depends on other
things, so it is not surprising that they fail to fulfil all we require of
substances. This reasoning would rule out by extension all cases where
identity across coincidence is carried by a third factor. If substances
are objects for whose identity the Only a and b rule applies as stated,
then Doepke’s argument against superposition applies. The only
residual doubt is whether this is not too stipulative regarding
‘substance’. In view of the naturalness of the distinction between
objects which are and those which are not existentially dependent on
others (to be discussed below in Chapter 8), | think it is not too
stipulative, and from this, together with the frankly fictional nature of

J* wiogins 1980; 96.

19 Ibid: 233. The formulation of noonan 1986 of the ‘Only X and Y’ principle is
somewhat different. Both Wiggins and Noonan use the principle to rule out ‘best
candidate’ theories of identity.
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the clouds example, I conclude we have no good reason to deny
Locke’s principle LP for substances.

6.4 Composition

In discussing objections to superposition, we noted that superposed
objects may share many properties. If they share all time-blinkered
properties, those whose instantiation entails nothing about properties
had at other times, we called them ‘temporarily indiscernible’. Burke
spoke of objects sharing all their qualities; temporary indiscernibility
would seem to imply qualitative indiscernibility, but not vice versa,
since the proverbial two peas in a pod might be qualitatively
indiscernible. Superposition of objects goes a good way towards
explaining their apparent likeness, and Doepke used this to turn
arguments which found superposition wasteful of objects.

Some superposed continuants are coincident, that is, they share all
their parts. This makes it even easier to explain community of
properties, since many physical properties, such as weight, shape, size,
colour, and volume, are determined by the nature and distribution ofa
continuant’s parts. Clearly coincidence is sufficient for superposition.
But is it necessary? The coincidence principle

CP asup(h=a<>b

says precisely that it is. But Doepke contends that CP is false, because
there are cases in which it fails:30

Consider you and the collection of atoms of which you are now composed.
Appealing to intuition, | suggest that your heart isa part of you but not a part
of this collection of atoms. Similarly Theseus’ Ship, but not the wood of the
ship, iscomposed of boards. Though every part of the collection of atoms isa
part ofyou and every part of the wood isa part of the ship, you and the ship
have ‘additional’ parts not shared by the collection of atoms and the wood.

If Caesar (C) and the collection of atoms or mass of matter m are
coincident at time t, i.e. C <>,m, then Caesar’s heart hispart ofmat t.
Doepke appeals to intuition to deny this. What is the support for this
intuition? Some informants | questioned agreed with Doepke, others
said that it was merely odd or unusual, but not false, to say thath <fm.
We need reasons. At first sight, considerations of simplicity are in
favour of CP. If coincidence is both necessary and sufficient for

,0 DOEPKE 1982: 51.
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superposition, the connections between mereological and spatial
considerations for continuants are very straightforward. Mereology
reveals part of its importance in connection with spatial matters. One
way to tell for sure that one spatial extent is part of another is to find a
continuant occupying each such that the one continuant is part of the
other. Conversely, ifs, and s2are regions such that st < s2, then for
any x, y, and t such that s, = r,x and s2 = r,y, we must have x <ty.
This latter is what must go if CP is not true.

Doepke emphasizes3L the need for an account of a concept to bring
out the point of applying it. Ifthe coincidence principle iscorrect, then
it is clear that one thing the concept of part does is to account for
things being wholly or partially in the same place at the same time.
More radically perhaps, without a concept of part applying to
continuants we should have no concept of spatial containment,
perhaps no concept of space at all. However, this important role for
mereology may be maintained equally well but more indirectly if we
abandon the coincidence principle in favour of a weaker position
involving a more complex notion which Doepke calls complete-
composition, and which he characterizes recursively as follows:3

y is completely-composed of x at time t iff (def.) at time t, x has
parts & every part ofx isa part ofy & any part ofy which isnota
part of x is completely-composed of parts of x
We may symbolize this as
CTD23 ycc,xs 3zrzCjXla Vaz<,x o z< ,/
aVzz<,y a~ (z<,x) = 3arVw\vea
3w<,x"'3 zee,all

This may be simplified by introducing a Lesniewskian functor ‘pt,’
defined

CTD24 aept,[h] =a<tb

to give

CTT23 yocxs x<,yaVaz<,ya~ (z<,x) 9
3aroCpt,[x]Azcc,all

If x and y coincide at t, then they are completely-composed of one
another, since the second conjunct is automatically true.
Several points about this definition merit comment. In the first

3l Ibid: 54, talcing hit point from Dummett. 33 Ibid: 52.
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place, while it has the form of a recursive definition, it can only be a
proper recursive definition if there is a beginning to the recursion,
where one thing is completely-composed of another in a sense which
does not further bring in complete-composition on the right-hand
side, which means coincidence. The definition as such does not
guarantee such a level: it would be possible to find an infinite
descending chain of objects, each completely-composed out of the
ones below. Maybe this is a disadvantage which should be ironed out
in the definition, or perhaps it is better left as a further postulate that
bedrock is reached. The point of the definition is to provide a weaker
sufficient condition for superposition than coincidence. This it can be
proved formally to do, provided we make a couple of plausible
additional assumptions. The first is that the receptacle ofa plurality of
spatial continuants is the sum of the receptacles of its members:

CTA12 r,a«(Tsr3xrxEfIAs = rix1l
from which follows
CTT24 3xrxfala Vxrxeazzxin,yl=>ain,y

Secondly, we require that every part of the receptacle of an object
contains some part of the object:

CTA13 Vas<rx=3yy<,Xary<s".
We now prove

CTT25 ycc,x =ysup,x

aCpt,[x] a zee,a
(13) Vwrw£a =3 win, r,x'

Proof (1) ycc, x assumption
(2 x<ty 1 CTD23
3) Vzrz <,ya ~ (z<,x) 3 1, CTT23
3aradpt,[x] a zee,all
(4) xin,y 2, CTA11, CTD19
(5) ~ (yin,x) assumption for reductio
(6) ~ (r,y < rx 5 CTD19
(7) 3s
S <r,y as(r,x 6, SSP for regions
8) 3z
z<tyarz<s 7, CTA13
) r,z[r,x 7,8
(10) zex,x 9, CTD21
(11) ~(zc,x) (otherwise contradicts 10)
(12) 3a

8 11,3
12, CTD19, CTD24



Superposition, Composition and Matter 231

(14) ain, x 12, 13, CTT24

(15) ain,z 12, as line 4

(16) xov,z 14, 15, CTD19, CTD22
Lines (10) and (16) are in contradiction, whence

(17) yin,x

(18) ycc,x =ysup,x 1 4, 18, CTD20

Neither of the additional assumptions seems in any way impeachable.

If complete-composition is a sufficient condition for superposition,
is it necessary? Not if Wiggins’s Principle can be falsified, for if two
objects have no common parts, neither can be completely-composed
of the other. Doepke holds, on the other hand,33

thatin all cases of spatially coinciding objects which share the whole variety of
properties we have discussed, the reason they are so alike is the fact that one
object is completely-composed of the other.

As we mentioned when discussing mixtures, the properties ofa perfect
mixture are unlikely to be directly inherited from those of their
ingredients, but rather to be some kind of compromise between them;
so this apparent counter-example would not perhaps worry Doepke.
On the other hand, the literal formulation still seems to be too strong,
since we can construct a simple finite model satisfying plausible
part-whole principles for which his statement does not hold. Let a, b,
and c be three adjacent squares (below), and consider the pluralities

{a+ b, c}, {a, b--c}. These are superposed, but neither is completely-
composed of the other; a+b is not part of {a, b +c} and b +c is not
part of {a + b, c}, where ofcourse we must understand the part-whole
predicate with a class on the right-hand side as the class-inclusion
predicate, as explained in Chapter 4. Rather, every member of each of
the two classes is completely-composed of members of {a, b, c}, and
this is a more complicated relationship than the one Doepke
considers.

This brings us to one of the most salient and difficult characteristics
of Doepke’saccount ofcomplete-composition. As the recursive clause
makes clear, something may be completely-composed ofa plurality of
objects; Doepke expressly allows this to accommodate the one-many
view of superposition. To the extent that the technical concept of

3 Ibid.
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complete-composition is intended as an approximation to the
common or garden concept of composition, this is to be expected and
welcomed. Before considering Doepke’s notion more fully, let us
consider the possibilities for the common notion first, indulging in a
little linguistic phenomenology. The possibilities are given in
Table 6.1.

Tabte 6.1. Possibilities of Composition

Category can be Category Example
composed/made of

individual individuals wall/stones
individual mass sweater/sm wool
individual individual + mass toffee-apple/
an apple + sm toffee
individual individuals + mass fruit-cake/currants
+ sm dough
mass individuals gold/gold atoms
mass masses dough/flour + water
mass mass(es) + blood/plasma + blood cells
individuals
collection individuals pack/wolves
collection mass snowballs/sm snow
collection individuals + mass toffee-apples/apples + sm
toffee

In addition to these clearly acceptable cases, there are various
borderline ones:

mass individual ?sm gold/one gold atom

mass individual 7sm martini/sm gin+ sm
+ mass(es) vermouth + one olive

collection individual ?Committee/one person

All of these arise from the fact that instead of several individuals, we
have only one. All seem to be worth accepting for the sake of tidiness.
It jars to speak of something as composed of one individual, but it
would be unreasonable, for instance, to allow a thousand, ten, or two
gold atoms to comprise sm gold, and yet deny this to the smallest
naturally occurring quantity of gold, namely a single atom.
Continuing the possibilities, we have

collection collections TTleague of clubs/
several clubs
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This problem was discussed in Chapter 4. Note that where we have
mere plural reference, as ‘these wolves’, ‘the ingredients of this cake’,
‘these clubs’ we cannot speak of the wolves being composed of the
wolves etc. In this case we have identity rather than composition.
Finally we have

individual individual "this chair/
this box

If ‘this chair is made of a box” means that a box was dismantled to
make the chair, then we do not have a genuine case of composition,
since the chair and the box do not exist at the same time. This applies
even if the chair is itselfdismantled and the same box reassembled, as
argued in the previous chapter: here we have intermittently existing
objects, but neither is composed of the other, though both are
composed (alternately) of the same wood. If, on the other hand, the
box is intact when a chair, either they are identical or else, more
plausibly, the relationship between box and chair is that one is serving
as or playing the role of the other.34 This relationship is important,
since it is of the same type as that obtaining between hand and fist
(hand/hand in the shape ofa fist) or wood and matter-constant ship.
But it isnot a relation ofcomposition. Note, however, that we can say
the box constitutes a chair, so ‘constitutes’ is in this respect more
general than ‘composes’.

It emerges from this investigation that, apart from the last case, the
is made of’relation, the relation of composition, is categorially more
flexible than the rather tamed variety we took in Chapter 4. What
happens if we turn it round and ask after the relation of something to
what helps to make it up? In many cases it is natural to speak here of
parts. A stone ispart ofa wall, the toffee is part of the toffee-apple, and
so on. Where we have a plurality, the currants are part of the cake, the
blood cellsare part of the blood. Only where something consists solely
of certain individuals does the word ‘part’ jar, simply because in
natural language it means ‘proper part’. The wolves are not part of the
pack, but all of it. We have long been used to riding over this minor
disagreement with usage. But because the wolves are all of the pack
(i.e. none are missing) we are not entitled to say they are (i.e. are

34 Something similar is mentioned by wiogins 1980: 43, concerning T hat piece of
sugar can be your queen [at chess] while 1 glue the head of the queen back on.'
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identical with) the pack, because ‘the wolves’is a simple plural term
referring to just these animals, whereas ‘the pack’ refers to a group,
and the group and plurality, while they here coincide in membership,
have different identity conditions. The wolves are the matter of the
pack. Apart from these cases, there are some where ‘part’ cannot be
used:

*This snow is part of these snowballs

*This toffee is part of these toffee-apples

‘These apples are part of these toffee-apples

The reason isin each case the same: where b’is plural, ‘part ofb’ means
‘some of b\ referring to a subclass of those referred to by ‘6’, and sm
snow is not sm snowballs, nor are (mere) apples or toffee sm toffee
apples. For the same reason, since for plurals ‘some’ connotes more
than one, we should describe a single wolfas one ofor a member ofa
pack, rather than part of the pack. But this latter isa mere borderline
case to be overlooked on systematization.

It will be apparent that, with these exceptions, the term *part’ is in
general more unruly than allowed in Chapter 4. We have individuals
as part of masses and vice versa. In particular cases plural and mass
reference appear virtually interchangeable: ‘this gold’and ‘these gold
atoms’ do differ grammatically, but it is difficult to resist the
temptation to identify the mass with the plurality, and there are in any
case all sorts of parallels between mass and plural reference.3%
Nevertheless the two cannot be the same, since whatever is part of the
gold atoms (i.e. some of the gold atoms) is (predicatively) gold,
whereas not every part of the gold is gold—for example, the neutrons
in it are not. Mass terms and plural terms differ principally in the
indifference of mass terms to matters of division. A mass term can be
used irrespective of how, indeed whether, the denotatum comes
parcelled in units. In Chapter 4 we sealed the three senses o f ‘part’of T
from one another, and it is now clear that this was an over-
simplification. But for plurals, ‘part of’still is confined to the subclass
relation.

Ifwe look at the possible forms of expression used when a is made
up, among other things, of b, we find four cases:

(1) bis part of a
(2) bisa part ofa

laycock 1972 regards plurals as mass terms. Cf. griffin 1977: $2.4 and p. 61.



Superposition, Composition and Matter 235

(3) barc part of a
(4) bare parts of a

Case (1) applies when b isa mass or an individual, case (2) only when b
is an individual, and case (3) when b is a plurality, for example, the
currants are part ofthe fruit-cake. We should not say they are parts of
the cake, just as we say a single currant is part, but not a part of the
cake. As Sharvy has pointed out36 ‘are part of” is the plural o f‘is part
of’whereas ‘are parts of’is the plural of‘isa part of’. We say (4) only
where each one of b is a part of a, for example, the crankshaft, clutch,
and gearbox are parts of a car. The fact that we can use (1) even for
singular count nouns (one’s nose is part ofone’s face, the seat is part of
the chair, etc.) suggests that, among individuals, there is some
difference between the ‘is part of* and the ‘is a part of’ relations, as
these find expression in ordinary language. And indeed there is a
difference: whatever is a part of something is also part of it, but not
vice versa. The front halfofa car, forward of some imaginary plane, is
part of, but not a part of, the car. To say that something isa part is to
say that it is something which is part and has some further additional
properties. It is not altogether easy to say what this ‘extra’consists in,
especially as we also use ‘is a part’ emphatically, meaning ‘is one part
(among others)’, even for part in the weaker sense. For artefacts,
something is a part when it is a component of a thing, a piece typically
existing as a unit before the whole artefact is assembled, capable of
unitary replacement, capable of surviving dismemberment of the
whole, perhaps in addition fulfilling a unitary function. For things
other than artefacts this meaning is inapplicable, and if something isa
part it may be because it is a salient or prominently delimited part, or
because it is functionally unitary, like an organ. But ‘part’ does not
normally mean ‘component’ where the whole is not created by
assembly, or at least—as in modern ‘spare-part’ surgery—where it is
not unitarily replaceable. Since, then, a component or unitary part is
part of something satisfying certain further conditions, we feel entitled
to follow Sharvy37 in saying that mereology (part-whole theory) isas
such concerned with the wider or weaker notion of ‘part’. The
boundaries of the stronger concept (or concepts?) are hard to draw,
and we must bring in considerations from outside mereology.
Nevertheless, it is important to attempt to outline what the more

SHARVY 1980: 619. 37 Ibid, and sharvy 1983a, 19836.
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restricted concept involves, and we shall work towards such an
attempt in Part Ill below. It should not be thought that it is solely
interference from the stronger notion of part such that... which
undermines the postulation of arbitrary sums in extensional mer-
eology. Even with the weaker notion, there is no guarantee that every
plurality of individuals has an individual which is their sum. The sum
axiom still fits classes and masses far better than individuals, as was
argued in Chapter 4.

The untidiness of natural language in its use o f ‘part’is perhaps one
of the chief reasons why mereologists have preferred to investigate
formal systems with nice algebraic properties rather than get out and
mix it with reality in all its messiness. Perhaps the single most
daunting methodological problem this book faces is that of bringing
formal considerations into some kind of meaningful contact with the
plethora of phenomena found in the wild.

With these complications in mind, let us return to Doepke’s
definition of complete-composition, on the assumption that he
intends to use it to approximate the plain notion of composition, with
some harmless and profitable exceptions. Clearly it must include all
cases of common composition, otherwise some cases of superposition
would slip through his grasp. It is now clear that the formulation he
gives, although intended to cover the one-many case, needs adapting
according to whether we have a collection, mass, or individual, and
according to the combination of constituents. We give two samples:
the other cases can easily be constructed by analogy with these.

Sample 1: Individual (a) composed of individuals (b) and mass (c)

aiscompletely composed ofband cat tiffevery one ofbispart of
aatt,cispartofaatt,andevery part ofawhich isneither one ofb
nor part of c at t is completely composed either of some of b, or
part of ¢, or both some of b and part ofc at t

Sample 2: Collection (b) composed of mass (c)

b is completely composed of c at t iff every part of c overlaps at
least one of b at fand every one of b is completely composed of
part ofc at t

For instance, every snowball is completely composed of sm snow; it
seems as if we have not only superposition but coincidence. The case
ofthe squares—collection composed of individuals—is actually more
complicated than the wolf-pack case.
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From all these cases it can be seen that Doepke would not envisage
the falsification of Wiggins’s Principle: if aand b are superposed, they
must have some common part; indeed, both must be completely-
composed of some third c.

Rather than speculate whether every possible case of superposition
iscovered by one of the many possible versions of Doepke’s idea, we
should draw attention to a problematic feature of the definition,
although it is not theoretically crippling, as it can be easily amended.
Take the simple case ofa wall being completely-composed of stones—
suppose it is a mortarless or drystone wall such as are found in
northern England—then every stone is part of the wall, but the other
part of the definition would need to run, ‘every part of the wall which
is not a stone or perhaps several stones is completely-composed of
some of the stones’. In other words, the term ‘part’ rules out proper
parts of stones as parts of the wall, which is to say that Doepke isreally
using ‘part’ to mean ‘a part’, i.e. ‘component part’. But there is no
guarantee that using this narrower concept of part will yield the
required result concerning superposition.38 If, however, we insert the
wider meaning o f ‘part’we must modify the definition, for example in
this case to:

Every stone is part of the wall, and every part of the wall which is
not a stone (or perhaps several stones) iscompletely-composed of
one or more parts (proper or improper) of one or more stones

61 Corstitution

All of this complication is necessary if we are to capture all the
varieties of composition, and it seems to me that, suitably amended as
outlined, Doepke’s suggestion is along the right lines. However, when
returning to superposition, we are still no clearer whether life can be
simplified by letting superposition entail coincidence in cases other
than those involving pluralities. Composition, unlike complete-
composition, isasymmetric and transitive: ifa ismade up ofb,and b of
¢, then aismade up ofc,and ifaismade up ofb, then bisnot made up
of a. This is so even if the two are coincident, as for instance are the
snowball and the snow which makes it up; we cannot say the snow is

3* Thisinterpretation of *part’can be inferred from Doepke’s examples, but he has in
any case confirmed in correspondence that a wider notion of‘part' is needed, without
giving way on the Coincidence Principle.
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made up of the snowball. Composition therefore involves more than
mereological considerations, since otherwise snow and snowball
would be composed of one another (as indeed they are completely-
composed of one another.) Nor is it necessarily the case that an object
composed of one or more others came into being by putting these
together in some way. That may work well enough for many artefacts,
but it does not work for organisms, as they are in natural flux, and
what composed an object at its beginning may have little or nothing in
common with what composes it later. In any case organisms can come
into being by fission, like amoebae.

The allusion to coming to be is helpful in directing attention to its
opposite, ceasing to be. If aiscomposed of b, then one way in which a
may cease to be isifbchanges in a certain way, without itselfceasing to
be (there will in general be other ways in which a may cease to be as
well), If the snow scatters, the snowball ceases to exist, since a snowball
is made of snow compressed together. If the wolves disperse
completely, the pack ceases to exist, although every single wolf may
survive. On the other hand if the snow melts, the snowball ceases to
exist, and if all the wolves die, the pack too goes out of existence. In
Avristotelian terms, the snow (wolves) is (are) material cause of the
snowball (pack). Once again, Doepke has come up with a suitable
definition:39

X constitutes y at time t iff x could be a substratum of y's
destruction.

Thatisto say, at any time at or after t,y could cease to exist by virtue of
a change in x which x survives. The snow then constitutes the
snowball, the wolves the pack, and so on for other cases of
composition.

Composition entails constitution, but does the converse hold? A
hand constitutes a fist in virtue of of being clenched, but it is not
obvious that it composes a fist, and certainly a fist isnot composed ofa
hand plus some additional part—there is no such part. Doepke argues
that the body/person case is the same: a person is a body with certain
anatomical configurations. We argued in the previous chapter that
this is false, however. But the existence of a body is a necessary
condition for the existence of a person, so it is clear that the body
constitutes the person, and the extra required is the presence of the

P DOEPKE 1982: 54.
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right sort of processes in the body. If these stop, this isa change in the
body, which may nevertheless survive it, whereas the cessation of the
processes is the death of the person. When x constitutes y, there are
certain properties of x which are accidental to x, but essential to y. It is
essential to a person that he or she have certain processes going on in
his/her body, but accidental to the body that these processes be going
on in it. Where the essential properties concern the type and
disposition of parts, this is often a case of composition, but in other
cases, such as that of body/person, it is not. The distinction between
accidental and essential parts, as well as the question of that in virtue
of which something composed or constituted is an integral object (in
Avristotle’s terms, the question of form) will occupy us further in Part
I1l. Here we are only concerned with the question of matter.

The definition of constitution is in need of a small amendment.
Suppose a wall is composed of stones. Then they also constitute it—
one way to destroy the wall is to take it apart and scatter the stones.
Now the wall may survive the loss of the odd stone here or there.
Suppose one of the stones is pulverized; then the wall continues to
exist, provided the loss of this stone does not bring it to collapse, but
the collection of stones of which the wall was made no longer exists,
since a member has ceased to exist, and the collection was a (plural)
sum in the sense of SUM. It would therefore appear that the wall can
survive a certain kind of change which constitutes the destruction of
the collection of stones, and therefore that the wall constitutes the
stones! Similar remarks apply to anything which can survive the loss
of some of its parts. The snowball can be diminished without going
out of existence by the melting of some of its snow, and so on. In such
cases terms like ‘the stones composing the wall’ or ‘the snow
constituting the snowball’ are seen to be temporally variable desig-
nators. We surely want to rule out mutual constitution. The difficulty
is easily removed by making the following minor alteration to the
definition:

x constitutesy iff x could be a substratum ofy’s total destruction

What is meant by ‘total destruction’ varies according to context. We
describe a wall as partly destroyed or demolished when some of its
components or parts are no longer in wall configuration but others
are, and totally destroyed when none are left in the right configur-
ation. To totally demolish a stone wall it suffices to take each stone
apart from all the others and lay them flat on the ground, or to knock
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the whole lot over. There is no need to go to the lengths of pulverizing
each stone. Total destruction of an object does not usually require
total destruction ofevery part of it. The aim of introducing the idea of
total destruction is that it frequently makes sense to distinguish total
from partial destruction. A mass of snow may be totally destroyed by
melting it all, a number of wolves totally destroyed by killing all of
them. Where it makes little or no sense to distinguish total from
partial destruction, one may take the adjective ‘total”in the definition
to have zero modifying force.

Returning to the problematical examples, we see that this amend-
ment takes care of them. A wall may survive partial destruction of the
stones making it up, but not their total destruction, whereas a wall
may be totally destroyed and its stones remain unscathed. Of course,
an object which lives through flux in parts may continue to exist
although all its previous components are destroyed, so long as its
present components remain reasonably intact. But a constituted
object may in general be destroyed with little or no destruction of its
components, so the asymmetry of constitution is guaranteed. The
point demonstrates another aspect of the practical and theoretical
importance of objects in flux: theoretically, they present a special case;
practically, an object in flux has a further kind of survival potential.

6.6 The Problem of Mhtter

The material cause of an object is its proximate or immediate matter;
this may itself be constituted or composed of something else in turn,
which is then relatively more remote matter of the original (both
composition and constitution being transitive). We are familiar
with the chains this can give rise to: organism—organs—cells—
molecules—atoms—sub-atomic particles, and so on. The question
naturally arises whether any or every such chain has an end: is there
something which we could call ultimate matter, which would con-
stitute everything material and not itself be constituted of anything
further? This is the most ancient of philosophical questions, and it is
usually regarded as having passed from the competence of the
philosopher to that of the physicist. Nevertheless, there is still useful
work for a philosopher to do in this area, in particular in considering
the mereological properties of such possible prime matter, where we
might after all recover the lost simplicity of extensional mereology.
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The idea of ultimate matter is somewhat discredited philosophically
because of the particular version of the doctrine found in Aristotle,
who ran together the two notions of being a substratum of change on
the one hand and being the bearer of properties on the other. Aristotle
speaks—perhaps metaphorically, but the damage is done all the
same—of'stripping’attributes (form) from things to arrive at pure, i.e.
formless matter, which can exist only potentially, not actually, since
whatever exists is something with a form.40 Now this bad metaphor of
‘stripping’can perhaps be avoided, but there is in any case no need to
follow Aristotle or the followers of Aristotle in linking substrata of
change with bearers of properties (which then somehow manage not
to have the properties). Ultimate matter, if there is such stuff, may well
have its own characteristics, and it isan important question whether it
could exist independently or only in something it constitutes.

There is nevertheless a good scientific reason for looking more
closely at the stripping metaphor, namely that it turns out that the
further we progress down the chain of constitution, the more limited
become the ranges of characteristics exhibited by the objects en-
countered, merely by virtue of their greater simplicity. Micro-objects
take characteristics from a very limited range of families. The
tendency in the past has been to try to explain the variety of objects
there are in terms of the multitude of different possible configurations
of simpler objects, uncovering more profound complexity and
extending the chain downwards. This process would reach bedrock if
we could find a single kind of ultimate constituent; since qualitative
differences also invite explanation, it would be ideal if all qualities
could be explained in terms of the constituents’ interrelations. This is
the ideal stated dogmatically as fact in Wittgenstein’s Tractatus, where
he takes all material properties to arise from the configurations of
ultimate constituents which are themselves ‘colourless’.41 But while
the way in which ultimate constituents behave with respect to one
another may be relational, such constituents do not thereby lack all
characteristics. Even Tractarian simples are not ‘bare particulars’—
they have essential or internal properties, all of which are modal, and
accidental or material properties, which are actual.42

By the definition of constitution, a constituted object isendangered
by a wider range of circumstances than that which constitutes it. So

40 Metaphysics Z3,129%. | do not intend to go into the question whether Aristotle
himself believed in prime matter: it suffices that such a theory can be conceived.
41 Wittgenstein 1961 2.0231-2. 41 Ibid, 2.0233.
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the objects further down a chain of constitution are in this sense more
hardy than those further up. It would therefore seem that ultimate
matter should be indestructible. Again, this is traditionally associated
with it, and is embodied in principles of conservation. However since
the existence of higher-order constituted objects may be relatively
independent of which particular batch of ultimate matter makes them
up—if they are objects which are in flux—then such objects could
survive even if ultimate matter were not sempiternal. The questionable
attribute of sempiternality and indestructibility therefore has no place
in our concept of a mass of matter.

Whatever happens further up the chain, ultimate matter cannot be
composed of anything else, and therefore in particular cannot be
composed of now this, now that. On the assumption that something
can be in flux—can change its parts—only by virtue of a change in the
proximate or remote matter of which it is made, this means that an
ultimate constituent or mass of ultimate matter always has the same
parts whenever it exists: it is mereologicalty constant. We recall the
definition of this important predicate (which may apply to classes or
masses as well as individuals):

CTD6 MCo s Vtt'rEx,aa Ex,,a=Vxrx <,as x <,,all

One theory of matter which fits in closely with the assumption that
masses of matter are mereologicalty constant is the corpuscularism of
Locke:43

iftwo or more Atoms bejoined together in the same Mass, every one of those
Atoms will be the same.... And whilst they exist united together, the Mass,
consisting of the same Atoms, must be the same Mass, or the same Body, let
the parts be never so differently jumbled: But if one of the Atoms be taken
away, or one new one added, itisno longer the same Mass, or the same Body.

Locke’s masses of matter are not purely mereologically defined: they
must be approximately connected, since they do not survive
scattering—Locke’s notion of being united resembles Chisholm’s of
being joined. Since this feature raised issues we would sooner skirt
around, we henceforth ignore it. A mass is composed of atoms, or, as
we shall call them, particles. The identity of a mass of matter is
parasitic upon that of the particles of which it is composed; it is some
kind of sum of them. The particles are assumed themselves to be
mereologically constant, and they cannot be superposed or even

43 Essay 11, ch. 27, 83.
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overlap, so in this case we can assume for particles that superposition
entails not merely coincidence but identity. There isa tendency, helped
by the use of the word ‘atom’, to regard particles as mereologically
atomic, that is, without proper parts, but mereological constancy,
though trivially a property ofatoms, iscompatible with non-atomicity
of particles. Locke’s sort of theory is easily represented in CT. We let
the predicate ‘Pc’ mean ‘is a particle’ and add the principles

CTF10 Pea=Elaa VtrEx,a = Pc,al

(once a particle, always a particle—so long as it shall exist), and
CTF11 Pea 3 MCa

CTF12 Peaa Pcb*aob=>a =b

These principles entail neither sempiternity nor continuity (i.e. non-
intermittent existence) of particles. These, like atomicity, are frequent
concomitants, but are not strictly required. We must be careful now
how to define ‘mass of matter”: if we essay the following definition:

CTD25 *Ma = Elaa VxVtrx <,a 3 3yrPcyAy <taayo,xu

(compare the definition MD5 of ‘fusion’in Lesniewski’s Mereology),
then we find we have defined a predicate meaning merely ‘is always
composed of particles’, and something may be always composed of
particles without always being composed of the same particles. For
example, if a, bare particles such that a starts to exist before bdoesand
b ceases to exist after a, and their lives overlap, then any x such that
x SU ab is always composed of particles, but these vary from time to
time. The definition we want is

CTD26 Mas Elaa VxVrrx <,a 3 3yrPcyay 0,X

a VtrEx,a=y <,alll

a VirVxrPcx a x < a 3 Ex,x13 Ex,al
that is, a is a mass of matter iff a exists, every part of a overlaps some
particle which is part of a for as long as a exists, and a exists as long as
every particle which is ever part of it exists. This last clause ensures
that masses of matter, unlike Locke’s Bodies, may be scattered. To see

further into the import of this definition, we can derive, assuming
CTF12,

CTF13 MaaPcbhaaob3 VfrEx,a3 b <ta'

This tells us that any mass of matter always contains any particles it
ever overlaps (thisis trivial if particles are atomic). The proofuses only
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the second conjunct of the definiens of CTD26, but putting the third
conjunct together with CTF13 we get

CTF14 Ma =>VitrEx,a = VxrPcx a x <a 3 EX,x”

So a mass of matter exists at just those times when all of its constituent
particles exist simultaneously. It is therefore inherently more frail than
any one of them, and may be considered a sum of them, in a sense
generalizing SM; we define

CTD27 aSMf'F.xlas VxVfrx ota= VyrFy =Exy

aFj 'ai/lfyAyonr1l
when it is then tedious but straightforward to prove
CTT26 Ma =>ElaaaSM*rPcxa x <,«'

the converse implication being provable either under a general
existence assumption for SMs, or at least under the last clause of the
definiens of CTD26 as assumption.

It iseasy to show that any mass of matter, including a single particle,
is always composed of particles, and we have in addition

CTT27 *Maa VXrPcxax< a=x<,b'=a<,b

though this depends on the strong Supplementation Principle
CTA10, and would have to be added axiomatically ifwe choose not to
adopt this.

That masses of matter are mereologically well behaved is shown by

CTF15 Maa Mbaa <b =VIrEx,b =>a <,fcl
which can be proved from CTF11-12 and has the consequence

CTF16 Maa Mbaa<>1b» =>VfrfEx,av Ex.b=> a <>,p"

Masses of matter are still unconditionally mereologically constant
with respect to other masses of matter we have the following:

CTF17 Ma =. VftrEx,aa Ex,,a >VXxrMx = x<,a = x<,,a"

which follows from CTF16. However, this is about as far as the good
behaviour extends. Despite the assumptions ofconstancy (CTF11)and
extensionality (CTF12) for particles, these properties are not un-
conditionally carried over to masses of matter generally. It is here that
we return again to the problem of Caesar’s heart. Is this part of the
mass of matter making him up at a particular time? If so, then this
mass has the heart as part at one time and not at another, and is
therefore not mereologically constant. We clearly cannot enjoy the
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benefit of all the following at once:

() The Coincidence Principle
(2) CTD26 as a definition of ‘mass of matter’
(3) Mereological constancy of masses of matter.

Further, something which coincides throughout its life with a given
mass of matter, and lasts just as long as it, is itself by CTD26 a mass of
matter. But this coincidence might be accidental; the object concerned
may have been of a kind such that it could have changed parts, but
happened not to. But such a property ought not to belong to a mass of
matter, which isan indication that CTD26 is too weak, in that it lacks
a modal element. So, while CTF17 satisfies some of the intuitions we
have about the mereological status of matter, it is clear that it is not
enough to reflect what is forced on us by the idea that an object can
change its parts only through change in its proximate or remote
matter, which is what forces us in the direction of mereological
constancy of masses of matter. The Coincidence Principle, on the
other hand, treats constituting and constituted objects even-handedly
as regards their mereological properties. Without it we could go on
and add mereological extensionality for masses of matter:

CTF18 Maa Mbaa<>b=a=b

thereby simplifying things considerably. The point is even in-
dependent of how we treat masses of matter. We chose to demonstrate
the problem by a particle theory, but we could equally well have taken
aprime stufftheory, treating ‘mass of matter’as a primitive expression
governed by the appropriate axioms:

CTF19 M'as Elaa WxrM'xa x <a WMrEx,a=x <,all
CTF20 M'aa Mb a<>bza—b

Independently of deciding the truth of the Coincidence Principle,
we can undermine a chief reason for wanting mereological constancy
of masses of matter, by showing that mereological change is not a
sufficient condition for material change.

Consider an organism a which has a certain organ b composed of
mass of matter m in a certain shape and fulfilling a certain function.
The shape and function determine the kind of b. Now suppose the
organism enters a process of internal change, involving the rear-
rangement of matter m so that it no longer composes b but now
composes two different and separate organs c and d fulfilling different
functions (we suppose the need for something like b has passed in the
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organism’s life-cycle). Something similar happens, on a much more
radical scale, in the metamorphosis of insects, though we have chosen
a less radical change because we do not wish to put in question the
continued existence of the organism a. Now we have every reason to
suppose that b ceases to exist and c and d come to be out of the same
matter, so that a is not mereologically constant. On the other hand, we
can well suppose that not the slightest mass of matter has entered or
left a in the process: a has remained materially constant, a notion we
may define thus:

CTD28 MatCa = Vit'rEx,aa Ex,a >WrMx =>(x <, a
\11
= X < t,a)
from which it follows immediately, of course (by CTF17), that masses
of matter are materially constant.44 So the example shows that
material constancy does not entail mereological constancy.

Of course, a die-hard mereological extensionalist would deny that
there is any mereological change in the counter-example: he would
describe it as simply a non-mereological change (viz. the scattering
and rearrangement) of m within a. And if we limit the notion of
mereology so that it is indifferent to what happens to components
(which b, ¢, d are, but mis not), then again we preserve constancy. But
sincea component isa part which ... (in the weaker sense of ‘part’Xit
seems we can only do this by ignoring all but materially constant parts
anyway, which is simply question-begging. It seems that a good deal of
the intuitions behind demanding mereological constancy for masses
ofmatter would be satisfied with material constancy, and indeed this is
the safest conclusion we can draw out of Locke’s position.

Likewise, we can define the notion of material coincidence.

CTD29 amco,i> = Ex,aa Exf>a VWX Mx = (x <,a h x <tb)\

a similar definition using ‘Pc’ instead of ‘M’ being equivalent under
the assumption of CTT26. Clearly, coincidence entails material co-
incidence, but not vice versa. As before with the simpler notion of
coincidence, the neatest link-up with spatial concepts would be to
have material coincidence as a necessary and sufficient condition for
superposition. Someone favouring Doepke’s approach to super-

44 We could have defined material—as indeed mereological—constancy ofan object
over an interval, allowing the object to change at other times. This would have perhaps
been more appropriate for the present example. What we have defined is permanent
constancy (of either type), while a further important notion to be defined is essential
constancy.
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position and accepting the existence of masses of matter would
probably happily accept this solution.

6.7 Coincidence Again: A Resolution

It now looks as though the issue of the Coincidence Principle can be
decided only by bringing in modal considerations, involving the
notions of essential and accidental parts and the essential charac-
teristics of components. These are brought into play by Doepke in his
arguments against it:45 one difference between Caesar’s heart and the
mass of matter currently making it up is that there are low-level
scientific laws governing the anatomical and physiological properties
of hearts, whereas these do not apply as such to masses of matter, even
masses making up hearts, since it isin every case accidental to the mass
of matter that it forms a heart and has the physical characteristics
which go with something of that shape. And even if we bring in the
role of mereological concepts in determining positions, so that, for
example, we establish that the receptacle of a certain mass of matter
comprising Caesar’s heart is part of the receptacle of Caesar, since the
mass of matter is superposed with the heart, which is itself part of
Caesar, it is accidental to the mass of matter that its position is
established as that ofa heart; likewise, when we establish that the heart
isin a certain mass of matter, namely that making up Caesar, we need
not in principle bring Caesar himselfinat all in individuating the mass
of matter.

If these considerations speak against CP, it is worth noting that the
introduction of modal concepts serves only to sharpen the opposition
between proponents and opponents of CP, since the opponent must
claim that the heart is not even accidentally a part of the mass of
matter making up Caesar; components are then essentially unable to
be parts of the matter composing their wholes. The mereological
asymmetry thus reinforces the compositional and constitutional
asymmetry.

Without adverting to modal considerations, however, it is possible
to discuss the purely mereological merits of CP. We have so far been
discussing the principle for a tensed part-predicate ‘<’ which is not
antisymmetric. For our final discussion we shall once again ignore
tense and return to the use of *<’ for the anti-symmetric predicate of

doepke 1982: 59, and in correspondence.
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extensional mereology. We then recall two definitions from earlier:
SD1 X<y=X«yVX=y
SD15 x”"y=3zrz« x1=>Vzrz« x 2z« yla
~ 3zZrz« x1=x<y

The two-sided predicate obtainable from SD1 is of course just
identity, but the two-sided predicate obtainable from SD15 satisfies

X y=x—yv(3zrz«x vz«yl=>Vziz«x =z« Yy)

We are thus faced with not one but two coincidence principles. The
strongest says that superposed objects are identical. While this has
often been held in the history of philosophy, under the motto ‘No two
things can be in the same place at the same time’, we have seen ample
reasons for rejecting it. The second coincidence principle concerns the
symmetric predicate ‘“* ’,which we may call (in anticipation ofthings
to come) strong coincidence. The strong coincidence principle says that
superposed objects (better, superposed individual continuants) are
strongly coincident.

It isan advantage ofrejecting this form of CP that our mereology is
thereby made more flexible, and this is perhaps the best reason for
rejecting it. Accepting strong CP but rejecting the extensionality of
parts turns out to be an unstable option, as the following consider-
ations show. It is the test of a non-extensional mereologist that he is
prepared to accept something of the same general form as the four-
element model (below) as in principle realizable under the intended

interpretation of ‘part’ (« marked by a line or chain of lines going
upward). The real-life examples which are likely to be accepted are
more complicated, involving many more parts, but the principle is the
same: eventually we arrive at some kind of bifurcation whereby the
same smallest parts make up different objects. In the four-element
model we might envisage z as being the sum ofx and y, and was being
a complex formed of x and y in some constitutive relation. Now
neither z nor wis part of the other in the sense of ‘< ’, but each is part
of the other in the sense of they have the same proper parts, i.e.
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strongly coincide. We have strong coincidence without extensionality,
since the model violates the Proper Parts Principle.

However, once we accept such bifurcation, there is nothing to
prevent it being embedded in a more complex model. Take for
instance the seven-element model (below). Here both vand ware built

up from the same ultimate parts, namely x, y and z. Hence they will be
superposed. But t« v, whereas ~ t « w, so vand wdo not strongly
coincide. If such models are acceptable, then the strong coincidence
principle is unacceptable. How could we modify the seven-element
model so that it satisfies the strong coincidence principle? Simply
identifying vand wis unmotivated, for we have then two objects, t and
u, which both yield the same object on the mere addition of z. This
still leaves a bifurcation below, so the only way to motivate the
identification ofvand tvis to also identify t and u, which leaves us with
an extensional model. On the other hand, just identifying t and u
leaves us with a bifurcation above, and this can once again be
embedded in a more complex model giving rise to the same problem.
It seems that there is no well-motivated half-way house between
rejecting bifurcation altogether, i.e. accepting extensionality, and
accepting models like the seven-element one, and therefore rejecting
the strong coincidence principle.

This suggests that we look for a still weaker sense of coincidence in
which v and w may be said to coincide. A natural suggestion arises
out of one rather simple version of Doepke’s idea of complete-
composition. We take the case where an individual x is entirely made
up from a class of basic building blocks a (which may be cells,
molecules, bricks, or whatever). To eliminate the troublesome recur-
sive clause in the definition of complete-composition, we give the
purely mereological definition

xcoma s Eaa Vyryea =y £ xla Vziz ™ x
=3zrzea a zoyll
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(compare the Lesniewskian definition ofsum, MD4 of 82.6.2, but note
that because the context is no longer extensional we have taken the
weaker predicate Doepke’s leading idea is that individuals are
superposed if and only if they are both completely-composed of the
same whatever (individuals, mass of matter, the combinations we have
mentioned.) In this simple case, say that individuals weakly coincide iff
there are some building blocks of which both are composed in the
sense just defined:

xc3)i = 3a'xcomaaycomal
However, it can easily be shown that
3arxcoma a ycomal= 'izzox = zoyl

(for the implication right-to-left take the class of all z such that
z<>xaz”"y.) So weak coincidence as here defined is the same as
overlapping the same individuals. It can be checked that in the seven-
element model, v and w weakly coincide, as do t and u. This is the
concept of weak coincidence we are looking for.

But now note that since weak coincidence is symmetric, it is natural
to define a one-sided predicate of weak inclusion

Xcy ='izzOx = zoyl
and its counterpart sense of strict weak inclusion:

Xccji =xcjiA"™(ycx)
Note that it is only after rejecting extensionality that we could imagine
we were here defining something new. Weak inclusion is a part-

relation: it is reflexive (on existents), transitive, and satisfies the
following strong supplementation principle
Elxa Elya ~(xcy) 3zz<ya ~ zox’

Interestingly, the definitions of overlapping obtained in the usual way
from the concepts <, and c are all coextensional, which strongly
suggests that weak inclusion is a stable minimally weak part-predicate:
any attempt to define a weaker predicate in terms of it in the way *
and weak inclusion were defined in terms of < simply gives us <=back
again. If we take together as theses the definition of ¢ in terms of o
and the obvious definition of o in terms of ¢ , we can derive all theses
of extensional mereology (without infinitary operators) which do not
include the identity sign.46*

** | am grateful to the reader for the Press for pointing this out, and for suggesting
basing CT on overlapping alone.
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So we see what riches we miss by being extensional, since we now
have not one but three concepts of part, which the Strong
Supplementation Principle for < simply collapses together, and there
may well be other concepts of part in between those we have
considered. We also get another perspective on the materialism of
extensional mereology, which effectively consists in identifying in-
dividuals made of the same matter. The issue of the coincidence
principle is thus resolved: there are good reasons to reject it for the two
stronger coincidence concepts (identity and strong coincidence), but
no reason to reject it for weak coincidence, provided we consider only
superposed material individuals. There is no reason to deny that
Caesar’s heart is weakly included in his matter—indeed, the point of
the weak inclusion predicate is precisely that it gives us a concept of
part which allows this. That stronger part-predicates have a different
point is quite understandable. Note that because all three part-
predicates yield the same concept of overlapping, Sharvy’s mixtures
provide a counter-example to even the weakest coincidence principle.
This isa measure of the extreme nature of the example, and constitutes
the only reason we can come up with for rejecting the weakest
principle. What it seems to indicate, however, is not so much that the
principle is false in the hedged-about form we have given, but that the
components of such a mixture cannot be regarded as material; they are
more like Leibniz’s shadows, or the mixing of red and green light to
give yellow. It is significant that Sharvy draws on the metaphor of
projection when trying to make sense of perfect mixtures, and cites the
wave conception of matter in this connection.47

In view of the relative stability of the overlapping predicate, it is
worth seeing how we might reform the system CT, taking the
predicate o, as primitive. A single axiom suffices:

CT*A ao,b = Exraa Exba 3zrEx,za MM v0,Z 83Wo(sa wo,b1l

Note, however, that the only part-predicate we can define back again
in terms ofo, is the weak inclusion predicate c,: for stronger part-
predicates more is required, and this additional content is probably
not purely mereological. This suggests in retrospect that not all of the
axioms of CT as given in Chapter 5 are equally plausible for all senses
of ‘part” in particular, CTA7Y is wholly unsuspicious only for weak
inclusion.

sharvy 1983a: 45Iff.






Part 111

Essence, Dependence, and Integrity

There is, however, another artifice, by which we may induce the
imagination to advance a step farther; and that is, by producing a
reference of the parts to each other, and a combination to some common
endor purpose.... Thecommon end, in which the parts conspire, is the
same under all their variations, and affords an easy transition of the
imagination from one situation of the body to another.

But this is still more remarkable, when we add a sympathy of parts to
their common end, and suppose that they bear to each other, the
reciprocal relation ofcause and effect in all their actions and operations.
This is the case with all animals and vegetables; where not only the
several parts have a reference to some general purpose, but also a mutual
dependance on, and connexion with each other.

Hume, A Treatise of Human Nature, book 1, part iv, section 6.

The discussion in Parts Iand 11 makes it clear that a number of issues
in mereology cannot be clarified without bring in modality. Modal
mereology, if not completely new, is underdeveloped, and our first
task is to develop sufficient for our main purpose, which is to clarify
the concept ofan essential part. Mereological essentialism is precisely
the thesis that every part of every object is essential to it. The
arguments for this thesis are found wanting, but as with mereological
constancy and extensionality, there are certain objects for which the
thesis holds. This then rounds off the discussion of mereological
extensionality and its limits which began in Part I.

Our second topic in this part concerns mereological sums. Even if
one is disposed for systematic reasons to accept the existence of such
things, there is no doubting that they are in some way less
paradigmatic as individuals than organisms, artefacts, and other
bodies. The simple linguistic criterion according to which an individ-
ual is anything which can be designated by a singular term, coupled
with the prejudice in favour of the singular, makes it appear a pseudo-
issue to enquire into the extralinguistic warrant for using a singular
term. Such a warrant may come in degrees, even for concrete objects.

We therefore need to give an account of what constitutes the unity
and wholeness or integrity of the paradigm individuals, an integrity
that sums lack. The schematic answer emerges from Hume’s remarks;
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it has to do with the interrelation of the pans of such objects, which
makes it a mereologist’s business. An object is more integrated the
more its parts are in various respects interdependent and are not
dependent on objects outside.

To clarify this idea, we have to make sense of the various notions of
dependence which we need. There are in particular two general
families of dependence concept: one concerns ontological dependence,
the inability of an object to exist at all unless another object exists, the
other concerns relations of dependence or determination among
determinable characteristics of objects making up a whole. These
relations belong to the general category of functional dependence.
Notions of ontological dependence are modal notions, and it
transpires that there is a whole cluster of such notions, some of them
differing in respect of mereological concepts. The treatment of
ontological dependence therefore builds on the modal mereology we
develop, and leads naturally to a discussion of the traditional problem
of substance. Substances, however these are understood, are philo-
sophically the individuals par excellence. The discussion in this area
owes much to unjustly neglected work by Husserl. In studying the
properties of objects whose parts are in relations of functional
dependence, we are able to build on largely forgotten work by
Grelling and Oppenheim which does much towards clarifying the
hitherto vague notions of Gestalt and integral whole.



7 Essential Parts

Since the rapid development of modern modal logic, there has been
nothing to stop anyone interested from developing a modal extension
of the calculus ofindividuals or Mereology. But in fact, those logicians
interested in modal logic and those interested in part-whole theory
overlap hardly at all, for largely ideological reasons: modal logic tends
to be intensionalist and mereology extensionalist. This logical
apartheid of modality and mereology is however a recent phenom-
enon and, it is to be hoped, a transient one; in the writings of Chisholm
and Wiggins the two groups of concepts are once again brought
together—once again, for, as we shall see, in the work of the earliest
systematic mereologist of this century, Edmund Husserl, modal and
mereological considerations are inexorably bound together. The
whole of this third part may be taken asan attempt to carry further the
project which Husserl began in the third of his Logical Investigations.
Our intention in the following sections is not to present a fully
worked out theory, complete with formal system. Discussion of the
topic is still too immature to permit this. Rather we intend to raise
some of the most important issues concerning modal mereology. One
is simply the question how best we go about formalizing typical
intuitions on the subject. Another issue to confront is that of
Chisholm® mereological essentialism. This chapter is therefore
perforce somewhat tentative in its conclusions. The situation in
general in Part 111 is the reverse of that in Part I. There we had plenty
of formal systems to look at, and a problem as to how best to
understand them in the light of our intuitions. Here, we need to
consider first the facts and examples at our disposal before system
construction can begin. It should be noted that we shall not attempt to
follow up the manifold problems of modality and essence for their
own sake, but simply clarify them sufficiently for our purpose.

7.1 Modality and Essence

Numerous kinds of modal part-whole sentences present themselves
for consideration. We consider only those involving essential neces-
sity: possibility is simply dual to this. For a start, there are generic

255
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sentences, such as | i °

All boxers must have hands
A hand must be part of a living body
Every cycle of an Otto engine must include an ignition

which allow themselves to be mildly regimented into the forms

Every a must have a /? as part
Every P must be part of an a.

Then there are sentences expressing essential part-whole relations
between particulars as such, of such forms as

a must be part of b
b must have a as part

Starting with the generic sentences, there is an immediate problem as
to the best way to capture them in a modal mereology. To see this,
compare the arguments

(@ Every man must have a head
Tom is a man

*'*Tom must have a head

(b) Every boxer must have hands
Pat is a boxer

*s Pat must have hands

The first argument is valid, and has true premisses and conclusion.
The second is invalid. Although we can understand the premisses so
that they come out true, the conclusion comes out false.1 Pat could
exist without hands. The obvious way to account for the difference
between the arguments is to use a sentential necessity operator O and
distinguish the forms

VxrEx o O Gx1
and VxrO (Ex =>Gx)1
that is, account for the difference between (a) and (b) by finding an

ambiguity in sentences of the form ‘Every F must be G’which turns on
a scope difference of the necessity operator. In argument (a), the first

1 If we read the ‘must’ metalinguistically as going along with the ‘therefore* and
marking necessity of consequence, the second argument is valid too, but then its
conclusion reads only ‘Pat has hands’, so we exclude such uses of ‘must’ from
consideration.
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premiss is of the first type, supporting the modal conclusion, while in
(b) it is of the second type, supporting only a non-modal conclusion.
However, the form “VxrFx =>0OGxI has instances of the form
‘Fa = 0O Gal\ for example, i f Tom isa man, then necessarily Tom has
a head’. Since we have accepted it as a principle of continuant
mereology that a < b =>Exa a Exb, so that we can also accept that
this is necessarily true, then if ‘Necessarily, Tom has a head’is true, so
is ‘Necessarily, Tom exists’. But that Tom exists is not a necessary
proposition, so neither is that Tom has a head.

Another way of accounting for the difference between (a) and (b)
would be to accept that both major premisses have the form VxD (Fx
=(Gx)’ but argue that the difference lies in the minor premisses. Tom
could not but be a man, so it is necessary that he isa man, whereas Pat
did not need to be a boxer. Thus the firstargument would be filled out
as follows:

() VxrD (Fx =>Gx)1 Major premiss
(2) VxrDFx=>0OGx1 1, distribution

(3 VxrFx = OFx1 (‘Whatever is a man must be a man’)
4) Fa Minor premiss

(5) aFa 3.4

6) OGa 2.5

This suggestion, while correctly highlighting the difference in status
between Tom is a man’ and ‘Pat is a boxer’ still wrongly imputes
necessity to the true propositions that Tom is a man and Tom has a
head. That Tom cannot exist other than as a man (that he is essentially
aman) and that he cannot exist without his head (that it is an essential
part of him) are not the same as its being necessarily true that Tom isa
man, and that he has a head, respectively.

This means that we must distinguish the ‘must’ of necessity as
applied to a proposition or state ofaffairs {de dicta) from the ‘must’of
essence, concerning the way in which an object has an attribute {de re).
The question of the relation between these two kinds of necessity is the
subject of much debate in the philosophy of modal logic.2 The most
usual tactic is to make use of the fact that a sentential operator, ‘D’,
has a scope within which there can be occurrences of variables which*

* On attempts to reduce de re to de dicto, see plantinga 1974: 29 ff, fine 1978b.
Reduction in the other direction has been suggested, but not carried through in detail;
cf. Chisholm 1979: 369 ff, wicgins 1976: 301, 312.

/
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are free within that scope. This can then be used to define a distinction
between de dicto and de re without needing two operators.

How might we use *0’ only and yet distinguish necessary pro-
positions from propositions of essence? One possibility suggests itself
from our gloss o f‘a must be F *above: acannot exist unless a is F, that
is, O (Ela 3 Fa). This way ofreading 'amust be F’emerges informally
even from the remarks of Wiggins, who has proposed an alternative
treatment of the de re ‘must’as a predicate modifier.3The present way
of representing essential predications has the advantage of drawing
the parallel between having hands being a necessary condition for Pat
to be a boxer and having a head being a necessary condition for Tom
to exist at all. In the case of argument (a), we can express the major
premiss either as ‘oVxd(Fx3 O(Ex >Gx))” or as ‘aVxa(Fx
3 Gx)’;under the assumption that whatever is a man must be a man:
*0OVxa (Fx = O(E!x 3 Fx))’ the first follows from the second in the
quantified S5 we shall use. But we prefer the first. We must distinguish
between ‘a exists necessarily’, expressed 'T1 Ela’, and ‘a exists essen-
tially’, expressed as ‘a(Ela 3 E!a)’, and therefore always true. This
means care in interpreting ‘must” ‘a must exist’ tends to suggest
necessity rather than essence, whereas ‘a must be a man’ or ‘a must
have a head’ tend to suggest essence rather than necessity. With such
care we can circumnavigate one of the objections raised by David
Wiggins to using ‘0 ’ to express de re necessity, namely that such use
does not distinguish between ‘It is necessary that Cicero exists’ (which
is false) and ‘It is essential to Cicero that he exist’ (which is true).4
Another objection Wiggins gives is this: if we accept that existential
generalization on names like ‘Cicero’ gives us a necessary truth
*O(Ciceroisaman 3 3xrx isa manl’and represent ‘Cicero must bea
man’ by *00(Cicero is a man)’, then we derive the result ‘o(3xrx isa
man1’, which is false.3This objection is extendable to the rendering of
‘Cicero must be a man’ by *00(Vxrx = Cicero 3 x isa man’, which is
equivalent to ‘a (3xrx = Cicerol3 Cicero isa man)’,i.e. our formula
for essential properties *T(ElICicero 3 Cicero is a man)’. If we again
accept generalization on ‘Cicero’ we get the consequence *0(3xrE!x
3 x isa manl, which is again false. This shows that we must give up
either the attempt to express de re modalities using  ’ or necessary

3 Wiggins 1974; cf. 345,348,358, n.41. In particular, the defence of the distribution
of necessity over implication for the predicate-modifying operator NEC appears to
make use of this reading.

4 Wggins 1976: 301. 5 lbid, 301 f.
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conditionals of the form ‘D(Fa => 3xFx)'. In free logics such con-
ditionals are precisely what is rejected, but Wiggins does not go along
with free logic: he contends that ‘Cicero’ is here a ‘good name’;6 such
names are presumably precisely those that sustain existential generali-
zation. To this, free logicians have the rejoinder that what dis-
tinguishes a good name from a bad one is nothing other than the truth
ofthe existential proposition ‘3xx = al’,and it is this which allows us
to generalize, on the weaker schema

3xrx = a', Fa 3xFx

which free logic accepts. If modal logic allows (as it ought) that not
everything which exists exists necessarily, it would seem as though
modal and free logics were made for one another.

Wiggins has employed these and other arguments to support the
idea of representing the de re ‘must’ by means of a predicate modifier
‘nec’ operating on A-abstracts rather than employing the sentential
operator *0’ and distinguishing different types of occurrences of
terms in modal sentences. Wiggins’s approach suffers from a number
of drawbacks by comparison with the more familiar approach, chief
of which is that it is very difficult to decide what formal principles hold
for it or to give intuitive justifications for them. As a result, there is no
fully developed semantics for the operator. A further unsolved
problem is the relation between the two operators. Some of Wiggins’s
own informal glosses suggest that nec is indeed superfluous.7

By contrast, there is now a well-established semantic framework for
dealing with quantified modal logic, that of possible-world semantics.
While one may entertain doubts as to whether there really are such
things as possible but non-actual worlds, they are a highly convenient
way to formalize our discourse about what might have been or what
must be the case. Their assumption as a convenient fiction is justified
by the ease with which we can formulate modal intuitions in terms of
them. We trade the unfamiliarity of the modal operators for the
familiarity of quantifiers ranging over worlds, just as the ‘at t’

6 Ibid, 302. Cf. Wiggins 1980: 132n.

7 Cf. those mentioned under note 3 above, quine 1977: 236 says: ‘I can detect a
confusion in the rendering “NEc[(>U)(2y)(x —y)]” for “that relation which any rand s
have iff they are necessarily identical” (293). The way to write itis “(Ax)(2y) O (x- y)”’
Cf. 1o0we 1985, who questions whether a modal predicate operator indeed makes sense
at all.
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modification coupled with quantification over times can replace more
insecure intuitions about tense.8

Since our aim is to explore the virtually uncharted territory of
modal mereology, it is heuristically advantageous that our navig-
ational aids be as familiar as possible, and for this reason alone it is
worth following the conservative strategy of sticking with the more
widely accepted modal framework based on ‘Q’9 There is no
consensus as to exactly which form a quantified modal logic should
take, but since our interest is not modal logic for its own sake, we may
again choose on grounds of expediency. Recent work by Fine and
Forbesl0demonstrates that a relatively simple modal predicate logic
can be successfully used to formulate and test informal intuitions
about various kinds of essentialist thesis. This logic is quantified S5
(@S5), with actualist quantifiers and contingent existence. The
Fine-Forbes semantics for QS5 is summarized in the appendix to this
chapter. Ofcourse, modal logic as such should not decide questions of
modal mereology, the justification of whose principles rests as usual
on intuition and argument. If our modal framework should prove
prejudicial to this aim, it must be revised. But this is something which
can only be established after we have tried an approach out.11

With these points behind us, let us consider how to express the idea
that an object is essentially thus and so. For a particular individual a,
to say that a must be F, that a is essentially F, we can simply use

O(Ela =>Fa)

as mentioned before. That is, a is essentially F iffa cannot exist unless
aisF. Thisisadereformulaconcerning a because 'a' occurs within the

scope of the modal operator. The other kind of de re formula which we
shall consider is that where an occurrence ofa bound variable is within

* For further comparisons between tense and modality seee.g. prior and FINE 1977,
FORBES 1985: 38 ff.

* In earlier versions | attempted to use Wiggins’s NEC operator. The relative
simplicity and intuitiveness of ‘O * by comparison with ‘NEC’ convinces me this was a
mistake. | am grateful to the Press’s reader for urging me to reconsider.

10 fine 1977, 1978a, 19786, 1981a, 19816, forbes 1985.

11 One problem on which more can be said is the interaction of mereology and
vagueness. Despite good general discussions ofvagueness (seegoouen 1969, fine 1975,
WRIGHT 1976, FORBES 1983, 1985: ch. 7), there is little on vagueness in mereology,
although the discussion in forbes 1985just cited isapplicable. Vagueness in mereology
leads straight to identity problems: if ‘a0 6’ has no definite truth-value, then while
‘a+ 6 *a—6’is definitely false, neither ‘a —a —6’nor ‘a —a + 6” has a definite truth-
value.
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the scope of a modal operator whereas the quantifier binding the
variable is outside the scope of this operator.12

To this analysis of essential properties it might be objected that
according to it any necessarily non-existent object, such as the round
square or the greatest prime number, will have all properties
essentially, and not just the ones it actually has. To answer this
objection fully would involve a comprehensive discussion of
Meinongian theories of impossible objects, for which we do not have
the space.13 We have two excuses for not facing the objection. First,
for the purposes of discussing mereology, impossible objects are of
vanishingly little interest, so we are justified in ignoring them.
Secondly, the implausibility of their assumption places the burden of
showing that they must be taken into account onto their supporters.
For present purposes we may therefore rest content with the
traditional rationalist notion of object which admits possibilia but
excludes impossibilia.1*

A second consequence of the above rendering of‘a must be F' is
that many things are trivially essential to objects, such as existing,
being self-identical, being red if coloured, and being such that
2+ 2 = 4. But the essential properties a mereologist is interested in are
not of this trivial sort, and that is all that matters.15

The essential attributes ofan object are not, so to speak, a brute fact
about it as a particular; an object has the essential properties it has in
virtue of being the kind of object it is.16 It is not accidental to the
objects ofa given kind that they have the essential properties the kind
lays down: any possible member of the kind must have these
properties essentially. This motivates the following modal scheme due

12 Since we do not have free variables (their place is taken by parameters), these are
the only cases arising.

15 Cf. parsons 1980, ro utiey 1980, Lamvere 1983,and zarta 1983. Only Routley
mentions mereology (704, 738, very briefly and in unimportant places.)

14 A classic formulation is 'Ens dicitur, quod existere potest, consequenter cut
existentia non repugnat’ (Christian Wolff, Philosophia prima siva ontologia, § 134). It is
against this background that Meinong's ideas are revolutionary.

1s In the semantics we employ, existence is essential but not necessary, since objects
do not exist in every world, but self-identity is necessary: ‘a sss a' istrue even in worlds in
which a does not exist.

16 As stressed in wiogins 1980, and before him by Husserl, in his third Logical
Investigation. The difference between them is that Wiggins denies that truths ofessence
are all a priori (1980: ch. 4.)
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to Forbes:17 i
OVxDVxt ... OW,0 (Kx a Fxxi ...x,=>0(E!X
—2EXX, ...X,)

Here K indicates the general category of object concerned (such as
being a continuant, occurrent, set, or property), and F specifies a
further attribute which is stated to be essential. The complex prefix of
alternating necessity operators and quantifiers indicates that the
ensuing conditional necessarily applies to all possible objects. Since
such prefixes occur frequently, it isconvenient to have an abbreviation
which avoids the need to write them out. If A(x,y, .. .)isa formula
in which the individual variables X, y,... occur freely, then we
abbreviate its necessary universal closure:

OoVvVxDVy ... D({/I(x,y,...»
by

(OM (x, >',oe¢)
To form the necessary universal closure ofa formula, one simply takes
the free variables in it inalphabetical order, strings prefixes of the form
OVz in this order together, and adds an innermost *7".

The scheme for essential properties given above is not always

strictly adhered to in what follows, but the variants all bear an obvious
family resemblance to it.

7.2 Some Theses of Modal Mereology

On the assumption that the most basic properties of the part-whole
relation hold of logical necessity, it is admissible to assert modally
strengthened versions of the principles expressing these properties. In
the same way, the definitions employed may be given modally
strengthened forms. Taking definitions first, if a non-modal mer-
eology expresses the definition of a predicate F as follows (where
initial quantifiers are left tacit):
DS Fxx, ... %, =A
then its modally strengthened version is obtained by prefixing the
above with ‘(D)™

In the case of definitions employing definite descriptions, a different
approach is necessary. Since definite descriptions are not modally

forbes 1985: 97.
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rigid, it is preferable, in evaluating formulae in which operators occur
which are introduced by descriptions, to eliminate the descriptions
using the Russellian scheme
O (A(IXxB) = 3xrV/B[y/x] =y =x"a A(x))

We can here skirt round the difficult problem of how to interpret
descriptions in quantified modal logic18 because the basic mereology
we are considering does not involve any axioms concerning such
operators. But the problem is one which must be faced by anyone
attempting to give a modal mereology making stronger assumptions
than those we are here making.

Because rather few axioms of non-modal mereology are secure
from all reproach, we shall advance only very few modal strengthen-
ings of non-modal principles. For non-temporally modified
mereological predicates, we have

MAI O)xX«y=~y« X)
MA2 (0)(x«yA y«z =>x«z)
MA3 (0)(x « p 3zrz« ya z"xJ)

The corresponding set of axioms for a temporally modified part-
concept are obtained in the fashion of

MAIt O)(Vtrx«,y 3 ~y«,x)

from MAI-3, i.e. by suffixing the part-predicate and slipping a
universal quantifier “’ in between the last necessity operator and its
matrix. The need to consider these two cases separately arises from
our discussion in Part Il.

It might be wondered whether the introduction of modal consider-
ations would lead to a distinction, parallel to that between continuants
and occurrents, between objects which do and objects which do
not have modal parts. What would an object with modal parts be like?
Following the analogy with spatial and temporal parts, we must take it
to be an object which is extended in the modal dimension, so that the
whole object is not present in any one possible world, but rather only a
part of it is present in any world in which it figures at all. For example,
a class of individuals drawn from more than one world may be such
that in any world only a subclass of these individuals exists. Excluding
those worlds where none of the class exists, we have a case where the
class has modal parts. A natural use for this conception is to

' Cf. rusza 1981 for some of the issues involved.
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distinguish what C. I. Lewis called the comprehension ofa term, which
is the class of all individuals, actual or not, to which the term may
apply, from its denotation, which is the class of individuals to which it
actually applies. The extension of a term at a world is the intersection
of its comprehension with that world’s domain.19 The analogy is
somewhat strained because the same part (non-empty subclass of the
comprehension) may be in more than one place (world). There is also
perhapsan analogy between continuants, which can be wholly present
at different times, and objects for which genuine trans-world identities
hold, on the one hand, and occurrents, at any one time only one
part of which is wholly present, and objects for which counterpart
semantics holds. In Lewis’s (D., not C. L) counterpart semantics, no
individual exists in more than one possible world, but it is connected
by cross-world relations of similarity to other objects, and its most
similar object in a world is its counterpart there. If we take an object a
and form the class of all its counterparts (assuming this can be done),
then the resulting class might be seen as a whole having different
modal parts.

In neither of these cases is it clear that there is more than a
somewhat strained philosophical analogy, and in any case talk
of modal parts is unlikely to clarify the more immediate
modal-mereological issues with which we are dealing. Accordingly,
we shall restrict the part-predicate to an ‘intra-world’use. This may be
formulated as
MA4 (D)(x « y =E!xa Ely)
with its counterpart for continuants
MA4r (O)(Mrx «,y 5 Ex,x A EX,y’)

(Compare both these formulae with FA6 of Chapter 2.) The
connection between them may be made by noting that it is a necessary
truth for continuants that to exist is to exist at some time: if ‘C’stands
for ‘is a continuant’ this may be expressed as

(O)(Cx = Elx = 3trEx,x)
Following the terminology of Fine,20 we may call the principles
MAA(r) Falsehood Principles for the two part-relations. The name

derives from the fact that in a world in which an object does not exist,
any sentence to the effect that it is or has a part is there false, and not

19 1ew s 1944: 238 (1970: 305).
20 rin e 1981a, 293f. Cf. rorees 1985: 30ff.
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true or truth-valueless. It follows from MAA4(f) that a falsehood
principle applies also to certain other mereological predicates, in
particular to overlapping, but not to disjointness, if this is defined in
the usual way as the contradictory of overlapping. Objects will be
disjoint at a world if either or both of them do not exist there. This is
not very disturbing, but a stronger disjointness predicate may be
defined by stipulating that objects exist together in a world in which
they are disjoint. Such a predicate trivially satisfies a falsehood
principle, but it is now only a contrary, not the contradictory, to
overlapping as usually defined. The situation here is rather like that
which we faced when forging definitions for continuants; we may
define a strong sense of disjointness which requires the simultaneous
existence of both objects.

Ifwe now define ‘< “as usual (cf. SD1 of Chapter 1), then we do not
have a falsehood principle for it, since it isa feature of the Fine-Forbes
semantics we are using that self-identity applies to all objects in all
worlds, irrespective of whether they exist or not. Similarly, the
predicate (SD15 of Chapter 3) is necessarily reflexive. For a
reflexive part-predicate which can be used in non-extensional mer-
eology and for which a falsehood principle holds, we must modify
SD15 to

(D)(xS/s ElxaElya (3zrz « x1=>Vzrz« x =z« yl)
a(~ 3zrz« x1=x« yv x =y))

The continuant version is obtained as usual by slipping ‘Vt’after *(0)’
and modifying all the modifiable predicates (note that ‘Ex’ replaces
‘EN but *="is not modifiable).

The mereological operators of sum, product, difference, upper
bound, and universe were introduced in Chapter 1 by means of
definite descriptions. So expressions for them are not modally rigid.
For example, ‘U’ designates in any world whatever it is in that world
which has everything as part there. This by no means entitles us to
assert that the referent of this term in one world is identical with its
referent in some other world. Such identifications are plausible only in
very special circumstances. Suppose, for instance, we have a classical
extensional mereology which is atomistic, and suppose we have two
worlds in which the very same atoms exist. Then since (by the sum
principle) every subclass of the class of all atoms forms an individual,
all the sums of atoms, including, afortiori, the maximal sum, exist in
both worlds. On the assumption that there are no other objects apart
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from atoms and sums ofatoms, we could then identify the referents of
‘U’ in both worlds. This additional assumption rules out the
possibility that some objects exist not just in virtue of the matter
(atoms) they contain but also in virtue of their configuration (the
relations the atoms have to one another, roughly). Prima facie this
additional assumption appears false, since what distinguishes a man
from the mass of matter making him up is precisely the configuration
of this matter, which is accidental to the matter but essential to the
man. It is because the additional assumption has the effect of reducing
all objects to the same level, namely heaps or masses of matter, that we
may term it a kind of materialism. (Cf. the criticisms in Chapter 3.

The non-rigidity of mereological operators has corrective con-
sequences for our discussion of coincidence in Chapter 3. Suppose we
were to take ‘@ + b' as being modally rigid whenever ‘a’and b’ are
rigid, and suppose further that it iscontingently true thata £ b, in that
in some alternative world a and b both exist but a is not part of b. On
extensional principles we should expect it to be contingently true that
a+b= b\butifla+b isrigid the identity is necessarily true, so there
is no such alternative world. Since such a case appears unproblematic,
we conclude that @ + b' is not modally rigid. So even if la” b' is
contingently true, a sentence containing ‘a +b’ is to be analysed
so that this term disappears: this applies in particular to
‘a+b —b\ which is to be treated like ‘Reagan = the President’. It
therefore seems appropriate to regard sums and the like as lacking in
autonomous identity conditions. This has repercussions for our
discussion of Wiggins’s example of the cat Tibbies and the sum Tib
+ Tail. If Tibbies does not lose her tail, what is wrong with the
contingent but analysable identity ‘Tibbies = Tib + Tail*? This, how-
ever, overlooks a chief point of the example, which is that if Tibbies
does lose her tail, the divergent histories of Tibbies and Tib + Tail
show that they cannot ever have been identical, even at times where
they coincided. All our discussion of the modal behaviour of complex
mereological terms shows in this case is that there is a lack of parity
between the cat, which is a natural object with autonomous identity
conditions, and the sum. This lack of parity is an obvious feature of
the example anyway, and does not undermine the case for coincidence,
which rests firmly on cases where coincident objects are equally
natural, like the statue and the bronze, or the person and his body.

We have already seen that non-modal mereology must approach
continuants and occurrents differently because of the different forms
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of mereological predication appropriate to each. The divergence
extends, as we have seen, to the modal case. When we investigate the
modal mereological behaviour of continuants and occurrents, we find
that these diverge even more markedly. This justifies discussing
questions of essential parts for each case separately.

7.3 Essential Parts for Continuants

Everyday propositions about what parts an object must have come in
different sorts, of different logical strengths. Take the proposition that
every bicycle must have a wheel. One way to understand this is that it
says that any possible object in any possible world has a wheel as part
ifitisa bicycle. Overlooking the temporal dimension for the moment,
we may express this as follows (where we are assuming that whatever
is a bicycle exists):
OVxD (Bx 3 3yrWya y« xJ

This is a rather weak claim. It tells us nothing about whether a given
bicycle could have had different wheels from the ones it actually has.
So it is not an essentialist claim. 1f we now take time into account, we
may specify the claim in at least three different ways:

(0)(Bx 3 Vrrflx 3 a/*"y-AjM K .x10)
O¥E<3 YVIrBX 3 IP,yAy«,x])
(0)(Bx3 3y3tB,xa HyAy«tx)

These three specifications make quite different claims. The first says
that whenever something is a bicycle, it has a wheel then, but this need
not be the same wheel at all times (since there are two, one can be
changed and the bicycle still be a bicycle during the change). The
second says that there is something which is a wheel and part of the
bicycle at all times at which it is a bicycle. This rules out a complete
change of wheels. And the third makes the much weaker claim that
every bicycle must have some wheel at some time, and seems the most
acceptable of the three.

The example concerns artefacts, concerning which there is some
doubt as to their having essential parts. In addition the necessity in
question appears to be no more than analytic—something which
never had a wheel as part would by definition not be a bicycle. So let us
turn to an example ofa natural kind in our search for essential parts.

The proposition that every helium atom must contain two protons
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as parts may be understood in just the same way as the bicycle case.
But in this case we may state something stronger. Any given helium
atom could not have had protons other than the ones it actually has.
Its component protons are essential parts of it. If we coniine our
attention to the more common isotope 4He, we can say that the
neutrons of any atom of this isotope are likewise essential parts of it,
On the other hand, it is not essential to any of the four nucleons ofa
helium 4atom that it be part of this atom. The essential dependence is
asymmetric. So, taking account of the time factor, and picking a
particular helium atom h and proton p of it, we may assert that

O(Eth =VrrE\,h =p«,h")

The proton is thus not just an essential sometime part of the atom; it is
an essential permanent part of it. Note that the formula above is
compatible with the atom’s existing intermittently. If the proton
detached itself from the other nucleons and then reattached itself
again, it is open to us to say that the same atom comes back into
existence. Whether such a process is physically possible is not
something we need decide.

That every helium atom necessarily has a proton as an essential part
may then be expressed by

(O)(tfx = 3yrpy a a (EIX =>VIEX,X 0 Y «, XY)

This example may be generalized to all atoms: their protons are
essential parts. Although for a heavy atom the loss or gain or exchange
ofa proton makes relatively less difference in mere numerical terms, it
changes the element. Strictly speaking, even the loss or gain of a
neutron must be regarded as spelling the end of a given atom. For
electrons, the matter is different. As physicists and chemists use the
term ‘atom’, an atom’s electrons are not central to its identity in the
way that its nucleons are.

It seems, then, that even in this simple case we may distinguish
between those parts ofan individual which are essential to itand those
which are not. It is our chief contention in this section that such a
distinction between essential and accidental parts applies everywhere,
or almost everywhere, among continuants. In particular, it continues
to apply as we move from simple natural kinds to organisms and then
to artefacts, but the proportion and importance of essential parts
diminishes as we move through these cases. Further, the boundary
between essential and accidental parts becomes progressively vaguer.

Organisms, like chemical elements, fall into natural kinds, but the
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boundaries of the extensions of these kinds are inherently vague for
evolutionary reasons. Species diverge and develop out of one another
without sharp discontinuities. The existence of marginal, defective,
and mutilated members of biological species provides a rich fund of
counter-examples to putative essentialist theses in biology.
Nevertheless, it is still possible to find essentialist mereological truths
for organisms. The weakest sort is like ‘Every man must contain at
least one cell (DNA molecule, carbon atom)’. These have the same
form as the bicycle-wheel example and are thus rather uninteresting.
Can we find parts which are essential to organisms in the way in which
a proton is essential to an atom?

One essentialist thesis about organisms which has aroused much
discussion is Kripke’s claim that organisms could not have originated
from any other initial germ cells than those from which they did in fact
originate. This is called the ‘necessity of origin’ thesis.21 So an oak
must have come from the acorn it came from, a human being must
have come from a given zygote, which in turn must have come from
just the sperm and egg from which it came. To cover cases of sexual
and asexual reproduction under one heading, Forbes calls any organic
antecedent from which an organism develops in this way a propagule
of the organism, and gives good arguments for the necessity of origin
thesis.22 Some organisms may have more than one propagule (like the
zygote), others may have just one, and sometimes two or more
organisms may share the same propagule, as do two amoebae which
come from a parent by splitting.

Suppose, then, that we accept the necessity of origin thesis. Does
this give us cases of essential partsl Certainly they are not essential
permanent parts in the way the proton is an essential permanent part
of the atom, since propagules typically cease to exist quite early in the
development of an organism. A zygote ceases to exist when it divides,
as does an amoeba. In the case of the amoeba, the parent cannot be a
part of the offspring, both because it ceases to exist when they come
into being, and because it is too big. We have partial continuity, but of
matter. The zygote case is more promising. If we can assert that the
zygote is initially part of the organism (indeed an improper part), then
we can assert (letting ‘o' and ‘z’ stand for ‘Organism’ and Zygote’)

a (Elo = 3tVf'Y is not later than t ==Ex,.0 =z <>r0’)

kripke 1971 312 ff, 1980; 110 ff,; cf. also MGinn 1976, forbes 1985; ch. 6.
FORBES 1985: 133.
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which says that o and z must coincide in the earliest phases of the
latter’s existence. From this we may derive the weaker but more
perspicuous

O(Eloaz”o)
to the effect that o must have z as a sometime part.

Can we justifiably say that the zygote is (initially) part of the
organism? McGinn has argued that the two are in fact identical, and
that zygote’, like ‘child’ or ‘adult’, is a phase-sortal, i.e. a term applied to
an individual during a certain part ofits life. But biologists do not use
‘zygote’in this way. A zygote is a certain kind of single cell arising by
fertilization and ceasing to exist (normally, not always) by division.23
The most unstrained description is that the organism and zygote come
into being together at the time of fertilization, since they then coincide,
while the zygote alone (normally) ceases to exist when it divides,
though the organism keeps on. It would be implausible to say the
zygote predates the organism, since the decisive genetic discontinuity
takes place at fertilization. We may thus conclude that it is essential to
an organism arising by sexual reproduction that it has its zygote as
initial improper part. Because further development of the organism is
dependent on circumstances and is subject to termination, it is
plausible that the only sometime essential parts of an organism are
original parts. And not all original parts are essential. A carbon atom
more or less in the cell wall is neither here nor there.

If we restrict our attention not just to organisms per se, but to adult
or developed organisms of a species, then we may find essential parts
which must accompany the organism throughout its adult life. Most
of the parts of an organism are accidental to it because of the flux of
minute parts. Further, the advances of transplantation surgery have
shown that many organs are not essential, although their replacement
is a delicate business. But is there at least one part ofan adult organism
which it cannot do without? It is natural to think of the brain ofa man
as an example. If medical techniques advanced far enough for brains
to be transplanted out of human bodies into other bodies or artificial
support systems, would this be a brain transplant or rather a body
transplant? We seem to face three alternatives in such a case. (1) We
may deny that any man survives the change. (2) We regard the brain,
not the rest, as the basis for reidentifying the man. (3) We regard the

23 McciNN 1976: 133. Cf. forbes 1985: 134ff. against McGinn's view.
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body, not the brain, as the basis. This last case is by far the least
plausible, and it is the only one which would provide a counter-
example to the claim that his brain is essential to a man.

That we are less firm ground here is due to the open texture of the
concept man. We have very little idea what future medical and
technical advance may make possible, so the concept has not been
faced with the kind of test cases which would fix its boundary in this
respect. Perhaps we might say simply that their brains are essential to
men as we know them, and leave speculation to the science fiction
writers.

When we turn to artefacts, it is again original parts which are the
best candidates for being essential. 1t is hard to conceive how an object
could have as essential a part which was attached at some time after
the object had come into being, since the part could quite easily have
ceased to exist in the meantime, without prejudice to the already
existing artefact. In the case of an object assembled from pre-existing
components, one may claim that, at least for some of the more
important parts, that object would not have existed had this not been
part of it. The term ‘important’ is deliberately vague, but we seem to
find clear cases of essential parts well away from the indeterminate
zone. Its blade is essential to a sword, its frame to a bicycle, it engine to
a car. These essential parts may in turn have parts which are not
essential to them or their wholes—we just take some atom near the
surface. But an essential part ofan essential part isan essential part of
the whole. Ifthe engine block isan essential part ofthe engine, and this
of the car, then the block is essential to the car. It can be checked that
transitivity is a property of the strong essentialist form

O(E'a 3VfrEx,a=>b a)

and likewise of the essential original part-form given above for the
case of the organism and the zygote. Essential parts of both these
kinds appear to be met with. Permanent essential parts are like the
bicycle’s frame. Its wheels might be original but not permanent
essential parts: it could survive wheel replacement, but had another
wheel been used in the initial construction, this particular bicycle
would not have been made. If we are here less then certain what to say,
it is probably because the elements of vagueness and convention are
more markedly present for artefacts than for natural objects.24

2* As stressed by wiogins 1980: 90 ff.
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7.4 Mereological Essentialism for Continuants

Chisholm’s doctrine of mereological essentialism was discussed above
in connection with mereological constancy, but as its name implies, it
is primarily a modal doctrine. It was noted in §5.3 that Chisholm in
fact formulates two distinct doctrines, a weak one and a strong one.
The weak principle may be formulated as follows

WME (@)X« y=D(Ely=3t'x«,yl)

Here, quantification is implicitly restricted to what we might call
‘proper continuants’. The adjective is required because Chisholm is
prepared to countenance continuants for which mereological es-
sentialism does not hold (entia successiva), but accords these the status
of logical constructions. Note the optical similarity between WME
and RCAS3 of 8§5.3. The stronger thesis is

SME (D)(x«y =0o(Ely =>VItEX,y =X «,y 1)

(cf. RCA3' of 85.3.) Again, quantification is restricted to proper
continuants.

Both versions are propounded by Chisholm, who draws on his
theory of entia successiva to account for common or garden cases of
part-replacement and also for cases ofapparent contingency of parts.
We have already rejected his view on continuants which change their
parts; in so far as Chisholm regards the mereological constancy of
proper objects as following from mereological essentialism, we have,
as he would see things, already rejected the latter also. However, it is
worth looking separately at the modal thesis.

Chisholm begins his case with a disarmingly simple example:23

Let us picture to ourselvesa very simple table, improvised froma stump and a
board. Now one might have constructed a very similar table by using the same
stumpand a different board, or by using the same board and a different stump.
But the only way of constructing precisely that table is to use that particular
stump and that particular board. It would seem, therefore, that that particular
table is necessarily made up of that particular stump and that particular
board.

It isworth noting that, in Person and Object, this example constitutes
the sole direct evidence that Chisholm brings for the principle. In
addition, he cites a number of authorities from the history of
philosophy and shows the implausibility of three rival views, to which*

*5 CHISHOLM 1976: 146.
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we come presently. The table example is, as it stands, indeed
convincing. If we call the stump ‘a’, the board Ib\ and the resulting
table ‘c\ the claim is that

a(Elc 5VItrEx,c 3 a«,CA b«,c)

Now even if a sum of aand b were to have existed despite their not
beingjoined (which Chisholm would deny) or by virtue of them being
joined in a way inappropriate for a table (which he probably would
not), such a sum would not be ¢, which is a table made by joining
stump and board in the appropriate way. Admitting a sum irrespective
ofjoining entails recognizing the superposition but non-identity of it
and c. As it is, since a and b can be disjoined and rejoined, Chisholm
faces the dilemma of intermittent existence, which he himselfseesas a
problem.26

Let us agree with Chisholm’s analysis of this example. This by no
means commits us to the general doctrine, since it would seem that he
has chosen a particularly favourable case and illegitimately genera-
lized from it. In itself, all our acceptance of the example commits us to
is the existence of essential permanent parts, which we are happy to
countenance. If we complicate the example only slightly, its plausi-
bility vanishes. How is the stump fixed to the board? In Chisholm’s
case, it would have to be either simply laid on or else somehow
dovetailed to it. Suppose instead that the joiner uses four screws. Then
according to mereological essentialism, these four screws are also
essential parts of the table. Had other screws been used, or had nails
and glue been used instead, we should not have had this table but a
distinct one, varying slightly in its parts from this one. Nor could we
remove one screw and replace it by another without destroying the
table. Now I think this is implausible. The board and stump may be
essential, but then they belong to the essential kernel of the table. The
minor parts could belong to the periphery. Chisholm’sview is that any
proper object is all essential kernel. But if we consider some vastly
complex machine like an aircraft, containing literally millions of
components, he is committed to saying that the merest screw or
washer is as essential to the identity of the machine as its wings and
fuselage. O f course this does not correspond to our actual individuat-
ive practice for aircraft, but Chisholm can reply that this is not strict.

Suppose, however, that there are no further components to the
table apart from its board and stump, which, we agreed, are essential

16 Ibid.: 90.



274 Essence, Dependence, and Integrity

parts of it. They are far from being the only parts, however, since the
board and stump themselves have further proper parts, and other
parts of the table are brought into existence by joining the board and
stump, parts straddling the join. But suppose the joiner, in fashioning
the board, had shaved an extra fraction of a millimetre off one side.
Would this lost shaving prejudice the identity of the table? Chisholm
must answer that it does. Not only the table, but also the board (ifit is
a proper object) is subject to mereological essentialism, down to the
smallest part, which means that a chip or scratch shaving even a few
molecules off the table spells its destruction. Finally, there are the
parts which arise by joining. Had the stump been joined to the board
in a slightly different position, or at a slight angle of rotation from the
angle of actual joining, different parts would arise by joining, so we
should not have had the same table. In all of these cases, as Chisholm
has to admit, untutored common sense goes against mereological
essentialism. There is the further problem, unforeseen by common
sense, that it may not be possible at the micro-level to determine
exactly which microparticles are parts ofthe table and which are not—
in which case we must admit, according to Chisholm’s principle, that
there simply is no such proper object as the table.

None of these objections shows up a contradiction in Chisholm’s
view; they serve rather to show that proper objects are further
removed from our experience than the table example might suggest,
raising thereby the question whether they are worth the expense in
securing mereological essentialism.

Chisholm contrasts his view with its polar opposite, extreme
mereological inessentialism. In fact, he gives two accounts of what this
phrase means, which are not equivalent. The first is the view that for
any whole w, w might have been made up of any two things
whatever.27 We may plainly agree that this is absurd. The other
version is:28

There isno x and noy such thaty is necessarily such that it has x
as a [proper] part

This may be read as denying WME or (more weakly) as denying SME.
In either case, our acceptance of Chisholm’ table example and our
discussion of examples in the previous section show that we have no
quarrel with his dismissal of the positions. However, the views are

17 Ibid.: 147. “*e |bid.: 149.
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only contrary, not contradictory to the two versions of mereological
essentialism, so there is (at present) room between them.

Chisholm further rejects two compromise positions suggested by
Plantinga.29 The first is:30

Forevery x and y, ifx isevera part ofy, then y is necessarily such
that x is part of it at some time or other

which isin fact nothing other than WME, so we happily agree with the
rejection. The second is:3L

Forevery x,y,and t,ifx hasy asa part at t, then x necessarily has
y as a part at t

This is new: we may call it temporally rigid mereological essentialism.
The best way to formulate it is probably

TRME @O)(Viry«,x3D (Elyoy« )"

This position allows mereological variation, but places it under the
upwards restriction that an object could not have failed to have at any
time the parts it actually then had, although it might have had more
parts then. This restriction seems one-sided, and the position is subject
to the further objection that it makes an object’s time of existence
essential to it, whereas it seems that many objects might come into
existence and (more particularly) cease to exist at times other than
those at which they actually do. Ifa person is a proper object and has
parts, then that person must live at least as long as she actually does.
We can therefore agree with Chisholm in rejecting this alternative
also.

There is a further via media rejected by Chisholm, namely the view
that in general some parts are essential to their wholes and others are
not. This is our view, so we must examine Chisholm’ arguments
against it. His rejection is based on two points. First, it is shown that
one kind ofargument for the view is fallacious. Secondly, it is claimed
in general that the denial of mereological essentialism leads into
philosophical difficulties. Taking these in turn, Chisholm remarks that
arguments like32

Necessarily all cyclists have feet
ergo All cyclists are necessarily such that they have feet

are fallacious. We already recognized this move as illegitimate. But his

29 In PLANTINGA 1975. 30 Chisholm 1976: 150.
1 Ibid. 31 Ibid.: 149.
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second example is

Necessarily all cars have engines
ergo All cars are necessarily such that they have engines

In this case, not only are both premiss and conclusion true, but it
seems that we can get a formally valid argument by adding the
plausible additional premiss that whatever is a car is essentially a car.

(1) (d)(Cx =0O(E!x 3 Cx)) A car must be a car
(2) (0)(Cx=> 3/EYyA y« X)) Necessarily, all cars ...
(3) (0)(Cx 5O (E!x = 3yrEy from 1, 2 by logic

ay « xD)

That a car must have an engine is true; that it must have the particular
engine it does have is not so obvious. The engine is an important part
of the car, and certainly a change of both engine and body at once
would be car replacement rather than car repair. As we pointed out in
Chapter 5, there is both vagueness and room for conventions
concerning the essential kernel ofartefacts. However, by changing the
example from cars and their engines to helium atoms and their
protons we get a clear case of essential parts. So Chisholm’s point is
not ultimately telling.

The second, dialectical point is relevant to our uncertainty whether
the particular engine a car has is essential to it. Without mereological
essentialism, Chisholm argues, one object a could have been com-
posed of all the parts of another object b, and vice versa. The point
relates closely to the Ship of Theseus problem and the Paradox of the
Heap. The latter, ancient paradox tells us that even a single grain of
wheat isa heap of wheat, since whenever we have a heap, we still have a
heap upon removal ofa single grain. Applied to the carriages of Plato
and Socrates, if we consider what happens when we successively
exchange small and insignificant parts of the carriages so that we still
have qualitatively similar carriages, then eventually we can exchange
all the parts. So even if we do not carry the procedure out, one carriage
might have had all the parts of the other, and vice versa. Chisholm
blocks this by rejecting the first move: as soon as the smallest part is
exchanged we no longer have the same carriage in the strict and
philosophical sense, which is simply a consequence of mereological
essentialism.33

3B Itisunimportant here whether we formulate the argument counter-factually or in
terms of actual part-exchange.
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It is certainly legitimate to point out this consequence of denying
mereological essentialism, since it is one which many will find
unpalatable. One may quibble slightly with the example, since
carriages might have some important parts belonging to an essential
kernel. However, if there are any objects which do not have an
essential kernel, Chisholm’s point would apply to them, which is
enough. In my view, the problem here mentioned is a special case ofa
far wider one, namely the existence of vague predicates and, correlat-
ively, degrees of truth for sentences involving such predicates. There is
nothing especially mereological about this issue, since it appears with
predicates, for example colour terms like ‘red’, which have nothing to
do with part and whole. The difficulties arise not because of any
illegitimacy of vague predicates as such, but rather because the
bivalent logic of exact predicates is illegitimately applied to sentences
containing them.34

If we take the heap example, the important sentence

Forany heap xand any grain y ofx, the result of removingy from
X is also a heap

isslightly less than perfectly true, so that from a clearly true sentenced
is a heap’ we obtain, by repeated applications of Modus Ponens, a
chain of sentences of gradually diminishing truth-value, until we reach
the false 'bisa heap’, where b is obtained from a by removing all grains
but one. The characteristic truth-value drops occur only in penumbral
zones: in the case of huge heaps we can remove one grain and still have
a heap. Similarly, for carriages we might remove a scratch or a screw
and still have the same carriage. But because of the truth-value drop,
we block the move even from ‘Any part can be exchanged and we still
have the same carriage’to ‘Every part can still be exchanged and we
still have the same carriage’. Once we get beyond a certain grey area,
we no longer have the same carriages, but two new hybrids. And when
all parts have been exchanged, we can happily say we have re-created
from two hybrids the original two carriages (understanding ‘carriage’
here in the matter-constant sense, of course).

So Chisholm’s dialectical point can be countered by admitting
freely that ordinary objects do not have exact mereological identity
and survival conditions, but accepting this as part of our conceptual
apparatus which it would be impractical to throw away. Now this is

14 Cf. forbes 1983: 241ff, 1983: 169 IT, and goguen 1969, whom he dies.
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not metaphysically binding, since it is open to a metaphysician to
insist, as Chisholm does, that our actual conceptual scheme is
inappropriate for metaphysics. He would sooner relegate most or all
of the objects of experience to the status of logical constructions and
preserve bivalence for proper objects than admit the vague, moderate,
partial mereological essentialism we advocate, which allows us to treat
objects of experience more directly, although it has the consequence,
pointed out above, that the identity conditions for objects may
sometimes be partly indeterminate. What inclines us to pursue our
approach rather than Chisholm’, even though they might ultimately
be complementary, is the fact that most of the paradigmatically
individual objects studied by the natural sciences, such as stars,
planets, organisms, and volcanoes, are both natural units or wholes
and mereologically variable, which seems to leave room for something
intermediate between a strict Chisholmian continuant and an object
whose parts are arbitrarily or conventionally determined: a naturally
unified object. In the last chapter we shall attempt to give a schematic
account of what it is for an object to be naturally unified.

Might there nevertheless be kinds of continuant for which
mereological essentialism holds without reservations? Richard Sharvy
thinks s0.35 He distinguishes first between a count sense o f ‘part’, in
the predicate ‘is a part’,and a mass/plural sense of ‘part’, in the mass
predicate ‘is part of’ and the plural predicate ‘are part of’. He then
claims that, while mereological essentialism fails to apply to the
former, it does apply to the latter. A car may indeed change its parts,
but whatever is part of or are part of something is/are part of it at all
times and in all possible worlds in which the latter exists:36

Forexample, the matter of my car will not change any part when | replace my
carburetor. Rather, that quantity of stuff will become scattered, and will cease
to satisfy the description ‘matter of my car’. Where is the snow of yesteryear?
All around us and in us.

With the distinction between a count sense o f‘part’and a mass/plural
sense we have, of course, no quarrel. However, Sharvy supposes that
the latter sense is that of ‘some of’, the sub-mass or subclass
relationship. This is an assumption which we also made in Chapter 4,
but we revised it in the light of the linguistic facts in 86.4, where it
appeared as quite natural to say, for example, that the metal in the

SHARVY 1983b. 36 Ibid.: 237.



Essential Parts 279

carburettor is part not only of the stuff making up the car but also of
the car itself. So it is not the mass/plural sense (or senses) of part’to
which mereological essentialism applies, but rather to the narrower
sub-mass and subclass senses. Mereological essentialism applies, in
other words, to masses ofmatter (i.e, where constituent change is ruled
out), and to classes or sets in the extensional sense, where membership
change is ruled out.

Let us spell this out for classes in greater detail. We use
Lesniewskian predicates, but quantifiers ranging only over existents,
and a distinctive run of singular variables for perspicuity. Since the
predicate ‘s’ (‘is one of’) is purely formal, it is tenseless, and this goes
for the other predicates defined in terms of it. The essentialist principle
we are looking to establish is subclass rigidity. We write it out in full:

MEC 0OVadVbD(aCf>=> 0O (Eh =>aCfc))

What plausible modal principles for classes allow us to derive MEC?
Once again we can draw on work of Fine and Forbes, which, although
done with a modal form of Zermelo-Fraenkel set theory rather than
low-brow class theory in mind, nevertheless dissects the extensional
nature of sets in a way which can be carried over, since it is
independent of the details of set formation.37 Assuming we accept the
necessitations of the usual Ontological definitions of existence (E) and
singular existence (E!) in terms of ‘e’, we get a falsehood principle for
‘e’ quite trivially:
(Q)(x«a 3 Elx a Ea)
and similarly for *00" (again using the usual Ontological definition):
(Q)(allb=>EaAEh)

The first substantial modal principle we need is membership rigidity:38
aclass could not have members other than those it has in any world in
which it exists:

MR (a)(xea a O(Ea =>xea))

This is exactly analogous to the mereological essentialist claim for
subclasses in general. The problem is how to get from the particular
case of membership rigidity to the general one of part (i.e. subclass)
rigidity.

It turns out that we need a further principle which is partly

57 Fine 1981%, rorees 1985, ch. 5. Cf. also parsons 1983: ch. 11.
31 FINE 1981*: 179.
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constitutjve of the idea that a class can be nothing more than its
members. We call it the principle of class existence,39 Expressed in
terms of worlds, it says that if in some world there is a (non-empty)
class, and all the members of this class exist in some other world, then
the class itself exists in this other world. To express this in modal
language without mention of worlds requires that we have a
subscripted ‘actually’operator which picks up the anaphoric reference
to the ‘other world’. Writing this operator ‘A’ the principle then
runs:40

CE 0OVaD,(0(Ea AVxrxea =A,(E!x)’) =Ea)

Soifaispart ofbin some world, then in any world in which b exists, so
do all its members (by membership rigidity), and since these members
include all those of a, it follows by class existence that b exists in this
world with b and is there part of it. As is often the case, writing the
derivation out in terms of worlds is by far the easiest way to check its
validity. So we may derive MEC: mereological essentialism holds for
classes, taking ‘C ”as the part-relation. The principles MR and CE
have an immediate plausibility independent of our wish to derive
MEC. Indeed, CE is less problematic for classes in the low-brow sense
than its analogue for sets, since if we have all the members, we thereby
have the class (as many), whereas for the case of sets there still remains
something to do, namely to form (comprehend) the set (class as one)
from its members.41

The plausibility of mereological essentialism for classes carries over
to atomistic Mereology, since to each class of atoms there is exactly
one individual which is its sum, and there isa one-one correspondence
between individuals and classes of atoms. In the case of atomless
Mereology, the essentialist principles appear to have no independent
justification; they are, rather, constitutive of what extensionality for
part-whole comes to.4

14 1bid.: 180 calls the corresponding principle ‘set existence’.

40 On ‘actually’ cf. forbes 1985: 90fif. and the literature he cites. Subscripted
‘actually’ operators are due to peacockE 1978:485 IT. The way the subscripts pick up the
previous reference makes this look like quantification over possible worlds under a
different notation—but perhaps an interpretation can be given which does not commit
one to the existence of worlds, e.g. a substitutional one.

41 Cf. $4.10. parsons 1977 expresses doubts about this step. Cf. forbes 1985:113 f.
on ‘automatic set formation’.
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7.5 Essential Parts for Occurrents

In an examination of essentialist theses about events, Forbes has
argued that, since the case for a reductionist analysis of events is open
in a way that one for continuants is not, there is room for scepticism
about whether there are any irreducible de re truths about events, for
instance, that their participants or their kind and time of occurrence
are essential to them.42 To the extent that events and other occurrents
are genuine objects, there appears to be no reason to deny that there
are essential truths about them, for example that the particular event
that was Princip’s killing of Archduke Franz Ferdinand essentially
involved Princip and the archduke. The problem appears to be that
because occurrents are usually specified by means of descriptions, like
‘Princip’s killing of the Archduke’, it is unclear to what extent
occurrents have autonomous identity conditions across worlds—in
plain English, it is unclear what a given event might otherwise have
been. An alternative world in which Princip kills the archduke with a
bomb rather than a gun is one in which the above description is
fulfilled, but 1 do not think we should want to identify the one killing
with the other, because the two differ too much in kind. But suppose
we take an alternative world which is just like ours except that the
sequence of bullets in the assassination weapon is different, so that it is
a different bullet which is fatal. Would we then identify the events or
not? We may well be uncertain. The only guide seems to be that the
nearer a counter-factual situation is to the actual one in terms of the
nature of the event and the participants, the more inclined we are to
accept an identification. But this suggests that identification is a
matter of weighted similarity and convention rather than a hard and
fast fact. But identity is not conventional and does not come in
degrees. This suggests, then, that the proper semantics for modal
discourse about temporal objects forswears trans-world identity and
works instead with counterparts a la David Lewis.43 If this is so, then
strictly speaking no occurrent could exist in more than one possible
world, so mereological essentialism for temporal objects would be
true, but trivial.

However, it appears to be too stria to deny that one and the same
event or process or state could exist in more than one world. The
identity of worlds depends on everything that exists and takes place in

FORBES 1985: 205 ff. 41 lewis 1968.
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them, and we can imagine two worlds which are exactly alike in
respect of a certain event and its causal antecedents, differing only in
respect of something causally unconnected with this event, such as an
event on the other side of the universe. Another very important case
for the study of time and counter-factuals concerns worlds whose
initial histories are exactly alike, but which later diverge. We can
imagine a world which is indistinguishable from the actual one up
until a certain time. There is no reason here to deny the identity of the
events in the initial, exactly like stage, which can then be regarded as
literally shared.44

This may be granted without denying mereological essentialism for
occurrents, since our inclination to identify part of one world with
part of another will be crucially disturbed if we find the two
supposedly alike stages differ in respect of some property of some
event, other than relational properties connecting the event to things
that happen after the point of divergence. To find a counter-example
to mereological essentialism for occurrents, we need to find an
oceurrent and a part of it which is inessential to it, as the flourish on a
signature is inessential, or a mole on someone’s cheek. Take the event
of someone’s signing their name with a flourish. Is the part which
consists in the execution of the flourish an inessential part of this
event? But if it had not taken place, it would surely have been a
different signing. Or again, is it essential to a particular performance
of Bartok’s Fifth String Quartet that the violist scratch his nose during
his initial three bars’ rest in the scherzo? Certainly not—but then the
nose-scratching is not part of the performance, any more than are the
digestive processes simultaneously going on in the violist. The
performance has its limits, and these events lie beyond them. Where
we might be uncertain, this is not because of inessentialism but
because of vagueness, which is a different matter. So it still looks as
though mereological essentialism holds for occurrents.

Note that the converse essentialism for containers does not hold.
According to this, it is essential to an oceurrent that it be part ofjust
those occurrents of which it actually is part. But while the perform-
ance of the scherzo of Bartok’s Fifth Quartet isan essential part of the
complete performance, the performance of the scherzo need not be
part of a complete performance, since we may have worlds which

Cf. this approach to worlds in general in v+ a, 1980.
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diverge after the scherzo is played, as when the violist’s peptic ulcer
catches up with him during the prestissimo. There are nevertheless
certain occurrents which are essentially such as to be part of some
other occurrent. This applies particularly to temporal boundaries. The
particular temporal boundary which is the Titanic's sinking beneath
the waves could not have taken place except as part of the complex
process of the Titanic's going down. Boundaries provide an example
of existential dependence, which we discuss in greater detail in the
ensuing chapter.

At this point it may be wondered whether we have not undermined
the argument of 83.2.4, which said that the move to four-dimensional
objects does not save extensionality of parts, because a cat process and
a cat-part process may actually have the same parts but need not. If
they are occurrents, either mereological essentialism is false for these
after all, or at least one of the expressions for the processes is a
description and fails to yield autonomous identity conditions.

Now if a cat has autonomous identity conditions, then it is
reasonable to suppose its four-dimensional surrogate has them. And it
will only be a surrogate, a cat-process, if its modal behaviour parallels
that of the cat. A cat could have lost its tail, or have died earlier than it
did, in which case the cat-process would have had parts other than
those it has. So either mereological essentialism does not hold for
occurrents after all, or the cat-process is not an occurrent. Faced with
this dilemma, 1 would take the first horn rather than give up the
argument in 83.2.4. This could then be used as an argument against
mereological essentialism for occurrents.

But the second horn seems to me to be right. Mereological
essentialism has been defended for occurrents as we know them, as
part of an ontology including also continuants, where most of the
expressions designating occurrents are descriptions which mention
some continuant or other. It is by no means clear that spreading a cat
out over the fourth dimension gives us an occurrent in this sense. The
defender of four-dimensional objects cannot allow their identity
conditions to turn on those of continuants, since then continuants
have not been successfully dispensed with. The fact that cat-processes
could not obey mereological essentialism is, then, a good indication
that they cannot be processes in the sense with which we are familiar,
which deepens the mystery of the alternative ontology still more.

We must conclude that modal mereology distinguishes continuants
and occurrents even more than non-modal mereology.
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7.6 Normal Parts

It is very easy (especially for philosophers) to forget that between the
mere fact of something’s being part of another, and something’s being
an essential part of another, there is an important third case. This is
when an object which is normal of its kind always has such and such
parts. There is as yet no formal theory of normal mereology, and we
content ourselves here with informal remarks. It was, as usual,
Avristotle who picked up the connection between mereology and the
idea ofa normal or well-formed member of a kind. For Aristotle, an
object is called mutilated ifit is physically connected, if it normally has
parts, which are both salient and unregenerable, which belong in
certain positions of the whole, and if one or more of these parts is
missing.45 This notion clearly makes most sense for organisms,
although itapplies elsewhere as well, and it isin many respects perhaps
more important than that of the out-and-out essential part.

The idea of a normal or well-formed member of a kind has been
used by Nicholas WolterstorfT to explicate the notion of a musical
work ofart. Anorm kind isa kind for which it is possible that there be
well-formed and improperly formed exemplars.46 An exemplar of a
kind can only be improperly formed when one or more of its normal
parts is missing or misplaced, or if there are more parts of a kind than
there normally are. The notion is therefore somewhat wider than
Avistotle’s concept of mutilation. The application of Wolterstorff’s
concept to music works allows us to say that a performance of a
certain work with a false note is still a performance of that work, albeit
a slightly imperfect one, and not, as Goodman has argued, a
performance ofa different work. Goodman, ofcourse, has his reasons,
which may strike, so to speak, a familar note:47

The practising musician or composer usually bristles at the idea that a
performance with one wrong note is not a performance of the given work at
all; and ordinary usage surely sanctions overlooking a few wrong notes. But
this is one of those cases where ordinary usage gets us quickly into trouble.
The innocent-seeming principle that performances differing by just one note
are instances of the same work risks the consequence—in view of the
transitivity ofidentity—that all performances whatever are of the same work.
If we allow the least deviation, all assurance of work-preservation and score-
preservation is lost; for by a series of one-note errors of omission, addition,

45 Metaphysics A27, 1024a. 44 woltexstorff 1980: 56.
47 Goodman 1969: 186f.
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and modification, we can go all the way from Beethoven’s Fifth Symphony to
Three Blind Mice.

Goodman here emerges as the Chisholm of musical works, and for
the very same sort of reason. Like Chisholm, he recommends a
metaphysically tough line, keeping bivalence and strict identity
conditions at the expense of deviation from normal usage. The answer
isalso the same as that to Chisholm: musical works do not have strict
identity conditions, so it is bound to lead to difficulties if we apply
inferential procedures which are appropriate only for a strictly
bivalent logic. A performance of Beethoven’s Fifth is more or less
perfect. One with two notes wrong is less perfect than one with only
one of these wrong; one with a salient note (the first note ofan exposed
entry, for example) wrong is less perfect than one with a note tucked
cosily away in the middle harmony wrong. ‘Perfect’ here has little to
do with artistic qualities. Scores leave enough indeterminate for
performances of the same notes to differ widely in artistic value, and it
may be that—anathema though this may be to purists—some works
may be artistically improved by deliberate deviation from the score.
The perfect performance of a work is therefore one which complies in
every minute particular with the instructions contained in the score.
Perfect performances may, as we said, nevertheless be phenomenally
different. A performance may approach or approximate such perfec-
tion to a greater extent and still remain a performance of that work,
provided we take the work as a norm kind in Wolterstorff’s sense,
with the perfect performance as norm. This norm provides afocus for
admissible deviations, to which there are no exact boundaries.
‘Performance of Beethoven’s Fifth’, like red’, has a clear focus and a
vague periphery of application, and while the periphery may shift
somewhat from generation to generation, the focus stays put.48

Similar remarks apply to other ‘repeatable’ works of art, such as
literary and dramatic works; a complete performance of
Shakespeare’s Hamlet may be the exception rather than the rule, and
most literary works appear in editions with misprints, so the
normedness has nothing to do with statistical frequency.

As we had occasion to remark briefly in Part Il, works ofart have a
slightly exceptional position among artefacts, in that deviation from

For numerous valuable remarks on the relationship between a musical work and
its performances, and the indeterminacy involved, cf. ingarden 1962; ch. 1
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the mereological norm is more restricted than for objects of use.
Concerning general artefact species, there is rather little use for the
notion ofa normal part. A razor as such must have a cutting edge, but
this is an analytically essential part. Yet, even here, something may be
more or less of a razor, depending on how good its cutting edge is at
cutting. However, when we turn to artefacts produced to a design or
plan, such as mass-produced articles, the idea ofa normal part is very
apt. Grossly malformed or mutilated exemplars of a brand of
automobile or an edition of a book are precisely what good quality
control isintended to weed out. Despite this, many more or less flawed
exemplars get onto the market, and the perfect exemplar may again be
the exception.

Among organisms there is no such thing as the perfect member ofa
species, if by that we mean that any other perfect member must be
physically indistinguishable from it. As with performances of a
musical work whose score leaves certain elements of performance
undetermined, two members of a biological species may be equally
good exemplars, and have no betters, but still differ from one another
in numerous respects. The focus of a biological species is itself not a
point, butan imprecisely marked volume in a multi-dimensional space
of possible variations, with less well-formed exemplars falling off from
this norm along one or more dimensions of variation, until the
penumbral zone of uncertain membership is reached. By virtue of the
vagueness of even the focus, it is possible for what is normal among
members of a biological species to shift over a number of generations,
for here what is normal is not kept fixed by an eternal blueprint like
the musical score, but rather shifts with the population itself, and is
not independent of statistical frequency. If most men are now between
five and six feet tall, whereas a million years ago they were mostly
between four and five feet tall, then what is a normal height for a man
has changed in that time. It is this which allows species to evolve and
diverge, and shows us that it is inappropriate to apply a strict bivalent
logic to species considered over many generations. Even ifat any one
time the members of the species are nearly all clearly marked off from
one another, over the generations what were mere variations either
side of a single norm develop into divergent foci, so that in the
temporal dimension species emerge as plural normed continuants
without exact membership conditions. Of course, the biologist is
interested in factors other than the purely anatomical ones, but he
must take account of normal parts.
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Even among non-biological natural kinds there may be room for
norms. Deuterium atoms deviate from the norm for hydrogen by
virtue of having two nuclear neutrons where the normal hydrogen
atom has only one. As with biological species, and divine blueprints
aside, what is normal is here a purely statistical matter.

7.7 Appendix: Quantified S5

The following brief account of the modal logic presupposed in our
discussions in this chapter and the next is based on works by Fine and
Forbes,49 though the principal ideas, of course, go back to Kripke.
The reader is referred to these works for details.

7.7.1 Models

Ifwe have a set T of sentences of quantified modal logic, an S5 model
%l for these sentences is given by

() Anon-empty set W of possible worlds, from which one world w is
selected as the actual world.

(2) A non-empty set D of possible objects.

(3) Afunctiond from W to the power set of D which assigns a subset
d(u) of D to each world u in W. This is the set of objects which
exist in u. Every object in D is in some d(u).

(4) For every n-placed atomic predicate occurring in T, it is specified
which n-tuples in D" are in the extension of it at u, for each u in W.

(5) For each individual constant occurring in some sentence of T, an
assignment of a member of D to it as its referent.

Asentence istrue in 3]l iffit is true at win 2R. A sentence (argument) is

S5-valid iff it is true in all S5 models (the conclusion is true in all

models in which the premisses are all true). For a recursive definition

of truth at a world for a particular language, see the works by Fine and

Forbes.

7.7.2 Axioms

We shall not give the syntax of the object language in detail; we may
suppose it is of the customary sort. In addition to the metalinguistic
symbols used in Chapter 2, we have 0O and 0 for necessity and

FINE 1978a, FORBES 1985.
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possibility respectively. We modify the runs of metavariables as given
in 82.2.1 as follows:

singular individual terms: s, su s2, mmm (leaves r, etc. for times if
needed)

singular individual variables: x, y, z, X2, .. .

(singular) world variables: u, v, w, ul(...

world constant: & (for the actual world)

arbitrary (n-place) predicate parameters: P, Q, R, P,, ... (it ii
assumed the number of arguments following such a metavariable
tells us how many places it has)

formula parameters: A, B, C, Alt...

We have distinguished (somewhat laboriously) between singular

individual variables and singular world variables. We stress ‘singular’

because it would be of advantage to extend the treatment to neutral

variables in the fashion of Lesniewski. We shall not carry out such an

extension here. Another extension would introduce a third sort of

variable for times.

Definition
QssD1 0A=-~ ~/4
Axioms
QS5A0  Any set sufficient for classical (non-modal) propositional
logic
1 Q(A=B)=QA=0B
2 aA=>A
3 0A=0O0A
4 VXA =3.Elss /4[s/x] (universally quantified if s is a
variable)
5 VXEIX
6 Vxr/d=>fllo.VXA VxB
7 A3 VXA (x not free in A)
8 OEls (s not a variable)
9 s*s (as for A4)
10 § « s2=3A = A[Sj//s?] (as for A4 ifeither term

is a variable)
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Rules

QS5R1 A,A"BY-B
2 A[s/x] h- VxA
3 Ah- DA

This system is due to Kit Fine,50 who proves its completeness with
respect to S5 models as given.

7.7.3 Translation Between Modal Logic and Predicate Logic With
Worlds

We give here just the easy direction, from modal logic to predicate

logic quantifying over worlds. The reverse translation is not so easy.

For details, see once again Fine and Forbes.

The basis of the translation scheme isthe idea of the relativization of
aformula to a world. We add to the language for non-modal predicate
logic a run of world variables and a constant denoting the actual
world. For each n-placed predicate P£,.. (except identity) we
obtain an n+ 1-placed world-indexed predicate Pml ...£,,, and we
add the world-indexed existence predicate E!"£. The relativization
[<4]wofaformula A to a world wis then defined recursively as follows:

@ [Ps,... s,Jw= Pwsl.. .s,
(2 [E!s]w= E!vs
) [sj*s2zy “s, a82
4) i~at= ~axn
®) [AABr-MTACar
and likewise for the other truth-functional connectives
6) [VxAlw= VxrElvk =>04]*1
(7

The translation of A is then simply [/!1]1“. By this procedure, modal
formulae are replaced by non-modal formulae, with atomic predicates
relativized to worlds and quantification over worlds. A modal
formula or argument is SSvalid iffits translation is valid in first-order
predicate logic with identity.

D rine 1978a: 131 fT. The minor differences ere due to our having separate runs of
bound variables and parameters.



8 Ontological Dependence

8.1 Introduction

Implicit in the criticism of mereological theories which permit th«
existence ofarbitrary sums is the view that something cannot count at
an individual, as one object, unless it is possessed ofa certain degree of
integrity or internal connectedness. There are problems with thli
criticism, however. The first, which we have already mentioned, is that
arbitrary sums may be bizarre or ontologically wasteful, but they are
algebraically neatening and appear not to lead to contradictions.
More seriously, the properties said to keep individuals on the right
side of respectability are hardly very clear. Integrity or connectedness,
whatever they are, presumably come in degrees. Yet it seems to be
counter-intuitive to suppose that there are degrees of being an
individual. Also, the lesson of history seems to be that philosophers
who have talked about integral or organic wholes, Gestalten or
Ganzheiten, have never managed, even where they tried, to get very
clear about what such a whole was, which may suggest that the whole
area is better left alone.

This would be well enough were it not that both ordinary and
scientific thinking is marked through and through by an interest in
picking out or individuating units or single objects, whether there are
clear limits to what counts as an individual or not. This applies
whether we think about the most obvious kinds of individual like
organisms and well-demarcated material bodies or the more subtle
individuals such as molecules, cells, and genes uncovered by the
sciences. Whatever these have that makes them natural objects of
interest and study, is not something arbitrarily wished on them by our
activity. There are natural units which we discover as such, and what
naturally makes them unitary is also something for us to find out. It
does not help that modern philosophy is still under the spell of Frege’s
view that an individual isanything that has a proper name.1 For there
are proper names and other definite terms that are not singular.
Certainly the use ofa singular term signifies an intention to refer to a

1 This myth is beginning to crumble even within analytic philosophy. Not only are
empty names now recognized, but some philosophers such as Black and Sharvy are
aware of the existence of plural reference (cf. also manser 1983:74f))
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mingle object. But such reference need not be successful. The usual
mereological calculi throw up singular terms in abundance: the
question is which of them designate. A suggestion with a long pedigree
In that integrity belongs to objects which are spatio-temporally
continuous. This idea obviously arises by reflecting on the difference
tictween integral material bodies and scattered aggregates. But, as has
been pointed out often enough, the very bodies which seem most
continuous are in fact microscopically scattered,2 while we are also
willing to allow the one-ness of many macroscopically scattered
objects, such as countries like Indonesia, or galaxies. Very few
philosophers would be willing to adopt the radical stance of Leibniz,
who regarded nothing as an individual which was not absolutely
atomic.3 It will turn out that spatial or spatio-temporal continuity or
near-continuity is only one form of integrity, and probably not the
most important.

All ofthese arguments may be accepted without one’s thereby being
disposed to welcome arbitrary sums. Particularly where the‘sum-
mands come from different categories, the sums appear nothing more
than a philosopher’ concoction. How a number, a sigh, a poem, a
person, a galaxy, and a thunderstorm could comprise and exhaust a
single individual seems beyond understanding. Cross-categorial sums
as such are, however, not unknown in philosophy. A body and the
events which befall it are intimately connected, and one—albeit
hopeless—way to try and understand the mysterious four-
dimensional blocks of Chapter 3 might be as a mereological sum of
the body and its life. Some realist theories of universal may construe
propertied particulars as sums of concrete bearers and abstract
properties. Whether such sums are found illuminating or not, they are
at least not arbitrary.

The problem facing the proponent of a distinction between
arbitrary sums and non-arbitrary unified wholes is to give an account
of the latter which is neither too vague and unsystematic to be of use
(as is almost all of the Ganzheitsphilosophie written in German
between the wars) nor too specific to cover all cases, as are

1 Cf. quine 1960:98: 'Even the tightest object, short ofan elementary particle, has a
scattered substructure when the physical facts are in.’

3 Cf. the Monadology, opening remarks, and §8.7 below. The later account of
complex substances and the vinculum substantiate fits ill with this position, though it
may be said that complexes have phenomenal rather than real status in the
correspondence with Des Bosses, and Leibniz was never very happy with them.
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contemporary discussions of personal identity. Finding the via media
is by no means easy, and | am conscious of the provisional nature of
my own efforts, which take as their starting point certain remarks of
Avristotle and Husserl.

What is it about an integrated whole in virtue of which it hangs
together in the way that an arbitrary sum does not? In schematic
outline, it seems as though the explanation must refer to some kind of
relation between the parts of an integrated whole which they have to
one another, while such relations do not obtain between the parts oft
mere sum. This notion of‘hanging together’is obviously not a specific
one, but should be given a formal characterization. That is attempted
in the next chapter. What kinds of relation are involved in integrated
wholes? Here we are on much more slippery terrain. Aristotle gives
certain samples, notably continuity, rigidity, uniformity, qualitative
similarity, being of like kind, being of like matter.4 This covers more
than just the most obvious case: (as he notes) it includes the unity not
only of individuals but also of speciesand genera. Nevertheless the list
is only impressionistic, and it does not mention one of the most
important connecting relations, namely (efficient) causation. Husserl,
whose Logical Investigations treat of many Aristotelian problems
without mentioning the Philosopher by name,s essays there a
definition ofa pregnant whole as one, all of whose parts are connected
with one another by relations offoundation.6 This term ‘foundation’is
not current in modern philosophical discourse, and requires expla-
nation, but we may roughly characterize it as meaning a kind of
existential or ontological dependence. With this it becomes clear that
the sort of wholes Husserl is considering have much to do with the
traditional philosophical notions of substance, as being objects which
are in some sense ontologically independent. So, while not all natural
wholes are pregnant in Husserl’s sense, discussion of this rather
special case is of relevance to traditional philosophical concerns. The
concepts of foundation and ontological dependence which we require
to explicate it turn out to have interest of their own, and since having
an essential part is a special case of being ontologically dependent, it
links up with the topic ofthe previous chapter. Since other connecting
relations of integrated wholes may also be styled kinds of dependence,*

* Metaphysics A, 6, 10ISbf.
J On the Aristotelian background to Husserl’s theory, cf. smith and muttigan 1982.
* husserl 1984: investigation lit, §22. Cf. Simons 1982a 141.
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we outline first the general idea of dependence, before turning to
ontological dependence and its ramifications.

8.2 Dependence in General

There is no one way in which one thing is dependent on another or
others. The terms ‘dependent’ and ‘independent’ are syncategore-
matic. Sentences of the form ‘a is dependent on b’ or “as are dependent
on /Is” are incomplete. We must add something about the type of
dependence, or the respect in which one thing is dependent on
another. ‘Dependence’ connotes merely a rough schema, a form of
connection between objects or kinds of objects, which may be
variously filled out.

To try to find acommon thread running through various notions of
dependence, we may consider the following approximate definitions:

(1) Person a is financially dependent on person b iff a cannot be
solvent unless b is solvent (financial dependence).

(2) Skill A isdependent on skill Biff A cannot be mastered unless B is
mastered (practical dependence).

(3) Judgement a (e.g. that roses are red) is dependent on idea b (e.g.
the idea of roses) iffa cannot occur to a person unless b occurs to
that person (Brentanian psychological dependence).

(4) Person aisdependent on drug B iffa cannot survive unless doses
of B are regularly administered (physiological dependence).

(5) Clause a of this contract is dependent on clause b iff a cannot
apply unless b applies (legal dependence).

(6) Detonation a of this mine is dependent on its priming biffa (the
detonation) cannot take place unless b (the priming) previously
takes place (causal dependence).

(7) Accident a (e.g. this whiteness) is dependent on substance b (e.g.
this piece of paper) iff a cannot exist unless b exists (ontological
dependence).

(8) Proposition p is dependent on proposition q iffp cannot be true
unless q is true (one form of logical dependence).

(9) The pressure P of a fixed mass of ideal gas is dependent on its
temperature T and volume V iff P cannot vary in value unless at
least one of T and V varies in value (functional dependence).

(10) The life-expectancy £ ofa male born in 1960 is dependent on the
country of his birth iff males born in 1960 cannot differ in their
life-expectancy unless they were bom in different countries,
other things being equal (one form of statistical dependence).
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In each case the labels we have attached are suggestive only, and it ii
not implied that all things nameable by such labels have the form
given. In particular, there are several somewhat different forms of
logical dependence,7 and we shall soon see that there are different
notions of ontological dependence. Certain of the examples involve
reference to kinds ((2), (4), signified by upper-case letters), but the
schema we wish to abstract involves only particulars as terms of the
dependence relation, although kinds also play an essential role. The
examples (9) and (10) also involve what we might call variable
quantities or magnitudes, where we are dealing with relationship!
between the values such magnitudes have. The theory of the various
kinds of functional dependence is very underdeveloped,8and since it
has no great role to play in our considerations of integrity we also
leave it on one side. The scheme we may extract from the remaining
examples is then

DS1 ais dependent as F to G on b iff a cannot be F unless b is G

where ‘a’and4’hold places for definite terms and 'F ’, ‘G’ hold places
for monadic predicates.9

We have left the pattern in semi-English because the exact force of
‘tannot... unlgss—’varies. It can mean, for example, psychological,
practical, physical, legal, deontic, metaphysical, logical impossibility,
according to the case. If we replace the ‘cannot ... unless—’scheme
by the handier

Necessarily: if ais F then b is G
we leave just as much open because ‘necessarily’ may vary in force.

8.3 Ontological Dependence

Whereas logical dependence concerns the relationships between
propositions or other truth-bearers, ontological or existential depen-
dence, our chiefconcern here, is about relationships between objects
in general. The ontological dependence of one object on another or

7 Cf. Simons 1981la.

' Cf. the papers by Grelling and Oppenheim, in particular gretting 1987, and my
commentary on them, simons 1987a. It must be admitted that there is still no adequate
theory of functional dependence.

9 Insimons 1982a 1 use variables for common nouns, which iscloser to HusserL The
use of monadic predicates is here a concession to simplicity; it would take us too far
afield to explain why common nouns should be treated differently from other monadic
predicates (for an argument, cf. gupta 1980).
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others isone of de re necessity: the object itselfcould not exist if others
did not exist. The causal dependence of events and states on other
events and states seems in many cases to be less compelling, itself
dependent on contingencies and laws of nature. However, it may well
be that there are cases of causal dependence which are also cases of
ontological dependence in the strict sense. Causal dependence, where
it concerns the existence (or occurrence) of events, differs from other
forms of ontological dependence perhaps only in the strength of its
associated ‘must’. Other forms of causal dependence seem better
subsumed under the heading of functional dependence, concerning
the variation of quantities.

Taking our clue from the second schema, we may attempt a first
definition of the ontological dependence ofan individual a on another
individual b as follows; anticipating 88.6, we call it weak foundation:

O (E\a =E\b)

This is a rather weak notion for at least two reasons. For one thing,
every individual is ontologically dependent on itself. For another, if
some individual exists necessarily (a proposition on which we shall
remain agnostic, but which we therefore do not rule out ofcourt), then
necessarily every individual is ontologically dependent on it. Now in
traditional theology God exists necessarily and everything on earth is
ontologically dependent on God. But it is not just because God exists
necessarily that everything depends on him, but rather because he
created everything on earth, and presumably nothing could have come
into being without his creating it. Varying the example, if we hold that
certain abstract objects like numbers, universal, or propositions exist
necessarily, we do not want to say that therefore everything depends
ontologically on them. Pythagoreanism aside, | am not ontologically
dependent on the number 23. Since we are confining attention only to
concrete entities, we can eliminate these unwanted cases by excluding
the case that b exists necessarily. Excluding also the trivial case of self-
dependence, we obtain the more useful concept of weak rigid
dependence. For *x is weakly rigidly dependent on / we write Xyzy’ :10

DD1 (d)(x?y s x4&ya ~ OEly a O(EIX"Ely))
Cases such as those from the previous chapter where an object has an
essential proper part are thus cases of ontological dependence,

10 The notation is chosen to be like that of simons 19824, although the definitions
have been changed in the meantime,  is meant to suggest T for ‘foundation’.
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assuming (as is plausible in all the cases dealt with) that the essential
part does not exist necessarily.

It is my view that this concept of ontological dependence and those
related to it have wide application in the discussion of philosophical
issues. We may take just two examples. On one form of subjective
idealism, the physical world is ontologically dependent on me. (In
weaker forms, it is dependent on subjects in general, but this case can
be accommodated also among our definitions.) Similarly, in one form
of realism about universal, universal are generically dependent
ontologically on instances. Another case of ontological dependence,
that of accident upon substance, is discussed at greater length below.
Philosophical discussion of issues involving one form or other of
ontological dependence would therefore benefit from more exact
analysis of the concepts involved. For example, the most detailed
modern discussion of the realism/idealism problem, that of
Ingarden,11 gains much by his careful discrimination of different
senses of dependence and independence.

The form of ontological dependence defined above is confined to
individuals. However, it can be broadened to include the cases of
masses and classes by using the broadest existence predicate, covering
all three cases. It is obvious how this goes. For example, the existence
ofa class depends on that of each of its members, and accordingly on
that of each of its non-empty subclasses (cf. the membership and
subclass rigidity conditions from §7.4.)

In giving instances of ontological dependence for particular objects
we have to be careful how we formulate the point. Take the
proposition that the largest satellite of Jupiter cannot exist unless
Jupiter exists. In one sense this is true: if Jupiter did not exist, nothing
could be its satellite. But Ganymede is Jupiter’s largest satellite, and it
is false that Ganymede could not exist unless Jupiter exists. We can
distinguish the two senses by taking account of scope. For a sentence
of the form ix”xa’”~a to be true in one sense, we require only the
necessary truth of’3xVyrSya s y - x1=E!a’,which holds trivially if
the predicate S satisfies a falsehood principle. On the other hand, if we
give the description wide scope we get

3xrVyrSyas j = x'a O(E!x 3E!la)\

1 Cf. ingarden 1964-5: §8 10ff Of Ingarden’s concepts of dependence (he gives
four), two can be handled by the conceptual apparatus given here. The idea of being
produced or created is not here dealt with, and Ingarden’s concept of heteronomy, ofan
object’s having the foundation of its being in something else, remains opaque to me.
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which is false. The dependence of Ganymede on Jupiter is merely
notional, it could not be described as Jupiter’s largest satellite unless
Jupiter existed. This is important, because the forms of expression for
ontological and notional dependence are easily confused with one
nnother: both can take the form ‘an F cannot exist unless a G exists'. It
is thus important to regiment these two notions differently.12

First, note that a given individual might be only generically rather
than rigidly dependent on objects of a certain kind. For example, a
man cannot exist for an instant unless the pressure at his epidermis is
above a certain minimum. He is therefore ontologically dependent on
matter which exerts such pressure. But which particular parcel of
matter (which consignment of gas molecules) actually presses down
on his epidermis is not important. Similarly, a man cannot exist
without carbon atoms, but which carbon atoms exist (and are part of
him) is immaterial.13

We may express the generic dependence of the individual a on
objects of sort G by

O(E'a=> 3xrGxa x+ al)a ~ O 3xGx

(We assume that Gs do not exist of necessity to rule out unwanted
trivial cases.) Note that if aj. band b is essentially a G, then a depends
on Gs in this latter sense too. So now we define what it means for Fs to
depend generically on Gs: they do so if necessarily every F is
generically dependent on Gs:14

DD2 0O(F?G 5=0Vxa (Fx =a(E!x = 3yrGyay £x1)
a 0 3xFx a ~ O 3xGx)

In this sense human beings are dependent on carbon atoms. Now
notional dependence is typified by such statements as There cannot be
a husband without a wife’. Such a statement may be rendered by the

11 Cf. Campbel1 1976: 30, where a distinction is made between dependence in
existence and dependence in description. Here, too, concepts of dependence and
mereology come briefly into contact, hinckftjss 1976 tries to show that ontological
dependence, as distinct from notional, does not occur, but the attempt has such a small
basis of examples that it does not succeed.

13 It isimportant that the dependence here is not just causal. Something that could
withstand zero pressure without special equipment could not be a man, nor could
something that did not contain carbon. That causal and essential necessity overlap is
powerfully argued in WIGGINS 1980: chs. 3f.

14 Theclause saying Fs may existagain rules out trivial cases. In the case of* *we did
not need aclause ‘OE !a', since this isautomatically guaranteed by our modal semantics.
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simpler
OVxO(Hxa 3/Wyax+y)

(Compare the initial weak formulation of the claim that every bicycle
must have a wheel at the beginning of §7.3.) Assuming that Fs may
exist and Gs need not, and that Fs are notionally dependent on Gs in
this last sense, this still does not suffice to show that Fs are generically
ontologically dependent on Gs, as the husband/wife case shows. There
can be no husbands without wives, but for no husband isit true that he
(that very man) could not exist unless there were wives—the
institution of marriage need not have existed among human beings.
Notional dependence of Fs on Gs implies ontological dependence
only under the special further condition that Fs are essentially
Fs: (D)(Fx=> d(E!x=>Fx)).

While every case of ontological dependence (of the form defined in
DD?2) is a case of notional dependence, the converse is not true.
However, there is one way of generating a case of ontological
dependence out of every case of notional dependence, which maybe
taken if we adopt a suggestion of Kit Fine and introduce the idea ofa
qua object.15 Fine’s idea is rather controversial, but it is well worth
considering because it affords a unified framework within which to
discuss such philosophically important issues as the relationship
between a material object and its matter, and the relation between an
act and its associated bodily movement. The idea is this: suppose we
have an object x which has the property F. Then, in addition to plain x
we also have x qua F, or x under the description F. The underlying
object x is called the basis and the property F is called the gloss. The
object x qua F is, according to Fine’ account, always distinct from its
basis x.16 This seems to me to be too strong a position; it would for
instance distinguish not only x and x qua F but also (x qua F ) qua F,
and so on, for further additions. Further, it would distinguish also x
from x qua self-identical, x qua object identical with x, and also x qua F
for essential properties ofx. Be that as it may, the adjustment required
is not so important as the fact that qua objects, in most cases unlike
their bases, have their glosses built into them (which is not the same as
saying they have their glosses as properties). The existence condition

15 FINE 1982.
14 "A qua object is distinct from its basis’ (ibid.: 100).
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for qua objects looks like this:17
OVxdVta (Ex,(x qua F) s Ex,xa F,x)

There are many things that can be said about this startling formula, 18
but for present purposes we note only that qua objects are what yield
an ontological dependence for a notional one. For if we define the
derived property of being a qua-F-object thus:
(O)(*Fx = 3yrFya x = yqua F

then every *F is essentially an *F, and if Fs are notionally dependent
on Gs then *Fs are ontologically dependent on Gs in the sense of
DD2—provided Fs may exist and Gs not (if Fs can exist, so can *Fs.)

It is natural to view the teeming universe of qua objects with some
suspicion, but some candidate qua objects are old friends: what is a fist
if not a hand qua clenched, or a statue if not some bronze qua shaped
in such and such a way? Another case is that matter-constant ship
from Part I1l—this matter qua (having the form of a) ship. The same
goes for any Aristotelian compound of matter and form. As the
examples make clear, qua objects lead a precarious existence, and exist
intermittently in cases where their basis alternately gains and loses the
gloss of the corresponding qua object. Qua objects and their bases are
obviously superposed, and it is natural to say the basis is an improper
part of the corresponding qua object. Whether the converse is also
true depends on our attitude to the coincidence principle. On the basis
of 86.7 we would suggest that the qua object is at least weakly
included (improperly) in its basis. As Fine notes, qua objects inherit
many properties from their bases,19 which explains their conceptual
usefulness as well as their perceptual indistinguishability from their
bases at any time at which they exist.l

Il The qua object x qua <pexists at a given time (workl-time) ifand only if x exists
and has <pat the given time (world-time)’ (ibid.).

Il Fine notes the similarity of his views with those of Aristotle (104), but another
historical comparison is worth making whitehead and russell (1927: 43) have a
theory of the truth of atomic sentences which includes Fine’s quo-objects as a special
case (the monadic one). Consider the two-placed case. The two objects aand bexist,and
a stands in the relation A to 6 iff there exists a complex, a-in-the-relation-R-to-6. Call
this complex Then we have

EllaAb] s Elaa Ei>a aRb

which is the analogue of Fines existence condition. Russell and Whitehead's complexes
went on to haunt Wittgenstein’s Tractatusr. cf. SIMONS 1985a.

"* For the inheritance conditions, see fine 1982:100 f. Inheritance isalso important
in the theories of doepke 1982 and chisholm 1976 (entia successive).
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Despite having some interesting applications, the theory is at
present insufficiently tested for us to be clear which ofthe putative qua
objects are to be taken seriously. The use of the particle ‘qua’ is also
something ofa hindrance, since in many cases it clearly does not serve
to form new singular terms from old. The sentence ‘Socrates qua
philosopher was successful but Socrates qua husbhand was unsuccess-
ful’, far from telling us about two qua objects based on Socrates,
simply tells us two things about Socrates—that he was a successful
philosopher and an unsuccessful husband. So we shall make no
further use of the idea in what follows.20

The only form ofdependence we have so far described at the level of
kinds is generic dependence, but it is possible to define the rigid
dependence of members of one species on members of another:
DD3 0O(F?!'G = OVvxa(Fx:=> 3yrn(E!x

>Elya Gya x+vy))
a 0 3xFx a ~ O 3xGx)

In this sense every smile is dependent on a face, for not only can no
smile exist unless some face exists, but every smile is rigidly dependent
on its face; it could not have existed except as a configuration ofjust
the face it is in. Helium atoms are likewise rigidly dependent on
protons.

It is an interesting question whether there are any species which are
self-dependent in this strong sense, i.e., are such that one cannot have
just one member of the species in any possible world. Notional self-
dependence is common-place: the species sibling, spouse, associate,
river-bank are all such that if one thing falls under them, so does
another. But as in the husband/wife case, it isclear that this falls short
of ontological dependence, since the objects which are siblings,
spouses, etc. could have existed without being siblings, spouses, and so
on. There are cases of self-dependence where the necessity falls short
ofthe logical; for instance, magnetic poles seem to always go around in
pairs, and quarks in threes. Likewise, it falls slightly short of being a
logical truth that every human must have human parents, for
evolutionary reasons. Ifwe accept abstract objects, too, we have cases
where no one of a kind could exist alone—numbers, for example. But

20 fine 1982: 100 makes it clear that many phrases of the form 'x qua <f are not
referential. There is a large medieval literature on ‘qua-; the operation was known as
‘reduplication’. Cf. back 1987.
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lor concrete objects it is hard to find a clear example. Perhaps thereisa
deep metaphysical reason for this.

8.4 Independence, and More Dependence

With each of the concepts of dependence we have mentioned we may
correlate concepts of independence. So a is ontologically independent
ofbifacan exist without b, ifthere isa possible world in which aexists
and b does not. Realists will say that the physical world could exist
without me, indeed without any subjects. Platonists will say that
universal may exist whether or not they are exemplified. And so on.
The stronger the concept of dependence involved, the weaker the
correlated concept of independence, and vice versa.

Itis also of interest to consider absolute (de-relativized) concepts of
dependence and independence. So a is rigidly dependent (tout court,
schlechthin) iff it is rigidly dependent on something, and independent
iffit is dependent on nothing, and likewise for generic dependence. We
thus get a square of opposition for objects (below). The strongest form

Rigidly Not generically

dependent dependent
Generically » d'lot rigidly
dependent dependent

of absolute independence thus belongs to an object which is not
generically dependent. The weakest version of generic dependence we
can concoct for an individual is expressed by

O (Ela=> ax'x + al)
Negating this, we arrive at the startling

O(E'laa Vxrx = al
An object is independent in this sense if it could be all there is. This is
such a strong condition that it is not clear that even God would fulfil it
(what of his thoughts?). At all events, any object fulfilling this lonely
condition would, in the world in which it is alone, be absolutely
atomic, for the proper parts of an object are distinct from it. This
might explain some of the appeal of the idea that God is a monad.

The very strength of this concept of independence limits its

usefulness. But there is something attractive about the idea that an
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object could comprise the whole universe, and this idea can be given a
lessrarefied interpretation by requiring, not that an object be the only
thing there is, but merely that there be nothing disjoint from it. We
may express this using weak inclusion as

O(Elaa Vxrx <al

What, then, does it mean for an object to be not independent in this
weaker sense? Negating back again, we find it means that the object is
essentially such as to have something disjoint from it:
O(Ela=Bx'xlal)
This condition should not be misunderstood as entailing that
whatever is disjoint from a is spatially outside it. a might be a
continuant which cannot exist without a process going on in it: the
process is disjoint from a by necessity—a continuant and a temporal
object are categorically incapable of sharinga common part— but the
process is not spatially outside the continuant in which it occurs.
Brentano called an object which could be the whole universe a
‘something-for-itself—ein Etwas-JlIr-sich—and defined it in the
following way:21

O(E'aa ~ 3xra«x 1]

This formulation is equivalent to the previous one only under certain
assumptions. What is important here is not so much how to render all
the possible versions equivalent as to notice that, because of the
possibility of substituting either <’ or for ‘c ’ in the above
definition ofabsolute independence, we have several slightly differing
conditions for dependence and independence. It is not easy to decide
in each case which concept is most suitable in application to a
particular case. Since not a great deal seems to turn on spelling out all
the possible variants for our present purposes, we shall give represen-
tative definitions using the medium-strength part-concept ** ’ only,
and note alternatives only when they are important for the case under
discussion.

One obvious form of dependence which is stronger than all those
covered by the previous remarks is the dependence ofan object which
is essentially part of another:

O(Ela=a« b)
This entails but is not entailed by the object’s not being an Etwas-ftir-

11 Cf. BRENTANO 1933: 170, 1981: 128. Cf. CHISHOLM 1978: 208, 1982: 14.
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Jilch:
O(Ela = 3xra« xJ)

Corresponding to our previous definitions of rigid and generic

dependence for individuals and members of species, we can give the

following analogous definitions (DD4 defines strong rigid

dependence):

DD4 (d)(x7y= ~ OElya O(EIX™ Ely a vy ZX))

DD5 defines ‘F7G’; replace *y 4&=x’in DD2 by ‘~y"x’

DDe6 defines ‘F 7! G’; replace x + y’in DD3 by ‘~y ~ x’

These definitions exclude cases where objects have essential parts as

cases of dependence; the idea is that an object is dependent if it

requires the existence of something which is not a part of itself.
With these concepts of dependence we are very much in the same

territory as Husserl was exploring with his notion of foundation.

Husserl’s definition of ‘foundation’ runs:22

Ifan a as such by essential law can only exist ina more comprehensive unity
whichassociates it with a p, we say that an a as such requiresfoundation by dp,
or also, an a as such is in need of supplementation by a p.

Despite the inexactness of the natural-language formulation, this is
clearly very close in meaning to the concept defined in DD5. The only
slight amendment which might be necessary to capture every nuance
of Husserl’s version is to note that talk of association ( VerknQpfung)
with a p suggests that the more comprehensive unity is such as to have
both the a and the p as proper parts, so that neither the a nor the p is
part of the other. There are occasions when this amendment might be
important, but for most purposes it is not. These and other subtleties
make Husserl’s actual text difficult to interpret, and in particular he
does not trouble to distinguish between rigid and generic dependence.
He also rather slurs over the distinction between relations between
individuals like that given by DD4 and relations between kinds
(species) like that given by DD5 or DDse, since he holds, plausibly
enough, that individuals are dependent by virtue of being the kind of
individuals they are. Since, however, he does not distinguish rigid
from generic dependence, he does not distinguish the rigid depen-
dence of one individual on another (DD4) from the weaker relation of
support which a G has to an F when Fs are generically dependent on Gs

*  HUSSERL 1984: 267 (A254, 8,261), 1970: 463.
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(DD5) but it is not important which Gs do the job for a given F. This
relation of support is an obscure one, and it is doubtful whether it can
be given aformal characterization. In particular cases we may be abl«
to say what the support amounts to—in the case of the matter exerting
pressure at a man’s epidermis, for instance, it amounts to little moro
than being in the right place at the right time and in sufficient quantity.
These and other difficulties of Husserl’s text have been discussed in
greater detail elsewhere,23 but it is still imperative to call attention to
Husserl’s unique pioneering efforts at bringing clarity into an obscure
topic.

The relationship ofrigid foundation between individuals defined by
DDA4 is perhaps the most important one. Ifa 7 b, we follow Husserl in
saying that bfounds a, aisfounded on b, or again that a is a moment oj
b. In such cases we also say that a isa moment and b itsfundament. A
moment is thus precisely something which is founded on something
else.24 Examples of moments are legion: smiles, headaches, gestures,
skids, collisions, fights, thoughts, and many other events are moments
because they are founded on their participants (the continuants
involved in them). A more philosophically controversial case is
provided by boundaries, which cannot exist except in so far as there
are objects which they bound. And more controversial still are
individual quality instances, like the particular snubbedness inhering
in Socrates’ nose, which is numerically distinct from all other
particular snubbednesses.25 Frege’s functions, too, are described as ‘in
need of supplementation’ (ergdnzungsbedilrftig), since they require
their arguments to complete them and give an object. There could be
no functions if there were no objects. But it is not quite clear as to
whether the dependence of functions is rigid or generic.26 It is my view
that moments have a bright future in ontology, but whether this view
is correct will take some time to establish.27

23 Simons 19823, smith and mulligan 1982.

24 This is the definition given in mulligan et at. 1984: 294, except that there
moments are confined to existents.

25 Fora list of subscribers to individual qualities, cf. multigan et at. 1984:293. The
list continues to grow. Cf. reid 1895: 395, for instance (thanks to Kevin Mulligan for
unearthingthis one). I am now of the opinion that beliefin individual qualitiesis the rule
rather than the exception.

26 If a function is one-placed, one object will saturate it How can it then remain
unsaturated for every other object as well? Cf. simons 1981c, 1983a for more on the
connection between Fregean functions and dependence.

27 mulligan et at. 1984 argue that moments have a role in truth theory, and that
they are perceived.
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K5 Some Related Concepts: Substance, Accident, Disturbance

So far we have left time out of the picture when discussing ontological
dependence. The possibilities of combination which the introduction
of temporal considerations open up are so extensive that it is easy to
lose one’s way. For this reason we introduce only very few notions
which promise to have ready and interesting application.

For occurrents, a formula like ‘a < b’ is complete as it stands,
whereas for continuants it abbreviates ‘3traf,b' (CTDS). The
attempt to suffix mereological predicates applying to occurrents by
temporal indices yields nonsense. Nevertheless, it isa helpful unifying
device to use the same sign now with, now without a temporal suffix;
and where it is without and applies to continuants, we may understand
it according to the above convention. Similarly, while in English it is
barbarous to say of occurrents that they exist, rather than that they
take place, happen, obtain, hold, or go on (according to the case),28
nevertheless we want some way to express that a given occurrent a is
taking place, going on, or obtaining (as the case may be) at time t. For
this we shall simply purloin the expression ‘Ex,a’ from our previous
discussions of continuants. The squeamish may read this as they wish.
What is important is that, for occurrents, to exist, in the philosophers’
(barbarous) sense, is to take place, go on or obtain at some time, so we
may carry over the previous equivalence from Chapter 5:

(a) (E'xs 3trEx,xJ)

This also allows us to give a more unified account of the varieties of
dependence, which may cross the category line between continuants
and occurrents. So it is characteristic of occurrents but not of
continuants that they satisfy
(0)(Ex,xAjtSp EXy)

Ifan occurrent is going on at t, then any occurrent of which it is part is
going on at t. By contrast, a continuant x may exist at tand be a part of
some other continuant at some time, but this other continuant need
not exist at times at which its sometime part exists. Examples are
obvious.

The most obvious kind of moment is one which is permanently
dependent on its fundament: whenever it exists, so does its fundament
We call such a moment an accident of its fundament, and the

21 This point of usage is (over-)stressed in hacker 1982.
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fundament may be called a substratum of its accident:
DD7 (CJ)(xaccy s OWDO (Ex,x =Exfya ~y £ x) a ~ OEly)

The part-predicate is here unsuffixed: among occurrents we just mean
‘is not part’; among continuants we mean ‘is never part’. Since no
occurrent is part ofa continuant and no continuant is ever part ofan
occurrent, we cover the mixed cases as well.29

A smile is an accident of its face, a headache or a thought of id
bearer, a quality-instance of the object it qualifies. Many of the events
involving particular continuants are accidents of them. This shows
that, contrary to a venerable philosophical tradition, we may meaning-
fully talk of relational accidents, that is, accidents with a leg in more
than one substratum. A collision between two bodies is just such a&
relational accident. It could not have occurred between other bodies
(modal rigidity) and both bodies exist at the time of the collision
(temporal rigidity), even if one or both of them are destroyed in the
collision. Similarly, weddings, divorces, and football matchesare more
or less complex relational accidents. There is nothing especially
mysterious about such things.

Modal rigidity may be present without temporal rigidity. It is, we
may suppose, essential to a given human being that he or she have the
parents he or she actually has, but most offspring outlive their parents.
Cases of temporal without modal rigidity are harder to find. The
following might be one: we might suppose that the adult form ofa
parasite could not survive without the simultaneous existence of its
host, but it may have been a matter of chance that the egg of the
parasite found its way into this host rather than another.

The definition of ‘accident’ leaves it deliberately open whether an
accident isa continuant or an occurrent. In some cases it is not easy to
tell which we are dealing with. Take, for example, a particular smile of
Mary. We may say that this smile that it gets steadily broader—which
isa way of speaking appropriate to continuants—but also that it goes
on for a long time—which is more appropriate for a process or state.
In this case | think we do need to distinguish two things, one of which
isan action or period of activity of smiling, which isan occurrent with
a beginning and an end, and the visible product of this activity, the
contortion in the face we call a smile, which is a short-lived continuant
which comes into being when the activity or action begins, alters or

29 The decision to have one set of variables for both continuants and occurrents is
heuristic, but there are other reasons favouring a two-sorted approach.
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remains the same while this continues, and then ceases to exist when
the activity comes to an end. This smile isa certain kind of disturbance
in the medium of the face, and smiles are accidents of the owners of
their faces. So, however, are the actions of smiling. It seems that we use
the expression ‘smile’ both for the action and the facial disturbance,
which explains the initial difficulty above. Let us agree to call the
disturbance a ‘smile’, the action a ‘smiling’. What is the relation
between them? Normally a smile exists because a smiling occurs,
though a qualitatively similar disturbance could have other causes,
such as a nervous disorder. But a ‘genuine smile’ is the product of a
smiling, and an action of smiling, though it does not include the smile
as a part, is only a smiling because it successfully causes the face to
become so disturbed.30 So there cannot be a smiling without a smile
(any more than there can be a hitting without something hit), and,
provided we coniine ourselves to true smiles (and not similar
expressions, which are sometimes called ‘smiles’, with other causes),
there cannot be a smile without a smiling. But the two are not to be
identified. A smiling is an event whose effects include the appearance
of a smile, and which is a smiling precisely because it has this effect
(had the effect been blocked, the same event would have been at best
an attempt at smiling). A smiling, being an event, has causes and
effects, whereas the smile thereby produced is a continuant, and has
itself neither causes nor effects.

Both are further to be distinguished from John’s state of having a
smile, which obtains as long as the smile exists, that is, as long as the
tensed sentence John has a smile’ remains true. The difference here
seems to be that the state is a mere reflection of the truth of the
sentence, whereas the smile is what makes the sentence true.3!

I am sceptical of there being any general recipe connecting
continuants, processes, and states among accidents. In some cases, as
in the case of the smile, the continuant accident is produced by some
event and maintained by a state or process, without which it would
collapse. For instance, when a person keeps hold of a heavy suitcase,
the shape of the hand is maintained by a sustained effort, which
requires a lot of behind-the-scenes biochemical activity (processes). In
this case, the person’s state of having the hand shaped so is
supervenient on these temporal objects and the continuant they

30 Onthisaccount ofsmilingas a transitive action, cf. HORNSBY 1980: ch. 1. fine 1982
takes actions to be qua objects, which is a related approach.
3l On truth-makers in general, cf. mulligan et at. 1984.
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maintain. On the other hand, the shape ofa metal bar which is in static
mechanical equilibrium with its surroundings does not rest on
underlying occurrents. It is characteristic of living things that the
maintenance of themselves and their continuant accidents rest on
processes which drag in energy from the environment. Even many
non-living things remain in a certain state only thanks to processes
they are involved in: for instance, normal stars are in a dynamic
equilibrium whereby the tendency to implode under their own gravity
is balanced by the energy produced internally by thermo-nuclear
fusion finding its way out. Aristotle’s classification of stars as living
proves itself to be a good analogy, and it would appear that there are
other structures, such as thunderstorms and river systems, whose
energy exchange with their environment, ensuring their continuance,
is analogous to that of organisms.32

A smile, like a knot in a piece of string, is a disturbance in a medium
and static to the extent that it does not move around in the medium
from one part of it to another. Other disturbances, however, are
mobile: the most obvious kind is propagated waves, but thunder-
storms are another example. Such disturbances are often thought to
present ontologist with problems.33 They are not substances (the
medium isthe substance) nor are they accidents (which cannot wander
from one substance to another). Nor are they obviously events or
processes. It is tempting to say that the wave is a process which starts
from the point of origin of the wave and lasts until the wave breaks on
an obstacle or dies down. That overlooks the fact that we attribute to
waves positions and other characteristics at a time, and that we regard
the wave as a whole as so characterized, and not a temporal part ofit.
But ifa wave is a continuant, it is not a wandering accident, first since
accidents cannot wander, and secondly because it is contingent which
consignment of medium the wave actually traverses. The wave is
maintained by a process transferring motion from particle to particle
of the medium, but it is not identical with this process: we cannot say
that the process has a certain shape or velocity of propagation. But
there is no ontological problem of the status of moving disturbances;
they are simply a special and interesting kind of continuant: moments
which continuously change their fundaments. The difficulty only
arises if the palette of ontological categories (for example substance,

33 Cf. PANTIN 1968: 37 f.
3B One who has recognized the importance of disturbances as an ontological
category is Toomas Karmo; cf. kakmo 1977.
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accident, relation) at one’ disposal is too meagre to find a place for
such things.

Nothing in the definition of ‘accident’ precludes an accident from
being itselfa substratum. So we may have accidents of accidents. The
limbre of a note played on a violin, the boundary of a stain in some
cloth, are examples.

A fist—like any other qua object—is one-sidedly, rigidly, and
permanently dependent on its hand, and fails to be an accident of it
only because the hand isan improper part of the fist. This corresponds
to the Brentanian rather than the Aristotelian concept ofaccident. For
Aristotle the accident would be something like the individual
clenchedness inhering in the hand. This isan accident in our sense too.
The Brentanian accident is a combination of the form, clenchedness,
with the matter, the hand. But such entities occur in Aristotle as well,
being called ‘accidental unities’, for example, ‘musical Coriscus’.34

A substratum which is not an accident we may call a substance:

DD8 (Q)(subx & 3yryaccxV ~ Bj~xaccyl)

In other words, a substance is an ultimate substratum. It is the
intention behind this definition to capture something like the
Aristotelian conception of primary substance, according to which
common or garden objects like people, chairs, and stars are subst-
ances. Whether the definition succeeds in this endeavour is open to
scrutiny. Take the case closest to home, that of human beings. It is
clear that these have accidents; the question is whether they are
accidents. The definition of ‘moment’ rules out dependence on
necessary beings and on essential parts, while that of ‘accident’ rules
out dependence on one’s ancestors. There remain two obvious test
cases. If a human being is rigidly dependent on some continuant of
which he is essentially part, then he is an accident. Tis certain, as
Hume would say, that no man can be the whole world—a man is not
an Etwas-flir-sich—which suggests that he may be dependent on the
totality of all that is, the Universe. But now, either the Universe is a
necessary existent, which we have already excluded, or the term ‘the
Universe’ is a description rather than a proper name, which means
that even though there must be something beyond the man (gas
molecules, energy sources, and the like), which ones there are is
immaterial. In other words, the suggestion is that the dependence ofa

34 Metaphysics A, 6,1015b. On Brentanian accidents, which have their substances as
parts, cf. brentano 1933 (1981), CHISHOLM 1978.
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man on his surroundings is generic rather than rigid. The other ten
case involves the life processes which go on within the man—hU
respiration, heartbeats, and so on. These are clearly not part of him
(although they take place within his boundaries). Is he then rigidly
dependent on them? Again, | would venture to say not. Some such
processes are necessary to maintain him in being, but of no such
process or part-process is it necessary that it take place within him for
him to exist. If we can fend off such putative counter-examples, it
looks as though our reconstruction of the Aristotelian concept is not
too wide of the mark.

Note that substances in this sense need not be in any sense
absolutely independent: organisms clearly are not. We return at the
end of this chapter to the idea of an absolutely independent object, a
concept which has also gone under the title of ‘substance’. To clarify
the connection of our efforts to define ‘substance’with the main topic
of these last two chapters, the drawing of lines between integral
wholes and arbitrary sums, we may note that a substance is such that
everything on which it is modally and temporally rigidly dependent
(in the sense obtained from DD7 by replacing *~ y £ x by X + y’)is
a part of it. Its most stringent ontological requirements do not reach
out beyond it; in this (somewhat weak) sense, it is a self-contained unit.

8.6 Non-modal Theories of Foundation and Dependence

Although some notion of ontological dependence is almost as old as
philosophy, our considerations take their orientation from the
pioneering work of Husserl, whose third Logical Investigation, in
which he considers dependence and mereology, has been described as
‘the single most important contribution to realist (Aristotelian)
ontology in the modern period’.3 It was indeed the discrepancy
between Husserl’s approach to mereology in this investigation and
that of extension part-whole theory which first interested me in the
topic of this book. Despite the importance which Husserl attached to
this study, it remained sadly neglected by phenomenologists and
ontologists. Exceptions to this are essays on Husserl and dependence
by the Polish philosopher Eugenia Blaustein Ginsberg,36 and on
Husserl’s part-whole theory by Robert Sokolowski.37 Although

35 SMITH and muluoan 1982: 37. 34 ginsberg 1929, 1931 (1982).
37 sokolowski 1967-8, 1974: ch. 1
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Husserl explicitly says that the theory of dependent and independent
parts is formal, and himself takes the first faltering steps in the
direction of formalization, the first concerted attempt to envisage a
formalization was that of my somewhat over-ambitiously titled ‘The
Formalisation of Husserl’s Theory of Wholes and Parts’.38 The
principal aim of this exploratory essay was to show that Husserl’s
difficult text could be givena consistent and reasonable interpretation,
where Ginsberg had claimed that his views were confused. The aim of
the essay constrained me to stay (perhaps too) close to Husserl’s text.
The essay differed from the present treatment most in not distinguish-
ing notional and ontological dependence, which was a definite
shortcoming. | also there employed Wiggins’s predicate-modifying
necessity operator, which was at least a heuristic shortcoming, and
perhaps also a philosophical one. The concepts of foundation and
dependence are, however, interesting enough in their own right to be
worth investigating in advance of attaining final clarity about
necessity and essence. This interest has motivated the investigation of
non-modal, non-sortal, first-order theories of individual foundation.
One theory is due to Gilbert Null,39 the other comes from as yet
unpublished work by Kit Fine.40 Both of them are axiomatic theories
(Fine presents several equivalent axiomatizations), and are of in-
dependent interest. We present them briefly for completeness, and to
facilitate comparisons with the ideas above.

Symbols used in the systems do not necessarily mean the same as
they do in previous sections, except that we take over the usual
mereological symbols. Neither Fine nor Null considers the interre-
lations of his concepts with temporal matters, which keeps things
simple.

8.6.1 Systems of Fine

Fine employs as basis an extensional part-whole theory where ‘< ’isa
partial ordering with sums of non-empty sets of particulars guaran-
teed in the form of least upper bounds: if X is a non-empty set, we
write the least upper bound of X as ‘<’ X . The full strength of CEM is
not used: in particular, Strong Supplementation is not assumed. Fine

31 SIMONS 1982a. 39 NULL 1983.
40 Fine's ideas are set out in detail in fine and smith 1983, hence the names of the
axioms begin with ‘FS’.
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offers a number of interesting equivalent formulations of his theory,
and justifies his choice of principles by reference to Husserl’s text, but
we present only the bones of the theory.

Husserl used—without distinguishing them—two different con*
cepts of foundation among particulars: a strong concept whereby an
object cannot be founded on a part of itself, and a weak one where it
always is founded on itself. We have already noted this distinction
above. Based on strong foundation, the Fine theory has six axioms:

FS1A1 xfdy=>y x (Apartness)
FS1A2 xfdyAyfdzAz~xoxfdz (Qualified transitivity)
FS1A3 xfdyax<zay z zfdy (Addition on the left)

FS1A4 xfdyAz<yAz-fcx=>xfdz (Subtraction on the right)
FS1IA5 X + 0 a VyeA~xfdyli=xida'X (Union on the right)
FS1A6 xfdy = xfd(x +'y) (Left-to-right addition)
Axioms 1-4 define the algebraic structure of a complete semi-lattice,

and the terminology comes from lattice theory.
In terms of foundation, the following concepts are readily defined:

FS1D1 depx s 3yrxfdyn (Dependence)
FS1D2 indx = ~ (depx) (Independence)
FS1D3 xdepy s 3zrz< ya xfdz1 (Relative dependence)
FS1D4 xindy s ~ (xdepy) (Relative independence)
FS1D5 xdeppty s x < ya xdepy (Dependent part)
FS1D6 xindpty s x < ya xindy (Independent part)

These concepts can be used to prove the six theorems that Husserl
ventures in his Investigation, which turn out to be relatively
uninteresting in themselves. With this, the Fine theory fulfils the same
goal as my earlier article, and with a simpler logical basis, though the
depth of analysis is not as great as attempted here or in my previous
essay, since the essential-modal aspect is not brought out. The
repercussions of this will be discussed below.

Fine bases a different system on weak foundation as primitive. This
has the same mereological basis as before, and the following set of
axioms:

FS2A1 xwfx (Reflexivity)
FS2A2 xwfy a ywfz =>xwfz (Transitivity)
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FS2A3 xwfya x < z=>zwfy (Addition on the left)
FS2A4 xwfyaz <y=>xwfz (Subtraction on the right)
FS2A5 X + 0 a VyeJ*xwfyl=>xv/fo'X (Union on the right)

Strong foundation can be defined in terms of weak
FS2D1 xfdy s xwfya ~y <x

and vice versa

FS1D7 xwfy s xfdy vy <x

and the two systems FS1 and FS2 with these definitions are
equivalent. Fine offers two further equivalent formulations. The third
system is based on the notion ofan independent object (ind) with two
axioms

FS3A1 ind(<r'V), where Vis the set of all objects (independence of
the universe).

FS3A2 Vxe2frindxtAE!In'A: = ind(%'X)

(non-empty intersections (nuclei) of independent objects are
independent.)

Under FS1D2 and
FS3D1 xfdy = Vzrindzax<z=y<z1

FS1 and FS3 are equivalent.

The final formal equivalent is in some ways the most interesting. It
is based on the notion of thefoundational closure f(x) ofan object x. It
is the idea of closure which is behind both the definition of substance
given in the previous section and various concepts of an absolutely
independent object which we consider in the next. Both implicitly use
the idea of a closure system, which we define in the final chapter. The
special axioms for foundational closure are very simple:

FS4A1 x < f(x)
FS4A2 f(f(x))<f(x)
FS4A3 x <y =f(x) < f(y)

These axioms define a structure called a pre-closure algebra which
arises naturally in connection with the topological concept of the
closure of a set; Fine and Smith conjecture that Husserl might have
been distantly aware of the analogies, and perhaps even prepared to
accept a fully topological structure. At any rate, their conclusion is



314 Essence, Dependence, and Integrity
that

It is therefore perhaps no exaggeration to say that, once all the extraneous
material is removed, the mathematical structure underlying all of Husserl's
thought on dependence is that of a pre-closure algebra.

Foundational closure is readily interdefinable with weak foundation:
FS2D2 f(x) = a'{y: xwfy}
FS4D1 xwfy s y < f(x)

so systems FS2 and FS4 are equivalent, and therewith so are all four
systems. Foundational closure is neatly connected with independence
by the formula

FS4D2 indx =x = f(x)

and with strong foundation by

FS4D3 xfdy =y <f(x) A~y <x

which are derivable in the systems FS3 and FS4 as well.

8.6.2 System of Null

Null bases his first-order theory of foundation and dependence on a
stronger extensional mereology than Fine, namely full Cl, with a as
the sum and Strong Supplementation. However, the important results
are made independent of strong sum axioms, about which Null too
has reservations. The weak reflexive concept of foundation is
employed, with the axioms

NAl xwfx (Reflexivity)
NA2 xwfy aywfz =>xwfz (Transitivity)
NA3 x <y =ywfx (The whole is founded on its parts)

NA4 3xyrxwfyA "~ (ywfx)1(Existence of one-sided foundation)

NAS 3xyrxwfy a ywfx a x + y"
(Existence of mutual foundation)
The first three axioms are equivalent to either FS2A1-3 or FS2A1-2,
4, showing that either FS2A3 or FS2A4 is not independent of the
other together with FS2A1-2. Null has nothing corresponding to the
sum principle FS2A5. The axioms NA4—5, making existential claims,
are not ontologically neutral.
Null offers a set of definitions, some of which are similar to those of
Fine, and a long series of theorems, among which are interpretations
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of Husserl’s Six. Null’s definition of relative dependence is different
from that of Fine

ND1 xdepy s 3zrz< yA z[x a xwfz1

hut, given that his system incorporates Strong Supplementation, his
definition is provably equivalent to Fine’s in his system, although in a
system without Strong Supplementation it is a stronger concept. His
definitions of ind, deppt, and indpt are then the same as that of Fine, a
noteworthy convergence all round.

Null defines a number of further interesting concepts. An individual
is any whole, all of whose parts are foundationally connected

ND2 indivx = Vyzry <X a z < x adywfz v zwfy1

This sense of ‘individual’ is, as he points out, narrower than that of
Goodman, and corresponds rather to Husserl’s already mentioned
concept of a pregnant whole.41 Not all sums are individuals in this
sense: this applies especially to plural particulars. Independent
individuals are what Null calls individual substances, dependent
individuals he calls qualities. Higher-order wholes are objects which
are not substances but have a substance as part. Higher-order
qualities are accidents; x is accident ofy if x isan accident of which y is
a part and x has a maximal independent part which is also part ofy.
The concepts of substance and accident here are those of Brentano’s
Kategorienlehre as interpreted by Chisholm,42 and are not to be
found in the work of Husserl himself. Here Null supports a conjecture
I would also support, namely that the neo-Aristotelian ideas of
Brentano and the different neo-Aristotelian ideas of his pupil Husserl
could be combined in a single theory.43

8.6.3 Comparisons

In contrast with the complexity of our ontological deliberations, the
axiomatic systems of Null and especially of Fine are delightfully
simple. We concentrate on the latter, which is the more mathemati-
cally elegant of the two approaches. One source of this simplicity has
already been mentioned: the systems prescind from temporal con-
siderations. This is excusable: one need not try to get everything right
at once. But the theories also contain no modal aspect, and this is not

41 Cf. Simons 1982a; 141, and note 6 above.
42 CHISHOLM 1978.
43 Steps in this direction are taken in smith and mulligan 1982.
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S0 easy to accept, since everything we have seen about dependence
makes it clear that the concept is modal. In an axiomatic theory in
which modal operators do not occur, even if the intended interpret*
ation of the primitive is a modal concept, other, non-modal interpre-
tations cannot be ruled out. The case of Fine makes this clear: since he
isat pains to point out the analogies between his concepts and those of
topology, it is natural to look for a non-modal interpretation in
topology. The fourth axiomatization gives the clue as to how this
should go: interpret the variables as ranging over the non-empty
subsets of a set on which a topology is defined, take ‘< ’to mean set-
inclusion, and f’ to be the topological closure operator. Of course,
formal theories cannot be protected from unintended interpretation,
but the question is whether such an interpretation is so wide of the
mark that the axiomatization be seen to fail short of adequacy as an
analysis of the intended interpretation. On the topological interpret-
ation, the difference between independent and dependent objects
emerges as the difference between closed and non-closed sets, whereas
the intended meaning of dependence/independence marks not e
qualitative but a modal-existential difference: dependent and in-
dependent objects exist in different ways. On the topological
interpretation, all sets, closed and non-closed, exist in the same way. A
similar problem would seem to arise for any non-modal axiomatiz-
ation of a modal concept.44

Suppose we attempt to circumvent this criticism by embedding the
theory of Fine in a modal theory, defining his modal concepts
appropriately. This would preserve what is of value in his approach
and at the same time screen out a number of unwanted interpre-
tations. For example, take the second axiomatization, based on ‘wf’,
and embed it in a modal mereology by means of the definition

(O)(xwfys O(Elx =Ely))
which is clearly what isunderstood by weak foundation. Then axioms

FS2A1-2 (reflexivity, transitivity of ‘wf’) are satisfied all right, but we
have difficulty with the remaining ones. To see this most clearly, note

44 Talk of ways of existing suggests an anti-realist attitude to possible worlds, which
I would endorse. Cf. the discussions in fine 1977 and FORBES 1985. But even the realist
about worlds and possibilia must find the distinction between closed and non-closed
sets modally misplaced.
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the following theorem (cf. NA3):
FS2T1 xc.y 3 .ywfx

which follows from FS2Al and either FS2A3 or FS2A4. On the
interpretation of ‘wf’just given, this ought not to be a theorem. Just
because x is part ofy it does not follow that y could not exist without
X. At least, it does not follow if one does not subscribe to mereological
essentialism. Assuming the authors do not wish to subscribe to it, we
see that there is a discrepancy between the modal concept of weak
foundation and the non-modal concept of part which their non-modal
axioms cannot put right.

This can be rectified if we give ‘< ’ likewise a modal interpretation:
let us take it to mean, not ‘part’, but ‘essential part’, i.e. the same as
‘< I defined by

(O)(x<lys O(Ely3 x<y))
With this interpretation, and assuming the falsehood principle for

‘part’, FS2A3-4 drop out as theorems. And under the reasonable
assumption that a'X satisfies

(@) (EHf'X a X* 0 a VxeX'EIX)

then the final axiom FS2A5 holds as well, provided we interpret the
quantifiers possibilistically (as ranging over all possible objects, not
just those in a world), and understand the set-membership predicate as
likewise not world-relative. That we can understand the Fine theory
modally such that its principles all hold is a satisfying result.

What is the price of buying modality into what on the face of it is
not a modal theory? It is that the theory is incapable of dealing with
matters of fact and actual existence, but remains throughout at the
level of essential attributes and necessary truths. A realist about
worlds and their inhabitants would say that only world-independent
attributes of possibilia are mentioned. In fact, this high level of
abstraction fits well with the attitude evinced by Husserl in the text
upon which Fine and Smith comment (the third Logical
Investigation). Husserl is completely disinterested in mere facts, like
the fact that one object happens to be part ofanother. He isconcerned
with essential connections like foundation and being an essential part.
This is what makes the text so alien to those who approach it from
extensional mereology. If this interpretation is right, then the Fine
approach is more apt for understanding Husserl than either that of
Null, who introduces extraneous existential assumptions, or that of
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my previous essay, which got bogged down in the connection*
between factual and essential properties.4s

Nevertheless, while an ontologist, in particular a mereologist, need*
the mathematics of essential structures (as Husserl repeatedly empha-
sized), he also needs to get his feet muddy in that area where essence
meets fact. Connecting up mathematical structures with their realiz*
ations in the world therefore requires, among other things, being
explicit about the relations between modal and non-modal truth*.
This much in defence of messiness 46

8.7 Unconditional Existence

Where independence is valued positively, as it is in many philosophies,
dependent objects are second-class, and many philosophers, especially
those with an interest in theology, have spent much effort in trying to
analyse what it is to be an absolutely independent object. We have
already mentioned Avristotle’s concept of substance, which is in our
terms a rather weak form of independence. Aristotle accorded first
substances priority in all respects, including priority of nature. When
we ask what priority of nature is, we get a familiar-sounding answer:47

Some things are called prior and posterior ... in respect of nature and
substance, i.e. those which can be without other things, while the others
cannot be without them.

This is insufficiently exact for us to be able to pin down which concept
ofontological dependence best fits it; but it shows that dependence isa
perennial philosophical theme. Its prominence in modern philosophy
may be due in part to Descartes, who defines ‘substance’as follows:48

By substance we can understand nothing other than a thing which exists in
such a way as to depend on no other thing for its existence.

Descartes actually defines ‘substance’ twice; one case allows, the other
overlooks, dependence on God (cf. our considerations leading up to
DD1). In the strictest sense, only God is a substance; in the weaker
sense, minds and bodies are substances, and everything else isa qualityd

49  Many of the difficulties which arise in simons 1982a stem from just this source.
These include the notion of support, and a definition of dependence according to which
x depends on vy iff x is founded on a part of y. If, whenever Husserl says ‘part’, we
understand ‘essential part’, these worries do not arise.

46 But in moderation. Earlier versions of this chapter were much messier.

47 Metaphysics A, 11, 1019a. 4* Principles of Philosophy, book 1, 851.
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or attribute. Now Descartes’s definition of ‘substance’ may be
accepted, but until we know what dependence is, we cannot be clear as
to what objects are substances. It is remarkable that Descartes’s great
rationalist successors, Spinoza and Leibniz, held views on what are
substances which are as far apart as can be imagined. For Spinoza,
there is but one substance, which comprises all there is, while for
Leibniz there are infinitely many, and each is perfectly atomic. The
reconstruction | should like to give of this opposition is that Leibniz
and Spinoza effectively understood ‘substance’as Descartes did, but
differed on what they meant by ‘dependence’; to a reasonable
approximation, Leibniz understood weak rigid dependence (7 ) while
Spinoza understood strong rigid dependence (7). Thus the ap-
parently minor mereological addition which distinguishes the de-
finitions of these two concepts has hefty consequences.

Consider Leibniz’s one-line proof for the existence of monads:49

There must be simple substances, because there are compounds; for a
compound is nothing but a collection or aggregatum of simples.

There is much going on beneath the surface here. One problem
concerns whether a compound is an individual with the monads as
parts or a class with the monads as members. It is not quite clear which
reading is preferred. If the class reading is preferred, we have a reason
for thinking the compound has its members essentially. But for-
tunately, Leibniz makes it unnecessary for us to decide for our
purposes, since he accepts mereological essentialism for individuals

anyway:50

we cannot say—with complete fidelity to the truth of things—that the same
whole continues to exist if a part of it is lost.

Let us now make two further suppositions. The first is that Leibniz
would understand dependence in the sense of *7 °. This has the
consequence that everything is dependent on its essential parts, which
means, since Leibniz accepts mereological essentialism, that every-
thing is dependent on all its (proper) parts (Leibniz always under-
stands ‘part’ to mean ‘proper part’). The second assumption is that

49 Monadology, §2. That Leibniz really did hold the view we attribute to him on
dependence can be seen from the following passage in a letter to Des Bosses: That it
depends upon a substance does not suffice to define the nature of an accident, for a
composite substance also depends on simple substances or monads’ (letter of 20 Sept.
1712, Philosophische Schriften, ed. C. I. Gerhardt, vol. 11, 457, 1eibniz 1969: 605.)

) New Essays on Human Understanding, book 11, ch. 27, $11.
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anything which is dependent on anything else is dependent on
something which is independent. In other words, any chain of
dependenciesx 7 yjiz ... hasa terminus. Call this the assumption of
groundedness. Then we can reconstruct the argument as follows:

(1) There exist compounds (i.e. objects with proper parts)
(2) Every part of a compound is essential to it (mereological
essentialism)

(3) Therefore every compound is dependent on its parts (2, Df. «7 ¢)
(4) If every object has proper parts, then every object stands at the
beginning of an ungrounded chain of proper parts (from 3)

(5) But every chain of dependencies is grounded (Groundedness)
(6) Hence if something is a compound, it has simple parts (from 4,5)
(7) Hence there are simples (monads, atoms) (1,6)

Now there are two places where this argument can be attacked. The
one is mereological essentialism, about which we have said enough.
The other is the Groundedness Principle. In the form in which it is
used here, have we any reason to believe it? The beliefis not peculiar to
Leibniz, but informs all philosophies which contend that there is some
metaphysical bedrock of primitive, unconditioned objects or stuffout
of which everything else is built. We can find both the atomistic form,
as in Leibniz and in Wittgenstein’s Tractatus, and a continualistic
form, as in Aristotle’s theory of materia prima. Commenting on
Wittgenstein’s version of atomism, Black calls the view that not all
existence is conditional a ‘metaphysical prejudice’.5L If one takes
dependence in the sense given, there is reason in what he says. Similar
appeals to forms of groundedness have informed unsuccessful proofs
of the existence of God, a first cause, a prime mover, a first moment of
time. But if we understand ‘dependent’ in the sense of «7 \ i.e., if we
exclude dependence on parts, then we may defend unconditional
existence, because even if we have an ungrounded sequence
X7Yy72... arisingbecausex »y »z ..., itsfirst member x may be
independent in the sense o f17 \ It may be also that the absolutely
independent object we are looking for is not an individual at all, but a
plurality. If we understand ‘the Universe’ as comprising roughly
speaking everything there is, then the Universe could not be dependent
in the sense of *7 %for if it were, there would be something outside it.
This does not tell us much about what ‘the Universe’ means, because
we have been deliberately vague in saying it comprises everything; it

51 black 1964: 60. Wittgenstein's version is «t Wittgenstein 1961: 2.021 ff.
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could be the class of everything there is, or its sum, or perhaps some
hybrid of these.

There is a rather nice cosmological proof which appeals implicitly
to something close to this: it is by Bolzano, and deserves to be better
known. It is too theologically unspecific to count as a proof of God's
existence, but it can be regarded as an argument for the existence ofan
ontologically independent object, or, as Bolzano says, an object whose
existence is unconditioned. Bolzano’ argument neatly sidesteps the
problem of grounding which beset earlier arguments by appealing, as
we did, to classes. The argument runs as follows:52

(@ There is something real, e.g. my thought that this is so.

(b) Take any real thing, say A. Ifit isunconditioned in its existence, we
are home.

() So suppose A is conditioned. Then form the class of all con-
ditioned things A, B, C,... This is possible even if the class
(Inbegriff) is infinite.

(d) The class of all conditioned real things is itself real. So is it
conditioned or unconditioned? If the latter, we are home again.

(e) Suppose it is conditioned. Now everything conditioned presup-
poses the existence of something else, whose existence conditions
it. So even the class of all conditioned reals, if conditioned,
presupposes the existence of something conditioning it.

(NThis other thing must be unconditioned, since if it were
conditioned, it would belong to the class of all conditioned real
things.

(@ Hence there is something unconditioned, i.e. a God.

Notice that the argument does not make use of grounding; step (c)

leaves the possibility of an infinite chain open. But two steps may be

objected to. The first is the assumption, made in (c), that we may form
the class ofall conditioned objects. One might have qualms about this
ina post-Russellian age. But the objects Bolzano is concerned with are
real (wirklich) and we can for our purposes choose this to mean that
they are spatio-temporally located. Let us allow step (c), since, for the
simple classes we are interested in, the kind of reflexive formation
which leads to paradoxes is not used.

The second objection must be to the argumentation in step (/).

52 bolzano 1834:1i, 178 f. (§67). The following rendering omits only the flourishes in
the proofs rhetoric. Thanks to Heinrich Ganthaler for bringing the gem to my
attention.
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Why can the class ofall conditioned things not itself be conditioned by
something within the class? This would in turn be conditioned, and i «
on, but any attempt to put a stop to such a regress would appeal once
again to a form of grounding, and Bolzano has tried to get round thul
by appeal to the class of all conditioned things. | suggest we can help
Bolzano out at this point by making an additional assumption, which
may be called the Conditioning Principle:

Ifaclass X issuch that every dependent element of it has all the objects
on which it depends also in X, then X is not dependent.

This allows infinite chains of dependencies. Indeed, one kind of
infinite circle arises when we have mutual dependence of two obejcti
on each other. I claim that the Conditioning Principle is plausible. For
ifevery element of X has all its needs catered for within X, how can X
be dependent on something outside itself (i.e. on something which ii
not a member of X )? We may now complete Bolzano’s argumen-
tation. Suppose we have argued as far as (). We now go on:

(h) Ifthe class ofall conditioned things isconditioned, then there isan
element of it which is dependent on something which is not an
element of this class (contraposing Conditioning Principle)

(i) Then such an object is not a member of the class of all con-
ditioned things, and is therewith unconditioned.

(J) Hence in all cases, there exists something unconditioned.

This is to my mind a far better argument for the existence of
independent objects that anything an atomist could produce, and the
crucial Conditioning Principle is a reflection of what is arguably the
best way to extend the concept ofstrong dependence (7 )to classes, i.e.
(O0)(a7 X= 3yryeaayjx' a ~xea)
So it seems to me that by employing 7 instead of 7 as our dependence
concept, we stand a much better chance of turning Black’s charge that
belief in unconditioned existence is nothing more than a prejudice.53

The argument isalso free from worries about the dubious status ofthe
Universe in the knock-down Spinozistic proof sketched before.34

SL Itissurprising that Black does not consider this possibility, since in black 1971 he
defends the low-brow conception of classes, which makes it easier to accept

54 The argument is also mentioned in multioan et al. 1984: 292, but it is more
simple-minded than anything in Spinoza himself. The best passage reflecting Spinoza's
view on dependence is: ‘But all things which are, are in God, and so depend on God, that
without him they can neither be, nor be conceived’ (Ethics, book i, proposition xxvut,
Scholium.)
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However, the argument does not prove the existence of God. For one
thing, it is only an existence proof; uniqueness is not proved (we may
note that Bolzano says carefully ‘a God’).55 For another, there is no
reason given in the argument to suppose that independence entails

divinity.

D In the earlier Athanasia (bolzano 1827:11 f, 2nd edn.: 22), Bolzano uses the same
form ofargument to show that there is at least one substance: the sole difference is that
the conditioning relation is replaced by the slightly different relation of ‘adherence’
which an attribute (Beschaffenheit) has to its bearer. Here the uniqueness assumption is
of course inappropriate.



9 Integral Wholes

9.1 Sums and Complexes

In his well-known criticisms of the uses of the terms Gestalt and
Ganzheit in the 1930s,1 Moritz Schlick argues that there is no
ontological difference between sums on the one hand and Ganzheiten
on the other, but simply a difference between two modes of
representation of the same objects, so it is not possible for Ganzheit
theorists to use the opposition to distinguish two kinds of object, mere
sums or aggregates on the one hand, and the essentially different (and
usually more interesting) unities, wholes, or totalities on the other,
Schlick defends a form of micro-reductionism which israther extreme
for modern tastes, though hisjudgements on the value of the Ganzheit
approach of Driesch and others have by and large stood the test of
time.2However, on the point that the opposition sum/Ganzheit has no
ontological repercussions, but is solely of a methodological nature, we
must disagree with him. The notions of‘sum’which we have employed
are not vague ad hoc carry-overs from arithmetic, but concepts clearly
defined within mereological theories. The original concept, that of
Lesniewski, Tarski, and Leonard and Goodman, has impeccable
formal credentials, and while the equivalence of the various formu-
lations breaks down when the principles of the theory are weakened,
each formulation has a clear sense, as do the various related concepts
of sum definable in a mereology for continuants.

That the distinction between sums and non-sums—which we may
call complexes—is an ontological one may be seen by comparing their
existence conditions. For sums these are minimal: the sum exists just
when all the constituent parts exist (what this just when’ in detail
amounts to varies according to the concept of sum involved—SUM or
SM, etc.) By contrast, a complex constituted of the same parts as the
sum only exists if a further constitutive condition is fulfilled. In the
case of pluralities, the difference is that between a mere class and a
group. The difference is most obvious for continuants, where the

1 schlick 1935 (1979).

1 It should be noted, however, that Schlick never disputes the utility of holistic
descriptions, whether in physics, biology, astronomy, meteorology, history, or psycho-
logy; in the latter, indeed, he suggests the Gestalt approach is ‘the only promising one’
(1935: 265 (1979: 398)).

324
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constitutive condition of the complex may cease to hold whereas the
parts do not cease to exist, so the complex ceases to exist while the sum
continues, showing the sum and the complex to have been superposed
rather than identical.

We do not need to coniine this result to objects which change, so
long as we introduce a modal element. Suppose we consider the
objects of the world all to be made up of elementary constituents,
none of which could have failed to exist, but any of whose
configurations or interrelations might have been different. For each
actual complex, the holding of its constitutive relation is a contingent
fact, so its existence is contingent. On the other hand, the existence of
its ultimate constituents and therefore of their sum is necessary. No
mention is here made ofchange, but only of modal status.3 However,
this static example makes micro-reductionism more tempting than it
isin the case of continuants, where, for example, the interest in tracing
the careers of successive consignments of molecules is inexplicable
until it is made clear that they successively constitute a single
organism.

Schlick argues that ifitisa part ofthe concept ‘sum’that the partsin
no way interact, as Driesch seems to suggest, then nothing in nature is
asum.4iNow ofcourse there are things in nature which do not interact,
such as point-events exand e2with a space-like space-time separation,
or, thinking of continuants, bodies £ and b2 such that every event in
the history of bv has a space-like separation from every event in the
history ofb2. Essentially the same point—that nothing isa sum, so the
opposition sum/complex is scientifically worthless—is made by
Popper in a brusque dismissal of the claims of any sort of Gestalt
theory.3 However, a mereological theory postulating the existence of
individual events like e, + e2 or continuants like b, + b2 does provide
an (albeit weak) alternative to any kind ofnatural complex. Ofcourse,
that something is a sum implies neither that its parts are totally
connected nor that it isa sum through and through. Kohler’s paradigm
of a sum, three pebbles chosen at random, lying in three different
continents, has components which are natural wholes, and which
presumably exert a tiny gravitational attraction on one another. They
are all parts of one natural whole, the earth. It is the idea of an

3 Cf. the account in Wittgenstein 1961,
* schlick 1935 (1979); 259 (393 f.)
5 Cf. Popper’s remarks in medawar and shelley 1980: 75.
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individual comprisingjust them and nothing besides which appears so
superfluous.

That Schlick and Popper are prepared to deny that any natural
objects are sums is a prima-facie argument (from authority, of course)
that mereological concepts of sum, while perhaps metaphysically
unobjectionable, are ofnegligible scientific importance. The metaphy-
sical problem, therefore, shifts to that of saying something general but
sensible about what makes something a natural (or other) complex,
which entails giving a schematic account of the constitutive inter-
relations of parts characteristic of such complexes.

9.2 Integrity in General

Avristotle described some objects as more truly one than others: for
example, a straight line is more truly one than a bent one, a rigid body
more than ajointed one.6 What is meant cannot be that individuality
comes in degrees. It is not that some things are more individual than
others. What comes in degrees is the integrity or wholeness of
something. We can see this from examples. A spatially extended object
like a country is more integrated ifit is in one continuous piece than if
it is in several scattered pieces. Similarly, temporal objects which are
scattered in time—i.e. have temporal gaps in them, like interrupted
discussions or chess games—are less unified than those without gaps.
We need not confine ourselves to spatial or temporal continuity. A
confederated state like Switzerland has a looser internal political
structure than a more highly centralized one like France; a community
divided into antagonistic cliques or warring factions is less unified
than one where social harmony prevails; and Aristotle’s rigid body is
kinematically more integrated than a flexible or jointed one.

It is apparent from this brief selection of examples that integrity
comes not only in degrees but also in many varieties. What is highly
integrated in one sense may be loosely structured in another—for
example, Switzerland is politically ‘loose’, but, unlike Indonesia,
geographically ‘tight’, linguistically less integrated than many lands,
but racially fairly homogeneous, and so on. The integrity of something
in some respect is clearly a matter of certain specific relations among
the parts of the object, these relations being characteristic of the*

* Metaphysics A, ch. 6.
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respect in which the object is integrated. Since this tells us rather little,
we consider a representative example.

What property do spatial objects which are all ofa piece have which
is lacking from those which are in two or more disconnected pieces?
Overlooking the microscopic discontinuity of matter, we may get an
answer by looking at the topological properties of such objects, these
properties being independent of their particular shape. The topolo-
gical concept of connectedness is less intuitive in this respect than the
slightly stronger concept of path-connectedness. A space is path-
connected iffany two points in it are the end-points of some path or
arc lying wholly within it, a path being the homeomorphic image ofan
interval, i.e. a set for which the removal ofany single point except one
of the two end-points separates it into two. Path-connectedness is an
equivalence relation on the points ofa topological space, partitioning
it into maximally (path-) connected sub-spaces or components. Every
point in such a component is connected to every other point in it, and
to no point outside it. A path-connected space is one with a single
component.

Similarly, in graph theory a graph between any two vertices of
which there is a chain of vertices and edges is called connected?

This pattern may serve to give a schematic characterization of
integrated wholes. First, if w is any object, a division of it isany class of
parts completely exhausting it:

ID1 adivw= Vxeax < wla Vxrx <wo 3yedx oyl
while a partition is a disjoint division:
ID2 apthws adivwa Vxyeax o p X =y

and a basic division (definition not given) isa division whose members
form a base for w in the sense of 8§1.6. Characteristic for integral
wholes is the fulfilment of or approximation to the following
condition:

Every member of some division of the object stands in a certain
relation to every other member, and no member bears this
relation to anything other than members of the division.

1 Witson 1972: 19,27 f. A graph is connected iffit is not the union of several graphs.
Atopological space is connected iff it is not the union of several closed, disjoint, non-
empty sets. Path-connectedness implies connectedness but not vice versa; there are
connected spaces which are not path-connected.
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To clarify this, we introduce some concepts governing such relations.*

Let R bea binary relation and aa class ofobjects. We say a is closed
on the left under R if no ~-relationship leads from outside a to inside it,
i.e. nothing outside a bears R to anything in a

ID3 ell )a = Vx/yea =>x/?y =>xea'

For instance, ifno one else (no third party) owes either Jack or Jill any
money, the pair Jack and Jill is closed on the left under indebtedness.
Note that either may still owe the other or some third party.

Conversely, aisclosed on the right under R ifno ~-relationship leads
from inside a to outside it:

1D4 clr(K)a = Vxyrxfa == xRy = yeo'

Jack and Jill are closed on the right under indebtedness if neither owes
any money to a third party, irrespective of whether they are creditors
to third parties or each other. If R isa symmetric relation, closure on
the left and the right coincide.

Putting both conditions together, we say ais (simply) closed under R
(R-closed) if no ~-relationship crosses a’s boundary in either
direction:

ID5 cl (R)a==Vxy xea”.xRyv yRx z) yea'

Since the disjunction of R with its converse, R u R, is symmetric, this
amounts to saying that a is closed on the left (or right) under this
disjunction. So if neither Jack nor Jill owes or is owed money with
respect to third parties, the pair Jack and Jill is closed under
indebtedness, though either may owe the other. If R is already
symmetric, all three conditions coincide.

Ifevery member of abears either R or its converse to every member
of a, we say a is connected under R (R-connected):

ID6 con (R )h5 Vxyrxen 0. yea =xRy v yRx'

It can be seen that the definition of P-connection reverses the inner
implication of that of JR-closure. Ifeach ofa group of people is such as

* We make use in what follows of the following notation and terminology from the
logic of relations in Principia Mathematica (whitehead and russel 1 1927); in each case
the place where the concept (s defined is given in parentheses. R 0 S, the logical sum of
relations it and S (*23.03); R, the converse of relation it (* 31.02); itQy the restriction
(limitation) of relation R to the class a on both the left and the right (*36.01); Rt , the
ancestral of relation R (*90).
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to owe to or be owed by everyone else in the group, the group is
connected under the relations \ . . owes to or is identical with------
and\ .. isowed to or is identical with------ \ Some link of credit and
debtjoins any pair in the group. If a is /{-connected, then r is reflexive
on a. But /{-relationships may cross the boundary of a in either
direction.

A stronger condition is obtained by reversing the inner implication
ofeither ID3 or ID4: in such a case we say a iSbiconnected under R [R-

biconnected):
ID7 bicon(R)as Vxyxea=>yea =>xRyl

Then every member ofa bears r (and hence also its converse) to every
other member and to itself. If a is /{-biconnected, the restriction r [a
of R to a is trivially an equivalence relation, a being its only
equivalence class.

Ifaclass a is both connected and closed under r wecall itaciosure

system under R (R-closure system):
ID8 cs(R)fl =con(R)aacl(R)a

Closure systems are maximal connected classes. For example, if Jack
owes Jill some money and she owes him some as well, and neither owes
to or is owed by any third party, then the pair isa closure system under
the relations mentioned above involving identity as a disjunct.

If, on the other hand, we combine biconnectedness with closure, we
may say the class a iS a biclosure system under R:

ID9 bcs(R)a=bicon<R)oacl(R)a

Abiclosure system is similarly a maximal biconnected class. Ifr is the
relation of sharing both parents, a biclosure system under this relation
is a class of all the full sibling offspring of two particular parents.
Where r (as here) is symmetric, closure and biclosure systems are the
same.

Relations which are themselves unable to generate closure systems
may be traded in for more promising ones. If r is any relation, its
disjunction”with its converse r u r issymmetric, and the ancestral of
this (r u R),, is further reflexive and transitive. The field of r is
accordingly divided into disjoint subclasses. In any such class, distinct
members are all connected to one another through chains of instances
ofr and its converse, and none is thus connected to anything outside.
They therefore form (bi-) closure systemsunder (r u R),,,and wecall
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them R-families:9
ID1I0 fam<R>a =cs<(RuR),)a

For example, if R is the parent-child relation, then a family under this
relation is a class of organisms each of which is related to every other,
whether by ascent, descent, or some combination ofthe two, no matter
how remotely. This is the most extended genealogical family there can
be, and, in view of evolution, certainly crosses present species
boundaries. It may be that every mammal is part ofa single family, for
instance. If R is the relation \ .. is upstream of or level with---—- "on
points of rivers, then a family under this relation is a class of points
making up a single river system, with tributaries, distributaries,
backwaters, and all. IfR is the relation of being coupled to, applied to
rolling stock, then R-families are the vehicles making up single railway
trains.

As the examples show, families are highly natural and obvious
groupings, and the notion of a family as here defined provides the
logical basis for our treatment of integral wholes. An object wisan R-
integrated whole (is integrated under R) if there isa division of wwhich
is an R-family:

ID11 wh(R)ws 3aradivwa fam (R)a

In such a case we call R a characteristic relation for w. In the case of
connected graphs, one characteristic relation is that between two
vertices between which there is an edge. Another is that between any
two vertices which can be connected by a chain. As the example makes
clear, there can be more than one characteristic relation for a whole. In
the case of a path-connected topological space, the characteristic
relation which is most obvious is that of path-connection between
points. Points form a basic partition of a space, but we could have
taken open neighbourhoods, or a base of open neighbourhoods, and
defined suitable path-connectedness relations between them.
Sometimes, as in this case, there are several divisions ofan object with
respect to which it is an integrated whole.

Before we go on to consider various kinds of integrity or wholeness,
some general remarks on the varieties of integrity are in order.

It should be remarked that, in view of the systematic ambiguity of

9 Thisisslightly different from Whitehead and Russell's concept ofa family ofa term
(whniteneaa anNd russern 1927: *97, see alsO carnap 1958: 836.) The
Whitehead-Russell family ofa point in a river under the relation 'upstream o f consists
ofall points upstream or downstream of this, not all points in the same river systemas in
our case.



Integral Wholes 331

the ‘part’ predicate uncovered in Chapter 4, the definitions 1D 1,2,and
11 are schematic in that w can be an individual, collection, or mass.
Where a characteristic relation obtains between individuals, it is not
thereby clear whether the whole thereby constituted is itself an
individual or a collection, since the members of a collection form a
division of it, the membership relation being a special case of the part-
relation for collections. On this point turns much of the misuse that
can be and has been made ofthe undifferentiated notion o f‘whole’, for
example in social theory. For given the well-founded contention that
human beings are linked together by numerous kinds of integrating
relation, it isinferred that the resulting communities or collectives are
some kind of supra-personal individual. The unacceptability of the
conclusion leads opponents of it to ignore, deny, or play down such
relations and emphasize the individuality of the individual at the
expense of its sociality. The wrong premiss of collectivists is thereby
attacked: what is rather to be given up is the (usually tacit) assumption
that a grammatical singular signifies an individual.

Now it is far from clear that there is an objectively sharp division
between individuals and collections. This does not mean we agree
after all to degrees ofindividuality; but we do have to accept that there
are degrees of warrant for accepting the existence of an individual
composed of certain parts. We can of course find clear paradigms on
both sides, but there are loosely structured individuals and tightly
organized collections for which the difference in integrative tightness
isat best a matter of degree, and the propensity to see here a collective,
there an individual, appears to be in some cases pragmatically or
conventionally determined. Matters are complicated by the fact that
many relations may play an integrating or disintegrating role with
respect to one and the same whole; consider the manifold relation-
ships between the parts of an organism and its environment, for
instance. There are cases in biology where the facts do not force a
decision either way. Multicellular organisms evolved out of uni-
cellular ones, not directly, but via colonies of unicellular organisms:
such colonies still exist, particularly in the sea. In the nature of the
case, symbiotic interdependence, specialization of function, and
central regulative mechanisms must have developed gradually, so no
objectively sharp dividing line exists between colonies of single-celled
organisms and single multicelled organisms. Even today some dispute
exists as to whether sponges are single organisms or colonies.10

10 Cf. BurTON 1967.
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Given the ambiguity of the term ‘part’, we get no guidance on the
matter from linguistic usage (which was to be hoped!). The ambiguity
may indeed be turned to the good, since it allows one to ride out the
problem of whether something is an individual or a collection under
harmony of usage, pending investigation of the integrative relations
themselves. The mere question of whether an object isan individual or
not is itself far less important than the investigation of what exactly
holds it together. A case in point is provided by the suggestion of
Ghiselin and Hullil that biological species are not classes of
individuals but rather individuals, of which organisms are parts rather
than members. We can take the purely terminological heat out of this
debate by accepting that a species is an integrated whole of which its
members are parts, leaving aside Whether this whole isan individual or
not, and devoting attention instead to the detailed biological investi-
gation of the nature of the unity of the species, its various units,
mechanisms of selection and propagation, and so on.

One thing the examples should also have made clear is that there
may be natural nierarchies 0fnatural wholes. This does not go against
our analysis of integrity; it confirms it, since hierarchy amounts to
objects which are parts of a natural whole in some respect themselves
being wholes in another. The familiar hierarchies of biology are the
best example. The guarded acceptance of collections of collections in
Chapter 4 now pays its dividend, for under a dogmatic assumption
that there cannot be collections of collections, it must be held that at
most the top level ofa hierarchy be a collection, and everything under
it be individual, which would force metaphysical conclusions possibly
going against the scientific facts lower down the hierarchy, or else
compel non-recognition of higher levels in a hierarchy of
collections.12

The kind of integration of integrated wholes may vary. A centra-
lized whole is one where the integrating relation consists in all the
parts having a common relation to some part, whereas a network of
relations may be without such a centre. Between these extremes there
is room for a variety of intermediate cases.

Where relations are susceptible of differences of degree, as for
instance friendship, or strength of gravitational attraction, the

11 gniserin 1974, w11 1976, 1978.1am indebted to Marjorie Grene for drawing
this debate to my attention.

12 This leaves the similarly tentative denial of classes of classes in simons 1982b
untouched, since classes are a special case of collections.
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integrity of wholes bound together in such relationships will also
come in degrees; we have here an objective warrant for speaking of
something’s being more integrated than another in a certain respect:
one group of people may be more closely knit by friendship than
another, for example.

We have stressed that attempts to characterize what distinguishes
integral wholes from other things must steer clear of triviality. The
definitions of closure, family, etc. given above can be given a trivial
interpretation. For if we suppose that a class isa family iffit isa family
under some relation, or that an object is integrated iff it is integrated
under some characteristic relation, then the definitions yield nothing
useful. For any class a is a family under the relationship of being
comembers of a, and any object is integrated if we take as division all
its parts and as characteristic relation being coparts of it. Hence no
formal definition of integrity appears to work, since we cannot rule out
such relations as coexisting, being different from, being both parts of s
and so on except by ad hoc manoeuvres.

We have a fairly clear instinct as to which relations count as natural
and which do not; the point is to try to say what this instinct amounts
to. Roughly speaking, natural relations are those which help to
accountfor the observed unity ofan object; the likeness of colour of
the parts of a visual datum and their dissimilarity from parts outside,
the constancy of relationships of parts in the motion of a rigid body,
the ability to talk one to another as constitutive of a linguistic
community. Such relations have a part in explaining why we perceive,
think, or otherwise find that certain individual or collective objects
‘hang together’, and why they are different from arbitrary agglomer-
ations of things from here and there.

We also now have an explanation as to why certain kinds of
undetached part appear to have lesser claims to objecthood than
others. The heart in an animal is certainly connected to the rest of the
body in many important ways, and without special care neither the
heart nor the animal will survive if these connections are broken. But
the heart has a high degree of internal connectedness, and its unity of
function, or ‘sympathy of parts’,as Hume put it, warrants our taking it
asan individual in its own right with a relative integrity of its own. The
same goes for components in general, and also for sub-systems like the
circulatory system, whose functional interconnectedness is higher
than that of the heart although it is less obviously a single body. It is
because of the importance of its role that the heart is identified as a
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prominent individual, so that if removed, it reverts to being a men
connected lump of flesh, a heart in the butcher’s sense, not tht
physiologist’s.

By contrast, an arbitrary conceptual ‘cut’ like the northern halfofe
house has far less claim to our attention, because typically it is not
closed under the relation under which its whole is closed. Th*
northern half of a house typically is not discontinuous from other
buildings, nor isit typically sufficient to provide shelter on its own. It li
the fact that characteristic relations lead outside the part or dangl
from it that warrants our taking it to be a fragment, to be something
incomplete. Buta fragment is not for all that nothing. It is not relevant
that we can manufacture a suitable relation at will. The point is that a
fragment has a potential for integrity even if it actually does not hav#
it. The southern half of the house may fall down, leaving the northern
halfstanding alone. Or surveyors may draw a new national boundary
east to west through the centre of the house, giving each half a new
political integrity. So while we should discriminate among undetached
parts, and look askance at such as are mere sums, we cannot deny that
there are non-integrated undetached parts.

Among those who have tried to analyse what it is to be a whole are
Rescher and Oppenheim, who suggest three basically sensible
conditions:13

(i) The whole must possess some attribute in virtue ofits status as a whole—
some attribute peculiar to it, and characteristic of it as a whole.

(i) The parts of the whole must stand in some special and characteristic
relation of dependence with one another; they must satisfy some special
condition in virtue of their status as parts of a whole.

(iii) The whole must possess some kind ofstructure, in virtue of which certain
specifically structural characteristics pertain to it.

Taken purely formally, these conditions are just as platitudinous as
the requirements of being a family, or being integrated under a
characteristic relation. Any object 5 possesses some attribute exclus-
ively, namely that of being identical with s, which neither its proper
parts nor its proper containers have. But this is just formal. The first
condition is already satisfied by our account, since ifa isan R-family,
this being a maximal R-connected class means that neither a proper
subclass nor a proper superclass of it may be an R-family, so this is the

3 rescher and oppenheim 1955: 90.
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exclusive attribute we are seeking. Similarly, we have already ac-
counted for condition (i) in a schematic way, though the hint about
dependence needs to be followed up. That will occupy us in §§9.4-5.
Then we go to condition (iii) and say something about structure and
its relation to the concept of Gestalt. But before that, we pick up the
connection between the schematic concept of integrity and the
discussion in Part | by considering what mereological or mereo-
topological integrity amounts to in extensional theories, and how it is
trivialized in the classical case.

9.3 Mereo-topological Integrity

One kind of natural group is the extension ofa monadic predicate. It is
related to the family concept as follows. If F isa monadic predicate,
define the relation FF by

x FFy & Fx AFy

Then a is a family under FF (1D10) precisely when a is all the Fs:
fam (FF)a = Vxrxea = Fxt

A complete whole of Fs is a whole under FF:
cwh(F)x s wh<FF)x

A complete whole of Fs is thus an object for which the Fs form a
division, and is therefore nothing other than the sum oxrFx' of Fs.

We can now see in what respect classical extensional mereology
trivializes the notion of a mereological whole. For every individual is
the complete whole of its parts, and every non-empty monadic
predicate determines a complete whole, namely its sum.

Fora conception ofwhole in which several objects can form a whole
only if there exists something of which they are all parts (i.e. if they are
bounded above), it is natural to look at the ancestral of overlapping
(o™) as a possible characteristic relation. In a classical context this
again yields only trivial results, since everything overlaps U, and can
hence form a whole with anything else. This applies mutatis mutandis
to Clarke’s mereo-topology (82.10.2), where the ancestral of the
relation $ replaces that of o, since everything is connected, in the
sense of j , with U.

This helps to explain why a number of non-classical extensional
mereologies which restrict the existence of sums and least upper
bounds do not accept U (Whitehead, Bostock, Needham, Van
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Benthem). For instance, Bostock’s axiom PA2 (82.9.2), which sayi
that ifthe Fs are bounded above, then they have a sum, allows us to see
sums as non-trivial complete wholes of Fs, since if Fs do not have an
upper bound they need not have a sum. It is precisely adding U to
Bostock’s system P that renders it classical. The grades of involvement
with wholes in non-classical mereology were charted by axioms
SA7-22 of 8§1.4. In particular, if we consider overlapping as a
characteristic relation, then axiom SA20 and its binary counterpart
SA9 are especially natural. On the other hand, as the interval
mereologies of Needham and Van Benthem show, it is more natural to
assume that, ifindividuals are bounded above, they have a least upper
bound (SA10, SA21) than to assume they have a sum (SA11, SA22,
which is Bostock’s PA2), at least if one is thinking of allowing only
continuous individuals (which Whitehead, Needham, and Van
Benthem are, but Bostock is not).

We turn now to the concept ofcontinuity. It isimportant to see that
this is not a purely mereological concept. The half-open intervals
(0,1] and (1,2] form a continuous whole, but mereologically
speaking they are as disjoint as (0,1] and (2,3]. Hence to do the idea
ofconnectedness or continuity justice, we shall need to use the mereo-
topological concepts of §2.10.

If R is any relation and w any individual, define the associated
relation R* (read R in w) as

ID12 xRwy = x<wWAy<wA xRy

Note that if we put U for w the result isjust R again. Now recall the
concept of externally touching or adjoining: x adjoins y (we write
x x y) if and only if they are connected but do not overlap
(CLD5 of §2.10.2). We now define parts x and y of w as being
connectible within wiffthere isa chain of parts of wstarting with x and
ending with y, each touching its neighbours externally. We express
this using the ancestral and the ‘in w’ operator of ID 12:

ID13 x cnbl(w)y s x (X WAy

We can now define an individual y as being continuous iffeach part of
w either overlaps or is connectible within w with every other part:

ID14 cts(w) = Vxyrx <wAy<w = x0YyVvXx cnbl(w)yn

Consider the class pt(w) of parts of w. Then it is easy to show that wis
continuous iff pt(w) is a closure system under cnbl(w) and w is its
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associated whole:

ITL cts(w) = wh(cnbl(w))w

This is a satisfying result, because it shows that our schematic concept

of integrity is applicable in a natural way within mereo-topology itself.

The non-triviality arises because we chose cbl(w) as characteristic

relation: the mere relation of being coparts of an object wby contrast

does not distinguish any objects as being more integrated than others.
It is important to see that the existence of disconnected sums does

not disturb this definition. For instance, if w is the sum of the two

disconnected discs uand v (see below), the fact that uand vexhaust w

means that they are not only disjoint but also not connectible within
w. This is so even though there arc separated parts x and z which are
connectible within w by means of the discontinuous part y. Here the
fact that we are able to define external touching is crucial: if, instead of
the definition of continuity given above, we attempted a purely
mereological one, using the formula

Vxyrx <w Ay<w=>x(oyl!
then, since u 0 w o v, we are unable to discriminate between continu-
ous and discontinuous individuals as long as the latter are admitted.

It is interesting to compare the definition of continuity just given

with Tiles’s definition of self-connectedness (§2.10.1):

TID8 cn(w)s Vxyrw= X +y=>x$yl

This is presumably modelled on the topological notion of connected-
ness according to which a topological space is connected iffit is not a
disjoint union oftopological spaces. In asuitably strong mereology, in
which, if x « y, the difference y —x exists, our definition and that of
Tiles coincide. Here is an outline proof.

Suppose Elwand cn(w). Letx < wandy < w. Ifx o yweare home,
so suppose x ly. Then x « w, so El{w—x) under our assumption, and
yispart of (w—x). x isdisjoint from (w—x) and sincew —x + (W—X),
by TID8 x $(w-x), and so x x (w- x). If y*=(w- x) then
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X x y and we arc again home, so suppose y « (w - X). Then
El(w- x—y) and (w- x—y) is disjoint from both x and y. But since
(w-x) = Ww—x—y)+yand x X (tv- Xx), we have eitherx x jor
X X (w- x—y). Similarly, since (w- y) = (tv—x —y) + X, we have
either yx x or yx (w—x—y). In all cases, we therefore have
X ( x y, since x and y either overlap, or touch externally, or are
connectible via (w—x —y). Hence if cn(w), then cts(w). Conversely,
suppose Elw and cts(w) and that tv=x+y. If x 0 y, then x $y. So
suppose x(y. By definition of cts, we have that x ( x w)+y. Since x
and y do not overlap, there is z < tvwhich touches x externally. Since
tv= x+yandzlx,z<y. Butsince x touches z,and x [y,X X wy,soin
every case x and y either overlap or touch externally, and are therefore
connected. Hence if cts(tvX then cn(w), so

IT2 cts(w) s cn(w)

Notice that combining Tiles’s definition with Whitehead’s second
definition of joining, WD5'—individuals are joined iff they have a
binary sum—yields the result that in Whitehead’s system every
individual is self-connected, which conforms with his intention.

The fact that we are able to find a natural application for the
integrity schema within mereo-topology does not constitute a retro-
spective endorsement for extensional mereology: the arguments
against extensionality remain unaffected by the considerations of this
section. Hence the systems examined in 82.9, which restrict the
existence of sums and least upper bounds, but remain extensional, are
still unacceptably strong as general theories of part and whole, though
this is not to deny their local usefulness.

Continuity is only one characteristic relation among many, and
while important, it is far from being the only important characteristic
relation. Where the holding of a characteristic relation requires
continuity, so that the only associated integral wholes are continuous
(as are human beings, for instance), this does rule out discontinuous
sums ofindividuals of the relevant kind. We may sum the chemicals in
two disconnected human beings, but not the human beings them-
selves. But for some characteristic relations, continuity may be of little
importance, so discontinuous wholes cannot be ruled out a priori. The
political ties linking Alaska with the rest of the United States override
its contiguity with Canada and make it part of a geographically
disconnected country. It is, then, to some other important forms of
integrity that we now turn.
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9.4 Ontological Integrity

It is natural to consider forms of ontological dependence as possible
characteristic relations for wholes. The first person to attempt an
account on these lines in complete generality was Husserl, who,
however, studiously avoided using the loaded term ‘substance’. What
Husserl has to say about what he calls ‘wholes in the pregnant sense’
(he recognized even sums as wholes in the widest sense) is well worth
quoting:14

Bya whole we understand a range ofcontents which are all covered by a single
foundation without the help of further contents. The contents of such a range
we call its parts. Talk of the singleness of the foundation implies that every
content is foundationally connected, whether directly or indirectly, with every
content.

It requires little thought to see that this is a definition of an object
which is integrated under the relation of foundation. But which
relation of foundation? We have several to choose from. We have the
relation which Fine and Smith designate by ‘wf\ we have 7 and 7, and
on top of this we have the associated generic dependence concepts.
Null’s definition of ‘individual’ (ND2, §8.6.2) amounts precisely to
saying that an individual is a wf-integrated whole. The Fine-Smith
notion of the foundational closure f(x) ofan object x does not yet give
us a wf-integrated whole, since there may be something outside f(x)
which is dependent on something which x also depends on. So not all
independent objects are wf-integrated wholes. Some are as it were too
small. Others may be too big. If we take two disjoint independent
objects, or even two disjoint wf-integrated wholes, their sum (assum-
ing they have one) is independent, but no foundation relations cross
between the summands, so the whole is not integrated.

When we look at families under the stronger foundation relations 7
and 7, we do not necessarily obtain individuals which sum the
associated families, because occurrents may depend on continuants
and vice versa. Since some objects are dependent on more than one
individual, as a collision is dependent on the two objects which collide,
tracing the foundation relations back and forth to give a family may
result in bringing in individuals of the same category which cannot
plausibly be said to form a natural whole. For this reason, it is better to
remain with families rather than look for wholes integrated under

14 HUSSERL 1984: A268 f./B,275 f., 1970a: 475.
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foundation relations. It isnotable that Husserl begins his discussion of
foundation by explicitly setting aside the relations an object has to
others outside it,15 which is cheating, since only then is it plausible to
say that all objects which are foundationally connected form a whole
of which they are parts, and the difficult cases are not confronted.16

The class of objects with which something is 7-connected is of
course different from that with which it is 7-connected (the one
includes itselfand its essential parts, the other not). Even supposing we
could form the sums of both families and add the object itselfto the 7-
sum, while the sums + axrs7 x1is certainly part (c) of Ix x?s\ the
converse need not hold, since there might be an s' on which s is weakly
dependent, and this s’ just happens not to be part of s, but could have
been part of s. This case at least cannot be ruled out without further
assumptions, whose credentials are unclear.

By including in a family all the things on which an object is rigidly
dependent (in the weaker sense, for the sake of argument), we still do
not collect together a self-sufficient family of objects. For an object
may be generically dependent. Suppose we have an object which m ust
stand in a certain relation r to some particular other object, i.e.

Q(Els™ srRs')a ~ OEls'as + ¢
then provided r satisfies a falsehood principle, sis 7 -dependent on s'.

But often an object requires an object to which it stands in r without
requiring a particular one, i.e. we have the weaker

0O (Els = 3xrsHx a s 4sx a ~ OEIx)

It is in this sense that men need oxygen molecules, since they need
some to respire and perform suitable bodily functions, but there isno
single oxygen molecule which any man specifically needs. (As can be
seen, the relation may be quite complex.) So to collect together the
family of objects which actually sustain it, we have to include not just
those on which it rigidly depends, but also those which support it, in
doing thejob ofstanding in the appropriate relation to it (for example,
being an oxygen molecule which actually does get respired). Such

15 ‘A part is everything that an object “has” in a real sense, in the sense of something
actually making it up, the object, that is, in itself, in abstraction from all contexts into
which it is woven’ (nusser1 1984: A225/B,228). Findlay’ translation (nusser1 1970a:
437) is misleading. Husserl then goes on to divide parts in this broad sense into
dependent and independent, i.e. moments and pieces.

** Here the liberality ofthe underlying mereology in forming cross-categorial upper
bounds tells against the Fine-Smith approach.
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families usually include both continuants and occurrents, so again
cannot form a natural sum. But there is also not much that is natural
about them, especially when we take time into account. It is worth
remarking again that any attempt to give aformal account ofa relation
like support is doomed to failure. For suppose we take the supporters
ofan object s to be that class of objects such that for some R, the above
generic requirement holds, and these objects are actually such that s
has R to them. Then the supporters ofany object which cannot be the
only contingently existing object (which includes most things) will be
all other contingently existing objects, which is useless. When we
construe support so weakly, it seems the only independent and
integrated whole is the class of all contingently existing objects. If we
understand dependence as weakly as possible, i.e. as wf, interpreted as
above as

s wfs's O (Els = Els")
then since trivially
O (Els B 3xrx = sv X 4=s))

the supporters of any object in any world in which it exists are all the
objects there are in that world.

These results indicate a general rule: the weaker the concept of
dependence, the more comprehensive the associated independent
families. For what there is is partitioned into equivalence classes by
relations of foundational connectedness, and these classes are the
larger, the weaker the characteristic relation. So weak dependence
relations favour holistic or monistic concepts of independent object,
and stronger ones favour pluralistic concepts. It is no accident that
monists stress the interconnectedness and interdependence of things
(the stress on internal relations among Anglo-Hegelians, for example)
while atomists stress their independence and unconnectedness.
Leibniz emphasizes the causal unconnectedness of monads,
Wittgenstein the logical independence of states of affairs. In one case
we end up with the Absolute, the One True Substance, in the other the
world is a mere sum (Gesamtheit) of small independent objects,
externally (contingently) related to one another. Hume’s attack on
necessary connections is part of his psychological atomism, and
succeeds in showing that the necessity joining cause and effect is
weaker than had generally been held. Since there are many different
concepts of dependence, there is room for several concepts of
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independent object, so holistic and atomistic approaches can in theory
live side by side.

When applying the concept ofa family to ontological dependence in
Husserl’s fashion, the resulting independent wholes are less promi-
nent in our experience than we might have expected. The one case
where we get something easily recognizable is the strong relation of
accident to substratum, provided we confine attention only to monadic
(one-legged) accidents. The resulting families and wholes comprise
precisely substances and their non-relational accidents at a given time.
Perhaps it isnot so surprising that Husserl’sanalysis best fits the kinds
of example he most obviously had in mind.

One advantage of the foundational family analysis of complex
wholes is that it offers a general solution to the problem of what holds
complex unities together. We are familiar with this problem, especially
as applied by various logicians to the unity of judgements or
propositions. Traditionally this job was meant to be done by the
copula, the binding element of a proposition, but the copula is an
element ofa sentence in which it occurs no less than any other word, so
what binds it to the others? Frege’s solution was to suppose that one
or other part of a proposition was inherently incapable of separate
existence, which is precisely ontological dependence of some kind,
while Wittgenstein thought it was not a part of an elementary
proposition which held it together but simply the hanging together of
its parts (names). Husserl’s analysis allows many different forms of
hanging together, but the cement which binds a whole together is
ultimately always a purely formal dependence relation: where objects
cannot exist without one another, it is nonsense to look for chains to
link them together.17 It is tempting to take the availability of a
foundational analysis of Husserl’s sort as the occasion to do away with
substances, substrata, and other bearers, and get by with bundles of
mutually founding particulars. But while Husserl’s approach allows
such solutions, it does not enjoin them.

9.5 Functional Integrity

Most of the promising examples of integral wholes which we gave are
not cases where the parts are linked by ontological dependence, but by
other, quite ordinary material relations. Another significant kind of

17 husser 1 1984: A272/B,279, 1970a: 477.
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integral whole is obtained by considering a rather different kind of
dependence among the parts, these forming what Rescher and
Oppenheim call a dependence system .18 TO explain what this is, we
need some terminology.

The properties an object may have fall into natural groups or spaces
of contraries. For bodies, for example, we have the precise (fully
determinate) mass, volume, shape, colour, temperature, velocity, and
so on. Provided we speak only of fully exact properties, in each of
these spaces no object can simultaneously have more than one
property—it cannot have two masses, temperatures, etc. (assuming
for the moment we are considering uniformly coloured objects with a
uniform temperature, etc.) Such spaces of properties are often known
by their own names, like ‘mass’, ‘volume’, and so on, and we speak of
the mass o f such-and-such a body, and so on. These terms figure in
sentences like ‘What’sthe book’scolour?’and The pendulum’s mass is
25 gm’. Following Johnson,19 we call mass, volume and the like
determinables and the precise properties making up such a space
determinates. SO for the determinable m ass there are indefinitely many
determinates, including 1gm, 2 gm, 3.78 gm, and so on, and similarly
for other determinables. Determinables are sometimes called ‘attri-
butes’ and their determinates ‘values’ of these attributes. As the
terminology suggests, we may think of determinables as functions
from objects to determinates, so understanding a sentence like
The mass of the pendulum is 25 gm’ as an identity of the form
‘Af (p) = 25 gm’.20 We shall also employ the terms ‘argument’ and
‘value’ from function theory, but we avoid calling determinables
functions for reasons which will become apparent.

Determinables need not just be scalar magnitudes, as the above
examples might suggest. We must include vector magnitudes like
velocity (30,000 km/h in the direction of Alpha Centauri) and force
(617.82 N towards the centre of the earth, the force now holding me
down in this chair). There are determinables which are not magni-
tudes, like colour and nationality. There are also multi-placed
determinables, like distance (always ofone thing to another) and angie

rescner and oppenneim 1955 95, 19 jonnson 1921-4: 173 ff.

10 The values are here taken to be abstract objects. That we may apply the usual logic
of identity to such objects isan assumption that is presupposed in the following (thanks
to Edgar Morscher for pointing out the need to make this assumption explicit). We may
not be satisfied that this is the final analysis, but it would take us too far afield to see how
we might do without abstract objects here.
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(of one thing to another with respect to a third). By plugging gaps in
multi-placed determinables we get determinables of fewer places, e.g.
distance from Rome.

The values some determinables take for certain objects may be
partly or wholly determined by the values of other determinables. In
such cases we speak offunctional dependence 0f One determinable on
another. Ifwe have a class of determinables < and a determinabler we
say that/is totallyfunctionally dependent ON 4>iff for all arguments A
and B such that each member of €>has the same value for Aas for B,/
has the same value for A as for B. In certain cases, where/ is one of 4>
or where/ takes the same value all the time (/ is constant), talk of
dependence OF determination IS NOt especially apt, but we assume we
are not considering such awkward exceptions. Consider an example.
According to Newton’s theory of gravitation, the gravitational force
exerted by one body on another is determined by their two masses,
their distance apart, and their direction vis-a-vis one another (re-
member force is a vector), and nothing else. In other words, the force
exerted by body x on body y (a binary determinable) is totally
functionally dependent on: the mass of x; the mass ofy\ the distance of
x from y; and the direction of x fromy (nb everything at a time). That
this holds for all bodies at all times is precisely Newton’s Law of
Gravitation. Its usual expression in mathematical form (for the scalar
magnitude only)

actually hides quite a lot of logical structure, involving quantification
over bodies and times, and presupposes also a system of measurement,
but we leave these details aside. When we say the force is dependent on
the distance, we are speaking not of total but of partia1 functional
dependence, which is to be analysed by saying that other things being
equal (i.e. the masses and the direction; other factors are irrelevant),
the force can only vary ifthe distance varies. The analysis of functional
dependence along these lines was first undertaken by Grelling,21 and
while there are difficulties with his analysis, there is at present no more
satisfactory alternative.22 For our purposes it suffices if the general
idea of functional dependence among determinables is clear.

21 ereLLING 1987
2 On some of the problems, cf. simons 1985¢, 1987a.
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Consider now a system of bodies in classical Newtonian mechanics.
These are subject to various determinables of one and more places,
and for the purposes of mechanics irrelevant ones like colour and
price are neglected, while for simplicity idealizing assumptions about
others are often made, for instance that the bodies are perfectly elastic,
rigid, of negligible volume, or spherical in shape. In any Newtonian
system the determinables mass, position, velocity, force, and acceler-
ation remain under consideration. The gravitational force between
bodies is functionally dependent on other factors in the way just
mentioned; and assuming we are neglecting other attractive and
repulsive forces like electromagnetic ones, just this and the forces
exerted by collision need to be considered. The laws of mechanics then
tell us about other functional relationships obtaining among the
various determinables. Consider then the relation ‘exerts a gravi-
tational force upon’. The classical properties of gravity ensure that a
closure system of objects under this relation is also a family; any such
family may be called a closed gravitational system. However, what
makes such a system into more than just a naturally integrated whole
isthe relation of complex interdependence among the determinables of
its members. The relative positions of the bodies determine the forces
they exert on one another, which determine their accelerations, which
determine how their relative velocities change, which determine how
their positions change, which determine how their attractive forces
change, and so on. The impossibility of turning this set of simul-
taneous variations among values of mutually dependent determinab-
les into a neat series of causes and effects is what inspired Russell to
reject the classical notion of causality and propose replacing it with
that of functional dependence.23

We may thus schematically define a dependence system, following
Rescher and Oppenheim, as a collection of objects which form a
family under a relation, to which a class of determinables apply, such
that each member of the family has some determinable from the class
which is functionally dependent upon some or all of the determinables
of some or all of the remaining members.24 Grelling and Oppenheim,
who were the first to offer a definition of such systems, first called them
‘determinational systems’ (Wirkungssysteme), later preferring
Koffka’s term ‘“functional whole’.25 Classical physics in particular

23 Cf. russect 1913,
24 rescuer and orrenneiv 1955: 98. We have a slightly different terminology.
2 grelling and oppenheim 1938 (1987a, 1987h).
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makes extensive use of such closed systems; in addition to gravi-
tational systems we have closed electrostatic systems (isolated conduc-
tors), closed electric circuits, rigid bodies, stress systems, heat ex-
change systems, hydrodynamic systems, and more. Where these
cannot be found in nature, they are simulated or approximated, or
disturbing effects are minimized, equalized, or simply ignored for
theoretical purposes.

In the physical and other sciences, the general idea is the same: the
state ofan object, as given by the values of its determinables, whether
all of them (total state) or a collection of relevant ones, depends
functionally on the values of other, polyadic determinables by which it
is linked to other objects. The scientist is interested in the behaviour of
such networks of objects, and their variety indeed is such that no
single science can encompass them. The recognition of the general
importance of relational networks and their ubiquity, in the formal,
natural, and human sciences, while it has historical antecedents,26 is
predominantly a modern phenomenon. In certain extreme forms of
structuralism the claims of this approach are overrated, but if the ideas
ofgeneral systems theory are to be of use anywhere, it is perhaps in the
study of formal properties of such systems.27

Contingency enters into functional wholes in two ways. The first is
that, while the state ofan object may be dependent on its relationships
to others, it will usually be of no consequence to it which of these are
hanging on the other end of the dependence connections. All that will
matter is the values of their state determinables and those of the other
polyadic determinables linking them to the object. The second kind of
contingency concerns what are usually called boundary conditions.
For instance, in a simple gravitational system consisting of just two
bodies, what happens to them—whether they collide, fly past one
another, or one orbits the other—depends on how things stand ‘to
start with’. In dealing with limited problems, the statement of
boundary conditions amounts to little more than a signal as to where
the problem begins and ends. If a statics problem begins: ‘A ladder
rests against a wall . ..’ it is simply inappropriate to ask how it got
there. But on a cosmic scale the apparent inescapability of boundary
conditions points to contingence or accident as an objective feature of

J* Cf. the works by J. H. Lambert in 1ambert 1974. Kant also included reciprocity
among his categories.

17 On some ofthe unclarities surrounding the notion of system, cf. Simons 1987a. It
seems that systems theory is awaiting its Grelling.
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the world, and not the mere product of ignorance or deliberate limi-
tation.28 The two kinds of contingency interact in that how it is that,
for example, just this body comes to be here exerting such-and-such a
force on that body may in the end be a matter of chance.

The nature, strength, and complexity of the connectedness of
functional wholes varies according to the kind considered. For rigid
bodies, as Aristotle noted, their characteristic feature is their unified
motion, resulting as it does from the rigid interconnection of their
small parts, ensuring that incident forces are up to a limit internally
transmitted so as to resist shearing or deformation and result in
translation or rotation. The connectedness of bodies of liquid is more
one of cohesion, since they do not resist shearing, while that ofa body
of gas is either compelled by external circumstances (enclosure in a
vessel, for example) or due to gravity.

As we have seen, the relations binding organisms together are much
more complex. Within a range ofconditions in which it can survive, an
organism maintains itselfand its kind not by brute inert durability but
by a series of mechanisms by which it adapts to changing external and
internal circumstances. These self-regulating or homeostatic mechan-
isms are of great subtlety, and many of them function within internal
sub-systems of high internal connectedness, whereby state fluctu-
ations are compensated for so that crucial determinables remain
around some optimal set of values. A simple example is given by the
physiological mechanisms maintaining body temperature in mam-
mals. The most striking adaptation mechanism is perception. Such
survival-oriented mechanisms are not confined to individual organ-
isms, but—as in the case of reproduction—extend to the whole
species, and even across species. In certain cases of symbiosis, the
dependence between different species and their members may even be
ontological in nature.

The longevity of a species or an organism may be in part a matter
of luck, but statistically is more likely to be traced to a relative
ontological independence of causal contingencies within the range of
admissible ambient conditions. In man this relative dependence is—or
perhaps was—enhanced by the use of technology, from fire and
clothing on the one hand to immunization and space capsules on the
other, all of which serve to extend the range of environments in which2

21 This overlooks micro-indeterminacy. For Ehrenfels's rather dramatic dualistic
account of the struggle between order and chance, see his 1916 (1948). The idea goes
back to Plato, of course.
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a man may survive by neutralizing the effects of otherwise inimical
surroundings, frequently by acting as a kind of shield. The importance
of neutralization is emphasized in his writing on causality by
Ingarden,2 who describes what he calls relatively closed (or relatively
isolated) systems. These are, for a while, in certain respects and up toa
certain limit wholly or largely causally isolated from the rest of the
world. Contributing to such isolation are various kinds of insulator—
thermal or electrical insulators are just two kinds—which screen the
system from outside effects. Houses, armour, crash barriers, smoke-
screens, and stand-offishness are all artificial insulators, with natural
analogues like shells, scales, and warning threats. Such natural and
artificial insulators may be highly selective in their action, as for
instance the immune system or membranes. Insulators frequently
mark a clear boundary between an integral whole and the rest of the
world, like the skin of an animal or the walls of a medieval city. Such
boundaries, whether natural or artificial, are objective, being marked
by causal and material discontinuities. It is perhaps significant that
perception functions primarily by focusing on such discontinuities.30

We have touched in passing on the idea that the very existence ofan
organism may depend on the value of some determinables pertaining
to it and to its surroundings remaining within certain limits—for
example, a man cannot live at one degree above absolute zero or at a
million degrees centigrade. This is a case where ontological and
functional dependence come into contact: the continued existence ofa
man depends on many factors remaining so that the ambient
conditions do not endanger his existence to the point of making it
impossible. Is it then necessary to subsume ontological and functional
dependence under a single rubric after all, or is this some kind of
Hegelian switch from quantity to quality?

In fact the examples give the clue to the answer. Any constituted
object such as an organism continues to exist by virtue of the
continuance of certain conditions in its material substrate, specifiable
as ranges of admissible values among crucial determinables. Since
these determinables concern in the first instance the substrate, there is
nothing absurd in the substrate’s changing so that some of the values
wander outside the range within which the constituted object can
continue to exist. When the bronze gets too hot to remain solid, it

29 On insulators and relatively isolated systemscf. ingarden 1974: §91a. The latter
concept also comes to discussion in russel1 1913.
30 Against the exaggerated conceptualism here rejected, cf. WIGGINS 1980: ch. 5.
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melts, and the statue that was in it ceases to exist—but not by virtue of
the statue taking on a temperature at which it is molten, for there isno
statue at such temperatures, only its now altered substrate, the bronze.
While the constituted object exists, there is no harm in saying that it
takes on the same values for these determinables as its substrate—
both bronze and statue have the same temperature. This was indeed
recommended as an important insight into the nature of super-
position in Doepke’ account in Chapter 6. But once the substrate
wanders outside the limits, such a doubling becomes wrong, since the
constituted object is no longer there to have determinate properties.
This applies whenever an object’s existence is dependent on more than
just that of its component parts. Whenever a complex must have a
certain structure or kind of structure, changes in the substrate which
destroy this likewise destroy the complex, as, for example, merely
altering the distances between a number of people may disperse a
crowd. For continuants the requirements take the form of persistence
conditions, which tell us under what circumstances the continuant
indeed continues—to exist.

What does not form a dependence system in a certain respect might
be called a sum in this respect. This use of ‘sum’ is a merely privative
one, and is not directly connected with the mereological use. Thus for
each kind of dependence system there isa corresponding kind of sum.
So Kbhler’s famous three stones lying in different continents form a
kinematic sum because they can be moved independently, and they
form a gravitational sum not because they exert no gravitational force
upon one another, but because they fail to form a gravitational family.
The many different kinds of summativity which arise in connection
with physical objects were the subject of a detailed investigation by
Rausch.31

9.6 Temporal Integrity and Persistence

Only for something with temporal parts—an occurrent—does the
question of its temporal integrity arise. We may ask ofa state, process,
or event what unites its different phases to make of them one object.
What makes a string ofconcrete tones into a token ofa certain musical

5l rauscnh 1937. Cf. (he short summary of the main ideas in smitn and murtigan
1982:74 ff. Rausch's analyses show that even relativized concepts ofsum need not forall
that be vague.
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theme? This involves, as in the general case, special relations among
the parts—in this case the tones—of the token theme, their relative
positions in succession, relative lengths and spaces between them,
relative pitches. Some of these determinables may vary, but there are
limits to this variation. A musical theme may be played faster or
slower, may be speeded up or slowed down, but we cannot play a tone
per year and still expect to have a theme. Clearly the relative proximity
in time of parts of a temporal whole—even if it is not temporally
continuous—may be crucial in holding it together. As for spatial
wholes, so for temporal ones the variation of such determinables
produces different degrees of temporal integrity, with no sharp cut-off
below which there are only collections and no individuals.

The example of a melody shows that what counts as a temporal
individual is to some extent a matter of human stipulation, practice, or
convention. However, melodies are temporal artefacts, and this
freedom does not extend to naturally articulated temporal objects.
Consider a natural event like an explosion—whether artificially
caused or not. There is little room for decision as to what counts as
part of it, and none whatever as to whether it is a single event. Its
successive phases with their successively wider spans are tightly
unified by causal relations. Not only different phases of the explosion,
but also its different spatial parts are connected in being causally
traceable back to the initial spark or germ of the explosion, which had
very limited radius. Here causal relations are characteristic for the
integrity of the whole. A triggering event need not itself be without
proper parts: when a mass of uranium 235 becomes critical, this
consists in some 2 x 1024 atoms splitting in a chain reaction over a
period of a millionth of a second.

It seems plausible that very many natural temporal individuals owe
their unity to causal relations among their parts, although where we
draw the bounds of an event, given that causation is transitive, is not
always perfectly clear. Other relations also perform a unifying role,
however. The individual events befalling a certain person are strung
together and called his or her life. While there are certainly causal
connections among such events, causal relations lead into and out of
the person’s life, and it is not clear that all events in a life are indirectly
causally connected. The unifying relation is simply that of genidentity,
involving the same continuant, and is applicable not just to persons,
but to all continuants. A description of this life is then a biography or
history of the object concerned. Again, what is counted as a single
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individual continuant may be more or less determined by natural
connections, and determining the identity ofa continuant rests in part
on determining when it begins and ceases to exist, under what
conditions. This issue was important in showing the iterability of the
Ship of Theseus Problem. A continuant which exists intermittently is
precisely one whose history (in the sense ofits life, not its biography) is
temporally disconnected.

Throughout the centuries the identity ofa continuant over time has
frequently been held to be different from and somehow more suspect
than its identity at a time. This comes to clear expression in Hume, 2
who attempts to find a trans-temporal Ersatz for identity under the
belief that there cannot be real trans-temporal identity; but we can
find echoes of it in many places, such as Chisholm’s entia successiva or
the predilection for event ontologies. While there is certainly a
difference to be accounted for, this is not a difficulty, but simply
another mark of the difference between continuants and occurrents.

The kind and degree of integrity which an individual continuant
possesses at a time is a matter of the interrelations of the parts of the
object which exist at that time. Should the putative parts fail to come
up to the mark, we indeed have no individual, but only an interrelated
plurality of continuants. For occurrents, the question of integrity over
time has exactly the same form: one concerning the connections
between the putative parts ofthe event in question, which parts may of
course take place at different times. But for continuants it is not the
object itself which hangs together over time, but rather its life.
Continuants as such can have no temporal integrity, nor can they lack
it. The question whether a given continuant exists (E!) stands or falls
with the question whether there are occurrents which find themselves
together to form a history (i.e. a life) for it. As a connecting relation,
genidentity itself is not competent to secure the existence of a
continuant via the integration ofan occurrent, since genidentity itself
presupposes the existence of the continuant. Genidentity could at best
underline the unification of occurrents to a history (i.e. a life) whose
integrity is secured by other relations. It is plausible to suppose that in
most cases it is the existence of a continuant which binds together via
genidentity the disparate events of a history; the continuant enjoys
ontological priority over the life. Since this continued existence then
looks like a bare fact, unsupported by any objective integrity, we can

12 A Treatise of Human Nature, bk. I, pt. iv, §2.
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structure—and the continuation of sustaining processes. In a highly
complex case like that ofan organism, all of these play a part, and the
individual is neither something purely inert like a medium, nor a pure
disturbance like a wave, but combines features of both. The particular
conditions under which a continuant of a kind continues to exist are
its persistence conditions. These may even allow that the continuant
go out of existence and come back into existence again. In that case,
the life of the continuant is not temporally connected, but nothing in
the concept ofa continuant requires that a life always be connected, so
long as we can find a basis for identifying across the gap. The concept
ofa mass of matter, like the concepts of continuant sum considered in
Chapter 5, is that of a continuant whose persistence conditions
approach the minimal—structure, spatial distribution, properties do
not matter. All that matters is that none of the stuff is destroyed
completely.

9.7 Structure and Gestalt

Any complex will, as Rescher and Oppenheim rightly say in their third
condition, have a structure. It is not immediately clear what this
means, but the Oxford English Dictionary points the way to finding
out with the following gloss for one very general meaning:

The mutual relation of the constituent parts or elements of a whole as
determining its peculiar nature or character

Used in this way, ‘structure’ means something abstract: the manner in
which something is constructed or the way its parts are related. The
concrete sense in which ‘structure’ refers to the object which has
structure in the first sense:

An organized body or combination of mutually connected and dependent
parts and elements

we shall not employ, but rather speak of the structured object or
complex.

From this preliminary gloss we can extract four conditions for
something to be a structured whole or complex:

(1) It must consist of several parts.
(2) These parts must stand to one another in certain relations
(principally of dependence).
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() These relations must connect the parts of the complex to one
another.

(4) The total relation of all the parts is characteristic for the kind of
complex in question.

These conditions are formal: nothing is said about the kinds of parts
or relations. The first condition (1) rules out (as was to be hoped)
absolute simples such as points, atoms or monads. These are all
structureless. Conditions (2) and (3) are automatically taken care of if
we consider /~-integral wholes: all the parts (of some division) are
connected to one another by chains ofinstances of R and its converse.
The idea of condition (3) is to rule out unconnected sums. But when
are objects unconnected? Not, surely, when they are unrelated, since
any objects are related, if only by difference or dissimilarity. Why then
do we discount such relations as connections? Here, it seems, we must
draw a distinction, similar to that drawn above in §9.3, between purely
formal relations like identity, difference, similarity, dissimilarity, and
material relations like being to the left of, touching, causing, and being
twice as large as.37 Objects would be connected between which some
positive material relation holds, and unconnected where not. This is
little more precise than what we started with, but seems to show what
is needed.

So we cannot be exactly sure as to what counts as unstructured,
even where it has more than one part. As we have emphasized, sums
(among individuals) and classes (among pluralities) appear as such to
be structureless. But in the case of classes, even they may differ in the
number of members they have; this is characteristic for their kind. It.
may be overstretching the word to call the number of elements in a
class its structure, but we shall find that it pays to include such
marginal cases along with other, richer ones, when considering
abstract structures themselves.

What we have not covered hitherto is the idea, found in (4), of the
total or overall relation of all the parts, as distinct from the multitude

57 A slightly different distinction is drawn by Meinong between ideal and real
relations. Cf. meinong 1899 (1971: 394 if), findlay 1963: 143 suggests that ideal
relations fail to bind their terms into a unity, whereas real relations produce a whole
quite as real as its parts. For Meinong there is a characteristic kind of complex for each
kind of relation. The most attenuated kind of complex is precisely a class, held
together—if that is the right expression—by the mere relation of coexisting. Such
classes arising solely out of ‘and’-relations, are recognized by Bolzano, Reinach, and
Russell, inter alia. Cf. smith and mulligan 1982: 103, n. 127.
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of binary and other relations between and among the parts. In fact, we
need even to consider the various kinds and properties of the
individual parts as part of this overall relation or pattern. In algebra or
model theory, it is usual to define a ‘relational structure’as a sequence
{D,Ri,R2,...) where D is the domain (set of parts) and R1( K2,etc.
the specific relations among these elements. The structure is here as it
were a sort of super-relation on the domain and relations. The kind of
the structure is determined by conditions on the size of domain,
number, adicity, and properties of the relations, usually Set out in
algebra as postulate sets (for example, for a group, ring, vector space,
or affine space). It is clear, however, that the use of a mere list (plus
postulates) is above all a notational expedient and, while it gets all the
needed details down on paper, does not represent a deeper analysis of
the idea of a structure. For one thing, one and the same kind of
structure can be represented in model-theoretic or algebraic terms in
distinct ways, a good example being the many equivalent ways of
defining a Boolean algebra. The structure in this case is so rich that a
number of different selections of its properties enable us to infer the
rest. Another set ofconsiderations not presented perspicuously by the
algebraic approach are those about how one structure may be
contained in another, or definable in another, how a structure may be
‘loose’ in allowing numerous differently structured realizations.
Simply lopping off some of the relations or some of the conditions on
them is too insensitive.

The alternative approach which we follow stems from the attempts
of Grelling, Oppenheim, and Rescher to analyse the concept of a
Gestalt, which is scarcely to be distinguished from that of a structure.
This is the original sense of ‘Gestalt’ going back to the work of
Ehrenfels, and not to be confused with the concept of a functional
whole, for which the term also came to be used. It is worth noting here
briefly that while the work and terminology of Ehrenfels was
historically the most influential, going back to his original 1890
essay,38the same concept was elaborated and exploited at the time by
two other former students of Brentano, Meinong and Husserl, who
used the terms “founded content’and ‘figural moment’ respectively for
what Ehrenfels called a ‘Gestalt-quality’.3

31 EHRENFELS 1890.
39 meinono 1891, which isa commentary on Ehrenfels's essay, and husser1 19706:
ch. 11, which isindependent of Ehrenfels. Meinong later used the term ‘founded object’.
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The works of Grelling, Oppenheim, and Rescher constitute an
attempt—perhaps the only one—to give an exact analysis of
Ehrenfels’s concept in logical terms in such a way as to both fit the
usual examples and make truthful sense of Ehrenfels’s two criteria:

El A complex is something other than the sum of its parts (Super-
summativity)

E2 A Gestalt remains invariant under transposition from one
complex to another (Transposability)

In giving an account of what a Gestalt is, while we follow their account
in most things, some of the terminology and some of the details are
slightly different.404

We start again with determinables, as described previously. Where
the arguments of a determinable form a topological space, they are
known as positions and the determinable an S-determinable (‘S’ short
for ‘state’). Examples of such positions are points and instants. In fact,
the requirement that the arguments be points of a topological space
can be trivially satisfied, since the trivial or discrete topology is the one
in which every subset of the domain is an open set, and a sub-space is
simply a subset. It is the topology induced by the trivial or discrete
metric on a set, for which the distance between any two distinct points
isequal to 1. In normal applications, it is clear that what is meant is a
non-trivial topology, though the trivial case can be illuminating in
considering mathematical Gestalten.

We take a domain of positions D and a class G of S-determinables
all of which are defined (make sense) on such positions, such that each
S-determinable is assigned a single value for each position (if it is
monadic) or each n-tuple of positions (if it is n-adic), and call the
resulting assignment a configuration4l Again, Rescher and
Oppenheim specify that the range of determinates which are possible
values for each determinable be subject to a topological ordering (for
example, the three-dimensional ordering of all possible colours). In
concrete cases it is usually clear what this amounts to, though again
the condition can be vacuously satisfied.

40 For afuller account of the differences and our reasons for making them cf. SIMONS
1985¢c, 1987a.

41 GRELLINGand oppenheim 1938 use the term ‘complex’, but we have used this term
for the concrete whole, whereas a configuration may be a quite arbitrary section of a
complex, e.g. an array of points and for each point a light-intensity (no mention of
colour), rescher and oppenheim 1955 use the term ‘configuration* in a somewhat
different sense from us.
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Let C, and c2 be two configurations. Then they are in perfect
correspondence Iff the following conditions obtain:

PCI The domains of positions o1 of c2 and b2 of c2 are
homeomorphic under the topologies employed (let h:  -* b2
be the homeomorphism).

PC2 Each involves the same class G of determinables.

PC3 The values of the determinables are equal for corresponding
positions, i.e.

‘igeG 'ixeD lrgx = g(h(x))”

For example, two visually identical reproductions ofan old master in
two copies of an art book are, in respect of visual determinables such
as colour, lightness, relative distance, and angle of points on the
surface ofthe pages, in perfect correspondence. Note that by including
polyadic determinables like distance and angle we ensure not only
topological homeomorphism but also geometric congruence—were
these to be left out of the set of S-determinables in the configuration,
the pictures might be distorted with respect to each other in various
topologically permissible but artistically inadmissible ways.

Focusing attention on a single S-determinable, we may call the
assignment of particular values of it to each position in the domain of
configuration adistribution. Two distributions which are exactly alike
we call equal. Two configurations then stand in perfect correspon-
dence to one another when all their S-determinables have equal
distributions. However, distributions may also be simiiar in various
ways without being equal, and where a number of distributions are
similar, they have common attributes. These may themselves be
considered determinates of determinables applicable to the distri-
butions, which we accordingly call o -determinabies. Two distributions
are then equal when an their D-determinables take the same values.
For example, if our two reproductions of an old master are such that
one is half the size of the other and is in black and white, then the S-
determinables distance and nue are different between the two. But
other determinables concerning the distribution remain constant,
suchastheproportions between corresponding stretches and darkness
of corresponding points. The smaller picture is not equal to the larger,
but is still very similar to it. A quite different similarity is obtained, for
example, by keeping the size and colour the same but reversing the
picture as in a mirror.
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Two configurations correspond when PCI and PC2 are retained but
PC3 is replaced by:

C3 For some, but not necessarily all determinables geG, the
distributions for Ct and C2 are similar in some, but not
necessarily all respects, i.e. are alike in values of some D-
determinables.

Perfect correspondence is then a special case of correspondence. The
kind of correspondence is determined by the topological nature of Dx
and D2, the members of G, and the particular D-determinables of the
distributions of the selected members of G which remain constant.

Each specific correspondence defines an equivalence relation on
configurations, and that which all configurations in an equivalence
class under this relation have in common is their Gestalt. Ifwe call the
operation or mapping taking one configuration into another, cor-
responding configuration a transposition, then a Gestalt is that which
remains invariant through all transpositions.42

Ehrenfels’s first and still the clearest example of a Gestalt is a
melody. In this case the configurations are concrete tone sequences.
These may be played at different tempi, on different instruments, with
different dynamics, in different keys. All such variations are admissible
transpositions, although only the last is a transposition in the narrow
musical sense. But throughout the transpositions, some D-
determinables keep the same values over the sequence of tones,
namely the relative lengths and successive intervals (pitch propor-
tions) of the tones. In practice there are limits to how quickly or
slowly, how low or high the melody may be played, but we may
suppose these to be wide enough to allow sufficient variation within
them. A melody, however, isjust one kind of musical Gestalt. There
are many more. Some are clearly related to melody, for instance the
inversions and retrograde sequences ofcanonic and twelve-tone music
(in the latter the Gestalt is the tone row), or a motif heard now in the
major, now in the minor mode (not exactly a melody), or the constant
ground bass in a chaconne. Others, such as characteristic rhythms or
keys, have little to do with melody.

From the examples given, it can readily be seen how complexes fulfil
the two Ehrenfels criteria. The second is fulfilled by definition, while
the first is fulfilled so long as the Gestalt in question is richer in

42 The transpositions form a group, and the Gestalt is the group invariant. On the
equivalence of equivalence relation and group formulations, cf. gretung 1969.
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structure than simply that of having so many parts. Since the limits on
transpositions can be freely altered, relaxed, tightened up, there is all
the generality we require in determining the concept of Gestalt. For
instance, tightening up the conditions on admissible performances of
a work of music, as in total serialism, takes musical works (themselves
large Gestalten) in a quite different direction from the loosening
allowed in aleatoric music, or the freedom allowed in improvisations
and cadenzas.

Since a Gestalt is an attribute, albeit a highly complex one, of a
configuration, and a configuration is simply a selection or ‘section’out
of a complex, Gestalten are attributes of complexes. It is also an
attribute of the complex as a whole (as Rescher and Oppenheim
required in their first condition) and only rarely also an attribute of
proper parts of the complex. An exception, where the same Gestalt
may be found both in a complex and in proper parts of it, is the
interference pattern found in a hologram. From both perspectives, it
appears that Ehrenfels’s own term ‘Gestalt-quality’is quite appropri-
ate, though we have followed later tradition in using the shorter term.
There is the occasional danger with ‘Gestalt’, however, of using it for
the complex instead of its characteristic form, a danger which is real,
because the word did acquire this ambiguity, as Grelling el al. pointed
out.

That a given kind of complex must have a certain Gestalt implies
neither that it cannot change its parts nor that it cannot change its
Gestalt—ifit isa continuant complex. For a continuant may take any
one ofa number of more specific Gestalten and yet, because these are
all specifications of a looser Gestalt, still have the latter. There are
some geometrical shapes that a man cannot take on and still continue
to exist, such as that of a perfect cube, but a man’s actual shape
changes whenever he moves, so all these more specific shapes must be
within the range allowed for the topological form ofa man. For just
this reason, a continuant may also within limits gain or lose parts and
still continue to exist. While temporal complexes of a given kind
cannot change their parts or Gestalt, we can still for them, as for
continuants, find variation among different instances of the one kind,
of the sort typified by different interpretations of one and the same
piece of music.
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Acest B idem est quod A esse coincidens cuidam B.seu A = BY ... siA
sit Bet Bsit C, AeritC .. .cum .. . A= BYetB = CZ. Ergo A= CYZ.
seu A continet C.

Leibniz, Generates Inquisitiones de Analysi Notionumet Veritatem, §§16,
19

omnes partes integrates habent ordinem quendam ad invicem. sed
quaedam habent ordinem in situ: sive consequenter se habeant, sicut
partes exercitus; sive se tangant, sicut partes acervi; sive etiam colligentur,
sicut partes domus; sive etiam continuentur, sicut partes lineae. quaedam
vero habent insuper ordinem virtutis: sicut partes animalis, quarum
prima virtute est cor, et aliae quodam ordine virtutis dependent ab
invicem. tertio modo ordinantur ordine temporis: sicut partes temporis
et motus.

Thomas Aquinas, Summa Theologiae ill, g. 90, 3, ad. 3

As we found it, mereology was dominated by a single theory: classical
extensional mereology (CEM), present in two logical guises—the
Calculus of Individuals and Mereology—each in a number of
variants. CEM is algebraically neat: only a complete Boolean algebra
is neater. It is also strong: how strong can be seen from §14. CEM is

(1) tenseless

(2) non-modal

(3) upholds extensionality of parts; and

(4) upholds the conditioned existence of general sums.

Of these characteristics (1) and (2) are privative, (3) and (4) are
positive. Among approaches at variance with CEM, most retain
(1)) and drop (4) in favour of some weaker conditional existence
principle (see 8§2.9).

In the face of apparent temporal and modal variation, two major
strategies have been followed. The firstignores modality and attempts
to retain (3) by recourse to an ontology of four-dimensional objects.
This fails because modality still distinguishes objects which (3) would
identify. A parallel move to five-dimensional objects, with modality as
the fifth dimension, has not been seriously contemplated, which in
view of the conceptual difficulties facing the four-dimensional
strategy is perhaps as well. The second strategy, Chisholm’s, takes
both time and modality seriously, but preserves (3) by putting forward
an ontology, opposed to common sense, of modally and temporally
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invariable objects. The problems this approach has are to find good
positive arguments in its favour and to account for appearances. In
my view, the price paid for retaining (3) is too high whichever strategy
is followed.

Nevertheless, if (3) and (4) are not universally acceptable, there are
areas where (3) alone or both together may be correctly applied
(Chapter 4). Seeing this involves recognizing two categories of
particular against which there exists a deep prejudice in philosophy:
pluralities and masses. Taking these into account shows that the
concepts of mereology have not one but a number of analogous
interpretations; what these have in common are the formal properties
of these concepts as captured in their algebra.

The question is then what mereology looks like when none of
()64 is followed. We followed up consecutively the effects ofadding
time (Part 11) and modality (Part 111). But here let us isolate the result
ofgiving up (3)and (4) ina non-temporal, non-modal context. What is
the minimum we can require of a relation if it is to be one of proper
part to whole? | suggest we need the following four principles:

Falsehood X«pEI!rA Ely
Asymmetry X«p ~(y«X
Transitivity X«yay« z=X« zZ

Supplementation X « p 3zrz«yA ~zZ« Xa ~x« za
~Z« Xa ~ 3Wrw« Zaw« X"

We have left the quantifiers off: if we universally quantify, the first
principle is derivable from the usual quantifier laws in free logic, but if
we take the variables instead to be free (i.e. as parameters), Falsehood
is required. Notice which logical concepts are presupposed: identity
and existence. The import of the principle Supplementation is clearer
if we define
Df. < x<ysx«yv (Elxax«y)
Df.o xoy=3zrz<xaz<yl
Supplementation then emerges in the familiar guise
X«y=3zrz« ya ~ (2o x)1

This is then the acceptable Weak Supplementation Principle of §1.4,
adjusted to allow for free logic as a basis.

This, | suggest, is the formal skeleton of the meaning o f‘part’. For
the temporal version, modify all modifiable predicates by ‘at - and slip
in ‘W’ after other quantifiers with wide scope, i.e. add ‘always’. For
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modal and modal/temporal versions, replace universal closure by
necessary universal closure (87.1). Now we see the point of the
principle of Falsehood in the basic version.

Ifthis isall there essentially is to the part-relation, why can stronger
principles sometimes apply? The answer lies not in the part-relation
itself but in the nature of the objects to which it applies. Among
certain regions of objects we have extensionality and essentiality of
parts; such objects fulfil these principles, but the principles are not
constitutive of the part-relation, which is formal, i.e. applies in all
regions. So we must distinguish global mereology, for which the four
principles above provide the formal properties, and various local
mereologies, where these alone do not suffice to capture the
mereological properties of the objects in question. The fault of CEM
is essentially that of making global what is only local.

The net effect of rejecting CEM in full generality is to make
mereology more complicated, but also more interesting. That most
modern ontology passes mereology by is due to the inadequacy of
CEM asaconceptual instrument capable of use in the variety ofissues
found in ontology, coupled with a historically misinformed sup-
position that mereology is something for nominalists only. If I am
right about the formal nature of mereology, it should be neutral on
the issue of nominalism/realism. If mereology can be applied
universally (and that has not been shown here, because we have not
discussed abstract objects), then it should regain a central position in
ontology; along with existence and identity, it should take us to the
heart of many ontological issues. The topics covered in Parts 1l and
I11 are meant to show this: Part 11 for existence in and through time,
for identity, matter, and form, and Part I11 for essence, dependence,
substance, unity, integrity, and form. It is notable how many of the
issues in Part Ill are under-represented in the contemporary litera-
ture, although they loom large in traditional ontology, where it was
felt to pay to be discriminating about different kinds of parts, as the
quotation from Aquinas at the beginning of this section shows.

The contemporary field ontologist is better equipped than his
predecessors because he is familiar with formal systems, a device we
owe to Leibniz. The acquisition of this tool does not render the old
resources—experience, wit, authority, the lore of language—obsolete,
but it shifts the ontologist's role. He now has a theoretically endless
supply of formal templates to hold up to the untamed phenomena,
and his job now consists in fair part in constructing such formal
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systemsand testing them for their applicability. It is tempting to be led
by the attraction of internal properties of the formalism either into
taking the world to be tamer than it is, or into a relativistic, pragmatic
attitude to ontology which can be seen at its most significant in Quine.
Such attraction, for which again Leibniz is responsible, lies behind
CEM’s two errors of omission and two of commission. For different
regions, we need different templates, and it is mainly the templates
which must be bent to fit, not the world. In the case of mereology, this
fails to descend to utter relativism because the theory has a formal
skeleton and a range ofanalogous fleshings out which provides unity
in the diversity.

As to the content of the ontological theses I have upheld as
emerging from a rejection of CEM, | am aware of a chastening old-
fashionedness in having emphasized, among other things

(1) the variety of meanings of ‘part’ and cognate concepts

(2) their analogous connections

(3) the centrality of continuants in ontology

(4) the paradigms of which are natural units, especially organisms
(5) the distinction of matter and form (structure)

(6) the importance of composition and constitution

(7) the distinction of essential from accidental and normal parts
(8) the distinction between dependent and independent particulars
(9) the idea of integrity, and its degrees

all of which points, within limits and suitably qualified, back to
Aristotle.
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action theory 129n., 133, 137
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Altman, A. 129n.
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antidissective predicate see dissective
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Back, A. T. 300n.
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Boolean algebra 25n., 34, 44, 59, 69, 97,
101-4, 127, 148, 170, 356, 361
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class existence principle ‘if all the mem-
bers of a class exist at a world, the
class exists at that world’ 280
Clay, R. E. 68-9, 70, 72n., 11On.
closed (individual) 96
closed (under a relation) 328
closure
foundational 313-14
necessary universal (of a formula) 262
mereo-topological 96-8
universal (of a formula) see quantifier,
universal, rule for eliding
closure algebra 97
closure system 313, 329
CM (system: classes and masses) 162-6
coincidence
group 168, 211

material 246
mereological 114, 117, 180, 182,
201-2, 205, 210, 247-51, 266
spatio-temporal see superposition
strong 248
weak 250
coincidence  principle:  ‘superposed

objects coincide’ 217-18, 228, 245,
247-51
combinatorial semantics 61
common sense 177
complement 16, 24, 37, 40, 66, 88 n.
complete collection see sum, general
complete-composition 229-37, 249-50
complete whole see whole, complete
complexes 299 n., 324, 357n., 360
component 14n., 45, 235, 237, 247, 327
composition 3, 212, 228-37, 238, 364
comprehension (of a term) 264
comprehension (set theory) 152, 170
conditioning principle: ‘a class contain-
ing all objects on which every
dependent member of it depends
is independent’ 322
configuration 357-9
connectedness 33,91,92,93,95,112,132,

Index

327, 335, 337
external 95
(under a relation) 328
see also continuity, mereo-topological
connectives, truth-functional 47
consistency of Mereology 110
constancy
form- vs. matter- 199-209, 210, 299
material 197-8, 203, 209, 246
mereological 2, 173, 177, 181, 187-95,
209, 242, 245-6, 361-2
constitution 3, 158, 163, 165, 194, 233,
237-40, 348, 352, 364
container 215
contingency 346
continuant 2,118,125,130-1,134,173—
251 passim, 263, 264,266-7, 305-8,
351-2, 364
mass 176
plural 176
continuity, mereo-topological 84-5,132,
336
continuum 42-3
copula 21
comers (quantifier and operator scope
markers) 15, 27, 47
correspondence (of complexes) 358-9
cosmological argument 321-3
counterpart semantics 264, 281
covering 83, 132
CP see coincidence principle
Cruse, D. A. 108n.
CT (system: continuants and times) 178—
86, 214, 242-51
cumulative predicate 111, 165

Dambska, I. 104n..
Davidson, D. 130n., 133
definitions 78
creative 77
nominative and propositive 62, 78
treatment of 21, 46, 61, 77, 262
de Laguna, T. 42, 92, 93
denseness 83
dependence 293-4, 363-4
absolute 301
functional 3, 254, 344
generic 297, 298, 301, 340
notional 297, 298, 300
ontological 3, 254, 292, 294-323, 312,
318, 342
permanent 305-306, 308, 309, 342
relative 312
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dependence (Contd.)
rigid 297, 300, 301, 309
strong 303, 319, 322
weak 295, 319
dependence system 343
Descartes, R. 318-19, 353
description, definite 13-14,47,49,55,63,
79-80,89,141,142,155,165-6,263
designation see term
determinable/determinate 343, 357, 358
dichronic view (of composition) 212, 214
difference, mereological 14, 24, 37, 39-
40, 66, 72, 88
discreteness 66, 68, 72, 84, 219
weak 66, 72
discrete topology 357
disjointness 13,24, 28,37, 39, 65, 71, 87,
181, 188
see also sum, disjoint
dissection 84
dissective predicate 139
distribution 358
disturbance 176, 308

division 327
Doepke, F. C. 112, 120, 158n., 207n.,
211In., 212-15, 224-5, 227-32,

236-8, 246-7, 249-50, 299n., 349
dot convention 47
Dretske, F. 136
Driesch, H. A. E. 324-5
Dummett, M. A. E. 229n.
Dunn, J. M. 61n.
duration 82

E (system: Eberle) 50-1
Eberle, R. 43, 44n., 50-2, 115
Ehrenfels, C. 347n., 356, 357, 359, 360
Ehrenfels’s criteria 357, 359-60
empty domain 16, 55, 78, 80, 143
entia per alio and entia per se see entia
successiva
entia successiva 120,187-95, 272, 299n.,
351
epsilon see inclusion, singular
essentialism
mereological 23, 120, 189-90, 208,
253, 255, 272-83, 317, 319
strong 272, 274
temporally rigid 275
weak 272, 274
Etwas-fur-sich 302-3, 309
Euler diagrams 18n.
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event see occurrent; see also Whitehead,
A. N.
exclusion
spatial 216
weak 73
existence 22, 62, 363
conditional see unconditional
conditions 200-1, 324-5, 352
see also persistence conditions
intermittent 175, 182, 184, 188, 195-
209, 268, 273
singular 22, 62
temporal vs. timeless 179
unconditional 3, 318-23
extension, Whitehead’s theory of see
Whitehead, A. N.
extension vs. intension see intension
extensionality 6-7, 95
mereological 1-3, 28, 35, 112-17, 361
Ontological 63, 64
set 1, 28
extensive abstraction,
Whitehead, A. N.
extent 7, 111, 127-8
exterior 98

method of see

F (system: free calculus of individuals)
56-60, 81, 178, 180

falsehood principle for part relation: ‘if
an object is part of another, both
objects exist’ 264-6, 317, 362

family (under a relation) 3, 330

FD (system of free logic: Lambert and
Van Fraassen) 56

Findlay, J. N. 108n., 340n,, 355n.

Fine, K. 26n., 257 n., 260, 264, 265, 279,
298-300, 307n., 311-14, 314-18,
339 340n.

fission 121 n,, 193, 195, 202, 226, 238 n,,
269

fist (example) 204-5, 238, 299, 309

Fitch, F. B. 142n.

flux 1-2, 118, 120, 124, 146, 173, 177,
181,186,191,199,205,238,239-40,
242, 361

argument 117-27

Forbes, 0.130n,, 226n., 260,262,264 n.,
265, 269n., 270n., 277n, 279n.,
280n., 281 n., 287, 289

form 199, 200, 363, 364

formal concept 2,112,152,168,176,279,
342, 355, 363
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form-constant see constancy, form- vs.
matter-; sortals, form-constant vs.
matter-constant
foundation 292, 303
strong 312
weak 295, 312, 314
four-dimensional ontology 2, 106, 114-
15, 120, 121-7, 194, 283, 291, 361
freedom postulates see supplementation
principles
freelogic 14,16,19,41,48,49,55-60,80,
143
relation to Ontology see M"
see also calculus of individuals, free
Frege, G. 18n., 28n., 78n., 102-4,
141 n., 152, 170n., 290, 304
FS (systems of foundation and depend-
ence: Fine) 311-14
function 304
partial 13, 19
functor 23
fundament 304
ftision 65, 68, 72, 75, 102, 243
see also fission; sum, general

Gabbay, D. M. 138n.

Ganthaler, H. 321 n.

Ganzheit see Gestalt; whole, integral

Garrett, B. J. 120, 204n.

Geach, P. T. 13n., U5n,, 120, 123n.,
126, 136n.

geometry 81-2, 92

genidentity 127, 350-1

Gestalt 3, 254, 290, 324-5, 354-60

Ghiselin, M. T. 332

Ginsberg, E. 310, 311

God 295, 301-2, 318, 321-3

Goldman, A. I. 133n.

Goodman, N. 1,6, 7, 11n., 48-9, 52-4,

55n.,69,91,99,101,104, 109,110—

11, 117, 139n., 152, 284-5, 324

Goodman’s principle: ‘no difference of
objects without difference of con-
tent’ 104, 111, 117

GreUing, K. 3,254,294 n., 344, 345, 357,
359n.

Grene, M. 332n.

Grice, H. P. 120, 213, 214

Griffin, N. 158n,, 194n.,
234n.

groundedness 320, 322

groundedness principle: ‘every depend-

198n,, 213,

Index

ent object depends on an object
which' is not dependent’ 319-20
group 144-8, 168, 176
GSP see sum principle, general
Gupta, A. 142n., 294n.

Hacker, P. M. S. 123n., 305n.

Harri, H. R. 353n.

Harris, N. G. E. 224n.

Hasse diagram 26, 88, 89

heap 75

‘heap’ vs. ‘Heap’ 224-5

heap paradox see Sorites paradox

Heller, M. U8n,, 120

Henkin, L. 60

Henry, D. P. 11n., 14n., 62n., 99, 100,
118n., 120, 142n.

hierarchy 168, 332

Hinckfuss, 1. 297 n.

Hintikka, K. J. J. 55n.

Hi*, H. 81

Hobbes, T. 116n., 199, 203

homeomerity 219-20

homogeneity 219

Horgan, T. 129n., 133n.

Hornsby, J. 137n., 307n.

Hull, D. L. 332

Hume, D. 116n,,
351-2

Huntington, E. V. 104

Husserl, E. 3, 103n., 108n., 254, 255,
261n., 292, 294n,, 303-4, 310, 312,
313-15, 317, 339-40, 342, 352n.,
356

177, 253, 333, 341,

identity 2,11,22,26,62,63,123,151,179,
352, 363
conditions 43, 50, 105, 110, 133-4
diachronic 183,184,191,202,221-2,
351-4
synchronic 183
non-plural 22, 49, 56, 80
singular 22, 63
transitivity of 119, 121, 201, 284
trans-world 226, 264, 281
see also Leibniz’s law; personal ident-
ity; relative identity
impossible objects 110, 261
inclusion 22, 63, 170
intensional 169-70
singular 21, 279
spatial 216
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inclusion (Contd.)
strong 22, 63, 90, 148-50
weak 250-1, 302
independence, ontological 292, 301-4,
312, 313, 364
absolute 301-2, 318-23
relative 312
indiscemibility, temporary 211, 213-14,
223, 228
‘individual’ (as term) 10, 109, 148, 152,
315
inessentialism, mereological 274
Ingarden, R. 285n., 296, 348
injunction 84
‘inside’ set inclusion, spatial
instant 177-8
integration 290
see also whole, integral
integrity (under a relation) 3, 330, 363-4
functional 342-9
mereo-topological 335-9
ontological 339-42
temporal 349-54
intension 169-70, 264
interdependence 345
interior 96, 98
see also part, internal
intersection 22, 63
interval
real 29, 32-3
temporal 90-2, 178
‘is” of constitution 194
isolated system 348

Johnson, W. E. 343n.

join see bound, least upper

joining 35, 84-5, 338
strict 188

Karmo, T. 308 n.

Kenny, A, J. P. 137n., 139n.
Kofflca, K. 345

Kohler, W. 325, 349

Kripke, S. A. 269, 287
KQng, G. 61

L (system: Lesniewski’s Ontology) 61-5
Lambert, K. 55n., 56, 143, 261 n., 346n.
lattice 25n., 162i1, 170n.

see also Boolean algebra
Laycock, H. 154-5, 234n.
Le Blanc, A. V. 70, 74-6, 100, 108n.
Leibniz, G. W. 42, 103, 115n., 116n.,

177,221 n., 222n,,251,291,319-20,
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341, 353, 361, 363, 364

Leibniz-Heidegger Fact: ‘there is some-
thing rather than nothing’ 78

Leibniz’s Law 49, 120, 213

Lejewski, C. 59n., 64, 69, 70, 75, 93, 99,
100, 103n., 106n., 110n., 142n,,
143, 148, 149, 152

Leonard, H. 1, 6, 7, 11n., 46, 48, 52-4,
55n,,69,90,99,101,139n,, 152, 324

Le&niewski, S. 1,4-7,9, 10n,, 14, 18-25,
27, 28n., 46, 48n,, 60-81, 82, 99,
100, 101-5, 108, 110, 142, 143, 152,
158, 288, 324

level generation 133

Lewis, C. I. 264

Lewis, D. K. 142n,, 264, 281

LG (system: Leonard and Goodman) S3,
90,93

Link, G. 162n.
local predication 135
Locke, J. 118n., 173, 195 207, 221,

222n., 242-3, 246

Locke’s principle: ‘no two things of a
kind can be superposed’ 221-8

Lowe, E. J. 259n.

Lowenheim, L. 152n.

LP see Locke’s principle

Luschei, E. C. 62, 101 n.

Lyons, J. 143

M (system: Lesniewski’s Mereology) 65-
76

M' (system: Mereology with singular
variables) 77-80

M" (system: Mereology with non-plural
variables) 80-1

McCawley, J. D. 155n.

McGinn, C. 269n., 270

McTaggart, J. M. E. 123n., 126n., 135,
136n.

Manser, A. 290n.

mark see intension

Martin, R. M. 13n., 130n.

mass 2, 153-66, 176

of matter see matter

material cause 238, 240

materialism of extensional mereology
105, 106, 110-11, 159, 251, 266

material object 117, 119, 127, 176, 221,
223-4, 251

matter 3, 165, 173, 199, 212, 240-7,279,
363 364

prime 111, 127-8, 240-1, 245, 320
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matter-constant see constancy, form- vs.
matter-; sortals. form-constant vs.
matter-constant
MEC see rigidity, subclass
meet see bound, greatest lower
Meinong, A. 261, 355n,, 356
Mellor, D. H. 127n,, 136n.
membership
class see inclusion, singular
rigidity see rigidity, membership
set 21
Menger, K. 92n,, 98
mereological—: for compounds begin-
ning with ‘mereological’ see the head
noun, e.g. essentialism, mereological
mereology
atomistic 41-5, 50-2, 54, 69, 75, 148,
265, 280
atomless 42-5, 75-6, 83, 148
extensional 1-171 passim, 338
classical 1, 15, 31, 37-45, 171, 265,
311, 361, 363, 364
minimal 31, 32, 33, 37, 87, 132
non-classical 15, 25n., 35, 81-92, 95,
335
global vs. local 363
minimal 179, 362
modal 3, 253, 255-89
Mereology (Le&niewski and related sys-
tems) 1, 6, 7, 15, 16, 18, 22-5, 60,
64-76,81,100,101-4,148-53,157,
158, 161, 361
mereo-topology 92-8, 335-9
‘metabolism’ see flux
metavariables 46-7
Mteville, D. 60n., 101n.
Miller, F. D. 129n.
Minkowski diagrams 126
mixture 218-21, 251
models of mereological systems 17, 26-
34, 41, 52, 69, 83-4, 87, 88-9, 91,
110n., 116, 127, 170-1, 248-9
modification see temporal modification
of predicates *
moment 304
monad 42, 301, 319-20, 341
Montague, R. 154n.
Moore, G. E. 177
Moravcsik, J. M. E. 130n., 138n.
Morscher, E. 343n.
MR see rigidity, membership
Mulligan, K. 170n., 292n., 304n., 307 n.,
310n., 315n,, 322n,, 349n., 355n.
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Munitz, M. B. 15n.

music works (example) 282-3, 284-5
mutilation 211, 284

Myro, G. 120, 213, 214

N (system of foundation and depend-
ence: Null) 314-15
necessity 255-62
dere 116, 257-60, 295
of origin 269
Needham, P. 90-2, 178n., 335-6
negation, nominal 63, 77
Nicod, J. 42
nominalism 18, 60-1, 105, 363
Noonan, H. 183n., 191 n,, 204n,, 224 n.,
227n.
norm-kind 284
notation xi-xiii, 7,24-5,46-8,56-7,66,
98-100
noun
collective 145-6
common 19, 141-2, 294n.
count 89, 235
mass 89, 90, 154, 166
nucleus 66
see also product, general
Null, G. 311, 314-15, 317, 339
null individual 13, 99
null set 13

‘object’ (as term) 10n., 144, 152, 175-6

occurrent 118, 129-37, 173, 263, 266-7,
281-2, 305-8, 349, 351

one and many 151-6, 331

one-many view (of composition) 212

‘one of' see inclusion, singular

‘Only a and b’ principle: ‘what makes a
and b identical is independent of
objects distinct from a and b' 227

ontological commitment 21, 24, 61, 78

Ontological unit 74

Ontology (Le&niewski) 6,7,18-22,60-4,
99, 104, 142, 143, 147-53, 161

open (individual) 94, 96, 98

organic axiom system 74

organism 118, 124, 187, 196, 206, 268-
70, 286, 308, 310, 364

Oppenheim, P. 3, 254, 294n., 334, 343,
345, 357, 360

‘outside’ see disjointness;
spatial

overlapping 11-12,24,28,36,37,38,65,
83, 165, 251

exclusion,
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overlapping (Conld.)
proper 12, 73
spatial 216

P (system of parts: Bostock) 86-8, 336
Padoa’s method 73
Pantin, C. F. A. 308n.
parameter 46-8, 56, 61, 178, 288
parentheses, rules for eliminating 47, 56,
61
Parsons, C. 279n., 280n.
Parsons, T. 154n., 261 n.
part
accidental 364
essential 253, 255-6, 267-71, 281-2,
302, 3/7, 318n., 340, 364
transitivity of 271
essential permanent 190, 268, 271, 273
improper 11
immediate 108
internal 93, 95
modal 254, 263-4
normal 284-7, 364
original 270-1
proper 9-10, 23, 24, 38, 65, 71, 106,
116
asymmetry of 10, 26, 37, 67, 106-7,
263, 362
transitivity of 10, 26, 37, 67, 83, 105,
107-8, 189-90, 263, 362
proper-or-improper 11, 24, 26,37, 38,
65, 71, 112, 168
replacement of 195-204, 271
spatial 128, 131, 132
tangential 95
temporal 2, 117, 128, 129, 131, 132,
135, 173
temporary 175, 177
undetached 119-21, 123, 333-4
see also inclusion, weak
‘part of’ vs. ‘a part of’ 159-60, 2345,
237, 278
see also 'some of’
partial ordering 11, 13n., 25, 26, 29, 30,
43,51,87,91, 117
strict 26
particle 242
partition 219, 329
path-connectedness 327
Peacocke, C. 280n.
Pelletier, F. J. 154
performance 137-41
persistence 349-54
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conditions 197, 223-4, 349, 354
personal identity 206-8, 292, 307-8
phase 122, 132
phase-dissective predicate see dissective
predicate

Plantinga, A. 257n., 275

plausible principle: ’if an object is spa-
tially included in another, it is super-
posed with part ofthe second object’
217-18

plurality 109, 111, 129, 144-8, 166-8,
176, 186

see also class
Popper, K. R. 325, 326
position 357
Potts, T. C. 137n.

PP see plausible principle

PPP see proper parts principle

pre-closure algebra 313-14

primitives of Mereology 64-5, 67-9,
70-6

Prior, A. N. 120, 123n., 260n.

process 2, 123, 129, 206, 352

ontology see four-dimensional

ontology

product 30, 182
binary 13-4, 24, 30, 37, 39, 49, 66, 72
general 15, 23, 24, 35, 37, 40, 66, 72
see also bound, greatest lower
prologue functor 61
propagule see necessity of origin
proper parts principle: ‘if an object has
proper parts and all its proper parts
are proper parts of a second object,
then it is a proper-or-improper part
of the second object’ 28, 29, 30, 31,
33, 45, 83, 112, 114-17, 122, 129,
133, 249

property 169

essential 239

modal 112, 115-16, 191, 225-6

see also attribute
propositional types see protothetic
protothetic 60, UOn.

Puhringer, C. 13n.

QS5 (system of quantified modal logic)
260, 287-9
semantics for 259, 265, 287-9
quality-instance 304
fua-object (Fine) 26n., 298-300, 307n.,
309
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quantification
higher-order 55, 60
Lesniewskian 20-1, 60, 61
substitutional 21, 61
quantifier 47, 78
particular 20, 47
rule for eliding (temporal modifi-
cation) 178, 305
restricted vs. unrestricted 20-1, 78-9
universal, rule for eliding (universal
closure) 47-8, 56, 61
quantity see mass
quasi-mereology 14n., 88-90
quasi-topology 96
Quine, W. V. O. 27, 55, 61,90, 111, 116,
120, 123-4, 128, 154, 193, 203,
259n,, 291 n,, 364

R (thesis of sortal-relative identity) 213
Rasiowa, H. M. 25n.
Rausch, E. 349
RC (system: Chisholm) 188-90
receptacle 215-16, 230
reductivist view (of composition) 212,
214-15
reference see term
region 92, 132-3, 211,220
Reid, T. 177, 304 n.
Reinach, A. 355n.
relative identity 119, 120, 199, 202,
213-14
view (of composition) 212-14
relativity, theory of 82, 123, 126-7, 132
remainder principle: ‘if an object is not
part of a second object, then there
exists a unique remainder (differ-
ence) of the first minus the second’
88, 98
representative of a class 152, 170-1
Rescher, N. 106-8, 112-14, 334, 343,
345, 357, 360
Rickey, V. F. 70
rigidity
membership: ‘a class has the same
members in all worlds in which it
exists’ 279
modal 2, 265-6, 306
subclass: ‘a class has the same sub-
classes in all worlds in which it exists’
279
temporal 306
Roberts, J. 130a, 138-9
Routley, R. 261 n.

Index

RP see remainder principle

Russell, B. 10n,, 42, 82, 102-3, 104n,,
110, 123n,, 136n,, 141n,, 144, 155,
165, 299n., 328n, 330n., 345,
348a, 352, 355n.

Russell’s paradox 102, 321

Rusza, I. 263 n.

S (family of systems of extensional
mereology) 25-45

Salmon, N. U. 198a

SC  (system: classical extensional
mereology) 37-41, 45, 79

Schlick, M. 324-6

Schock, R. 55n.

Schroder, E. 59a, 60, 69, 102-4, 142,
148a

Schuldenfrei, R. 44n.

scope see comers

section 132

segment 132

separation 84, 94, 95

see also disjointness
set theory 102-4, 152, 170, 279

Sharvy, R. 11n., 14a, 88-90,152,154-
5, 156, 159, 165-6, 215n., 218-20,
222a, 235, 251, 278, 290a

Ship of Theseus (example) 3, 175, 198—
204, 276, 351

Shorter, J. M. 181n., 222, 223a, 226

Sikorski, R. 41n., 44n.

similarity (of complexes) 358

Simons, P. M. 19n.,61a, 77a, 8la, 99,
100, 103a, 129a, 133n., 142n,
143a, 152a, 162n, 170a, 211a,
214a, 224, 292a, 29 a, 2%a,
299a, 304a, 307n, 311, 315a,
322n., 332n., 344n., 346a, 357n.

Sinisi, V. F. 28a, 82a, 84n.

singularization 166-7

slice 122, 132

Stlipecki, J. 9a, 60n.

Smart, J. J. C. 123a, 126a

SME see essentialism, mereological,
strong

smile (example) 306-8

Smith, B. 170a, 292n., 304a, 307a,
310n,, 315a, 317, 322n., 339,
340a, 349a, 355a

Sobocinski, B. 4) a, 60a, 64a, 66, 68,
69,70, 73-4,76,99a, 100a, 147a

Sokolowski, R. 310

solid geometry 92
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‘some’ ((sa m] vs. [sip]) 150
‘some of’ 90, 150, 156-7, 278
see also inclusion
Sorites paradox 276-7
sortal 110, 117, 221, 223-5
form-constant vs. matter-constant
200-4
open texture of 271
phase- 270
space 111, 216
space-time 111
span 132
species, biological 286, 332
spell 132
spheres (base for spatial regions) 92, 220
Spinoza, B. 319, 321 n.
sponge (example) 331

spread 132

SSP see supplementation principle,
strong

standard approach (to mass predication)
154

stand-in see entia succession
state 129, 307
Stenius, E. 152n.
Stone, M. 44n.
Strawson, P. F. 126, 130n.
structure 3, 354-60, 364
subaltemation 78-9
substance 3, 176, 227-8, 254, 292, 309-
310, 315, 318-19, 321 n., 339, 363
substratum 227,.306, 348
succession see entia successiva
sum 3, 31, 32,33, 101, 108,133, 165,182,
236, 253, 291, 324, 335, 349, 361
binary 14,24,32,37, 39,49, 66,72,85,
91, 183-4, 188
disjoint 18, 71-2, 84, 188
general 15,23, 24,33,37,40-1,4S, 65,
71, 87, 184-6
sum principles 35, 45, 105, 134
binary: ‘any two objects have a sum’
34, 84
general: ‘any class of objects has a sum’
36, 37, 43, 49, 81, 83, 108, 236
superposition 117, 133, 196, 210-15,
216-37
supersummativity criterion
Ehrenfels’s criteria
Suppes, P. 73n.
supplementation principles 26-9, 45, 91
strong: ‘if an object is not part of
another object, the first object has a

set

389

proper part disjoint from the second
object’ 29, 30, 36, 43, 83, 87, 88, 91,
116, 217-18, 244, 251, 311, 314, 31S

weak: ‘if an object has a proper part, it
has another proper part disjoint
from the first’ 28, 30, 31, 98, 116,
263, 362

see also proper parts principle; re-
mainder principle

support 303-4, 318n,, 340-1

Surma, S. 101 n.

T (system: Tarski) 53-4, 92
Tarski, A. 6, 25n., 40n., 41n., 48, 53-5,
69, 73n,,82,92,93 n,, 101, 104,148,
324
temporal modification of predicates 122,
130, 173, 176-8, 299, 305
tense 176
term 18-22
class see plural
empty 19, 21, 55, 57-9, 63, 77, 143
general see noun, common
mass 111, 153-66, 234
neutral 77, 143, 288
non-plural 80, 155
plural 19, 23-4,64, 77, 141-4, 156-7,
161, 167, 234
referential 143, 144
singular 18, 47, 71, 77, 141, 143, 161,
253, 288, 290-1
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