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INTRODUCTION

The second part of Ajdukiewicz' sclassic paper on Syntactic Connexionis devoted to a
discussion of languages involving variable-binding operators such as quantifiers, inte-
grals, and the like. Ajdukiewicz argues that such operators are not genuine functors,
and consequently that those languages run afoul of the basic functor/argument schema.
At most he suggests that al variable-binders might be restricted to one kind only, or to
the combination of ordinary functors with a“circumflex” operator (the terminology is
from Whitehead and Russell’ s Principia Mathematica). And that suggestion has ever
since become quite popular, particularly under the impact of Church’s Lambda Cal-
culus.

Thisfact is of no little historical interest, for there is a misleading tendency to
present lambda-equipped categorial languages as an extension—rather than an imple-
mentation—of Ajdukiewicz's origina insights. More important, however, is the
philosophical import of this account. For apart from any considerations of esthetic ele-
gance and conceptual parsimony, the claim that functional application aloneisnot a
sufficient paradigm for linguistic analysistiesin directly with a number of fundamental
issuesin semantics.

In this paper | argue that thisis by no means a hecessary course. | argue that a
fairly general semantic framework can be developed where the only relevant distinc-
tion isindeed the functor/argument distinction, and where the only structural operation
for generating expressions is functional application, with no need to resort to func-
tional abstraction aswell. | shall not prove any general results to the effect that such a
framework is universally applicable. However, the overall apparatusisillustrated in
connection with some concrete examples—notably quantificational and full categorial
languages—which should suffice to support my point.

In the concluding section, | then offer some remarksto illustrate the philosophical
import of this approach. Particularly, | briefly discuss a certain conception of logic that
emerges from the proposed account: the view that logic is essentially a theory in the
model-theoretic sense, i.e. the result of selecting a certain class of models as the only
“admissible” interpretation structures (for agiven language).
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LANGUAGES

As| mentioned, my starting point is essentially Ajdukiewicz' s notion of a“pure” cat-
egorial language. It isavery simple, rather abstract notion, and it is based primarily on
the ideathat the expressions of any language may be divided into two kinds of syntac-
tic categories', or types: individual (or primitive) and functional (or derived).

Intuitively, the former correspond to those categories of expressions whose syn-
tactic status need—or can—not be analyzed in terms of other categories. One of these
could be, for instance, the category (Declarative) Sentence; another could be the cate-
gory (Proper) Noun?. We need make little effort here to select such primitives with
care. And to alow for the greatest generality, we may as well start off with an infinite
number, bypassing the problem of specifying the intuitive status of each of them. For
definiteness, | shall just identify the primitive types with the natural numbers, taking 0
and 1 to represent the traditionally fundamental categories of sentences and nouns re-
spectively.

On thisbasis, an infinite set of derived typesis obtained by introducing some op-
eration on the set of primitive types, say the operation & fiof pair formation ®. More
generally, we may assume that whenever t and t' are types, primitive or derived, a
new derived type may be formed, which we may identify with the ordered pair &,t' i
The intuitive ideais to think of such atype as corresponding to those expressions
(functors, in the traditional terminology) which produce expressions of type t' when
combined with expressions of typet. For instance, if 0 and 1 are interpreted as above,
then &,0A &,1A 41,0A and &L,1fAwill be the types of such functors traditionally re-
ferred to as (monadic) Connectors, Subnectors, Predicators and Operators, respec-
tively; &0,0/&,0M &0,174,1M etc. will be the types of the corresponding (mon-
adic) Adverbial Modifiers; and so on®.

In general, our set of types T can then be defined as the closure of w under an
And theidea | wish to consider is that the expressions of any declarative language
L can be recursively specified on the basis of some type assignment to its symbols:
foreach tl T, the L -expressions of type t will comprise all the symbolsinitially as-
signed tot plus all those expressions that result from applying a given structural opera-
tion (usually some form of juxtaposition, but | shall leave that open) to pairs of ex-
pressions of type &', tiiand t' (for somet'T T).

DEFINITION 1. A languageis an ordered triple of the form (s,g,E ) satisfying the
following conditions:

(@) sisaone-onefunctionwithDs:a® T (for someordinal a)

(b) g isaone-onefunctionwith R g¢cRs =0 (and Dg as below)

(c) Eisthesmallest system of sets closed under the clauses (i) for each pair
&t Ds: tl DE and s(b,t)l E; and (i) if &',tAt'T DE, xI Eq 4 and yl Eg, then
tl DE and g(x,y)l E;.
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[Intuitively, where L=(s, g, E) isalanguage, the elements of R s are the symbols
of L, and UR E istheclass of all expressions generated from those symbols by re-
peated application of the structural operation g (the requirement that s and g be one-
one functions with disjoint ranges is to secure that each expression of L can be
uniquely represented as either a symbol or a compound of the form g(x,y) ). In par-
ticular, an L -symbol of type tisany xI R s such that x=s(b,t) for some bl DDs
(such ab may be called the ordinal index of x), while an L -expression of typet is any
element of E; °].

There is no doubt that this definition allows for some peculiarities which make
little intuitive sense. For example, clause (a) allows for the possibility that alanguage
L involve an arbitrary number of symbolsfor any type tl T, but it is clear that unless
some L -symbols are assigned derived categories, the structural operation of L would
be empty, and no compound expression could be generated. Also, thereisnothing in
the above definition to secure that al symbols of a given language can actually be used
to produce expressions of type 0, i.e. sentences. Such oddities, however, areirrele-
vant in principle, and | shall refrain from introducing unnecessary complexities into
the account.

Indeed, the generality of Definition 1 lies precisely in the fact that it allows one to
single out a desired language or class of languages simply by implementing clauses
(a)-(c) with the appropriate additional conditions. Thus, for instance, one may want to
require that the functional expressions of alanguage L=(s,g,E) alwaysyield individ-
ual expressions, in the sense that whenever E 4 yis defined (for t,t1 T), Erisalso
defined, and hence so is E;. Further, among such languages one may want to pick up
those languages only whose categories of expressions aways cancel to agiven type t,
i.e. can be used to generate expressions of type t. As | mentioned, presumably most
languages in use should be regarded as languages whose categories of expressions
aways cancd to 0. Overal, however, the fundamental semantic notions must be out-
lined for the general case.

In thisregard, it should also be noted that the above definition provides a purely
combinatorial characterization of the notion of alanguage. In particular, the difference
between symbols and compound expressionsis a rative one: the latter are generated
by application of g, the former are not. This means that definition 1 does not imply
that alanguage’ s symbols must necessarily lack internal structure, but only that this
structure—if any—isirrelevant to the syntax of the language. Apart from the fact that
this secures a certain neutrality with respect to the sort of entities languages are made
of (which was already an attractive feature of Ajdukiewicz’ s original account), a deri-
vative advantage of this account is precisely the possibility of treating variable-binding
operators as ordinary functors, viz. as “structured” symbols consisting of the operator
together with a corresponding bound variable.

A few concrete examples will help illustrate al of this. To thisend, let L=(s,g,E)
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be any language, and for al ni wand all t, t'T T, let ‘& <™,t' fi be an abbreviation
for the type &,&,,a..,&,.,t' fii..fiM where t;=t for each i<n (for n=0, &™,t'Areduces
tot').

EXAMPLE 1.1. L isasentential languageiff RDsi {&,0fi n3 0} —i.e. iff L
comprises a certain stock of sentence symbols (= symbols of type 0) along with a
number of n-ary connectors (= symbols of type &,0f) for variousn>0.

To redeem some familiar notation, suppose L includes a binary connector ‘™ (of
type &0,40,0). Then, for all A, Bl E,, we may set:

(@ “(A™B)" for ‘g(g(",A),B)
(b) ‘(=AY for ‘(AAy

(©) ‘(AUBY for ‘(-(A"B)y
({1) ‘(AUBY f9r ‘(-(-A)U(-B))

EXAMPLE 1.2. L isandementarylanguageiff RDsi {&™ t'fin3 0& t,t'£1}
—i.e. iff L comprisesaset SENT, of sentence symbols (of type 0) and a set NOUN_
of noun symbols (of type 1) along with aset CON | ,of n-ary connectors (of type
&€™,0f), aset SUB |, of n-ary subnectors (of type &™,1f), aset PRED |, of n-ary
predicators (of typedl™,0f) and a set OPER |, of n-ary operators (of type &L <™,1)
for eachn> 0. In particular, we may assumethat if L isan elementary language, then
there exist adenumerable set v | NOUN, and various sequencesQ, .n digoint fromR
s (for n>0) such that Q. " v, = {&,yfi&,yfl CON_ ,}.In that case we may speak
of v asaset of nounvariables, referring to apair of theform &, . i, vfi(where
il DQL . ,and vl v ) as an n-ary quantifier binding the variable v.That is, from a
purely syntactic perspective, we may treat quantifiers as a specia kind of “structured”
connectors’.

Again, to introduce some familiar notation suppose L isan elementary language
whose symbols comprise a binary quantifier ‘& ,vfi for each element of aset v of
noun variables. Then, for al vi v, andal A, Bl E, wemay set:

(@ ‘(A*B)y for ‘g(g(@.viiA),B)
(b) ‘(-A) for ‘(ATAY

(© ‘(AUB) for ‘(~(A"B))’

(d) ‘(AUBY for ‘(-(-A)U(-B))

© “(WAy for ‘(A" A)
@ (UvAa)y for “(-(Wv(-A)y

(whereuis, asusua, the first variable foreign to A and w thefirst variable foreign to
both A and B).
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EXAMPLE 1.3. L isa full categorial languageiff RDs=T —i.e. iff L com-
prises anon-empty set S |, of symbolsfor every typetl T. In particular, we may as-
sumethat if L isafull categorial language, then for eachtype tl T there exist a se-
quenceA | digoint from R s and adenumerable set v s, .t So that, for every
tT T, {&yt A&yt il S, sarm=AL. VL.« {t'}.Inthat case we may speak of
eachv _ (il T) asaset of variables of typet, referring to atriple of the form & | ;
VAT T, 01 DAL , vI v ) asan abstractor of type &', &,t' ffibinding the vari-
ablev.

Toillustrate, suppose now L isafull categorial language with an abstractor
& ,v,t fifor each variable v and each type t'T T ; then the usual lambda-combinatorial
notation can easily be introduced—for instance:

@ ‘(vA) for ‘g@,v,tfA)y

(k) “1¢ for ‘(I vvy)’

(C) K t,t'1 for ‘(l Vx(l Vzvx))1

(d) ‘Siee’ for “(1va(l vy (1 Vx9(9(Va, Vi), 9(Vs,V)))))
(provided of coursevi U{v, ¢l T}, tt',t"T T, Al E¢,and v, v,, V,, V, are fixed
variables of typet, t', &,t' Aand &,&',t' Mrespectively).

MODELS

We can now turn to the notion of amodel (of alanguageL ). The general ideais sim-
ply that amodel must act as a sort of semantic lexicon: it must determine what sort of
things may be assigned to the basic components of the language as their contensive
counterparts, and it must do so within the limits set by the relevant type distinctions.
Thus, in general, amodel for agiven language L of theform (s,g,E) will be a struc-
tureM of theform (d,h,1), with d, h and | atriple of functions satisfying essentially
the same conditions as s, g and E respectively: to each category of expressions E;I R
E there will correspond some non-empty domain of interpretation |1 R1; to each sym-
bol s(b,t)l E, therewill correspond adenotation d(b,t)i 1, ; and to the structural op-
eration gl (URE)3 there will correspond an operation hi (UR | )3 subject to the same
type restrictions, i.e. such that xI 1 x sand yl | awaysimply h(x,y)i 1, ".

DEFINITION 2. A model for alanguage (s,g,E) isastructure (d,h,| ) satisfying
the following conditions:

(@) disafunctiononthedomain of s

(b) hisan operation distinct fromd

(c) | isasystem of sets closed under the clauses (i) for each pair &,tii Ds:
t DI and d(b,t) I; and (ii) if & ,tAt'T DI, xI 144 and yI Iy, then t DI and
hx,y)l 1.
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| think thisis more or less the notion of amodel that Ajdukiewicz had in mind, at
least relative to the general notion of alanguage introduced above. Of course thisisal
quite abstract, and the intuitive appeal of the account depends on the actual make up of
thefunctionsd, h, |. For example, if the sentence type O werein D E, then |, might
be construed as a set of “truth-values’, or perhaps as a set of “propositions’. And if 1
or 41,0fiwerein DE, one might think of |, asaset of “individuals” and | 4 o;as a set
of “properties’. However, in general | believe semantics ought to remain neutral with
respect to the philosophical question of what kind of entities should be taken as inter-
pretations of what expressions, particularly where commitment is not necessary (for
the same reason, in the definition of alanguage the notions of “sentence”, “noun”,
“predicator”, etc. are not defined independently, but only in relation to the auxiliary
notion of atype).

Infact, what | want to stress here is that the generality of this approach lies pre-
cisaly in the fact it allows one to single out a desired model or class of models simply
by implementing clauses (a)-(c) with the appropriate additiona conditions, just as with
the notion of alanguage. For instance, the definition allows the domains of interpreta-
tion associated with the basic categories of expressions of the given language L to be
arbitrary sets, and hence to vary from model to model. That in practice one is often
interested only in the study of models which agree in assigning the same, fixed do-
main of interpretation to certain basic categories of L (say, only models M such that |,
—if defined—is afixed set of truth-values) is another matter, and may be accounted
for by singling out that class of models whose elements satisfy the desired conditions.
And of course the same criterion may be used to account for the fact that some sym-
bols are often assumed to have a fixed “meaning” (i.e. denotation in the case of indi-
vidual symbols, and denotation plus relative conditions on the structural operation in
the case of functional symbols): in general, such assumptions can be regarded as de-
termining a certain selection of models as the only admissible ones, and different as-
sumptions will correspond to different selections. Thus, as| takeit, to say e.g. that a
language L has aclassical conjunction connective U isto say that the only models to
be considered are among those models where |, is, say, the set 2={ 0,1}, and where
‘U denotesthat function f: 2® 2 2 such that f(x)(y)=xcy for al x,yl 2; to say that L
has a standard multiplication operator ‘A’ is to say that the only models to be con-
sidered are among those models where |, is, say, the set w, and where ‘A’ denotes
that function f: w® ww such that f(x)(y)=x-y for al x,yl w; and so on.

In thisregard, there is yet an important feature of our definition that marks a de-
parture from (or rather, a generalization of) the standard Ajdukiewiczian approach:
thereisin fact no requirement that every domain of theform | 4 ;;be a*Fregean” set of
functionsf: 1, ® I, hence no requirement that a model’ s structural operation always
yield the value h(x,y)=x(y) for xI | zmand yl 1. Again, thisisin the spirit of ab-
stractness and philosophical neutrality. But we shall see in a moment that this gener-
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ality is particularly important for the purposes stated in the Introduction. For surely,
we cannot treat quantifiers as connectors andinterpret all connectors as functions from
truth-values to truth-values.

Infact, as| seeit this general attitude with respect to the notion of amodel has far
reaching consequences, for it also seems to permit a uniform treatment of what are
sometimes regarded as different types of semantical modeling. For example, the se-
mantical analysis of so-called intensional languages is usually supposed to induce a
conceptual departure from that of simpler case studies, for in that case the “intended
meanings’ of alanguage’' s symbols seem to depend on various factors which are dis-
regarded in the simpler accounts. Y et, within the present framework such cases can be
dealt with like any other: to account for the relevant factors one only hasto refer to the
appropriate classes of models, requiring e.g. that the domains of interpretation be not
just sets of entities (truth-values for t=0, individuals for t=1, etc.), but sets of func-
tions ranging over those entities and taking as arguments indices from an appropriate
set of intensional features. More precisely, for any language we can single out the
class of its indexical models as consisting of all those models M=(d, h, I ) such that,
for some set A of “possible features’ and some system U =&J, : ti D E fiof universes
of “entities”, I, =U A for eachtl DE. And among such models, we can take the ones
that best fit our purposes. (The nature of A isin fact liable to further qualifications de-
pending on one's specific needs. For instance, to account for a certain standard
meaning of such modal connectors as ‘ necessarily’, ‘ possibly’, etc. one may construe
A as aset of “possible worlds’; but if the language is also supposed to contain in-
dexical locutions such as demonstratives, personal pronouns, etc., one might prefer
thinking of A as a set of ordered pairs consisting of a“possible world” and a“context
of use”; and in connection with tensed languages one would perhaps go even further,
requiring A to be a set of ordered triples consisting of a*“possible world”, a* context
of use”, and a“moment of time”. All of this, as| seeit, isjust amatter of case-by-case
specifications.)®

Itisof course understood that if M isan indexical model relative to agiven set of
features A, the values of h should in general not depend on A unless the arguments do
too. That is, one should have h(x,y)(a)= h(x,y)(8) whenever x(a )=x(g) and y(a
)=yY(@3) (a, qT A). Also, such values should behave coherently with respect to the en-
tities that make up the system of universes U =&J, : ti D E i Thus, in general one
should require that h(x;,y)(@= h(x;,y)(@) if xi(a=x;(a), and h(x,y;)(@=h(x,y;)(a) if y;
(@=y;(a). Indexical models satisfying these additional conditions may be referred to as
models rooted on the couple (U, A). Aswe now shall seg, it is precisely models of
this sort that can be employed to provide an interpretation of languages whose vo-
cabulary includes variable-binders.

For concrete illustration, we can refer directly to the examples considered earlier.
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EXAMPLE 2.1. If L isasentential language, then M is a bivalent sentential
model for L iff 1,=2. In particular, suppose L contains only abinary connector ‘' as
in Example 1.1: then we may say that M is a standard sentential modd for L iff M in-
terprets ' asthejoint-denial connector:

() if s(b,t)=", then h(h(d(b,t), X),y)=1~(XEY) for every x,yi 1.

EXAMPLE 2.2. If L isan elementary language with a denumerable set v of
noun variables, then M is abivalent elementary model for L iff M is rooted on a cou-
ple (@J,: i DER A) suchthatU,=2 and A=U,"".

Thus, to account for the fact that some L -expressions may involve variable sym-
bols of type 1, we may just requireM to be an “indexical” model relative to the set of
“features’ U, ", i.e. expressions may be interpreted as functions of the relevant value
assignmentsav, ® U, . In particular, suppose L includes abinary quantifier ‘&, vii
for each variable vi v, , asin Example 1.2: then we may say that M is a standard
edementary model for L iff the following additional conditions hold for every
&,tf Ds, everyvi v, and every x,yl |,:

(@) if s(b,t)l v, then d(b,t)(@=d(b,t)(b) for all a,bl A

(b) if s(b,t)=v, then d(b,t)(8=a(v) for ala A

(c) if s(b,t)zé’,vﬁ then h(h(d(b,1), x),y)(@=N{ 1-(x(av/u)) E y(av/u))):ul U,}
fordla A

(i.e., iff M interprets‘ & ,vfi asthe joint denial quantifier binding the corresponding
variable v, every constant symbol denoting constant functions of the right sort).

EXAMPLE 2.3. If L isafull categorial language with adenumerable set v, of
variables for each type tl T, then M is a bivalent categorial mode for L iff M is
rooted on acouple (&J:tl T A) suchthatU,=2 and A=04&J"-.: tl Tfi

Thus, again, since the expressions of L may involve variable symbols of various
types, we require here that M be an “indexical” model based on the appropriate set of
“features’: sequences of value assignments & v,  ® U for each tl T.Inparticular,
suppose L includes an abstractor & ,v,t' fifor each vi U{v,_ :tl T} andeach tT T,
asin Example 1.3: then we may say that M is astandard categorial model for L iff the
following additional conditions hold for every &,tfl Ds andevery xI | :

(@) if s(b,t)] U{v, (:tl T}, then d(b,t)(@=d(b,t)(b) for all a bl A
(b) if s(b,t)=v, then d(b,t)(@=a w(v) for ala A
© ifs(b,t)fél v, t'fi then h(h(d(b,t), X),y)(@=x(at (WayWy@)) for al yl 1
anddl a A, wheret(v) isthetypeof v
(i.e. iff M interpretseach ‘4 ,v,t' fi asthefunctional abstractor of type &',&,t" ffibind-
ing the corresponding variable v, every constant symbol denoting constant functions
of the right sort).



VARIABLE-BINDERSAS FUNCTORS

VALUATIONS

At this point we just need to build a bridge between languages and models in the obvi-
ous way, viathe notion of avaluation. Thisis straightforward, for it suffices to note
that every language is homomorphic to any of itsmodels. That is, if L =(s,g,E) isa
language and M =(d,h,1 ) a corresponding model, then there exists a unique map
f- URE® UR I suchthat (i) f(s(b,t))=d(b,t) for each &,tii Ds, and (i) f(g(y,2)=
h(f(y),f(2) for eachdy,zii Dg °. Thismeansthat M is sure to provide all the infor-
mation that is needed in order to assign a value to each expression of L: d assigns a
denotation to each basic expression, and h tells us how to compute the denotation of a
compound expression given the denotation of its component parts. Since al thisinfor-
mation is perfectly reflected in the homomorphism that relates L and M, such a map
—cdll it V—isthe natura candidate for the role of avaluation of L on M : it yields the
valueV (x)=d(b,t) for x=s(b,t), and the valueV (x)=h(V (y),V (2)) for x=g(y,2).

DEFINITION 3. The valuation of alanguage L on a corresponding model M is
the unique homomorphism V betweenL and M.

Just for the sake of completeness, one may refer to our previous examples to
verify that V behaves normally when certain standard conditions are satisfied.

ExAMPLE 3.1. If L isasentential language with a binary connector ~ (asin Ex-
ample 1.1) and M astandard sentential model for L (asin Example 2.1), then the
usua conditions hold for al A, BT E,:

(@ V(A™B)=1 iff V(A)=0andV(B)=0
(b) V(-A)=1 iff V(A)=0

(© V(AUB)=1 iff V(A)=1lorV(B)=1
(d) V(AUB)=1 iff V(A)=1andV (B)=1

EXAMPLE 3.2. If L isan dementary language with abinary quantifier ‘a ,vfi for
each variablevl v, (asin Example 1.2) and M is a standard elementary model for L
rooted on apair (J.:t DEfU,") (asin Example 2.2) then the following usual con-
ditionshold for all A,BI E,, al vi v ,andald U,":

(@ V(AYB)@=1 iff V(A)(@viu)=0andV (B)(avu))=0forallul U,

(b) V-A)@=1 iff V(A)(@=0

(© V(AUB)@=1 iff V(A)(@=1orV(B)@=1

(d) V(AUB)(@=1 iff V(A)(@=1andV (B)(a@=1

(é) V(Q«A)(a);l iff  V(A)(awv/u))=1for someul U,
" VA@=1 iff V(A)(aviu)=1foreveryul U,

9
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EXAMPLE 3.3. If L isafull categoria language with a denumerable set v, of
variablesfor each tl T and an abstractor & ,v,t' fifor each variable v and each type t'
(asin Example1.3) and M is standard categorial model for L rooted on apair (dJ;:
tl T Q&) ': fl T (asin Example 2.3), then the following conditions hold for all
t,t,t'7 T,al vi U{vL ofl T}, al Al Ey, dl xI Ey, al yl Eqgem andal Z E 44

@ V(VAWV)=V(A)

(b) V(:(x))=V(x)

© V(K (XA)=V(X)

(d) V(S teey,Zx)=V (y(x, z(x))) *.

DiSCUSSION

With Definition 3 our semantic framework is complete. It isin fact a semantic frame-
work, not a semantic theory—a framework wherein each of avariety of semantic theo-
riesfallsrather naturaly: as the particular form of the language and the specific con-
ditions on the relevant models are varied, the theory varies.

Now | believe thisis rather close to what Ajdukiewicz had in mind. What is at-
tractive in the conception of semantics originated with hiswork is precisely that it
leads to ageneral framework fixed in advance, rather than a theory to be worked out
anew in each case: we only have to specify atype assignment for the language's sym-
bols (eventually along with a suitable structural operation) and then specify which,
among the indefinitely many structures that give a homomorphic interpretation of the
language, are to count as “admissible” models. The account outlined hereis abit more
abstract than Ajdukiewicz's, hence more general. But it is precisely this trade-off be-
tween abstractness and generality that shows the enormous potentiality of Ajdukie-
wicz's original approach to semantics. | have on purpose refrained from considering
extending the basic notion of a categorial language, as suggested in more recent litera-
ture™, to emphasize this aspect.

I would now like to conclude with a couple of remarks on the resulting overall
picture, both of which tie in with this general perspective.

Thefirst remark concerns specificaly the fact that aso languages involving vari-
able-binding operators seem to fit in naturally with the proposed account. | don't
know whether this could by itself justify aclaim of generality *2. Certainly the fact that
we can analyze alanguage with quantifiers by the simple functor/argument schemais
not unattractive, but that is only one way of putting it: there are several alternatives
available that do the job aswell. What | think is more interesting is the fact that also a
language with, say, alambda operator can be treated in the same fashion. Thereisa
rather widespread belief that within a purely categorial framework one cannot go very
far inthe analysis of complex linguistic structures, though much can be done with the

10
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additional help of the functional abstraction operator: arguably thereis a strong con-
nection between abstraction and certain types of syntactic/semantic transformations
that allow one to come near to the surface of most natura language sentences
(probably as close as we need for most purposes) *. From this point of view, then,
the present account becomes fairly attractive and justifies a different, more positive
atitude towards categorial investigations.

The second remark is also related to the above, but it bears on amore general is-
sue in the philosophy of semantics. Very often, the necessity of using variables and
variable-binding operatorsis taken to have important consequences with respect to the
role of semantic theorizing. In particular, it is often taken to imply that certain crucial
aspects of our language lie “outside”, or perhaps “above’, the realm of semantics. in-
sofar as such symbols must receive afixed interpretation, there must be a correspond-
ing set of logical principlesthat we need “keep in mind” when we come to spell out the
semantic framework we want to use. Thisis rather typical, for instance, in the cus-
tomary model-theoretic way of presenting first-order logic, where the “meaning” of
bound variables and quantifiersis characterized only indirectly through the recursive
definition of the truth-value of a sentence. And the same applies to lambda-equipped
categorial languages, where the “meaning” of the lambda operator is usually fixed
during arecursive definition of the value of an expression. To a certain extent this way
of proceeding reflects neither less nor more than a natural need for short cuts: if we
are not going to consider other ways of interpreting those symbols, there is no need to
do otherwise. But the question is how—and somehow even whether—one could do
otherwise. The question is whether it is possible in principle to do semantics without
also doing logic.

As| seeit, there has never been much clarity on this point**. Nevertheless my
suggestion is that within the approach outlined here the question seemsto admit asim-
ple answer. Insofar as quantifiers, functional abstractors, and the like can be treated as
ordinary functors, one has good grounds to regard these symbols as being on a par
with all the others—hence good grounds to treat logics as true theories in the usual se-
mantic sense. To treat something as a*“logical” word is to select a certain class of
models as the only “logically” admissible ones, just as to treat something as, say, a
“mathematical” symbol isto select a certain class of models as the only “mathe-
matically” admissible ones. Earlier | exemplified this point with reference to the usual
interpretation of the conjunction connective and the multiplication operator. Now the
suggestion is that a similar argument could be given for any other logical word, wit-
ness the examples given in the previous sections. Classical sentential logic can be ob-
tained by selecting a sentential language along with the class of its standard bivalent
models; classical elementary logic can be obtained by selecting an elementary language
along with the class of its standard bivalent models; the classical typed lambda-cal cu-
lus can be obtained by selecting afull categoria language along with the class of all of
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its standard bivalent models; and so on. Including, as | mentioned, logics usually clas-
sified as“intensional” (e.g. modal or tense logics).

Further generalizations can also be considered. For instance, asit is the semantic
framework outlined here embeds the requirement that every model provide a homo-
mor phicinterpretation of the corresponding language, which reflects the standard as-
sumption that a model must be made of well-defined, sharp-cut entities, neatly linked
to one another and to the language’' s expressions in a univocal way. Philosophically—
aswell asfor practical reasons—one could find this a serious limitation in the scope of
a semantic theory, particularly in the spirit of the above considerations. Thereisno a
priori semantic reason to rule out the possibility that (our representation of) what we
talk about may involve*gaps’ and/or “gluts’ of various sorts. Indeed, since thereisno
genera linguistic criterion for incompleteness, there is no general way that incomplete-
nesses can be ruled out without weeding out a variety of unproblematic cases as well.
And since there is no general decision procedure for inconsistency, thereis no general
and effective way that inconsistencies can be ruled out without rendering a great deal
of perfectly innocent thinking impossible. Without going into any details here, it is
therefore worth remarking that the approach described above can rather easily be gen-
eralized so as to cover such cases as well. Thiswould of course make things a bit
more complicated. For there is no homomorphism between alanguage and an in-
complete model, while there can be more than one between alanguage and an incon-
sistent model. Still, the point remains that as long as we can define a genera notion of
avaluation linking arbitrary languages and models thereof, beit or not a“pure” ho-
momorphic valuation™, a general semantic framework is available relative to which a
variety of cases can be treated in auniform fashion. And | think thisis definitely in the
spirit (methodologicaly, if not philosophically) of Ajdukiewicz' s origina insights.

NOTES

 Ajdukiewicz (1935) spoke of semantic categories, following the terminology of Husserl’s Un-
tersuchungen (1900-1901) and Lesniewski’s Grundziige (1929). Presumably this is because he was
already thinking of their semantic role, but | find that a bit misleading. In the following | shall
mainly speak of types.

2These are indeed the two main primitive categories Ajdukiewicz had in mind, though he did not
rule out the possibility of different choices. Some authors, for instance Lewis (1970), have insisted on
athird one, Common Noun, and others have considered dispensing with Proper Noun in favour of
Noun Phrase, or even Verb Phrase.

3| shall use standard set-theoretic notation and terminology: note only that if f is afunction, |
write‘Df’ and ‘R f’ for the domain and the range of f, respectively, while ‘ f(xty)’ denotes the func-
tion exactly like f except that itsvalueat x isy.

4Since we define derived types by means of a binary operation, we can of course speak of

12



VARIABLE-BINDERSAS FUNCTORS

“monadic” functors only. However, it is awell-known fact that thisimplies no loss of generality: for
whenever n>1andty, ..., tn, theq aretypes, the derived type &,,45,4..,&n,th. 1 1 ..fIMMay be used to
represent the category of those “n-adic” functors that combine with n-tuples of expressions of type t;,
ty, ..., ty (inthis order) to produce expressions of typet,.; . In this sense, as long as the second co-
ordinate of aderived typeis allowed to be a derived type itself, our relying on afiimposes no signi-
ficant restriction on the class of possible functors. (To illustrate, the English word ‘and * isadyadic
functor that makes a sentence out of two sentences; but it can equally be regarded as a monadic functor
that, when applied to a sentence, produces an expression that behaves again as a monadic functor: a
functor that makes a sentence out of a sentence). The idea goes back to Schonfinkel (1924) and reflects
the set-theoretic isomorphism AB:' B2" - Bar1 s (| ((AB)B2),, )Bre1,

®Although we speak of the type of a symbol—and consequently of an expression—it could be
argued that thisis only an apparent limitation: it is not difficult to imagine words belonging to more
than one syntactic category, but we can always deal with such cases by treating them as distinct sym-
bols with a common “ surface realization”. (For instance, the word ‘light * in English may seem to
function as either a noun or an adjective, but we can also deal with this peculiarity the way common
dictionaries do: by distinguishing between aword ‘light ;" and aword ‘light,’, to be classified into two
distinct syntactic categories). Apparently the point was made by Ajdukiewicz himself, though several
authors have later proposed alternative accounts.

®*Therequirement that Q| n” V| = {&,yfi &,yfi CON .n} isof course but one way of secur-
ing syntactic precision. Note also that in asimilar fashion one could for instance treat descriptors as
suitable “ structured” subnectors: given sequences D, disjoint from R's sothat D n Vo={&yn
&,yfl SUB . n}, one could spesk of apair of theform &, i, vfias a n-ary descriptor binding the
variablev. In the present context, | shall not go into languages with descriptors to avoid certain well-
known complications in their semantics.

"The requirements that each domain of interpretation I be non-empty, that d be a total function
on Ds, and that h be a total operationon U{l g~ l¢ : t,&tid D1} reflect amajor assumption of
standard semantics, namely that each model must provide a complete and consistent interpretation of
the language. It is of course possible to give up such requirements so as to admit incomplete and/or
inconsistent structures as models bona fide. For instance, allowing d to be a partial function would
correspond to amore liberal attitude with respect to the possibility of non-denoting symbols; allow-
ing it to be ardation would leave room for symbols with more than one denotations; etc. Although
thisisin the spirit of greater generality, in the present context such a departure from standard seman-
tics would take ustoo far. A fuller account may be found in a forthcoming work entitled Universal
Semantics.

8] think thisis arather natural exploitation of some basic ideas of Montague Grammars, par-
ticularly of the treatment in Montague (1970). Note of course that one could also take the notion of an
indexical model as fundamental, regarding all other models as models indexed by a feature' s singleton.

9That f isuniqueis easily seen, provided RgC Rs =0. Obviously f(x) is defined if x is a sym-
bol. And if f(y) and f(2) are both defined, then f(g(y,2))=h(f(y),f(2)) is aso defined, sinceh isafunc-
tion.

1 For readability, | use here a notation of the form ‘ (w(wy, ..., w,))’ as an abbreviation for

‘g(... @@ W, wp),W),...),Wn)".

™ Thefirst substantial refinements or extensions of the pure categorial paradigm go back to
the work of Bar-Hillel (1960) and Geach (1970). Some indications of the current trends may be found
in Bach (1984), Oehrle, Bach and Wheeler, eds. (1988) and Buszkowski, Marciszewski and van Ben-
them, eds. (1988).
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12 Certain aspects of the proposed account might still sound unpalatable. For instance, as Peter

Simons has pointed out to me, there is no way one can single out an elementary language where
“vacuous’ quantification is forbidden. However, | am inclined to regard such limitations as symp-
tomatic of amore general problem concerning the generative power of Definition 1, typical of virtu-
aly every categorial grammar and independent of how one feels about variable-binding through func-
tors. For instance, there is no way one can single out a sentential or elementary language where
“useless’ conjunctions such as AUA are forbidden. From this point of view, the corresponding general
solution would simply involve redefining the structural operation g as required: rather than a total
function on U{E 4 47" Ey : t', &' tA DE}, it should be allowed to be a partial function (of some sort).
Thus, for instance, an elementary language where g(a ,vii A) is defined only if the noun variable visa
constituent symbol of the sentence A would be alanguage with no “vacuous’ quantification.

2 Thework done in the tradition of Cresswell (1973) is most indicative of this approach.

% The question is not whether one can live without any logic, asit were. For of course, one
could always say that semanticsis set theory, and that surely embeds quite a bit of logic.

% Inmy Universal Semantics, | propose a general solution based on an extension of Van
Fraassen’s notion of a supervaluation. An alternative approach has been proposed in Muskens (1989).
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