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Abstract. The perfect fit of syntaotio derivability and logioal oonsequenoe in 
first-order logic is one of the most celebrated facts of modern logic. In the present 
flurry of attention given to the semantics of natural langnage, surprisingly little 
effort has been focused on the problem of logical inference in natural language and 
the possibility of its completeness. Even the traditional theory of the syllogism does 

/ not give a thorough analysis of the restricted syntax it uses. 
My objective is to show how a theory of inference may be formulated for a frag­

ment of English that includes a good deal more than the classical syllogism. The 
syntax and semantios are made as formal and as explicit as is customary for artificial 
formal languages. The fragment chosen is not maximal but is restricted severely in 
order to provide a olear overview of the method without the cluttering details that 
seem to be an inevitable part of any grammar oovering a substantial fragment of 
a natural language. (Some readers may feel the details given here are too onerous.) 

I am especially concerned with quantifier words in both object and subject 
position, with negation, and with possession. I do not consider propositional attitudes 
or the modalities of possibility and necessity, although the model-theoretic semantics 
I use has a standard version to deal with snch intensional oontexts. 

An important point of methodology stressed in earlier publications (Suppes, 
1976; Suppes & Macken, 1978; Suppes, 1979) is that the semantic representation 
of the English sentences in the fragment uses neither quantifiers nor variables, but 
only constants denoting given sets and relations, and operations on sets and relations. 

In the first section, I rapidly sketch the formal framework of generative syntax 
and model-theoretic semantics, with special attention to extended relation algebras. 
The seoond section states the grammar and semantics of the fragment of English 
considered. The next section is concerned with developing some of the rules of infer­
ence. The results given are quite incomplete. The final section raises problems of 
extension. Classical logic is a poor guide for dealing with inferences involving high­
frequency function words such as of, to, (1" in, fm', with, as, on, at, and by. Indeed, 
the line between logical and nonlogical inference in English seems to be nonexistent 
or, if made, highly arbitrary in charaoter~much more so than has been claimed by 
those critical of the traditional analyticsynthetic tradition. 

No theorems on soundness or completeness are considered because of the highly 
tentative and incomplete character of the rules of inference proposed. However, 
because of the variable~free semantics used, soundness is easy to establish for the 
rules given. 

I. Generative grammars and their model structures 

A couple of examples will illustrate the framework I have in mind 
and provide an intuitive introduction to those unfamiliar with the concept 
of semantic trees for context-free grammars. 

1 The researoh reported here has been supported in part by National Science 
Foundation Grant No. SED77·09698. 
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'L/VJu..., ... • .... v... the tree for the sentence Some people do not eat some vege­
tables shown in Figure 1 (with the stress on eat). On the left of the colon at 
each node is shown the terminal or nonterminal label. The nonterminal 
gr~blll][Ual.JWl::U categories should be obvious: S sentence, EQ = existential 

NP = noun phrase, .A ux = <AJU.LLU.UALI. etc. To the right of 

VP: (..,£)11 V 

Aux 

I 
p do 1'101 Il.t : £ sonUI 

Figure 1 

the colon at a node is shown the denotation of the label if it has one. 
Thus, in the semantic tree of Figure 1, people and its ascendant NP node 
have the set P of people as denotation; eat and ascendant TV -

verb - node have the binary relation E of eating as deno­
'Vegetables and its ascendant NP node have the set V of vegetables 

as denotation. The VP - verb node a denotation com-
of set-theoretical operations on E and V. Intuitively the denotation 

is just the set of people who do not eat some vegetables. The notation 
is for the converse of the relation E, is the complement of the relation 
and riE)" V is the image of the set V under the relation IE. I take 

the root of the semantic tree of a sentence to denote the value T or F 
in a standard Fregean manner. Most of this notation is standard in e1e­
VV'ln ..... t-.. '""'-.:r set theory (see, e.g., Suppes, 1960). Some subtleties about COll1.-

pl€~m4~ntiat:lon are discussed below, as is the about stress. 
now a quick overview of the relevant fOrInal concepts. 

a structure G <V, N, P, S) is a phrase-structure grammar if and 
. if Y and P are finite, nonempty sets; N is a subset of Y; S is in N; and 

P x where N* is the set of all finite sequences whose terms 
are elements of Nand Y+ is y* minus the sequence. The grammar 
G is context-free if and only if P ~ N X In the usual terminology, 
V is the N is the vocabulary, S is the start 
L'TTW'" ",.n.. of derivations or the label of the root of derivation trees of the 
grammar, and P is the set of rules. I assume as known the 
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standard definitions of one string of V* being G-derit'able from another, 
the concept of a derivation tree of G, and the language L(G) generated 
by G. (For a detailed treatment of these concepts, see Hopcroft & IDlman, 
1969.) A context-free grammar G is unambiguous if and only if every 
ternlinal string in L(G) has exactly one derivation tree (with respect to G). 

Semantics may be introduced in two steps. First, the grammar G 
is extended to a potentially denoting grammar by assigning at most one 
set-theoretical function to each production rule of G. We may show these 
functions in general by using a notation of square braces; for example, 
[NP] is the denotation of NP. In the case of Figure 1, 

Production Rule 

S-+EQ+NP+ VP 

Semantic Function 

[S] = L~ [NP] t1 [VP] :f= 0] . -VP-+Aux + Neg +TV +EQ+l{P [VP] = ('[TV])"[NP], 

where the Frege function [fPqJ] is defined for any (extensional) sentence 
qJ as follows: 

IT if ({J is true (in the given model) 
[~qJ] = . 

F otherWIse. 

And in the case of the other nodes with only one descendant, the semantic 
function is identity if there is a denotation. For example, 

TV -+eat [TV] = [eat]. 

The second step is the characterization of luodel structures. In the 
general theory of model~theoretic semantics for context-free languages, 
I use the concept of a hierarchy Jle (D) of sets built up from a given nonenlpty 
domain D by closure under union, subset, and power set "operations," 
with T and If excluded frOln the hierarchy and T -=1= ll'. A model structure 
for a given grammar G with terminal vocabulary VT is a pair <D,v) 
where D is a nonempty set and v is a partial function from Vj; to ,Yf (D). 
Explicit details are to be found in Suppes (1973). The treatment here 
is restricted. First, only terminal words, not terminal phrases, are per­
mitted to denote, so that the domain of the valuation function v is V T' 

not Vj;. (The function v remains a partial function because many terminal 
words - e.g., quantifier words - do not denote.) 

The more important restriction is in the hierarchy. In line with my 
earlier paper (Suppes, 1976), I restrict the u10del structures to the power 
set flJJ(D) of the domain D, that is, the set of all subsets of D, and the 
power set of the Cartesian product D X D - thus, only binary relations 
are considered. Formally, I define 

cf(D) = &(D) uflJJ (D X D), 
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using "8" for extended relation algebras of sets, a terminology intro­
duced in the earlier paper. The valuation function v is then a partial 
function from VT to 8(D). 

The "algebraic" operations on elements of 8(D) have mainly already 
been mentioned: union, intersection, and complementation on arbitrary 
sets; the converse of relations; and the image of a set under a relation, 
B"A. In addition, we need the restriction of the domain of a relation R to 
a set A, R lA, which is defined as: 

where f!Il (R) is the range of the relation R . 
.As always, cOlnplementation is relative to some given set. From the 

standpoint of 8(D), the natural set-theoretical choice is Du (D x D), 
but conceptually this is not very intuitive. For instance, if L is the 
relation of loving, then -'L should be the relation of not loving, that is, 

iL =(DxD)-L. 

Consequently, complementation is here taken to mean with respect to 
D x D in the case of relations and with respect to D in the case of sets 
that are subsets of D. The only point of ambiguity concerns complemen­
tation of the empty set or relation, and the context will make clear which 
is meant. 

In the earlier paper on these matters (Supp~s, 1976), I introduced 
the notation 

(1 (R, A) = n (R" {a}), 
aeA 

s: 

v 

Some peepl. 

Figure 2 
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for the appropriate den~tation when a verb phrase uses a universal 
quantifier in object position. This use may be seen in the semantic tree 
(Fig. 2) for Some people eat all vegetables. I note that UQ is the nonterminal 

I symbol for the /universal quantifier all, just as in the next section NQ 
is the nonterminal symbol for the negative universal quantifier 'IW. In 
direct analogy with 0 syllogistic propositions being the contradictory of 
.A propositions, we may define n (R, A) in the following ma:ener (Suppes, 
1979) for R,s; DxD and A s; D, 

n (R, A) = (-'(iR)"A)). 

Note that the "inside" complementation,. is with respect to D X D and 
the "outside" one with respect to D. 

II. Grammar G1 and its semantics 

The grammar G l , which will be the focus of the remainder of this 
paper, is left partially unspecified. In particular, the terminal vocabulary 
of nouns, adjectives, transitive verbs, and intransitive verbs will not be 
listed. Ones that are used must satisfy the semantics given. There are 
many that do. On the other hand, use of the nine control words that 
do not denote is explicitly fixed by nine lexical production rules. 

It is my intention that every sentence generated by the grammar 
be an acceptable English sentence, even if on occasion somewhat awkward 
or pedantic. Consequently, to avoid what are at this stage uninteresting 
details, all sentences are meant to be in the plural, as are all verbs and 
nouns; moreover, all verbs are assumed to be in the present tense, active 
voice, and indicative, mood. Another reason for restricting the grammar 
at this stage is that the rules of inference are still formulated in a rather 
inelegant fashion. More use and development will be required to determine 
what condensations and abbreviations are appropriate. 

In spite of the concentration on quantifiers, I have forgone intro­
ducing any in the same spirit of simplification. In the framework given 
here, the semantics of any seems straightforward but calls for some 
details not needed for the three quantifier words introduced. 

The production rules are followed by the semantic functions on the 
next line. To reduce the number of lines required for the rules, I use the 
standard convention of a slash "I" to separate rules given on the same 
line. Oomments are interspersed after each group of rules, for a straight 
listing of the syntactical rules and associated semantic functions is rather 
opaque. I begin with the top-level rules for generating sentences. 

S -+ UQ+NP+VPIEQ+NP+VPINQ+NP VP 

[8] = [oF -<J[NP]u[VP] = DJ/[,[NP] n[VP] =f::. O]/[,[NP]n[VP] = 0] 
S -+DA+Oop+NPIDA Oop+EQ+NPID.A+Oop+NQ+NP 

[8] = [,[NP] =f::. 0J/[,[NP] =f::. O]/[~{NP] = 0] 

5 - studla Logd.ca, 4179 



380 P. S'1J.ppes 

The first three rules, given in one line, generate standard sentences with 
initial quantifiers all, some, or no. The associated semantic functions use 
the Frege function defined earlier. The set D is, of course, the domain 
of the extended relation algebra that is the given model. The most im­
portant conceptual point about these three rules is the one emphasized 
in Suppes (1976), that is, the quantifiers are not parts of the noun phrases 
but enter at the top level. In the paper just mentioned it is proved that 
this approach is required if the semantics is to be Boolean for the classical 
syllogism and, by extension, relational for the sentences of G1 • The semantic 
functions are familiar from the usual treatments of A, 1, and E propo­
sitions of the classical syllogism. Propositions of type 0, for example, 
Some people are not tall, do not appear in full form at this level, because 
the negation is buried in the verb phrase. 

The next three rules are for generating sentences that begin with 
the demonstrative adverb there, and so the nonterminal symbol is DA. 
A typical instance of each type in order would be: There are trees, There 
are some trees, There are no trees. Notice that the semantical function is 
the same for the first two types. This parallels what happens to existential 
quantifiers in object position. The semantic functions are the same for 
Some people eat vegetables and Some people eat some vegetables, but more 
on this point later. 

The next group of rules is for generating noun phrases. The nonter­
minal symbols have the following intuitive meaning: Adj for adjective, 
N for noun, RelPr for the relative pronoun that, PPrep for the prep­
osition of possession of. The semantical notation [N]2 refers to forming 
a binary relation from the set [N]. Consider, for example, vegetables and 
vegetables of Southern growers. The denotation of vegetables simpliciter 
is, let us say, the set V. For V2, or [N]2' we forn1 the relation pairing each 
vegetable in V with its properties, such as color, weight, and origin, 
given extensionally.2 Let G be the set of Southern growers. Then V2G 
is the denotation of vegetables of Southern growers. 

NP -+N/Adj+N/NP+RelPr+ VP/N +PPrep+NP 

[NP] = [N]/[Adj] (l[N]/NP] (l[VP]/([N]2)"[NP] 

It should be noted that the rules do not permit iteration of adjectives. 
This is because rather subtle rules are required to get the adjectives in 
correct order, and the details would be diversionary in the present 
context. (For aI?- extensive treatment of adjectives in the present spirit, 
especially for semantics of nonclassificatory adjectives, see Suppes & 
Macken, 1978.) Unlimited nesting of relative clause's is permitted. Thus, 
we can generate Triangles that cover squares that are projections of cubes 
are isosceles. 

2 For general application a more subtle theory is needed. 
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The next group of rules governs verb phrases. Because they cover 
the treatment of quantifiers in object position, they require especially 
detailed comm~nts. Perhaps of equal significance is the semantic analysis 
of negation, which in the context of a verb phrase - as negation usually 
is in idiomatic English - is not a sentential connectiv'f, but complemen­
tation of a verb or a verb phrase. 

Quantifiers in object position give rise to fOTIns analogous to A, I, E, 
and 0 propositions of the classical syllogism. I illustrate each and its 
semantic denotation, where E is the binary relation denoted by the verb 
eat and V is the set denoted by vegetables. 

A: eat all vegetables n(E, V) or '(C'E)"V) 
I: eat (some) vegetables E" V 
E: eat no vegetables ' (E" V) 
0: do not eat (some) vegetables (iE)"V 

Analogous to the classical case, it is apparent that A and 0 verb phrases 
are complements of each other, as are I and E verb phrases, but the 
reading of 0 phrases given above is changed in the following. These four 
examples also illustrate how quantifiers are eliminated in the underlying 
semantic analysis; the general method is determined by the semantic 
functions given below. 

There are two semantically distinct readings of negation, for both 
80me and all in the object position. Different contexts seem to generate 
a differentially preferred reading, indicated by stress in spoken English. 
I mark stress by an acute mark over the emphasized word, and the 
semantic representation is shown immediately following, in accordance 
with Suppes (1979). 

(1) do not eat 80me vegetables: 
(2) do not eat some vegetables: 
(3) do not eat all vegetables: 
( 4) do not edt all vegetables: 

(IE)"V 
'"l(E"V) 
I n (E, V) = (IE)" V 
n (IE, V) = I(E" V) 

Thus, (1) and (3) are logically equivalent, and so are (2) and (4). The 
change in stress semantically equates the uses of all and some. The se­
mantics underlying the grammar given here permits only (2) and (3), 
and the semantics of (2) is also used when some is deleted, as in do not 
eat vegetables. It is worth noting that (3) calls for a deeper embedding of 
the negation, semantically expressed by complementation, than does (2), 
but both contain the semantics of negation firmly within the verb phrase. 
The readings (1) and (4) can be added with attendant complications 
in the theory of inference. In fact, a theory ready for realistic use will 
need to have such distinctions, and it is my intention in the future to 
pursue the link between prosody and inference in some detail - certainly 
what I have said here only begins the story. 
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.A simple example shows, by the way, that (1) and (2) are not logically 
equivalent. Let 

D = V = {I, 2}, 
E = {(2, I)}. 

Then 

but 
:(E"V) = {I}. 

The production rules and associated semantic functions for verb 
phrases are straightforward except for the complications introduced by 
negation. What I propose may need modification, but not in ways that 
are yet clear to me. I use the notation NegVP for a high-level nonterminal 
symbol introducing verb phrases that contain the negative quantifier 
no in object position or negations with an existential quantifier; if the 
second natural reading of all in object position with not were included, 
as discussed above, additional rules of the same sort would be required. 
The nonterminal NegVP is also used to negate intransitive verbs and 
the copula. As usual, IV is a nonterminal symbol for intransitive 'Verb. 
TV for transitive verb. The only terminal form of the copula, Oop, in the 
grammar G1 is are, and the only auxiliary, Aux, is do. 

VP -7 NegVP 

[VP] = [NegYP] 

VP -7 IV lOop +NP lOop +.A.dj lTV + UQ +NP lTV +EQ + 

+NP/TV+NP 

[VP] = [IV]/[NP]/[Adj]/ n([TV], [NP])/[TV]"[NP]/[TV]"[NP] 

NegVP -7 Aux+Neg+TV+UQ+NP/TV+NQ+NP/Aux+Neg+ 

+TV +EQ+NP/Aux+Neg+TV +NP 

- - -[N egVP] = -, n ([TV],[NP]) /-'([TV]"[NP])/-'([TV]"[NP]) 

-/,([TV]"[NP]) 

NegVP -7 Aux+Neg+IV/Oop+Neg+NPIOop+Neg+Adj 

[NegVP] = '[IV]/-'[NP]/-'[Adj] 

Note that in the case ot the last line of three Neg VP rules, the semantic 
functions are identical, as would be expected. This identity in the pre­
ceding three cases as well is, on the other hand, evidence for introduo­
ing prosodio differentiation as a basis for needed I and often expected 
semantio differentiation. 
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ill. Rules of inference 

The rules of inference introduced are stated in natural deduction 
form, but there are various preliminary matters of notation to deal with, 
for the usual notation of sentential and first-order predicate logic is not 
appropriate. In the first place, there are no sentential connectives. The 
only possible candidate is not, and the semantic rules given above make 
clear that what is negated is a verb or verb phrase. It is obvious that 
the language can be extended to include the standard connectives, but 
it was not done here deliberately to emphasize the differences from the 
standard formalism of elementary logic. 

Secondly, the nonterminal vocabulary of the grammar can play the 
role usually assigned to metamathematical variables in the explicit for­
mulation of the rules of inference. A minor additional piece of notation 
is the use of primes to distinguish possibly different noun phrases, as 
in All men are animal8. Thus, in accordance with the A, I, E, and 0 
propositions of classical syllogistic theory, a natural notation is A(NP, 
NP') for a sentence with a tree base of the form shown in Figure 3. (The 
technical meaning of tree base should be clear from this example and will 

s 

Figure 3 

not be given formally.) Because the grammar is unambiguous, hereafter 
a linear notation will be used. Thus, we have 

A (NP, NP') 
I(NP, NP') 
E{NP, NP') 
o {NP, NP') 

for UQ+NP+Oop+NP' 
for EQ+NP Oop+NP' 
for NQ+NP+Oop+NP' 
for EQ+NP+Oop+Neg+NP'. 

When what is of concern inferentially is only the subject of a sentence, 
as in 

All 8tudents like some teaoher8. 
All sophomores are students. 
Pherejore, all 8ophomores like some teaohers. 

some more simplified notation is useful. 



384 

A (NP) 
I{NP) 
E(NP) 

for UQ+NP+VP 
for EQ+NP+ VP 
for NQ+NP+ VP 

P. S'uppes 

The notation A, I, and E is suggestive of the classical syllogism, but no 
separate 0 form is required at this stage. The semantics of each of the 
three forms is clear: 

A(NP): 
I(NP) : 
E(NP): 

[NP] s;; [VP] 
[NP] (") [VP] =F 0 
[~P] (") [VP] = 0. 

For these semantic relations, it does not matter whether or not the VP 
includes a negation. Thus, All men do not like chains is semantically 
represented by 

M s;; ,( (i)"O) , 

just as All men like chains is represented by 

M s;; L"O, 

where M, L, and 0 have an obvious meaning. (In these and subsequent 
semantic representations I omit the notation for the Frege function, 
but it is implicitly assumed.) Of course, my reading of All men do not 
like chains is not one everyone would agree to. Many would consider 
this sentence logically equivalent to It is not the case that all men like 
chains, but I shall hold to the reading given above for the restricted 
grammar G1 and its associated semantic functions. Also a notation for 
purely existential sentences of the form There are unicorns is desirable, 
and for the denial of sUlih sentences, for example, There are no unicorns. 

T(NP) for DA+Oop+NPjDA.+Oop+EQ+NP 

N(NP) for DA.+Oop+NQ+NP 

In other cases of inference, the structure of the verb phrase is the focus 
of inference, as in 

Some peopl,e eat no vegetables. 
Therefore, some people eat no raw vegetables. 

As already remarked, the classical A, I, E, and 0 propositions have 
direct analogues in verb phrases, and so we could introduce abbreviations 
accordingly by adding V for verb phrase after each traditional letter. 
But additional considerations are important, and some consolidation is 
also efficient. For inference purposes a distinction must be made between 
positive and negative quantifiers in subject position. Fortunately, both 
positive quantifiers all and some act the same way, in the sense of pro-
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viding a constant context with the same semantical on varying 
terms in the I use PQ for UQ or EQ, NQ, as before, for 

tJ ......... UJov cases with positive quantifiers in subjeot 
position and a five with the negative quantifier in subjeot 
position. The five PQ fonus are abbreviated as follows. 

PQAV(NP) for PQ+NP" +TV +UQ+NP 
PQIV(NP) PQ +NP" +TV + CEQ) +NP IPQ NP'+Oop+NP 
PQNV(NP) for PQ +NP" +TV +NQ 
PQNAV(NP) for PQ +NP" +Aum+Neg+TV UQ 
PQNIV(NP) for PQ+NP" +Aux + Neg +TV (EQ)+NPj 

PQ+NP" + Oop+Neg+NP 

The parentheses around EQ mean that deletion is optional. The five NQ 
forms the same pattern. The only change is to replace the 
initial PQ in the and the definiendum by NQ. 

The semantio relation of one set containing another is exemplified 
by A(NP, NP'), because such an A proposition is true in a model just 
when [NP] £ in the luode!. This relation of inclusion is charac­
teristic of parts of sentences as well, for example, 

if NP-+Adj+NP' then [NP] £ 

The relevant cases are embodied in the general notation O(NP, NP'), 
where I have chosen 0 for expressing syntactically the relation of being 
contained in. 

O(NP, NP') for one of the following: 

(i) 
(ii) 

(iii) NP-+NP' +RelPr+ VP 
(iv) 
(v) 

NP-+NP' +PPrep +NP" 
NP-+N +PPrep +NP", 

+PPrep +NP"', 
A(PP", NP''') 

The most complicated of the five cases is the last one. It is exemplified by 

[NP] [vegetables of Southern growers] £ [vegetables of growers] = 

and 
VVlA.U ...... V.L..u. growers] £ [growers] [NP''']. 

The in the grammar to only nouns, not nonn phrases, 
being modified by a prepositional phrase of possession is an artificial 
restriction but one that can only be removed by the gTammar 
itself. Unlike most classical forms of inference, the use of O(NP, NPI} 
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permits many inferences from a single sentence. The inference schemes 
given below do not necessarily require two sentences even though they 
seem to have such a form, because O(NP, Np/) can express a relation 
between parts of a sentence, for example, 

as seen in 

A(NP), C(NP', NP) 

A(NP') 

All cows are sick. 
Therefore, all black cows are sick. 

-
Here, NP is the constituent cows and NP' is the constituent black cows. 
Soundness of the rules of inference is easily checked because of the set­
theoretical semantic representation that does not use variables. Thus 
the semantic analysis of the rule just given is: 

[NPJ £; [VP] [NP'] £; [NP] 

[NP'] £; [VP] 

Consider now the rule like the above but with A(NP) replaced by I(NP). 
The semantic analysis is shown on the right. 

I(NP) O(NP, Np/) 

I(NP') 

[NP] (J [VP] =1= 0 [NP] £; [NP'] 

[NP~] (\ [VP] =1= 0 

In this case we have [NPJ s; [Np I
] rather than the reverse as in the 

previous rule. But these two cases exhaust the possibilities for the seman­
tics of O(NP, NP/), and so we can form two general rules for the two 
possibilities: [NP] s; [Np I

] or [Npl] s; [NPJ, which embody a number 
of other cases. 

For the abstract generalization of the first rule, we may introduce 
a Dew symbol, say J, for which we may substitute one of the following 
eight cases defined earlier. 

J for AlE /PQA V /PQNV /PQNIV /NQIV /NQN A V IN, 

where N refers to the form N(NP) for denials of existence. Using the 
J notation, one general inference form subsuming the earlier example 
of A(NP) may be written 

JO 
J(NP) O(NP' , NP) 

J(NP') 

Without introducing a much more general set-theoretICal notation, 
a direct semantic analysis of this inference form, which I label JO, cannot 
be given, but it is easy to write down the analysis for the seven remaining 
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cases of J to verify its soundness. To help make the ideas more familiar, 
I give two more examples - from the seven. 

NQNAV(NP) C(NP', NP) 

NQN.A V(NP') 

[NP"] n(CI[TV])" [NP]) = 0 [NP'] s;; [NPJ 

[NP]"n(( i[ff"J) [NP']) = 0 

N(NP) C(NP', NP) [NP] = 0 [NP'] f;; [NP] 

N(NP') [Npl] = 0 

Some English examples of the eight cases of J that are in the JC rule 
are the following. The various examples use different types of instances 
of C(NP', NP). The instance of J is shown on the left . 

.A: All students like logic. 
Therefore, all bright students like logic. 

E: No women like boxing. 
Therefore, no women of Northern countries like boxing. 

PQA V: Some persons hate all vegetables. 
Therefore, so.me persons hate all white vegetables. 

PQNV: Some children eat no vegetables of Southern growers. 
Therefore, some children eat no vegetables of red-nosed 
Southern growers. 

PQNIV: Some persons do not like books. 
Therefore, some persons do not like travel books. 

This last example shows the importance of stress. To my ear, this example 
seems quite natural, with the stress on not. It we add some to make the 
0Qject noun phrase some books it no longer seems natural, and the stress 
moves to like, which has the different semantic analysis already given. 
It is, I think, a clear defect of the grammar G1 to treat these two sentences, 
one with and one without some, in the same way. The defect is not a logical 
one, but one that goes against idiomatic usage. In more realistic future 
versions, this distinction will be incorporated. 

Corresponding to the eight cases of J are seven others, which we may 
represent by L. 

L for I jPQIV /PQN.A. V /NQA V INQNV /NQNIV IT 

The general inference fornl that includes the earlier example of I(NP) 
is then the rule LO: 

LO 
L(NP) C(NP, Np/) 

L(NP') 

Some English examples of this rule follow. The reader may easily supply 
the formal sema,ntic analysis along the lines already laid down. 
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PQNAV: SOlle persons do not read all mnergency notices. 
some persons do not read all notices. 

NQA V: read all books of modern authors. 
no persons read all books of modern authors. 

NQNV: No persons drink no nutritious 
.All nutritious liquids are caloric foods. 
Therefore, no persons drink no caloric foods. 

T: There are white elephants. 
All white elephants are rare animals. 
Therefore, there are rare animals. 

Inference rules to JO and LO are needed for propositions 
I (NP', NP), as in the classical syllogistic case (with semantic analysis 
shown on the right): 

I shall not develop the analogues of JO and LO here for the above instance. 
The methodology is from what has Further rules are 
also needed for T(NP) replacing I(NP', NP), as in 

A (NP) T(NP) 

Furthermore, the two classical rules of conversion are needed. 

E(NP, NP') 

E(NP', HP) 

I also take t1S an axiom schema 

.A A (NP, 

I 
I(NP, NP') 

I(NP', NP) 

Thus, we have as a logical truth All men are men, but not Some men are 
'men, in with the conventions of modern rather than Aristo­
telian logic. 

A rule for reductio ad absurdum proofs is needed as well. To state 
this rule, the of a contradictory K (8) of any proposition 8 is 
needed. It is also stipulated that if K (8) is the contradictory of S, then 
S is the contradictory of K (8), that is, the relation is symmetric. 

K(A(NP)) = o (NP) 

K(E(NP)) = I(NP) 

K(T(NP)) = 
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where we use o (NP) for EQ +NP+NegVP. The rule of reductio ad absur­
dum now be stated in simple form nsing turnstile notation for 
derivability. 

BAA If S 1- S' f/, S K(S'), then [/ I- K(S), 

where !/ is a set of sentences . 
.A formal definition derivations is easily in a standard way 

and will be omitted. typical derivation, with the rule of inference 
to obtain the given line shown on the left, is illustrated by the following 
familiar example due to de Morgan. (As usual, P is used for premise; 
I use WP for a working premise used in BAA.) 

P 
WP 

L01, 2 
A 

.... " ................. , 3, 4 

Example 

(1) .All horses are animals. 
(2) Some heads of horses are not heads of animals. 
(3) Some heads of animals are not heads of animals. 
(4) All heads of animals are heads of animals. 
(5) All heads of horses are heads of animals . 

What has been set in this section is obviously an incomplete 
beginning to logical of inference in English. Completeness is less 
important at this stage than is idiomatic faithfulness and assessment of 
weaknesses of the approach. It seems to me that a version of what might 
be called logic-classroom can be modeled rather accurately. Re­
presenting correctly more general usage is another matter. The questions 
of prosody touohed upon several times are only a part of the problem. 
Some other problems of extension are raised in the next section. 

IV. Extensions 

The rules of inference considered in the previous section governed 
of, but it might be questioned whether of is a logical particle. Whatever 
the answer, the classification of the high-frequency prepositions to, in, 
for, 'With, on, at, and by really seems unclear, as does the classification 
of as, serving as either an adverb or a conjunction. For example, should 
this sentence be classified as a logical truth ~ John is as much like J okn 
as Mary is like Mary. But the issue of whether these words are logical 
particles is not the crucial one. The real problem is to understand their 
semantics in ordinary usage and the corresponding rules of inference that 
reflect uncontroversial intuitive practice. 

I restrict myself to the important example of the preposition in, 
which presents many difficulties. Sentences like Some peopZe are in the 
house might suggest a simple inclusion relation for the denotation of in 
corresponding to a spatial geometry in which figures are identified as 
certain sets of points. In this case, as before, we begin with the production 
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rule and associated semantic function 

8-+EQ+NP VP 

[8] = [~[NP]n[VP] 01t 
and then add a restriction to VP, for example, by the rules (wherePrepPh 
intuitively stands for prepositional phrase) 

VP ~ VP' +PrepPk 

[VP] = [VP'] n[PrepPh] 

PrepPh -+P'i'ep+NP 
~ 

[PrepPk] = [Prep]"[NP]. 

In this analysis, in would denote a certain binary relation [in], and it 
would seem natural to treat it on the same level as other substantive 
words or phrases that denote objects in 8 (D). But the analysis is wrong. 

Consider John is pouring water in the pitoher. The analysis given above 
would imply that John is in the pitcher, which is clearly not a valid conse­
quence, and would in all but absurd cases be false. The point is that the 
prepositional phrase locates the action denoted by the main verb phrase 
and does not spatially locate the subject of the sentence. Moreover, there 
is apparently no satisfactory solution at the level of complexity of fff (D). 

In a preliminary way, the most intuitive approach would seem to be 
a semantic version of something like a case grammar. The models used 
must be made much richer in structure than arbitrary relational structures 
or the extended relation algebras introduced at the beginning of this 
article. Unfortunately the geometry of ordinary experience, as reflected 
in the use of spatial prepositions like in, to, on, and at, has not as yet 
received much attention, but no doubt three~dimensional Euclidean space 
could be used as a first approximation. Inferences using the common 
spatial prepositions would assume this constant spatial background, but 
I must leave to another occasion any attempt to formulate explicit rules 
of inference governing these matters. 
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