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CHAPTER7. ORTHODOXY, APOSTACY & UTILISATION

{ Criteria for identifying and classifying computational implementations of Montague gram-

" mar in terms of the essentials of UG are considered and computational investigations dis-

tinguished from computational utilisations.” The orthogonal tradition of “computational com-

- positional semantics”, often represented misleadingly by workers in Al as computational treat-
ment of Montague grammar, is then contrasted with true computational implementation. This .

chapter concludes with a discussion of computer utilisations in machine translation, while

computational investigations are deferred to the next.

7.1. Sine Qua Non

In what circumstances are we entitled to describe an amendment to Montague’s original proposals as

a development of Montague grammar? An answer to this question is required if we are to distinguish a

continuation of Montague’s program from its abandonment in favour of some alternative theory. The dis-

tinctive features of a bona fide development are, I suggest, twofold:

(i) Conservative Motivation. Modifications should be designed to enhance the prospect of achieving

Montague’s original goal of a comprehensive model theoretic semantics for natural language.

(ii) Strategic Orthodoxy. Modifications should preserve the major characteristics of Montague’s general

strategy as expounded in Universal Grammar (UG, [MS5])).

Strategic orthodoxy without conservative motivation might be exemplified by any inter language
translation system which employed as an interface semantic representations derived from an orthodox

Montagovian analysis. Such a project, although not a development of Montague grammar, could legiti-

mately be classified as a utilisation thereof.

An example of a conservatively motivated but strategically unorthodox alternative to Montague's
program might be Gazdar’s GPSG, [GS], which abandons Montague’s recursive syntax in favour of an
augmented phrase structure grammar whilst preserving the model theoretic semantics. It would hardly be
considered flattering to describe GPSG as a mere extension of Montague grammar: GPSG is a highly

respected grammatical theory in its own right.
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Finally strategic unorthodoxy without conservative motivation can only characterise an alien venture
which, whatever its intrinsic merits, can have no relevance to Montague’s program. To classify such an

undertaking as “related research” would be little short of preposterous.

The appellation “Computer Implementation of Montague Grammar” could accordingly be legiti-

mately ascribed in one of two circumstances:

(a) Computational Investigation. A conservatively motivated, strategically orthodox (partial) computer
model of a Montague grammar would contribute towards a computational investigation within the
subject areé. Computational investigation involves employing the computer in the incontrovertibly
appro‘priate*rﬂole of adata procéssing tool 50 as to er;able linguists to do what they wished to do in the
first place, only to do it more expeditiously. Such employment has been classified by Thompson,
[TS], as computation in the service of lingﬁistics, and is exempliﬁéd by the pioneering achievements

of Friedman and Warren, and also in the programs of Janssen.

(b) Computational Utilisation. A machine translation system not itself intended as a contribution to
Montague’s original goal, but employing a strategically orthodox Montague grammar as a com-
ponent would constitute a computer utilisation of Montague grammar, Under this rubric therefore

falls the research of Landsbergen’s team, [L1, L2], working on the “Rosetta” project.

I specifically exclude from the classification “Computer Imbiementation of Montague Grammar” the
various contributions to what has been misleadingly styled “Computational Compositional Semantics”
(CCS). In so doing it is by no means my intention to denigrate CCS which, despite the inappropriateness of

its title, is a bona fide and important field of research within its own domain. Nothing is to be gained by

misrepresenting valuable research in one field as a putative contribution to another, and that the practition-
ers (or perhaps their self appointed spokespersons) should so lack confidence in the credibility of their field
that they must invest it with a respectability derived from association with a famous name is a

phenomenon which I find mystifying.

In this chapter I shall first seek to identify the sine qua non of a Montagovian program, whereafter I

shall attempt to justify my claim that CCS is not research into Montague grammar, Finally I shall consider

the wilisation of Montague grammar in a machine translation environment. Since my own implementation
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falls under the rubric computational investigation, I shall devote a separate chapter to previous and ongoing
investigations in this vein.
What then is the essential goal of Montague grammar? What are its essential characteristics as

opposed to the coincidental features evident in a particular manifestation such as that of PTQ? The

answers are to be found in Montague’s general theory of UG.

7.2. Montague’s General Theory
Montague introduces UG with the following remark:

“There is in my opinion no important theoretical difference between natural languages and the -
artificial languages of logicians; indeed I consider it possible to comprehend the syntax and
semantics of both kinds of language within a single natural and mathematically precise .

theory”. (italics mine)

He then declares his aim to be the development of a universal syntax and semantics. Regarding the nature

of semantics and its relationship with syntax his position is unequivocal:

“The basic aim of semantics is to characterise the notions of true sentence (under a given
interpretation) and of entailment while that of syntax is to characterise the various syntactic
categories ... the aim of syntax could be realised in many different ways, only some of which
would provide a suitable basis for semantics ... I fail to see any great interest in syntax except

as a preliminary to semantics.”

Ostensibly:

° The formulation of a comprehensive model theoretic semantics must be acknowledged as the

ultimate goal of Montague’s program.

We might however be generous and concede that there is no a priori reason why a mathematically precise
theory must be model theoretic, in which case we could countenance within the Montagovian framework
alternative representations conducive to investigation with a mathematical rigour comparable to that which

legitimises the theory of sets. No other latitude is compatible with conservative motivation.
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7.2.1. Recursive Compositional Syntax
A language IL is to be characterised as a pair:
(Ul) IL=<DL,R >.

such that DL is a disambiguated language and R an ambiguating relation. A disambiguated language is

itself a system:

(IJ2) DL=<<A’F‘Y>’X8,S'80>‘YG F,SE A-

where:

(U3) A i1s the set of proper expressions of DL and A = Use ACs» Where A 1s the set of categories of DL

and C the set of proper expressions of category d.

(U4) F‘Y is the yth. structural operation from A” into A, where Y€ I' and I is the set of operation indices.

(US) <A, FY :-,YE r is an algebra, 1e. A is closed under all F y such thatye I

(U6) Xs is the set of basic expfessions of category d such that, foralld e A, X sSCscP.

U?7) 80 is the category sentence.,
(U8) S 1s the set of syntactic rules, each rule taking the form of a sequence:

(U9) <F'Y <5k 8m>, 8n>

to be interpreted “operation Fy may take sequences of members from categories <o, ... 8m> in order

to make a member of Sn.“
(U10)If <0y ... 0, > € -==c:'ak csm> then F (<0l o O >) = 0 € csn c A.

As Partee complains, clause U10 places no restrictions upon the actual mechanics of a structural operation.

We may however conclude that:

. A compositional syntax taking the form of a simultaneous recursive definition of the well

formed expressions of a language is an essential feature of a Montague grammar.

With regard to the language L potentially ambiguated by the relation R, we may identify the follow-

ing crucial definitions:

(Ul1)BSg; = the oth set of basic expressions of L = {{":3L(Le X sACREN].
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(U12)CATg, =the dth syntactic category of L = ({":3¢({e CsCANLRE)): =

(U13)MEL = the set of meaningful expressions of L = Use ACATSL'

7.2.2. Homomorphic Meaning Assignments

In place of the elementary assignment function I of earlier models, Montague introduces an interpre-

tation for L = < DL, R > as a system:

Uld)<B, G _,f>
such that
(U15)f is a function assigning meanings to basic expressions of DL.
(U16) B is the set of meanings corresponding to A.

(U17) G‘Y and F‘Y are operations of common arity'® and indexed from a common set I'.

(U1« B, G >

y>vel is an algebra similar to < A, F’Y >'YE r ie. B 1s closed deer ?ll G’Y

-

If conditions U17 and U18 pertain then there is a homomorphism 4 from <A, F‘Y >‘YE rinto

: : : : : B.G. .
< B, G‘Y >'ye r which constitutes the meaning assignment for L determined by < G7 f >7€ r

and which is defined thus:
(U1I9Yh:A->Q0cBand F Ch.

(U20)h(Fy(<ak am>)) = G,f<h(ak) h(am)>).

' it = ) ' <A F_> to < B, G > Given a
If in additton Q@ = B then A is a homomorphism from v >veTl’ 7, y Tyel™
homomorphic meaning assignment, we may conclude:

(U21) h(€) = the meaning of £’ in L under the interpretation < B, G‘Y f >ye r
iff C’ = MEL A :.-'IC_,(QE USE ACSACRC,)'
Although there is as yet no introduction of set theoretic entities to serve as meanings, the rule by rule

hypothesis, ie. the convention that to every syntactic rule constructing o from <ak am> there should

correspond a semantic rule for constructing the meaning of o from the meanings of <0 .0 >, is clearly

entailed by the commitment to homomorphic assignment, thus:

$86. That is 10 say, the operations share a common number of argument places.
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° The rule by rule hypothesis must be included as an essential Montagovian characteristic.

Passing reference has already been made to a problem with Montague's formulations. Montﬁgue
insists that for all sequences <oy, ... o > in the domain of F‘Y and all sequences < ... B> in the domain
of F‘Y s, if F,Y(-::ak v O >) = F‘Y A<By o Byy>) then Yy = y* and <oy ... @ > = <By ... B _>. This use of

Occam’s razor eliminates unnecessary duplications, but fails to confront the question: what m-tuples may

legitimately occur as arguments of an m placed operation F’Y?

Clause U9 tells us only that according to a given rule members of categories <0, ... > are permit-
ted, not that FY is restricted to the domain CS X eee X CB - thus subsequent rules in $ may permit m tuples
k m

from alternative domains. As we have seen, there is in PTQ indeed a many:1 relationship between syntax

rules and functional operations. Each of 514, 515, and 516 invokes f,, the domain of which is variously

P X Pt' Pr. X PCN or P X Pryt but the price paid for this prevarication is that the correspondence

between f 10 and its translation schemas 1s not 1:1.

If interpretation is to be direct, U20 specifies a 1:1 correlation between syntactic and semantic rules,

whilst it will transpire that U47 makes similar demands in the case of indirect interpretation. Arguably

therefore Montague’s specification in UG should be augmented by:

22)If F, R 1l formed then either 8, =38. ory=Y’.
(U22)If 'Y(<ak1 akm>) and F’Y ,(<le BJm::-) are both well formed then el akn i Y#Y
Constraining the structural operations to specific domains in order to protect U20 would effectively

enforce a 1:1 correspondence between structural operations and syntax rules. Some authors have adopted
the convention of employing a common index for syntax rules and operations “for ease of reference”™ (sic
Janssen). It now transpires that such uniformity should actually be mandatory if UG principles are to be

inviolate.

7.2.3. Model Theoretic Semantics

An intensional model was defined in §2.14 as M = < D, W, T, <, I >. The orthodox interpretation

function I is now defunct, but the remaining appératus survives as:
Modelbase M =< D, W, T, < >.

Montague’s definition of the set Type of types is exactly as presented in §2.1.1, and the set den(a, M) of
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possible denotations for type a, now relative to a model base M, is defined precisely as in §2.1.4. Replace-
ment of the intensional model by a model base is unproblematic since the interpretation function I played

no part in the definition of “possible denotation”,t*7

WxT

Members of den(<sa>, M) = den(a, M) are to be regarded as senses for items of type a which

are now to be distinguished from meanings of type a. The set of meanings of type a is defined as:
(U23)mng(a, M, J) = den(a, M)V T

where J is the “set of all complexes of remaining relevant features of possible contexts of use”, The inten-
tion is plainly to accommodate pragmatic features as adumbrated in Montague’s earlier papers, (M2, M3},
and to cater for phenomena such as those encountered in discourse analysis where interpretation is depen-

dent upon adjacent prose.

In order to relate the new interpretation system of U14 to orthodox model theoretic semantics Mon-

tague introduces the notion of a Fregean interpretation for L.

(U24)FI = < B, G‘Y'f>‘YEP
such that for some model base M, some context set J and some type assignment ¢ (which behaves exactly

like fof 3.2.1) :

(U25)B g v mng(a, M, J).

ac Type
(U26)If L XS then j(t) € mng(c(0), M, J).

INIF <0y w0 >)=0q and then G (<By B, )€ mng(c(8, M)
(UZDUF (<oq 0y >)=0y an Bkj € mng(c(ﬁkj)M.D enGy(<Py Py )& mngl %
A Fregean model structure for L might accordingly be defined as:

FMS=<<B,G,, f>7é o <M, I>>.
and a specific model as:
(U28)FM = << B, G'Y ’f"ye o<W, LJ>>.

where w is the actual world, ¢ is the present moment and j is the given context of use.

187. In fact Montague unhelpfully uses I for WXT and, curiously, makes no mention of the linear ordering. His notation for
den(a,M) is den a.D,I
 J
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7.2.4. IL Under the General Theory

The syntax and semantics for IL as presented in 3.1 may be subsumed under the general theory in

the following manner, 188

(U29)IL = <<< A, F'Y:" XS’ S, t.:»,v

where R (the ambiguating relation) is vacuously identified as the identity relation. The lexicon for IL may

c {Or li 2: 3, <4, 1€ Type >}, 8 € TypeU({Type}xType)p R >.

be introduced as:
(U30)X 5= Vars U Cona (=ILs3+ILs4).

In order to formulate the full set S of rules we must suppose that {, 1 € A and that T € Type, and let

o  Fy(Cm) =4,rLCnl.

o Fy(Em) =4 5=n.

¢ Fy0=4 "t

o Fy©0=4 %

o F 42,06 =4, MCnl.

We may then stipulate that for G, te Type, the following rules are included in §:
(U 31)<P0,<cn:>,c;t> (= ILs0).

(U32) <Fl,1:,'t,t> (=ILs7).

(U33)<F2,1:,<c1:>> (= ILs11).

(U34) <F3,<c1:>.1:> (=ILs12).

(U35)<F

< 4’O.>,O';t.<c't>> (= ILsS).1%°

The context set J becomes specifically a set of value assignments relative to M which replaces the
old sequence set G: but whereas g € G assigned only variables to members of a domain, j € J is defined

188. Montague considers only a truncated version of IL, contending that omitted constructions may be introduced by abbrevia-
tions, viz.
Vad = def LoD = Ao[a=0]]

$89. In (U31) ... (U35) each rule is a triple as indicated in (U9). The sequences constituting second arguments have however
not been enclosed in angles since it would then prove difficult to distinguish between <o, 7> (a sequence of types) and <oT> (a type).
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for all members of Us AX s+ In fact the generalisation is only apparent because constants turn out to be

immune to changes in context. For any lexical item 3 k1 € X1: we have j(3 lc.'t) € den(t, M).
A logically possible model for IL then becomes:
<< B, G'Y ,f:-YE P <W t,j>>

such that < B, G‘Y of >veT is a Fregean interpretation and:

(U36)ifv e Va’a then flv)(w, 4, j) = j(V).

(U37)If a.e Con , then fo)(w, t, /) = flo)(w, t,j") for all j’ that are o variant to j.,

(U38)Gy(auB)(w, 1,)) = o(w, £, NIB(w, 4, 1))

(U39)G(ouB)(W, £,)) = 1 iff a(w, 1,)) = B(w, £, ).

(U40)G, (@)W, £,/) = € den(t, M) T such that, for all w',t* € WxT, (Wt ") = oW, ).
(U41) Gy (a)(w, & J) = olw, &, J)(W, 1)

(U42)G <4,1::>(a' BXw, t,j) =T € den(z, M)de"(c’ M) such that, for all { € den(c, M),

(&) = B(w, t,j*) for all j’ which differ fromj in at most that j (a) = L.

7.2.5. Concessionary Translation

As a concession to the faint hearted Montague suggests that, although direct construction of a (Fre-

gean) model for a (fragment of) natural language is possible, and was indeed attempted in EFL it may be

“somewhat more perspicuous to translate the fragment into another language for which an
interpretation is already available.”
This strategy he proceeds to justify. Let
L= <<'<'A, F,Y:-"', Xa, S, 80 >‘YE F, Se A R>
and
L’u(((At,P‘,,}),Xé,S, 0>‘EP,SGA"R ®

Then a translation base TB = < g, H’Y y q >‘YE r from L to L” may be derived as follows. First the basic

categories of L are related to basic or derived categories of L” by means of the functions g and g™°

190. Montague in fact employs *J” for “¢”, but | find this usage confusing since " is already in use to denote contexts.
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(U43)g: A = A’ and g(ﬁo) = 86.
(UH)7: Uge X5~ Ve
(U45)If L € Xg then ¢(C) € C;, S

Derived expressions of L. may then be related to derived expressions of L" by means of “derived syntactic

rules”"! given that:

(U46) H‘Y and F’Y have common arity so that H’Y is a polynomial operation over <A’, F,“'Y >‘Y€ re

(U4dN1If <FY<51( e O m>,8n> € § then <H‘y<g(8k) .. 2(0 m)>,g(8 n)> is a derived rule of L.

A translation base determines a unique homomorphism & from < A, F‘Y >'yel" into < A’, H‘Y >veT

such that:

(U48)q < k.

(Udk:A—>EcA’.

(US0) k(F,};(a::zk am::-))) = Hy(d(ak) k(am)>).

from which we may conclude that: | | ~ v

(USDIfn e Us ACS and n’ € Vs’ e A’C' 5 and NR and ’RE’ and k() = 1" then {’ is the translation of

{ on the basis of TB.

Suppose that in addition to the translation base TB = < g, HT » § >‘yEl" from L into L” we already

have a Fregean interpretation:
Fl =<B,Gy.f >'yel"'f°r1"
Let us also suppose that the meaning assignment A’ for L determined by L’ is a homomorphism from

< A’ Fj’y >ve I to< B, G; el Note that this last assumption is non trivial since the general theory

introduces meaning assignments at (U19) only as homomorphisms into.

If for each iy € T it is the case that H‘Y is a polynomial operation over < A’, F,"Y >Y€

exactly one algebra < B”, GY >‘Y€ - Such that:

T then there is

h’ is a homomorphism from < A", H,_>
T e
N U—
+91, The terminology is altogether unhelpful. The purpose of the derived rules is not to gerrymander with the syntactic
definition of L’, which must be taken as given, but to construct well formed formulae within the existing constraints of that syntax.

rfo< B”, GY >’Y€ l...*”
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Thus:
FIH - < ’ ] G.Y’f,").ﬁr
is the interpretation for L induced by L/, F’ and TB such that:

(US2)For all § € Us,_ 4Xs we have K(g(©) = £ (D).
(US3)h": A" - B”.
(US)H'(H(<k(ay) o K(3)>)) = G (<K (K@) o K(K(a,)>).

The meaning assignment A” determined by FI” is accordingly a composition of two functions A’ and & so

that:

“If we are given a translation from L into L’ together with an interpretation for the already

known language L’ then an interpretation for L is determined.” (italics mine)

7.3. Indeterminacy of Translation

Plainly Montague’s exposition of the translation base strategy should not be construed dynamically:
a heunistic for evolving induced interpretations has not been described. Rather Montague offers a static
monitoring device for confirming the validity of putative translation bases. The distinction is akin to that
made by Chomsky between the rules of a generative grammar conceived as operations and the same rules

regarded as constraints on well formedness.

The grammarian is not being invited to devise in accordance with (U43) ... (U51) sets of purely syn-
tactic transformations constrained only by the exigencies of type compatibility, thereafter to discover for-
tuitously that, in virtue of the mathematics of homomorphism, (U52) ... (U54) also hold, and that the exer-
cise has unexpected semantic relevance. Moreover Montague grammarians do not so behave: for, as has
been illustrated in Karttunen’s investigation of interrogative noun phrases, syntactic decisions are typically

dictated by antecedent semantic considerations throughout.

Considered even as a static constraint however, Montague’s formulation of the induced translation

mechanism is not unproblematic. Can any set of purely syntactic transformations, albeit constrained by the

-

$92. This is the import of the terminal Remark in UG section 1.
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requirements of type compatibility, be guaranteed not to introduce semantic distortion? Preservation of
type compatibility is undoubtedly a necessary condition for the maintenance of semantic integrity, but it
could hardly be sufficient. For example the translation of a rigid designator of type <<s<et>>t> from
language L into a type compatible correlate in language L’ would not automatically protect its rigidity

which depends upon the elimination of language specific variations at divers points of reference.
Suppose that for a given model base < M, J > we have a Fregean interpretation:
FlI =<B,G,Y’f .>,Y€l-v

for language L’ and a translation base TB from L into L, with:
FI” = <B”, GY o ""'ye r

the interpretation for L induced by L', FI' and TB. Suppose also that:

is the interpretation for L obtained by the direct method. Then we may conclude both that:

Bgu mng(t, M, J)

t€ Type

and

B” Ve Typ ,mng(T, M,J))

but it is not a necessary truth that B = B”, Likewise it is far from trivial to claim that:

for all g € USG AXS the equalityf(f;) -f"(C) holds
or that there is equality between the relatia of (U20) and (U54).

Let us say that L and L’ are expressively equivalént iff for all < M, J >, for all induced interpreta-
tions <B”, G‘Y f ”>,Ye 1-.. and for all direct interpretations < B, G‘Y’ f > itis the case that B = B” and f =
f”. Then my contention is that the existence of a translation base from L into L" does not guarantee
expriassive equivalence, and that in default of expressive equivalence between the languages involved a

translation base may be employed to induce an interpretation only at the implemeﬁtor’s peril.

Consider now the case of a translation base from English to the language IL of intensional logic.

English contains pronouns which may be used indexically, or which may refer anaphorically not within

sentence boundaries but to previous discourse. Such phenomena present no problem for Montague’s
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general theory which provides in its direct interpretation mechanism a set J “as the set of all complexes of
remaining relevant features of possible contexts of use”.!** A translation base from English to IL cannot
but map all pronouns to expressions involving variables: but variables are to be assigned values by
members of a vestigial version of J which in the interpretation of IL does no more than the old Tarskian
sequence set G. The language IL is not equipped to handle pragmatic and discourse sensitive issues.
English and IL are not expressively equivalent, and a translation base from one to the other may be used

with impunity only for those fragments of English wherein pragmatic and discourse sensitive considera-

tions do not arise.

It should accordingly come as no surprise to discover that if we employ IL as an intermediary in the

interpretation of a sentence such as:

(150) The girl whom he loved kissed John.

then we shall lose the reading according to which “he” is used indexically, and not as an anaphoric refer-

ence to John.

Janssen’s rejection, [J3, J41, of the tactic whereby the indexical reading would be obtained by allow-
ing a syntactic variable to surface at the topmost node and then deleting its subscript, 1s based upon the
recognition that an appropriate valuation of the free variable in the corresponding IL formula could not be
achieved via an assignrﬁent function 1not designed to handle context sensitivity. Indeed Janssen’s advoca-
tion of the variable principle” may be seen as a recommendation to restrict the employment of a translation

base targetted on IL to subsets of English for which expressive equivalence may be maintained.

Free variables, as Janssen observes, [J4], are more like constants since the number of possible
assignments in a given situation is narrowly circumscribed: thus a pragmatic language would require a
mechanism for making constants sensitive to contextual features besides tense and possible world, a ploy
briefly considered by Montague in Pragmatics and Intensional Logic, (PIL), [M3]. As noted above each

function j € J applied in the semantics for IL has explicitly been rendered vacuous in the case of constants.

Popular folklore suggests that Montague recommended unrestricted use of a translation base from

193. Objectors might of course ﬁiotest that the introduction of J simply acknowledges a problem rather than solving it, but the
proposed solution is at least no less arbitrary than the provision of ad hoc tailor made referents for anaphora in the form of frames and

scripts.
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English to IL as a general method for the analysis of English, a myth accidentally supported by the fact that
on two occasions (UG and PTQ) he employed just such a translation base to handle fragments. Montague
was however at pains to concentrate only upon subsets of English equivalent in expressive power to IL. In
order to accommodate a fragment involving pragmatic features he would presumably have adopted a trans-

lation base targetted on a language embodying the characteristics of PIL.

The confusion engendered by uncritical acceptance of the folk version of Montague semantics is

well illustrated by the following quotation from Wilks, [W3]:

“The assumption at every stage is that there is a molecular confrontation between language

and the world. This seems plausible enough perhaps for "John loves Mary" but wildly improb-

able for sentences whose meaning is explained by thelr inferential structure to other sentences.
Consider how far Montague’s assumption is from any Al or "frames” view of meaning on
which we cannot talk about meaning independently of large structures of knowledge existing,

as it were, outside the sentence examined. There is no place for that in Montague’s system ...”

(Italics mine)

It should now be clear that Montague’s general theory makes no such assumption'®* Indeed Al “frames”

794. Although not essentially molecular, Montague semantics is necessarily referential, a characteristic which Wilks contends
is open to Wittgensteinian objections. In my view however Wilks mistakes the nature of Wittgenstein’s reservations about the referen-
tial theory of meaning. It is not the theory itself but the epistemological confusion engendered by a particular misuse thereof in support
of a bogus thesis concerning language acquisition which disturbs Wittgenstein, hence his derisive remarks about ostensive definition.

Only abhorence of the philosophical chaos latent in this misuse explains and justifies his preoccupation.

The target of Wittgenstein’s wrath was not Tarski (with whose works there is no reason to believe that he was familiar) but
Russell’s Philosophy of Logical Atomism, [R12], which endorses a bizarre view to which Russell’s pupil Wittgenstein may have ear-
lier subscnbed:

“It would be absolutely fatal if people meant the same by their words, It would make all intercourse impossible, and
language the most hopeless and useless thing imaginable, because the meaning you attach to your words must depend

on the nature of the objects you are acquainted with, and since different people are acquainted with different objects
they would not be able to talk to each other unless they attached quite different meanings to their words.” [R12 page
195] (Italics mine)

This quotation is tantamount to a8 commitment to private language, a conception to the repudiation of which a large portion of
Philosophical Investigations is devoted, but concerning which Wilks has nothing to say. Private language provides the foundation for
a number of epistemological problems associated with the British empiricist tradition, hence a spurious doctrine of language acquisi-
tion founded upon a respectable theory of reference has disastrous consequences, leading eventually to solipsism. Wittgenstein was ac-

cordingly properly concerned.
Model theoretic semantics is not a psychological model: it has nothing to say about how language is acquired. Plainly one need

not know that the referent of “five” is the equivalence coset of {{{{{<}}}}} in order to count up to five, indeed one may become
numerate without ever being aware of this semantic truth,

Ironically it is in the Al world that the conception of private language occasionally surfaces. For example private language is
presupposed by the contention that message content can be considered as an autonomous conceptual level which is one step removed
from the details of the way in which the message i publicly expressed.
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might be conceived as an engineering solution to the problem of implementing Montague’s context set J.

An impoverished commitment to isolated sentence semantics is only the consequence of the rash adoption
of a concessionary translation base from English to IL in circumstances where expressive equivalence

patently fails,

7.4. Computational Compositional “Semantics”

The orthogonal tradition of Computational Compositional “Semantics” (CCS) originates with the
work of Hobbs and Rosenschein, [H7], and includes that of Rosenschein and Scheiber, [R7], Schubert and
Pelletier, [S1], and Hirst, [H6], all of whom are concerned with the construction of “Natural Language
Understanding Systems”, If any of these researchers were claiming to be engaged in the computational
implementation of Montague grammar then my contention to the contrary would constitute a criticism. To
my knowledge however no such claim has ever been registered by any of the authors themselves: the claim
tends to be made gratuitously on their behalf (perhaps even to their embarrassment) by spokespersons from
the AI community. What is the more surprising is that only in the case of Hobbs and Rosenschein, [H7],

does the claim have even a shadow of prima facie plausibility: for they do indeed offer a computer utilisa-

tion of the output of a Montague grammar, although the grammar itself is not implemented.

A cursory glance at Rosenschein and Scheiber, [R7], and Schubert and Pelletier, [S1], suffices to
confirm that their respective grammatical models are based not upon UG nor upon PTQ but rather upon
Gazdar’s GPSG. The former authors mention Montague’s name once in a parenthetical remark whilst the
latter actually define a Montague grammar (rather eccentrically) as essentiélly’ embodying those higher
order features which they are determined not to implement. Hirst, [H6], provides a mechanism for translat-

ing from a transformational variation of the Marcus parser into frame based representations. That Hirst’s
approach is described as “Montague inspired” is no evidence that the author has embarked on research into
Montague semantics: indeed he explicitly contrasts his approach with Friedman’s “tool for understanding
Montague semantics better”, which is par excellence a computational implementation of Montague gram-

mar. I shall limit my comments to establishing that the gratuitous claim of the Al fraternity is ill founded.

The four works cited differ in the degree to which they recognise Montague’s influence, their assess-

ment (if any) of the nature of Montague’s program, and their acknowledged areas of affinity thereto. Where
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they share a measure of agreement is in their abandonment of model theoretic interpretation (a sine qua non
of Montague grammar), their definition of the role of the computational linguist and their identification of
the discipline computational “semantics”. Jointly they provide their own evidence that CCS is not (and

should therefore not purport to be) concerned with the computational implementation of Montague seman-
tics.

According to Hobbs and Rosenschein, Montague’s method (which they take to be typified by PTQ
rather than specified by UG) involves three phases:
(i)  Syntactic analysis with respect to a categorial grammar. (Italics mine)
(i) Translation into an expressidn of intensional logic.
(iii) Model theoretic interpretation of the IL expression. :

Their avowed intent is to replace phase (iii) with a system of procedural analogues. Hirst, who also pffers
a synopsis of the method is less concerned with the sequential phases than with the properties of a Mon-

tague semantics which he identifies as:n

(a) Mapping to set theoretic semantic objects optionally represented by IL expressions.

(b) Correspondence between syntactic and semantic types.

(c) A 1:1correspondence between syntactic and semantic rules. o,
(d) Compositionality of the semantics.

It is left to Schubert and Pelletier to summarise the full significance of the correspondence identified as pro-

perty (c) and which Montague proposes:

“Montague grammarians ... postulate a strict homomorphism from the syntactic categories and

rules of natural language to the semantic categories and rules required for its formal interpreta-

»

tion.

7.4.1. On “Replacing” the Model Theoretic Interpretation

The requirement for strict homomorphism imposes a constraint upon compositionality only if the

latter is interpreted mathematically, ie, only if the meaning of a compound is to be a function of the mean-
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ings of 1its parts in the mathematical sense of “function”. Provided that phase (iii) and the corresponding
property (a) are retained it is a consequence of strict homomorphism that the phrase “every man”, which is
incontrovertibly a syntactic component in the sentence “every man walks”, must map to an identifiable

semantic correlate involving higher order abstraction. Likewise, since “loves mary” is a verb phrase in the
sentence “John loves Mary”, the verb “loves” must be mapped not to a dyadic predicate but to a one placed
function returning a monadic predicate. Without phase (iii) and property (a) the restraint upon composi-
tionality becomes vacuous. Absolutely anything could count as a meaning representation for a component,

and absolutely any mechanism for assembly as a composition.

Earlier it was observed that only Montague’s rules of functional application are strictly speaking
categorial, By liberally, albeit incorrectly, classifying the entire syntax as a categorial grammar Hobbs and
Rosenschein focus attention upon the fact that the correlates of all Montague’s syntax rules involve “subtle
patterns of functional application” of some sort. There is however a latent ambiguity in their exposition.
Must the correlates they mention behave semantically as functional compounds or may they be merely

notational devices obeying the syntactic rules of typed lambda calculus? Hobbs and Rosenschein claim

L r
that' * * ’ e - ' . * b t'\l-

“Montague has made a significant contribution to the computational semanticist by showing’
possible formats for the representation of meanings of individual words, and mechanisms for

the combination of meanings which are considerably more elegant than most computational

alternatives now in use.” (Italics mine)

For Montague however the ultimate ob jectiire was philosophical explication of semantic cdncépts in extra
linguistic terms to which mere metalinguistic representation was but a prelude. Phase (iii) embodies the

essence of his program while phase (ii) is but an option to obviate direct correlation.

The goal of any semantic theory, according to Hobbs and Rosenschein, is to express English strings
in terms of an antecedently understood metalanguage. (Italics mine). Now antecedent understanding is a
purely subjective matter: that a metalanguage be antecedently understood by a particular subject is neither

a necessary nor a sufficient condition for its objective exblanatdi'y adequacy. That I iinderstaﬁd a formalism

does not guarantee its accuracy, nor does my failure to comprehend undermine its respectab{iity. By con-
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centrating on the subjective issue of antecedent understanding rather than the objective issue of extra
linguistic explanatory adequacy the authors create the impression that the form of ultimate interpretation
might be tailored to suit special subjects such as computers. Emphasis is shifted from extra linguistic
interpretation to metalinguistic formulation; thus ironically it is phase (ii), which to Montague constitutes a

concessionary option, that assumes paramount importance.

It behoves us to enquire in what sense phase (iii) could be disregarded; for when the authors propose
to replace the model theoretic interpretation with procedural analogues “without destroying the overall
framework of functional composition and application” the implications of the prevarication between treat-

ing “functional application” as a semantic or as a syntactic concept must be considered.

If the requirements of phase (iii) are actually rejected as improper then what survives is a purely
notational device the interpretation of which need not be in any way compatible with model theoretic
semantics. The direct correlation of natural language with set theoretic constructions is optional. The inter-

mediate correlation of natural language with the language IL of intensional logic is optional. The correla-
tion of a language containing symbols referring to functions with set theoretic entities is however manda-
tory. If the symbol “f” is to be regarded as a unary function symbol then we have no choice but to treat its
referent as a particular set of ordered pairs; conversely .if we reject such referents then “f’ does not
represent a mathematical function at all, and alternative notational devices might serve equally well. On
this view any technique whatsoever for assembling components would qualify as a formalism which allows
one “to express the composition of meaning in much the way Montague does using subtle patterns of func-

tional application”, and might be classified unhelpfully as a Montague granﬁnar. Such a view has per-
meated Al aﬁd results in all manner of alien approaches being classified as Montagovian. Thus Hirst, hav-
ing abandoned both model theoretic interpretation and IL representation acknowledges Montagovian
inspiration on the grounds that his system, which employs neither Montague’s syntax nor his semantics,

includes a form of typing, observes a rule by rule hypothesis and subscribes to some form of composi-
tionality principle.
Perhaps however phase (1i1) 1s merely to be ignored, while remaining available in case of need. In

this case the formulae constructed in phase (ii) would retain their mathematical significance, and phase (iii)
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would remain an option for monitoring the suitability of proposed changes in syntax. Those who subjec-
tively are unable antecedently to understand model theoretic interpretation would on this account be invited
to pay no attention thereto, but its influence would remain intact, and only compatible alternative interpre-
tations would be countenanced. By choosing not to make use of model theoretic semantics we do not
invalidate it.

I suggest that in fact Hobbs and Rosenschein actually replace phase (iii) only in the latter sense: their
procedural analogues are designed to preserve compatibility and presume the existence of an orthodox
grammar, On this view, had they provided an implementation of the grammar presupposed their proposals

would have amounted to a computer utilisation as defined above. They appear however to take the output

from such a grammar as given, providing no clue as to how it should be generated.

Model theoretic semantics makes recourse to infinite sets and functions and hence model theoretic

constructions are not in practical terms computable. It has been demonstrated by Friedman, Moran and

Warren, [F4], that the smallest interesting model for PTQ, having two points of reference and two entities,

. generates sixteen sets of possible denotations nine of which have a cardinality greater than or equal to 232

514
2

while four contain members or more.

A complete computer model for Montague semantics accordingly presents the same kind of problem
as would be encountered were one to employ Godel numbering as a hashing algorithm to generate content

addressable file storage. Such considerations do nothing to undermine the ﬁhilbsOphicial respectaﬁﬂity of

either model theory or Godel numbering.

7.4.2. Semantics or Verification?

Faced with such problems, and having adopted a view of semantics according to which model

theoretic interpretation may be in some sense disregarded, Hobbs and Rosenschein conclude that:

“the computational linguist is after a quite different type of semantic theory, one which is ulti-

mately machine theoretic rather than model theoretic.” (Italics mine)

adding for good measure that:

“model theoretic semantics ... are not antecedently understood by computers.”
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Wittgenstein has however demonstrated, [W6], that if language is to be employed as a means of
communication then a common semantic interpretation must be available to all participants; there can be
no private language. Thus if human beings are ever to communicate with computers using natural
language then at all costs a “quite different type of semantic theory” for the computer must be avoided. The
only alternative would be the ludicrous situation hypothesised in “Philosophy of Logical Atomism™ 1% A
machine oriented semantics would undermine the whole enterprfse of human - computer communicétion
by natural language; moreovér, whatever their avowed intentions, a machine oriented semantics i%s not what

4

Hobbs and Rosenschein provide.

Not since the benighted heyday of logical positivism has a theory of meaning been confused with a
theory of verification; but that is precisely the confusion involved when the authors declare that, for the
computational linguist: k

“the meaning of an expression is ... the behaviour of the procedure it is transformed into.”

Later they write that:

“the existential quantifier is a procedure which searches through the entities until it finds [an

entity] with the required properties”. .

and again:

“we cannot determine the truth and falsity of "every man seeks a frog" except after the fact,

and then (unreliably) only if the seeking was successful.”

s,

In both cases the issue is not one of meaning but of verification; but a system of verification presupposes an

antecedent semantic theory. We cannot set out to verify a sentence S unless we already know what S

means,

Conceived as a system of verification, the computational analogues pr0pose& by Hobbs and Rosen-
schein have merit, but far from requiring the rejection of phase (iii) they actually depend on the availability
of the model theoretic interpretation if verification and semantic interpretation are to be compatible. The

relationship between a compositional theory of verification and compositional semantics is elegantly, if

$95. See previous footnote.
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unintentionally, expressed by Moore, [M7]:

“The main desideratum of a system of logical form is that its semantics be compositional ...

This is needed for meaning dependent computational processes”

ie. a compositional method of verification will be unavailable in default of a prior compositional semantics.

The verificational analogues introduced by Hobbs and Rosenschein provide no insights as to how to
develop a Montague grammar, rather they take a viable grammar for granted. Indeed CCS is not a seman-
tic theory at all but a theory of verification by computer, hence a fortiori it cannot contribute to the develop-

ment of Montague semantics.

Dissatisfaction with the use of the term “semantics” by computational linguists is explicitly voiced
by Rosenschein and Scheiber, [R7] who advocate “translation” or “transduction* for any processing phase
which does no more than map sentences into a metalinguistic representation.t* That the output from
transduction is to be used for verification rather than semantic analysis is clear from the summary given of

their system, the details of which need not concern us since, as mentioned above, it is oriented not towards

Montague grammar but towards GPSG:

“a simple control su'uctufe ... accepted an input, translated it into logical form, reduced the
translation to first order logic and then either asserted the translation in the case of a declara-

tive sentence or attempted to prove it in the case of interrogatives.” (Italics mine)

Schubert and Pelletier, [S1], exclude themselves from the ranks of Montague grammarians by reject-

ing strict homomorphism, which they take to be definitive. The initial motivation which they offer for

abandoning Montague’s higher order analysis in favour of the Russellian first order alternative discussed
in 2.2 1s that: '“ ~ S
“intuitively quantified terms such as "everyone” and "no one" simply don’t bear the same sort
of relationship to objects in the world as names, even though the evidence for placing them in

the same syntactic category is overwhelming.”

to which one feels inclined to respond that as committed Russellians they might have heeded the dictum

196. In this they would find allies in Halvorsen and Ladusaw, [H1].
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that common sense embodies the metaphysics of the stone age.

A more plausible defence of first order methodology emerges in the authors’ claim that higher order
abstraction is not in fact essential for the handling of de dicto readings of intensional verbs because these

verbs may always be lexically decomposed. Unfortunately they treat “lexical decomposition” and *“para-

phrase” as synonyms and offer as a decomposition of:

(151) John worships a unicorn.

the fatuous pair:

(152) John acts thinks and feels as if he worshipped a unicorn.

(153) John worships an entity which he believes to be a unicorn.

from which we may immediately generate the regress:

(154) John acts thinks and feels as if he acted thought and felt as if he worshipped a unicorn.

(155) John worships an entity which he believes to be an entity which he believes to be a unicorn.
and so on. Montague’s analysis can surely survive such arguments,

My only real complaint against the practitioners of CCS is that they seek to define computational
linguistics in terms of the constructio;l of NLUS thus excluding Thompson’s category of computation in
the service of linguistics altogether. A complete model of Montague semantics may indeed be impossible in
view of the combinatorial explosion described above: a partial model may nonetheless provide a useful tool

for the investigator even if it be no more than an expert’s assistant.

7.5. Montague Grammar as a Machine Translation Interlingua

The interlingual approach to machine translation, [H9], assumes that it is possible to translate source
language texts into semantico-syntactic representations common to more than one language. Interlingual
translation proceeds in two stages: first the source language SL is analysed into interlingual representations;
and secondly these representations are synthesised into text in the target langdage TL. Given the need to
translate to and from n distinct languages, an interlingual approach requires the construction of 2 pro-

grams as opposed to n2 if recourse must be made to direct translation.

Landsbergen’s “Rosetta” project at Phillips Research Laboratories, [LL1, L2), is directed towards the
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design of a machine translation system employing as interlingua tree representations of the (unreduced) IL
expressions assigned to sentences by a variant of Montague grammar known as M-grammar,!¥? Such tree
representations are terned “logical derivation trees” or LD-trees. The assumption is that equivalences may
be established between sentences of distinct languages to the extent that the M-grammatical analogues of
their analysis trees interface with a common LD-tree. Montagovian analysis trees are in fact replaced in

M-grammar by a pair of trees comprising a syntax tree or S-tree and a derivation tree or D-tree.

An M-grammar is defined by Landsbergen, [LL1], as a triple:
MG = «c:Go.B.R:»

where R is a set of M-rules, B a set of basic expressions and Gc a “surface” grammar, Initially G, is intro-

1

duced as a standard loop free context free grammar (CFG) of form:
with Vy aset of syntactic categories, VT a set of terminal symbols, Z a élistinguished symbol‘rani:l P a set of

production rules; but eventually, [L2], such a CFG is acknowledged to be but a special case of a “surface™

r

grammar,

The crucial characteristic of G is that to any surface string s it must assign an S-tree t such that

LEAVES(t) = s, ie. the surface l;hrase must be recoverable as a ﬁﬁear sequence of terminal labels on the

S-tree. The non terminal nodes of an S-tree will be labeled by rﬁembers of VN‘

Following Partee’s hint that the rules of a Montague grammar are best defined in terms of labeled
bracketings (or equivalently in terms of trees), Landsbergen introduces M-rules as compositional syntax

rules which construct S-trees out of n-tuples of smaller S-trees and basic expressions. To ensure compara-

bility with UG™® each M-rule in R takes the form:

$97. Although a variation of Montague grammar, M-grammar is strategically orthodox in that it embodies 8 compositional
syntax and observes the rule by rule hypothesis. By contrast the work of Nishida and Doshita, [N1]}, whatever its intrinsic merits would
not count as a computational utilisation of Montague grammar despite the seductive title. Nishida and Doshita propose to parse En-
glish source language by an unspecified method into an intermediary functional notation EFR (English oriented Formal Representa-
tion) which bears a passing resemblance to IL, but which is not defended on philosophical grounds. The lexical items in EFR are then
replaced by “conceptual phrase structure forms” (CPSF) which constitute recipes for constructing Japanese oriented conceptual phrase
structures (CPS). Target language text is finally generated from the CPS. Since the intermediate structures are designed specifically
for English to Japanese translation, the approach should properly not be described as interlingual. The technique has no other affinity
to Montague grammar than that the generation of Japanese from CPSF may be represented as a compositional data ﬂow, but composi-
tionality although a necessary condition is hardly sufficient evidence for strategic orthodoxy.

198. See clause U9. Juse S,r where Landsbergen prefers R..
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S’Y - <<:C,Y . A,Y>, <81, veey O > Sr::-

to be interpreted “operation A’Y may combine a sequence <Uygy wn U,> of S-Ueéé dominated by <:81, cers 8n>
in order to make a new tree u, dominated by 8’, provided that the sequence <u P> satisfies condition

C‘Y"' The condition C‘Y must be applicable to trees output by the surface grammar G Both G and the

M-rules generate S-trees, but whereas the first operate top down the second construct an S-tree in a bottom

up fashion.

The derivational history of an S-tree constructed by means of the M-rules may be represented by
means of a derivation tree (D-tree) having basic expressions at its terminal nodes and its non terminal

nodes labeled not by a category symbol but rather by the identifier S7 of the rule responsible for the con-

struction. If for a given S-tree more than one D-tree may be constructed, then that S-tree must be ambigu-

ous with regard to the M-rules.

As in PTQ there corresponds to each syntactical rule S‘f of M-grammar a translation rule TY

Accordingly a logical derivation tree (LD-tree) may now be identified as that tree derived from the D-tree
by replacing leaf nodes with the translations of basic expressions and substituting the appropriate transla-

tion rule identifier T‘Y for S‘Y at each non terminal node. . -

Trivially, an S-tree may be reconstructed from a D-tree simply by applying the rules indexing non

terminal nodes on the latter; thus for each D-tree d Landsbergen defines M-GENERATOR(d) to be the set
of S-trees so generated. Recoverability of a D-tree from an S-tree is dependent upon Landsbergen’s rever-

sibility condition which requires that for each operation A‘Y invoked by rule S‘Y there must be an inverse

operation A,'Y such that:

u_€ A,Y(<u1. vy U,>) © <Uy, .0, U >E A‘?“r)

v there must correspond an analytical M-rule S,’Y such that:

S,'Y- <<C,‘;, A,’f, 8’_, <81, veas Sn:»

where A,’Y is a function from S-trees dominated by Sr for which condition C,’Y holds to n-tuples of S-trees

To each compositional M-rule S

dominated by <81, vees 8::"'

In terms of the analytical M-rules Landsbergen is able, for each S-tree t, to define M-PARSER(t) to

be the set of D-trees that generate t.
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“M-PARSER applies the analytical M-rules to the S-tree ... in a top to bottom fashion. ... Suc-

cessful application of a rule S; results in a tuple <uy, . U, > M-PARSER is then applied to

Usy oo U Each application of M-PARSER to u i gives a (possibly empty) set of D-trees for uj.

For each tuple of D-trees <:dl, - d > in the Cartesian products of these sets a D-tree 'y<d1, -

dn> is constructed.” [L1]

Part of Landsbergen’s earlier paper is devoted to proving that:
te M-GENERATOR(;) & d € M-PARSER(t).
Assuming this to behthe case, let:
S-PARSER(s) = the S-tree assigned by Go to a sentence .
LOGTREE(d) = the LD-tree corresponding to D-tree d.
LOGTREE'(e) = the D-tree corresponding to LD-tree .
‘Then Landsbergen is able to define the function:
ANALYSIS(S) = def {e:3t3d(te S-PARSER(s)Ade M-PARSER (t)Aee LOGTREE(d)}
which maps sentences to LD-trees, and a reverse function:
GENERATION(e) = def {s:3t3d(de LOGTREE’(e)Ate M-GENERATOR(d)Ase LEAVES(t)}.
mapping LD-trees to surface phrases.
Two M-grammars G;and G ; are described by Landsbergen as logically isomorphic iff:
Ve(3s(se GENERAHQN‘(e))HQS'(s'e GENERATION J(e)))

ie. iff for each LD-tree assigned to a sentence s by G; there is a sentence s° to which Gj assigns the same

LD-tree.

According to Landsbergen’s thesis, two languages are logically isomorphic if they may be described
by logically isomorphic M-grammars; moreover inter translation between logically isomorphic languages

using the common LD-trees as interlingua becomes feasible.

Rules such as Montague’s S3, which in PTQ contain meta variables, are accommodated in M-

grammar by recourse to rule schemes. A rule having a parameter p, ie. one of form:
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Si - <<:Ci P Ai,p>’ <:81, veos 8n>, 8r>
may be defined in terms of a schema:
< P ir I in A i.>
where Pi is a parameter set, / l.(<u1, vees un:>) C Pi’ and Ai(p, <Ugs oo un:») =U..
Landsbergen requires that:
Ci, (<u1, vass un>) - defp € Ii(<ul, veey U n>)
and
Aitp(<u1, sesy l.ln>) ﬂdefAi(p, <ul' seey l.ln>).
A corresponding analytical rule schema :
<P, IE, AE.>
may likewise be defined such that[:(u ) C P, and A(p,u ) = <uy, .., U >, 50 as to licence the equivalences:
G p(8) =gprPEL )
and
A; p(W,) =g rAllps 1)),
With regard to the special case of S3 Landsbergen defines the schema:
<P3, 13. A3.> | .
such that:
P 3= {<g,Q,n>: g is a gender, Q a set of paths, n an index}.
I 3(<u1, Uy>) = {<g,Q,n>: g is the gender of the first terminal CN in Us, Q = {p: u2..p=-hfan or
uz.pshimn}, n20}.
A 3(<g,Q,n>, <Uy, Uy>) = CNlu, such that ui] where "5 is the result of replacing the variable at Uy.p;

by an appropriate pronoun for each p ; € Q.

In these formulations Q isolates all path§ from the root node which terminate with a variable having the

index in question, while u,.p; is the termination of the ith path so identified.

Only when parameterised rules are taken into consideration does the full significance of the
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distinction between PTQ style analysis trees and Landsbergen’s <S-tree, D-tree> pairs become apparent.
This distinction may be illustrated by comparing the sub tree dominated by 3:3,1 in fig § with the
corresponding trees for the phrase “woman such that she loves him m” produced by an M-grammar as dep-

icted in fig 74. | | A
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S-tree
CN
CN such that t
l S I.____I___|
woman
. he | IV
| loves hem
D-tree LD-tree
S3.n TIn
woman S4 : woman’ T4
he SS Ap'p(x ) TS
loves he . ‘ love’ App(x
Fig 74
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On a Montagovian analysis tree, the phrase to date is recorded as a nodal label while the leaf posi-
tions remain constant during construction. - By contrast the surface phrase in an M-grammar must be recov-

erable as a linear sequence of leaves from the S-tree: accordingly the M-rules responsible for building the
S-tree must be capable of amending leaf positions dynamically, Inspection shows that the operation Aq

defined by Landsbergen has precisely such an effect.

It is clear from Landsbergen's exposition that prior to such an amendment a leaf position on the S-
tree may be occupied by a syntactic variable awaiting replacement, however S-trees are also the output of
the “surface” grammar G , thus a “surface” grammar must be able to produce trees having leaf sequences
that are not surface strings. Just as a final filter is needed to eliminate analysis trees having syntactic vari-
ables surviving to the topmost node, so too some form of filter is implied which will allow S-trees charac-

terised by variables as inputs to M-rules, but which will reject them as representations of surface sentences.
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Arguably a diachronic series of S-trees would be needed fully to represent the generation of a sen-
tence, together with a corresponding series of D-trees. For how is the swrface pronoun on the illustrated
D-tree to be correlated with the correct logical variable on the LD-tree? Landsbergen’s solution is to
invoke the analytical inverse of the M-rule equivalent of S3 and to apply it to the S-tree in order to recover
the unamended leaves, ie. to resurrect an earlier D-tree. The appropriate items from the S3 analytical rule

schema are:

5(") =def {<g,Q,n>: u = CN[CNI...] such that t[...]] where g is the gender of the first terminal CN in
the elder daughter of u, the younger daughter does not contain variables with index n, and Q is a sub-

set of the set of paths to pronouns with gender g in the younger daughter.

A5(<g,Q,n>,u) =def <u, Uy> where Uy is the elder daughter of u, and u, is the result of wplaéement,

within the younger daughter of u, of the terminals at all P; in Q by a variable with index n.

Landsbergen’s recourse to LD-trees rather than fully reduced IL expressions has much to recom-
mend it, but we may question whe;her or not it is necessary to depart so radically from Montague’s own
method of representation in order to generate such trees. There is no obvious advantage to be gained from
abandoning the practice of holdiﬁé rthe phrase to da;e together with derivational ;nfonﬁation on a single
analysis tree; moreover the LD-tree is analogous to the superimposed translation tree which I have been
employing in previous illustrations, which suggests that LD-trees may in need be constructed directly from

orthodox Montague analysis trees. Thus the success of Landsbergen’s program invites the question could

similar success be achieved by a less devious parsing mechanism?

-214 -




CHAPTER 8. COMPUTATIONAL INVESTIGATIONS

{ In this chapter we consider those computational investigations into Montague grammar
- which have the greatest affinity to the present endeavour, and which have had the most
significant influence upon its development. Janssen’s experimental generator includes an alter--
native to the language of intensional logic translator LILT, while the Friedman Warren algo-
rithm has been extended and converted into DCG format for incorporation in TMDCG:

éccordingly the chapter is devoted exclusively to the work of these authors.

8.1. Janssen’s Experimental Generator

The value of a computational investigation into the operation of 2 Montague grammar is admirably
illustrated by Janssen’s experimental generation program, [J1, J2]. We have already alluded to the

shortcomings of the original PTQ structural operations f3 o0 140 £, and £, 4, to Janssen’s rejection of “left
overs” and vacuous quantification, to his stipulation of the “variable principle”, and to his own hyperrule

reformulation of the grammar of PTQ: but what has not been made explicit is that most of the errors dis-

cussed in his later papers, [J3, J4], were originally drawn to his attention through the medium of his genera-

tor.,

L1
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procedure make(category);
begin |
rule := choose-rule(category);
if rule # choose-lexical(category)

then begin
make(rule.argumentl); |
if rule.argument2 # nil then make(rule.argument2)

- end
else choose-lexical{category)

end.

Fig 75
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Janssen’s computational implementation of Montague grammar is unusual in that unlike
Landsbergen’s, which has already been discussed, and Friedman’s, to be considered shortly, it does not

include a parser. The program generates arbitrary syntactic structures, comparable to Landsbergen’s D-

trees, by compositional application of randomly selected grammar rules in accordance with the recursive
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algorithm of fig 75. Once a D-tree has been composed, the corresponding surface sentence may be
identified by applying the structural operations corresponding to nodal labels, presumably during a post

order traverse of the tree.

By generating arbitrary sentences through arcane albei£ legitimate rule applicatibn sequences the
program is able accidentally to discover anomalies: hence I classify it as an “experimental generator”.
Inaccuracies in PTQ discovered by the experimental generator include the retention of non finite forms in
compound verb phrases (cf. example (63)), irnplaqsible reIﬁtive clause stacking, (cf. example(56)), the
absence of reflexivisation, left over variables, and the semantic implications of vacuous quantification, (cf.

fig 24).

Janssen’s programatic solution to the problem of left overs and vacuous quantification can only be
regarded as ad hoc. First he removes the “else” clause from the algorithm of fig 75 so as to generate D-
trees minus their leaves. Next he demands the insertion of variables with index »# only within the scope
(younger daughter) of he-n binding rules (ie. S3,n, S14,n, S15,n and S16,n), insisting that each such bind-
ing rule have at least one appropriate variable within its scope. Finally he inserts suitable lexical items at
the remaining unoccupied leaf positions. Although this solution reflects the effect of adequate corrections

to PTQ grammar, it does not of itself engineer such corrections, nor does it indicate the form that they

should take.

The D-trees constructed by the experimental generator provide the basis for translation of the
corresponding sentence into IL. As in Landsbergen’s project, the D-tree is first mapped to a logical D-tree
by substituting basic IL for lexical expressions and translation rule identifiers for those of syntax rules. An
IL expression for the wpmogt node is then computed by traversing the LD-tree, applying the rule at each
node to its previously computed inputs, and fully reducing the nodal result on a step by step basis in the

manner illustrated in chapter 2.1%

199. It may prove opportune to introduce at this point a distinction made by Friedman, [F6], between direct translation, re-
duced translation and extensionalised translation. In her terminology, direct translation is the immediate result of applying

Montague's T rules to an analysis tree and performing no further logical operations on the results, reduced translation involves the ap-
plication of principles not founded upon meaning postulates, while extensionalised translation incorporates the postulates. Both direct
and reduced translation turn out to be reversible (ie. an analysis tree, and hence a surface sentence, can be recovered from the logical
expression): and in the case of direct translation the recovery is trivial, suggesting that for machine translation purposes reduction

stands in need of justification. Reduction in Friedman’s sense corresponds to Janssen’s principles R3, R7 and R8, while full reduction
as implemented by Janssen, and also in LILT involves extensionalised translation.
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Much of the complexi& of Janssen’s reduction mechanism, which requires a total of seventeen
reduction rules, (listed in fig 47), stems from his démmﬁnaﬁon to preserve unamended every nuance of the
grammar of PTQ. Montague had a curiously pe}verse predilection for counter productive abbmﬁaﬁms
which introduce unnecessary processing overheads and which add little by way of perspicuity. He allows

for example a “brace convention™ according to which:
*{(o) may be written as {{o}

despite the fact that the marginal brevity so gained is more than outweighed by the nuisance value of hav-
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ing to restore the original form in order to proceed with legitimate reductions. Plainly “C{a} is equivalent
to ““{(o) which by the principle of “down up” cancellation reduces to {(a); thus Janssen introduces a rule,
R2, which accomplishes restoration of the unabbreviated form so that cancellation may proceed. “A simpler
policy, which I have implicitly been adopting from the outset, is to proscribe brace notation altogether and

work with unabbreviated primitives.
A second convention adopted by Montague is “superstar” notation according to which:

%k
john abbreviates App{"john”) where p= vy ___castss:

Recourse to Bennett’s simplified system of typing together with abandonment of brace notation allows us

to substitute:

john* abbreviates Ap“p(john”) where p = V0.<scotss®

However again I question the value of this abbreviation. Janssen’s rule R1 expands superstar notation, but
as is apparent from earlier examples I have eschewed this convention and opted to use unabbreviated forms

from the start hence avoiding any restoration premium.

Janssen’s rules R4, RS, R6 and R11 ... R16 are all designed to accommodate the implications of
Montague’s meaning postulates. Six rules, (R13a ... R15b), are required to service MP2 alone, while R4
merely simplifies some of this postulates constructions. Rule R11 corresponds to MP3, RS and R6 together

to MP4, R12 to MPS5 and R16 to MP8. As we have already seen, Bennett’s system of typing reduces the
number of postulates required by PTQ from nine to four, preserving only MP1, MP4, MP8 and MP?9, thus
rendering some of the aforementioned reduction rules redundant. Rule R17 is both anomalous and particu-
larly ad hoc since it is to be applied only in case (a) the input corresponds to a complete sentence, (b) no
other reduction applies and (c) & does not occur in the context 6(c.,f). In the language of intensional logic
translator LILT, which processes the analysis trees output by the TMDCG parser, it is accordingly possi-

ble drastically to reduce the number of reduction rules needed.

Of Janssen’s rules only R3 (relational notation), R7 (down up cancellation) and R8 (A conversion)
remain critical for IL reductions, to which LILT adds a single rule to drive the postulates. Janssen’s R9
and R10 are not explicitly IL reduction rules but standard ilworems, the first corresponding to double nega-

tion and the second to “S5” modal reduction. LILT includes a further principle, that of the substitutivity of
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identicals which Janssen is forced to omit, despite conceding that his system is unable (without it) correctly

to process identity statements. ! | S
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(a) (b)
A e A e
3 X | | () woman’ e
A
() woman’ X - e X
Fig 77 .
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Janssen attributes this shortcoming to his technique for achieving reductions by means of local tree
transformations, ie. transformations on small contiguous subtrees. Logical formulae are represented not by
strings but as labelled trees having atomic symbols as leaves, while local transformations involve raising

subtrees to ancestor nodes, thus eradicating contiguous intervening branches. This technique is unable to

accomplish the reduction of:

Anie n("AZ(e=Z))["Aq3IX(woman’(X)A"q(X))]

Ae(woman’(e))
since it would necessitate as a final stage the non-local transformation of tree (a) into tree (b) in fig 77.

In LILT such a reduction is achieved by recourse to PROLOG’s pattern matching facilities, but no
such facilities are available in Janssen’s chosen implementation language, ALGOL 60. The lack of string

handling, of which he explicitly complains, turns out to be not the only restriction which makes this pro-

cedural language less than felicitous for his purpose.

8.2. The Friedman Warren Algorithm

Whereas Janssen’s generator will produce random ungrammatical sentences given inaccuracies in

the original grammar implemented, thus serving as a monitoring device for that grammar, the parser

presented by Friedman and Warren, [F3], provides a means for systematically testing the grammaticality of
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a specified input sentence by attempting with backtracking all possible routes towards a derivation. Argu-

ably the algorithm upon which the parser is based constitutes the most important single contribution to the

computational investigation of Montague grammar to date.

8.2.1. Recursive Descent Using FVB and SA Lists

Like Landsbergen and Janssen, Friedman and Warren are content to operate not with full blown

Montague analysis trees but with D-trees, the restoration of individual nodal phrases remaining as a manual

exercise. The purpoée of the Friedman Warren algorithm (FWA) is to handle the introduction and subse-
quent binding of indexed syntactic variables on D-trees. For expository imrposes the authors descnbe FWA
as a mechanism for traversing a tree constructed by the CFG rules of PTQ, ie. all rules except S3, S14, S15
and S16, and for performing such operations as will generate an alternative tree involving the variable

binding rules. Thus given tree (a) of fig 78, tree (b) will be pfoducedﬂm as an alternative.

Such a method of exposition is in fact rather misleading, suggesting as it does that the parser essen-
tially requires two passes, the first to construct the CFG tree and the second to transform it. In fact the
parser, which Opaat;s by recursive despcent simulating the context free rules, constructs tree (b) in a single
pass by exercising opﬁoné as and when they arise: tree (b) may accordingly be returned instead of tree (a)

rather than subsequent to it.

$100. Friedman and Warren in fact adopt a curious ternary tree representation for constructs involving variable binding rules,
but nothing is lost by returning to conservative binary forms. Familiarity with the basic recursive descent parsing technique, [A2], for
processing 8 CFG, and the incorporation therein of tree building facilities i8 presupposed. Using this technique, each non terminal
symbol in the grammar corresponds to a8 paramelerised procedure responsible for identifying the category concerned and returning a
contribution to the parse tree, while each preterminal symbol maps to a similarly parameterised procedure which consumes appropriate

stems from an input string. A rule of form:

A—>BA

clearly requires a recursive call from A to A; but the transformation of a simple non recursive grammar such as that required by fig 78
(a) may be illustrated by the conversion of the CFG:

(S4) S—->NPVP
(S5) VP->TVNP
(Bop) NP — John|Mary
(Btv) TV —love
into the DCG parsing program (using PROLOG “grammar rule notation™):
s(s4(NP,VP)) —=> np(NP),vp(VP).
vp(s5(V,NP)) ~> vi(V),np(NP).
np(john) > [john].
np(mary) -> [mary].
vt(love) —> [loves].
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In recursive descent parsing, a procedure charged with processing a given category ¥ is responsible
for returning a x-node as its contribution to the parse tree. According to FWA, whenever a noun phrase
other than a pronoun is parsed, the prbcedhfé'respbnsibie must exercise an option: it méy either return a
default node as specified by the context free rules of the grammar, or alternatively it may introduce as a
replacement node the next available éyhtaétié variable in sequence. Each iﬁvmaﬁoﬁ of a parsing pro-

cedure, or equivalently each node created by such an ihvocation, must be furnished with a list, the free

variables below list (FVB) in which is maintained a record of all unbound variables dominated by the node
in question. Should a noun phrase parsing procedure exercise the option to introduce a variable, such a

record must be raised in the FVB list, which accordingly serves as an output parameter to the procedure.

Records in the FVB take the form of bindings, which in Friedman and Warren’s own exposition con-
sist of a pair <Var,NP> where Var is the syntactic variable introduced and NP the phrase replaced thereby.,
I suggest however that NP should properly be regarded not as the term phrase but as the entire default
node: moreover NP must be feature marked with both number (if plurals are admitted) and gender. The

FVB at any given node comprises the union of the FVBs of its daughters (preorder successors) plus or

minus any additions or subtractions engineered at the node itself.

Procedures responsible for returning sentence, intransitive verb phrase or common noun nodes must
also construct a default node as required by the context free rules, but they too are provided with an option:

méy may elect to quantify into the default node, Quantification is accomplished by selecting a binding

fr&m the current FVB list and creating a new node having the default as younger dauéhter. the node from

the binding as elder daughter, and the new node flagged with the identifier of the quantification rule in
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question together with the index subscripting the binding variable. The binding is then removed from the
FVB list, whereafter the new node may itself optionally be subjected to quantification: ie. the quantification
mechanism includes a recursive call. Vacuous applications of the quantification rules are automatically
eliminated by this method: if a variable does not appear free in the younger daughter, which constitutes the

scope of the quantification, then neither does it appear in the FVB list from which the variable of

quantification is extracted.

Anaphoric references are handled by furnishing each procedure with a second list, the substitutions

above (SA) list, which acts as an input parameter and contains bindings originating at preorder predeces-
sors. The SA of the top level procedure must be set to the empty list whereafter the SA at any other given
node will be the union of the SA of its parent and the FVB of its elder sister if any. Whenever a noun
phrase parsing procedure identifies a surface pronoun with number and gender <n,g>, it may select from

the SA list any binding wherein the NP node has consonant features: hence the recording of such features

is imperative. The syntactic variable from the chosen binding then replaces the surface pronoun as a contri-

bution to the parse tree.

An altemnative form of binding <Var,CN>, in which a new syntactic variable is paired not with a

noun phrase but with a common noun node CN, is required in order to accommodate relative clauses. The

recursive descent basis for relative clause parsing becomes a CFG dilution of S3 of form:

CN — CN such that S
which of course makes no attempt to associate pronouns in the embedded sentence with the antecedent
common noun.!% On encountering “such that”, the procedure which parses common nouns, having already
identified the head common noun, has merely to pair it with a variable and pass the binding into the SA list

of the sentence procedure charged with parsing the embedded sentence.'® On completion the head com-

$101. The problems associated with recursive descent parsing of left recursive rules are addressed in the next chapter. Fried-
man and Warren adopt the “Well formed substring table” solution whereby a non recursive rule identifies basic common aouns and
records each finding, while the “recursive” rule rather than calling itself selects a previous finding as head CN, parses a sentence and
records its final result to enable further “recursion”.

$102. The extension of this mechanism to non stilted relative clauses is not difficult. In TMDCG the syntactic variable togeth-

er with its feature marking to date is passed to the embedded sentence in a “HOLD” list from which it may be taken to replace the ex-
traposed noun phrase. Subsequent anaphoric references are handled by recourse to the SA list as in the original.

Friedman and Warren toy with the idea of adding the binding retrospectively to the FVB of the head CN, but since it would be
immediately extracted on percolation to the S3 node which made the addition the manoeuvre is rejected as pointless.
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. WB'{}:SA'{} )
John S4
FVB={<0,John>}, SA={}
*ehe,** Ss
FVBa={<0,John>} FVB={}, SA={<0,John>}

l__—L_I

: r love S2
FVB-{]‘: SA-{cﬂJohn:-}
a S3,1
FVB={}, SA={<0,John>}
woman 54

FVB={}, SA={<1,woman>,<0,John>}

EE—

hel SS
FVB={}, SA={«<]1,woman>,<0John>}

J-'i‘ .
%\

love hco
Fig 80
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mon noun becomes an elder sister of the embedded sentence, the dominating node being S3 flagged with

the variable index.

The interplay between FVB and SA lists is illustrated in figs 79 and 80 where the first represents the
notional output of a context free grammar and the second the result of applying the algorithm. A binding
abbreviated to “<0,John>" is created at the node flagged **...**, and this is passed up to the S4 node which
eventually becomes younger daughter of the top level quantification node. The binding is then passed down
to all preorder successors in their SA lists where it is joined at the embedded S4 node by a second binding,
abbreviated “<1,woman>" supplied by the rélative clause rule. All surface pronouns in fig 79 are in due

course replaced by indexed pointers to antecedents of the appropriate number and gender.

Vacuously relativised clauses are tolerated by Friedman and Warren on the grounds that unlike vacu-

ously quantified sentences, cf. fig 24, they do not generate semantic nonsense. This tolerance is surprising

since the elimination of vacuity may be accomplished with consummate ease. A simple traverse of any sub
tree will suffice to establish whether or not a given variable 1s dominated by the root of the sub tree,

accordingly I suggest the following constraint:

(FWA1) The relative clause procedure must reject any candidate younger daughter which

does not dominate the variable provided in the initial binding.

be added to the algorithm.

A necessary condition for the elimination of “left overs”, ie. indexed variables remaining free at the
topmost node of a tree, is that the FVB list of the top level procedure be constrained to be empty. Such a

constraint constitutes a final filter as countenanced, albeit with reservation, by Janssen, [J4]. The above
condition is however not sufficient.

Although the FVB list at a given node is initialised as the union of the FVB lists of preorder succes-
sors, it is quite possible for a binding in FVB to include a node which eventually becomes a preorder

predecessor: for the effect of the quantification option is precisely to adopt elder daughters by extracting a

binding from the FVB of the younger daughter, In default of any counter measures therefore it would be

possible, given the sentence:

(156) A woman such that she loves a man such that he loves her walks.
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S$14,2
FVB={}
E=S2 S4
| FVB={<2,8>}
a S3,1 S2 walk
l ‘ | | . FVB={<2,}5>}
man S4 a S3,0 #IMATRIX#
SA={<],man>} FVB={<2,t>}
hel S5 woman S4

FVB={<2,t>}, SA={<0,woman>}

ke, S3

fove | heo | | |
| FVB={<2,£>}, SA={<0,woman>}
love **he,+*
FVB={<2,£>}, SAe{<0,woman>}
Fig 81

#**********#**#*****#***##**#*******##*****************************#****#**##*;***#****

to derive the tree of fig 81. As Friedman and Warren point out however, manual'® application of the syn-

tax rules labelling the nodes would generate at the root the string:

(157) A woman such that she loves a man such that he loves herb walks.
which contains a “left over” variable despite the fact that the FVB list at the top node is empty as required.

When the parser attempts to process the string “a man such that he loves her”, it has reached the
i)uoin; marked **...** in fig 81, the binding <0,woman> having been provided in the SA list by the as yet
incomplete relative clause procedure call which is attempting to construct the S3 node marked MATRIX,
Anaphoric connection between the surface pronoun and ‘fwon}an“ is established and a default node
representing * a man such that he loves her,y”, (identified in fig 81 as ), is constructed. On exercising the
6ptic;n to replace this default node with a variable, the binding <2,E> is added to the FVB list whence it

proceeds to percolate upwards until control is returned to the MATRIX procedure. At this point the

S
$103. The fact that manual intervention at this juncture is necessary in order to appreciate the problem is in itself an incentive

for introducing such modifications as would allow the automatic generation of genuine Montague analysis trees.
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variable “heo“ is bound by relativisation despite the fact that “he, is dominated by the node & which
appears in the FVB list. The FVB then continues to percolate to the highest S4 level at which point § is

adopted as an elder daughter although containing a variable bound by a preorder successor.

To prevent such an occurrence Friedman and Warren insist that the algorithm must include a specific

constraint'1* which amounts to:

(FWA2) No variable binding rule may bind a variable dominated by the node of any other

pairing in the current FVB list.

8.2.2. Handling Cataphora

In an earlier description of a prototype DCG implementation of the grammar of PTQ, [B4], I suggest

a modification to the Friedman Warren algorithm which would accommodate cataphoric pronominal refer-

ences and allow parses of sentences such as:

(158) The man such that he loves her kisses Mary.

The modification requires the provision of two additional lists of bindings, SRA (Substitutions Required on
Arrival) and SRD (Substitutions still Required on Departure), for each parsing procedure, or equivalently at
each node on the parse tree,

Whenever a surface pronoun is encountered during a parse, a check must first be made as hitherto in
t;1e SA list for a possible antecedent referent, and if a suitable candidate is found an ranaphoric reference
engineered in the manner already descﬁbed. In the absence of a suitable #Ecedent referent, echeck ml;;t
tLen be made in SRA in case there has already been a cataphoric reference of metching number and
émder in which case the present surface pronoun may be replaced by the veﬁable already available m the
SRA binding. If neither SA nor SRA contains a suitable canchdate then a new cataphoric reference must be
estabhshed by creating a binding wherein the NP field 1s a dumy node marked with the number and

gender feature of the pronoun bemg parsed. The union of SRA and {dummy} becomes SRD moreover the

$104. Were we to countenance Rodman’s constraint upon quantifier scope then where the variable binding rule is the relative
clause rule an even stricter condition would be required viz:

(FWA2a) The FVB list at the embedded sentence node in a relative clause construction must be empty.

thus effectively making the subordinate clause an island. In this way the element relativised would inevitably be given wider scope
than any other element in the relative clause.
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dummy node must be added to the current FVB list.

Before exercising the option to replace a default NP node with a variable, procedures which parse
noun phrases must now first check in SRA to ascertain whether or not there is already a dummy awaiting

the arrival of a node with the featurés of the default NP, If there is then the variable from the dummy bind-
ing becomes the replacement variable, and the default node replaces the dummy node in all its occurrences
including those in FVB lists. Such a global replacement is trivially easy in a PROLOG implementation
given the “logical variable”i facility. Finally SRD becomes the difference between SRA and the dummy
binding. o

At any node, SRD will be equal to SRA f)lus any new dummy bindings contrived at the node or less

any dummy bindings completed thereat. The SRA and SRD of the root node are required to be empty,
whereafter the SRA of an elder daughter is initialised as the SRA of the parent, the SRA of a younger

daughter is the SRD of the elder sister and the SRD of the parent is the SRD of the younger daughter.
A new constraint upon quantification is implied by this innovation, namely:

(FWA3) No variable binding rule may extract from FVB a binding still present in the

current SRD list.

"y

for without such a constraint it would be possible to return as a putative parse of (158) the tree of fig 82

wherein variable he, remains free in the younger daughter of the top node. St

A dummy binding is initially created at the node flagged **...** and passed back up the tree in both
SRD and FVB lists. Improper extraction from FVB results in quantification with a dummy node as elder
daughter at the point marked %%...%%, the dummy in SRD continuing to percolate until it is transferred to

the SRA of the younger daughter of the top node whereupon it proceeds to trickle downwards. On reach-
ing the node flagged ##...## the cataphoric referent is located and all instances of the dummy, including
that at node %%...%%, are completed whereafter SRD becomes SRA-{<2,dummy>}, ie. an empty SRD is

éﬂowed to percolate to the top node. The net result is the spurious tree of fig 82.

| By including the new constraint we ensure that not only may no younger sister dominate

qﬁmﬁﬁcaﬁon over a variable remaining free in the family of an elder daughter (the effect of FWA2), but

ﬂ;e elder sister must extend the same courtesy to her sibling,
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SRD={<2,dummy>} SRA={<2,dummy>}
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SRD={<2,dummy>} “ SRA={<2 Mary>}
— SRD-{}
man S$14,2 C
SRD={<2,dummy>} .
! %%dummy%% S4

(becomes Mary) FVB=SRD={<2,dummy>}

I'—I—__—l

he, S5
FVB=SRD={<2,dummy>}
love **he,**
FVB=SRD={<2,dummy>}
Fig 82
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It might be felt that the problem could be avoided simply by delaying addition to FVB of the prob-
lematic binding until after the cataphoric reference has been finalised, but a moments reflection indic-ates
that, were this to be countenanced, the binding <2,Mary> would be added to the FVB at the node flagged
## ## whereupon it might be extracted by the immediate parent and adopted as an elder sister of the S5

node by the verb phrase quantification rule S16. Such a ploy would plainly result in variable he2 remaining

free in the elder daughter of the topmost node without any warning signal outstanding in its FVB, a situa-

tion avoidable if the dummy enters FVB immediately upon construction.

8 2.3, The Zero Option

Procedures which pérse nou; phra;es other than pronouns may exercise an option to inuoduée a syn-
tactic variable or altern‘atively retain the status quo and return a default node: let us call the latter choice the
zero option. Whether or not the zero option is chosen will have important semantic consequences provided
that the noun phrase in question occupies a position wherein accusative cése marking would be appropri-

ate. Reference to fig 8 (repeated below for convenience), confirms that a de dicto reading for “John seeks a
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unicorn” is obtainable only in case the zero option is taken with regard to the object noun phrase.
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(a)DediC-tO I - . . % Y
John seeks a unicomn 4.0

.« seek'(john’,’Aq3X(unicorn’'X)A’q(X))) . | N e

—

~ John -~ seek a unicorn 5:0 P
Ap"p(john’) seek’("Aq3X(unicom’X)A"q(X)))
] seek a unicorn 2:a
seek’ Aq3X(unicorn’(X)A q(X))
(b) Dere 1 _ |
’ John seeks a unicom 14:2.0

AX(unicorn’(X)aseek’(john’,"App(X)))

I'____L——I

a unicorn 2:a - : John seeks himo’ 4:0
Aq3X (unicorn’X)A"q(X)) seek’(john',"Ap"p(x )
& John seek him, 5:0
Ap“p(john’) seek'("Ap°p(xy))
seek heo
seek’ < * lp"p(xo)
Fig 8 (repeated)

#****************#****#f**********#***#**##*****#*********##*##**#*******#*#****####***

Wheré the noun phrase parsed is in subject position however no semantic significance'% appears to
depend on the availability of the zero option, and accordingly the question arises as to whether or not it
might be suppressed altogether for subject positions. If the objective of the paréing exercise is, wherever
feasible, 1% faithfully to reproduce all Montagovian variations in analysis tree irrespective of the semantic
vacuity of the variation then the zero option must clearly remain uninhibited. If however we were preparedt
to tolerate the abandonment of some semantically ineffective alternatives then some ergonomic economy

would result from insisting that all nominative noun phrases be introduced by quantification.

$105. The case is somewhat different for noun phrases with nominative case but in a predicative position, eg. as complements
of the copula. See footnote 82 in connection with the effects of quantifying in such complements.

$106. An advantage of FWA is that it does nof generate all possible variations in Montagovian analyses for a target sentence.
Mere “alphabetical variants”, ie. parse trees which differ only in the uniform replacement of one variable index by another unused one,
are represented by a canonical tree employing the first available variable at all points. Without this restriction the number of semanti-
cally uninteresting variations would be infinite.
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Since a Friedman Warren parser works top down, it is known at the time of encounter whether or not

a given noun phrase is nominative, thus the situation in which suppression of the zero option might be
advantageous is readily identifiable. As regards the corresponding Montague grammar, this would require
an amended rule S4 which accepted ohly syntactic variables as first ax:gument. We shall shortly be consid-
ering a strategy whereby Friedman and Warren propose to abort a parse upon discovery that it is semanti-

cally equivalent to an earlier one. By suppressing the zero option certain semantically equivalent parses

might not even be commenced.

8.2.4. Accommodating Interrogatives

The affinities between declarative and inten‘Sgative noun phrases, as introduced by the binary revi-
sion of S2 and the innovative S29 have already been noted (§4.3.4); likewise the quantificational nature of
the basic search question rule S24 (§4.3.5) and its multiple corollary S26 (84.3.6) is evident. It should

accordingly cause little surprise to discover that the Friecdman Warren algorithm can be extended with

minimal modification to cover Karttunen style interrogatives.

On Karttunen’s analysis of search questions, the preposed interrogative is to have minimal scope:

hence we require that a phrase structure analogue of the basic search question rule, ie. the preposing rule
S24, have the general form:
S24’: SearchQ ~» PREWH S/NP

where PREWH is an interrogative noun phrase and S/NP is s sentence with a noun phrase missing (ie.

marked by a “trace”). The parsing procedure corresponding to such a rule should be capable of returning a

tree of the form indicated in fig 83.

PP R P R R L S L L L L T R L P P P P L T AT Y

S24n
$29 L S21 v
? S
Fig 83

e R L L L L T Tt

The node S on this tree must represent the sentence S/NP but with the missing NP now specified as
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John knows which cow which farmer milks 4:0
know’(john',"Ar3Y (farmer' (Y)A3X (cow' (X)A rAr="milk, (Y, X))))

I—__—___J_l

John know which cow which farmer milks 63:0
- Ap"p(john’) know’("Ard Y (farmer (Y)AIX (cow (X)A TAra"milk (Y, X))))
. know -which cow which farmer milks 25:18,0
know’ ArdY (farmer (Y)AIX (cow’ (X)A TAr="milk (Y, X)))
which farmer 29:0 _ l _
Y (farmer (" (YD) , which cow heo milks 24:18,1
M : 1 Ar3X(cow (X)A'tAr="milk, (xO,X))
which cow 29:0 ? heo milks hin:ul 21:0
AqIX(cow'(X)A"q(X)) ArCTAr="milk, (x ,X,))
which COW uﬁ:::iii:::::hu
ApAGIX(P(X)A"Q(X)) cow’
Fig 41 (repeated)
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hen and any other interrogative noun phrases replaced by further syntactic variables, precisely as illustrated
in fig 41 (repeated here for convenience). In order to achieve this end an S24 parsing procedure, having
parsed the preposed PREWH, must generate a binding variable hen and pass this in a HOLD list to the pro-
cedure which deals with the embedded sentence. The latter procedure must be permitted to access the

"'I 1

HOLD list and to extract an item wheﬁ needed to plug any noun phrase gap.

Anyl additional interrogati;; noun phrasés in S/I;iP are accordiné to Karttuinken's theoryto be gi\;en
{nri&er scope than PREWH: how méy this be guaranteed? We simply require that in;errogative noun phrases
be ireatﬁed{ like any other noun' phrases by the sentence parsing procedure and its subordinates,“\;im the pro-
;iso that when an interrogative noun phrase WHNP is found by a noun phrase parsing proceduré supprés-

sioﬁ of the zero option becomes mandatory., Accordingly a replacement variable must be introduced into

t:hewtree and a binding <Var, WHNP> recorded in FVB; moreover we now require that each binding in FVB

be marked with a mood feazure.

Sentence and verb phrase parsing procedures, when exercising their option to quantify, must be

%

rg t

;nﬁdé to restrict their selections to bindings from FVB having nodes marked with the feature “DCL”

* -
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(declarative), while the search question parsing procedure, which must also be given the option to quantify,
may be allowed to introduce either interrogative or declarative quantifiers as licensed by S25 and S26

respectively. All these provisions are realised in the version of FWA implemented in TMDCG.

8.3. Equivalence Parsing

In a later paper, [W2], Friedman and Warren illustrate their algorithm in the context of a “general
execution method for non deterministic programs” which they dub *“equivalence parsing”. When first
introduced, equivalence parsiﬁg is suggested as an economical method for accomplishing stage one of what
Friedman and Warren describe as the “directed process approach” to the implementation of a Montague

grammar, The directed process approach entails the sequential calling of program modules which simulate

Montague’s strategy .

(i) Generate analysis trees by application of the syntax rules of a Montague grammar.

(i) Post order each analysis tree applying the appropﬁéte translation rule at each node so as to

derive an IL expression for the root.

(iii) Interpret the IL expression.

All syntactic processing is (temporally) prior to semantic processing when this approach is adopted.

8.3.1. The Directed Process with Recall Table

A

As a technique for investigating the internal workings of a Montague grammar the directed process
approach cannot be bettered since all feasible variations are explored. ConsiQemd however as a “black
box” for mapping surface sentences to semantic representations, this approach is far from optimal because
in Montague grammar syntactic and semantic ambiguity are not directly correlated; hence there may be

considerably more parse trees than there are non equivalent translations, and under the directed process

épi)roach all the syntactic variations will be investigated.

- Within the framework of the directed process approach, the goal of equivalence parsing will be to
produce all analysis trees (or alternatively skeletal D-trees) with the minimum of duplicated activity despite

essential backtracking. Equivalence parsing is based upon the use of a recall table both to eliminate redun-

dant processing and to enable the recursive descent parsing of left recursive constructions such as the
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conjoined sentences introduced by S11. The recall table is a generalisation of the well formed substring
table (WEST) employed by Woods, [W7], in his augmentezl' transition network (ATN) grammar. Given
such ancestry, it 1s uhéurprisfng that Friedman and Warren formulate their own exposition in ATN termi-
nology; but equivalence parsing is independent of the ATN methodology and may be equally well

described in terms which lead naturally to a DCG implementation, |

Each parsing procedure is to be furnished with three parameters capable of holding:

iy

(a) The condition upon entry.
(b) The condition upon exit.
(c) The parse tree returned.

The entry condition includes the current input string awaiting parsing together with the SA list"%? while the

exit condition comprises the unconsumed residue of the string plus the FVB list. Entries in the recall table
record successful procedure calls together with their parameter values.

Adopting the convention that lower case letters represent actual parameter values whilst upper case

designates formal parameters, we may outline the equivalence parsing mechanism as follows. Initially a
call is made in the form:

category(entry(input-string,sa-list),exit(RESIDUE,FVB),TREE).

from which return will be immediate if the recall table includes an entry indicating that the appropriate
category, given the specified entry condition, has previously been found; for then the outstanding formal
parameters may be matched with actual values from the table. If no such table entry exists then original

parsing must be instituted, but either way successful exit from the call will be evidenced by the completion:
category(entry(input-string,sa-list)exit(residue,fvb),tree).
Finally, provided tﬁat this successful call is not already recorded® an entry of the success must be made in

the recall table.

%

$107. Friedman and Warren now refer to the SA list as the PUSH environment, and the FVB list as the POP environment. The
entry condition in my description corresponds to their PUSH identifier while the exit condition is their bucket,

$108. When backtracking to find alternative solutions it is sometimes possible to engineer a duplicate, particularly with se-
mantic equivalence parsing.
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/* category(entry(Input,SA),exit(Residue, FVB),Parse-tree) */
sentence(entry(I,SA),E,S) :- table(sentence(entry(I,SA),E,S)).

*S4*% .

sentence(entry(l, SA),exlt(Z.FVB) S) :-
nounphrase(entry(I,SA),exit(I11,FVB1),NP),
join(SA,FVB1,SAl),
verbphrase(entry(I1,SA1),exit(Z,FVB2),VP),
join(FVB1,FVB2,FVB3),
quantify(s4(NP,VP),S,FVB3,FVB),
add(table(sentence(entry(], SA),em(Z,FVB),S))).

[*S11 %/

sentence(entry(I,SA),exlt(Z,FVB) S):-
table(sentence(entry(I,SA),exit(11,FVB1),51)),
join(SA,FVB1,SA1),scan(and,I1,11a),
sentence(entry(I1a,SA1),exit(Z,FVB2),52),
join(FVB1,FVB2,FVB3),
quantify(s11(S1,52),S,FVB3,FVB),
add(table(sentence(entry(I,SA),exit(Z,FVB),S))).

" nounphrase(entry(I,SA),E,S) :- table(nounphrase(entry(I,SA),E,S)).

/* Bnp */
- nounphrase(entry(I,SA),exit(Z,FVB),NP) :-
scan(N,I,Z),
propername(N),
replace(N,NP,FVB),

add(table(nounphrase(entry(I,SA) exlt(Z,FVB),NP)))

verfbphrase(enuy(I,SA),E,VP) ‘e table(verbphrase(enu-y(l,sA),E,VP)).

/* Biv ¥/
verbphrase(entry(I,SA),exit(Z,FVB),VP) :-
scan(V,1,Z),
verbform(V,VP), o

add(table(verbphrase(entry(l, SA),exlt(Z,FVB),VP)))

Fig 84
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At the top level a parsing request must take the form:
sentence(entry(input-string,[]),exit(RESIDUE,FVB),TREE).

while a successful parse will be signalled by the return condition:

- gentence(entry(input-string,[]),exit([],0),tree).

" A small ATN subnet corresponding to Montague’s rules S4, S11 and S14, with only proper names,
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intransitive verbs and conjunctions as basic lexical items, is used by Friedman and Warren to demonstrate
equivalence parsing. The essential features of a DCG equivale;lt fox", this ATN are illustrated in fig 84.
This DCG incorporates an integrateci recall table mechanism similar to that employed in my earlier imple-
mentation of PTQ, [B4]. Of the procedures not defined in detail, “scan” is merely a lexical scanner which
strips the head from the list provided as second argument leaving the third as residue, while “add” asserts
its argument into the data Bas; provided that it is noi already there. The procedures “quantify” and

“replace” are designed to implement FWA, the appropriate templates being:
/* quantify(Default-Node, FVB-Received,Returned-Node,FVB-Returned) */
/* replace(Default-Node,Replacement-Variable,F VB-Returned) */,

Since only intransitive verb phrases are admitted in this grammar, the question of verb phrase

quantification does not arise.

Like Friedman and Warren’s ATN, the DCG parses left to right, depth first, with backtracking to the
most recent choice point when errors are encountered, or when a request for alternatives is explicitly made.

The procedure for S4 includes two choice points:

(c1) The embedded call to noun phrase must exercise an option to replace the default NP node.

(c2) The final call made is to quantify which may or may notretain the default node unmodified.

Obviously ¢2 cannot be exercised unless c1 has introduced a variable, thus there remain three effective
choices when parsing a simple sentence of form NP VERB, If the zero option is taken then a tree of form

s4(NP,VERB) must be returned, but if a variable has been introduced the choice at c¢2 will determine

whether or not the final tree is s4(hen,VERB) or s14:n(NP,sd(he n,VERB)).

The S11 procedure contains n*m+1 choice points where n is the number of alternatives pertaining to

the first conjunct, m the number associated with the second and time additional option involves the overt call
to “quantify”.
Inspection of the entries made in the recall table of fig 85 during a parse of Friedman and Warren's

example sentence:

(159) Bill walks and Mary runs. -
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nounphrase(entr)’( [b ,W,m:r] ’ [] ),eXit( [W,m,r], [] )!b)

Vel'bphfase(en tl')’( [w,m,r},[] )reXit( [m,r],[] )W)

1
2
3 | sentence(entry([b,w,m,r],[]),exit([m,r],[]),s4(b,w))
4

nounphrase(entry([b,w,m,r],[]),exit([w,m,r],[<::0,b:>]),he)
verbphrase(entry([w,m,r],[<0,b>]),exit([m,r],[]),w)

6 sentence(entry([b,w,m,r],[]),exit([m,r],[<O,b>]),s4(he,w))

7 sentence(enU'y([b,w,m,r],[]),exit([m,r],[]),s14:0(b,s4(he,w)))

n nounphrase(entry([m,r],[]),exit([r],[]),m)

n verbphrase(entry([r],[]),exit([],[]),r)
m sentence(entry([m,r],[]),exit([],[]),s4(m,r))

sentence(entry([b,w,m,r],[]),exit([],[]),s11(s4(b,w),s4(m,r)))

12 | nounphrase(entry([m,r],[]),exit([r],[<1,m>]),he,)
verbphrase(entry([r],[<1,m>]),exit([],[]),r)
sentence(entry([m,r],[]),exit([],[<1,m>]),s4(he,,r))
sentence(entry([b,w,m,r],[]),exit([],[<1,m>]),s11(s4(b,w),s4(he,,r)))
sentence(entry([b,w,m,r],[]),exit([],[]),s14:1(m,s11(s4(b,w),s4(he,,r))))
sentence(entry([m,r],[]),exit([],[]),s14:1(m,s4(he,,r)))
sentence(entry([b,w,m,r],[]),exit([],[]),s11(s4(b,w),s14:1(m,s4(he,,r))))
sentence(entry([b,w,m,r],[]),exit([],[<0,b>]),s 11(s4(he,w),s4(m,r)))

0 | sentence(entry([b,w,m,r],[]),exit([],[]),s14:0(b,s11(s4(he,w),s4(m,r))))

1 | sentence(entry([b,w,m,r],[]),exit([],[<0,b>,<1,m>]),s11(s4(he,,w),s4(he,,r)))
sentence(entry([b,w,m,r],[]),exit([],[1),s14:1(m,s14:0(b,s11(s4(he,w),s4(he ,,r)))))
sentence(entry([b,w,m,r],[]),exit([],[1),s14:0(b,s14:1(m,s11(s4(he,w),s4(he ,r)))))
sentence(entry([b,w,m,r],[]exit([],[<0,b>]),s11(s4(he,w),s14:1(m,s4(he ,,r))))

7 | sentence(entry([b,w,m,r],[]),exit([],[]),s14:0(b,s11(s4(hen,w),s14:1(m,s4(he,r)))))
sentence(entry([b,w,m,r],[]),exit([],[1),s11(s14:0(b,s4(he,w)),s4(m,r)))
sentence(entry([b,w,m,r],[]),exit([],[<1,m>]),s11(s14:0(b,s4(he,w)),s4(he ,,r)))
sentence(entry([b,w,m,r],[]),exit([],[1),s14:1(m,s11(s14:0(b,s4(he,w)),s4(he ,,r))))
1 | sentence(entry([b,w,m,r],[]),exit([],[]),s11(s14:0(b,s4(he,,w)),s14:1(m,s4(he,,r))))

(¥

(SO B U R
@) - | W

~J

N

o0

W IWINDINININININININ —
O | O | &

Fig 85

s sk s ke o s ok ook o ok s s oo ke ok ke sk e o ok ke sk ke ok ok s ok s ok e o ok o ok o sk ok sk ok sk ok ook ok ok ok sk ok ok s o sk ok ok ok s ok s ok s o e ok o ok e s ok o ok o ok o ok o ok s sk ok sk ok ok ok o

(which following their precedent I abbreviate b,w,m,r) indicates the economy of effort resulting from
equivalence parsing. Lines 1...7 represent the parsers attempts to consume the entire string using S4. The

first conjunct is identified as a sentence at line 3, but since the residue is non empty the parser backs up to
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the nearest executable choice point in the S4 rule. Advantage cannot be taken of the quantification option
because FVB is empty so the replacement option in the noun phrase sub goal is exercised and in due course
a second parse for the first conjunct obtained at line 6. This too fails to consume the whole string, but it
does leave a binding in FVB so the quantification option may now be taken as a remedy is sought. As a

result yet a third version of the first conjunct is recorded at line 7, but like its predecessors it leaves a resi-
due outstanding.

No more alternatives are available to the S4 rule so control must pass to S11: the S4 procedure has
however left three possible parses for the first conjunct in the recall table. Were the S11 rule to make a
direct call to a sentence procedure to identify its first conjunct it would in due coursé invoke S11 itself thus
generating an infinite regress. The availability of candidate first conjuncts in the recall table bbviates this~~
problem typically associated with left recursion. Extracting its first conjunct from line 3, the S11 procedure

parses thé second conjunct using S4 and obtains a result on line 10, thus permitting a first successful parse

of the entire sentence on line 11.

Asked for alternative solutions, the parser is again unable to activate the quantification option in S11
in the absence of a suitable binding, so a second attempt at the second conjunct is made by the S4 rule. This
time the replacement option is taken by the noun phrase sub goal and a parse of the conjunct completed on

line 14. By combining lines 3 and 14 and then quantifying a second parse of the whole sentence emerges

on line 16; but since the FVB list at line 14 is non empty a third alternative for the second conjunct is also
possible by quantifying within the S4 rule so as to derive line 17, whereupon lines 3 and 17 may be com-

bined to produce a third parse for the complete sentence on line 18.

At this juncture all original parsing has been accomplished: three parses are available for the first
conjunct (3, 6, 7), and three for the second (10, 14, 17), while by combining 3 in turn with 10, 14 and 17
we obtain the first three full parses at lines 11, 16 and 18; but more are forthcoming. After backing right up
to its first sub goal the S11 procedure may attempt more parses by extracting its first conjunct from line 6.
The combination of 6+10 followed by quantification gives a fourth parse at line 20, the conjunction of

6+14 followed by two quantifications in either order allows fifth and sixth parses at lines 24 and 25"

1109. 1 ignore the unsuccessful attempts involving & single quantification only.
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while quantifying the result of joining 6 and 17 gives a seventh at line 27,

When line 7 is extracted as first conjunct three further parses are obtained. An eighth results
immediately from the conjunction of 7+10 at line 28, quantification of the result of combining 7+14 gen-

erates a ninth parseﬂon line 30, and finally another immediate and tenth parse is derived by joining lines 7

and 17.

8.3.2. Semantic Equivalence Parsing

Although much effort has been saved by the utilisation of previous results retrieved from the recall
table, the directed process orientation of the program still results in the xl‘etum of ten parse trees for the
example sentence. Unless we are particularly interested in observing the structure of all these trees (and
we may well be if our concern is to understand the ramifications of Montague’s method), this duplication

may cause some concern since in all cases the trees translate to a common IL expression:

 walk’(bill’)Arun’(mary’).
Friedman and Warren suggest that this duplication may be prevented if instead of calling the translation

module only upon completion of all syntactic processing, the module be made available as a subroutine to

the parser to be called on a node by node basis.t!? The net effect of such a manoeuvre would be to replace

the returned parse tree with an expression of IL as the final parameter in every recall table entry.

For pu