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A computer program for PTQ and its logical reduction rules

oy

[.M.V. Janssen

ABSTRACT

This paper deals with a computer program that follows the proposals
resented by R. MONTAGUE in his article "The Proper Treatment of Quantif
cion in Ordinary English'". The problems which arose during the design of
che algorithm are discussed. Special attention is paid to the logical
ceduction rules which were needed to simplify the formulas of intensiona
logic. An explicit list of these rules is presented, as well as a strate
for their application. The correctness of these rules is formally proved
’inally, several illustrative examples of generated sentences are consid

ind some inaccuracies and omissions in Montague's article are signalised
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. INTRODUCTION®

This contribution deals with a computer program that follows the pro-
osals presented in the article "The Proper Treatment of Quantification in
rdinary English" (MONTAGUE (1973)). This article will be referred to as
PTQ", page numbers are taken from THOMASON (1974). We first will consider

survey of the main parts of the program.

The program is a generating program. It generates syntactic structures
ccording to the syntactic rules in PTQ. Such a structure is a labelled
ree resembling those presented in PTQ. On the one hand, the sentence cor-
esponding to this structure is formed; on the other hand each structure is
ranslated into the corresponding formula from intensional logic.
urthermore this formula is reduced in order to obtain a simplified formula,
esembling the formula given in PTQ. This whole process is indicated in the

ollowing scheme.

formation generation translation reduction
3 voo2,4 ¥ 3 v 5
entence = syntactic = formula = simplified
structure formula

In the next sections several parts of the program will be considered;
1e numbers in the scheme above indicate in which section those parts of
1e program are dealt with. After that a list is presented of the reduction
i1les used (section 6), and their correctness is proved in sections 9 and
). These rules are illustrated by several examples which were generated
7 the computer (section 11). Some of the generated sentences brought to
lght inaccuracies or omissions in PTQ.

I will try to indicate the essence of the algorithms and provide moti-
ition for their design. In doing so, I will speak about the computer in
ither antropomorphic terms, like "he chooses" or "he wishes"; needless to

'y, this has nothing to do with reality.




. GENERATION

In this section will be demonstrated how the computer generates syn4
actic structures; one aspect of this demonstration will be revised in sec-—
ion 4. The computer generates according to rules Sl,...Sl4 from PTQ. For

onvenience two of them are indicated:

S4: Zf o € PT and B € PIV then Fa(a,s) € Pt

and B € PT then Fs(a,B) € P

S5: 2f a € P IV

TV
3 you notice, the rules are formulated in some function-like notation;
corresponding terminology is used: o is called the first argument of the
1le, B is called the second argument and F4 and F5 are called (string)
>rmation functions. '

The computer wishes to make a sentence. He knows several instructions
1ich tell him how a sentence could be formed, e.g. a sentence could be the
mjunction of two sentences, necessarily followed by a sentence, or formed
:cording to rule S4. The computer makes at random a choice from these in-
ructions; say S&. According to this rule heé has to make as the first ar-
ment a (member of the category).term (T), and as the second argument an
itransitive verb (IV). There are several instructions which tell him how
term could be formed. One is: take a lexical element of the category T.
ssume he chooses to do so and takes Mary. One of the instructions for making
1 IV is S5. In this case he has to make as first argument a transitive
2rb (TV), and as second one a term. Suppose in both cases he chooses to
tke a lexical element; e.g. Zove and John. In this way he has formed the
mtactic structure corresponding to .the sentence Mary loves John (see fig. 1),

As you notice, making an expression of some category involves making
;pressions of other categories: the arguments of the chosen rule. For each
itegory the way things go is in essence the same. So the "matural" way to
:scribe this process is by means of a recursive procedure. The language
ied to write the program in is ALGOL-60; this language (as distinct from
)IRTRAN) allows for writing recursive procedures.

The kernel of the generating part of the program will be indicated

n

:low. The symbol " : should be read as "becomes'", it means that the

pression to the left of it is determined by the expression to the right.




n a construction with brackets, e.g. make (category), the expression out-
ide the brackets can be considered as an operator and the expression be-:
ween the brackets as its argument. category is a variable which may be re-

laced by any specific category.

procedure make (category)
begin rule := choose rule for (category)

if rule is not take lexical element
then begin make (argument 1 of (rule));
if has two arguments (rule)
then make (argument 2 of (rule))
end

else choose lexical element of (category)

end
figure 1 //34
7\
e
/\
Mary T
TV [
l
love John

. FORMATION AND TRANSLATION

The syntactic structure is some internal data structure, figure 1 gives
. graphical representation of the main aspects of such a structure. We wish
o obtain as output of the program the sentence corresponding to this struc-
ure. In fact, to each vertex (= nodé) of the tree there corresponds a
tring (and the sentence corresponds to the root). Such a string is formed
y some combination of the strings corresponding to the arguments (except
or the lexical elements). The formation of the string is effected, just
s in section 2, by a recursive procedure. Some parts of the prodedure (the

nstructions for S4 and S5) are as follows.




procedure form string (vertex)
begin do instruction corresponding to (rule mentioned at (vertex));
instruction F4: begin form string (argument 1 of (vertex)};
replace first verb in (form string (argument 2
of (vertex)))
end
instruction F5: begin replace in some cases he by him
in (form string (argument 1 of (ertex)));
form string (argument 2 of (vertex))
end
end
In order to obtain a visual representation of the tree, the strings
rresponding to the lower nodes of the tree are also printed. The output
rresponding to figure | is presented below. In the remaining part of this
per all syntactic structures will be indicated in this way. In general

e formed category and the used syntactic rules are indicated

S1:TERM: Mary

S1: TV : love
S1:TERM: John
S5: IV : love John

S4:SENT: Mary loves John

The syntactic structure has to be translated into a formula of inten-
»nal logic. Corresponding to each syntactic rule there is a translation
struction. All these instructions are of the following type: ‘
order to make the translation, you must first make the translations of
2 arguments and combine then in a certain way. Therefore, the essence of
2 translation part is again a recursive procedure. Note that "making the
anslation of'" is indeed a function since it is defined on structures in-
esad of on strings.

English words like walk are distinguished from logical constants by
brime' (as in walk'). Instead of the constant j from PTQ we will use John'.
2 translation of a structure will be presented in the same way as the

itactic structures. As an example the output of the translation correspon-

ng to figure | is presented.




1%

Mary
A
Love

1%
John
Zove'(AJohn'*)

thk A A 1%
tary ( [love (John )1)

)JBLEMS WITH HEi

lhe generation process as described in section 2 leads to a problem with

:t to the rule for Term-substitution; this is rule Sl4,n (Zf a € P

€ Pt then F]0 n(a,¢) € Pt). A structure that is obtained by using an
H

ice of this rule can be partially indicated as follows

TERM: a unicorn
SENT: Mary seeks himl
y1:8SENT:  Mary seeks a unicorn

[his sentence could indeed be generated by the computer with this struc-
S14 is one of the instructions and hel is a possible choice for a term.
or it should be noticed that also the string Mary seeks him; can be

inal result of the generation process. Himl, however, is not an English
and thus the computer would have produced a string which is not a

:t English sentence. On the other hand, the computer could have choosen
er term instead of him] in the structure presented above, e.g. John.

at case a unicorn has to be substituted for the first occurrence of

r h-zlm1 in the string Mary seeks John. There is no such occurrence, so
ubstitution has no effect. This results in a sentence, with an absurd
ctic structure (and also in an absurd logical structure). A related

em arises with respect to such that constructions; these are made by
$3,n(if ¢ € Py and ¢ € P_ then F3,n(C,¢) € PCﬁL In case ¢ does not

in an occurrence of hen’ an incorrect logicai {nterpretation may appear.
is demonstrated by the following example (due to STOKHOF & GROENENDIJK

) -




S1 :TERM: Mary

S1 : CN : woman
SENT: hez walks
3,2 : CN : woman such that hez walks

SENT: hez.loves the woman such that'hez walks
14,1:SENT:" Mary loves the woman such that she walks
n the final sentence ske must refer to woman. The presented structure,
>wever, would imply that she refers to Mary.

In order to avoid all these problems, we will require a "nice" corre-
b>ondence between occurrences of hen and the rules S3,n and Sl4,n. Let us

1ll these rules "hen—binding rules", and the second argument of them the

scope of the rule'". Now we require that whenever a hen—binding rule is

sed in the syntactical structure, then there is at least one occurrence of
2, within the scope of this rule. Moreover, if there is an occurrence of
2, in the structure, then it is within the scope of an hen-binding rule.
This correspondence between the use of hen-binding rules and occurrences
£ hen, makes the choice of a term dependent on the whole syntactic strve-
ire. Therefore we must change the generation process. Besides, for tech-
cal reasons it is convenient to use for each index n at most once a hen-
‘nding rule (see also section 9). The stages of the generation process are
w as follows.
! Generate the whole syntactic structure without the lexical elements. So
the else part in the procedure make (section 2) must be removed.
' Insert the terms hen. Within the scope of a hen-binding rule there must
be at least one insertion of hen; a hen may not be inserted outside the
scope of such a rule.

Insert the words.

REDUCTION PRINCIPLES

A formula that is obtained by translating a complete syntactic struc-
ire may be fairly complex. The program contains instructions for reducing
'rmulas in order to obtain simplified formulas like the ones presented in

'‘Q. Such an instruction (=rule) is of the form: under certain conditions,




;e a subformula by another one. A reduction rule should transform a

.a into a logically equivalent one. For some rules, this needs to be

l. These proofs are presented in sections 9 and 10 in this paper. The
srinciple of the reduction process is: apply every imstruction that

» applied and stop when none can be applied any more. If one actually
.ates "by hand" one will already during translation simplify the inter-
e results. The justification for this way of working is given in sec-
. In fact, the computer does his job in this way too, but for perspi-
of exposition I treat the reduction part as a separate stage that

i after the whole translation has been made.

le want the computer to manipulate formulas. For this purpose it is
\ient to take for a formula not a string, but a labelled tree. Consider
rmula Az man' (x). This formula is split up in tree parts: the main
'or A, the variable %, and the remaining part of the formula. That part
it up in the operator v and the formula A man' (x). This formula is

. the argument of the operator v, This, in its turn is, also split up.

‘ee thus obtained is sketched in figure 2.

14
2 figure 3 O mn'x

me of the reduction rules allows us to replace VAu by o, thus to re-—
the formula \x VA man' (x) by Ax(man'(x)). Since formulas are considered
.es, this involves a tree transformation. The edge (in figure 2) con-

g the root of the tree with A must be replaced by an edge connecting
ot with B. So we obtain the tree sketched in figure 3. This replacement
duced in the program by an instruction such as replace (A,B). The con-
. for application of this transformation is that there is some operator
.ed by the operator . This condition is "local', it can be verified

pecting a little part of the tree. The change is also local: it con-




ists of replacements of some connections in a rather small part of the tree.

he program onlyAcontains rules of this "simpke" kind (see also section 11).
A fragment of the reduction part is iﬁdicated below. It is (again) a

ecursive prOCedure; Only the reduction rule.treated above is presented.

he program tries to apply this rule in a top-down order.

procedure reduce (vertex)
if operator of (vertex) = extension
and-operator of (argument of (vertex)) = intension
then replace (vertex , argument of (argument of (vertex)))
else begin reduce (argument 1 of (vertex));
if has two arguments (rule mentioned at (vertex))
then reduce (argument 2 of (vertex))

. REDUCTION RULES

Three types of reduction rules can be distinguished. These are (D
tational conventions, (II) rules which are true in all models and (III)
les based upon meaning postulates (MP's). For each rule is indicated
ere its justification can be found: for instance "p.259,-16" refers to
OMASON (1974), page 259, the I16th line from below (a "+" would mean
om the top) and '"th.8.2" indicates the theorem in section 8 part 2. Some
les are accompanied by remarks or conditions for their application.
mber of rule; formula 1 is replaced by formula 2; type; motivation is on
1) * wlp{"c}l 1 p.260,+5
2) Min} ¥ (n) I p-259,-5

The notational convention for braces states that ¢{n} = v¢(n). Re-

duction rule 7 is applied in order to obtain the above formulation
3) ¢ (y) (n) ¢ (n,v) I p.259,-8

Condition in PTQ: ¢(¥) () is a well formed expression of type t. In

section 11 we will see that this condition turns out to be too general.

The computer applies this rule when ¢ is the translation of some verb.




(R%)

(R5)

(R6)

(R7)

(R8)

(R9)

(R10)
(R11)

(R12)

(R13a)
(R13b)

‘Rl4a)
‘R14b)

R15a)

R15b)

s (") 5, () I p.265,+10
ition: § is the translation of an intransitive verb or of a
on noun

A A *

§Cu, [v]) 8, (u,v) I p.265,+10

ition: 8§ is the translation of a transitive verb.
A A A
§Cu, APP{ v}) 8, (Uyv) I

is alternative formulation for reduction rule 5 (with the same

ition as in (5))

Ry 6 II  th.10.1
Azl..2..](a) [..a..] II section 9
itions for application are found in section 9.
L) ¢ I1 proof is evident
0O0¢ Uo II proof is evident
§ () 8, (') III  p.265,-17, (MP3)
ition: § is the translation of an intransive verb other than
or change.
§(z,P) PUyls, (2, "yI} 11T p265-14 (MP4)

ition: § is the translation of a transitive verb other than
or conceive.

VzL(x) A Plc}] vuls(Mw) A P{"u}] IIT  th.10.8

S(@x) A'L..x..] A P{x}] Vu[é(Au)ﬁ-[..u..]AP{Au}]

ITI r.10.12
ition for application of R13a or RI3b: § is the translation of
mon noun other than price or temperature. These rules are based
meaning postulate 2. They allow a variable to be replaced by a
ible of another type. Variant RI3b is needed when a relative
je is attached to the common noun.

§(x) + Plx}] Mls("w) » P("}] IIT  th.10.9
@) ALz 1+Ple}] muls("w) A [.ow..]>Plu}]

I1I r.10.12
conditions for application of Rl4a or Rl14b are the same as the
.tions for rule 13; these rules play a similar role.
2L 8 () —z=yIAP{y}] Vol hul 6 (Cu)<ou=vIar{"v}]

ITI th.10.10
S(x)AL. ...l x=ylAP{y}] Vv[Au[G(Au)A[..Au..]++u:v]AP{AU}]

ITI r.10.12.




The conditions and the commeﬁt are the same as for R13.

116) in (P @) P{aylin!(y) (Q) (@)1} III  p.264,+1(MP8)
The rule is formulated so as to parallel the formulations of meaning
postulates 3 and 4 in reduction rules 11 and 12. There is a difference:
the extension operator is applied to only one variable.

17) ) Ayrxs (x,y) " II R3 & evident proof
This rule constitutes an exception to the principle that each rule
is applied whenever this is possible. The computer tries to apply
R17 if the following 3 conditions are satisfied: (a) the whole
sentence has been translated, (b) no rule among R1..R16 applies and

(c) the expression in which 8 occurs is not of the form §(a,B).

In PTQ a set of English sentences together with formulas which repre-
mt their respective meanings is presented. The above list is intended to con-
1in the reduction rules which are required for deriving these formulas.
1is intention is in one case not fulfilled (see section 11 example 9).

1 the other hand R16 goes further than required, since PTQ has no examples
.th Zn.

Some of the rules might look a little surprising (R13 and R14), others
‘e quite common (R9 and R10). Several are mentioned in the examples in
{RTEE (1975); the rules of type II can be found (without proofs) in GALLIN
976) . But no one had so far presented a list of rules needed for PTQ.
len working "by hand'" one usually has some intuition about what a correct
\d succesful step for further simplification would be. But the computer
reds an list of rules and a strategy for applying them. So programming
yrced us to make our intuitions explicit.

Moreover we had to be sure that the result is correct (namely an equiva-
mt logical expression). The principle that the correctness of the reduction
:eps has to be proven is observed by PARTEE (1975). But she only proves
srrectness for the specific sentences she treats. We will prove that the

tles mentioned above will yield a correct result in all possible situationms.

us programming gave rise to theoretical investigations.




11
IFINITIONS FOR INTERPRETATION

The proofs for the correctness of the reduction rules will be semantic
's: they are based upon the interpretation of intensional logic in a
A = <A,1,J,<,F>. We will therefore speak of formulas and valuationms.
nstance, we will use phrases like '"the function such that its value
‘he element d is the valuation of o with respect to i,j and g". It is
mient to have a symbolic notation at hand. The mentioned phrase is
lized by "Ad a A,i,j,g"' The metalanguage used, contains the symbols

,n (for formulas); a,a, (for elements from A); s (from A™Yy,

1
(from I); j,l,q(from J); 3,V(as quantifiers); {,}(as brackets) and
symbols which are the same as the ones in intensional logic (as

»), 1) We will omit the sets from which a, a;s S, i, j, k and 1 are
IXJ)

In the formulas of intensional logic the variables u# and v will always

. (e.g. 3s stands for Is € A

! type e, and x and y of type <s,e>. The variables 2 and w can be of
.ype, their type will be indicated by £ and 6. The expression [a/2]¢ is
.ation for the formula that is obtained from formula ¢ by replacing all
occurrences of 2 by a.

An A-assignment g is a function with as its domain the set of all vari-

. and such that g(3) € D (see PTQ p.258,+7 for a full definition)

t,A, 1,7

6,A,1,J Then the A-assignment [w > dlg is defined

. be an element from D
W~ dlg ) =d

[w »dlg (2) = g(3) if 2 # w

'The valuation is a function with parameters i,j and g. Its domain is

et of formulas and its range is g D The valuation of a formula

C’A,I’J.
h respect to i,j and g is written as ¢A,1,j,g and it is defined by the

wing recursive definition.

Hoisise
ZA’iyj’g =

F(e)(d,]) if ¢ is a logical constant
g(2) if z is a variable

{sz}A’i’j’g = Ad{W}A’i’j’[Z+d]g

STC R Tl AL TC R S AL

1 if wA’iaj’g = nA9iSj,g

where d ¢ Dc,I,J,A

{w=n}Asisj9g —_

{O otherwise




,) {jw}A9isjsg = if wA’i,j9g =0

—

10 otherwise (similarly for A,V,>,&)
.. o ]
) {VZ¢}A’1’J,g = 1 if ad € D SuCh that LpA’]_,J’[Z“)‘ng - 1
/ z,A,1,J
10 otherwise
‘) {[w}AylsJ,g 1 if Vk,l wA,k,l’g -1
{0 otherwise

similarly for vaand Wy
) {Aw}A,l,J,g -k, 1 wA,k,l,g

O) {Vw}A!i’j,g = wA’i’j’g(i,j)

REDUCTION BASIS

[EOREM. Let o and o, be formulas of the same type as 25 and suppose
L). L4 Aaiajag = q Asisj’g
F Vi, Y 2 '

ien for all formulas ¢ <t holds that A

o

i i A’.’.,
R (Y T it e N R i

9 3

\00F. By formula induction. First we proof the theorem for the case that
is variable or a constant. Next we prove it for compound formulas under
te induction hypothesis that the theorem holds for formulas with lower
mplexity. The cases we have to consider are the 10 cases from the defini-
on of valuation (section 7). With E7 we refer to the 7th clause of this

sfinition, with IH to the induction hypothesis.

) b = ¢ then [aI/z] c=c= [aZ/Z]G
b= w if w # 2 then see 1) else
{[al/zjz}A’l’J’g - alA,l,J,g é azA’l’J’g = {[GZ/Z]Z}A’I’J’g
o = Awy if w = 2 then [al/zjxww = \wY = [aZ/z]Aww, else

A,i A,i,j,g E3 A,i,j,[z>d]g _

23,8 _ Dwla, /210}

{[al/zjxww} Ad{FuI/z]w

o=Dv o /z) DR deE o (e e BB 1 =
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8

> Vk,1 {[a,/210} Ak,1.g

Ak,l,g _ | IH vk,l{[az/z]xp}

1 28 (o, /21091 1ode

L A R R AT WA SRt BTSN skl

I=H )\k’l {[az/z]w}A,kglsg E___9 {[dz/z]Aw}A’i’j’g

cases 4 to 7 and 10 are left to the reader

EQUENCE. The basis for the reduction process has been laid. The proofs
the reduction rules are such that we prove the equivalence in the sense
A) of two formulas. Applying a reduction rule means that a subformula
eplaced by its equivalent mentioned in the rule. The justification for
replacement of subformulas is provided for by this theorem. The same
underlies the way we work '"by hand"; a formula is reduced even when

complete context has not yet been formed.

AMBDA CONVERSION

REM. Let A2[¢1(a) be a formula and suppose
1) No free occurrence of a variable in o becomes bound by substitution
of o for z in ¢.
II) One of the following conditions holds
II.1) the variable z does not occur within the scope of A, O, Hor W
or
11.2) Vi,j,k,1 oisd.8 o Akl.e

Vl,.] {)\z[d)](a)}A’i’j’g = {[a/2]¢}A’i:jag

F. Note that {Az[¢](a)}A’i’j’g = {XZ[¢]}A,i,j,g(aA,i,j,g) -

. . .. .. Ai,ji,g
Aslst[z_)d]g](aAylsJ :g) = ¢A’1aJ L 20 ]g (the last equality

s
s because of the meaning of the expression between [and], see section 7).
rove the theorem by proving that for all i,j and h, where h is an as-

ment such that IIT: h(w) = g(w) for all free variables w in o, the fol-

ng holds: Aiih
s ® s1s]> s s
(bA,l,J,[Z*OL Jh = {[OL/Z](b}A’l’J,h




This is proved by formula induction.

.. A,i,j,h . .
) 6 =c cA,l,J,[z+u 1207y - [a/z]cA,l,J,h
) $ =w if w #.2 then see 1), else
. A,i,i,h . .
zA,l,J,[z+a In _ aA,l,J,h = {[u/zjz}A,l,J,h

) ¢ = \wy. If w = 2 then [a/3]A2y = A2y; the same holds when w does not

occur in Y. In the remaining case we know that w does not occur in a

because of requirement I. Then

A

.. A,i,j,h .. A,i,i,h
{AW}A,l,J,[zm »15] ]hE=3 Ade,l,J,[w+dj{[z->u 135093

AiLi [z_mA,i,j,[w-rd]h
H H

Aayts P MATE P NE'E.

h. Equality (A) holds since w does not occur in a.

Ca/zTrwy > 1235
juality (B) holds since we can apply the induction hypothesis with the

ssignment [w*d]h (condition III is satisfied since w does not occur in a

) ¢ =0¢ If II.1 holds then [a/2]MY = ¥, else

. . A,i,j,h A,i,j,h
{Dw}A,l,J,[z+u Th, | Eg vk, 1 IpA,k,l,[zz—m h _ 1
A,k,1,h
11,2 Vie,1 ki1, [z L T T A L L

?28’ {[(I/ZJDIIJ A’i9j9h - 1

1e proofs are similar for Hy and Wy.

A

"¢ ="y If II.1 holds then [a/Z]AW? Aw, else

{Aw}A,i,i,[z+aA’i’j’h]h 9 A;k,l,[z+aA’i’j’h]h _

Ak,1 ¢

A,k,1,[z> Ak,1,h _

= Ak,1 ¥ = Akl{[a/z2]y} = {[a/z]Aw}A’i’j’h

e cases 4 to 7 and 10 are left to the reader.

NSEQUENCE: The correctness of the reduction rule for conversion.1
duction rule 8: Az[...z...](a) is replaced by [...a...],

ovided that one of the following conditions holds:

o is a variable

. A
a 1s a formula of the form n
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is the translation of a proper name

does not occur within the scope of A, 0, H or W.

:ctness can be proved with the previous theorem as follows:

tion I of the theorem holds if 2z is a variable that corresponds with
m hei: the special way in which hen—substitution takes place, guaran-
that we have only one binder for x . For other variables we created the
situation as follows: the computer does not simply use variables as

.. but indexed ones. Each time a translation or reduction instruction
duces a new instance of e.g. P, the computer takes a new index 7 and
Pi' So again there is only one binder for each variable and thus I is
fied. Posibility 4) is equal to II.1; and if one of the others holds
I1.2 is satisfied: for 1) and 2) because of the definition of extension

2

) because of meaning postulate 1.

ORRECTNESS PROOFS

taEoREM. { VMoo 1ads8 _ AiLise

prooF. {"aptr e dag o hlidugg gy i1 AL, = oM ihdee

. AV .. . .
REMARK. It is not in general true that { a}A’l’J’g = aA’l’J’g.

A counterexample is as followsz. Let the logical constant Bigboss be of
type <s,e>, and as its valuation for i and j have the individual con-

cept on which the predicate 7s the most powerfull man on earth applies
A,i,t, ,g
b 1’ =

A

in world i on moment j. Suppose that Bigboss
\i,J FordA’i’j’g, and BigbossA’i’tZ’g = \i,j Bresgnev
following holds: {AV Bigboss}A’istZ’g(i,t )

\k,1[BigbossA’k’l’g(k,l)](i,tl) - Bigbossk’i’tl’g(i,tl) - Ford 1918,

3ut BigbossA’l’tZ’g(i,tl) = BresjnevA’l’tl’g.

,i,j,g‘ Now the

SONVENTION. With 8 is denoted the translation of a common noun other

‘han price or temperature

CONVENTION. With A, 1i,j,gk¢ is a meant ¢A’1’J’g = 1. When A,i,j, and g

ire clear from the context we write g k ¢.




'HEOREM. Suppose w,x and " are of the same type, and ¢ does not con-
:ain binders for or occurrences of x and u. Then g Fx = M implies
L Ele/wle «= g E [ u/wls.

'ROOF. Because of the definition of valuation the following holds

CFE o wlel(x) = )\w[d)](’\u); and in this situation lambda conversion is
J1lowed. !

'HEOREM. If 3slx+slg E 8(x) then Jalxrs,uralg F x = M.

'ROOF. From meaning postulate 2 and [x+s]g k 8§(x)it follows that

xrs]lg l=Vu[x=Au]. This means exactly what we have to prove.

'HEOREM. Suppose the conditions of theorem 10.5 are satisfied.
hen g E Axlx/wld = g E Au[Au/w]¢ and g l=Vu[Au/w]¢ =g EVxl[x/wlé

ROOF . {S'S = {Au}A’i’j’g} c {S‘S = xA’i’j9g}
HEOREM. A,i,j,g FVx[8(x) A Plz}] = A,i,j,g Evuls("u) a P{"u}]

ROOF. «: See theorem 10.7
=: The left hand side means Is[x>slg E 8(x) A P{x}
with theorem 10.6 we conclude Jalx+s,uralg Fax = M
now apply theorem 10.5, then [e>s,uralg E (S(Au) ~ P{"u}
and, from definition of valuation [x>s]g I=Vu[<3(/\u) A P{Au}]

finally, since x does not occur, g |=Vu[<S(Au) A P{Au}']
HEOREM. A,1i,j,g EAz[8(x) » Plx}] < A,i,j,8 EMls("w) » Pt u}]

ROOF. =: apply theorem 10.7
: by contraposition. Suppose that it was not true that
g F Ax[S8(x) » P{x}]
this means that g EAx[S§(x) » P{x}]
which is equivalent to g EVel[8(x) A1 P{x}]
Now we apply theorem 10.8 and find g Evuls("w) A1 P{ 3]
therefore it is not true that g E Au[cS(Au) > P{Au}]




10.10 THEOREM. A,i,j,g EVy[Az[8(x) +> z = y]l A P{y}] =

10.11

10.12

A,i;j,g E VuAu[G(Au) <~y =] A P{Au}]

PROOF. The left hand side is equivalent to

3s such that I: [y+slg FAx[8(x) <> x = y] and II: [y»>slg EP{y}
From I follows [y+slg F8(y) <>y = y, so [y»slg F&§(y).

Apply theorem 10.6 3aly—+s,v>alg kFy = Av,

Substitution in II (theorem 10.5) gives III: [y-+s,v>alg E p{ )
Substitution in I and theorem 10.7 gives IV: [y»s,v+>alg kE AuBS(h)<~
Since Vi, j {Au:Av}A’i’j’g = {u=v}A’i’j’g we may replace

M= My by u = v accordingly to section 8. The combination of III

with the result on IV of this replacement gives the right hand sid

THEOREM. A,i,j,g Evolruls("w) < u=vl A P{™u} =
A,i,i,g E VylAx[§(x) <> o = y1l A P{y}]

PROOF. The left hand side is equivalent to

Ja such that I: [v»alg }=Au[6(Au) <> y=v] and II:[v+alg [=P{Av}.
In T we replace u = v by M =™ and obtain thus I':

Let us suppose that [x+s]g F §(x).

Then (theorem 10.6 and 10.7) Eal[x»s,w+al]g E S(Aw)

A
UseI':[x>s,w>a, ,v>alg EM =M, so [x—*s,w-*al,v—*a]g Fx ="v

>
We have provedlthat [vralg E Axl8 () »2="v]

On the other hand, suppose [v+a,x*slg Fx = )

then by I it follows that [v»a,x»s]lg k 6(Av), so [vra,xrslg E 6(x)
Thus we proved [v+alg E Aelxe="v > §(x)].

Combination with II and application of theorem 10.7 gives the desi:

result.

REMARK. The last four proofs also hold when §(x) is replaced by
§(x) A[...x...]. So the correctness of the b version of reduction

rules 13,14 and 15 follows.
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11. EXAMPLES

In this section I present several examples of the treatment of sen-
tences (or parts thereof) as these have actually been executed by the com-
puter. On the basis of these examples some comments on PTQ and on the

program are made.

EXAMPLE 1. Syntax
The following sentence is generated

Mary is her and love John.
This sentence illustrates two syntactic inaccuracies of PTQ. Only the first
verb has been conjugated, and %er occurs instead of herself. The sentences
3enerated by the computer reveal several syntactic inaccuracies. For instance,
lisjunction and conjunction cause trouble in combination with rules S5, Sl4
and S17. Since PTQ has already been studied for several years, it is not
surprising that most of these inaccuracies are known (e.g. BENNETT (1974)).
Che non-obvious inaccuracies discovered with the help of the computer are
rather in the "logical" part of PTQ where the situation is less perspicuous.
[n checking some versions of GROENENDIJK & STOKHOF (1976) the computer

issistence appeared to be also useful for the syntax.

iXAMPLE 2. Two relative clauses
fhe following is a part of a generated structure.
woman
hez loves a woman
S3,2: woman such that she loves a woman
he] runs
S3,1: woman such that she loves a woman such that she runs
'he last string can only be taken to be about a woman which loves a running
roman. The structure however indicates that there are two relative clauses
sjpecifying a single head noun. The translation of the example above mentions
me loving and running woman and not, as is desired, a woman loving a running
roman. Thus we note that applying the same syntactic rule several times in
juccession, can lead to incorrect results. The relation to the head noun,
lowever, is correct in the following example (due to J. Bresnan, mentioned
n PARTEE (1975)): Every girl who attended a womans college who made a

lonation to i1t was included in the List.
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KAMPLE 3. A simple case

Syntactic Structure Translation & Reduction
1:TERM: Mary Tid: Mary
1: IV :  run Tla: run'
4:SENT: Mary runs Th: Mary'™ (" run')
Rl: AP P{"Mary '} (" run)
R8: Npun' {“Mary '}

R2: run' (“Mary')
Rb: run'y (Mary')

This derivation is completely regular. The notational convention R4 has
een used to introduce the . Instead of R4, also R11 was applicable; the
hoice depends on the order of the reduction instructions in the program.
he computer tries to apply the notational conventions first of all. The
entence Ninety rises could also be generated with the same structure.
ranslation and reduction proceeds in exactly the same way: rise’ (Aninety')
s obtained and next R4 is applied. Thus we note that the formula in PTQ
p.268,+10) is not the final one.

XAMPLE 4. Adverbs

Syntactic Structure Translation & Reduction
1:TERM: John Tld: Johm ¥
1: IAV: slowly Tla: walk’
1: IV : walk Tla: slowly'
10: IV: walk slowly T10: slowly' Cwaik?)
4:SENT: John walks slowly T4 : John,* (A[sZowa’(AwaZk')])

Rl: AP P{AJOhn'}(A[sZowa'(AwaZk')])
R8: [slowly'("walk')] {"John'}

R2:  slowly '("walk') (“Johm')

R3:  slowly '("Jom', walk')

We notice that slowly is treated as a two place relation. This is
learly not intended in PTQ. If expressions of the category IAV are relations
hen so is about a unicorn in John talks about a unicorn. In PTQ (p.267,+13)
e see that this is not meant. For this reason we have in the program as
ondition for R3 not "y(a)(B) is a meaningful expression of type t'" but rather

y translates a verb and for this verb R3 has not yet been applied".

BIBLIOTHELN MATIEN A LECH CaiNEHUM
AMSTEROAM




s a result the computer does not perform this reduction step in unintended

iituations as above.

XAMPLE 5. Seek*

Syntactic Structure Translation with immediate reduction
N: untcorn — Tla: ' unzcorn’
2: a unicorn T2 : XPl[VxZEunicorn'ﬁxZJ A P{fZ}]J
T: Mary R13: APIEVug[unicornz u2) A P{ u2}]]
V: seek —\\\ Ré4: AP][Vug[unicorn;(u2) A P{Auz}]]
T: hel ~\\\;; Tld: Mary 'x R
5: seek himI Rl: AP2[P2{ Mary'}]
4: Mary seeks himl Tld: seek'’
14,1: Mary seeks a unicorn _\\\\\.Tle: APALP {x }]
T5 : seek’("Ap [Pg{xz}])

Th . AP2[P2{AMary’]](A[seek'( APSEPg{xl}])])

RS A[seek’(AAPg[Pg{xZ}])]{AMary'}

R2: seek’(AkPSEPS{xl}]) (AMury’)

R3: seek'(AMuryQAAPg[Psfxz}])
" T14: AP[VuZEunicorn;(uZ)/\P{AuZ}JJ(AAxl[seek'(AMury’fAPs[Pg{xZID])

RS: Vuz[unicorn;(ug) A Alxl[seek’(AMury',AAPS Pg{xz})]{Au2})

R2: Vuz[unicorn;(u2) A sz[seek’(AM&ry’,AAPg Pg{xl})](AuZ)]

R8: Vu2[unicorn;(u2) A seek’(AMary’,AAPS'Ps{Auz})]

R6: Vu2[unicorn;(u2) A seek;(Mary’,ug)]

n the translation of g unicorn the variable xq is used since xl was reserved

or the translation of hez. When the variable xq is replaced, its index, for
echnical reasons, is kept the same. This example demonstrates how the
omputer obtains a reduced formula by conscientiously applying the reduction
ules. It is an excellent tool for doing such tedious computations.

When the sentence Mary finds a unicorn with the same syntactic structure
l.e. with S14,1) is treated, the same reduction steps can be made; so
le last step is an application of notational convention R6. But a different
ocess is also possible. After having obtained

Find' MMary ', AAPSEPS{:JC]}])

» may apply the meaning postulate for find (R12). Then we obtain
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"APLP e 31y Cfind !, (Muary?, Yy ) 1)
this reduces (after R2,R8, R2,R8,R7) to

find’*(Mury',vxZ).
This expression has to be combined with the translation of a wunicorn and
after reduction we obtain

Vu2[unicorn;(u2) A find] (M&ry’,uZ)].

In general it makes no difference in which order we apply the transla-
tion or reduction rules. Sooner or later we have to apply the same rules to
the same kind of expressions. The rules for introduction of 6, constitute
the exception to this situation. The above considerations on Mary finds a
untcorn demonstrate this. Once the meaning postulate is applied (and a cor-
responding sequence of reduction steps is required) we cannot apply the no-
tational convention any more. Happily these two ways always yield the same
final result. The computer tries at each stage to reduce as much as possible,
so in the above case find; is introduced by means of the meaning postulate.
Notice that in example 3 we also had two ways of introducing run;; the

formulas obtained in these ways would be identical.

EXAMPLE 6. Survey of 6*

Syntactic Structure Translation & Reduction
Sl: CN : - price Ti: price’
S2:TERM: ‘a price T2: APZEVxZ[price'(xz) A Pl{xz}]]
Sl: 1IV: rise T1: rise
S4:SENT: A price rises Th: APz[szfprice'(xz) A Pz{mz}]](Arise’)

R8:.Vx1[price'(x1) A Arise'{xl}]
R2: sz[price’(xz) A rise’(xz)]

The resulting formula does not allow for application of the meaning
postulate for intransitive verbs since rZse is an exception to the postulate,
nor can the notational convention be applied since then an argument of the
form Au is required.

1
If the sentence had been

A price runs

we could apply the meaning postulate since run'is not an exception. Then we




btain
v
y 4 14
sz[przce (xz) A run( xl)].
f the sentence had been
A unicorn rises
hen we might apply the meaning postulate for common nouns (R13), thus ob-
aining
A
. ’ A praol! 1.
Vul[unzcorn*(uz) rise’( ”1)]
ext the notational convention can be applied to rise’; obtaining
. , .- * ,
Vulfunzcorn*(ul) A rase*(ul)].
inally we might consider the sentence
A unicorn runs.
ere we have two ways of introducing run; (see example 3): the meaning postu-

ate and the notational convention.

XAMPLE 7. In
Syntactic Structure
1 :TERM: Bil1
1 :PREP: in
1 : CN : park
2 :TERM: the park
5 : IAV: in the park
1 : IV : walk
10: IV : walk in the park

1 :SENT: BZll walks in the park
1e translation of BZll reduces (after Rl1) to
A_os,
APZPZ{ BZ11'}
>r the expression Zn the park we obtain (after R15,R4)
o p A , _ A,
in'( APZEVvl[AuJEpark*(ul) Uy = 7)1] A P2{ vz}]])
> for Bill walks in the park we obtain
Aega iy Ay A , . A A ,
APZEPZ{ BZ11'}1( in'( AP2[V01[Au1[park*(u1) <~ uf-vz]AP2{ uz}]])( walk')])
‘ter application of R8 and R2 this becomes
. A B A A A
in'( APZEsz[Auz[park;(uj) <> uz_vz]AP2{ UJ}]])( walk') ("BZ1I1l")

:xt R16 is applied: the meaning postulate for <u:
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"\pLVo [, [park] (u) < uZ:v]jApg{Aul}JJ){Axy2[in;(“y2) Cwatky "Bizr .
After R2, R8, R2, R8, R7 we obtain
=01 A inl @) Cwatk ") ("Bi11") 1.

Vvl[AuZEpark;(ul) < u,

In PTQ no examples concerning the meaning postulate for Z» are mentioned.
This example illustrates the consequence of the meaning postulate: if someone

walks in "an individual concept', there is a corresponding "individual" in

which he walks.

EXAMPLE 8. Try to find
de consider the sentence

John tries to find a unicorn.
Let us assume that term substitution (S14,i) was not used in the generation
process. The translation of fZnd a unicorn becomes (after some reductions):

find’(AAPZEVul[unieorn;(ul) A P2{Au D).

Since the translation of John becomes APZEPZ{ John'}] we obtain for the
translation of the whole sentence

APZ[PJ{AJOhn'}](Atry toKAfind'CAAPZEVul[unicorn;(u])APZ{Aul}]]))).
After application of R8,R2 and R3 we obtain

try to’(AJohn’,A[find’(AAP2[Vu1[unicorn;(uZ)APZ{AuJ}]])])-
Jo one of the reduction rules RI1-R16 applies any more, so the computer now
applies R17 and obtains

try to’(AJohn,A[xyzkx2[find'(x2,y1)](AAP2[Vu1[unicorn;(uZ)APg{AuZ}]])]).
3ince fZnd’' now has become a two-place relation, the meaning postulate can
>e applied to it and after application of R8 and R2 several times (and R7 once
the final result is obtained:

try to'(AJOhn,Asz[VuZ[unicorn;(uz)Afind;(vxZ,ul)]])

Our reduction principle is "at each stage: apply reduction rules until
1one applies any more'. Rule R17 is an exception to this principle. On the
»ne hand: treating R17 as an "everywhere" rule (which is more elegant than
our conditions for application) would almost be the same as translating
Find by Aylx find'(x,y). This is, however, not done in PTQ. Moreover we would
in that case apply RI7 in many cases were this is not needed (in the previous
:xamples we never used this rule). On the other hand; without R17 we would

:nd up with a formula which deviates from the one given in PTQ3.
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XAMPLE 9. Program Failure

Generated sentence: Mary is a woman

Reduced formula : Vulwoman!(u) A Mary'=ul

In this situation we could do one traditional reduction step more and

hus obtain woman;(Mbry’). It is a shortcoming of the program that it does
ot account for this last step. The background for this is as follows. All
he reduction rules are local (as explained iﬁ section 6). The reduction
tep under discussion however is not local. In order to decide whether a
ubformula u = Mary' implies that all occurrences of u may be replaced by
ary) the whole formula must be taken into account. If we had the connective
+'" instead of "A" then we could not reduce the formula any further. To
andle this case, we need a reduction rule of a new, complex kind. The same

eed arises in the following situation.

enerated sentence: The fish loses the fish

educed formula: Vul[Aul[fish;(ul) Uy = v1] A Vv2[Au2[fish;(u2) > u2:u2]A
Zose;(vz,UZ)]]

This formula expresses that there is exactly one fish and that, this
ish loses itself. The formula is equivalent to
uz[Aul[fish;(ul) <~ uZ:UZJ A Zose;(vz,uz)]]f Again, to make this step a
on local verification must be made.

It would of course be possible to give two rules, treating these inci-
ental problems: That would be an ad hoc solution and other constructions
an easily be envisaged where non-local rules would be needed.

A solution to this kind of problems seems difficult to obtain, needing
owerful innovations. Moreover, one may only expect to obtain partial solu-
ion to the reduction problem. Since intensional logic is undecidable, a
erminating program reducing all formulas of intensional logic to a "simplest"

orm cannot exist.
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I0TES

: This article is a revision of the paper presented at the first Amsterdam
Colloquium on Montague Grammar and related topics (January 1976). I am
indebted to Johan van Benthem, Peter van Emde Boas, Joyce Friedman,

Jeroen Groenendijk, Ewan Klein, Martin Stokhof and Zeno Swijtink for their

remarks in several stages of the work on this subject.

The need for a complex conversion rule is brought to my attention by

Zeno Swijtink.
. This counter—example is based upon an idea of Johan van Benthem.

- The use of this rule was brought to my attention by Joyce Friedman (she
also works on a computer program for PTQ). Without this rule, the only
way to obtain the PTQ formula for John tries to find a unicorn was to
start with a structure in which S14,i was used: Jokn tries to

La unicornl find himll]. This observation is due to Martin Stokhof.










