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EXPLICIT FINITE INTENSTONAL MODELS FOR PTQ

Joyce Friedman, Douglas B. Moran and David S. Warren

ABSTRACT

The semantics of Montague's The proper treatment of quan-
tification in ordinary English (PTQ) uses an intensional model
to evaluate formulas. In this primarily tutorial paper we show
how a model can be explicitly constructed and used. Examples of
the evaluation of formulas are worked through carefully.
Particular attention is paid to the role of the meaning
postulates of PTQ in restricting the choice of models.

An abbreviatory notation, giving names to complex elements,
is used to simplify the process of constructing a model. At
each level, complex elements are formed from simpler elements
al¥eady named.

Th. size of a finite model fow PTQ based on two points of

reference and two entities is calculated and its implications

discussed.

This research is supported in part by National Science Foundation
Grants BNS 76-23940 and MCS 76-0497



I. INTRODUCTION

In The proper treatment of quantification in ordinary
English (PTQ), Richard Montaque sets up a system which uses
model-theoretic semantics to provide meanings for English
sentences. Expressions of intensional logic hold a position
intermediate between the English syntax and the model. For each
syntactic structure of an English phrase there is a corresponding
formula of intensional logic. The meaning of the English phrase
is taken to be the interpretation of the logical formula in the
model.

In this paper, which is primarily tutorial, we show by
example how a model can be explicitly constructed and how a
logical formula is interpreted in a model. Our paper provides
concrete examples of the semantic model and the definition of
interpretation, given only formally by Montague. It is intended
to be helpful to readers of PTQ. The reader of this paper may
need to have a copy of PT¢ kn hand.

We first review the definition-of intensional model, and
begin to specify a model. Then we examine the way in which
meaning postulates constrain the model to be reasonable., 1In a
reasonable model the interpretations of English words are
consistent with their usual meanings. We select a particular
reasonable model and use it to evaluate some formulas. Problems

in building a larger explicit model are illustrated by



considering the case of adverbs. We cénclude with calculations
of the size of a model and a brief discussion of the possible

use of computers for Montague grammar.

II. INTENSIONAL MODELS

An intensional model (o interpretation)lz is a quintuple

OL = <A, I, J, <, F) such that

1) A, I, .and J are non-empty sets, the set of entities, the set

of possible worlds, and the set of moments in time, respectively.

2) < is a simple (linear) ordering on J.

3) F is the meaning function, which assigns each logical
constant an appropriate element from the model. If the
constant is of type a, the value of F isr of type <(s,a).

Each element of I x J, the set of co-ordinates, is a single

point of reference or index. To simplify the notation, we use

S for this cross-product. A model then becomes a quadruple

07 =<{A, §, <, F>. PESr a given A and S the set of possible

denotations of type o, Da,A,S is given by:

- for simple types

De,Afg = 4 (the set of entities)
Dt,A,S =-{0,1} (0 - falsehood, 1 - truth)
- for complex types
_ 8 | -
D(s,q},A;S = Da,A%S (the set of total functioms

from S to Da,A,S)



D

( _’A S L]
D oy e = B (the set of total functions
<Ll,l>>)n‘l,i)

b,4,8 from Da,A,S to Db,A,S)
Wheré no confusion can arise, the subscripts 4 and S are omitted
in symbols for sets of possible denotations.

The rules for evaluating an expression of the logic are
given in PTQ. An evaluation is performed with respect to a model
67, a point of reference 7 in S, and a variable assignment g.
This function y assigns a denotation of the appropriate type to
each variable in the expression, that is, for any variable u of
type a, ‘g(u) € Da' The result of, evaluating an expression a of
type a 1s a possible denotation of type g, i.e,a member of D_.
al, 4,9

This value 1s denoted by « and 1s called the denotation or

extension of a with respect to Ol, i, and y.

ITI. SPECIFYING A MODEL

The first step is to give the set A of entities and the set
S of points of reference. These two sets uniquely determine for
each type a each set D, of possible denotations of expressions
of type a. To complete the model, the meaning function F must
be specified. The values of F fQor constants of type a are
functions from S to D, .

We now begin to build the intensional model to be used in
our examples. Because we wish to write out the sets Dd
explicitly, we construct a finite model. While it would be

posgible to write functions explicitly in ordered pair notation,



the result would be long and cumbgrsome, because in general the
elements of the pairs are themsélves functions. We overcome

this difficulty by introducing names for functions and by taking
advantage of the type system of the model. We use the type
system to provide an order in which to consider the denotation
sets and their elements. The ordering is such that at each stage
the new functions can be specified as ordered pairs of names
already intreduced. The meaning function F is also specified
using these function names.

Let the set of points of reference S be {I7, 12} and the
set of entities, 4 or De' be {Jo, Un}.

It is important to distinguish words in the English
vocabulary from constants in the logic from elements of the
model; for example, John and walk are English words, J and walk’
are logical constants, and Jo is an entity, an-element of De.
English words are given in italics. Logical constants that are
direct translations of English words are orimed.

The function F, which defines the relationship between
constants and elements of the modeél, assigns to each constant
of type e a function from indice$ to entities. For example, for

where D = DSq In our

the logical constant j, F(j) € Des,es <s, e e

finite model, there are only four members of D<s*e>' and we use
s \

do,al,az,a3 as their names. They are defined by:



oy | jf”’ Jo) (12 Je)}
| ul,% [ Joy (12 ’Lin)}%
Daﬁt» - 55u2-§ = ({(IILUU (lZ,lo)ﬁ
i a3~; ( (17 Uy) (12 Un)}

If'F(J)~=.a2, then j is+assigned { (I! Un) (12 Jo)}, that is, the
functien whose value at index T! is Uh and whose value at index
12 1s Jo.

Words in both of the syntactic categories CN.and IV
translate into logical constants of type {.s,ex,t», so the
values of I for these constants are functions from indices to
elements of type <s,e),1). TFor example,

{; Y a3 L) W« ]’, D
Plunteorn')y and F(walk') ¢ {8, {L8,e>, >

, e _ E,e7 5
where D(s,(&gc»,10>'— DéZS,e{,t> - (Dt )
and
s Py a oty g
Funteorn!) (¢) and F(walk') (1) ¢ D<ks,e);t>
L T4s,e>
Where'D<<s,e>,t> = Dt
In the model, ithere are 16 members of D and we use

{{5,e),1t>
BO,...J615 as their names; they are defined by:



| Ro (, 0) (ag 0) (ay 0) (ag 0)
By (@5 0) () 0) (oy 0 (o 1)
8, (g 0) (2 0) {0y 1) (ay 0)
pBB “ (g 0) oy 0) (o, 1) (agy 1) |
By | (g 0) (@y 1) (wy 0) (agy 0)
fs i (ag 0) (o 1) (a, 0) (ay 1)
B ! E!(OLO 0y (ay 1) (o, 1) (ay 0)
B4 | €(@0 0) (o 1) (@, 1) (ory 1)
“loyer, ty = 8y (ag D) (g ) Loy 0) (g 3
§ B4 e 1) (e 0) (ay 0) fag 1)%
B0 (g 1) (@ 0) (o, 1) (g By
By (0g 1) (@y 0) (ay 1) (ay 1)
By @y 1) (@ 1) (@, 0) (ay 0)
B4 (g 1) lag 1) (@, 0) (a; )
B1a, oy 1) (4 1) (ay 1) (ag O]
i 8151 (g 1) (ay 1) (@, 1) (og 1)
There are l62 = 256 members of D and they will nbt

{8,({8,e),1»
be enumerated here.

The set of-entities, 4 = De’ is also known as the set of

individuals. The members of the set DZS o of possible

denotations of type <¢s,e) are called individual concepts.
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The members of D are functions from . to
({,B,L‘),i) <‘G‘,t\>

{0,1}, and thus a member of D can be viewed as a sof o7
3,00, 8> c

. “wooe . ' R \
cndividual coneepts for which the function is 1 (true). An

* » * * . ¥
1s a property of-individual conoerts.

K

elenent of 1
{8, L&,0, 1%

IV. REASONABLE MODELS

Not all models that can be constructed are reasonable.
Montague's meaning postulates are restricticns on models; they
limit the choices for the values of the meaning function F, that

1s, they constrain the possible meaning of certain English words.

Meaning Postulate 1

We mow examine how Meaning Postulate 1 affects the choice
of values of 7 for constants of type ¢. As an example, we

consider F(j). Meaning Postulate 1 for j is (Ju) 0 (u=j). The

0,4,

denotation of this meaning postulate is [(3u) O (u=j)]
This denotation must be 1 if the model is to be reasonable.
Following the recursive definitiop in PTQ [p. 258]:

[ (Jue) Cl(utj)]oll“g is 1 1ff there exists v ¢ De

, !
(De = {Jo,Un}) such that [t](u=j)]cq’$’g is”l, where g'

is a Ol-assignment like g except that j'(u) is .

; ! P | !
[D(u=j)]cn’l’i~ is 1 iff (u=j)oz’b > Y is. 1, for all ¢’ ¢ S.
) : ) ' .y ' .1 '
(u=J)Cn21’r“7 1s 1 1iff uCW’L I i JCQ,z o
P ! . . L A
ucn’$ s g g'(x), which from above is v, and JCQ’L v 1s

F(j)(2").
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I.e., there exists v ¢ DU such that for all (' ¢ S, F(j)(¢') 1s

'\’V
v. In other words, Meaning Postulate 1 requires that the value

of F for the argument .j be a constant funé¢tion, i.e.,a function
that has the same value at all points of reference. Thus F(,)

cannot be just any member of. D it must be either

(5,0

g = {(11,J0) (12,J0)} or 0y = {(IT,un)(I2,Un)}.

Meaning Postulate 2

For Meaning Postulate 2 @ similar analysts applies. This
meaning postulate restricts the choice of values of F for "the
constants of type {{s,ed>,t» which are translations of
extensional common nouns. For example, Meaning Postulate 2 for
untcorn' is Dlunicorn’ (x) » (3u) x = “u]. A reasonable model

must make it true. Again, following the recursive definition:

(Qlionicorn’ () + @u) « = 05T 551 it
[enicorn' (x) »~ (Ju) x =" 14])0Z Y is 1 for all ¢! ¢ 5.

luntcorn’ (&) » (Ju) x = fu}qn’i,’g is 1 iff whenever
[unicorn’(m)]orsi"‘ is'1, thenr[(Hu) X u]CR,i',g is

[unicorn'(x)]cn’i”( is [unicorn’]az"’ 67 il

. 17,9 . . . .
(unicorn'’} " ™* °d 4g Flunicorn') (i¢") and mcq’l 20 g q(x).

]0?,72’,9

[untcorn’ (x is [F(unicorn') (¢')] {g(x)).

[(Au) x = “u]01’i,’g
R 02,7;',9'

,is 1 iff there exists a v ¢ De such

is 1 where yg' is a 02-assignment like

g except that 5" (u) is v.

]OZ,i’,g'

y ! ! ;!
[z = "u is 1 iff xCQ,z 'J g (Au)éq’t ,g'.
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N ; '
? ' ' ]
o ted g J'(¢) and from above, 4'(x) is g {(r), and
NN/ A - :
(") * 1s the function h such that for all (" ¢ §,
, ' l:" \.r ’:”.' . ' "
ht") 1is “CH, > puat uCQ’ g J' () 1s v, so h is
*l
N () L
L0 gt . . .
b o= U Y i 1 ALF G (v) ds AX{V(V).
For all {' e &, whenever [F(un.corn')({")](s(x)) 1is 1, then

there exists v ¢ De such that ;(x) is A*{"(v).

The consequent of the result says that the individual
concept that i1s the value of (x) must be a constant function,
i.e., it must evaluate to the same entity v at every point of
reference. In our model, only A and 0, are constant individual
concepts.

Meaning Postulate 2 restricts the possible denotations for
these logical constants of type {s,c»,t) to subsets of the
individual concepts that are constant functions. 1In any
reasonable model, ,we must choose F so that

Flunicorn') (i) ¢ {BO, 311 Bgs Bgly
that is, unicornhood can be true 6f only wuose individual:
conceptys which yield the same entity at every point of

reference.

lWe use \* as the A-operator of the metalanguage. Thus, A*1"(v)
denotes the function from S to De with the constant value v.
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Meaning Postulate 3

Meaning Postulate 3 restricts the choice of values of F for
the constants that are translations of extensional intransitive
verbs. Meaning Postulate 3 for walk’' is

(M) (V) O [walk' (x) < [VM] (Vx)]
where M and « are variables of type &s, &, 1>y and &s,c),

respectively. ., A reasonable model must make this meaning

postulate true.

[(3) (Vo) O [walk! (a) e [YH] (Vm)]]m"b’g is 1 iff there exists an

m € D(S, e, t such that [(V‘m) 0 [walk' (z) < [VM]"(V‘E)]]OZ,‘Z:,L{&’

is 1 where g' is a O] -assignment like g except thht g'(¥) is m.

[(Vx)tl[waZk'dx)-?i[vM](Vx)]]az’i’gr is 1 iff for all x € D

. s, )
(O [walk' (x) e*[VM](Vx)]]ov’z’g is 1 where y" is a
UZJassignment like ' except that yg"(x) is ¥.

M,i,q"
(A [walk®(¢) & [YM] (Y2)]1)V 2"V is 1 iff
. s ! n
[walk' (x) ¢« [YM] (“x)]]m”’ s97 35 1 for all i' ¢ S.
- O g n,ir,g
[walk’ (x) es [VM] (Y2)]” 2% °9 is 1 iff [walk'(z)] ~°* »Y
is (vm) (ve) Tt
o - ;
wati’ @190%0" ig tuarkr Ob 729" ) 0l1'g, "
which is [F(walk')(Z')] (g" (x))
which is [F(walk’) (2')1(x) -

(0 (e 80" i pan Tt g gy e g

which is 0 7"29" (31)] (0L L0 (1 1y

which is [g" (M) (")) (g"¢x) (i"))
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which is [ (/)T (\N({")).

Thus the meaning postulate is.true just in case there exists

{5, 0, Y

is (I 10 (") for all @ ¢ . Thus, wul/«' depends only on

g ! such that for all \ RPN ,>,[F(wdf¥')(f')](\)
f | Ny N

the entity and the point of reference. 1If walyv' is true at a
point of reference for an individual concept, then 2waix' is true
at that point of reference for every individual concept that
gives the same entity at that point of reference.

Relating this to our model, we see that since

0(N) = &l(ll) and u

11y = a,(I1),

2(
qO(IZ) = az(IZ) and al(lﬂ) 3(12)

i
o)

Meaning Postulate 3 requires:

[F(wu!k')(ll)](uo) = [Floadx")(TT)] (o))

1
LF(w&Jk’)(II)](aZ) = ﬁF(wxik')(Il)](a3)
[F(wuék')(IZ)](aO)“= [F(ba[k')(l?)](az)
[F(waZk’)(IZ)](al) = [F(walk’)(T?)](aé)

Thus, we must choose F so that
1y .-},
F(WCIZ"\ )(II) £ {801 331 3121 815}

T, L . n 1
Flwalxk') (12) € {80, 35, Bygr By

V. USING A MODEL

We now explicitly construct a particular reasonable model in

which tc evaluyate some formulas.
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It must satisfy the constraints on F developed above. We
assign to.the constant § the entity Jo at all points of reference:
F(§) = o, = {(I1 Jo) (12 Jo)}.
We stipulate that there are no unicorns at point of reference Il
and one unicorn, entity Un, at point of reference 17Z:

Flunicorn') = { (11 BO)(IZ Bi)}

i

{(IT {{ay 0) (e 0)(a, 0) (o, 0)})

0) (o5 L)1)},

2

(17 { (o, 0)(a; 0) (&

1 2
At point of reference I7, entities Jo and Un walk and at point of

reference 17, only Jo walks:

Flwalk') = {(IT Byc) (12 Blo)}

i

{ (11 {(ao l)(OL1

(12 f(uo 1)(0Ll

Our first evaluation using this model will be for the
expression which is the translation of John:
[APIVP) ("F)]

Finding the denotation of. this expression:

’AP[VP](fj)]éq;tjg is a function hj* such that hj*(p) is

[(vp] (~5) 19t a4

where g' is a Ol ~assignment like g
except that g’ (P} is p.

-
(ve1 ()1 909" 4

MN,i,q'

[VP] OZJijgi(Aj)mJi)g'
which is [P (i)](h*i'[jcn’i,’g,])
which is [g'(P) ()] (X '[F(7)(1")])

which is [p(2)](F(4)).
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Thus, the expression denotes the function hj* = Ap[[p ()] (F(J))]
So hj* is the set of properties which, when evaluated at point of
reference i, are true of the individual concept that is the value
of F for J. In this example of a reasonable model, F(j) is A
and the possible denotations, p (i), for which &y gets true are 68

through 615. At point of reference I71, the value of the function

which is the denotation of the expression that translates John is

1l for the arguments
{(T1 g ) (12 8 )} where m > 8

and at point of reference 1?2, it is 1 for the arguments
{(11 g ) (12 B )} where n > 8.

Now, we evaluate the direct traaslation of the sentence

John walks:

(AP[VP] (")) (Pwalk').
At point of reference I7, the denotation of this expression is:

[DPIYR] (*5) ] (watky] T 1T

P (V] (AJ-)]Ol,IT,g(AwaZk,)OI,IT,g

pervel 01 P19 (F et

hj* ({ (17 815)(12 Blo)})

1

The model can be alsou used Lo 1llustrate the general fact
that the denotations of an expression and any of its reductions
are the same. We have shown elsewhere [Friedman, 1978] that

each expression of the logic has a unique reduced form in which
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no further contraction is possible. We now evaluate the reduced
form of the trahsldtion of John walke, [walk'("7)].
At point of reference 1.

[walk' Qj)]dl,II,g

saqzit O 11,9 (~ 02 11,4

[F(wazk'>511>1(F(j>)

({ (1] 815)(12 810)}(17)](F(j))

[815](F(j))

[{ ( 1) oy 1) (e, 1) (ay 1)} 1(ay)

1

As another example, consider the logical expression
[AP[YP] ()] (Cunicorn').
Evaluating in world 11

[IAPIYP] (*) 1 (“unicornt)] b 1128
[KP[“P](AJ)]6”’11’Q(F(unicorn’))
how (LT B (12 By)1)
0

The reduced form of the expression is unicorn'("j).
Evaluating in world 11
0,11,9

[unicorn' ("j)]
[F(unicorn') (I F(3))

[{ (11 By) (12 Bl)}(Il)](F(j))
[84] (F ()

[{(ao 0) (ay 0)(a2.0)(oc3 0)}](u0)
0
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VI. THE MORE COMPLEX CASE OF ADVERBS

We now consider extending our model to accommodate sentences

with adverbs such as slowly. We have that Q
_ 7D(Zs,e>,t> 5

F(slowly') ¢ D(S,(CS,<(S,a‘>,‘z‘;77,<(s,u>_,t>)> = L((s,ﬂcy,z‘)
There are not only too many possible denotations to consider
enumerating them, but in each possible denotation, there are. too
many components to consider fully specifying it (see below).
Consequently, in this example, only that portion ot F(slowly')
which is needed will be specified.
The denotation for the sentence Johu walks slowly is:
[(sZowly' (Cwalk)] ()T %sd
(s Loty ' T ta0 (vyqrinytatagy (n jy Ot
[[F(slowly') (£)1 (F(walk"))]1(F(J))
At point of reference 17, Jo and Un are both walking, and
choosing that Jo is walking slowly:
Fstowly') = {(I1 {..o({(11 8y5) (12 By )k Byg).-.})
(e ¢ - . .. 1)}
and
[[F(slowly') (11)](F walk'))](F(5))
(T en (T B1) (12.81) F 8150 v 1) (T20... DY (I (F alk’))] (F (5))
[{... ({ (11 815)(12 Bio)}512)=--}({(17 815)(12 BlO)})](F(j))
Blzl(F(j))
[{ (a
1

0 l)Tal l)(a2 0)(on3 0)}](a0)
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VIiI. SIZE OF A MODEL

The smallést interesting model for PTQ has two pointsg of
reference and two entities. For such a model, the size of the
sets of possible denotations and the size of their elements (in

ordered pair representation) are as given in the following tdble.
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Number of
Number of Ordered Pairs
Possible in Possible
Set of Possible Denotations Denotations Denotation
D, 2 -
N 2
Doty =% 2° =4 2
De 2 -
D =D 2% = 4 y)
\8,6,\ el
D
_ _ _ 5 <88 4 _
Priw = Df(IV) =Dus ety Ut 2- =16 4
_ .8 .5 2 _ .8 _
s, romyy = Des,ranys™ Prewy = Prav) 16" = 27 = 256 2
sty 4, .16
Peiavse) = Pees ey, p vy = Pr(v) 16" = 2 4
_ 16,2 _ .32
Do, m/t)s = r vty (27)" =2 2
- 4,256 _ 1024
Primavy = Prav/w) = «8 FIV)S, F(IV)> (27) 2 256
s, (IV)>
f(Iv)
' - _ S _ S 1024,2 2048
Do, gy = %o, r@o/my = Pran) = oyt ) T2 2
D
_ _ p <& FIV) 256
Df (T) D{(s, F(IV», > by 2 256
S 256,2 512
s, fmy = Ur ) (2292 = 2 2
D 2 512 514
_ _p ST 25277 2 512
Pr vy = Pege,rmv, £ @w > = Praav) (27 ) =2 2
514 515
=P 2> 2 2
D<s,f(TV)> B Df(TV) (2 )T =2 2
D 10 4512 522
<s, [ (T) > 2772 2 512
D _ _
FEAT/T) = Yds, £y, F vy = Pr (1av) (2% ) 2 2
522 523
-0 2°¢ 2 .2
<s, f (TAV/T)S Df(IAV/T) (2 )e=2 2
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These size computations have relevance to a pessible
computer implementation. For a typicai large-scale computer,
the number of addressable memory locations is on the order of

224

(about 16 million), yet 9 of the 16 sets of possible
denotations have more members than this. This means that a full
model cannot be explicitly represented in a computer. However,
in evaluating expressions only some of the possible denotations
are actually used. Implementation on a computer might allow a
partial specification of a model, with only those possible
denotations that are actually denoted by the expressions
considered. 1In this context it is also interesting to note that

the number of neurons in the-human hrain is currently estimated

to be about 233 (10 billion).

VIII. CONCLUSIONS:

We have explicitly constructed an intensional model to
illustrate the basic notions of the model-theoretic semantics of
PTQ. We showed how the meaning postulates constrain the model to
be reasonable and evaluated some simple formulas. The number of
possible denotations in a small model was shown to present a
problem to be solved if explicit representations of models are to

be used. This problem is discussed further in Friedman, Moran,

and Warren [1978].
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l=thooreric <ceman+tics 1§ ore important
+5 meaninyg in nataral-language. In this
leairal forxulas obtained <£from English

ar~ ey%1lnatcd in an intensional molel to

lets=qinn +hoir truth values. In this paper we
1¥sem1he an interactive computer system for
speci®ying finite int sinnal model and

ryalnating  Ingical forrulas. Wwe first give an

nverviow of *hea svstend and its intended uses. Ve

“hen

kD

nraviic a2 deftailed descrioticn of the systen

show what is entailed in actually carr-ying out

this approath. T“xtensive exanplas are given in the

Appendices,
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I. INIBRQDUCIION

vodel=thoeoretic semantics s one important approach to

pee

analyziay the meaning  of  expressions of natural-language,
Tarskit's -valuation rme*thod tor fermulas of mathematical logic can
be axtended to natural<language elither directly or by an
intermediate stage of translation, into a mathematical logic,
Phis  formal trutheconditional treatment profides a precise means
of assiyning m2anings to natural-language sentences., Ir model-
theoretic semantics, the wmeaning of a fcormula is Jdefined by a

recursive process of 2valuaticr in a model,

The formal system presented by Fichard Xontague 1in he

Ira

proper treatme

nt of guartificatior im ordinarv English (PTQ)

applies model~theoretic semantics to ®nglish and forms the basis
of the work Jdescribed in ttis paper. In PTQ th2 meaning of an
Tnglish phrase is obtained by interrréting a corresponding
logical formula in 4&gr approrpriate model, PTQ uses a tensed

intensional logic; rthe fragment of inglish emphasizes guantifiers

and intensionad constructs.,

PT) raises a number of interesting questions if one actually
attempts to use the iiecas in a computer system, For example,
there are varicus ways 1in which a model might be represented,
There are also problems in firding aigorithms tor the ©vrocesses
suggested by PTQ. We have made spa2cific choices.in our solutions

to these gquestions and are pursuing them to find their limits.
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information and then conmpletes the interpretation. The system
also contains facilities to allew the user to add to or delete

Etom the model.

The system is intended tor us2 in linguistic research and
for exploring poté&ntial aprlications of dontague agrammarc.,
Montague Jrammar presents  some difticulties because of the
complexity of the logic and its semantics, The logic of PTQ is a
typed lambda calculus with intensional types, Inteuwpretation 1is
based on possible-worlds semantics, T“he meaning of a formula
depends on the actwal world in which it 1s evaluated, although
the actual world does not appear explicitly in the Zormula,
Informally, we might consider the actual world as a hiddea free
variables in the £fcrmula, Scme accustomed laws, in particular
substitutivity of equils and universal instantiation, fail to
hold, Fesults are thus often counmter-intuitive. OQur computer
implementation of intérpretation has bPeéen valuable to us 1in our
own res<2arch and as an aid in verifying or disproving conjectures

that we have found in the literature.

Natural~language question answering systems translate an
English sentence t0 intermal representatien and respond after
processing the representation against stored data. PIQ is a
formal framework in which an £Fnglish sentence has a
representation as a logical formula, and formulas have values

defined Using a logical model, This formal framework provides an
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approach *o the natural-~language question-answering preoblem, if
computer <representations and alygerithms can be tourd for its
implementation, our implementation 1is of interest in this
context; we plah to explore its aprlications further. (For
anothier way of looking at Y¥ontaque's framework computationally,

see Hobbs and ERosenscheinu (1977).,)

This documer describes *the model=builing and interpretation

system and how %o use it. The underlying intensional logic is
presented in Section ZI. The operation of the program is given
in Sections III and IV, Section ¥V explains tne commands used ‘in

interacting with thea svsten.

pxamples are given in *the text and three sample runs are

provided in the Appendices, In 4dll examples 1lines that are
entered by the user are lower-case left-justified and prefixed
by **', whereas output lines are upper-case, prefixed by > and
indented., Ir our introductory presentation of the modele
theoretic sgmantics of PI¢ (Friedman, Moran, and Warren, this
fiche), a simple rodel in this notation is developed anrd useAd;
Appendix P shows th2 use of the computer program to develop the
model. and interpret formulas in it, The user may want a modél
which satisfies a particular set of formulas; Appendix R shows
the development of such a model during the interpretation of
those formulas, In Appendix C, we develop a model as a

counter=

example to a formula given as a theorem in PTQ (p. 263).
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A programmeLrs description of the interpretation systea is
providel in Moran (N~3 forth¢oming). FKeaders who wmight wish to

adapt this program to typwd lambda calculi with other types are

referred to “oran (N~7, forthcominyg)

IT. IMIENSIONAL L)DGIC

————

The system tuilds mcdels ani interprets formulas in thenm.

Bafore discussin

10

the particulacrs Of our proyram, we present here

the urierlying formal theorv. Zh2 terscd intensional logic in
the interpretation system 1s that of ¥ontague (1397.:; 1¢73). we

have founi Gallin (197%) helpful as a source for a formal

treatment ot intensional logic, but have nmodified hix notation to

meet our needs,

A. Seaningful Fxprassions

Aoy

The rypes of intersional lcaic are defined as follows: (1) ¥
ani” I3 are elemertaryv types, (2) whenever a and b are types,
<a,kr> 1s a tvoe, anl (3) wherever a is a tvpe, <35,a> is a typs.
For each type ther

2 15 a Seot of constants and a set of variables,.

The followinu, aril only the folleowing, are meaningful expressions

(ME's) 3
1) Every constant of type & 1is a Y¥ of tvpe a.
2) wvery variahle of type a is a X% of type a.

3y If A 1s @ 42 of type a and V is a variable of type b
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(LAMBDA V,A) is a ME of type <b,a>,

4y If A is a MF of type <b,c> and B is a ME of type
then (A B) is a MF of type c.

5 If A is a iz of type <c,<b,4>> and B and C are ME's
of types b and ¢, them (A B C) 1is a ME of +type d.
(This =xpression and ((A C) B) will 1ave the same
meaning.,)

6) If A ard B are ME's of the same type, (EQUAL A B) is a
%% of type 1S,

7) f P and ¢ are YE's of type TS, so are (NOT P),
(AND P Q), (€% P Q), (TMPLIES P Q), and (IFF P Q).

8) If F ¥s a X% of +type 1I5, so are (NECESSAFRILY P),
(FUTURE P), an8 (PRST E).

9y 1f P 1is a MY of type IS and V is a variabtle, then

(THE

rt

T=1S V F) and (FOEB=ALL V F) are MZ's of type TS,
1) If A is a ¥I of type a, (INT'A) is a ML of type <S,ad>.

11) If A is a “T of type IS,a>, (EXT.A) is a ME of type a.

B, Models of Intensional Loqfc

Let A and 5 be nor=empty sets of entities ard points of

reference, respectively., A frame based op A and 3 is an indexed

family of denotation=sets, (D_a) ae types, where
(1) D E = A
(ii) D_TsS = (2,1}

(iii) D_<a,b> is a.subset of D~HP~a
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(iv) D_<S,a> is a subset of D_as
For the elementary tvype £ the set of possipie denotations is the
set of entities. PFor the elementary type IS the denotation-set
hag the two elements, (false) and 1 (true). For a complex type
<a,b>, the denotation~set D_<a,b> is a se*t of total fundtions
with domain D_a and range D_b., We define P_S to be S, so that

L4

the special cas= D_aD~S is handled by the general rule,

A model M on

L3

an

{o"

ixJ is a pair <(D_a) a € types, F> where
1) (D_3) a etypes is a frame based on A apd IxJ, where I is

a set of possible worlds and J 1is arn ordered set of

moments in tinme,
2) F is the heaning function which assigns to eacn lLogical

constant of type a3 an element of the dJdenotation-set

D <3,a>.

Tvaluation

S Dot g SRS U G T T S W—

Evaliuation 1is a relationship between meaningful expressions

and models. We Jdefine recursively the value or denotation

afBs;%,1,3,91 of a meaningful expression B with respect to a model
¥ and -.i, j, and g, where ™ is a molel on A and ixJd, ieI, jeJ,
and.g is a variable assignment., q assigns to edcn variable of
type a an element of D_a,

1y If E is a constant, then d[B:M,1i,7,a9] is F(B) (Ki,3>).

2y If B is a variable, then 4(3;¥,1i,7,9] is g (B).

3y If BeME_a and V is a variable of type b, then d4[ (LAMBDA



4)

5)

7)

g)

3)
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V B);M,i,j,g] is that function h with domain D_b such
that whenever x is in that domain, h {x) is
d(B;¥®,i,j,g9'], where g' is a variable assignment like g
except for the possible difference that g' (V) is x.

Tf BgME_<a,b> and C ¢M*_a, then d4[ (B C):M,1i,3,9] is the
value of the function J[B;%,i,i,9] for the arqgument
afCiM, 1,359 ]

If B egMB _<1,<c,b>>, Ceg“Z_c and DeME_d, then 4d[ (B C
D) +i,1i,3,a] is 4[ ((B D) ©);¥4,i,3,9].

Tf B, C¢M=_a, d4[ (FQURL B ¢C);M,i,j,g9] is 1 if and only
if d[B8;k,i,9,9]) is dA[ C5;M,1,3,91],

If P, 9 eME_TS, then d[ (WO P);H4,1i,3,9] 1s 1 if and only
if d[ri%,i,j,9] is Similarly for AND, OR, IMPBLIES,
[FF.

If P ¢ME_IS, then d4[ (NECKS3ARILY P)3;4,1i,j,9] is 1 1if and
only if d[P;d,i',j',9] is * for all 1ite I and j'e J.
[ (FYTUFZ P):¥,i,3,9] is 1 if and only if d4[pP:M,1i,3',q]
is ¥ for some j' such that j<j'. d4f (PAST P);#,i,i,g9] is
1" if and only if 4(P3;¥,1,3'%',9] is 1 for some ' such
that j'<j.

If Pg ME_TS and V is a variablee of type a, then
d[ (THEFL~IS ¥V P)3¥,i,3,9] is 1 if and only if there
exists x eD_a such that d4{B;M,i,j,9'] is 1, where g' is
as in 3, Similarly for 4[ (FOP-ALL V P):M,i,j,q].

If B eME_a, then d4[ (IXT B);¥,i,3j,9] is that function h

with domain IxJd such that whenever <Ki',j'>e IxJ,
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h(<i',j'>) 1is d4[(B;¥,1',9',9].
1) If B eN¥_<S,a>, then af (oX1 B) ;M,i,4,9) is

da{ B3N ,1,7,971(K1,3>)

A standard frame based on A and S is a frame based on A and

¢ functicns occur in  the denotation-sets,
, D a - S
that is, D_<a,b> = D _b — and D_<K§,a> = D_a — , A standard model

is a mod=1 bas2d on a standard Etrame.

In a general model (g-rodel), the denotation-sets of the

frame are less ccnstrained. As above, D_3 = A and D_Ts = (C,1}.
However, for a complex tyre <a,b> we have
¢ # D_<a,b> C DnhD—a. It 1s further required that the

denotations for all expressions be in the model. This means in
effect that the functions h which are the denotaticns of LAMNBDA=-
expressions and INI-expressicns wmust =2xist in the apvprogriate
denotation~sets, The definition of evaluation in a g=model is
exactly as 1in a standard wmolel., Not=, how=aver, that LAXRDA-

abstraction and cuantification are restricted to the denotation=-

sets of the model.
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Named Models

The models used in the computer system do not correspond
exactly to the standard or general models of formal logic. We
therefore introduce a new forrmal definition of ‘named models'.
This definition allows a model that may be smaller than a g-

model, Dbut expands toward a g=model when new functions are

required.

A named model (n-model) is based on a frame which need not
be closed under valuation, The valuation function d is a partial
function, undefined where the valuation function as defined above
takes a value not in the mecdel. D_<a,b> Q;D_bD_a and every
element has a unique name., A named model need not be a g=model;
however, a ‘'covering g-model' must exist., The covering g=-model
is the closure of the n~model under the condition that the
functions requir=d for evaluation exist. LAMBDA~abstraction and

quantification in an n model are restricted to the named elements

in the denotation=sets.

Dynamic Named Models

The models used in our intergretation system are dynamic n-
mod¢«ls. They are not <closed under the valuation function:
however, whenever a denotation of type <a,b> 1is <created by
evaluation of an expression with LAMBLDA or INT, the dyramic n=-

model is immediately expanded. The functior is named, added to

the appropriate denotation~set, and all functions with this
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denotation~set as domain are expanded to include values for the
new arqument., LAMBDA~alstraction and quantification in a dynamic
n=model are restricted to the current named elements in the
denotation=sets. This has the cousequence that they cannot be

precisely Jdefined independentlvy of the order of evaluation of a

formula,

A dynamic n=-molel may be thought or either as one expanding

n~model or as a seqguence of n=~mcdels., It is not yet clear which

view will be most* productive,

Finite todels

U e ki i) e bitman: .. om— v o —

While the intensicral logic has infinitely many types, only
a finite number occur ir expressions of PTQ and thus only a
finite number of s2ts of possible denotaticns are needed. In the
current version ot *he interpretation system the sets A and IxJ,
and hence all denctaticn-sets, are finite., In the finite case
the notions of standard model and g-mofdel are +the same, under
some weak conditions., We have introduced the distinction because
we think of our Jynamic models as 'potentially infinite', and
find the notion of covering ag=mcdel suggestive. One might think
of the g-model as a representation of *'reality! and an n=model a&s
a fdnite representationp of the svstem's knowledge. A dynamic n-
model 1is a representation that is forced tc expand toward reality
as the system needs fuither knowledge to carry out its- tasks., We

plan elsewhere to consider these- models further, btoth formally
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and as possible psychological models.

C. Models in the Systenm

This systenm ad¥cepts only finite models. A finite model can
reveal the principles involved in intexprecation of formulas, and
most of the interesting problems in the evaiuation of formulas
can arise there, Iu using the system 1in research, we have
encountered no problems related to size, However, even a snall
standard or general model s too large to be practical, The
closure property of these models causes the inclusion of elements
that may not be needed, Dynamic named models are practical,
They need include only those elements whose use is anticipated,

and elements can be added to the model ¢to meet new or

unanticipated uses.

The functions in stanmdard and general models are total. The

fanctions in named wodels are also total, although they may be
incompletely (partially) specified, that is, the value of the
function may be given for only some o©f the arguments. The
unspecified values fqr a function are regagrded as determined, but
unknownt to the system, If the interpretation of an expression
causes a function to Dbe aprlied to an argument fer which its
value 1s unspecifjied, the interpretation 1is suspended and the
user 1s prompted for the needed value, This approach using
partially-specified total functions and dynamic models contrasts

with approaches using partial functions in static models
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(Kutschera, 1975).

In a named model, a D_set is a subsef of the set of all
possible functions of i1ts type, With a dynamic model, the user
can enter a function of type <a,h> that has a value not in D_b;
this causes the element to be added to D_b. Similarly, the
addition of an :lement to D_a causes the expansion of the

specifications of all current functicns ct *ype <a,b>.

In a iynamic model, 1t may be reasonable to have two
functions with the same specification; an as yet ugspecified
valug may be different for the two functions, or they may have

different values for some arqgqument not yet in the model.

The denotation of a LAMEDA=~expression or an INI~expressiorn

is a function and 1if that function is not an element of the
model 1t is added, If an element is added to D_a during the
interpretation of a LAMBDi-expressicn of type <a,b> or an
argument to which it is applied, the body of the LANKBDA=-
expression is interpreted for this new element and the
specification of the denotation af the ILANECA-expression 1s

expanded to.include this argument and its computed value.

This ability to expand *he model dynamically during the
interpretation of formulas gives the us2t a second means of

constructing medels: starting with a minimal outline of the
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model, the user interprets expressions describing the desired
model. whan prompted for unspecified values, the user can

respond with entries that will make the expression true.

The model can also be expanded under the direct control of

the user, EFlemenpts can be add=d to the model or unspecified

values of functicns can be entered,

TIT. IMPLEMENIATION OF NAMED KODXLS

A. Nanmes for fypes and D_sets

Semantic types play a significant role in the interactions
betweer the user and the system, but the names of complex types
as constructed in PTQ are cumhersome, Fcr example, words in the
syntactic category TAVU/TE (e.9. 'in' and ‘'about') are translated
into logical constan*s of type:

F(IAV/TE) = <K5,445,4Kg,e>,t>>,1t>>,<Ls,<<s,ed>,t>>,4Ls,e>,t>>>
To facilitate interaction; the system uses new type names that
are meaningful, simple, and easily distinguished from each other,
The convention is t¢& use the names of the syntactic categories as
names for the corresponding semantic types, i.e., for syntactic
category x, the name of the corresponding type, f(x), will also
be x. This can be done here without <confusion because the
syntactic categcries do not rlay any part in this svstem. Where
PTQ uses special symbols, e.qg., IV, 1IV, for the <compound

syntactic categories, 7TS/B, IV/TZ, we also use these special
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symhols, However, there are types that dJdo not correspond ¢to
syntactic categories, e.q., the types for the intensions of the
typeg that corraspond to syntactiec categories; the name we use
for one of these 1is the combination of the names for its

component types, €.9.,.-<S,IAV/TE>,

It is possible to have several names for the same type, for
example, £(CN) = £(IV). In such a case, another (neutral) name
is needed = the convention 1s that this name 1is formed by
combining the types using an egual sign as a separator (e.g.,
CN=1IV). Type names such as C¥ and IV will be referred to as
subtype names when it is necessary to distinguish them from the

other tyre names (2.,9., CN=IV or

tal

) » The user «can usually

refer toc a type using either a subtype or type name (in tlte case

of E(CN) = f(IV), by <CN, IV el n CN=IV), whichever is nmost

natural,

When the user is prompted for a type, the preferred resovonse
1s one of these new type names, However, the user may enter any
equivalent form, For exanmrple, TAV=IV/IV, <K<LS5,IV>,IV>, and
<<§,KKS,7>,T3>>,<K5,r>,T5>> all name the same type. Since a type

and 1its subtyves all have the same components, these equivalent

forms refer to the tyoe.

Names are also assigned to the sets of possible denotations

of each tvype, The name for a s<t of possible denotations of a
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type is formed by concatenating 'D_' and the name for that type,
The €full type name must be used here, not a subtype name. That
is, the nam2 D_CN is not recoqnized by the system; it expects

D.CN=IV instead.

B, PRuilt=-In Types, logical Constants, anc

— - -— ——— W G W S .

The system contains the +*ensed intensional logic used in
PTQ, There is also an extensional version without
intensionality, modality, or tense; we do not discuss it in this
paper. The types are those occurring in formulas that are
translations of English sentences or are meaning postulates. The
types and subtypes for intensicnal models are:

S
B

{S,rt-
CN=IV: <<S,E>,TS>
SUBTYPES: CN IV
<S,CN=IV>: <&,<<S,F>,TS>>
SUBTYPES: <&,CN> KS,IV>
<E,TS>
<S,<E,TS$>>
IAV=IV/IV: <<KS,<<S,E>,TS>>,<<S,E>,;TS>>
SUBTYPES: TIAV IV/IV
<S,IAV=IV/IV>: <5,<<S5,<<S,E>,I5>>,<<S5,E>,IS>>>
SUBTYPES: <S,IAV> <S,IVvV/iv>
K<<E,TS>,<%,I5>>
X8 ,K<E,T5>,<F,TS>>>
TE: <<KS,<<S,E>,TS>>,Ts>
<S,TE>: <5,<K5,<K5,B>,18>>,TS>>
TV: <<§,<<5,K<5,E>,18>>,78>>,<K<KS5,F>,TS>>
<§,TV>: <8,KK5,<LS,<<L8,E>,T8>>,TS>> ,K<5,E>,TS>>>
<E ,KE,TI5>>
<8 ,<%, KB, I5>>>
IAV/TE: <<S,<K5,<K<8,7>,TSD>,7S>>,<KS,<LS,E>,T5>>,<<S,E>, TSH>>>
<§,IAV/TE>: <§,<<K3,<<5,<£5,2>,15>>,15>>,<<%,<<S,E>,T5>>,
<L5;E>,TSO>>
<E,<<E,TS>,<E,TI5>>>
<3 ,<F,<KE,T8>,<%,T5>>>>
TS
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£S,TS>

IV/TS: <£5,78>,<<5,E>,78>»>
<S,IV/T3>:  <§5,<£3,78>,<L8,F>, S>>
<Ts,<F,TS>>

<5,<TS,<E,TS>>>

TS/TS: <£§,15>,1I8>

<§,TS/mS>: <3, <<h,is> TS>>

The logical conrstants are formed by capitalizing the words of
which they are the translaticns, For example, the word '"walk™"
translates to the constant "WALK", The logical constants ares

TYPE F: J, ¥, B

TYPF C¥= IV’
SUBTYPE CN: XAN, WOMAN, FAsK, FISH, PFN, UNICCRN, PRICE,

TEIMELFATTFE,

SUBTYPE Iv: RUN, WALK, TAJLK, ERISE, CHANGE.

TYPE IAV=IV/IV:
SUBYYDPE IAV: TAPIDLY, SLOWLY, VOLUNTAFILY, ALLEGFDLY,
SURTYFE IV/IV: TFY=-T0, WISH=-IC

TYPE 2V: FIND, LOSE, BAT, LCVE, DATJI, SEEK, CONCTIIVE,

TYPE ZAV/TE: IM, RECUT.

TYPE IV/I3: RT ¢LVP?4uA” AS

A\
2\0

.

»'J

Te THA

w
+3

gt

To permit an unrestricted nurber of variables, certain letters
are designated as variable prefixes, and a variable of type a 1is
a variable prefix of tyre a follcwed by za2rd or more digits, The
‘variable prefixes are:
TYPE *: U,
TYEBL <S,E>: X, Y.
TYPE <s,cx=*v>~ E, Q.
TYPE <5,<Z,u3>>: &,
™YPE <3,T3>: &.
TYPE <S,<KE,<LZ,T5>>>: §,

TYPE <S,<d,<<T,TS>,<F,ISO>>>1 5.
TYPT <S,T5>: K.

Changes to the built-in logical constants and variable prefixes

can be accomptishel with the ccmmands in Section V.

The logic is built into the system with a series of
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declarations giving the types, logical constants, and variable
prefixes, and an ordering of the types. This ordering, which
need not contain all the types, gives the sequence in which the

system will prompt the wuser to enter the sets o0of possible

denotations, The built=in 1logic can easily be modified or
replacéd by changing these declarations (MoTar, N=T,
forthcoming)

C., 3ets of Possible Denotaticns of Complex Type

A set of possible denotations cf a complex type <a,b> is a
set of functions of type <a,b>. hach’ function is entered by
giving its name and specification., Ever though functions are
understood to be total, functions cdn be entered with partial
specifications. %"or each set of functions, the program prints:

1) the name ot the set D_<a,b>,

2) the ndme of thbe set D_a that is the domain, and the

names of elewents ir the domain,

3) tne name of the set D_b that is the range, and the names

of elements in the range, These are the names to be
used as values in entering the furction,

4) the logical <constants whose possible dendbtations or

denotations of their intensicns are in this set.

Following this preliminary information, the program asks for

the name for the first element :0 be entered., This name can be

chosen almost arbitrarily. There are a few illegal names, but
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they are refused by the system., The following cannot be used:
the name of another elemernt of any set; the name of any of the
model components (2.9, YINTITIERS', 'F'); the name for a type, a
set of possible denotarions, or a woint of reference; the name of

a command; a name hoginning with the character '='7 a nuaber or a

system atom (I, XIL).

After the name for an element is entered, the prograwm leals
the user through its specificaticon, and then asks for the name of
the next element. T¢ indicate the end of a set of elements, the
user responds witn NIL. when the specification of a set is
terminated, tne proJram displays its e€lements and then requests

specificition er *ne next set,

>  xxRXINICTING-FLLENEINTS OF D_&F,2> = INDIVIDUAL CONCEPTS
>  THEY AT FUNCIIANS BFCU CL_S "2 D_I,

>  THAT Is, FRQON 2JINLS OF REFEITLGL T0 INTITILS,

>  THEY WIlL BL "H2 VALUES CF F FUF Thi LOGICAL CONSTAKNIS:
> Jd, M, R, X,

>

> D_S = {21, I

> D_T¥ = {Juo, U}

>

>  INTEF NAUF FCF cLINAKT. [¥IL = NC ¥ORE).,

*3

De. Specification of Furnctions

After +*he nare fcr a function has been enterkd, the projgram
guides *the user throuyhn its specification, For sach element in
the iomairn, the orogram prints its rame and its specification

and the user resrpomds with the rame of the correspending value,
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If the function is to be unspecified for this argument, the user
enters NIL. 2ny element entered as a value should already be in
the model. However, if an element that is not yet in the model
is needed, the user may enter the name intended for that element.
The program detects this as a potential error and asks the 1ser
for instructions (see ¥ below) s

> ENTZF MAVE PCE ELFUFNT. ANTL = NO MOEE)

> ENTEF A VALUEL Ok NIL FQR FACH AFGUMENT:
> I1 = <HERE,THEN>

*j0 ~

> 12 = <HLBS,NOWD

*jo

> AL SNTERED.

? *xkkD <{35,£> - INDIVIDUAL CCNCE®EPIS
> COKAIN: D_S = {11, I?}

> TANGE: D_F = ({JC, UN}

> A = {<I1,J0>, <I2,30%)

> K3 = [<I1,UND>, <IZ,UN>}

When the specification of a function is gompleted, *he model
is checked or an equivalent function. 1Ir sucH a situation,
there would be two names for thce samse &lement and, in functions
for which this element is an arqument, a valueg will be specified
for each nane, If these wvalues are nct the same, the
interpretation of an expression tan depend cor the name used. To

prevent this, one of the egquivalent elements should be deleted or

modified,
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£. Functions Used Before Ihey Are Specified

During the specification of a functicon, the value for a
particular argument 1is entered by yiving the name of an element
of the range, If the user entere a name which 1is not in the
model, the program 3sks for clarification, If the user-chooses
to specify the evlenent immmediately, the specification of the

function is sugpended while it is eutered. For exanple:

>  ENTBP YALE FCF FIBUENT. (NIL = MO XOEE).
cv

> TER A VALUE OF NIL FOF FACH ARGUXENT:
> I1 = <HERE,THIEN>

*h(

> 12 = <HAFE, NCW>

*b1

NO SUCH LLEMENI. LYPLAIV.
(¥~ WROUG, ‘NAMT; 2-WILL.BE EVN

3-ENTERK NOW;
4-ENIER RINCTION AS UNSPEC

by
ALI ARGUMENTS) .

2

THIS ELINFNT OF. D_CN=IV IS A PUNCIION FFCM D_<S,E> TO D_TS,
CHA? I3, F5ON INDIVILUAL CONCEPTS TC TRUTH VALUES.

D_<S,E> = (AT, A3)

D_TS = {°, 1}

ANTAR A VALUJF COR NIL FPOF FACH AZGULINT:
Avi=E {<I1,J2>, <I2,J0>}

<

A3 = {<I1,UN>, <IZ,UF>

o

*%x¥%D_CN=IV .= SETS OF INCTVITUAL CONCEEBIS
DOMAIN: D_<S,5> = {AQ, A3}
ERNGL: DP_TS = {v, 1}
B\J = ~{}
B15 = {& A3}
Bi = (A3}

RESUNE SPICIFICATION OF Cit:

VVVVVVVVYVVVV #VE2VYVVYVVVVY *VVYV

if the user chooses to delay tne gatry of the néew element,
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the specification oif the fumrction continues uninterrupted., When
the en*ry of functions 1intc a 3et 1is finished, the user is

prompted to enter the specifications of the deferred elements.

> *kk*%x ENTEFING UN3PLCIFIWD FLEMNTNIS B1., BS.
>
> THESE ELEMENTS OF D_CN=IV AFT FUNCTIIONS FFOY D_<S,E> TO D_Ts5,
> THAT* TS, FROY INDIVIDUAL CCNCREPIS T0 TFUTH VALUES,
>
> D_<S,E> = "{AL, A3}
> D_TS = {0, 13
>
3 ANTERING B1S |
> EXTeE A VALUXL OR YIL FOE AACH AFSUMEYNI:
>  Au = {KI1,J0%, <12,30>)
*4
A3 = (KIr,uN>, XT2,UN>}

g

ENTERING BS
ENTHEP A VALUL OF YZL FOF FEACH AZGUMENI:
AS = {<I1,30>, <I2,J0>}
N
A3 = {[<I31,UN>, <IZ,U1>)}
1

BS QNT&EED.
*®EWARNING = R2 I& THEE SAME RS BI

*wxkk[ CN=IV = 3F¢7S (F INLDIVIDUAL CCNCEETS
DGYALN: D_<S§,E> = {A , A3}
FANGL: D_IsS = {7, 1)
B. = {}-,
B1S = (AJ, AZ
ET = (A3
BYY = {AM)
B5 = {A3}

VVVVVVVVVVVVYVNY EV EVVVVYV XYV

**WARNING = D_CH=IV CONTAINS EQUIVALENT ELEMENTS.
EQUIVALEN® ZLEZNENIS: B1, B5,
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F. New Elements in a Domain
If in entering a npodel or adding to one, the user enters
elements into a set which is the domain cof some previously
specifi=2d tunction, the specification of that function will need
to be expanded to include the new elemends, The system will
suspond its current project and prompt for this. expansion,
;%PA;E;“ ELERENTS N D_CN=IV = ({SET1~WALKISFS5, SFT2~WALKERS,
“ "'“

THEY AFE FUNCIIONS FRCM T_<KS,E> T S,
THAD I5, Frad INDIVIDURL gtNC PiS TO ThRUIH VALUELS,

’_4

D_<S$,E> = {IC-JC, IC-“A, IC~BI, IC=NA}
D IS = {", 1

NEW ABGUNENTS IN D_<S,F>: IC-s), IC~KA.
FOF %ACH OF THE FOLLOWING FUNCTIONS, ZNTER A VALUS
Ok NIL FCF SACH OF THE NEW AFGUMENTS.,

SXPANDING SPLC
1,8

ICON CF SYTi~WALKE:S
IC~-BI = I <

{(IC~-J0}

[P

TCwNE = {<I9,Y2>

asadly

IC-BT = {<I1,BL>, .<T2,EI>}

TC=NA = ({<I1,NA>, <ZIL,NA>}

3

SXPANDING SPECGIFICATICN CF S5¥T=MEN = (IC=JC}
IC~»BI = {KIT1,rI>, <IZ,RI>}

IC=NA = {<I1,NA>, <IZ,NAD}

*x*x%x[ CN=IV = 331
DOMAIN: ©_<§,C
FANGE: D_TS = (&, M)
5br1vdaix 2F S I¢~Jde, IC-NA
Tz-wALh,ﬁs f{IC-¥P, IC*BI
SET- XIN = {IC J0, IC~RT}

CF *VD‘VTDUQL CCNCEETS
= {TC' JO' .LL.‘ LA’ .LC‘R -l-' GIC NA}

Hou

>
>
>
>
>
>
>
>
>
>
>
>
>
>
»
>
*®
>
> EXPANDING SPEUTFIGATION CF ST°7T <~WALKEFS = {IC-MA}
>
X
>
% ¢
>
>
>
*
>
x
>
>
>
>
>
>
>

}
}
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G. 7The Meaning Function F

In a model, the meaning function F assigns to each 1logical
constant a function that is the denotation of the intension of
that constant., If the constant is of type a, the value of F 1is
of type <3,a>. After entering the set D_<S,a>, the user is

prompted to enter the value of F for each of the constants of

type a.

> * & k¥ ENTERING THES FUNCHYION - F FOR -LOGICAL CONSTANTS OF TYPE E
> THE VALUES OF F FOF .THESY CONSTANTIS ARE LLFUENTS OF
> D_<S,E> (INDIVIDUAL CDNCEETS).

>

> LOGICAL CONSTANTIS: J, X, R, N,

> D_<S,E> = {At,:A3}

2

> FOF EACH CONSIANT, ENTER THE VALUE CF F CP NIL:

? J

*3 )

> o

*a3

> B

*nil

> N

*nil

No <check is made that a constant satisfies any meaning
postulates, since it car be interesting to investigate both
models that do and do not satisfy them, The user car find out
whether a meaning postulate is satisfied by interpreting it in

the modal, as is done, for example, in hppendix C.
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IV, INTERPPEIATION IN A MODPEIL

- T om—

An imrtensional wmodel is u3ed 1in  evaluating meaningfu)
expressions ot intenglforal 1cgic, These expressions may be
written directly or they may be obtained using other related
computer programs, For each English sent®nce our-parsing system
produces the set of derivatior trees that give the structure of
the sentence,., Jur translator aprlies the rules T1=T17 of PTQ to
obtain a meaningful -xpression 1in intensional logic, The
expression obtaired is the 'direct trarslation' of the parse
tree; a normal form 1is ot*ained by application of lambda=
reduction and extension~intension removal, The 1interpretation

system works fcr any of these meaningful =xpressions.

Meaningful expressions are interpreted with respect to the
dynamic n-nodel and two parameters: a point ¢f reference and a

variable assignmenpt G, whose initial values are provided by the

user.

during the irterpretation of a meaningful expression, the
interpretation of each of i+*s sub =2xpressicns 1s primted Zach
expression and the current values of the two parareters are
printed 4s evaluation btegins, and the expressien and L(ts

danotaticn ar2 orinted when the evaluation is completed.

* (walk x3)

> EXFETSSION IS OF IYPr IS
> FEEE VARIZIABLFS: X3,

> 0K?
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; ANTOE DPOINT UF REFLFENCE (NIL = NC MNOFRE) @

*j2

> FNTER A VALUE FOF LACH VAFIABLE (NIL =CANCEL):

> X3

*30

>

> INITTAL VAFIARLE ASSIGNMENT G1: X3=A0,

>  COXPUTING DRKOTATION CF ~(WALK X3) FOR I2 AND G1
> :+ DENOIAJION OF WALK IS B = {A(}

> : DENOTA™ION OF X3 IS A7 = {<I1,J0>, <I2,J0>}
>  DENOTATION IS 1

The interpretation of a LAMBDA~expression or a gquantified
exprassion reguires a series of newy variable asSsignments, one for
each possible denotation of the bound variable., These variable
assignments are generated by the system and are Jjust 1like +thé
previous assiunment with the exception of the assignment for the
bound variable., The system alsc generates a name Gi for these

assignm2nts,

Tach Function in the moilel 1is total, but it rmay be only

partially specified, If a function i1s applied to an argument for
which its value is unspecified (¥IL), ¢€he system suspends the
interprétation apd prompts the user for the value. Similarly, if
the meaninag function F is unspecified for a constant in the
expression, the system prompts the user for the value,

COMFUTING DEE)TATION OF (¥AN X) FGRE I1 AND G5

: DENOTAT OF MAN. IS SiT-HEN = {IC-JO}
CLNOTATION OF X IS IC=YA = (<I1,HA>, <I2,MAD}
THEL VALUE OF SRI~-NDN

S UNSPECIFIED FOF THE AFGUXENT IC=MA

1HL POSSIBLE VALUES AFE:

L_IS = {¢; 1}

VVVVVVVVY
98 96 % & 38 s 33 A s
¢d 44 94 ¢ 53 b 2s 28 M

60 48 WO 88 0 O ed b

ENTEF THE VAIUEX CF SET-MIN FCR:
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> oy 3] IC=dA = (KIT,NMA>, <IZ2,NA>)
*C

> A A S | SET«NEN = {IC-J0}

> s ¢+ 2 3] DONT ~ SLT-MEN RESHI,

> A A

> : ¢ ¢ DENCTATION IS

Two functions are FQUAL only it they have the same name or
they haive the same full specification, Two functions with the
same partial specification carnot be said to be equal because
they wmay liffer in sowme of their as yet unspecified values. In
testing the 2gquality of par*iallv specified functions, the system
prompts the user for each of the unspecified wvalues until the
specifications aras fcund to be different. The user may respond
to a prompt for a valie by leaviry it unspecified, in which casé
the system may jpr-onpt for the'vdlue later. This allows the user
to avoid spocifying a value for a particular argument when the

functions are going to be urequal oy some later argument.

> INITIAL VAPIABL:Z ASSIGNNENT G1: Y=ICZ, X=IC],

>  COMPUTING,DENOTATION OF' {ECUAL X Y) FOF I1 AND G1

> : DENOTATION.OF ¥ IS ICY = {LIV,NIL>, <I2,J0>; XI3,NIL>}
> : DINOTATION OF. .Y IS IC2 = {<I1,¥A>, <i2,J0>, <I3,HAD>}
> + ICY IS Uh:pdcifz D FOF AFGUMENTS: It, I3.

> :

> : TEBIS ELEWNEND COF R<¢S,Z> IS A FUNCTION,FRCHN DE TO LE,.

> : THAT IS, FTC, BUINTIS CF BFTFLEFENCE TC EINTITITS

> :

> : DS = (T1,,12, T3}

> T DY = {JO,"N%A}

> :

> : wAxRCCMPLLTING SPFCIFICATION OF TIC?

> : YNTLL A VYALND OF "NIL FOT TACH AFGUERNT:

> : I1 = G,

*ma .

> ¢ I3 = <3,1x

“‘jO

> DENOTATION IS )
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Interpretation of an exrression beginning with FOR=ALL,
THERE=IS, NBCESSAFILY, FUTUFE, or PAST calls for interpretation
of 1its body with respect to a series of variable assignments or
points of reference. Interpretation of the expression stops as
soon as the valuo of the expressiop is determined. This is also
true for expressions with the logical connectives AND, O©OR, or

IYELIFS.

Interpretation cf LANRDA=expressions and INI~expressions can
add rew elements to the mcdel, The denotation of a LAMBDA=-
expression, such as (I'AMBDA X (WALK X)), is a function Wwhose
arguments are the possible denotations that can be assigned to
the variable, X, anl whose values are tound by interpreting the
body of the expression, (WALK X), for those assignments to the
variable., If this furnction is not already an element of the
model, the user 1s 3sked tc nrame it and the new element is then
added to the model, Denotations for INT=expressions are

generatad in the same manner, with the points of reference as the

domain of the function

> t COXPUTING DTNQIATTON OF (LANBDA P ((EXI P) (INT J)))

> ¢ FOF I1 AND &1

> ¢ . DENOIATION OFf (LAMEDA P ((EXT P) (INT J))J) IS {C1}
> : : BUI IS KOT AN FLEMENT IN THE MCDEL,

> ¢ v ENTER A NAXEZ FOF 'THIS ®LEMENT IN D_TL:

* 5% 1

> t DENCIATICKE IS Jxq{ = (CM)

New elements can be added to the model Auring interpretation
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by beirg given as the previcusly unspecified value of a function
or by being the interpretatior of a LANBDA-expregssiaon or an INT-
exprassion, As part of the addition of a new element to the
model, the systen orempts the user tq expand the specifications
of the functions to whose domain the element has been added.
However, the addition of ar element may cause the expansion of a
function that 1s the denotation of a LAMNBLCA-~expressior. Rather
than assuminyg that tbh= user will correctly expapd the dJdenotation
ot the LAIBDA~e¢xpressicn, the system first has *the user expand
all the functions in the nodel, ana then it expands the I1AKBDA=-
expression by interoreting its bhody for the npnew denotation of the
LAMBDA~variable, and adds the denotation to the model if it is

NeW,

In interpreting a LAMBDA-oxpression or a gquantified
expressicn, th2rg may be no possible 3denotations for the bound
variable, 1.e, *he D_set 1s empty. The system assumes that the
user intendcd some as yet unspecified function to be in that
D_set and allows the uscr to name tha¥ function, This function
is entered as being unspecified for each of its arquments; the
user 1s rpromptel for values as they are needed. The user may
choose to leave tha D_set emrty, in which case the denotation of
the expression is true for universal gquantification, false for
existential gquantification, ard a function with an empty domain
fFor a LAMBDA=expressior, For a IAMBDA=expression that is applied

to an argument, this latter course has the effect of delaying the
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interpretation of the LAMBDA-expression until after the
interpretation of its argument.
COMPUTING DENOTATION CF (THER E (FOB=ALL X {NECESSARILY

4w IS
(LFF (WALK X) ((ZXT E) (EXT X)))))) FOR I2 AND G
THERZ ARSZ NO POSSiBLE DFNOTATIONS FCK THE BOUND VAFIABLE.

.

>
>
> :
> : F,

> : UNSPECIFIED FUNCTICN BRFING ALCLED TO D_<S,<E,TS>>,

> + ENTER NAME FOR THIS ELEMFNT (NIL = DON'T ADD):
*prop=walk¥

> : *NFEW VARIA3L S ASSIGNMENT G2: L£PROP~WALK*,

> : COMPUTING DiNOIATION OF (FOF-ALL X (NECESSARILY (IFF (
> : WALK X) ((EXT EY (EXT X))))) FOF I2 AND G2

At first consideration. this treatment of LANBDA“«cxpressions
seems inefficient; 1t would sSeem more efficient to interpret the

body of the LA¥BIA=expressicn cnly for the argument to which it

is applied. However, the logic includes meaningful expressions
in which a LAMBDA~expression is not arplied to an argument, It

is Also possible for the argument of a LAMBDA~expression to be
another £E%PDA*expression. Meaningful expressions of both these
forans are genegrated 1in PTC. Furthermore, even where this
simplification 1is applicable, this simplification is a syntactic
reduction and =should be performed before +the expression is
interpreted., Therefore, when interpreting a LAMBDA-expression

applied to an argument the system assumes that the user does not

want this simplification,.


Administrator
Note
Not Clear in the Film
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Vo USING THp SYSTLY
A. Introduction

This system has a simple, flexible ccmmand language which
supports the needs of beoth thewrovice and the experienced user,
The novice can follow 3 direct path through the system, simply
responding to prompts as they are jiven., WNith the prompts he is
reminied of the televant past entries that form the context for
his current decisions, 7The rrawmpts follow an order from sinmple
to more complex sb that the buildimg blocks are always available
when they are needad, The system <¢hecks all resovenses for

errors, and if ona is found, the used is advised and allowed to

make a ccrrect ently.

The advarced user need not follgw the direct path, The

order of =2ntry -of 4 wrodel <can be varied to correspond more
naturally td the problem at hand, The model can also be changed
in order to extend the model, © correct errors, or to explore
alternatives., An importanrt anid extig@mely useful feature of the
interaction 1s thit the user may interleave model=builfing and
formula=interpretaticn., The specditficration of a functiorn may be
darerred until the function iIs actually needed 1in the

interpgretation of a formula,
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B, Interacting with the Progranm
The commands in this system are LISP function Zalls; the
command and its operands (if any) are enclosed in parentheses:
(2N'TREP)
(BNTLR MO{BL)

(CTSPLAY D_SF®TS)

“"fe sSystem is implemented in MNiS,/LIEP and is currently

available only at the VUniversity of Michigan To use this
system, run the LISP interpreter and use the flunction RKESTORE to
load the program-from the file SHFF:ENTEERD

#¥run *lisp

* (restore shef:interr)

Normally in ¥I3/LISP angle brackets are super~parentheses
and "commas are separators between elevents in ligts, However, we
use these characters in type names, e.9.,, '<S,ib', so they have

been redefined as normal characters.,

. — —

The entry of the model fcllcws the order implicit 1im its
definition, First the sets A of entities, I of possible worlds,
and J ot moments in *ime are enter=d. From the possible worlds
and wmoments 1in tite the system generates the set of points of

reference IxdJ. The sats A and IxJ determine tte frame for a

standard model.
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The models in this system are named models, The D_sets for
the elementary types aite the same as in a standacrd model. Fach
D_set of a conmnplex type is entered by the user with names tor

each function entered in the set, Interleaved with the entry ef

"

the D_sets 1is the specificaticn of the meaning functior Fy *the
values of F for louical constants of Q type are supecified as soon
a5 *the D_set containing the rossible values 1s eontered.

The entry of a model is initiated with *he coammand

(ENTTF J0DLL) . The sys*tem firs*t asks whether an intersiomral or
exteansional model 1is desired. Tne UuUSer 15 t+hen aqgiven the

cpportunity <to change the built~-in logicalsconstants before the

specificition of F hejinsy Next the user 1is prompted for the

’]

lisrs Jf entitiss, rpossible worids, and momerts in tirme. The
elements in these lists car he rumbers or .strings of characters,

1.0, 1IS? atomac ohiects, Racause compas  are used in type

nam=s, they c¢annct by used a& separators between elenents in

lists, The roments in  time Aare entes2d in orier, earliest to
latest,

* (ernter model) ,

> DO YJU WANS Fo INTOHSIQONRAL® MOOWL7?

*y

> PO YO WISH TO CZHAMNGZ THY DT®220ULT LOGICAL CCONSTANTS?

*n

>

> RLM¥INDFR: CCOYMAS CANNCT BF USID AS SEDPATATCERS IN I1ISTS,
? INTZEF LIST QF JNYILILS,

*(jo un)

> AINTSEF LISET OF POSSTIRBLE WOFRLTS,

* (here)

> ENTZE LIoT OF 424INIs IN TIVF, IL ZINCEEASING ORDFS.

* (then now)
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POINTIS O BRLFEkuNCr (INDICES):
I1 <YrER¥, THRND> :
Tz <HLR.,NOW>

i

"

VVvVVVYV

x%%» FNTELING LCLLYENIS CF D_<f,u> ~ INDIVIDUAL CONCEPTS

Thé‘ehtry@ot *he snets of possible denotations is ordered so
that bhefore: a D_set is entered the D_sets which are its domain
and its.range are entered., T"his otdering is budilt into the
system as part of the tfype specification. This ordering also
causes the system not to =prompt the user for =b_sets that have
empty Jdomairs., Neither will the system prcempt the user for any

D_set not in this ordering.,

lhe system can contain only one model at a time, If the

system already contains a model, the user must delete it, using,

the command

k.

(T¥LFT® MODIL)

before ertering the new nodel.

. Interprering ¥ecanipgful Expressions

The combhand FWTEFP starts the interpretation of meaningful

expressions, ihe user is rprcmpted for a meaningful exXpression

and then for a pecipt cf reference (if using an intensional model)

and an initial variabkle assignment (if the expression contains

Etee variables), The syster interprets the meaningful expression

with respect to ‘the current model and the given point of

reference and variable assignmert, The user i$ then prompted for
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another point of fefetencg and variable assignment, Th€ user
indicates +the end of the interpretations or an expression by
entering NIL *»n plave of .a point of referance, When the
interpretation c¢f an expression is completed, the user is
prompted for another expressicn, When there are 1o more
axpressions to be interpreted, the user enters NIL ¢o terminate

the execution of tha3 INIJITSP commana,

When an expr=3sion is entered, the system prints its type
and its free variables and then asks for con#irmation that this
expression is the one intended., For vach interpretation »~f the
expression, the initial variable assignment G1 is obtaimed by

prompting the user fcor the denotarion of c¢ach free-variable.

he following example-gives one possiple interaction during

the initial stages of 2valuatina & meaningful expressior:

FNTUR MFANTNGFJL LXPREZSSION (NIE = NC MCEF) :
¥ (walk x2)
> 7 EXTRESSION IS OF IYPT TS
> FEEZ VAEIABLES: X3,
> 0K?
®go
>
> °NZERE PCINT OF IEFEFINCE (NIL = NC MCRE):
*3 2
> ENTEE A VALJE FOF ZACH VAFIABL. (NI1 =CANCEL):
> X3
*34
>
> INITIAL VAFIARLT ASSIGNNENT G1: X3=ku.

The standard method of erntering a meaningful expression is

to give it explicitly, as shown ahove, Two additional methods
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are also available,

A second methol of aqiving a meaningful expression is to
enter PFYVIOUS thereby making the previous expréssion the current
one. This allows the user to. qet . out of INTERP, change the
model, and then repeat the interpretation of the same expression,
Also, if the expression is syntactically incorrect because of an
undeclared logical constant or variable prefix the user cam make
the needed addition and then re-interpret the expression. The

previous expression usedi by INLEERF can also be set by the

auxiliarv.functien TYBr_OF_EXP (8ee Section J).

A +*hird methoed involves using the LISPE systepm directly.
Between commands, a krowledgeable aser can create dnd name
expressicns using LISE, 7Ibese expressibns can be entered during
INTFRP Dby giving their names, Named ¢ xpressiors are useful for
dealing with larager expregsions: expressions can be byilt up from
sub=-expressicns using the#standard LISP functiens, or they can be
modifications of other exp;essions (e.a. by replacing "SEFK" with
"FIND"). ©Named expressions alsc can be easily decomposed into
their sub—expressions. This is wusefal for verifying that a
chiange 1in the model produces the intended «change in ‘the
interpretation o¢f that sub-expiession, Names for expressions
cannot he anything that ceuld  be mistaken for an expression, that

is, the name cannot be a logical constant cr a variable,

*(setq mpl-j (quote (there~is u (necessarily- (egdal a j)))))
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> (THLRF=IS U (NECESSAERILY (®CNMRL U J)))

* (interp)

>

> ENTER MEANINGFUL XXDRLSSION (N1IL = NC FORPF)
xpp = ‘

>  (THEFF=1S*U (NLCFSSARILY (FQUAL U J)))

>  EYPEESSICN IS OF TYPE TS

> FEEE VARLABLLS: NONL

>  0K?

T v . b

MTSYLISE includes a facility tor saving and restoring the
internal form of a data structure. The current model is a list
named MODEL: it can be saved for.later use with the conmand

(CHECKPCINT modnl,.filterame ¥0ODLL)

This command will terminate the executiorn of the vprogram, and
therefore only complete models should be saved. WRhen the model

is later restored, chinge® can bhe made only with the commands in

the following sections,

Aftar restoring the prcaram, the user can restore a sayed
model with the comman]i

(FESTORT model,.filerane)
+f the.system already contains a wmodel, that mwmodel must be
deleted with the command

(DEZELF MODERIY
bafore the saved model is restored because ré&storing a sedel Jdoes

not completely replace a previcus mcdel,
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F. Changing the’kodel

The model can be chanyed by adding or deleting functions or
by modifying the specifications cf ©possible denotations or by
modifying the specification cf' the meaning function F. The set
of types, and the sots.of entitikes, possible worlds, moments 1in

time, and points of reference cannot be changed,

e s S . S St

Addition of functions to the model is initiated by the
command ALD (or «&N1i%R) with the cperand !0_3kTS (or. D_SET,
FUNCTICNS, TFUNCTTCW, DENOTATICSS, or DENOTATION). The systenm
proompt the user for the type of the functions to-be entared and
then follcws the pronpting sequence used in the initial entry of
functions into that D_set., The user is then proopted. for the
type of the next group of {functions to be eptered and this

sequence 1s repeated until all the new functions have been

entered

* (add function)

>  ENTEP TYRL CF LLEXENTS TC RE ADDELC (NIL = NO MNORE):
*<s,e>

>

>  kk=xENTE&TING ILOMENTS CF D_<$44> - INDIVIDUAL CONCEPTS
> THTY AFE FUNCTIIONS FROX D_S 0 L[_#&,.

> THAT IS, F!OL POINIS OF PEFEIFEWCE TO SWIITIELS.

> THEY WILL BE THL VALUZS CF F FO& TEF LOGICAL CONSTANTS
> J, %7 B, N. '

>

> D.S = (11, Iz

> C_% = {JO, MA, BI, NA}

>

>  ENTEF XNAME FCFK .PLEXZN%.. (NIL = NO KOFE).

*ic-ma

> ENTEF A VALUF C&X.NZL FOF TACH AFGUKENT:

> 19 = <>

*ma

> I = <1,2>
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*ma

> IC=-MA WLNTILTEID,

>

> SNTOF NANMND FCOL LLRMNENT. (NTL = NC MCRI).
*nil

> kkxx) (S,I'> ~« INDIVITUAL CCRNCEPRPILS

> DOMAIN: D_S = {I1, T2}

> FANGk:  D_w = (J0, %A, BI, NA}

> IC=-J0 = {£I1,J0>, <I2,J0>)

> IC=YA = {<I1,MA>, <IZ,¥A>)

>

>  ENTZR TYPE OF :LaMiINiS TQ BF ADDID (NTL = RO MCOEE) :
*nil

Functions are Jlelevted from *the model with the command DFLETE
and the operand FUNCTICONS (or FNNCIION, CENCTATICNS, DENOTATION).
The wuser 1is prompted for the list of functions tc be deleted,
The.functions in tnis list mav be 1in any order and of any mix of
types.
¥ (delet2 function) ,
> UNTIR LIST CF FyNcizoks TO BY DYLETET:

* (seti~men).
> SETY=MEN DDLILETED..

The specifications of functions can be modified with the
command MODIFY anidl the operand FUNCITQANS (or FUNCTIONM
DENOTATIONS, PLNOTATION). The sSystem requests the name of the
function to b2 modified, and then She list cf arcguments for which
the value of the function is to bte changed, The specification of
t®e rew values for these arguments follows the mdthod used to
originallsy svecify +“he values. This seauehce is r=peated for
each of the tfunctions to be modified.

* (modify function)
> ENTEF FUNCTION 70 BEL MODIFIEFD (NIL = W0 MNOEFFW) s

*10
> YHIS ELRMLNT OF D_IARV=IV/IV IS A FUNCTION FFOM D_<35,CN=IV>
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> T0 D_CN=IV, ) R

> AT IS, FHONM PROPLZFTIFS CFP INDIVIDUAL CONCLPTS TO SETS QF
> TINDIVIDUAL CONCEPRPTS,

>

> D_<§,CN=IV> = (C", C1, C2}

> D_CN=IV = (B, B15, ®1, B17, BS;, E12Y

>

> D) = (<{}, C.>, <{AN}, C1>, <({}, Cz>}

>

> ENT%R LIS? OF ARCGUMUNTS WHCS® VALUFS ARF TO BE CHANGED:
* (c2) . o

> - 2ZNTAF A VALU} O% VIL FOR FACH AFGUIMENT:

> C2 = {KI1, {}>, <I2, (A3}>}

*bu

> MODIFICATION DUNF

> D= [<{}, <Jd>, <{Ad}, C1>, <{}, C<>}

>

» o ENTEF FUNCTION TO B} MODIFIEDN (NIL = NO MOkE):

*nil

The specification of the meaning function F is modified with
the command (MODIFY F). The modification proceseds in steps: the
system prompts the usetr for a type and the list of logical
constants of that type for which the value of F is to be changed,
and then prompts the user for +the new values in the same manner
as in the oriqinal specification of F,
gngYPE CF LOGICAL CONSTANTS WHCSF VALULS OF F
a TQ B ¥ODIFIXLD (NIL = XC MOFF):

TEF. THY LIST DF THESE LOGICAL CCUKSTANTIS:

ALJeS OF, ¥ FrCF THE CONSTANTS AFE ELEMUNTS OF
> (TVDIVIDTJAL CCNCEE

JL2GICAL CONSTANIS: b, N,

D_<§,F> = {IC=JJ, IC=KA}

FOF EXRCH CONITANT, ENTEF THI VALYUE OF F OF NILl:
B
xjc- bi
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> ENTFR MYp OF LUGICAL CCMSTANTS WHOSE VILUES OF F
> AnF. TO Bs NCDIFILD (NIL = 'NC NORE):
®*nil

G. Changing Logical Constants
The logical constants «c¢f. P7Q are built into the systen,
These constants can b2 charged Juring the initial entry of a

model, as pirt of the |

[ Fad

MNTE

9’1

b NCM:iL) ccmmand, or later witn the

ADL, &NIER, and [EL:{iT3 ccmmands,

During entry of a mcdel, *the systenm first prompts for the
type, intensional or extensional, ¢f model to be entered, The
system then asks If the built—in constants are to be changed, If
s0, the system presents tne censtants subtyre by subtype, and

asks for deletions and additions to each list,

> DO YOU WISH TO0 CHANGe THET D2IFAULT LCGICAL CONSTANTS?
*y

>

> SI¥TINDEZER . COMY¥AS CANNQT BE USLD AS‘S;PAFATOES IN LISTS,
> LOGICAL CONSTANIS OF TYPE T AF.: J, ¥, B, N,

> 0K?

*n

> EXTET LIST OF COMSIANTS 70 FE BRTMOVED FFOY THIS 1IST,
* (n)

P ENTER LIST OF CUUSLANTS TC BY ACDEC I THIS 1IST,
*nil

> LOGICAL CONSTANLS QOF JYPE F BFr: J, i, 3

> 0K? ‘

#Y‘

After the molel has beer entered, constants are added with
the command ADD (or ¥N¥TILh) and the operand IO0GICAL_CCNSTANTIS (or

LOGICAL_CCNSIANL, CCONSTANIS, CCNSTANT), The addition proceels
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subtype by suhtype. First, the system prompts for the list of
new constants .of that subtvpe, and then for the values of the
meaning function F for those censtants,

* (add cons&ant

>  ENTEF TYPE OF LOGICAL CONSTAN¥NTS 70 Bk ADDED (NIL = NO NORE):
*iv

> LOGICAL CCNbTANT% OF TYP¥ TV AR¥: FUN, WALK, ™ALH, FISF,

> CHANGE,

> ENTSR LI®T OF CQONSTANTS TC PF ALCFD:

-

* (swim)

} f

> THZ VRALUFS QF F  FOR THFSFE CCONSTANTS AFL RBIEMANTS OF
> D <5,CNsIV> (FLOPERTRES OF IMCIVICUAL CCONCEPTS),

>

> LOGICAL CONSTANTS: SWIM.

> D _<5,Cw=IV> = (Ct, Ci, &2}

> b

-3 FOEF FAGY CONETAMNT, LNEEFE THF VALUY OF F CF NIL:

> SWIX

*Cc?2

>

> SNTEFR TYPF COF LOGICAL CONSTANTS ™0 P ALDID (NIL = NO MOPRE):

Constants are Jeleted with the «command DELFI® and the
operani LOGICAT _CONSTANTS (cc LOGICAI_CONSTANT, CONSTANTS,
CONSTANT). The user 13 promptad for the list of constants to be

deleted, "he constants in *his iist mav be in ary order and of

any mix of types.

*(delet¢ constants)
ENTZR LI3T OF LOGICAL CONSIANTS TQ BY CWLLETED:
(m rise chanqe temperature relievew=that)

TSz DEIETED.
CHANGE DELETID.
TENPEFATUFF L[.LZ
BELITVE~TIHAT [IL

VVVVYV ¥V



66

H. Changing Variable Prefixes

A set of variable pretixes is built 1into the systenm.
Changes are made with the commands ACD, SNTER, LFLETZ and MODIFY
and the oPerand VARIABLY_PFEFIXIS® (or VAKRIABLE_FFF¥IX, VAFIABLES,

VARIABLY, PrLFIXLS, FERLFIX).

The addition arnd deletioh of varlable prefixes proceeds as

for logical corstants, oxceot that prefixes are given only- for

semantic types, and not for subtyoes,

Th2 commanl MODIFY allows the user to replace the current
prefixes of a type in a single steyp, rather than going through
the two €teps of adding and deleting prefixes, If only some of
the prefixos ot a type are to be changed, the jigt of the 'new!
pretixes shouli ceontain these to be be retained.

:(modity preflxes)

> ENTER TYPF OF VLFIALLYL PFEFFIXTS 72 BE FE-SFL (NI = X0 ¥ORE) :
*<{g5,<2,ts>>

> eRFVIQUs Pz TIXJS WibkI:
» FYTFF LIST OF NIV VARIPBIE® FRIFIXES:
*(m)

I. Displaying xbg decdsl and its Comporant

ltn

The bhasic informaticn about a componenrt or element of the
model can be disprlayed by entering its name (without parentheses)

instead of a cemranld, For example, entering ENIITIFS,



67

POSSIPLE_WCRLDS or AGFINIS_IN_TINE causes those ohjects to be
displayei; PCINAI3_OF_FEFIFENCE, TYPCS OR D_SEYS displays the
names of those entries, “he name of a pecint of reference or of a
type lispliys the names of its components, and the name of a set
displays the names of its elements, Fntering F or the name of

a functicnal welement of a ©p_set displays its ordered pair

@
<
154
pud
=
T

representation, The of F tor a single constant can he

displayed by applying F to that cobnstant as shown belouw for the

constant rU¥N.

*(f walk)
> C1
*¥d_<s,e>

> (A" 23)
*a 0
> ({(I7 JO) (I2 JO3)

*antities
> (JO UW)

The command DISELAY

The command DISPLAY takes a single arqument, which is the
name of a comporent or element to be displayed, The argument can
be the name of a set of possible. denotations, a mommwuwm
dehota*ion, F, a type, a logical constant, or a4 variable prefix.
If D S=ETS, FUNCTIONS, TYPES, LOGICAL_CONSTANTS,
VARIABLE PFEFIXES, or PCIKIS_OF_FIFLFENCE (or INDICES) 1is used as

the argument, all c¢f those ccmponents or elements will Dbe

lisplayed. For the argument 4ODiL, the entire nmodel is

displayed.

* (displa mlAm~mvv
> *xx*x[ .<5,E> = INDIVIEUAL CCNCFP"S
> DOMAIN: D_S = {I7 123
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> SANGE:  D_E = (JQ, UN}
> AL = (I?,JQ)} <Ik,\’0>}
> A3 = {<I1,nN>, <I2,0%>)

IThe command DRISPLAY WHEFE US.LD

The compand DISPLAY_WHEFF_USil takes as its argumert one of
the tollowing: D_SITS, FUNCTICXS, the nanme of a set of posdible
denotations, or the name of a pessible denotation. The display
of a possible Jdenotatior gives not, only its specification, but
alsc the list ot runctiounus ir which it is used as a value,
;(display_where_uaea £ )

By = {}
> APDXARS AS A VAIUF IN FIUMIIICNS: Cu, C2.

Display the comnardg

The user can =2xarine the available system commanrds with the
comeand DISPLAY and one ¢f *three opeiands If the operand
CCENANDS 15 used, the system will print the names of the
commands, The operand COYMANLDSEOPUFANDS also prints the possible
operands for 2ach ccmmand, vhen the name of a command is the
operand, its possible arquments are printed,.

of runctiors

—

@]

hanging the outpu* forma_

The output formayr for functicns can be changed with the
cormand FeSEL_TN_FOFXAT. Unless changed by the user, the system

uses FULL format: functions are prianted as sets, properties and

relations, In the TERSF format, tae conversion of functions into
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sets, properties and relations is doue only en the top level; if
the first compcnert of a relation is a set, the systef will print
the name of the function giving that set rather than the set
itself, Tha third format is CRDF¥FIL_PARIFS and in this format the
functions are printed as sets of ordered pairs
(Carqument,value>). The command prompts “he User to enter the

name of the new format,

Checking the type of ar exrressicn

The well=formedness and type of an expression can be checked
with the command "¥PI_UF_IXP., The prompting done by this command
S the same as the first part of INTEFP., It alsd shares the

PREVIOUS expression fiaature with TWTEFEP,

Fesetting the print lime

Tf the user abnormally terrminates INTFEP in the middle of ap
interpratation, the characters used in the irndenting scheme will
be frozen in the print line, tbp&t is, they will be printed out at
the begifining of subseaquent lines. 7To remove these charac*ers

invoke the command XESET_PFINT_LINS,
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APPFRDIX A

This session parallels the development and use of the Simple
model given in Friedman, Moran,, and Warren (this fiche). 1In this

model, there are two entities, JO and 0N, and two points of
reference, Ii and 12. JOC walks at-both points of reference, UN
walks only at IZ. In I2, the indiyidual ccncgpt for UN has the
property ot ‘'uniccrnhood?,

#%run *lis =z

* (restore interp)

* (enter. nodel)

> DO YOU WANT AN INTENSIGMAL MCREL?Y

Y _

> DO YQU WISKEF ©C CHAWGE THE TCEFAULT LOGICAL CONSTINIS?
*n

>

> FIMINDEF: COMMAS CAMNOT PE USED AS SEPAFA IN LISTS.
>  INTWD LIS5Y OF LSaTITIES

* (jo un)

> ENTER LISL OF POSSIHLF WOERLIS,

* (here)

> ENITF LIST COF HOVENLS IN T
* (then now)
POINTS OF EFLLLNCL (INDICES):
I1 = <HERE,"HEE>
I2 = <P&ERET ,NOW>

>

MT, IN INCEEASING CKDER.,

*XXENTLRING TLIEINIS OF D_&S,3
THEY ARZ FONCIIONS FECN D
THAT IS, FECK PCINTS CF. FFFE
THLY WILL RE THA VALUES OF F
Jp %, B, X.

— INDIVIDUAL COCNCIPTS

CRL CONSTLNTS:

-

D_§s = (I1, I%}
D_F = {Jo, uni

ENTFE NANE FCI ZLIFENT. (NIL = NC XCEZ).

NTrr® A VALUL 07 NII FOF TEACH AERKGUULNT:
1 = <HEFL,THEND>

ut
O

b4
&
1

<HEFE,NCW>

u'
O

Ri FXNTEF

st
tJ

»

ENTuF NAME FCE CL3MFNGe (NIL = NC MORE).

L

XAV VYV #V EVV EVVVVVVVVVYVVYVYVY
o)
{a)

EMTER R V&LUL Ct NIL FOE ERCH AFGUNENT:
1Y = <HEF&,IHFN>

* VYV
o}
b
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=
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>
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o
fad

F

o
O

o

Lo

VV ¥VVY ¥V ¥§VV #VVVVVVVVYVVYVVYV

=
e

o
-
[ ot

I2 = <HEFE,NOW>
A2 ENTIRED.,
ENTSF NAME FCI ZLENMFNT. (NIL = NC XOERE).

®khxD ¢3,%> ~ INDIVIDUAL CCNCEPIS
COMAIN: D_S = {I1, I2}

PANGE: © D_r = {JU, 7N}
A) = (<T1,J0>, XI2,JC>)
A3 = {<I1,UK>, <TZ,UND)

*k**ENIFFEING TuF TFTUNCTION F FOF ‘LEGICAL CCNSTANTS OF TYPE
THE VALU:S OK F FCbh THESE CONSTANTS ARE ELEMNENTS OF

_KS5,E> ,(INLCIVIDUAL CONCEPIS).

LOGICAL CONSTAYTS: J, ¥, P, W,
D_<S,E> = {A{, A2}

FOF FACH CONSTAMNT, &NT®F THI VALUF OF F OF NIL:
J

M
B

N

*xxx FNTAEING ZLeYENIS OF L_CN=1V = SETS OF INDIVIDURL

CONCEPTS
THEY AKE FINCTIONS Fr(d L_<§,¥> TIC D”TS,
THAT IS, FEOM INDIVIDUAL CONCEDTS TEUTH VALUES.
THEY WILL BY THE DENCTIATIONS. OF LH“ IOGICAL CCNETANTS:
MAN, WOMARY, PAFK, FISH, PN, UNICCEYN, PRIC:, IEZNPEFATUEE,
UN, WALK, TAIK, FISE:, CHANGFT,

D <5,%> = {Af{, A3}
DTS =. (I, 11

SNTAE "NAKD FOF ZTIEXZNTI. (NIL = NC KCEE).

ENTHER A VALUFT OF NIL FCR TACH ABGUNTNT:
A = [KI1,J0> KI2 40>}
A3 = [<T%,9N>, <I2,UN>}

ONTFD? NAYE FfCE sLZ¥=¥WT, (¥IL = NC ¥YOERL).

A VALUL COF XNXIL FCF ZACH AFGUEZNT:
<I%,d0>, <I2,J0>
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> A3

il

(KI1,0N>, <IZ,QN>)

> B15 ENTERED.

H

> ENTFF NAME FOF ZLEKENT. (NIL

*nil

> *k%k*D_ CN=IV = SFIS OF INDIVITCUAL CCNCEPTS
DOMAIN: D_<S§,T> = (22, A2}
FANGE: ' D_TS = {& 1)

Bo = {1}
{

NO MNOK¥F).

>

>

>

> B15 = {A”, A3}

>

> xkRRENTEFING ELEMENTS OF D_<S.Chi=IV> FROPLRTILS OF

> INDIVWIDUAL CONCEPTS

> THFY Akt FUNCTINNS FFOMN D_S TC D_CN=1V,

> THAT 1S, FROM POINTS COF FEFRFENCE TO SETS CF INDIVIDUAL
> CONCEPTS.

> THEY WILI R¥, Td? VALUES CF F FOI TItE LOGICAL CONSTANTS:
> AN, WUMAN, PAFK, FISH, FEN, UNICCEN, PRICEI, IFMPERAIUFE,
> RUN, WALK, TALX, FISL, CHANGF,

> B

>

>

>

>

*

ENTER NAMF FCOF FLEMENT. (NIL = XO lICE™).

O

C
>  ENTBR 4 VALUE OR NIL FOF EACH AKGUMENT:
> I1 = <HEF&,THEND

*b

Lo
H
[ V]
i

> <HERT,NCHD>
&

b1

-

> NO SUCH ELEMENT. EXFLAIN,

> (1~WFCNG NAMD; 2-WILL BE ENTERLD LATZER; 3=coNTER NOW

> L-=ENT?F FUMCTICN AS UNEPFCIRIFE FOF ALL AFGUNFNTS) .

* 3

THIS ELBMFNT u? D_C¥=TV IS P FUNCTION. FECM D_<S,E> 70 D_TS,
THAT IS, FEOF INDIVIDUAL CCNCEPLS TO TFUTH VALUES.

>

>

>

> D#Z5,E> = (A0, A3}
> D_Ts = {~, 1}
>

>

>

®

ENTEE A VALUE OR NIL FOT EACH AFGUNMENT:
AL = {(Iﬂ,JO) <IL'JC>}
)
> A3 = {<IT1,0u>, <I2,UN>}
1
BY FENTLERF¥D.

DOMAIN: D_XS,E> = {Af, A3}
FANGz:  D_TIS = {C,.1}
{

*

>

>

> ***x [ CN=1V,~ SZ1S OF INDIVIDUAL CUNCEPTIS
>

>

> B¢ =

¥



B15 = {A0, A3}
B = {A3}

RESUNMI SPECIFICATION CF C”
C" EANTESFD,

ANTEE WAMNE FCF RLFNLNT, (NIL = NO MCFE).

9]
Y

ENTER A VALUE OF NIL FOF FACH ARGUMEN
I1 = ANEBF,THEN>
b15
T2 = <HEFF,NCW>
b0
NO SUCH FLLNINT. LXTLAIN,
(1~ WFONG NAMT; 2=WILL BT ¥NT":F.0 LATSE; 3~ ENTRF NOW;
B=ENTIR FUNCITON 28 UNSPFCIFLLLC FOF ALL AFGUMENTS).

*#VVV RVVYV £#V VYV ¥VVVVVVVYV

BENTEF WALY FCR TITYENT,' (NIL = NC MCEL).
c2 )
> ZNTET A VALUE‘QP NIL FOR EQACH AFGUHEMNI:
> TY1 =5 <CHEFS,THFND
x3

> SXPECTED AY ETEMONT CF TYET CN=IV, BUT FOU'ND
> AN FLFYENT OF TYPI <o,!>. ENTTR MEW NL¥EF,

*H(D

> NN SUCH PLFEX¥TNT, CYXPLAIN,

> (Y=-9WEONG WANY: 2=-WILL BF ®NTEFLD LAT2F; 3~ENTEEF- NOW;
> e PNIHE FUNCIZICON AS MNSPFCIFIoD FOF ALL ARGUMNEINTS).
* 1

> ANTER CORTICT NANE:.

* b

> I2 = KUSRT,NCH>

*h5

> NO SUCH FLzMNEXZ. IXPLAIN.

> (1=WPFG NALF' Z=WILL B¥ ENT3ZD LATZF; 3~LNTER NOW;
> L= BNTFEF FINCTZCN AS UNSPFCIFIZ:L FOF ALL ARGUHENTS).
x 2

> Cz =NIZI®LD,.

>

> INTLF NALE PCR ZLZNZNT. (NIL = )M MCERI).

*nil

> ¥FXRINTFRING YN3PTCIFIFD ELEYEMNIS B1Y, BS.

>

> THEST LLIMENTS OF B CN=IV AFI FUNCIIQNS FFOM D_<§,%> 7C
> THAT IS, FrRulL- IWDIVIDHAL CCNCEDIS TC TIUTE VALUFES,

>

> D <S,8> = {Al, A3}

> DTS o= {0,

>

> ENTEFING B

T4



ENTEZER A VALUE OF NIL FCF EMCH ALGUMENT:
Av. = {KI1,J0>, <I2,J0>}

A3 = (<I1,UNY, <IZ,UN>)
Bl FNTsFED.
ENTERING, B5
ENTER A VALUE OF NIL FOT» EACH AFGUMENT:
Av = [<I1,J0>, €IZ,J0>}

A3

{(<I1,UN>, <IZ,Ur>}

BS ANTEERED.
**WARNING = BS LS ThE SANE AS B1

*xkk D Cd=*iV «~ SETS OF INDIVIDUAL CONCHPLS
DOMAINe D_K§,3> = ({Af, A3}
FANGES D/ES = (%, 1},
Be = {}
B1S "= {A), A3}
B1 = {A3}
B10 .= . {A9}
85 = {A3}

®EWAPNING =~ D_CN=IV CONTAINS LQUIVALENT ZLuZNENTS.
EQUIVALENT ZTlafTNTS:. BY, BE,

*%*%%[_<3,C¥=I1V> «~ EFCPLETIES OF IKLIVIDUAL CONCEPIS
DOMAIN: D_S = (I1, I2}
FANGZ:  D_C¥=IV = f{PrG, [E15, B1, Bl., BS)

'C. = {KI1, >, <I2Z, [A3}>}
Ci = [<I%, fAu, R3}>, <I2, (Lu}>}
cz = KM%, (1>, <TE, (A31 4

¥xXxENTFLING TUHZ FUNCTION F  EOGF LOGICAL CONSTANTS OF TYPE
CN=1V
THE VALUAS OF

t FOF THF3Y CCNSTANTE ARY™ ELRFNFNIS CF
P_<S,CN=IV> (FFOPEFZIX

ES CF INDIVIDUAL CONCEPIS).,

LOGICAL CONSTANTS:: “AN,.WOMEN, PAMK, FISH, PIN, UNICOFYN,
PRIC=, TRYPKrRAITURE, ZUN, WALK, TALK, EISE, CHAMGT.
D_<8,CN=IV> = {C), C1, C2}

FOF XACH CONSTAWTI, <LXT%E THI VALUE CF'F CF NIL:
MAN
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> PEN

*nil

> UNTCOEN

*c(

> PKkICY¥

*nil

> TENDPERATURT

*nil

> " RUN

*nil

> WA LK

*c1

> TALK

*nil

> RIS

*nid

> CHANCE

*nil

>

> *x kX FENTRRING YLIMENLS OF D_TAV=IV/IV ~ FELATIONS (IN
> FEXTENSION) BAETWESIN INDIVITCOAL COMCEPTS AND EROPREFTIES CF
> INDIVIDULL CONCEPIS

> THLY ArZ FONCIIONS FEOM D_<S,CN=IV> T2 D_CNy=IV

> THAT IS, FSCY PLRCERFITES O© Ib LVIDUAL CUNCEPTS TO SFTS OF
> INDIVIDHAL COMCEPTS,

> THTY WILL BL.THI DENCTATIONS OF THE LOGICAT CCNSTAXNIS:
> RAPICLY, S4OWLY, VCLUNTAFILY, ALLRGEDLY, TEY~T0, WISH=TO,
>

> D_<5,CN=31V> = (L7, C1, C2}

> D_CN=IV = {B8(, 315, B1, E*'", R3}

>

> SNTEZE NANE FCF FLELONE. (NIL = NO MCER) .

*4C

> ENTLR, A VALTE Oa NIL FCE TACH ASGUMINT:

> C. = [KI1, {}>, <IZ, M3

*nil

> c1 = {(<Z1, {(A., A3}>, <Ii, {A:}>}

*b12

> N0 SUCH LLTIENT, EXPLAIN

> (1~ WRONS NAME; 2yWIMy BE ZNTFEED LAIFF, 3-ENIFR NOW;
> U=ENTLF FINCTION AS\ UNSPECIFI&D FOF ALL ARGUXEXTS) .
* 2

> C2 = {<I7, {}>, <7<, A

¥nil

> D! ANTERID.

>

> ENTTE ONAMY FOS ELEUYNTY (NIL = NO MOET).

*nil

> «k AR FENTTEINS UNSPECIFITD EFLEMOLT B12,

>

> PHIS SLEYINI OF D_CN=IV IS A FUMCTION FRCY ‘D _<$,L> TO D_IS,
> CHAT IS, FERCE. INDIVIDJAL CONCPYIS TO0 'TFUTH VALUES

>.
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CONCEPIS,

BETHE:ZN INDIVID'JAL CONCEPIS 2ND

-
FoG

CPFETIFS OF INDIVIDUARL

> D_<S,E> = (A, A3}

>  D_TS ="{3, 1}

>

> PNTIRING B12

> ENTZR A VALUT OR NIL FCR FACH AFGUMENT:

> Av = {<I1,J0>, <I2,J0>}

* 1 “\

> A3 = [<IV,UN>, <I2,UND>}

* )

> R12 FNTEFED

> *AxWARNING - B1< IS THE SAMF.2S RB1C

>

> *kkXD_CN=IV ~ IHTS OF INDIVIDUAL CONCTELS

> DIMAIN: D_<8,F> = (A7, A3}

> FANGE=: D_TS = (&, 1)

> Bv = {}

> B15 = {[A), A3}

> p1 = (A3}

> 1o = (A}

> 35 = (A3}

> RiZ. = (AJ}

>

> *XWARNING ~ L[_CN=IV CONTAINS FQUIVALENT FLEMENTS.
> DQUIVALSNT ELLYZENIS: B1, RS,

> EQUIVALLNT FLZMLNTS: . B1U, E1z.

>

> *k¥A[ TAV=IV/IV =~ FLLATIONS #IN EXTENSION) BETWEEN
> INDIVIDU!L CONC®PTS AND PFOPFRTIES OF INDIVIDUAL CONCEPIS
> DO¥AIN: D_<S,CN=IV> = {C7, C1, C2}

> KANGE: EﬂLN=IV~= {rRY, B1S, 81, B15, BS, R12}
> ov = <[}, Cuv>, <{A"}, c1> <{}, C2>}

>

> *rxk ENTEFING (ZLANFNTS OF D_<S,IAV=IV/IVY =

> EKELATIONSwIR=INTENSION BRTREZN IMDIVILUAL CONCEETS AND
> PROPTRTILS OF INDIVIDUAL GCNCEPBLS

> THEY AL FUNCIION3 FROY T_S TO C_TAV=IV/IV,

> THAT IS, FRON POINTS.OF FEFEFZNCE TO 'SFLATIONS (IN FXTENSION)
>

>

>

>

>

>

>

>

>

*

>

>

THEY- WILL BZ THS VALO®LS OF F Fuk THE LOGICAL CONSTANTS:
PAPIDLY, SLOWLY, VOLUN"AFILY, ALLEGETLY, T&5Y~TD, WISH-TC,
D_S = (1%, 12}
D IAV=IV/IV = (D7}
SRNTZF NAKW FCEF ZIFELNT. (NIL = NC HCLRI).
el
ENTAT R VALUF OR ¥IL FO® EACH ARGUHNLNT:
i1 = <HEFZ,THEND
*34 “
> 12 = <HEFZ,NCLWD
*n il ,
> ¥ RNTLFLD,.
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4

INTLL NAME FOE ELEGENT. (NIL = XO MOLKE).

o> |
po-
—

*k*¥%D S, IAV=IV/IV> ~ FELATICNS+IN~INILNSION BETWEPN
INDIVIDUAL CCNCIPTS AND PECPERTIES OF INLCIVIDUAL-CONCEDPTS
DONMAIN: D_S = ({Ii, I2}
EANGE: D_IAV=IV/IV = (D"}
Bt = {<I1,. {<{}, Cf>, <{Al}, C1>, <{}, Ci>d>}>, <I2, (1>}

***AFNTEFING THL FUNCTIICN F FCS LQGICAL CONSTANTS OF TYDF
TAYRIV IV

THL VALULS OF & FOB THFSE CONSTANTS AFE CLZMHNLS OF

D_<5, IAV=IV/IV> {(RYLATIONS~IN=INiENSICN BrTWEeN INDIVIDUAL
CONCEPTS AND FIOPERTIES OF INCIVIDUAL CONGFPTS).

3

LOGICAL CNMNSTANIS: BAPIDLY, SILOWLY, VOLUNTARILY, ALLIGEDLY,
TRY=TQ, WISH=TC.

D_<S,FAV=IV/I&> = (F1)

SQF EACH CONSTANT, oNTHER
PAPITLY

3
b o
e}
«3
il
-
P
'ﬁj
O
rry
s
¢
J
trt
[ A
b4
H
s

=i
b
s

SLOWLY

V A#EV AVVVVYVVVVVVVVYVVVVVYYV #VY
W
o

VOLUNTARILY

*
oo
e
|

> ALL=GEDLY
*nil
> TEY=TO

kX *XENTHFING GLEMINTS OF T_Tr ~ SETS CF PRO
INDIVIDUAL CONCFPTS

THEY AFZ FUNCIIONS FEROY D_<§,CN=IV> IO D_Ts,

THAT IE, FrON PFOPLITI®S CF INLIVIDUJAL CCNCEPTS IO TRUTH
yALOZS,

red
L7

ETIES OF

L_<&,&u=2v> = ([CI, C1, C2)
D_Ts ¥ {7, 1}

INTIF WAME FCF ELEMFNT., (NIL = O MOEE) .

nil.
*&Fx TNTIRING LLEMANIS OF D_<§,.5> = FrOPCSIZITIONS
DHIY ARs FUNCTIONS FEOY D_S 72 D_1IS,
THATZ IS, FROL PCINLS CF REFEFENCE,TC TFUTH VALUES,

VVVVVVVVYV $EVVVVVVVYVYVVYV

ENTIR® NAYXD FCR CZLE®LMNT. (WIL = NO YOFZ).



*nil
> ENTRY @& UODEL TERNINAIEYD
>
* (display rodel)
THE M0DsL TS

ENTZTIFS: (JC UY)

POSSIBLE WORDSS: (HYFT)
MOKANTS IN TIlT: (THEN NOW)
J0IdTS OF REFLRANCF (INDICHS):

I1 = <HFRF, THFND
I2 = <HEKFE,NOW>

i

Ak*kx[_<S5,E> = INDIVIDUAL CCNCERIS
DOMAIN: D_S = [I1, 12)
"ANGA: D_¥ (do, ux

oW

AD = {<I1,J0>, <12,30>)
A3 = [<TI1,08>, <I2,UND}

wk¥x] CN=IV = SLTS GF INDIVITUAL CCNCEPTS
COMAIN: D_<S,E> = ([AD, A3}
FANGE: D_TS = { , 1}

APPFAFS A3 A VALUE IN FUNCTICNE:-C®, C2.
Arg A3

R
P A VALUF IN FIUNCTIONS: C1.

!
AP

P~ K
HE.)

A1, oy

AR

&4

T

wi
L3 2
(X%
b~
N

Y

1
PP

el o4

A VALUE IN FONCTIGONS: C2.

B1C = (AL}
APPEARS AS » VALUE IN FU&CIIONS: C1.

B3 = (A}
APPFARS A3 A- VALUE IN FUNCTIOKS: C2

3 O

'J o]

{A
18

‘»’*H
7L

1 2}

P A5-1 VALYE IN FUNCTIGCKS: Du.
*XYAENING ~ LC_CN=TV CCNTATNS EQUIVALENT ELENESNTS,
EQUI VALENT ELEYEZNTS: R, BS,

BOUIVALENT ELBMENTS:. B1.5, B1Z,

#%%%D_<S,CH=IV> -~ FECEEFIIES OF INEIVIDUAL CONCEPTS
DOMAIN: D.S5 = {I1, I2)
PANGr:  D_CN=IV = f{p*, R1S, ®1, 31", B5, B12}

>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
> B = {}
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
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Cr = {<Ii, 1>, <I2, (A3}>K
C1 = (<If, {[Av, A3¥>, <I2, (27}>}
C2 = {<I1, (0>, <I2, {A3}>}

*xx*x%D _IAV=TIV/IV ~ FLZLATICNS (IM EXTENSICN) BETWEEN
INDIVIDUAL CONCEPTS AND PFOFPERIILS GF INDIVIDUAL CONCEETS
DOMAIN: D_<3,CN=1V> = (CY, C1, C2)
RANGE: D_CN=IV = (B", R1%, b1, B1, RS,.B12}

BT = {<{t, C'>, <{A7}, C1>, <{},
APPEAES AS A VALTE 1IN FULCTIDLS: ED

«x*kk[ <S,IAV=IV/IV> = HSLAIICNS-IN=INZhN¥SIUN BETWEIN
INDIVIDUAL CANCHPTS AKL PEOFPRTI &S OR IMDIVIDUAL CONCEPTS
DUMAIN: D_& = (i1, I2 -

FANGE:  D_IAV=IV/IV = [D7}

= [KI1, {K{}, C >, <{A_t, C1>, <[}, C2>}>, <I2, (1>

xk®xxLOGTCAL COMSIANT
TY®E® £: J, 4, B, N,
TYPE CN=IV: -
SUETYPT CN: MAN, WOMAN, PA\RK,
TEMEEIATURL.
SUBJYPT IV: FUN, WALK, TALK, RISE, CHANGE,
TYPF IMV=IV/IV:
SUSTYPF Z1V: RADPIDLY, SICWLY, VOLUNTAFRZI
SUBTYPE IV/IV: TRY~TIO, hI“deC.
TYPZ Vs FIND, LOSE, FAT, LOVI, DATY, SFEK, CONCTIVE,
TYPT IAV/TF: IN, ABCUT,

11
1

Y, ALLEGZDLY.

TYPFE IV/Is: **11 VE-TH2LT, ASSTFEI-~THAT,
TH¥ FUNCIION "E™ (IN CRCIEW®D PAZF NCTATION) IS
T o= {KJ,AY>, LU A, KNNICCEN,CT>, <KWALKyC1>, <KSLOWLY,E2>}

*¥ x*VASTABLY DPRYFIXrS:
TYED 3i: U, V.
IYP¥ <S,F>: Y, Y,
TYPZ <5,ChN=iV>: B, C.
TYF: <S,<E,I5>>: i,
IYPE <5,T3i>: &

L]
TYPE <%,<F,<5L,I3>>>
b LM

L

TYP® <5,<:t,<<L%,
TYPE <§5,TS>: K,

(interp)

ENTZA ?TWALQGFWL IXPFISSION (WIL = NC MCrx:):
:commen* = Jirect translation ot "Hdohn walks"

{(lamtda p ((ext p) (irt 3))) (int walk))

ZXPrEESICHN IS CF TYpPr IS
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Pe L VARIABLE3: NOKE
0K?

ENToF POIN? OF PEFREEWNCE (NIL = NC MCEF):

INITIAL VARIABLE ASSIGNMENT G1: NIL.
COMPUTING DEMCTATION OF ((LAMBDA P ((SXTI P} (INT. J))) (INT

WALK)) FOE IV AND &1

+  COMPUTING DINGTATLON OF  (LAMBDA P {(EXT P) (INT J)))

"0k I1 AND o1
y *NunW VARTARLS ASSICNMFNT G2: P=C",
CONPUTING DENBTATION OF ((EXT P) (INT J)) FOF I1 AND
G2
CQATULING LENCTATION OF (%
+ DEHOTATION OF P 15 C.
DENCIATICN 15 BC = (}
COYPUTING DENOTATTON OF (INT J) FOF I1 AND G2
DENCTATION IS A = {<I1,J0>, <I2,J0>}
DENOTATIIOY IS O
*NEW VAR ABLr ASSIGNMENT G3: PB=C1,
CO¥PUTLING DRNOTATICN OF  ((FXT P) (INT J)) FOR IT1 AND
G3

XT P) TFOE IT AND G2
= (£I1, (1>, <72 (A3}

sa 88 84 b 88

o8 so 00 58 68 B8 ev 08 &4 S8 S8 b
8 ae &0 s 65,088 s8 o»

* ¢t

: CON¥FUTING TENOTATION OF (2X™ P) FOE I?T AND G3

: ¢ LENOIATION OF P IS 1 {<I1, {A", A3}>, <KI2

: {AS} >}

CTATION IS B1% = {A:, A3}

MTYTTNG DENCTATICON OF  (INT J) FOF IV AND GX

: : DENOTALION IS AL = {<11,J0>, <I2,J0>)

:  DLNOIAZICN I3 1

:  =*NTLW VPLIABLE ASSIGNYTNT GU: P=CZ.

COMNPUTING DENOTATICN OF ((EXT P) (INT J)) FOF I1 AND GUY
:+  COWPUTING DENDTATTON OF  (RXT P) FOR I1 AND Gd .

: : I[FNOTAIION OF P IS (2 = (&I, (>, <72, {(r2}>}
T DEMCUTATIION IS Ry = (}

¢ COUPUTING TENCTATTICN OF (INT J) FOF I1 AND G4

: DENCTATION 18 RAD =4£11,J0>, <IZ,J0>}

DENCIATION Is

os S% 48 s+ 48

i

3

’
N

aé Bs ¢ 54 &3 20

C) i

D
C

-»
-

s o8 asa e ¢w *4% g3
se S4 s8 s *

e #e 08 gy o8

s 08 & . se

DENOTATICN OF (LAMECA P ((EXT B) (INT J))) IS (C1}
BUT I5 KOT Ay BLINEKT IN THF MCDEL.
: ENTER R NAME FOR THIS FLLNXENT IN L Ti:

DENCTATIONE IS J=<1 = {C1})

COMPUTINSG DLNCIATICN OF (Isl WALK) FOF I1 AND G3J

DINOTATION IS.- C%* = (<KIY, (A, A3}>, <Iz; {A“}>
ENOTAIICN IS5 1 |

[ov BT

POINT OF 2EFEFENCF (NIL = KRC MOE™) :

SNTEF o AFNINGFRUL EXPFESSICY (NIL = NC NCEE) :
icomment ~ rednced foram of "john walks™"
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*(walk (int 3))
> ‘”XPHEQb ON IS OF TYPE TS
> FLEZ VAFIABLES: NONY

> QK?

Y

>

> INTSF POINT COF FFFERENCE (NIL = NO MCFE) 3

*«i1

>

> INILIAL VASIABLY ASCIGNMERT G1: NIL.

2 COLPULING TLLNOTATIOW OF  (WALK (INT J)) FOUF I1 AND 31
> ¢ DENCTATION OF  WALK IS 815 = (A{, A3}

> T CSMPUTING DHNOJAZIION OF {TNT J) FCF 'I1 AND G1

> T DFNOTATION I35 A = (KI1,J0>, <IZ,Ju>)

> DENOTATION IS 1

>

> CNTER TOTNT OF FYFEFENCE (NIL-= NC MCEE):

*nil ‘

>

> ENT+F S2ANINGETL EXEFRISSICN (NIL = NG ECRE) :

* ;comiment ~ preduced form ot "jchn walks slowly"
*((slowly (int walk)) (int 7))

> SXPRESSICN IS OF TYPL TS

> FFFZ VArZABLES: HChE

> CK?

*y

>

> SNTIZR PIINT OF FrEeRFNCE (NIL = NC MC3ER) :

*11

>

> INITIAL VARIAPLT ASCLIGNNINT G1: NIL.

>  CONPUTING DoNQTATICY OF  ((SLOWLY (INT WALK)) (INT J)) FOFR
> Ii ANT 31

> : COYPJIING DENJOTATICY CF (SLCALY (INT WALK)) FOF IY AND G
> : :  DUENOTATTION OF 3LOWLY I8 Dt = {<{}, C'>, <{r"}, C»
> v L[}, C2»

> : @ CONPUTING TDESSTATION CF (INT WALK)  FOF I AXND 61
> : ¢ DENCIATION Iu C1 = {<I%, {AY, AZ}>, <I2, {A}>)
> T DEMNOTATION IS Ris = (A7) y

> : COXPUIING DoNOTATION OF (IN1 J) FCF I1 AND Gt

> : DENJDTATION I”7 A = {£I1,00>, <12,J0>)

> DANOTATICONE IS« 1

>

> ENTER POINT CF ZI7ZFEXNCE (NIT = NO MCFE):

*nil

>

> ENT%E STANINGEUL 8¥PFISSHEON (NIL = NC YCFI):

*nil

> BHTEF NRXT CCOMMAND:

*(chebkpcint molel~n3? model)
DCHECKPOINT L[ONW. SPACE=c PAGFS
#IXECUTION TREAINALCD



Creatiny a model that satisfies Meaning Postulates 1, 2, and

* (enter model)
> DO YOU WANT AN INTENSIONAL MNCDEL?

*

>Y DO YOU WISH %72 CHANGE THF DEFAULT LCGICAL CONSTANTS?

*n

>

> FRMINDuLF s COMIAS CANNODY BF NSID AS SEPARATOES IN LISTS.
> ENTFF LiIsT OF WNTILIFS.

* (jo ma)

> ENTER LIS? CF POSSIBLY WOERLDS.

* (1)

> TNTLR LIST uF FOMENTS IN ?f?”, IN INCKEASINS .CEDLR.
*(1 2)
POINTS OF FEFEFENCE (IUJDICES):

1 5 <1,1>

12 = <1,2

®¥*¥ENTE[ ING ZLEMEN™S OF I_<S,E>.~ INDIVIDUAL CONCEPTS
THEY AFE FUNCSTONS FECY D_S T0 D_Fy

THAL IS, FEOL POIN1S OF FEFZFFNCE TC 3NTITIZS.

THEY WILL BE 2liZ VALUES CF F FOF THE LCGICAKL CONSTANTIS:
J, i1, B, N

D_S = {I1, 12}
D_F = {JO, YA}
ENTUEF NALF PFCH "IZLIN®NT. (XIL = NO MCER) o
nil
xR e ENTERING LLEMEUTS CF [_<§,.5> =~ ERCECSLITICNS
THEY AZZ FOHCTZIONS FFROX D_S TC D_iS,
THAT To, FanQF POINTS OF EBFFEFENCE TC TFUTH VALUES.

S = {11, 12}
_IS = (v, 1)

ENTEF NAXe 7PC: ELEXHENT. (NIL = MNC MQOEL) .

ENTFY CF JAODLL TEENINATED

SINTEZP AFANINGFUL EXPFrSSION (NIL = NC MOKFE) :
- jcommert = meaning postulate 1 for jchn,
(there-is u (necessarily (equal 1 j)))
ZXPSESSION IS CF TYPL TS
FEREZE VRFIABLES: ¥ONE

VV EEVV EVY EVVVVVVVVY $ VVYVVVVVVVVYVYVYVY

3,
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|
+ DE
DENOT

88 44

a8 ¢F B8 Y
.

T #s 36 48 3 48

TNITATIOM

waXT

(add® function)
“NTER TYPE
<s 2>

*V ®V VYV *VV*VVVVVV’VV

*k¥xXENTERTH

THEY A:E
THAT IS, FF

THEY WILL B

J, %, B, N,

{11,

D_
D {JO,

hy 0
nou

NAL £

*NTFEFE
<1, 1>

<‘1 r} 2>

ENTEP NAUE

#VYVVEV.EVV ¥EVVVVVVVYYV VYV
...J
Q
i
=]
o3}

jom |
'..l.
—

*x$2D_<S, 2>
DOMAIN:
BANGE:

IC=J0
IC=KA

ENTEF
nil

TYPE

(rodify f£)
ENTEE TYPE
««RFE .LO,rB;..

Y RARVYV #V #VVVVVVYV
Y

txd

NT:

L

E THZ L

POINT

MEANINGFUL FXPFESSION +NiIL =

A VRLUE OF NIL FOR ZACH

CONE = IC=JO FESET.

NC”ATION CF J I .JO
ION IS 1

DENUTAqION is 1

IS 1

OF REFERPENCE (NII = NC MCRE):

NO ‘EOEF)

CCY™MAND:

OF oLE™EMIS, TG BE ADDELD (MIL =:NO MOFT) :

ONS FFOI' L_S *o 5_F,
QINTS OF FFFZIFENCE TO ENLLILES.s
E VALUZS CF F FOE'THE LOGICAL CONSTANTS:

FCI ZLE&FNI. (NIL = NO HMOQOFEFL).

AFGUNMENT ¢

IC=MA peNTURE

FCT FLEZFENI. (NIL =.NO MOEREL),
~ INDIVILYAL CCNCEPTS

D_S = {I1, IZ2)

D % = {JO, ¥A}

{(<I1,JC>, <I2,J0>}
(<I1,LA>, <IZ,4A>}

THRIN

OF ZL£YEXNTIS TC EE. ADCED (NIL =-NC MOPRSZ) :

OF LOGICAL CONSTANTS WHOSE VALIUZS CF F
KODIFIZT (NIL = 1O MOERE):

IST

OF THESE LOGICAL CCNSTAMTIS:

85
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—
=
—r

"HE VALUT3 OF F FCF THEST CONSTA
D_<S5,F> (INCIVIDUAL CONCEETS).

'z
»

AFT ELEMENTS OF

LOGICEL CONS1aNIS: ¥,
D_<S,E> = {IC-J0, iC-XP}

FOF FACH CONSTANT, INT?F THF VALUE CF F OPF NIL:
M
ic=m3a
TNTsE TYPF OF L3JGICAL CONSTANTS WHOSE VALUES CF F
AR® TO Br MOLDIFIZ2 (NIL = NC HCFE):
nil
(intarp)

INTL3 LEANINGFUL SXTRYSSION, (NIL = NC ZCFE) 3
;jcomment = m2aning postulate § for mary.
(there~is u (necassarily (equal u m)))
IWPERISIUN IS OF TYPR IS
FFZT VAFIAELF=x NCNE
JK?

VVV A EVYVY RV EVVYV IVVYVVYVVVYVR

*o K

LNTER PCINT CF REFZFENCE (NIL = NC 4CKRE)

P
-t

INI™IAL VARIABLI ASSIGNMENT G1: NIL.
COFMPUTING DIMOIATICN GF YTH?%ze ISTU (NECESSAFILY (FQUAL U ¥)

>

>

x

>

>

>

> 3)) FCX IT AND Gi

> T ®NEW YRFIABLY ASSISNYTNT G2: U=JC.

> fOCONMNPUTING LENOTATIGN OF  (NLCLSSAIZILY "(LQUAL U ¥)) FOR
> : 1 AND G2

> : @ COMPUTING DENOJTATICN TF  (&QUAL U ¥) FCR I1 AND G2
> : : : DENCTATION OF U IS JoO

> : ¢+ DENCZATINY OF * IS 4A

> : : DENCIATZION IS

> : DENUTATIOM I3

> i HANEW VARIABLE ASSIGNHENT G3: U=YA,

> : CCYPUIING DIRNOIPTION CF  (N:LCESSAERILY (LQUAL U.¥) FOR
> : I1 AND G3-

> + ¢+ COXPUTING DENOTATICN COF (LQUAL U ¥) FCE I1 AND G3
> : : : DENOIATICN OF U TS A

> T ¢ ¢ DENCTATION. OF I TS HMA

> : : DENOIATION IS 1

> : ¢ GONPUTING DFNCTATICN OF ({3QUAL U M) FOR I2 AND G3
> : : : DENCTATION OF U IS Y

> : ¢ : DENOTAIICK OF M IS HA

> + : DENOTA1ION IS5 1

> : DENCTATION IS 1%

> DENQTIATICON IS 1

>
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> ENTEZF POINT CF SEFJEZNCE (NIT

i

NC MCRF) :

*nil

>

> ENTET NFANINGFUL EXPEEZSION (NIL = NC MCFE):
* scomment = weaning postulate £ for wan,

* (for~all x (necessarily (implies (man x) (there-is u (equal x .
*(int u))))))

> XP?ESSICh"la JF TYPS TS

> FFES- VARIARBLES: NCNZ

> OK?

*ok

>

> FNTFF PCOINT CF REFEFENCE (NIL = NQ MCEE):

*i1

>

> INITIAL VARZABLA-ASSIGNMENT GT: NIL.

>  CONYPUTING DLNOTATION OF (FOF~ALL X (NEZCESSAFILY (INMPLIES (
> MAN X) (THZRE=-IS U~ (EQUAL X (INT U)))))) FOF IT AND G1

> : *NEW VARIABLEZ ASSIGNYFNT G2: X=IC~JC,

> " COMPUTING DENOTATICON CF (NECESSASILY TIHPLIES (MAN X) (
> T THEFE~IS U (LQUAL X (INT U))))) FC® I AND G2

> : : LCMPUMIVg\DENOT§T:CN OF (I¥PLIES (¥AN X) (THEPS-IS5 U
> < ¢ (£OUAL X (INT U)))) FCF I1 AND 42

> : : : COMEPOU™ING DENOTAIZION UF (MAY X) FOrF I1 AXND G2
> : : : s | THT VALUE CF F

> : : : : |ZS UNSPECIFITD FOI THe AFGUMINL MAN

> R S S | THE PCSSIELE VALUES AfFi:

> - A | D_<S,CN=1IV> = ({}

> s )

> - - | SNIZE THY VRINE GF ¥ FCF:

> : : : 3 | ¥AN

*prop=man

> I | §C SUCH ELEMEINT,. "EXFLAIN.

> : ? : : { (1~ 4EONG NAMEZ:; ,=~WZL1 BE LUIRFED LATER:
> : : : : | 37LKTEF NO0Y; 4<ENTEF FUNCIZIOYN AS

> : : H : | UNSEKICIFIED 'FOI ALL AFGUMENTS) .

* 4

> - | F{%AN) = PrCP—MAN = (K11, [}>, <12, 1>
> : : : : | DCHE -~ F FESET,

> : : : : |

> N | THZ VALUE CF BRCP=PAN

> : : 2 : |I5 ONSPECIFIEL FCFr THE AFGUMENT I1

> N - | TH: POSSIBLFY VALUES ARE:

> T 3 | D_CN=Ivr= {}

> - : : |

> : : ; : | oNTEP THE VALYML OF PFCP-MAN FOF:

> A j I1 = <1,%>

*Set=men

> S S - | ¥O. SUCH ELEMENT. ©SXPLAiN,

> : : : : L (I-WEONG NRAME; 2=WILL BE ENTEZEED LATEER:
> PR : : { 3= oNTER NOW; .4=ENTEE FUNCTION AS

> S { UNSFLCIFIFL FOF ALI AZGUMENTS) .

*4
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D
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s B8 e 68 46 s8 S8 35 38 48 s e}

48 vas 44§ S8 B 4

(R ] 48 o8 28 8 28 s .8 L] L BN X ) *e s 08 8 'R ]

‘ 48 4% ue os s
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D

aw
a8 S8 883 K& T3 as ax 2% b 4 &0

(X ]

$8 w8 88 s% b 04 44 o

e #4 $4 28 an eof

te 48 G¥ a5 8% e b %9 & B4 ‘e ¥4

,. ER ] as

LN ]

o w=

28 59 ®8 a2 &8 @

-

T | FRCP=-¥AN = {KI1, (1>, <I<, 0>}

T | DCNT = PROP-MAN KESET.

: : | .

: ¢ DLNOIATICN CF MAN IS SIT=BIN =.(}

¢ : DINOTALION OF X I3 IC-J0 = {KI1,J0>, <3IzZ,J9>}
: ] THA VALUER CF SFI~{oN

s+ :JIS UNSPELCIFIED FCY 1HE ARGILENT IC~JO

s ] THE PNSSIBLE VALUFS ARL:

) LTS5 = ¢, 1)

: M

v :] E4ToF THF VALUE OF SET=NEN FOR

T i IC=JO = {<I%,30>, £Iz,J30>%

st SIT=4EN = £IC--J0F

: :] DONT = SET«MNEN FE3s%.

P

+  DENCIATICH IS 1

: CCUEUYING DLNOTATION OF (THEFE-IS U (2QUAL X (INT
¢ U))) FOEF IT AND G2

¢ =YW VAFIABLE ASSIGNAENT G3: X=IC~J0,; U=J0.

:+ ¢ COHPUIING CONCTIATICN GF  (EQURL X (2ZNT U)) FOF
: 9 ANT G3

1 r DENOTATION OF & I3 IC=Jd0 = {KI1,30>, <KI2,
: : : J9O>%

: 1 v CCHPULING DRENCIAIIOM CF (INT U)  FOFR' IT-AND
i G2 —~

: ¢+ i : DFNCTATION 2F U IS JO

S S T VY LCIAZIWV CF U IS JC

: 0t 1 DINUIATICN IS IC=JdC = {<I1,J0>, <I2,30>}

+ ¢ DZNLTATION IS 1

+  DzNCTAIICN IS 1

DEWQTATION IS 1

cow “UTI\u DFNCTATNICN CF  (IMPLIFS ({MAN X) (IHERF=~IS U
LQU X ("N: U)Y)) FOF IZ AND Gz

: Cbﬂ?jfi.j DENCIATICN. OF (NAN X) FCR 12 AND G2-
T | TH2Z VALUE CF PRUP=XAN

T IS UKSFECIFI:LL Fus I ARGUIARNT I2

T | THA FOSSIRLE VALUES AhI:

: : | 2_CN=1V = {SET-LEN}

PR |

o | SNJEF THT VALUE OF BEOR=LAN FOF:

s | I2 = <1,:2

I | PFOP=MAN = {<KI1, {(IC=J0}>, <I2, {IC=JO0}
: : | >}

T | .DONZ = PREE=MAN FESLT

: : |

: ¢ DBNDJTATION OF MA¥ IS SET-NEN = {IC~JO}

: : DENDTATION OF \X IS5 4IC=JC = {<I1,J0>, <I2,J0>}
: TLGuNCTATION IS 1

¢ COLPUTING DENQTATION QF (TH&LEE=~IS U (EQUAL X (INT
0 FOR TZ AND G?

: ot *XNAW VRRI#BLE ASSIGNWMRNT GU: ¥=IC=J0, U=J0.
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: DENCTATION IS5 1
DENGTATION IS 1

-

BeB@INT OF REFL-ZNCES (XNIT = NO MCRE) 2

m

NT]

Ja ]

ENTER XEANINGFUL EYXPERZISSIQNE- (NIL = NC MCEYF):
ycomment = meaning poéiulate 3 for walk,
¥ (there=is e (for=all x (necessarily {iff (walk x) ((ekt e) (
*ext %))))))
> EXPRESSICON IS OF TYPLZ.TS
> FPEE VAFIABLFS: NONE
> CK?

> s+ + + '+ CCMPUIING DENOTATION OF (EQUAL X (INT U)) FOR
> : : : : T2 AND Gy

> « + + * '+ DENOTATION OF X' IS IC-J0 = ({KI1,d0>, <r2,
> S S S SRR I D 3

¥ :+ : : ¢ 3 CCHMEBEULING DFNCTATIQN OF (INT U) FORE I2 AND GU
> : : : : : : DLNOTATION OF U IS JC

> =+ + '+ v ¢ DLEQTATICN OF U IS JO

> st T+t DFNOTATION IS C=JO = {<I1,J0>, <12,J0>}

> : ¢t 1 LENCTATIGN IS 1

> - : CLCLXOIATION IS T

> : :  DEXNDTATICUY s 1

> ¢ TILFROTATION IS 1

> + *Y¥Ew VARIARLE ASSIGHNNENT G5: X=IC~1A.

> + COMPUTING DPNCTATICN CF {NLCESSAFILY (IMPLIRES (MAH X) ¢
> : THEEE=I3 U, (EQUAL a (INT U)})))) FCR 171 AND GE _
> T ¢ COMPUTING DANODOTATICN OF (IMPLILS (MA% X) (THERF=IS U
> + 2 (%2URAL X {INI U)))) .FCF I AND G5°

> : : ¢ COFPUTING DENOTARTICN OF (MAK X) FOF I1 AND G5

> + ¢ ¢ LFNOTRATION OF MRN IS  SETeMNEN = {IC~JO}

> + ¢ ¢ DINOTATICN OF % 5. IC=NR = {KI1,MAX, <T2,MAD>}
> : : : + ] THL VALUE OF SZT=NaN

> s ¢ ' #1318 JUSTECIVIEL FOF IHE ARGOYENT IC=—¥A

> : : : ] TH® POEZE&IBLF VALU*S Arpi:

> T T o ) D_I3 = (¥, 1N}

> : : : i

> T ¢ ] ENIZBE THE V.LU¥ OF SET=MEHX FQi:

> Tt b ) ICYA = [(KI1,MA>, <IZ, BA>)

x

> - B T N SET-MEN = {IC-,JC}

> : T ) DPN. = SLI=MEN FESLI,

> : : : !

> M : : CENCTATICN IS

> : : DtNCTATICN: IS 1

> T ACO”?le”b DMHCIAQION”OF (IMELIZS (MAN X) (THERFSIS U
> « 0 (EQU (LNTI-U)))) FCF IZ AND G5

> T s COﬁPUIING;ﬁELC”ATION UF (MREN X) FOF IZ AXD, G5

> : ¢ 1 1 DIEXDIATICN CF MAN IS STI~MEN = {IC~JO¥

> T : ¢ : LEINOTATICHN CF X IS IC=4dA = {<KI1,HA>, <I2,MAD>}
> T 3 ¢ DENOTATION IS

> : : DENOTATION IS 1

>

>

>

>

*

>

>

%



AN

*y
>
> ANTLE PUINT CF TEFLIENCE (NIT = HC NCIHp):3
*i?2
>
> ®NIITAL-VAFIAHL'I ASLIGNNINT G1:v NIL.
> CONMPITING, ORXCZATION CF (”P“BL«I& = (FOF-AL. X (NFCESSAFILY
> (IFF lkALh x) ((2XT L) (%7 X)) )))) FOR IZ AMD GV
> : VHFE® AIL ND DPJSIIBLe DFNCTALICNS P(CF THE BCOUND VARIABLE
> : I,
> : UMSPSCIFILD FUNCTICN BEING ADDWD 10 L_<5,<%5,T30>,
> : TPTES WAlls FOT OJHIS ELZNLNT (Mil = DON'T ADD):
¥*Orop=wilk®
> T RWLY VARIABLE ASSIGNNANT G2: Z=PRCP-WALK=,
> T COMPUTING DrMCTAIZICON CF- (FCF=-ALL X (NEL‘S FILY (IFF (
> T WALK X) (€F%e F) (LXT X))))) FCR I. AND GZ
[ ]
*
L ]
LFNCTATION I3
DINQTATION TS 4
JATIESPULINT LY TrFISLYCYE (FIL o= NC NMCEZ) @
nil
INTIR !PJANINGFUL FXDRLSSINYN (NIL = NC MCEZ):
nil
ENTILD ONTYXT CClnANDI:

(display functicns)

VWV VWVIVVVVVVV R VVYV #YV YV RYVYVVYV

* (checkpoint model~np model)
WEXECUTICN TERMINALEL

, <IZ,30>)

<L7,MED>}

{IC~¥1}
z1, \‘{\IC“JC} 2

{IC=JC}>}
{IC- YA} >}

<1z,

(IC=JC} >, <Iz,

IC=JC = {<I1,J0>
ICeMA = {KI1,RA>,
SeI=YEN = {IC~J()
Spil=dAIKE33 = (ZC~JG)
SETO=WALKLFS =
PROP=1AY = (K
PEUB~WALK = (K11,
SETT1-WALK*EGS =
53f2=”hLK*EES =
TROP~WALK® = ({<I1,

, K12, {(EAI>}T



AEPENDIX C

cons¥Turting a4 ccunter~exampie tc: _
(NECLSSATILY (IF® (WCYAN X) (WUuMAN® (FXI X))))

¥frun *lisp t=cg

* (restore 1interp) -

¥ (enter nodel)

> NO YO AANT AN INILONSICUAL MCDLI

ak
Y
> 20 YCUT WISHE TO CHANGE THY DEFAULT LOGICAL CCNSTARNTS?
xn
>

> FE¥INDLR: COkRJAS CANKOT BE US®L AS SEPARLKATCHS IN LISTS,
> THNT=Z® LIST UF oX¥TITIES.

* (Ei ma)

> INTEF LIST (GF D2OSSIELL WCFLTS,

*(v1 w2)

> 2NTZEk LIST OF ROMENIS IN TIKE, LN INCFEPSING CrDEER.
*(v)

‘PCIKTIS OF FEFFRENCL (INLDICTS) s

XRAKFRTIIFING LLIMEMIS 9OF D_<S,k>

« INDIVIDUAL CCNCEPTS
THEY AFf PUNCTIIONEZ FFRCi T_S 70 D_C

[ 4

PHAT I3, FEO) POINTS OF FEFFT?NCE TO BLT
THEY WILL BF THL VALUES CF F FOF THI LGG
J, ", 8, N,

ES.

71
CAL CONSTANTS:

4
-
o

(I1, I}

(BI, “A)

ENTEE - NANE FOPF ZLZMUNT. (NIL = NOU MCEE) .

FOF EACH AEGUMENT:

ENTEZF RAXT FCrF ELBHTYT. (NIL = NC MCFY),
biic

ENTEZF A VERLUL CF NIL ¥CF EACH AFGUHAENT:

1 = <%1,™

o
.

b4

2 = <‘W2 'r.'g‘

VYV EVAEAVVEAVVY RV EVYVY EVVVVVVVVVVYVYVYVY

o
’.1.

4

F3

TR

¥

p

‘et

b

-

[nnd

120

Q

28]

;v

-1

l—t

91



> INTLE NAMT FCF TLEMINT, (NIL = LC NOBDT),
*naic \
> ENTSF A VALUL C3R NIL FOS FACH ARGUMENT:
> I1 = <&1,™>
*na
> T2 = <wW2,T>
*ma
> MEIC FNTLs3D.
>
> ANTES NP YD FC? =zETENLNT., (NIL = NC MCITF).
*xn.1
> xk*¥=x[ <€, 3> = I[WOIVIDUAL CrNCEPIS
> DOYRIN: D_S = {I1, IZ}
> FANGL: D_1 = {31, ¥R}
> PRIS = {<I1,%A>, <T2,FI>}
> R1IC = ([<I*,RI>, <I2,R7I>}
> NATC (KT1,%a>, <I2,UE>)
>
> ****rm"T ING THL FUNCTION ¥ FOR LCGICAL CONSTAMIS OF TYP
> TAEL VALTeS QF P FCE ”HEEF"COKSPAN&S AFF clSY¥RENTS CF
> © <&,%> (INDIVIDUAL CCNCLET
> -
> LOGICAL CO\STR“TS: J, %, %, N,
> C_<8,i> fPELS, DII¢, MAIC)
>
> EOT bLACKH €CNSTANT, ENTFF THF VA_UE CF F CE NIL:
> J
¥*nil
>
*nalc
> R
*biic
> S
*nil
>
> FRXRENTLEIN G FLI™MMTS G% BROCN=IW « SEIS CF INDIVIDURL
> CCXCEEIS
> JSHEY AR Y Fuucrzewq FROM D_<S,E> TC L_I¢S,
> IaAT IS, FFO, I? EIVIDUAL CCNCEPTS 10 THUTH VALUES.
> PHTY WILL BZ TH:Z DULYOTAIIONS CF THF LOGICAL CCNSTANTS:
> MAM, WOMAN, EAFK, PL H,. PEN, ULICOFN, PEICL, IELEPERATUFE,
> TP, WALK, YALK, FISL, CHANGF,.
>
> D_<3,2> = {PLrS, BIIC, MAICY
> D_TS = {7, 1}
>
> ENTLE NALE FCR FLYUINTI. (NIL = NG MQELD) .
*yomanset )
> ANTER A VALUR OXx -N¥IL TOK FACH ARGUEENT:
> PFFS = {KIf,M2>, <IZ,EFI>}
%
BIYXC = {<I%,BI>, <I2,BI>)

*
<2

[ a)]

32

€]


Administrator
Note
Not Clear in the Clear



g2

> NATC = [KIF,MA>, <II,MAD)
*
WCXANSLI LNTEIYD.
ENT:® NAMF FCP FIFLE&NTe (NIL = LO MOFE).

®xx%[ CY=IV ~ $5IS (F INFIVICUAL CCNCLETS
rGMAIN:G D < = {PREZ, PIIC, MAIC)

FANGL:  D_% 1}.

WOMANSET

>

>

>

>

>

> »xxx THNTEFFING FLOMENMIS CF P_<5,CN=1V> - FBRORERTIES OF

> INPIVIDUAL CCRCEPIS

> THEYNARE FUMNC ICNS FECOX C_3 TC LD_CN=

> THAT I35, FEQU P2INTE CF PEFFF?hCe TO SFTIS OF INDIVIDUAL
> CONCZETS.,

> THEY WILL PF® "Ho VALURS CF F “or ITHE LCGICAL
>

>

>

>

>

>

pd

E

\ CONSTANTS:
“AN, WGMAM, PAFK, FISd, TFN, "NICCEN, PRICZ, TENPEFRTUFE,

FUON, WALK, TALK, FIbBr, CHAERE,

P ANSET)
SNTLE MANML FO- ZLaMoNT. (NIL = NC.YOEFE).
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