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EXPLICIT FINITE INTENSTOl*JAL MODELS FOR PTQ 

Joyce Friedman, Douglas B. Moran afid D'avid S. Warren 

ABSTRACT 

The semantics of Moritague's The  proper t r e a t m e n t  of quan- 

tification i n  ordinary E n g l i s h  (PTQ) uses an i n t e n s i o n a l  model 

t o  evaluate formulas .  I n  t h i s  primarily tutorial paper we show 

how a model can be e x p l i c i t l y  cons t ruc ted  and used. Examples of 

t h e  evaluation of formulas a re  worked through c a r e f u l l y .  

P a r t i q u l a r  a t t e n t i o n  i s  paid t o  the r o l e  of the meaning. 

postulates of PTQ in restricting the choice of models. 

An abbreviatory notation, giving names to complex elements, 

is used to sivplify khe process of c o n s t r u c t i n g  a model. At 

each l e v e l ,  complex elements a re  formed from s impler  elements 

alfeady named. 

Tht; s ize  of a finite model £01 PTQ based on two p o i n t s  of 

reference and two e n t i t i e s  is calcula ted  and i t s  impl ica t ions  

discussed. 

This research i k  supported in p a r t  by National Science Foundation 
Grants BNS 76-23940 ahd MCS 76-0497 



I. INTRODUCTION 

I n  T h c  plaopt;.r t r t : u t ~ / i ~ : n l  of ~ l l i i ~ ? ~ t  i f i c n  t i r ) ) t  i i :  o r & i ? ~ t z ~ v j  

d n g r i s h  (PTQ) , Richard Montague s e t s  up a system which uses 

model-theoretic semantics t o  provide meanings f o r  English 

sentences. Express ions  of  i n t e n s i o n a l  l o g i c  ho ld  a position 

i n t e r m e d i a t e  between t h e  E n g l i s h  s y n t a x  and the model. For each 

syntactic structure of d n  Eng l i sh  phrase  there  i s  a corresponding 

formula of i n t k n s i o n a l  l o g i c .  The meaning of the English phra-se 

is taken to b.e the interpretation of the logical formula in the 

model. 

In this paper, which is primarily t u t d r i a l ,  we show by 

example how a moikel can  be e x p l i c i t l y  c o n s t r u c t e d  and how a 

logical formula is i n t e r p r e t e d  i n  a model. Our paper provides  

concrete examples of the semantic model and t h e  d e f i n P t i o n  of 

i n t e r p r e t a t i o n ,  g i v e n  o n l y  formal ly  by Monthgue. I t  is in tended  

t o  be helpful to readers of PTQ. The reader of. this paper may 

need to have a copy of PTQ hn hand. 

We first review the definition. of intensional model, and 

b e g i n  ta spec i fy  a model. Then we examine the way in which 

meaning postulates c o n s t r a i n  t h e  model to be reasonable. In a 

reasonable model the interpretations of Enqlish words are 

c o n s i s t e n t  with t h e i r  u s u a l  meanings. We selec t  a p a f t i c u l a r  

reasonable model and u s e  it to e v a l u a t e  some formulas. Problems 

i n  b u i l d i n g  a larger e x p l i c i t  model a r e  illustrated b y  



c o n s i d e r i n g  t h e  case of adverbs.. We conclude w i t h  c a l c u l a t i o n s  

of t h e  s i ze  o f  a model and a b r i e f  discussion of t h e  possible 

use of computer+ f o r  Montague grammar. 

11. INTENSIONAL MODELS 

An i n t e n s i o n a l  mvdeL (or i n t e r p r c l a t i o n )  a i s  a quintuple 

@ = (A, 1, J ,  2, F) such that 

1) A ,  I, ,and J are  non-empty se ts ,  the set ofi entities, the set 

of possible worlds,  and t h e  set  of moments in time, respectively. 

2 )  - < i s  a s i m p l e  ( l i n e a r )  ordering on J .  

3 )  F i s  t h e  meaning f u n c t i o n ,  which a s s i g n s  each l o g i c a l  

c o n s t a n t  a n  appropriate  element from t h e  model. If t h e  

cons tant  is oE t y p e  a ,  t h e  value of F ia of t y p e  < s , a ) .  

Each element of I x J ,  t h e  qe t  of co-ordinates, is a single 

point  of rcj 'erencc o r  i n d a x .  To siwplify t h e  n o t a t i o n ,  we use 

S f o r  t h i s  cross-product .  A model t h e n  becomes a quadruple 

a = ( A ,  S, - , F). E.6r a g iven  A and S the -  s e t  of possible 

deno ta t i ons  of type  a, D is g i v e n  by: 
a,A,  5' 

- f o r  s i m p l e  t y p e s  

- f o r  complex t ypes  

(the set of entities) 

( 0  - falsehood, 1 - truth) 

( t h e  set  of t o t a l  functions 
from S to D 1 



( t h e  s e t  of t o t a l  functions 

Wherk no c o n f u s i o n  can a r i se ,  t h e  s u b s c r i p t s  il and S a r e  omitted 

/ n  symbols for sets of possible denotations. 

The rules for e v a l u a t k n g  an expression Of the l o g i c  a r e  

g i v e n  i n  PTQ. A n  eva lua t i on  is performed with respect to a model 

4, a p o i n t  of reference i i n  S, and a variable assignment 9. 

This function y assigns a d e n o t a t i o n  of the appropriate t y p e  to 

each variable in t h e  expression, t h a t  is, f o r  any variable u of 

type  a  ' 7  ( u )  E Da. The r e s u l t  o f i  eva lua t ing  an express ion  a of 

t y p e  a is a possible deno ta t i on  of t y p e  a ,  i .e, ,a member of D 
cz 

This va lue  is denoted by a d ,  i ,'t? and i s  ca l l ed  t he  deno ta t ion  o r  

extension of a with respect to , i, and g. 

111. SPECIFYING A MODEL 

The first step is to give the s e t  A of e n t i t i e s  and t h e  s e t  

S of p o i n t s  of reference. These two s e t s  u n i q u e l y  determine fo r  

each type a each set Da of possible denotations of expressions 

of type  a .  To complete t h e  model, the meaning function F must 

be s p e c i f i e d .  The va lues  of F f ~ r  cons tan t s  of tgpe a are  

f u n c t i ~ o n s  from S t o  Dh. 

We mow b e g i n  t o  build t h e  i n t e n s i o n a l  model t o  be used in 

o u r  examples. Because we wish t o  write out t h e  s e t s  D 
c7: 

e x p l i c i t l y ,  w e  construct a finite model. While it would be 

po-ible td write functions e x p l i c i t l y  i n  ordered p a i r  n o t a t i o n ,  



the r e su l t  would be l o n g  and cumbersome, because i n  general t h e  

elements of the p a i r s  a r e  themselves f u n c t i o n s .  We overcome 

t h i s  d i f f i c u l t y  by i h t r o d u c i n g  names f o r  f u n c t i o n s  and by t a k l n g  

advantage of t h e  type  system of the model. We use t h e  t y p e  

system t o  provide an order in which to consider the denota t ion  

s e t s  and t h e i r  elements. The o rde r ing  is such t h a t  a t  each Stage 

the new functions can be specified as ordered pairs of names 

already i n t x d u c e d .  The meaning f u n c t i o n  F i s  a l s o  s p e c i f l e d  

u s i n g  these f u n c t i o n  names. 

Let t h e  s e t  of p o i n t s  of r e f e r e n c e  S be 1 ,  121 and t h e  

s e t  of e n t i t i e s ,  A o r  D , be {Jo,  ~ n } .  
C 

It is important to distinguish words in the English 

vocabulary from conlstants in t h e  log ic  front elements of t h e  

1node1; fo r  exfirnple, J o h n  and w a l k  are  English words, j and wtrZk'  

are l o g i c a l  constants ,  and Jo i s  gn e n t i t y ,  ana'element of D e .  

E n g l i s h  w ~ r d s  are given in i t a l i c s .  Logical constants t h a t  a re  

d i r e c t  t r a n s l a t i o n s  of E n g l i s h  words a re  ?rimed. 

The f u n c t i o n  F ,  which def ines  t h e  r e l a f i o n s h i p  between 

constants and elements of the mod&l, a s s i g n s  t o  each congtant  

of type e a f u n c t i o n  from i n d i c e s  t o  e n t i t i e s .  Fo r  example, f o r  

the l dg ica l  cons tan t  j, F ( j )  E D = D $' 

where %s, &) e" In our  0, e >  

f i n i t e  model, there are  o n l y  four  m~mbers of D. and we use <s;e>, '  

d o  ,al ,a2 ,a3 a s  t h e i r  names. They a re  defined by: 



If E't , i )+ =. ,u2, then ,i is* a s s i g n e d  { ( 7  1 L1r1) ( 1 2  J O )  1 , t h a t  i s ,  t h e  

f u n c t i p n  whose v a l u e  a t  index  I1 i s  Llh and whose value a t  i ndex  

7 2  i s  Yo.  

Words i n  bo th  of t h e  s y n t a c t i c  categories CIV.and IV 

t r a n s l a t e  i n k o  logica l  cons tan ts  of t y p e  C+..u",c>., t), so t h e  

va lues  of f o r  these cons tan t s  are functions from i n a c e s  to 

elements of type ( < b , e ? , t ) .  For example-, 

f ( ; cn t co lv i ! )*  and F ( r ~ : r Z k ' )  E 8 
<6,  ( 4 ~ , C ) , t > >  

IT 
L' I S ,  62")' 

where 0 D~ = (D - 
&, <<s, ~ > , ~ t ? >  ( X S ,  E ) ,  t> t 1 .. 

and 

PYu'nicoriz,') (i I and F ( r ~ a l k  ' )  (i) E D & s ,  e ) : t >  

In t h e  model, there are 16 meinbers of  9 and we use , e > ,  t> 

B O t  - * , r B 1 5  a$ t h e i r  names; they are  defined by: 



There are  1 6 L  = 2 5 6  members of D 
0, < c b e > ,  t>) 

and they  w l l l  not 

be enumerated here. 

The s e t  o f -  e n t i t i e s ,  A = D , is a l s o  known as t h e  s e t  of e 

individuals. The members of t h e  s e t  D. of possible 
.Cs, a )  

denota t ions  of, t y p e  <a ,  a )  are  ca l l ed  i n d i v i d u a l  concepts. 



The members of D are  f u n c t i o n s  from 
( < t ? ,  L ? >  , t > <s3 t \  > t o  

{ 0 ,I], and t h u s  a member df ? can be viewed a s  a st7?! J.( 
<<i> t 3 >  J t >  

i l t for  u h i c h  t h e  f u n c t i o n  is 1 ( t r u e )  . A; 

c l ement  of  il is a ! ~ P G ~ ~ , +  1 3  t : i  - , : / L ? , .  p ; , .  t ,  . ? -  f::. < t :> <&: L > >  J t >> 

IV, REASONABLE MODELS 

Not a11 models t h a t  can be cons t ruc ted  are reasonable. 

Montague 's  meaning p o s t u l a t e s  a re  r e s t r i c t i cns  on models; t h e y  

limit t h e  choices for t h e  va lues  of the meaning f u n c t i o n  P ,  t h a t  

i s ,  t h e y  c o n s t r a i n  t h e  poss ib l e  meaning of  c e r t a i n  E n g l i s h  words. 

Meanins Postulate 1 

We 'now examine how Meaning P o s t u l a t e  1 a f f e c t s  the c h o i c e  

of v a l u e s  of ' for constants of type e .  As a n  example, we 

consider F ( , / ) .  Meaning P o s t u l a t e  1 f b r  ,i i s  (314 U ( I , )  The 

d e n o t a t i o n  of t h i s  meaning p o s t u l a t e  i s  [ (314)  0 ( z c ~ J )  ] n,i,g . 
T h i s  d e n o t a t i o n  must  be 1 i f  the  model i s  t o  be reasonable. 

F o l l o w i n g  t h e  recurs ive  d e f i f l i t i o , ~  i n  PTQ [ p a  2 5 8 1 :  

[ (320 n ( ~ i k j )  1 is 1 i f f  there exists v E D e 

(D = { J o , U n l )  such  t h a t  [ t 3 ( u = j ) ]  m,i,g e 
i s  , where ' 

i s  a @assignment l i k e  9 except t h a t  ( )  is .u. 
I  O 7 , i t , , 7  I 

[ u ( a = j ) ~  . is 1 if? ( u = j )  is, 1, f o r  all i E S. 

D z , i t F g  # 1 i s  1 i f f  1.1 
.@,i ',a 

( ~ 1 =  j )  - I is 

@, i ' , c  1 
~1 ' is g l ( : c )  , which fkoii~ above i s  v ,  and J i s  



I.@., there e x i s t s  v E 1) l: such  t h a t  fo r  a l l  i f  E S ,  ( i  l )  is 
%" 

V .  In other  words, Meaning Pos tu la t e  1 requires t h a t  t h e  va lue  

of E' f o r  t h e  argument ,i be a c o n s t a n t  funCtion, i .e., a f u n c t i o n  

t h a t  has  t k  salne v a l u e  a t  a l l  po in t s  of. reference. T l ~ u s  /+' ( J )  

cannot  be ju s t  a n y  member o f .  11 < 3 y i' > ; it must be c i the r  

MGaning Pos tu la te  2 

For Meaning Postu la te  2 similar a n a l y s i s  app l i e s .  This 

meaning p o s t u l a t e  restr ic ts  the  choice of  v a l u e s  of ' f o r ' t h e  

cons tants  of t y p e  (Zs, e> ,  t > which a re  translations of 

extens ional  comqon nouns .  For example, Meaning Postulate 2 fo r  

!cnicorn ' is I3 [ ic i i i cor~i  ' (x) -> (310 .c = 1 ] . A reasonable model 

must  make it t r u e .  Again ,  following t h e  recursive d e f i n i t i o n :  

( a [ L O  (x - (314) r 5 ^ u ]  ) 0 7 , L : 7  is 1 i f f  . 
[ o f  ( )  + (310 .c =' O1 ,i l , : ~  is 1 for  L 1  F, A?. (7 

[ u n i c ~ ~ r n '  (x) + ( 3 u )  .c = : u J  P , i 1  J' is 1 i f f  whenever 

[ u n i c o ~ v z  ' (x) ] U'L5 i ' 9 
is ' 1, t h e n  [ ( 3 u )  r = " u ]  m 3 i ' , 9  is I. 

r 
[ u n i c o r ~ z  ' ( 3 )  ] J i s  [ u n i c o r n r ]  02 J i J : /  mJi ' , : I  

[ i ~ n i c o r n  ' 1  U ' z a i r J g  is F ( u n i c o ~ ~ ? ~  I ) (i ) and x , I J ( 7  is :7 (x). 

[ u n i c o r n  ' (x) ] 
J is [ ~ ( u n i c o r i z ' )  (i I ) ]  -(g (x)). 

[ ( 3 u )  x = ^u] a b , i l  'O,is 1 iff t h e r e  e x i s t s  a v E D such  e 

[ x  = A u ]  is 1 where 9 '  is a d -ass ignmen< l i k e  

g .except t h a t  9 ' (10 is v . 
[ X  = " I I ]  a J i ' J a r  is 1 iff  ,-J ' is ( \ )  



t 

,C ' i s  ) and from above, I )  i s  ; I r )  and 

01,i ',g I 

( ^  ) i s  t h e  f u n c t i o n  h such  t h a t  f o r  a l l  i t '  c S, 

For a l l  I ' E S t  whenever ( r )  ( I ) ]  ( ( )  i s  1, then 

there e x i s t s  v L such that 3 (s) is X * i V ( v )  . 
t 

The consequent o f  t h e  r e s u l t  says t h a t  %he individual 

concept that is the v a l u e  of ( 2 )  must be a c o n s t a n t  function, 

i . e . , i t  must evaluate  t o  t h e  same e n t i t y  u a t  e v e r y  p o i n t  of 

referbnce. I n  our  model, o n l y  d o  and a3  are  c o n s t a n t  individual 

concepts.  

Meaning Pos tu la te  2 r e s t r i c t s  the possible denotations for 

these logical coristants of type , , t t o  subsets of  ' t h e  

i n d i v i d u a l  concepts that are constant functions. I n  any 

reasonable  model, ,we must choose F so t h a *  

t h a t  is, ; tnicorrthobd can be t r u e  only ~ ~ ~ a s e   individual^ 

concepLs which y i e l d  t h e  same en t i ty  a t  evd ry  p o i n t  of 

reference, 

L We use A* as t h e  h-operator of the metalanguage. T h u s ,  h x i " ( v )  
denotes the f u n c t i o n  from S t o  D with t h e  c o n j t a n t  va lue  V .  

2 



Meaninq PostuLate  3 

Meaning Postulate 3 restricts the choice of  va lues  of P f o r  

t h e  c o n s t a n t s  t h a t  a re  t r a n s l a t i o n s  of extensional i n t r a n s i t i v e  

verbs .  Meaning Postulate 3 fo r  l ~ t r  ik ' ' i p  

( 3 M )  ( V r  ) Cl [ua l ir ' ( x  ) [ " i V ]  (*c) ] 

where M and .c are variables of type s c t and <s, n ) ,  

respectively.  , A reasonable  model must make this meaning 

p o s t u l a t e  true. 

[ ( x  [ w a l k  (2) ["All (%) ] ] m ~ i ' g  is 1 i f f  there  e x i s t s  an 

m c ~  s u c h  t h a t  [ (VX) [ w a l k 1  ( X I  t, [ V ~ l ]  ' i v r )  I I Q4%,L41 
4% (e, t?> 

is 1 where g '  is a @-assignment 1ike.g except thht ' ( b )  is m. 

[ (Vx) u [waZk l . ( x )  t-, [ " M I  ( " r c ) I  I d , i , g r  is 1 i f f  f o r  a l l  x E D 
d s ,  $7 

[ w c r ~ k ' ( x )  t, [ " M I  ( " r ) ]  ] 
m Ji3(]'' i s  1 where g f l  is a 

a - a s s i g n m e n t  l i k e  g ' except  that 9." (x) is x. 
m ,i,g 11 , [ a  [ w i z 2 k ' ( c )  e [ ' M I  ( v r ) ] ]  1 s  1 i f f  

Y 

[ I  ' (x) ['MI ("x)] 0 Z 3 i ' 3 g "  is 1 i f f  [ w a l k r  (s)] O1 ,i r J g l t  

Q , i ' J i ? " [ , ) a z > i l ~ ,  11 I~aZic'  (x) 1 o L i ' , g "  is [ w a l k , j  

which i s  [ E ( w a i k l )  ( i t ) ]  ( g l ' ( x ) )  

which is [ F ( w a l k f )  ( i f ) ]  (x); 

which i s  [M , ir UL ' ~ 9 . ~ ~  (-,i 1 )$) 

which i s  [ g U ( M )  (i I ) ]  ( g "  f x )  (i ' )  ) 



which i s  [ p 7 1 ( [ t ) ]  ( \ ( ! ' I ) .  

T h u s  t h e  meaning pos4 tu la te  i s .  t rue j u s t  in case there c s i s t s  

1 vil E L such t h a t  for a11 \ i,? ( c : , t 3 ,  , ( :  ( i  ')I (i) 
{SJ k t * ,  0) I 

i s  [ ( I  ( ( I '  f o r  all : Z :: Thus, dcpen~is  on ly  on 

t h e  c n t i t y  and t h c  p o i n t  o f  reference. If : * +  t i s  true a t  a 

" t point. of reference f o r  an i n d i v i d u a l  concept ,  t h e n '  *A:: i is true 

a t  t h a t  p o i n t  sf reference fo r  every individual concept t h a t  

gives t h e  same e n t i t y  a t  t h a t  p o i n t  of reference.  

Relating t h i s  t o  our  model, we see t h a t  since 

aO(T1)  = i t 1  ( 1 1 )  and L u Z ( l I )  = n j ( l l ) ,  

a (12) = a 2  [I?) and 
0 

(I:) = i13 (12)  

Meanipg P o s t u l a t e  3 requires:  

Thus ,  tre must choose F so t h a t  

V ,  U S I N G  a MODEL 

We now explicitly c o n s t r u c t  a p a r t i c u l a r  reasonable model in 

which t c  evalqate  some formulas. 



It must satisfy t h e  c o n s t r a i n t s  on F developed above. We 

ass ign  to,the cons tan t  j t h e  e n t i t y  Jo at a l l  p o i n t s  of reference: 

F (if = e o  = (11 J O )  ( 1 2  S O ) } .  

We s.tipul'ate t h a t  there a re  no u n i c o r n s  at p o i n t  0% reference 75 

and one un icorn ,  entity U n ,  a t  p o i n t  of reference 1 2 :  

P ( u ~ ~ i e ~ r n ' )  = { ( 1  l a , )  ( 1 2  8,)) 

= { (11 { (aO 0 )  (al 0 )  ( a 2  0) ( a 3  0))) 

At p g i n t  of reference 7 e n t i t i e s  Jo and Un walk and a t  point of 

reference 1 2 ,  o n l y  3 0  walks: 

Our f i r s t  etraLuation u'sing t h i s  model w141 be f o r  the 

expression which is , t he  translation of J o h n :  

Find ing  the.. denotation of. this expression: 

'AP ["PI ( r d  I ' ~ ' ~ ' 9  i s  A f u n c t i o n  h 
j* 

such t h a t  h ( p )  is 
I 

j* 

[ [ " P I  (^j) la' where g ' is a -assignment like g 

exoept  t h a t  is p +  

whikh is [P 0 Z 3 i 9 g '  (i)] (h+iI[j 

which is [ g l ( P )  (it)] (X*il[F(j) (i')]) 

which is [ p  (i)] ( F ( j ) ) .  



Thus, the expression denotes the func t ion  i i  .* = X*p [ [ p  (i) ] (F ( j )  ) ] 
J 

So h j ,  i s  the se t  of p r o p e r t i e s  which,  when evaluated a t  p o i n t  of 

reference i ,  a r e  true of t h e  i n d i v i d u a l  .concept t h a t  i s  t h e  value 

of F f o r  j. In t h i s  example of a reasonable  model, P (,j) i s  n o  

and the p o s s i b l e  deno ta t i ons ,  p (i) , for which ro  gets true are B 8  

t h r o u g h  f i l s .  A t  p o i n t  of reference T I ,  the value of t h e  f u n c t i o n  

which is the d e n o t a t i o n  of t h e  express ion  that t r a n s l a t e s  J o h n  i s  

1 f o r  t h e  arguments 

{ ( T I  ) ( I 2  f3 ) }  wherem > 8 m n - 

and a t  p o i n t  of r e f e r ence  12, i t  i s  1 f o r  t h e  arguments 

{ (11 f3 ) (12 f3 ) I  where n > 8 .  m n 7 

Now, we eva lua te  t h e  direct t r a l s l a t i o n  of t h e  sentence 

At point of r e f e r ence  11 ,  the  deno ta t ion  of t h i s  express ion  i s :  

u p  [ Vpl I & , l L g  ( " w a l k  ' ) f1311,i7 

[ X P [ ~ P I  (A j ) ]  ~ ~ ' ' ~ g , ~ ( u c ~ k ~ )  

The model can be  a l so  used LG illastrate t h e  general  f a c t  

t h a t  t h e  d ' eno t a t i ons  of an  express ion  and  any of i t s  r e d u c t i o n s  

are  the same. We have shown elsewhere [Friedman, 1 9 7 8 1  t h a t  

each express ion  of t h e  l o g i c  has  a un ique  reduced form i n  which 



no f u r t h e r  contract ioh i s  poss ible .  We now evaluate  the reduced 

form of the trahsldtion of John w a l k s ,  [ w a l k  '.("j) ] . 
At p o i n t  of r.eference t !  : 

A s  a n o t h e r  example, cons ider  t h e  l o g i c a l  e x p r e s s i o n  

[AP [ " P I  j) ] ("unicorn I ) .  

Eva lua t ing  i n  world I1 

['PI ( ^ j  1 " 1 ' (F  (unicorn ' ) ) 

The reduced form of t h e  express ion  is u n i c o r n r ( ^ j ) .  

Eva lua t ing  i n  world IT 

[unicorn ' ( "  j )  ] m I 7 , g  

[ I  (a, 0 )  (a l  0 )  (a2 0 )  (9 0131 ( a o )  



Vim THE MORE COMPLEX CASE OF ADVERBS - 
We now consider  ex tend ing  our model t o  accommodate sentences 

w i t h  adverbs  Such* a s  s 1 ~ 1 d Z y .  "We have t h a t  

F ( s z o r ~ L g  ' )  E D + - 0, (Ls, 3 t , t , a s ,  C ? ,  t>?> 

There a r e  not  o n l y  t oo  many possible denot'aations to consider 

enumerating them, but in each poss ib l e  deno ta t ion ,  t h e r e  a re . too  

many components t o  consider f u l l y  spec i fy ing  it (see below) . 
Consequen t ly ,  i n  t h i s  example, o n l y  t h a t  p o r t i o n  of F (s Zoz~Zy ' ) 

which is needed will be specified. 

The deno ta t ion  for the s e n t e n c e  J o h ? ~  w ~ z z k s  s l o t ~ Z t ~  i s :  

[ ~ F ( s Z O Z ~ Z Z J ' )  (i)] ( P ( ~ ~ z l i i ' ) ) ]  ( F ( j ) )  

At p o i n t  of reference 1 1 ,  Jo and UII a r e  both walking, and 

choosiqg t h a t  JO is walking  slowly: 

and 



VIT.  SIZE OF A MODEL 

The smallest i n t e r e s t i n g  model f o r  PTQ has two p o i n t s  of 

reference and two entities. For such a model, t h e  size of t h e  

sets  of possible denotrjtions and t h e  size of t h e i r  elements (in 

ordered pa i r  represente t ion)  a r e  as g iven  in t h e  following t a b l e .  



Nw~ber o f  
Ordered P a i r s  
i n  Possible 
Denotation 

Number o f  
Podsible  

.Set of p o s s i b l e  Denotations Denotations 



These s ize  computatiops have relevance to a possible 

computer implementation. For a typicai large-scale computer, 

the number of addressable memory locations is on t h e  o rder  of 

224  (about 16 million), yet 9 of t h e  1 6  sets of p o s s i b l e  

denotations have more inembers than  t h i s .  This means tha t  a f u l l  

model c a n n o t  be explicitly represented i n  a computes. However) 

in evaluating expressions only some of t h e  possible denota t ions  

a r e  a c t u a l l y  used.  I~nplernentation on a cpmputes might allow a 

p a r t i a l  specification of a model, with o n l y  those possible 

deno ta t ions  t h a t  are  ac tua l ly  denoted by t h e  expressiohs 

considered. In t h i s  context  it is a l s o  i n t e r e s t i n g  t o  note t h a t  

t h e  number o f  n e u r o n s  i n  thelhuman b r a i n  i s  c u r r e n t l y  estipated 

t o  be about 2" (10 billion). 

- - - 

We have e x p l i c i t l y  c o n s t r u c t e d  an intensional model to 

i l l u s t r a t e  the bas ic  notions of the model-theoretic semantics of 

PTQ. We showed how the meaning postulates c o n s t r a i n  the model t o  

be reasonable and evalua ted  some simple formulas. The number of 

possible denotations in a small model was shown t o  present  a 

problem t o  be solved if e x p l i c i t  representa t ions  of models are to 

be used. T h i s  problem is discussed f u r t h e r  in Friedman, Moran, 

an& Warren 119781.  



J. F r i e d m a n ,  Vo tes  J n  an i h t e n s i o n a l  l o g i c  t o r  t n g l i s h .  XI: A 
u n i q u e  c o ~ l u c r d  form f o r  wffs  cf IL 1 D e p a r t m e n t  of C o ~ p u t e r  
an? ~ c ~ m m u n i c a t i q n  ' S c i e n c ~ s ,  T h e  l ) n i v e r s i t y  o f  5 i c h . i  ]ah, ~ n d  
Arbor* V i ' c J . ,  lif7W. 

F r i ~ c ? m a n ,  q. Yor'an, an5  D. Warren, 0 i i t t e r p r e t d t i ~ o  system, 
PO? i o n t g g u e  q r a a  mar,  t o  a p p e a r ,  .I(.C-- Americp~ Journa l  o_f 
C o m ~ u t a t  ,,, ,,,,, ionn.1 -,, ,,,. ~ i ' n ~ i s t 5 c s  ,,-,,t 19'7.8. 

J. H i n t i k k a ,  J. ~ o r a v c s i k + ,  a n d  P.  S u p p e s  (eds.) , - Apg~rorr~hm yo_ 
N a b r a l  Lanqgqqe,  R r i d e l ,  Dorilrecht. 1 9 7 3 .  -- --- -- 
R i c h a r d  R o n t a j u ? ,  T h e  p r o p e r  t r e a t m e n t  3f q u a n t i f i c a t i o n  i n  
o r d i n a r y  P n q l . i s h ,  ( P T 0 )  , i n  Hif i t ikk 'a  - et &. 1973,' 221-242.; 
t e p r  i n f e d  i n  " l o n ) a g u e ,  1974, 2 4 7 - 2 7 3 .  

R l c n a r n  f lontague , -- For  - -  ma1 ---I-- Philosofip; S s e c t e ' d  Paper2  of R i c h a r d  
Yontaggw, .---A 

e d i t e d .  a n d  w i t h  an  i n t r o d u c t i o n  b y ~ i i h m m o ~ ~ h o m a s o n  
Yale f l n i v e r s i t y  PTPSS,  Y P Y  Yavan,  1974.  
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.r\V IF'T~rT'3'~(r,4Tib1Li SY*CTEI*. FO:? VflNTh7rJl$ 2 R A M M  A i l  

Joycg~ 7.ri) P R I I ,  i ) : ? ~  1 1 1 3 ~  - t i t s  N o r a n #  i r l d  D a v i 1  '7. Warren . ' r* 

V,!C ; t -+) :~~or(7~. ic  . ~ ~ . m a n + : i c  iS O R ~  i m p o r t a n t  

? ~ r o i c h ,  + 3 r1ca.l i n g  in n ? t b 1 r a l - l a n q u a g e .  In t h z s  

~ u p r x i  $ 2 ,  l ~ ; r i c . ~ :  1 ~ - ) b t a i n n d  f ~ g r n  En g l i s  h 

s e n C , - . n r ; ~ 3 ~ ' ~  r ~ ~ v ? i L r ~ n + : c d  i n  an i n t e n s i o n a ' l  moiel  t o  

l o t  arn inn  t '~~\i : :  t ru th  value . - , .  In t h i s  p a p e r  we 

j,y7y:r- 11 ,- 3 n i ~ t  e r a c f i v ~  f~ornpu tcr s y s t e n  f o r  

s p e c i c  yi:;; E i n i  t t ?  i n t  s i q n 3 1  mudel an 3 

nvirbixt i n  J 177ic.11 f c r r n  1 ~ s .  We f i r s t  qive a n  

. > v ~ r v i i ? w  of ".P s v s t t x n  an13 i t s  i n t e n d e d  uses. we 

? % e n  7 r w i i . r -  s I e t a i l c d  d e s c r i p t i o n  of t h e  system 

k.3 o ' l w  w h a t  is w ? a i l ~ d  i n  - 1 c t u 3 l l y  c a r r y i n g  o n t  

t5Fq 3 p p r r 3 ~ h .  ? x D { ? n s i v e  e x a m ~ l ? s  3rt7 g i v e n  in t h e  

43 P "R C! i c ~ s  . . - 

qcran. is r n s p o n s i h l e  F O C  t h ~  d e ~ i g n  a n d  c o d i n g  of t h e  program. 
T h i s  rcsedrch is s u n n o r t e  I i n  p a r t  by N3tiona1 Science  r o u n d a t i o n  
P 3 r a r ! t 3  ?YS 75-23 ,W3 a n d  Y C S  7 6 - 2 4 2 9 7 .  



Zodel -  t h ~ a a r ~ t  i c  seniant i c s  is o n ~  i r n ~ a ~ t a n t  approach  t o  

a n a l y z i l l q  the rnoar:i~;q of z x p r e s s i o ~ ~ s  u f  11dtura1-  Ianguaqe.  

I r a r s k i %  . v d L u a t i ~ n  ~ t . t h 0 . 1  t o r  f c r r n u l a ~  af ma t t l emat iea l  l o g i c  can 

b e  ~ x t , e r i d r \ i  t o  i l a t u r ' a J -1nn juaq t .  i . i t t l~ . r  d i r e c r l y  o r  b y  an 

i n t c r ! n r L i i n t a  s t a u r  o f  1 ~ 1 t i 1 ,  i n t o  a mhth tmat icaL  l o g i c .  

T h i s  f o r m n l  trrlt h*cot;Ji  t i o n a l  t r ~ d  tmant  p r o q i d e s  a precise n e a n s  

of a s s i q  n i n u  a?anltitqs to n 3 t u r a 1 - I a n q u a g e  sentences. I model- 

t h c o r e t i c  semantics, t h e  r n c t a n i ~ q  of a Ecrnula  is d e f i n e d  b y  a 

recurs ive  p r o c e s s  of e v a l u a t  i c ~  ir.  a model. 

;he formal s y s t e m  presente: I  b y  F i c h a f d  M.ontagile in --I T h e  

~rgy'z tr~ntgnwnt ,f q u a r . t . i f i c a t i q c  ..------I---- z & & a r v  fnqlish (PTQ) 

a p p l i e s  m o 3 ~ 1 -  tb-eorat  ic sewant i c s  to F n q l i s h  a n d  f o r m s  the b a s i s  

of t h e  work d e s c r i b e d  i n  t b i s  p a p e r ,  I n  IT2 tht mean ing  of an 

S n g l i s h  p h r a s e  is obtained b y  i n t a r  ~r t ; t j ,o . '~  a c o r r e s p o n d i n q  

1 a g i c a 1  for inuld i n  a p p r o p r i a t e  mcidel. FTQ uses a tensed 

i n t e n s i o n a l  loqic: the f r a g m e n t  of  L n y l i s h  e m p h a s i z e s  q u a n t i f i e r s  

a n d  in tensioca--1  c o n s t r u c t s a  

PTQ r a i s s s  a c u m b e r  of  I n t e r e s t i n g  q u e s t i o n s  if o n e  a c t u a l l v  

a t t e n p t s  to use  t h t ?  i 3 ~ a s  i n  a c o m p u t e r  systemr For example, 

t he r e  d r 2  v a ~ i c u s  w a y s  ir, w h i c h  a m o d e l  m i g h t  b e  represented ,  

T h e r e  a r e  a l s o  r,r-oblems i n  E i r d i n q  a l g o r i t h m s  f o r  t h e  yrocesses 

s u g g e s t e d  b v  P y a .  We h a v e  F a d e  sn.3cifi.c c h o i c e s t i n  our s o l u t i O n s  

to t h e s e  q u e s t i a n s  acd *re p u r s u i ' n g  them to f i n d  t h e i r  limits, 
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i n f o ~ m a t i o n  ;1rlcl t h e n  comple tes  t h e  i n t e r p r e t a t i o n ,  The systern 

a l s o  c l s n t a i n s  f a c i l i t i e s  t ~ )  a110w 1 :  use;' t a  ~ ~ t l d  t b  a r  delete  

from t h e  model, 

The  s y s t ~ m  i.s i t  t o r  u s t  i n  l i n q u i s t i c  r z s e a r c h  a n d  

f o r  e x p l o c i ~ ~ q  p a t 6 n t i a l  a p f l i c 3 t i o n s  a f  : ;onta~.t ie ar3mmar. 

X o n t a g u e  qrds111ar j)rt?.s~v!ts F O R I * ~  d i f t i c u l t i e s  bacause of t h e  

c o m p l a x i t y  o f  t h e  l o q i c  a n d  i t s  sem~tntics.  ;he l o i ~ i c  of PTQ is a 

t y p c d  l = i m b d ; 3  C ~ ~ C U ~ U S  w i t h  irrter,si~31.~dl t y p e s u  I n t e n ~ r e t a t i o n  is 

b a s e d  on possible- ori ids s e m a n t i c s .  T h e  a e a n i n y  of  a fo rmula  

H e p e n d s  on t h ; 3  a c t a a l  w o r l d  i n  w h i c h  i t  i s  a v a l u a t e d ,  a l t h a u q h  

t h e  a c t u a l  w o r l d  docs GOT;  a p p s a r  e x p l i c i t l y  i n  t h e  Eormula, 

I n f o r m a l l y ,  we m i q h t  c o c s i d e r  t h e  h c t u a l  world a s  a h i d d e a  f r e e  

v a r i a b l ?  i n  the  f c r m u l a ,  Scmct accus  tomell l a  vs,  i n  p a r t i c u l a r  

s u b s . t i t u t i v i t  y of  equ-1.1s anfi u n i v e r - s a l  i n s t a r l t i a t i o n ,  f a i l  to 

, h o l d .  F e s u l t s  d r e  t h u s  o f t e n  c o u n t e r - i ~ l t u i t i v e .  3ur c o m p u t e r  

a 

imp lemen ta t ion  of  i n € G r p r v f a + i o n  has 6 G e n  v a l u a b l e  t o  us x n  o u r  

own res2arch a n d  a s  art 3 i n  verifyirg cr d i s p r o v i n g  c o n j e c t u r e s  

t h a t  we h a v i ;  four:3 i n  t h z  l i t e r a t u r e .  

Nat u r a l - 1 a 1 1 g u q e  quest-ion a n s w e r  i n s  systems t r a p s l a t e  a n  

E p q l i s h  sentence  to i n t e r n ' a l  r e p r ~ s ~ n t a t i o n  a n d  respond after 

p r o c e s s i n g  h r e p r s s e n t a t i o n  a g a i n s t  s t o r e d  d a t a ,  PTQ is a 

fo rmal  f ramework i n  ~ h i c h  an  Eny l i s h  s e n t e n c e  h a s  a 

representation a s  a l o q i c a l  formula ,  a n d  fo r inu la s  h a v e  v a l u s s  

d e f i n e d  h s i n g  a l a g i c a l  modsl ,  T h i s  f o r m a l  framework p r o v i d e s  a n  



app roach  $0 the nat  u r a 1 - l a n g u a q e  qrlestf 3n-answer ing  p r ~ ~ l a r n ,  if 

computer r e p r e s e n t a t i o n s  a n d  alyerIthms can b e  t o u n d  f o r  its 

implements t i o n ,  Our implementa t ion  is of i n t e r e s t  in this 

cant-axt; we p l a h  t o  explore i ts  a p p l i c a t i o n s  fu r the r .  (For  

a n o t h e r  way of l o o k i n q  a t  ::ontaque8s fbram'e,work c o s p u t a t i o n a l l y ,  

set3 HoPbs a n d  Rascnsehei.11 ( 1  Q 7 7 )  ,) 

T h i s  d o c u p ~ r ,  d v s c r i h e s  t h e  n o d e l ; - b u i l i n q  a n d  interpretation 

system a n d  how t o  use it. T h e  u n d e r l y i n g  i n t e n s i o n a l  l o y i c  is 

presented i n  S e c t i ~ n  2;. The o p ~ r a t i o n  of t h e  p r o g r a p  is qiven 

i n  Sect i o n s  ILZ 2 n d  ZV. Sect ion V e x p 3  a i n s  t n e  csmmands used :in 

i n t e r a c t i n g  w i t h  t h ~  s y s t e m .  

Z x a m p l a s  a r c  q i ~ e n  i n  t h e  t e x t  a n d  t h r e e  sample . t u n s  are 

p r o v i d e d  i n  t h e  A p p e n r l i c e s .  111 d l 1  axamples l i n e s  t h a t  are  

e n t e r e d  b y  the user dre lower-cgse left- j u s t i f i e d  a n d  p r e f i x e d  

by , whereas o u t p u t  l i n e s  a r e  uoper-case ,  pre f ixed  b y  > and 

i n d e n t e d ,  .c nr. 9 i n t r o d u c t o r y  p r e s e n t a  tion of t h e  model- 

t h e o c e t i c  senlant ics  OX PT(' ( F r i e d m a n ,  Moran, a n d  War'ren, this 

f i c h e ) ,  a s i m p l a  l rode l  i n  this n o t a t i o n  is d e . v e l o p e d  a n d  use.1: 

A p p e n d i x  P shows  the use of t h e  c o i n p u t e r  program to develop the 

model. a n d  i n t e r p r e t  f o r m u - l a s  i n  it., h user may w a n t  a modgl 

w h i c h  s a t i s f i e s  a p a r t i c u l a r  s e t  or^ f o r m u l a s ;  A p p e n d i x  B shows 

t h e  deve lopment  of such a m o d e l  d u r i c g  t h e  i n t e r p r e t a t i o n  of 

t h o s e  formulas.  In A p p e n d i x  C, we d e v e l o p  a modal a s  a counter- 

e ~ a m p l e  to a formula c r i v e n  a s  a thoorom in I'TQ ( p .  2 6 5 ) .  



A programmers de sc r ip t i on  of t h e  i n t e r p r e t d  tion systi.. is 

p r o v i d e i  i n  P@r-an (N-J f a r t h ~ o m i n q )  , ReatSera who n : i y h t  wish to 

adap t  t h i s  p c s y r d a  to t y p a d  lambd,r calculi w i t h  o t h e r  types ace  

raferrird to ':oran (N- 7 ,  f o r t  b.coming) 

I'll@ s y s t + m  P : u i l ; l s  mcdfls a n f i i n t - e r p r ~  ts f o ~ m u l a s  ir, them, 

B e f o r e  b 7 i ~ c u s s L n c ;  the p d r t i c u k a z s  ~f o u r  proqram, g o  Dreser,t h e r e  

t h ?  u r , i e r ? y i n g  f o r 9 2 1  tbeorv .  ,he? t ~ r s i d  i n t e n s i o n a l  logic i n  

the i n t e r p r s t a t i . o n  s y s t e ~  is t h a t  of :ontague (1 3 7 :  1 5 7 3 ) .  * .  fi e 

h a w  f a u n ?  1 ( 1 9 7 5 )  h i ~ l p f u L  as 3 saurct. f o r  3 formal 

trea+,me;:+ o f  i : l t~r : ; ion . i1  l ~ q i c ,  b u t  h a v e  m o d i f l e d  h i s  n a t a t i o n  t o  

meet d u r  needs, 

Z&ah&hgf  u l  'x&g3ssioris A *  ----- - 
T , h ~  ~ y g g ~  of i n t a c ~ i ~ ~ a l  l c a i c  are d e f i n e d  a s  f o l l o w s :  (1) F 

an.i'"'I!~ s r a  e l e rca r t3 rv  t y p e s ,  ( 2 )  r h c ' n s v ~ r  a a n d  b a r e  t y p e s ,  

<a ,b>  is ty?e, an3 ( 3 )  wherever a is a t v p ? ,  <S,a> is a t y p e .  

For each  t y +  t h c r 2  is a se t  o f  c o n s t a n t s  a a set. of  v a r i a b l e s .  

The f o l l a w i n ~ ,  a r  1 m l y  t k ~  f o l l c w i n g ,  a r m  g e a z i n a f u l  ---I --. e x p r e s s i o n s  ----- 

( 3 E 1 s )  : 

1) I 5 v t . r ~  e m s t a n t  of t y p e  a is a 2 P  of t y p e  -. a. 

2 )  , v e r y  v ? z i ; ~ h l c  of t y p e  g is a 32' of t y p e  2. 

3) If A is a 3,i o f  type - a i r ~ d  V i s  a v a r i a b l ~  o f  t y p e  



( L A a - A D A  V , A )  is a HE of t y p e  < b , a > .  

b ~f A i s  a MF o f  t y p e  <b,c> and  E? is a YE of t y p e  -, 
t h e n  ( A  B) is a MF: of  t y p e  s. 
I f  A is a of  eype < c , < b , d > >  a n d  8 a n d  C are ME'S 

of t y p e s  $ a n d  ,I c t h e n  ( A  B C) is a ME of  t y p e  - d. 

( T h i s  3xpression a n d  ((A C) R )  w i l l  lave t h e  sank 

m e a n i n g  ,) 

, i f  A ar.d B a r e  :!E,s of  t h e  same t y p e ,  (EQUAL  P E3) i s  a 

Y W  of  t y p z  I S .  

f F ar ,d Q are : * i E t s  o f  t y p e  TS, so a r e  ( N O T  P), 

( A N P  P 0) , ( 5  P C) , (.T!PLIF.S P Q) , a n d  ( I F F  P QJ . 
X f  F s a ?I.: of t y p e  l 'S, SCI a r e  ( N E C 2 S S k F I L Y  P) , 
(FUTUk.1 P) , an8 ( P P S T  P )  . 
if ? is a of t y p e  TS a n d  V is a v a r i a b l e ,  t h e n  

.*i+ - ( 9 1 1 ; ~ u - i S  V i') a n d  (FOE-AIL V F) are aEts of t y p e  TS. 

If A is a NT o f  t y p e  5, (I'NT'A) is a Mi of  t y p e  <&a>. 

I!! A is a U.2 of t y p e  :S,a>, ( S X T J )  is a PIE of t y p e  I a. 

- 
Hodels  of I n t e n s i o n a l  Wqfi B e  ---I. -- --,,-,,, 

F o d e l s  ----- 
L e t  A acd S be noc-empty  s e t s  of e n t i t i e s  a p d  p o i c t s  of 

reference, r e s p e c t i v e l y .  A fram &sed 2; 5 is an i n d e x e d  

f a m i l y  of  d a n o t a t l b n - s e t s ,  (D-a) a E typx?, uhere 

t i )  D E = A  - 
[ii) D - TS = {3 ,1 )  

(iii) D-<a, b> is a - s u b s e t  of 3 a bada I 



(iv) D-<S,a> is a s u b s e t  of D - a S 

For the elementary t y p e  d t h e  s e t  of p O s s ~ a & e  d e n o t a t i o n s  i s  t h e  

s e t  of entities. For  t h e  ~ l e m e n t a r y  t y p e  IS the d e n o t a t i o n - s e t  

h a s  t h e  two elements, (false) ar.4 1 ( t rue )  . F o r  a complex t y ? e  

< a , b > ,  t h e  d t n o t a t i o n - s e t  D - < a , b >  is a s e t  of  t o t a l  f ~ n d t i o n s  

w i t h  domain  D - a a n d  ranqc D n h .  We A s f i n e  P S to he S, so  that 
I 

the spec ia l .  C ~ S G  D - a - is h a n d l e d  b y  t h e  q e n ~ r a l  r u l a .  

A ----- rimdel I.. 3 war on - 4 --- a n d  rrrr- i x J  is a pdir C (2 - a )  a s a p s  F> where ,, I 

1) (D-3) B E ; ~ & ~ s  is a Frame b a s e d  a n  A a p d  I x J ,  w h e r e  I is 

a s e t  of  p ~ s s i h l e  wcsl~!s a n d  J is a n  o r d e r e d  s e t  of 

nomznts in time. 

2 )  F is t h e  h s a n i n q  f u n c t i o n  w h i c h  a s s i g n s  to ezcn L O Q I C ~ L  

c o n s t a n t  ~f t y p e  2 a n  e l z m e n t  of t h e  d e n o t a t i o n - s e t  

D - <;,a>, 

Z v 3 l u a t i o n  
----c----- 

E v a l u a t i o n  is a rcla t i o n s h i p  h a t u e e n .  m e a n i n g £  u 1  s x p r e s s l o n s  

a n d  m o d e l s .  We A % f i ~ ! e  r e c u r s i v a l y  t h e  v a l u e  o r  i--rr-r-rr- d e n o t a t i o n  

d T B : Y , i , j , j ]  o f  a m e a n i n g f u l  e x p r e s s i o r !  B with respect  to a m o d e l  

3 a n d  .i, j ,  a n d  g ,  where is 3 m o l e 1  on A a n d  I x J ,  i EI, j E J ,  

a n d ,  g is a= v a r i a b l e  a s s i g n m e n t ,  q a s s i q n s  to edcn v a r i a b l e  of 

type 2 a n  e l e m ~ n t  o f  P - a. 

1) If E is a c o n s t a n t ,  t h e n  d [ B : H , i , j , q ]  is F ( B ) ( < i , j > ) ,  

2 )  If B is a v ' a r i a b l e ,  t h e n  d [ 9 ; ? l , i r  j , g 1  is g ( B )  . 
3 )  If H €?:I - a a n d  V is a v a r i a b l e  of type b, t h e n  d[ (LABBD.4 



v B) , j g ]  is t h a f  f u l r ~ t i o n  h w i t h  domain D-b such 

that whenever x is i h t h a t  donla in ,  h Qx)  i s  

d [ ~ ; ~ , i ,  j , q t  I r  where q t  i s  a v a r i a b l e  a s s i g n m e n t  like CJ 

e x c e p t  E M  t h e  possible d i f f e r a n c e  t h a t  g t  (V) is x, 

4) ~f n c Y E  - < a r b >  a n d  C ~ b ! r - a ,  t b e n  (I[ ( B  C ) ; M , i , j , j ]  i s  the 

valus o f  t h e  f u n c t i o n  B i t  j ,  f o r  the arqument  

d[ C ; :I, i ,.j .J 1. 

5)  ~f E E ~ ~ - < d j < c r b 3 > ,  c E 32- c a n d  D E M X - d ,  t h e n  d [ ( B  C 

9) i t ,  j ,  is d[ { ( I ?  D) C) ;J.i, j ,g].  

5 )  I f  R, C E II?-a, d[ (EQUPL B ) H i ,  j g is 7 if and  o n l y  

if d [ s ; a , i , j , g J  is d [ ~ ; ~ j , i , j , g ] .  

7 )  If P ,  C) E M E - ~ S ~  t h e n  d [ ( N O P  P ) , , ,  is 1 i f  and o n l y  

if d [ I ' ; : ~ : , i , j , g ]  is S i m i l a r l y  f o r  AND, OR, I M P L I E S ,  

I F F ,  

If P E Y E  - IS, t h e n  d[ ( N T C F : S A D I L Y  P )  ;M,i, j ,g ] is 1 i f  and 

o n l y ' i f  d [ P ; Y , i l , j ' , q ]  i s  ? for  all I'PE I a n d  j t &  J. 

~ [ ( ~ U T U F S  P ) , j  i s  1 if a n d  only i f  d [ P : M , i , j q , q ]  

is '4 f o r  some j' s u c h  t h a t  j d [ ( P A S T  P ) ; i . l , i , j , g ]  i s  

1 if a n d  o n l y  if d [ P ; E ? , i , j ! , g ]  is 1 f o r  some j1 s u c h  

t h a t  j1 < j, 

9 )  If P C  M g  - TS a n d  V i s  a v a r i a b l e -  of t y p e  a ,  t h e n  

a[ ( T H E F L - I S  V P) ; ? ! , i , j , q ]  is 1 i f  a n d  o n l y  if t h e r e  

e x i s t s  Y E D  .I a s u c h  t h a t  , j ,  i s  1 ,  where g q  is 

as i n  3 .  S i m i l a r l y  f o r  .d[ TPOP-ALL V P I : E , i , j , q ] .  

I ? )  If  B E K E  .I) a ,  t h e n  d [ ( I A X ) ; - t i , i , j , g ]  is that f u n c t i o n  h 

w i t h  doma in I x J  s u c h  t h a t  w h e n e v e r  <i ', j E IxJ, 



S t a n d a r d  E o d e l s  
-.--u.IIICI*r).-r --I--- 

A a tandaha  ffaag b d s e d  qg _-_ d n 3  _ S is a frame b a s e d  on A and  

S i n  w h i c h  a l l  possibl~ f u n c t i c n s  x c u r  i n  t h e  d e n o t a t i o n - s e t s ,  
D a D S 

t h a t  is, - <atL)> = 3 - fr - and  Z! - <S,a> = Lp " - d -  A s t a n d a r d  model 
Il-(l- -- 

is a mod31 hast3(1 on a s t a n d a r d  f rame.  

General  Yodels 
---.lr- -----rrr 

In a g e n e g a l  m o d e l  (4-xroddl) , t h e  d e n o t a t i o n - s e t s  of! the 

f r a m e  a r e  less c c n s t r a i n e l .  As ( 3 5 0 ~ ~ ,  5 - 5 = k a,n.d I) - TS = { ( ? , I ) .  

However, f o r  .3 c o m p l e x  tY F G  < a & >  we h a v e  

D a 
@ + D - C a , h >  n h - . - 

I ~b is f u r t h ~ r  r e q u i r e d  t h a t  t h e  

d e n o t a t i o n s  f o r  a l l  t a x p r e s s i o n s  b e  i n  t h e  model. T h i s  means in 

e f f e c t  t h a t  t h z  f u n c t i o n s  h which are t h e  d e n o t a t h n s  of LASBCA- 

e x p r e s s i o n s  a n d  IS I T - ~ ~ x p r e s s i c r , ~  I R U S  t $ x i s t  i n  t h e  a p p r o p x i a t e  

d e n o t a t i o r ! - s e t s ,  T h e  d e f i n i t i o n  of  e v a i u a t i o r ,  i n  a 3-model  is 

e x a c t l y  a s  i n  a s t a ~ d a r r l  luu3sl .  Not+, h o w w e r ,  t h a t  LAMEDA- 

a b s t r a c t i o n  a n d  a u a n t i f i c a t i o n  a r c  r e s t r i c t e d  to t h e  d e n o t a t i o n -  

s e t s  of the model, 



Named Modeis ----- ------ 
T h e  models u s e d  i n  the  computer system do not c o r r e s p o n d  

e x a c t l y  to t h e  s t a n d a r d  o r  q e n e r a l  models  of formal  logic. We 

t h e r e f o r e  i n t r o d u c 2  a r,cw f o r m a l  d e f i h i t i o n  o f  'named models', 

This d e z i n i t i o n  a l l o w s  a model t h a t  map b e  smaller t h a n  a y- 

mod@l, b u t  e x p a n d s  toward  a q-model  when new f u n c t i o n s  a r e  

A named mo;iel (n-model)  is b a s e d  on a f rame which n e e d  n o t  

b e  c l o s e d  u n d z r  v a l u a t i o n ,  T h e  v a l u a t i o n  f u n c t i o n  d i s  a p a r t i a l  

f u n c t i o n ,  u n d e f i n ~ d  where t h e  v a l u a t i o n  f u n c t i o n  as  d e f i n e d  above 

take$ a v a l u e  n o t  i n  t h e  model .  3 .Ir <a ,b> D I bD--a art& e v e c y  

element has a u n i q u e  name. A named model  n e e d  n o t  b e  a g-model; 

howkver, a lcoverinq q - m o d e l '  m u s t  e x i s t ,  T h e  c o v e r i n q  g- model 

is t h e  c l o s u r e  of t h e  n M m o d e l  u n b r  t h e  c o n d i t i o n  t h a t  t h e  

f u n c k i o n s  r e q u i r - d  f o r  e v a l u a t i o n  e x i s t .  LAM BDA-abstract ion and 

q u a n t i f i c a t i o n  in an n model a r t .  r e s t r i c t e d  t o  t h e  named elements 

i n  t h e  d e n o t a t l o n - s e t s ,  

Dyn8mi.c Barned Y o 3 e l s  - ---- - - -  -1--- 
T h e  models use3 i n  o u r  i n t e r p r e t a t i o n  system a r c  d y n a m i c  n- 

m o d e l s  r They a r e  n o t  c l o s e d  u n d e r  t h e  v a l u a t i o n  f u n c t i o n ;  

however, w h e n e v e r  a d e n o t a t i o n  of t y p e  < a , b >  is c r e a t e d  by 

e v a l u a t i o n  of an e x p r e s s i o n  w i t h  L A M B C A  or IIT, the d y r q m i c  n- 

model is i m n e d i a t e l y  e x p a n d e d .  T h e  f u n c t i o n  is named, a d d e d  to 

the a p p r o p r i a t e  d e n o t a t i o n - s e t ,  a n d  a l l  f u n c t i o n s  w i t h  zhis 



d e n o t a t i o n - s e t  a s  domain  r e  e x p a n d e d  to i n c l u d e  v a l u e s  f o r  t h e  

n4w a rqument ,  LAKBDA-aQstcact ion a n d  q u a n t i f i c a t i o n  in a dynamic 

n-mode l  a r e  r3strictet. l  to t h e  current  named elements i n  the 

d s n a t a . t : i o n -  se t s .  chis  h a s  t h t ?  consequence t h a t  t h e y  c a n n o t  be 

prec i se ly  d e f i n e d  i n d e ~ e n d e n t l v  of t h e  o r d e r  of e v a l u a t i o n  of a 

formula, 

A d y n a m i c  rr-anole1 may, b~ t h o u g h t  o r  e i t h e r  as one e x p a n d i n g  

n-model o r  a s  3 sequence of n-mc.;l.~ls. i:t is not y e t  c l e a r  w h i c h  

v i e w  w i L l  h e  most p r o d u c t i v e .  

F i n i t e  K o d e l s  ------ -----I 
W h i l e  t h e  i c t e n s i c ~ a l  l o q i c  h a s  i n 6 i d i t e l y  m a n y  t y p e s ,  o n l y  

a f i n i t e  n u m b e r  (xcu r  ir. e x ~ r ~ s s i o n s  of PTQ and  hhus only a 

finite n u m b e r  of r:-.ts ~f possible l l z n o t a t i c n s  a r c  n e e l 2 d .  In the 

cur ren t  vers ior i  o t  *.ha interpretation system t h e  s e t s  A a n d  I x J ,  

a n d  h ~ n c e  a l l  d ~ ~ a . o t a t i c n - s e t s ~  a r e  f i n i t e ,  In t h e  finite case 

t h e  n n t i o n s  of standard n ~ o d u l  a n d  g-model  a r e  - t h e  same, u n d e r  

somt weak c o n d i t i o n s .  we h a v e  i n t r o d u c e d  t h e  d i s t i n c t i o n  becquse 

we t h i n k  of o u r  d y n a m i c  models  a s  ' p o t e n t i a l l y  i c f i n i t e '  , a n d  

f i ~ d  t h e  not,&or. of c :over ins  d a-*mcd,el, - s u g y e s t i v e .  One m i g h t  t h i n k  

of  the g - m o d e l  a s  a r e p r e s e n t a t i o n  of ' r e a l i t y 1  and an n-model as 

a f i n i t e  r ~ ~ p r e s e n t a t i o n  of t h e  s v s t ~ r n ' s  k n o w l e d g e ,  A d y n a m i c  n- 

model is a r e p r e s e n t a t i o n  + - h a t  is f o r c e d  t c  e x p a n d  toward r e a l i t y  

a s  the system n e e d s  f u i f c h e r  knowle~ lye  to c a r r y  o u t  i ts- tasks., We 

p l a n  a l s e w h e r e  t o  c i > n s i d % r  t h ~ s e q  r n o d s l s  f u r t h e r ,  b o t h  fo rmal ly  



a n d  as p o s s i b l e  p s y c h o l o g i c a l  models.  

Models &g u g  astern C, ------ 
T h i s  system accepts o n l y  f i n i t e  models. A finite model can 

4 

reveal t h e  p r i n c i p l e s  i r ~ v o l v e d  i n  i n t c x p r t j ~ d t i o n  of formulas ,  a n d  

most  ~f t h e  interesting problems i t 1  t h e  eva3ua t ion  of f o r m u l a s  

can  a r i s e  there.  f u  u s i n q  t h ~  system in r e s e a ~ c h ,  we h a v e  

encountered no prob lems  related t o  size, However, even a small 

stgndard or n i l  model is too l a r g e  to b @  p r a c t i c a l ,  The 

c l o s u r e  property of these models  causes t h e  i n c l u s i o n  of  elements 

t h a t  may not h e  n e e d e d ,  D y n a m i c  named models a r e  p r a c t i c a l .  

They n e e d  i n c l u d e  o n l y  t h o s e  elements whose use is a n t ;  c i p a t e d ,  

a n d  e lements  can b e  a d d e d  t o  t h e  mode l  to meet neu or 

u n a n t i c i p a t e d  uses, 

The f u n c t i o n s  i n  s t a n d a r d  a ~ d  g e n e r a l  models are  total, The 

f u n c t i o n s  in named niodels are also total, a l t h o u g h  they may he 

i n c o m p l e t e l y  ( p a r t i a l l y )  a p e c i f  ied, that is, the v a l u e  of t h e  

f u n c t i o n  may b e  giver,  f o r  o n l y  some of t h e  a r g u m e n t s .  The 

u n s p e c i f i e d  v a l u e s  fqr  a f u n c t i o n  a r e  r e g a g d e d  as  d e t e r m i n e d ,  b u t  

u n k n o w n  to t h e  s y s t e m .  If t h e  i n t e r p r e t a t i o n  of  an e x p r e s s i o n  

causes a f u x c t i o n  t o  6b a p ~ l i ~ d  to ar. a r g u m e n t  f o r  w h i c h  its 

v a l u e  is u n s p e c i f i e d ,  t h e  i n t e r p r a t a t i o ~  is s u s p e n d e t i  and  the 

user  is p r o m p t e d  f o r  t h e  n e e d e d  v a l u e .  T h i s  a p p r o a c h  using 

p a r t i a l l y - s p e c i f  ied t o t a l  f u n c t i o n s  a n d  d y n a m i c  mode .1~  c o n t r a s t s  

w i t h  a ~ p r o a c h e s  us ing  p a r t i a l  f u n c t i o n s  i n  s t a t i c  models 



( K u t s c h e r a ,  1 9 7 5 )  . 
.In a nnnied m l ,  a D - set is a s u b s e t '  of t h e  s e t  of a l l  

p o s s i b l e  f u p c t i o n s  of i t s  t y p e ,  w i t h  s d y n a i u i c  model, t h e  user 

can  en te r  n f u n c t i o n  of t y p e  < a , h >  t ha t .  h a s  a va lua  n o t  in I! I b; 

t h i s  caris+s t h e  e l amen t  to b e  a 3 t l ' ~ d  to D - b. S i m i l a r l y ,  the 

a \ l d i t i o n  of  at: ? l ~ n t . n t  to D-a causes t h e  expans io r ,  of  t h e  

s p e c i f i c a t i o n s  of  a11 cu r r en t  f u n c t i c n S  c t  t y p e .  <a ,b? .  

I n  d I y n a m i c  model ,  it may b e  r e a s o n a b l e  to h a v e  t w o  

f u n c t i o n s  w i t h  t h z  sane  s p e c i f i c 3 t i a n ;  2 n  a s  y e t  u q s p e c i f l e d  

v a l u e  may be d i f f e r e n t  f o r  t h e  two f u n c t i o n s ,  or t h e y  m a y  h a v e  

r l i f f e r ~ ~ l t  va lu t acs  f o r  some aI11-clument not y e +  i n  t h ~  model ,  

? h ~  dt3110tatior: of a L A M E D A - e x p r ~ s s i o n  o r  ar, IKT-expression 

is a f u n c t i o n  an3 i f  t 'nd t  f u n c t i ~ n  is not  a n  element of t h e  

m o d ~ l  i t  is a d d e d .  I f  an  element is a d d e d  to D-a d u r i n g  t h e  

i n t e r p r e t a t i o n  of a L A F I R D 3 - e x p r e s s i o n  of t y p e  <a&> or an 

a r g u m e n t  to w h i c h  it is a p p l i e d ,  t h e  b o d y  of t h e  LAEBDA- 

express ior!  is in t e r p r g t e d  f o r  t h i s  new - alement a n d  t h e  

s p e c i f i c a t i o n  of t h e  d e n o t a t  lor, m- the ZA2:ECA-expression is 

e x p a n d e d  to, i n c l u d z  t h i s  a r g u m e n b  a n d  its c o m p u t e d  v a l u e .  

T h i s  a b i l i t y  to e x p a n d  t -he  modal d y n a n i , c a l l y  d u r i n g  t h e  

interprstation of f o r m u l a s  q i v e s  tile U S - ? ' ~  a s e c o n d  means of 

c o n s t r u c t i n q  picdels: s t a r t i ~ g  w i t h  a minimar o u t l i n e  o f  the 



model, the user i n t e r p r o  t s  expressions d e s c r i b i n g  the d e s i r e d  

model.  when p r o ~ n p t e d  f o r  u n s p e c i f i e d  values, t h e  user can 

respond w i t h  e l l t r ies  t h a t  w i l l  make t h e  e x p r e s s i o n  t rue.  

The model can a l s o  b e  expanded u n d e r '  the d i r e c t  c o n t r o l  of 

t h e  ust;r, E l e n l c t n t s  c a n  b e  a d d l a d  to t h e  model o r  pnspecified 

v a l u e s  o f  f u n c t i o n s  can h e  e n t : ~ r e \ L  

I?iPLE?!FNTATIQN OF N A M E C  E O D L L S  III. ------------ -- ----y ------ 
Names f o r  ~ Y E S ~  gid g s g s s  A m  -,a,, e-- 

Semantic t y p e s  p l a y  a s i g n i f i c d n t  r o l e  i n  the i n t e r a c t i o n s  

batweer t h e  user a n d  t h e  system, b u t  t h e  names of complex t y p e s  

as c o n s t r u c t e d  in PTQ a r e  cumhersou\a. Fcr  exantple, words i n  t h e  

syntact.$c c a t e g o r y  TR'Vr/ZE (e.g. l i n t  a n d  @ a b o u t t )  a r 2  translated 

into logical constants of type: 

f (IA V/Tg) = < < s , < < s , < X s , e > ,  t >>, t > > , < < ~ , < < s , e > ~ t > > , < < s , e > ,  t > > >  

To f a c i l i t a t e  i n t e r a c t i o n ?  t h e  system uses new type n a m e s  that 

a r e  mean i n y  f u l ,  s i m p l e ,  a n d  e a s i l y  d i s t i n g u i s h e d  from e a c h  o the r .  

The c o n v e n t i o u  is to use t h e  names o f  t h e  s y n t a c t i c  c a t e g o f r i e s  as 

names for t h e  c o r r e s p o n d i n g  semant ic  t y p e z ,  i . e . ,  for s y n t a c t i c  

c a t e g o r y  x ,  t h e  name o f  t h e  c o r r e s p o n d i n q  t y p e ,  f ( x )  , will also 

b e  x .  T h i s  c a n  b e  d o n e  here w i t h o u t  c o n f u s i o n  b e c a o s e  the 

s y n t a c t i c  ca tegcr ias  d o  n o t  p l a y  a n y  p a ~ t  in this svstem.  Where 

PTQ uses s p e c i a l  s y m b o l s ,  e . g . ,  i V ,  IV, f o r  the cogpound 

s y n t a c t i c  c a t q o r i e s ,  5/@, - ,V/TZ, we also use these s p e c i a l  



s y m b o l s ,  Flpwaver, t h e r e  are t y p e s  t h a t  ja n o t  corcesponil to 

s y n t a c t i c  c a t ~ . q o r i e s ,  e.rl., t h e  t y p e s  f a t  t h e  i n t e n s i o n s  of the 

typed  t h a t  c o r r a s p o n d  t o  s y n t a c t i c  c a t o q o r i e s ;  t h e  name ue use 

f o r  one of t h o s e  is t h e  c o r f l h i ~ ~ a t i o n  o f  t h e  names f o r i t s  

componen t  t y p e s ,  u.  y., <S,IAV/TE>, 

It i s  poss iL: le  t o  have severa l  names f o r  t h e  same t y p e ,  f o r  

example, E ( C % )  = E ( : V ) .  I n  s u c h  a case,  a n o t h s r  ( n e u t r a l )  name 

is ~ e e d e r l  - tile c o n v ? r t t i o n  is t h a t  this name is f o r m e d  by 

c o m b i n i m q  t h e  t y p e s  u s i n g  a n  e q u a l  s i g n  a s  a s lzpara tor  (2. q., 

S n ' = Z ' V ) ,  T y p e  narn?s s u c h  as  CY a n d  IV will be r e fe r re?  to as 

names w h e n  it is n e c e s s a r y  t o  d i s t i n g u i s h  them from t h e  S U ~ ~ Y E ~  --I-- --- 
o a e r  t y p e  11ame5 ( C N - 3 V  OX: 2 )  I h e  user can u s u a l l y  

r e f x  t o  a t -vpe  l r s i n q  &tiler a s u b t y p e  o r  t y p e  name (in the case 

of  € ( C N ]  = Y ( X V ) ,  h y  C h ,  IV CX C N = I V ) ,  w h i c h e v e r  is most 

n a t u r a l ,  

When t h e  uscr is p r o m p t e d  f o r  a t y p e ,  t h e  preferred resnonse 

is one of  t h e s e  new t y p e  nan;es. However, t h e  user may enter  a n y  

e q u i v a k n t  form, F o r  e x a n p l e ,  I A V = ? V / I V ,  <<S,IV>,IV>, ant! 

<<S,<<S,Tb,TS>>,<<S,I>,TS>> a , l 1  name t h e  same t y p e ,  S i n c e  a t y p e  

a n d  its s u h t y u e s  a h 1  h a v e  t h e  same comFonents ,  these e ' q u i v a l e n t  

fo rms  refer  to t h e  t y p e ,  

Names a r e  a l s o  a s s i g n e d  t o  t h 2  s e t s  ojf p o s s i b l e  d e n o t a t i o n s  

o f  each t v ~ 5 .  1 h ~  riame f o r  a s s t  of p o s s i b l e  d e n o t a t i o n s  of a 



t y p e  is formed b y  conca t ena t i nq  D and  the name f o r  t h a t  type. 

The C u l l  t y p e  name must be  used  hem, no t  a s u b t y p e  name, T h a t  

is, t h e  nams D - Cti  is not  r e c o q n i z ~ d  b y  the syqtem;  it expects  

D L  - C N = Z V  i n s t t a d ,  

P U ,  g Logica l  C o n s t a n t s  a n d  V a r i a b l e  g & ; ~ ~ f j g g g  
m e  -c --I- Y I I I C I I I W . . I . ( t -  3*-- ------w 

T h e  s y s t e m  c o n t a i n s  t h e  t e n s e d  i n t e n s i o n a l  logic u s e d  in 

PTY, T h ~ r r  is also a n  e x t e n s i o n a l  version w i t h o u t  

i n t e n s i o n a l i t y ,  m o d a l i t y ,  o r  t ense ;  we do not  discuss it i n  t h i s  

p a p e r ,  T W u t y p e s  arlsl t h o s e  occur r ing  i n  formulas  t h a t  are 

translations of E n g l i s h  sentences or: a r e  m e a n i n g  p o s t u l a t e s .  The 

types a n d  s ~ ~ b t y p e s  f o r  intensicnal models a r e :  

S 
E 
< S t  &2 
CN=f V: <<S,E>, T S >  

SUbTYPES: CN IV 
<S , c N = ~ v > :  <+,<<s,E> ,TSW 

SUBTYPZS: <F,CK> < S , I V >  
(5 ,TS> 
<S,<E,TS>> 
I A V = T V / I V :  <<S,<<S,E>,TS>>,<<S, E > i T S > >  

SUBTYPES: I A V  I V / I V  
<S,LAV=IV/iV>: <S,<<S,<<S,E>, ' i :S>>,  <<S #E>, IS>>> 

SUBTYPES: < S , I A V >  < S , I V / Z V >  
< < E r  TS>, <Z,TS>> 
< S , ~ < E , T S > ,  <P, TSS>> 
7.E : <<S,<<S ,E>, I S > > ,  T S >  
<S,Z"E>: <S,<<S,<<S, X >  ,'iS>>,TS>> 
ZV: <<S,<<S,<<S ,Z> ,ZS>>,  TS>>,<<S ,E>,TS>> 
<s,Tv>:  <S,~~C,~<S,<<S,E~,'~~>>,TSL>,<~S',E>,TS>>> 
<E ,<E ,W>> 
<S,<P,;<E, I!'s>>, 
I A V / T E :  <?s ,<<s ,<<s , v > , ~ ~ > > , 2 ~ > > , < < ~ ,  <<s,E>,Ts>>,<<s~E>,Ts>>> 
< S , I ~ / T E > - :  <s,<<5, <<s ,<<s ,E> , '~ s>> , -~s>>  ,<<~,<<s,E>,Tc>>, 

<<S33>,TS>>>> 
<E,4<E,TS2,<EfZS>>> 
<S,<E,<<Z,TS>,<3,TS>>>> 
TS 



T h e  l o g i c a l  coEstants a r e  formed b y  capitalizing the words of 

w h i c h  t h e y  a r e  the c r a n s l a t i c n s .  F o r :  examrle,  t h e  WOE,\ N ~ a l k t g  

t r a n s l a t e s  t o  t h e  c o n s t a n t  d t W B L K ' t ,  li'trt? l o g i c a l  c o n s t a n t s  a re ;  

TY'PE F*: J, I:, E3& 3. 
TYPE C Y = T V :  

SIIRTYPP: CC: X A N ,  WO::Ah', P A C K ,  I S ,  PFN, UNI:CC3h-, P E I C E ,  
TSM Fi F A T r l F E  

SUBTYPE ZV: 3 ,  W A L K ,  T A L K ,  EISE, C H A K G E ; ,  
T Y P E  I A V = I V / X V :  

SUI3i=YP,E 1 A V :  EXPTCLY, SLCtWLY, V O L U K T A F I L Y ,  ALLEGEDLY, 
SUBTYFE I V f I V :  ? F Y 0 T O p  U I S H - T C  

T Y P E  2V: FI f lD ,  L X E ,  S A T ,  LCVE, EAT,", S E E K ,  C O N C S I V E .  
T Y P Z  Z A V / T E :  I h ,  ?.EC3T, 
TY P E  ~ V / I S :  ~ ~ L ; L V E T T ~ ~ A T ,  ASSLS?&IEiA T. 

79  permit an  u n r + s t r i c t t d  n ~ t f f b e r  of  v a r i a b l e s ,  certain l e t t e r s  

a r e  d a s i a n a t ~ d  as v a r i a b l s  p re f ixes ,  a n d  a v a r i a b l e  of  t y p e  I* a is 

a v a r i a b l e  p r a f i x  of t y p e  - a f o l l c ~ e d  b y  2x6 or more d i g i t s .  The 

v a r i a b l e  p r + f i x  ,, 

TYPE. ?: U, V, 
T Y F L  <S,Z>: X, Y. 
T Y P Z  <S,C>J=ZTJ><:  F ,  0, 
TYPE <S,<Z,iS>>: E. 

P "PE < 3 , 2 > :  3. 

TYPE <S,<Z,<Z,7S>>>: S ,  
'TYPE <S,<d,<<T,TS>,<F,TS>>>>: G .  
TXP? <Z,TS>; K O  

C h a n g q s  to thz b u i l t - i n  l o g i c a l  c o n s t a c t s  a n d  v a r i a b l e  p r e f i x e s  

can  be a c c o ~ p l i s h e i  w L t h  t h e  ccmnands  i n  S e c t i o n  V. 

T h e  l o q i c  is b u l l t  i n t o  the system w i t h  a saries of 



d e c l a r a t i o n s  y i v i n q  the t y p e s ,  l o g i c a l  c o n s t a n t s ,  a n d  v a r i a b l e  

p r e f i x ~ s ,  a n d  an  o r d ~ r i n g  of  t h e  t y p e s .  q h i s  ordering, w h i c h  

n e e d  n o t  c o n t a i n  all t h e  t y p e s ,  g i v e s  t h e  sequence i n  which the 

system will p r o m p t  the user to enter  t h e  se t s  of p o s s i b l e  

aeaotatiahs, The b u i l t - i n  l o q i c  can  easily h e  modifies or 

raplac6d b f  c h n n g i n q  t h ~ s t a  dec ld-sa i ions  (Ncrrac, N-7, 

E o ~ t  hcominy) 

Sets of ~ o s s k b l e  D e n o t a t i c n s  of Corng&?i? 212s C *  - -  .I- -I-- L- ----..I)----- 

A s e t  of p o s s ' i b l e  d e n o t a t i o n s  cf a complex t y p a  < a , h >  is a 

s e t  of  f u n c t i o n s  of  t y p e  <a,h>* EacK' f u n c t i o n  is entered by 

g i v i n q  i t s  name a n d  s p e c i f i c a t i o n .   eve^ t h o u q h  f u n c t i o ~ s  are 

u n d e r s t w d  t o  b e  total, f u n c t i o n s  c a n  b e  entered w i t h  partial 

s p e c i f i c a t i o n s .  For each  s e t  of f u n c t i o n s ,  t h e  proqram prints: 

1) t h e  name ot t h e  s e t  P_<;l,b>, 

2) t h e  n d s e  of  t h e  s e t  D-a t h a t  is the  d o m a i c ,  a n d  t h e  

names of a l e w n t s  i n  the domain, 

3 )  t n e  name of t h e  s e t  D - f: t h a t  is t h e  r a n g e ,  a n d  t h e  names 

of elements i r i  t h e  r a n g e .  T h e s e  a r e  the names to be 

u s e d  as  v a l u e s  i n  e n t e r i n g  t h e  f u ~ c t i o n ,  

4 )  t h a  l o g i c a l  c o n s t a n t s  w h o s e  p o s s i b l e  den'bt a t i o n s  or 

d e n o t a t i o ~ s  o f  their i n t e n s i c n s  a r e  in t h i s  s e t .  

F o l l b v i n g  t - h i s  p r e l i m i n a ~ y  i n f o r m a t i o n ,  t h e  program a s k s  for 

t h e  name for t h e  f i r s t  element :o b e  entered.  T h i s  name can be 

chose& a l m ~ s t  a r b i  t r a r i l y .  T h e r e  are a few illegal names, b u t  



t h e y  a r e  refused by the sys tem.  Tile f o l l o w i n g  c a n n o t  b c  u s e d :  

t h e  name sf ~ c d t h e r  clerner3 of sng  set ;  t h e  n a e  of a n y  of the 

r n * r v ~  m o d e l  conrponcar.ts ( 2 . q .  ' T " N L ~ I I ~ ; S ' ~  } ; tha nant? f o r  a t y p e ,  a 

s e t  ~ f :  p O s s i I 1 1 v  d ~ n o t a r i o n s ,  c r  a u o i n t  o f  r e f e r a x e ;  t h e  nalne of  

n u a E e t  OF a a comnan:l; a n.3rnr i n  w i t h  th.2 charac ter  = ' *  

system atom (T, E ; X )  . 

A f t e r  t h e  Ilant9 f o r  a n  e lemqnt  is +r.t.crt?d, t h e  prlograax l e a l s  

t h e  user t h rouy l ik  its s p e c i f i - c a t i o n ,  a n d  t h e n  asks f o r  t h e  name of 

t h e  n e x t  element. i n d i c a t e  t h e  e n d  o f  a s e t  of e l ~ m e n t s ~  tne 

user r e s p o n d s  r i t n  XIL* * h e n  t h e  s p e c i f i c a t i o n  o f  a set is 

t z r m i n a t e d ,  t n e  p r o ~ r a m  d i s p l a y s  i t s  E l e m e n t s  a n d  t h e n  requests 

specificltion ci +[LC n e x t  s e t ,  

> w V - l  * '-q. THEY MILL 6 ;  I t , .  V F L t l E S  C F  F F d F  ~ k 1 2  L i 3 6 r C k L  L'JP;S?Z.A~A.. 
> J, Y P, 3. 
> 
> D - S = (If, 1 2 )  
> I! - 3 = {Jc!, U S )  
> 
> R-7- 2N * - ?  ~ - 4 1 : ~  ? c ~  L ~ > y t ~ ? ,  (3IL = S C  F052)  , 
* 3 {j 

S ~ e c i f i c a t i o ~  of  F u c c t i o n s  3. - - - - -  - ------- 
, q f t e r  t h e  I i a f i ~  f c r  a f u n c t i o n  h a s  been  Pr ; r ;e r9d ,  tk.0 proqram 

g u i d ~ s  ths u z e r  t h r o i i j i i  its . c p ~ c i f a c a t i o r . .  F o r  s a c h  element i n  

t h e  ~ Q ~ R S ~ R ,  t h e  proqram p r i n t s  i t s  r a a %  ar,d i t s  s p e c i f i c a t i o n  

a n d  t h e  u se r  r c s ~ o w d s  w i t h  t h e  r aac  of  tJln c o r C e s p G r , d i n g  v a l u e .  



f f  t h e  f u n c t i o n  is to be u n s p e c i - f i e d  for. t h i s  a r g u m e n t ,  t h e  user 

enters  NIL, P n y  element entered as a v a l u e  s h o u l d  a l ready  be in 

the model, However, if e n  element t h a t  is not y e t  in the model 

is n e e d e d ,  the user may enter the name i n t e n d e d  f o r  that element. 

The program d e t e c t s  t h i s  a s  a p o t e n t i a l  e r ro r  and a s k s  the Jser 

f o r  i n s t r u c t i o n s  ( s e e  F below)  r 

> 2NT2.E; bAX2 FCF ELEI!FZU'T. f N X ,  .KO M O E E )  
*aQ 
> ENTLF X V R L ~ J E  Q E  N L L  F X  F F F C ' ? ~  A F G U M E N ? :  
> 11 = <fI533Z,"H3N> 
* j o  
> 12 = c ~ z a ~ , k o ~ >  
*jo 
> A ? '  9?? TSF PC. 

b ****I3 < S I C >  - I S C I V I D U A ' L  CCh 'CT2I :S  
> c o e j i ~ g :  D-s = (21, 121 
> r A 3 G C ; :  D r' = (JO, U N )  
> A{:  = [?11,53>, <I2,JUY) 
> k 3  =, {<I? , U M 3 ,  <12,US>) 

When t h e  s p e c i f i c a t  ion of a f u n c t i o n  is completed, t h e  model 

is c h e c k e d  oAr a n  u q u i v a l ~ . n t  fU11ctlon. T F I  s u c h '  a s i t u a t i o n ,  

t h e r e  wou ld  b e  two names. f o r  t h e  Sam+ Olernent  and, in f u n c t i o n s  

f o r  w h i c h  t h i q  e l e m e n t  is a n  a rg i lment ,  a v a l u q  w i l l  be s p e c i f i e i i  

for each name, Tf these v a l u e s  are  n c t  the same, the 

i n t e r p r e t a t i o n  of an . e x p r e s s i 3 n  C a n  d e p e n d  cc  the name u s e d .  To 

prevsnt t h i s ,  on€ of: t h e  e q u i v a l e n t  elements s h o u l d  be d e l e t e d  or 

m o d 5 f  ied* 



F u n c t i o n s  Used Before  T h e j  R_rg s e ~ h r i e d  3. --------- ---- ----- 
D u r i n g  t h ~  s p ~ c i f i c n t i o n  of a f u n c t i o n ,  tile v a l u e  for a 

p a r t i c u l a r  argument  is entered b y  j i v i n g  t h e  name of an  element 

of the ' r a n g e ,  I f  t h e  uses e n t e r s  a name w h i c h  is not in t h e  

model, t h e  program 3sks f o r  c l a r i f i c a t i a n ,  f f t h e  user- chooses  

to s p e c i f y  t h e  t z l c > m r n t  immmediately, t h e  s p e c i f i c a t i o n  of the 

f u n c t i o n  is sus; ,pended vhei-le it is eritereu. For exampie:* 

FNYLF N A i i E  F C F  FCEi:?,KT., (N$L = 0 ?!OFE) . 

0 S U C U  LLLYFF*'i.- iLYPLAI?+e 
(??-WR'OI:G;NA!!Z; 2-WILL . B E  EYTZi iBC L L I Z 5 ;  3--EST$& N O W ;  
4 F,rfNCZIC?& A S  I lHSP' ; ,CIT: ILD FC5 A L L  a h G U ? l E N T S ) .  

T H I S  ELZI:?l\'T SF- D i ? i = I V  15 A ' i r l l b iCf ICN F $ c ? ~  C < S , E >  T O  D - TS, 
Y H P  IS, F S U P  I N D ? V I C I I P L  C(?NC991TS I C  TFUIf?  V A L U Z S .  

- - C  * * * * C  C ! ! = I V V m  S E T S  S F  i N $ T V I C U A L  C C ~ ~ C L L I S  < DCZIIN: D - <S',F;> = ( A O ,  k 3 )  
5F;NGL:  k, n ~ - 5  = {I. t 11 

ti., = -[) 
0 1 5  = { A  .43 1 
P?  = ( A S )  

- 
1 f  t h e  user  c h ~ o s e s  to d e l a y  tile f ; l t r y  of t h e  n e w  element, 



t h e  s p a c i f i q t i o n  of t h e  f t l n c t i o n  c o n t i n u e s  u n i n t e r r u p t e d ,  When 

the entry of f u n c t i o n s  into a s e t  is f i n i S h e d ,  t h e  user is 

p r o m p t e d  to en te r  the s p ~ c i f i c a t i o n s  of t h e  3efer red  r l e ~ e n t s .  

T 0 5  
SETSF A V A L U L  3? NIL FOF ZACH A r G U M E N i :  
A 3  = {<I% ,30>, < I 2 ,  JO>) 

* * M A R K I N G  - C C ; 3 = I V  C O N T A I N S  E Q U I V A L E E J T  ELrE12ENI'S. 
v 

E Q U I V A L E ! ~  S L S N E K T S :  El, F 5 .  



New Elements i n  2 ggmlh Fm --- ------ a- 
If i n  e n t e r i n g  a model or a d d i n g  to one ,  t h e  u s &  enters  

elements i r & o  a s e t  w h i c h  is t h e  d o m a i n  of some p r e v i o u s l y  

spec i f i ed  t u n c t i o n ,  t h e  s p e c i f  l c a t z o n  of t h a t  function will need  

to b e  e x p a n d e d  to i n c l u d e  t h e  r.ew elecnrnbsb T h e  system w i l l  

suspend its c u r r ~ n t  p r o j t z t  and prompt f o r  t h i s #  s w p a n s i o n .  

> EXPA?j%I?\ 'G XL,Et.2?:T75 LE; P - C E = I V  = {SETI-WALKs'i;S, 572'2-.WALKEF.'S, 
> .SFT=XE??] 
> reEY A F L  FII I ;CP:ON~ - F E C E :  r-<s,, 4 )  TS 5 - 7 ~ ~  
> CI ... - ,HA2 2 5 ,  r r  S X  i ~ C I i i L D U ? . L  F C N C E P i S  TO i ' i \U;t! 'VF.L:U.SS. 
> 
> - D - <S,E>  = . ( I C - J G ,  - C - Y A  8 *, I c e - P I ,  I C - K ~ )  
> D - TS = {", 1) 
> 
> - HEM P.T;CTU?:ENTII IN 9 . *CSrF> :  - C-ti:, TC-?:A. 
> FOF E A C H  O F  THP,  FOLLONIKG PUSCTIC;XS, L N T ~ X  A V A L U J  
> O R  S I L  F C F  B ~ c t i  CIF XFCI Z F G L J K E N T L  
> 
> .GXP.Ah'CI?iG G S E C I F I C k Y I G N  CF Sf'V*~Gs'ALfCEf S = {iC"30] 
> I L O - R X  = f < f i I r 9 1 > r  C I * ; f ? I > )  
* '3 
> T C * ~ F .  = < 4 ,  < I 2 , h F > f  
* 1 
> 
> E X F A N D I N G  ? ~ ? L C I P I C A T I O N  CF s Z l . 2 - W A L K E F S  .. f I C - % A )  
> :c-ar cq (<:I ? E L > ,  - < T ~ ~ E I > I  
* s 
> TC-.NA = {<:I , E x > ,  < I L , X A > > ,  
* 2  
> 
> ZXPAZJDLkiG S P E G I  F i C A ' i I C ? X  CF STT-.:?ZN = [ I I C - J G ]  
> I C C h E 3 1  = { < I P , P I > ,  <f;,RI>y 
*I 
> I C - N A  = ( < I I , B A > ,  < I ~ , E X > )  
* 43 
> 
> **** C CN'TV 1w S S  2 5  GF I N D I  VTC7JtiAL C C N C Z F T S  
> e G O U ~ I " ~  :2-<S,,> = f I C m J O ,  *Cka?:A, I C - P I , ' I C . * H A )  
> F;; f lG3:  " 3 c {i",* . ] 
> S L . T I + ~ T ; ~ K ~ : F S  = {:cm J C ~  . ~ C ~ ~ ~ J A J  
> SZT2- ~ ? A ~ R : ! ? s  = s ( I C * * F f ,  T.CL BI] 
> StT- #'2k = (Ice J@, ; C - - E I )  



N e a l l i u  Function 1 . a s  --a 
In a model, t h e  meaning  function F a s s i g n s  to each l o g i c a l  

c o n s t a n t  a function t h a t  is t h e  d e n o t a t i o i r  of t h e  i n t e n s i o n  of 

t h a t  c o n s t a n t .  I f  t h ?  c o n s t a n t  is o f  t y p e  ,I a t h e  v a l u e  of F is 

of t y p e  <S,a>. After e n t e r i n g  t h e  .sot D rn <S,a>, t h e  user is 

prompted  to e n t e r  t h e  v a l u e  of  F f o r  each of  the c o n s t a n t s  of 

t y p e  a. 

> * * J : * Z E ~ . E F I N C  T U I  F ~ ~ I C T X Q ~ ;  - F F O E  - L O G I C A I  C O N S T A N T S  OF TYPE E 
> THE , V A L U E S  -01 F F d b  *THEST COPJ$TANTS A F E  bX.Pt:ZNTS OF 
> D - < S , E >  (JE!bXV;LGrJAL i ' t I K C 2 F T S ) .  
> 
> L O G I C A L  CQFS'IAXT?: (7 ,  , I?, N a  

> D - <S,E> = { k t  , 2 A 3 )  
> 
> F O F  3 A C . H  (I"O!lSIAliT, . E N T E E  T H E  V A L U E  C'F. F (3P hIL: 
> J 
*a! 
> ;-I 
*a3 
> B 
L 3 n i 1  
> N 
* n i l  

Yo c h e c k  is malie t h a t  a c o n s t a n t  s a t i s f i e s  any meaning  

p o s t u l a t e s ,  s i n c e  it car, b e  i n t e r e s t i n 7  t o  i n v e s t i g a t e  b o t h  

models  t h a t  d o  an'd d o  not s a t i s f y  them,  The user car, f i n d  o u t  

whether  a meaning p o s t u l a t e  is s a t i s f i e d  b y  i n t e r p r e t i n g  it in 

t h e  modd, ' as  is d o n 2 ,  f o r  e x a m ~ l e ,  in A p p e n d i x  C. 



I N T E R P P E Z A ' T i I O N  IN =g& I V e  --,----------- ,- 

An i r r t a n s i o n a l  mod~! is h s e d  i n  eva1uat ir :g n e a n i n q f  u) 

express ions  o t  i n t u n s r o ~ a l  I c g i c ,  Xhese e x p r ~ s s i o n s  may he 

written d i r e c t l y  o r  they may be o b t a i n e d  u s i n g  o t h e r  r e l a t e d  

computer p r a y  rams.  Fot each E n q l i s f i  sent%nce our-parsinq system 

p r o d u c e s  t h e  s e t  o f  derivation t;"raes t h a t  g i v e  t h e  s t r u c t u r e  o f  

t h e  scnt.ence. C~ur t r a n s l a t o r  a p p l i e s  t h e  ru les  T1-T17 of FTQ to 

o b t a i n  a m s a n i n q f u l  -xpression i n  i n t e n s i o n a t  l o g i c .  T h e  

e rpress ion  o b t a i c e d  is t h e  ' d i r e c t  t r a ~ s l a t i o n '  of t Re p a r s e  

t r e e ;  a normal  farm is o b t a i n e d  by a p p l i c a t i o n  of  lambda- 

r e d u c t  i o n  a n d  e x t e n s i o n -  i r i t e ~ s i o r i  r e n o v a l .  T h e  i n t e r p r e t a t i o n  

s y s t e m  works f o r  a c y  of these  m e a n i n g f u l  * x ~ r e s s i o n s .  

Y e a n i n q f  u 1  e x p r 2 s s i o n s  a r e  i t  t u i t b  r espec t  to t h e  

d y n a m i c  n-mod21 an3 two parameters :  a p i n t  of reference a n d  a 

variable a s s i g n r n ~ ~ t  , whose i n i t i a l  v a l u e s  a r e  p r o v i d e d  b y  t h e  

user. 

D u r i n g  t h d  ir. t e r p g e  t a t i v n  of r n e a r i i n q f u l  e x p r e s s i o n ,  t h e  

i n t e r p r e t a t i o r .  of each o f  its s u b  3x~ressicns i s  p r i n t e d  3ach 

a x p r e s s i o n  a n d  t h e  cu r r5 r . t  v a l u e s  a £  t h e  two p a r m e t e r s  a re  

p r i n t e d  as cva l l l a t i o r ,  b e g i n s ,  m d  t h e  e x p r e s s i o n  a n d  Lts 

d z n o t a t i c n  ar;t m i n t e d  w h e n  t 'r,e e v a l l u a t - i a l  is c i ) m p l e t d d .  

* (walk x3) 
> 7- +- ~ ; A F ~ ~ S S P O S  I'S O F  ? Y P I  'IS 
> F F F E  V k h I A B L F S :  3 3 ,  
> O K ?  



> 
> p . ,hAUEi 7 n9- P43IBT U E  ZEFLFEYCE,  ( N I L  = NC 3 i O F E )  : 

* i 2  
> PYIZER A V A L U E ;  F O F  L A C H  V P F Z A E L B  (NIL = C A V C S L )  : 
> x-3 
*a0 
> 
> I N I T I A L  V A L  I E , R L E  A S S  ZG'NKENT Gl: X 3 = k ? .  
> C O Y P U T I N G  DPGOTATION C F  ' ( V A L K  X 3 )  FOR I2 AID G I ,  
> : D E E O l ' i i I O $  O F  WALK IS P ~ J  [ A C )  
> : D E N O T A m I O I i  OF X 3  I$ A ?  = {<Il,JO>, <I2,JO>] 
> D E N O Z A T X O N  IS 1- 

T h e  i n t e r p r e t a t i o n  o f  a LAMBDA-expression o r  , a q u a n t i f i e d  

exprassi.cn requi res  a s e r i e s  o f  new v a r i a b l e  a s ' s i g n m e n t s ,  one f o r  

each p o s s i b l e  denotation of the b o u n d  v a r i a b l e .  These v a r i a b l e  

a s s ignmen t s  a r e  g e n e r a t e d  hy  t h e  sys tem a n d  ace  just 1 i k . e  + h Q  

p r e v i o u s  ass ianrnent  v i t h  t h e  e x c e p t i o n  of t h e  a s s i g n m e n t  for the 

b o u n d  v a r i a h l e .  Thhe s y s t e m  , a l s c  g e n e r a t e s  a name G i  for these 

a s s i g n m z n t s ,  

Zach f u n c t i o n  i n  t h e  n109aL  is total, b u t  i t  nay h e  o n l y  

p a r t i a A l y  s p e c i f i e d .  I f  a f u n c t i o n  1s a p p l i z d  to an a rgumen t  f o r  

w h i c h  i t s  value i s  u n s p e c i f i e d  ( k I L ) ,  fhe  system s u s p e n d s  t h e  

interpretation n n d  p r o m p t 6  the user f o r  t h e  v a l u e .  S i m i l a r l y ,  if 

the rneanipq f u n c t i o n  F is u f i s p e c i f i e d  f o r  a constant in t h e  

e x p r e s s i o n ,  t h e  system p r o m p t s  t h e  User f o r  t h e  v a l u e ,  

> e : .  CQYFUTXiiJG TATTO! OF ( X A i J  X )  FGT; I3 A N E  G 5  
> * . 0 

I * : D E r J O T A I  OF 9 h N .  IS SZl -MEN = (IC- SO) 
> .. 4 

' L 
a : c k W O 2 A T I O N  OF X IS I C - ? A  = {<II,MA>, < I Z , M A > )  

> . . u + : i T H ~ ' V % L ' J E  OF S?T*?X?3 
> - w 

w . 1tX's U H S P E C I F I E C  F THE< AFGUYEST I C - M A  
> * 1. . -a .. : [ 1 8 5  P ~ O ~ S I ~ L E  VALUCS A S E :  
> e * * e : ]  c-PS = (c; 11 
> e * 

0 = I 
> .1 

a • : 1 L N I E F  'rI.1E V A L U E *  CF SET-MFN FOP: 

Administrator
Note
Not Clear in the Film



Two f u n c t i o n s  a r e  X Q U A L  o n l y  if t h e y  have t h e  same came o r  

t h e y  have the  same f u l l  s p a ~ i f i c a t i o r . .  Tuo f u n c t i o n s  w i t h  t h e  

same p a r t i a l  ,;pecifica4Aor, c a r ~ s t  b e  s a i d  t o  b e  e q u a l  because 

t h e y  r ay  l i f  f e r  i n  s o ~ t .  o f  t h e i r  as. y e t  u n s p e c i f i e d  v a l u e s ,  In 

t ~ s t i n g  t h e  e q u a l i t y  of  p a r t i a l l v  s p e c i f i e d  f . unc t i ons . ,  t h e  system 

p r o m p t s  t h e  L L  ?or e n c h  o f  t h e  u c s p e c i f i e d  v-a lues  u n t i l  the 

specific3tion~ a r a  f c u n d  t o  b e  d~fterznt. T h e  user may respond 

t h e  sys tem may ~ z o n p t  f o r  t h e ' v d l u ~  l a t e r : .  T h i s  a l l o w s  t h e  user 

t o  avo id  s y z e 5 f y i n a  d v a l u e -  f o r  a p a r t i c u l a r  a rgumen t  when t he  

f u n c t i o n s  Arc g o i n g  t a  h e  \ I n e q u a l  for: some l a t e r  argument .  

> I N I T  I A L  VAFIFiS'i 3 ASSIGSKFNT GI: Y = I C 2 ,  X=IZ I ,  
> C O P P , U X ; N G , 2 E h O T A T ? O ~ I  OF' (ECUAL X Y) F O F  11 AND G1 
> : D E N O T A ~ Z I O N  .SF k I3 C = (<Il, N I L > ,  <I2,JC>; < I 3 , N I L > )  
> : D Z l i O T A C r O K  Y I S  IQ = {<I1 ,YX,, <i2,50>, < I ? , K A > $  
> : I C 1  ?C F O B  ilF(:U>iENTS: I?, 13. 



I n t e r p r e t a t i o n  o t  an ex~r@ssion b e g i n n i n g  w i t h  Fa&-ALL, 

T N E A Q - I S ,  N3CESSAF;LY,  FUTUFE, o r  P A S 2  c a l l s  f o r  i n t e r p r e t a t i o n  

of  i t s  hot ly  w i t h  r p s p u c t .  to a s e r i e s  of v a r i a b l e  a s ~ i g n m e n t s  or 

p o i n t s  of  refercnCc>. ~ n t p r p r e t a t i o n  o f  t h e  cexprc.ssior.  s t o p s  as 

soon CIS t h e  v a l u ~  of  tile ~ x ~ f ~ s s i o j  i s  d e t e r m i n e d .  T h i s  i s  also 

t r u e  f o r  @ x p r r s s i ~ n ~  w i t h  t h e  l o a i c a l  c o n n e c t i v e s  AND, OR, or 

I Y * E L I E S .  

Z n i  e r p r r t a t i o n  c f  ? a k ? ! P ~ A - e x ~ r ~ s s i o j ~ s  a n d  I N T - e x p r e s s i o n s  can 

a d d  r,ew elements to t h e  model ,  T h e  a eno ta t ion  o f  a LAYBDA-  

e x p r a s s i o r , ,  Such as ( L ' A Y P ~ R  X ( W A L K  X ) )  + is a f u n c t i o n  Elhose 

a F g u m e n t s  a r e  t h e  p o s s i b l e  d e n o t a t i u r l z  t h a t  c a n  be a s s i g n e d  to 

t h e  v a r i a b l e ,  . X I  a n 1  whose  v a l u e s  a r e  t o u n d  by i n t e r p s e t i n g  t h e  

body of L h e  e x p r e s s i o n ,  ( i 4 A L . K  X )  , for t h o s e  a s s i g n m e n t s  to the 

variable. I f  t h i s  f u n c t i o n  is n o t  a l r e a d y  a n  element of the 

a o d ~ a l ,  t h e  user is asked t o  came i t  a n d  the new element is t h e n  

a J d e d  t o  t h e  m o d e l ,  D e n o t a t i o n s  f o r  INT-express ions  are 

generated  in t h e  same manner, w i t h  t h s  p o i n t s  of  reference as  the 

domain of the f u n c t b i o n  

> : CO:<PUTIKG i ~ ~ ~ ~ o r r l ~ ~ o r ~  OF ( L A P ~ B C A  P ( (EXI? PI ( I N T  ~ 9 )  
> : F O F  11 XiD GI 

> * D 6 1 3 O Z A P I O Y  9i ( L A M E D A  P ( ( E X T  P )  ( I N T  J)).) Z S  [ C I l  
> . : BIJT IS ~ ; O T  A N  ~ E I ~ E N T I  IN TIHE- KGDEL, 

Ney a l e r n s n t s  can b e  a d d e d  to t h e  mods1 d u r i n g  i n t e r p r e t a t i o n .  



by  b e i r q  g i v e n  as the p r e v i o u s l y  u n s p e c i f i e d  value of a f u n c t i o n  

o r  h y  b e i n g  t he  i n t ~ r p r c t a t i o r  o f  a L ~ E P ~ A - e x p r y s s i p n  o r  a n  INT-  

exprwxxion.  As p a r t  Of t h e  ad3ition s f  a n @ ~  element to t h e  

model, t h e  system n r o m p t s  t h e  user t.0 e x p a n d  t h e  s p e c i f i c a t i o n s  

of  the f u n c t i o r . ~  t o  whose d o m ~ i n  t h e  alemeqt has been  a d d e d .  

However, t 1 1 ~  a d d i t i o n  of an element mdy cause  t h e  e x p a n s i o n  of a 

f u n c t i a r ~  t h a t  is t 112 d ~ d i o t  a t i o n  af  a L A : 1 F C A - e x p r e s s i o ~ *  l i a the t  

t h a n  ; ~ s ~ ; u r n i n g  t h a t  t h a  user. w i l l  carr t .c t ly  expap3 t h e  C e n o t a t i o n  

o f  t h e  LA:iF3i l -ex~re~sicr i ,  t h e  s y s t e m  f i r s t  h a s  t h e  user expand 

a l l  t h ~  f u n c t i o n s  in t h c  ~ . ~ o d c l ,  a n d  t h e n  it expands  t h e  LAERDA- 

e x p r . e s s i o n  by intarurntinq i t s  bod'y for t h e  g.sw d e n o t a t i o n  of t h e  

L P . ? ! B D A ~ v a r i a b l e ,  a n d  a d d s  t h ~  d a n ~ t a t i o ~  t o  S h e  model if it is 

new, 

In i n t e r p r e t  i n q  a LA:!?3A-axpr~?ssion o r a q u a n t i f i e d  

e x p r e s s i . c n ,  t h + ? r q  may b? no p o s s i b l e  d e r l o t a t i o n s  for t h ~  bound 

v a r i a b l e ,  i.e. +hc ? - s e t  is c a p t y .  ? h e  system a s s u m e s  t h a t  t h e  

user i n t e n d 4  some as  y e t  u n s p e c i f i e d  f u n c t i o n  to he in t h a t  

D I s e t  . a n d  a l l o w s  t h e  usir to name  t h a +  f u n c t i o n ,  T h i s  f u n c t i o n  

is e n t s r e d  a s  k i n g  u n s p e c i f i e c ?  f o r  each of  its a r q u m e n t s ;  t h e  

user is ~ r : o m p t ~ i  f o r  v z l u e s  a s  t h e y  a r e  n e e d e d .  T h e  user may 

choose  to l e a v e  +!I? 3 - s e t  empty ,  in w h i c h  case t h e  d e n o t a t i o n  of  

t h e  e x p ~ e s ~ i o n  is  t r u e  f o r  u n i v e r s a l  q u a ~ t i f ' i c a t i o r . ,  false for 

e x i s t e n t i a l  q u a n t i f i c a t i o n ,  a n d  a f u ~ c t i o n  w i t h  a n  e m p t y  domain 

f o r  a L A S S D A - e x p r e s s i o r .  For  a L A E B D A - e x p r q s s i o n  t h a t  is a p p l i e d  

ti) a n  a r g u m e n t ,  t h i s  l a t t e r  c o u r s e  h a s  t h e  effect  of d e l a y i n g  t h e  



i n t e r p r e t a t i o n  of the LAMBDA-expression u n t i l  af t e ~  t h e  

i n t e r p r e t a t i o n  of its a r g u m e n t ,  

> C O 3 P U T I I G  O E S O T A T I U N  , 6 ~  (THEliSu IS E ( E O R - A L L  X N E C E S S A R I L Y  
> (IFF ( W A L K  X )  ((EXT Z )  (EXT X))) ) ) ) FOR I2 AND G 4 
> : TIIE:A AARY NO P O S J i B L E  DENOTATIONS FCE THE B O U N D  V A F I A B L E  
> : F* 
> : U N S P 3 C X F L E D  FUNCTI.CN PFING A C C E D  TO D <S,<E,TS>>. 
> : ENTZB NAXE FOB THIS ELE:?(FNT ( K I L  = P O F ~ ' :  A D D )  : 
*prop-  walk* 
> : *NEW V A F I A 3 L 3  .11SS9Ct'h'HEah'T 2 ; ' ~ P E c ~ P - W A L K * ,  
> : COfiP1JT3:NG PLNOXAT30N OF { F O E t A L L  X (NECESSAEILY ( I F F  
> : N A L K  X). ( ( o x 7  E). (EXT X ) ) ) ) )  P O F  I2 A A D  G 2  

A t  f i r s t  c o n s i i i ~ r a t i o n .  t h i s  treatrner! t of L A K B D A ~ a x p r e s ~ i o n s  

seems i n e f f i c i e n t ;  it would Seem morc e f f i c i e n t  to i n t e r p r e t  t h e  

body of t h e  L X : ? E L A - ~ x p r e s s i c n  cnly f o r  t h e  a rgument  to which it 

is a p p l i e d .  kiowever , th.; logic i n c l u d e s  m e a h i n g f  u l  e x p r e s g i o n s  

i n  u h i c h  a LA:9BilA-expressior.  is not a r p l i e d  to an a rgument .  It 

is A l s o  p o s s i b l e  f o r  t h e  a r g u m e n t  o f  a LAMBDA-express ion  to be 

a n o t h ~ r  & ~ E A - e x ~ c ~ ' s s i o n .  5 e a n i n g f  u l  e x p r e s s i o n s  of b o t h  these 

fo rms  a r e  q e n e ~ d t e t  in PTC* F u r t h e r m o r e ,  even where t h i s  

simplification is a p p l i c a b l e ,  t h i s  s i m p l i f i c a t i o n  is a s y n t a c t i c  

r e d u c t i o n  a n 5  ahauld  b e  performed b e f o r e  the express ion is 

i n t e r p r e t e d .  T h e r e f  o re ,  w h e n  i n t e r p r e t i n g  a LAMBDA-expression 

a p p l i e d  to an a r g u m e n t  t h z  system assumes that t h e  u s G r  does not 

want t h i s  s i m p l i f  ica t i o ~ .  

Administrator
Note
Not Clear in the Film



USIYG TH& SYSTLY V @  rr---- 

I n t r o d u c t i o n  A ---- -------- 
T h i s  systam h c t s  a s imyle,  i ' l e x i b l r  ccmaand l a n g u a g e  w h i c h  

s u p p o r t s  the  Ceeds of b c t h  t h & . r o v i c r  a n d .  t h e  experience4 user.  

T h e  n o v i e +  can f o l l o w  3 d i r e c t  p a t h  t h r o u g h  t h e  system, s i m p l y  

r e s p o n d i n q  t o  prompts as t h e y  a r e  j i v e n .  P i t h  the  prompts he is 

rzminded o f  t l l ~  r e l z v a n t  p a s t  e n t r i s s  t h a t  Esrm t h e  c a n t e x t  f o r  

his cur ren t  d e c i s i a n s .  T h e  ~rcropts f o l l o w  an  o r d ~ r  from simple 

to more complex sb t h a t  t h e  b u i l 3 i n g  b l o c k s  are a l w a y s  a v a i l a b l e  

w h e n  t h e y  a r e  z s e d z d .  T h e  systenr &hec)ss all resoonses for 

errors, a n  i f  o n ?  i s  f o u c d ,  t h e  use$ is a d v i 3 ~ d  a n d  allowed to 

make a c c r r ~ c t  e c t t y .  

T h c  a d v a r c e d  user ~ ; e ~ d  n o t  follow t h e  d i r e c t  p a t h .  The 

o r d e r  a f  ; ' n t r y  -oc 4 r o d e l  can be v a r i e d  t o  co r r e sposd  more 

q a t u c a l l v  t d  t h e  p r o h 1 c . n  a t  h a n d .  The mo.ic1 can a l s o  b e  c h a n g e d  

i n  order;  t o  s x t e n ~ l  t h e  model, o cor 'rect errors,  or t o  explore 

a l t e y n a t  i v e s .  ~ r ,  i m p x + a r . t  a n d  exl;.f smely u s e f u l  f e a t u r e  of  the 

i n t e f a c t i o n  is t h l t  t h e  user may i ~ t e r l e a v e  m o d e l - b u i l 8 i n g  a n d  

f ~ r r n u p a "  i n t e r p r e f a  tlCn. The epeFediCication of a f u n c t i o n  may be 

d z q e r ~ e d  u n t i l  t tl e f u n c t  ion is 3 c t u a l l y  n e e d e d  i n  the 

i n t e r g r l 2 t a t i o n  o f  a f o r m u l a .  



Interqctinq w i t h  t h e  Program B *  .I.---- -11116- -I-L *-w 1-- (1-1 

The commands i n  t h j s  system ar t .  LISP f u n c t i o n  ?ails; t h e  

command a n d  i t s  o p p r a n d s  (if any) a r e  c n c l o k e d  i n  parentheses: 

QN'T F E P )  

(XNTER 14Bt'EL) 
"r, 

(P 'SPLkY C-SFTS) 

3% System is implrmente~l  i n 1  : ? ~ ~ S / L I , P  a n d  is currently 

d v a i l a b l e  o n l y  a t  t h e  University o f  Y i c h i q ~ r i  To- use t h i s  

system, r u n  t h e  LISP i r i t r r p r e t e r  d n d  u s e  the  f u n c t i o n  E X S T O R E  to 

l o a d  t h e  program *from t h e  tile W F F :  I-t;TE'FD 

# $ r u n  *lisp * ( r e s t o r e  s h o f :   inter^) 

Rormal ly  i n  XTJ/LISP a n q h  h r d c k e t - s  a r e  B u p e r - p a r e n t  heses 

andWconrsas ~ L Q  s e p a r a t o r s  b e t v e ~ n  e l tn ients  i n  lists, Bowever, we 

use t i l sse  c h a r a c t e r s  in t y p e  names, e . g . ,  ' < S , E ~ ~ ,  so t h e y  h a v e  

bzen cedef ined  as normal c h a r a c t e r s ,  

E n t e r i n g  a n o d a l  C - -  - -*--- 
T h e  e n t r y  of t h e  model f c l l c w s  t h e  o r d e r  i m p l i c i t  in i t s  

d s f i n i t i o c ,  F i r s t  t h e  sets  A of e n t i t i e s ,  I of poss ib l e  uor lds ,  

an8 J o t  moments i n  time a r e  en te red .  From t h e  p o s s i b l e  wor l a s  

a n d  mooents i n  t i l e  t h e  system g e n e r a t e s  t"ha se t  of points of 

reference I X J ,  rhe ssts A d n d  I X J  determine tbe frame f a r  a 

s t a n d a r d  model, 



T h e  models i n  t h i s  system ire named mo3zIs. T h e  P-sets f o r  

tire elementary t y p e s  a : ~  + h e  s a w  3s i n  a s t o n d a c d  no$lcl .  Each 

D -rr s e t  d f  a complclX type  is e n t e r e d  b y  t h t  u&cc w i t h  n a ~ d s  f o r  

taac11 f u n c t i o n  e n t e r e d  i r i  t he  s e t ,  I n t e r l e a v s d  w i r h  t he  ectry sf 

the D :Gets is the spccificaticn o f  t h ~  m e a n i n q  f unc t ior :  ; t h e  - 
v a l u e s  o f  'i' f o r  1oirFca.l cons tan t : ;  ~f %I t y p e  a r e  s ~ ~ ~ ~ i f i e d  as soon 

4s + 11i-l 3 - s e t  e o : ~ t ( i i ! l k : l q  t h e  , v a l u e s  is +r"ctrare.i, 

( 2 ~ ~ z y ; ~ y ~ ~ )  , rC , h ~  h y s t ~ m  f i r s t  dsks w h e t h e r  an i c t e ~ s i o n a l  o r  

o p p o r t u n i t y  to c h a n q v  t i t 3  b u i l t - i r ;  hq i ca l l cu r , s t a c t - s  b e f o r e  t h e  

specific3tios o f  F h c q 7 i n s c  W x t  the user is p r o n p t ~ d  f o r  the 

e l p m ~ n t s  i n  t h t l s t z  l i s e s  cap he r u a b t ~ ~ ~  ox + s t r i r , y s  oE c h a r a c t e r s ,  

.- 1 lists, ;::P aomerr t s  i r :  t i m e  A r t :  ente- .=?d  in o r l e r ,  sarliest t o  

l a t e s t ,  

* i 
> - - r0 Y G r J  i J I S H  L O  2!!,4hG3 ;I--fS ? . I  L Q G I C A L  L'CSSZA:311S? 
* n 
> 
> 2LXXI!D?F:  C C 1 : k A q  L A N S C X E  ~ U " z 3  13 E E ? A F A . T T S  I3 ~ I S T S ,  
? 

7- i".-- - .y -,- - Y 2121 -2F ;:?u:IA&Ls. 
* ( j o  u n )  
> I -7--  r 8 -  I S  F E"55FI9iE W O F X r F ,  
* (bere)  
> T--*.;; - 2 -  - \  ENTZF L I J T  O E  ,I'??12?if5 -I.... r : . \ C F E 4 4 S 1 S G  C 5 C F Y  
* ( k h e n  now) 



> P O I l l ' i S  dI' E X F 3 5 i f : C L  (LEiDICFS)  : 
S 11 = <41khE,PI iEE3>  
> ~i = <NI:R,,WM> 
> 
> 
> ;rltrlt*r:+FN;TE~,1KG L ?  CF f3 - < S # b >  - I ? l D I V I D U A L  CONCEPTS 

3 e  , e l . t r y a  o t  C!ir snt.s of  p o s s i b l e  d e n o t a t i o n s  is o r d e r e d  so 

that h e f o r e  a D-set is ~ n t e r e d  tile D-sets which a r e  i t s  aOrnain 

and i tsn r a n q e  a r e  e n t e ~ e d .  T h i s  o t d e r i n g  is b u i l t  i n t o  t h e  

systgn~ as  p a ~ t  of: t h e  f y - p e  s p e c i f i c b t i o n .  This o r d e r i n g  also 

cause7 t k e  s y s t ~ m  n o t  to p r o m p t  t h e  user f o r  40 - s e t s  t b a t  haue 

e m p t y  d o r n a i ~ . s .  ! k i t h e r  w i l l  t h ~  s y s t e m  ~ r c m p t  t h e  uspr  f o r  a n y  

D I s e t  ~ o t  i n  t h i s  ordering, 

1ks s y s t ~ m  can co1.tai.n o n l y  one mod21 a t  a t i m t .  If ihe 

sys tem 31rea(!y cantair , : ;  a motiel, t h e  u s ~ r  m u s t  d e l e t a  it, u s i n g ,  

Interkrctidg 2 2 a n i ~ g f u l  E x a r e s s ' i o n s  2. -- 7- ------ --- ----------- 
" h e  comfn3n11 2NTZF 2 s t a r t s  t b ~  l r l t e r - ~ r e t a t i o n  of meacinqf u l  

e ~ p r e s s i o n s .  ;he user is ~ r c r n p t e d  f o r  a m e a n i n g f u l  egpression 

a n d  t h ~ r ~  f a r  a p c i ~ t  of  r e fe rence  (if u s i n u  an i n t e n s i o n a l  model) 

and a n  i n i t i a l  v a r i a b l e  a s s i g n m e n t  (i .f  t h e  e x p r e s s i o n  c o n t a i n s  

€ t e e  v a r i a b l c s l  , T h e  s y s t e m  i n t e r p r e t s  t h e  m e a n i n g f u l  e x p r e s i o n  

w i t h  respect  t o  k h ~  current  mode l  a n d  t h e  yivan p o i n t  of 

kaference  a n d  v a r l a b l a  assignmart. 'Ihc u s e r  i t h e n  prompted f o r  





a r e  3 1 ~ 0  a v a i l a b l e *  

A s e c o n d  r n c a t i 1 0 3  o f  q i v i n q  a m e a n i n c r f u l  e x y r u s s i o n  is to 

e n t a r  PF~T'VWUS t h e r e b y  [;la k i n q  t h e  p r e v i o u s  e x p r e s s i o h  t h e  c u n r e n t  

0112 This allows + h e  11ser t o ,  qet  . o u t  af I N Y E f i P ,  c h a n g e  t h e  

modrl, i n n  t h e n  r ep t ?a t  t h e  i n t ~ r p r r j t a t i o r ~  of t h e  same axpre?;sion.  

Also ,  if t h e  t x p r e s s i o r i  is s y n t a c t i c a l l y  incorrect because of an 

u n d e c l a r e d  l u q i c a l  c o n s t a t  c r  v a r i a b l e  p r e f i x  t h e  user c a r  mqke 

t h e  n e e d e d  a d d i t i o n  a n d  t h e n  r e - i n t o r  prct th'e e x p r e s s i o n ,  T h e  

p r e v i o u s  e r p r & s s i o n  use3 h y  ZNiEbF can a l s o  b e  s e t  b y  th ,e  

a u x i l i a r v m  f u r i c t i s r l  TYFc 1 1 1  OE S X P  (962 S e c t i o n  J) . 

A t h i r d  met.l:od i n v o L v c s  U T ~ ~ J  t LLSF s y s t e p  d i r e c t l y .  

Between commands, a k ~ o w l e d q ~ a b l e  s can create  and name 

s .xyr\ ;ss icns  u s i n q  L I S E ,  C d e s e  e x p r e s s i o n s  can be e n t e r ~ ~ l  d u r i n g  

x N m - -  & l h P  by  giving t h 4 i ~ '  names. Nd~nell c X P L P S S ~ O R S  a r e  u s e f u l  f o r  

d c a l i n q  v i t h  r - sxprarcs ions:  r - x p r a s s i o n s  c a n  ba h v i l t  UP f r ~ m  

s u b - e x p r ~ ~ s i c t l s  u s i n s  the%tani ta r t3  LISP functions, or t h e y _  can he 

moaif ica  t i m a  of oth'er e x p r e s s i o n s  (e . g .  b y  r e p l a c i n q  " $ X F K I f  with 

t ' F I : i 3 f t ) .  k'amed e x p r e s s i o n s  alsv vdn  b e  e a s i l y  decomposed into 

t h e i r :  s u b - e x p r e s s i o n s .  This i s  u s c f 6 1  f o r  v e r i f y i n ?  t h a t  a 

c K a n g e  ic t h ~  rrrol.lel produces  the i n t e h i T e d  c h a n g e  i n  *t k l  e 

interpretation o f  t h a t  s u b - e x p ~ t : s s i o r i ,  Names f o r  e x p r e s s i o n s  

canno t  h e  a n y t h i n g  t h a t  m u l d p h a  m i s t a k e n  f o t  an e x p r e s s i o n ,  t h a t  

is, the aamr c a n n o t  ba a l o g i c a l  co 'ns tan t  c r  a v a r i a b l e .  

* (se-tq mpl -  j ( q p o t c  ( t n e r f - i s  u ( n e c e s s a r i l y -  ( e q d a l  j) ) ) j ) 



> (9129E'-IS U ( N G i E S S h h L L Y  ( Q C r j P L  U J))) 
* ( i n t  erp)  
> 
> E N T E R  PIEAN'INGFUL B.YPZLSs?c?l (NLL = I:@ VORP) 
* m P l - j  
> (THEF:P"iL 'rJ ( N T i F S 3  A 5 I L Y  ( ' E Q U A L  (1 J) ) ) 
>' E I P E B S S I C ? ~  I E  ,OF TYPE TS 
> F ~ E E  V A R ~ J ~ L F S :  S O K L  
> 0 K ? 

-2 
-I+.LI S a v i n g  -I.I a n d  --ill.-I--- G e s t u r i ~ g  - a ----- :!ode1 

? lTSy? . lSF  i n c l u d a s  3 f a c i l i t y  t o r  s%a.vi ng a n d  reseorinq t h e  

i n t e r n a l  korm of -2 3aPa s t r u c t ~ ~ r s .  T h s  cur rent  m o d ~ l  is a list 

nqmed 3 O D Z L ;  it car, b e  s a v d  for,latcr use w i t h  t h e  command 

( C I t t C K P C Z N T  mo&ol. f i lprarns  ?;ODtL) 

T h i s  cotnmand uill tarmi-nate t h e  e x e c u t i o c  of  t h e  program, a n d  

t h e r e f o r e  o n l y  oornp1~t.z modcls shau ld  b~ savst i .  Nhgn  t h e  model, 

is h t e r  r ~ s t o r e d ,  char;q~E c a n  ht. f inde o g l y  w i t h  t h e  commands i n  

t h ?  fo l Jowing  s e c t i o n s ,  

AFt5r rest0rir .q t nc -  prcqram, the  user can r.es.tore a sayed 

mofiel d i t h  t h e  :ownan3 

(FSST"I3RF model.  f i l ~ r . a ~ e )  

I f  the-sys tem a l r t a 8 y  c o n t a i n s  a model ,  t h a t  model must be 

d ~ l e t e d  w i t h  t h e  commsnd 

CD'i lEZ' i?  FOCLL' )  

h ; f o r ~  t h e  s aved  modal  is r e s t o r e d  because r e s t o r i n g  a mdeJ.  does 

not c o m p l e t e l y  re pip lac^ a p r e v i c l l s  mcSQ1. 
-..)I 



T h e  m o d ~ l  can b e  c h a n g e d  by a d a i n g  o r  d e l e t i n g  f u n c t i o n s  o r  

b y  modif  y i n q  t h e  s p + c i f i c a t i o n s  cf possible d e n o t a t i o n s  or by 

modifyinq the s p e c i f i c a t i o n  c f4  t h o  meaninq f u n c t i o n  F. T h e  s e t  

of t y g r s ,  a n d  t h e  sets. euf ~ n t i t i 3 5 ,  p o s s i b l e  w o r l d s ,  moments i n  

time, a n d  p o i n t s  of reT+rencr b c  c h a n q e d .  

A d d i t i o n  of Eunot io r i s  to t1:a m o 3 ~ 1  is i n i f ; : i , & t ~ d  by t h e  

command ACD ( o r  d 2 1 i S 2 )  w i t h  t h e  cperand !Cl_SLTS (or. D-SET, 

F U N C T I C N S ,  F'JNCT'GIJ, DENC7'IATIC\3Sr of LiENCTk'TXUN) . ThCS s y s t e m  

p r o m p t  t h s  user f o r  the  + y n e  ~f t h e   function^ *to,-be enf a d e d  a n d  

t h e n  f o l l c w s  t&e  p r o m p t i n q  s e q u e n c e  u s e d  i n  t h g  , i n i t i a l  e n t r y  of 

f u n c t i o n s  into t - b a t  D - s e t .  T h e  user is t h e n  p r o m p t e d .  f o r  t h e  

t y p e  bE t h e  n ~ x t  g r o u p  of f u n c t i o n s  t o  b e  ~ p t e r e d  a'nd t h i s  

sequence is repeated u c t i l  a l l  t h e  new f u r i c t i o n s  havs  b e e n  

* ( a d d  f u n c t i o n )  
> cl . p -"- R "  

i TYEL GF J - L Z 3 E S T S  P E  A D D E ' C  ( K X L  = KO HOKE) : 
* 4 s ,  e> 
> 
> + * ~ * E ~ ~ z : E L . - T : : G  : - ~ : y ; z l ; ~ ~  CE' 9 - (c - 0  j -. ~ ~ ~ ~ ~ p ~ ~ i  C O C : ~ ~ T , C  - 

> Xq2Y R E E  F ~ ! & c T I , ) A ~  0 D - 5 ,.TO L-F' , .  
> THJ*? IS, F'?Oh P4>INTS PF F E F E F E w G E  TO E F l , , ~ r a ,  T'T-' '- 

> m THEY NSLL 3 L H v u u n y  C F  F F ~ E  .THE L G G I C A L  C O K S T R N T - C :  
> J, 3 ;  B ,  ?;a 

> 
=, 0,s = 1 x 1 ,  221 
> I2 - 3 =- [53; H A ,  51;. N A ]  
> 
> - EHTEF A FCE .7ZE?:;-Ii; . (4IL = t i0 & O F F )  
* i cema 
> ENTEF A KALrJF C,?.. N Z L ,  29"rFACH AiGULEN' ; : :  
> fl = K*71 > 
*ma 
> IL = <1,2> 



F u n c t i o n s  2r.a . lelcted f r o n  t h e  m o d e f  , k i t h  t h e  command D f T d T E  

a n d  t h e  o p e r a n d  PUXCTIGSS ( o r  FrJn:C2:OE:, P Z K O T A X I C Y S ,  DPROTATIOF) . 
Th$ u s ~ r  is p r o m p t e . 1  f o r  t h.? list of f u n c t i o n s  to h e  d e l e t e d .  

l ' h e * f u n c t i o n s  in tnis l i s t  mav be i r ,  a n y  order a n d  of any m i x  of 

* ( d e l e t . ~  -f u n c t i o ~ )  
> " CE'  F ~ T J C T ~ O ~ : ~  TQ EF 31 L E m I ; , T :  
* ( s e t  I- men). 
> 5 . Z T l - ? I E E , ~  D Z i . E . 2 P 2 ,  

T h e  s p e c i f  I c a t  ior;s of f u r , e ; t i o r , s  car: h e  m o d i f i e d  w i t h  t h e  

command 3i)OIFY a n d  o p ~ r m 2  FU-KC';: 151; S (or F1Jl;C TIOK 

DENOT?,TTC)Y S , CiN0TA' ; ' I c )E ' )  The s y s t e m  r sques t s  t h e  name of t h e  

f u n c t i o n  t o  h a  mod-i-Z-ied, an4 then 'iia l i s t  cf ar-gurnerts f o r  which 

the v a l u e  of t i l e  f u r i c t i o n  is t-o be c h a n g e d .  T h e  s p ' e c i f i c a t i o n  of 

t1Qe r . 2 ~  v a l u e s  f o r  t h e s e  a r g u m e n t s  follows t h e  metho4 u s e d  to 

o r i g i ~ a l l - y  s p e c i f y  '*,he v a l u e s ,  T h i s  s e a u p - h c e  is r=lpeatted f o r  

each o f  t h ~  f u n c t i o n s  to b e  ~ o d i E i - 2 ~ i .  

* ( m o d i f y  function) 
> EN1?"!zF F 'JSC ' iTQK TO 8E ' . ! C D I F I I Q  ( Y T L  = FIOFB) : 
*1'3 
> - H I S  .ZLZ:IILNi' OF D -. I A V = I V / I V  S . F ~ Z O P I  D IIC < ~ , c ~ = I v >  



> TO 0 C ? ? = I V  
> TYAT IS, k h 0 ~  P R O F L F T I F S  CP 1 N D ; V I D U A L  CONCOPTS TO SETS OF 

T h e  s p e c i f i ~ a t i o n  of  t h e  w a n i n g  f u n c t i o a  F is m a d i f i e d  w i t h  

t h e  command ( X O D X F Y  I?), T h e  m o d Z E i c a t i o n  p r o c e e d s  in s t . e p s :  t h e  

system p r o m p t s  t h e  u s e t  f o r  a t y p z  a n d  t h e  list of l p q i c a l  

c o n s t a n t s  of t h a t  t y p e  f o r  w h i c h  t i ~ c  va , lu ; j  of  F is to b e  c h a n q e d ,  

a n d  theh prompts  t h e  U S P L  €01: t . h @  n e w  v a l u e s  i n  th+t same manner 

a s  i n  t h e  o r i q i n a l  specification of F. 

* ( m o d i f y  f f 
> 5 1YPE O F  L 9 G I C A L  CONSTA&CrS WIjC5E VALIJLS OF ? 
> F r Z  '20 E E  ? .3DIF24P ( N I L  = ?:C >!OFF) : 

* f: > T i  T LIZT 3 F  ",HEX L O G I C A L  Cc1;S"INZS: 
* ((b n )  
> T H 2  V A L 3 i . S  O F ,  F 325 THEST C O b S ' P A N T E  A F E  E L E P Z N T S  OF 
> D - < ( I k ' D I V T D r J A L  .CCYCE:FTS) .  
> 
> ,  L 3 G I C A L  C O E S 5 X N Z S :  b, N. 
> D - <$, F >  = [ I C z J 3 ,  1 C m E A )  
> 
> P O F  E K H  CON;-TA~:T ^ I  H ~ I E F  THE V A L ' J E  OF F O F  NIL: 
> i3 
*io b i  
> N 
*ic- n a  
> 



G . &Lsii~l gons-qlt ,s  

T h e  l o r l i c a l  c a n s t a n t s  e f .  P X  & r e  h u i l t  i n t o  t h ~ !  System, 

T h e s a  c d n s C a l l t s  can t.2 c i l a r r ~ s d  l u z i r l q  till. i n i t i a l  t 3 n t r y  of  a 

model,  as  n l c t  of f h z  ( 5 h l E i .  dCPL,L)  ccraand, o r  l a t ~ r  v i t a  t h e  

 AD^, cNlEF, and C E L i T 3  c c m m a ~ d s ~  

O u r i n , ~  e n t r y  o f  3 n : c ~ l ~ l ,  t h e  s y s t e m  f i r s t  p r o m p t s  f o r  t h e  

t y p e ,  i n t e n s i ~ n l z l  o r  sx te r . s ionL? l ,  of &ode1 to b e  e h t e r e d ,  T h e  

system then asks If the b u i l t - i n  c o n s t a ~ t s  a r e  to b changed. if 

so, t h e  ~ y ~ t i ~ [ i  p r t 3 = n t s  t i l a  ccnst:rr,t.s s u b t y ~ e  b y  s u b t y p e ,  and 

a s k s  f o r  i r l ~ t i o ! i s  d r id  a d d i t i o n s  t e a c h  list. 

> 33 YP'Ct M LSN CIiANGi, T i  35 !:A U i T  L L ' G I C h L  C G X S T A I I T S ?  
* Y 
> 
> ~7 A & J ,  V'SDEF - : . Cp? 3 3 3  q:X!;?:Qz 2 F  QCiLZl A S  S L Z A F - A T 3 F S  IN LI5-5. 

8 ' 
> L ~ ) ~ ; ; c A L  C Q J S T A Y T S  d~ ? PF;: J,+ I.' . . c  c., N .  
> o'(? 
* n  
> EX,, - L I S T  ;IF cCb+," 'I i l ,TS 7'2 E l  C Y F 1 2 . V E 2  FFCX T i i i S  L I S T .  
* ( n )  
> ;.STor'F '" " 

, .,,, L - ~ L  C F  CQi:SI;AgT-IS TC P? ALrir 7915 XIST. 
* n i l .  
> L ~ G ~ C ~ I ,  S i .  ,"F TYPE F P F i :  J, 3 r  
> O K ?  

* Y S  

A f t e r  the n r o l ~ l  h a s  heFir. s n t t l ~ s d ,  c o - n s t a n t s  a r e  a d d e d  w i t h  

t h e  command A D D  (~3r  rXTI.5) rind t h e  ope rand  L C I G I C X L  - CCNSTANTS '(or 

Lr3GLCAL - A ,  C t ' N S T k K I S ,  2CNSYA?4T) . Th e a d d i t i i o n  procee 1s 



s u b t y p e  by s ~ ~ h t y p e ,  F i r s t ,  t h e  system prompts  t o r  t h e  list of 

new c o n s t a n t s  of t h a t  s u b t v p e ,  a n d  then &for the v a l u e s  of the 

maaninq f u 1 r ~ t i 0 1 1  F f o r  t h o s e  ' c o n s t a n t s ,  

+ ( a d d  c o n s l a n t )  
> ENTSE X Y Y i  81: L O G I C A L  c'ONSTA?ITs TP D L ,  A D D E D  ( I  = NO ;tv;OEE) : 
* i v  
> J . J2GI :C4i  CPNbTXKTS O F  T Y P P  T V  A5E: F U F ,  W A L K ,  " 'AX*$,  FIS,P\, 
> C H A N G E ,  
> E E T A R  L T s T  2 F  ZCINSTKhTS TP P'F ACCFD: 
* (swim) 
3 
> 1 V P L U I S  O E  F FJE THYSF TCNSYASTS A P E  LLX?!LNTS PF 
> D < S , V  ( E 5 0 P E F T 5 E S  G F  1 h f 1 ~ I d f l ~ L  C O N C E P T S )  , 
> 
> L X L C k L  COESXANS:  SSI!l, 
> D-CS,Ch=IV> = ( C t  , C1, t 2 1  
> b. 

9 F O E  ER0!1  C i i N S T k h T ,  Lw-PR TH? VALUF OF F CF K I L :  
> SWI?", 
4 ~ 2  
> 
> YSTEE T Y P F  O F  i ! 3 G I C A L  CP35' IaNTS T O  F?e 4 C I ' T D  ( 1  = NO ?!OPE) : 

r 
*nil 

Constants  a r e  3e1tatf9~3 w i t h  t h e  command EELH'TS a n d  t h e  

CONSTANTS,  

C g N S T A N I )  . T h e  u s G r  is y r o m ~ t ; . d  fm t h e  list of c o r , s t a n t s  to b e  

d e l e t e d ,  I-" -he c o n s t a n t s  i n  + h i s  iist may b e  in a c y  o r d e r  a n d  of  

a n y  m i x  o f  t y p e s .  

* ( d e l a t e  constants) 
> E5TCelE L I S T  F ~a)f ;TCr; . i ,  CPNSSfU?';:S 50 E E  C h L X T Z Q :  
* ( m  rise chanqe  t empera tu re  P e l i e v e - t h a t )  
> CFLZT;3D, 
> F I S Z  CEL ETZD. 
> CHAKGL i l E Z Z T L P .  



ChangLhg bgia$le Pp?fixe_s 11. --rc- 

A s e t  of v a r i a h l ~  p r e t i x ~ s  is b u i l t  i n t o  t h e  system, 

O h q r l q e s  a r c  ms,lu w i t h  t h e  comman~ls A C U ,  $N?'EE, CFLETZ a n d  FIQDZFY 

a n d  t i le  o p e r a n d  V A G I A B L E  - E F E F T X I C  ( o r  VAkZkErLX - P b F ' F I X ,  V A F I A B L R S ,  

V A 5 1  P D L X  2;' F f  k F F X Y  S t  ~ F b Z F I X )  , 

h a9.di.t i o ~  1 d ~ l t t i ~ t l  O F  vacZab1t. p r e f i x e s  proceeds  a s  

t o r  l o q l c d l  corstdnts, C X C - C U ~  t h d t  p r e f i x e s  a r a  q i v a n  o n l y -  f o r  

s e m a n t i c  t y p e s ,  a n d  n o t  f o r  c - r l b t y n e s .  

mh-? cbmmanl 1:J?:FY a l l o w s  t h r  use5 to r e p l a c e  t h e  current  

pref ixes  of a t y p e  in a s i n g l e  s t e ~ ,  r a t h e r  t h a n  goin,g t h r o u g h  

t h e  two S t e p s  of a d d i n o  and d e l e t j n q  p r e f i x e s ,  If o n l y  some sf 

t h e  p r e f i x e s  o t  a t y p e  tire t o  h e  c h a n j a d ,  t h e  list ~f +.he 'newr 

> 
> E N Y E ,  TYPF O F  VASIAl '+L l  F E F F I Y F S  I? E?E F F -  S F i  (?;:I?= KO ?:OR,7) : 
*<s,<e?,ts>> 
> X t F V I O U 5  P: -FIX":S WEFE: 
F - - - . I T . -  FSTFF L I S T  O F  N 3 V  V A S I F E I  E rh:r,.f,,c: 
* b') 

I. QineJhyiig tke j cdy l  m$ &jt C ~ s m ~ o r . z n + s  --I- - 
S i m ~ l e  ? i s p l a y s  
LYI ..-.I- -*.I 

T h s  b a s i c  i n f o r m a t i o r !  a b o u t  a compo-tept  o r  element o f  the '  

model can  b e  d i s r l a y ~ i l  b y  e n t e r i r g  i t s  : l a m  ( w i r h o u t  pa ren theses )  

inst eaJ of ;3 c ~ i n n a n  ,I ,  F o r  e x a n p l e ,  d n t e r i n q  FLNIITIPLC:I 





' : h ~  c o m ~ n n ; 9  32"-WLAY -w Su'fdLFE - IBZra3 t a k e s  as  i ts  ( a r g u a e ~ t  one of 

t h e  f o l l o w i n u :  9 - SETS,  F i r K C T I C S S ,  t1:c name o f  a s e t  of p o s $ i b l ~  

d e n o t a t i o n s ,  o r  t h d  narnc. o f  a p ~ s s l b l e  d e ~ m t a t i ~ ~ ~ *  "he d i s p l a y  

of a p o s s i h l t '  J z n o t a t i o ~  q i v e s  not*  o z l y  i t s  specification, hut 

also t h a  l is t  0,: r u n c t i o ~ ~ s  i ~ .  w h i c h  it is user! 3% a valuz. 

* (display - w h e t e  -&sea c p 6 )  
> BJ = 71. 

A u x i l i a r ~  C o m m a n d s  J *  -------- -------- 
D i s ~ l a y  t h e  comna-iids 
-.I.--.) .-- 111.". --"--I-- 

f be user can 82xasine t h e  a v a  i l a h l e  system comma.nds w i t h  the 

comm3nd DISPLAY ~ n d  drip of  t h l - t a e  o p e r a n d s .  i f  t h e  o p e r a n d  

LtC:<?.AN1?5 is u s ~ d ,  t h C  s y s t e m  w i l i -  pz;i,r,t t h e  n a m e s  o f  t h e  

comaiands, 7he ppcr=in-l C C X ? : X A C S F . O P ~ F A S D S  a l s o  prints t h e  o o s s i b l e  

o p e r a n d s  f o r  z a ~ h  cvmmand. When t h e ?  n a m s  of a coamand is the 

o p e r a c d ,  its p o s s i b l e  a r g u m e n t s  a r e  p r i n t ~ d .  

f o rma  o f  r u n c t i o c s  c h a n s l ~ r  t p e  o u t ~ u l  ---- -- -----_-- ---- 
';hG o u t p u t  fo rma$  f o r  f u n c t i c n s  can b e  c h a n g e d  w i t h  the 

corpmand s ~ s ~ ~ - * I ' N  - FdFYr \T .  Unless char.ned by t h a  u s s r ,  t h e  system 

uses F U L L  f o r m a t :  f u n r t i o n s  a r e  p r i r i t r c ? ,  a s  se ts ,  properties a n d  

- .  r e l a t i o n s .  ,n t h e  TE3SF f d r m a t ,  tile c o n v e r s i o n  3f f u n c t i o ~ s  i n t o  



s e t s ,  p r o p e r t i e s  a n d  relations is dolie o n l y  en the  t o p  level; if 

the f i r s t  compcneDt o f  a r e l a t i o n  is a s e t ,  t h e  s y s t e h  will p r i n t  

t h e  name o f  t h e  f u n c t i o n  q i v i n q  t h a t  s e t  r a t h e r  t h a n  t h e  s e t  

i t s e l f ,  T h 3  t h i r d  forma-t is Q F D 7 F A L  - P F I F S  a n d  in t h i s  forf ia t  the  

f u n c t i o n s  a re p r i n t e d  a s  s e t s  o f  o f d e r e d  p a i r q  

(c'arqumt?nt:, v a l u e > ) .  Tile C O B ~ ~ C ~  p rompts  + h g  b s u r  t o  enter t h e  

came o t  the  n e k  t o r m a t ,  

Checkus  L& &y&e of  2 _o?i~_rs_s_ig$ .11--.- - LI 
T h e  wel l - formedness  a n d  t y p e  of  a n  e x p r e s s i o n  c a n  b e  c h ~ c k e d  

w i t h  ttlc comma1111. "YPS - (3F - SXP, " t e  p r d n ~ p t i n q  d o n t  by t h i s  command 

4 s  t h e  same a s  t h e  f i r s t  Far? of T:4TEE-P. I t  alsd s h a r e s  t h e  

P 3 E V I 9 U 3  e x p r e s s i o n  f z a t u r e  w i t h  +LhTE?P. 

F e s e t t i n y  t h ~  p r i ~ t  1i.m 
-MI----- --u c---- ---- 
T f  t h e  user ahnormal ly  t e r ~ i n a t e s  I N T F F P  i n  t h e  midr i le  of an 

i n t e r p r . s t a t i o n ,  the cha rac t e r s  used i n  the i c d c n  t i n g  scheme w i l l  

be f rozen  i n  t h e  p r i n t  l i n e ,  thqt is, they will b e  p r i n t e d  o u t  a t  

t h e  beg i h n i n g  of subseauer,  t l i n e s ,  To remove these charac te r s  

invoke t h e  coamand R5525- F F I t ~ T - L I S L .  



J. Fkiecirnal: ,  No,:cs on 3 n  i n t e r s i c r , t l  1 c q i c  f o ~  F c q l i s h  *:I: A 
u n i q u z  reduced .tsrm t o r  u f t t s  of  XI., 8-*1C,  Tilt! ? t : i v i r r s i t y  of 

* q ' ' . $ r  n i c h i q a n ,  A n n  A ~ h o r ,  b i c h . ,  

I n t e n s i o ~ d  9 n d  Yi: her-crder :'.udal u'k, h ' s z t h -  3 d n i t ; l  i - --- -r' -- 
H o l l a n d  P u b l i s t i n n  i c m p a ~ y ,  4 r z a s ~  a G 7 9 X -  

J. H i n t i k k a ,  J. ? :or (~vcs ik ;  3 F S u p  PS ( , & ~ ~ g = B g g  $2 
Natural L i r . c ~ u a q r ,  6 e i L 3 t l ,  7orilrcc!1t, 
--I-- -- 7 9 7 3 ,  

J e r r y  F .  i l o b b s  8.c 1 . S t a c l ~ y  J. S o s e ~ s c h t l l n ~  ::akicg corn 
sense of Z c n t a g u c l s  i n t i  r . s l s n ; l l  7 c q i c ,  --I-- A r t i f i c i a l  3T.tel: 
( 1 9 7 Q ) ,  297-3"F.. 

F i c h a r d  Yon:a?u~, " h e  r e  r r t a rmer i t  c'f q ~ a ~ t i f i c a t i o ' r ~  i n  
b r ? i n a r v  FJ~qlisk-, (2I .Q)  , in ! ? I r , t i ~ k . a  -- e t  -ao a1 f 1'373, 2 2 1 - 2 4 2 ;  

"U7. -27 ' - ,  r z ~ r i c t e d  ir. U o r . t a ~ * ~ o ,  Y F . 7 b t  A 

K i c h a r d  ? d n t 3 q u - f ,  ' ~ ~ r n g &  J t i l o s ~ t y ;  zelzctt3 - -- !?agrrs of E i c h a r d  
Xontaqsw, ----- eciice?. 3 v l tk  ar. 1 n f  r sduc ' f l o r ,  X v  ~ ~ c ~ o r . J - ~ ~ o a a s ~ ~ .  
Yale O r i v ~ z s i c y  Friass, h e w  Havcr?, 1 9 7 4 .  

D. Yoran,  c : ' n ~ . r ? c ? i r , ~ ~  c t y p e s  i.1,  t h ~  i ~ t e r p r e t d t i o n  syst~nr, 
s Z C 3 ~ & h i U i i ~ ,  ? I J ~ I :  r \ ~ t ~ 3 1  ~ i c b . .  , 5 - 7 ,  T b e  U n i v e f S i t v  cf ,A f o r t  k . c g s ~ ~ n y - .  

9 ,  ? : b r a n ,  , , i n r o g : a a ~ + r s *  d e c c r i p t i a r .  cf  t h e  iri ter <rrt a r ' i ' n  
s y s t e ~ ,  ?:-tt3( - n s  [ ' n i v t - r s i t  y o f  c i a  Znnn Arbor ,  2 i c?. . ,- 
f o r t  hcorlli n c ~  . 
D a v i i  S . ,X.- i r rez,  a t r 3 r . s l a t i c n  ijzoqram " f o r  the qraamar  cf ? ? a ,  
T h c  3 n i v ~ r s i t y  o f 6 - . : i ~ t ; i g a r . ,  Fctl Erbor, Y.ichr , 13'75. 



T h i s  s e s s i o n  p d r a i l a l s  t h e  d e v e l o p m e n t  and  use of t h e  Simple 
model g i v e n  i n  ~ r i e d m a n ,  Coran,.and Warren (this f i c h e ) .  lp this 
model, t h e r e  are two ent i t , ies ,  JQ arrd @'N, an8 two p o i n t s  of 
reference,  I1 a n d  J2. JC 'wa lks  a t -  b o t h  p o i n t s  of  r~ference, UN 
walk$ only a t  12. In 12, t h e  i n d i p i d u a l  ccncqpt  for UN  has t h e  
proper ty  oi * u n i c c r n k o o d * .  

& tsrun * l i s p  t=, 
~ s t o v s  ~ n t e r p )  

* en t ex. npd44)  'I" 
> a3 YOU w ; l ~ ~  A N  T , E I T E : ~ ~ S ~ : G ~ ~ . L ,  r r o r ! ~ ~ ~  
"Y 
3 DO YQU WISE' 'IC, i H A h t i E  4 rEFXUL:'? L O G I C A L  CONSTLNTS? 
*n 
> 
> F 3 E f N C E F :  , C O X ? > P  CCr!kiOfin F E  USED AS SZPPAFTVi*.S IN LIS*TS.. 
>" I"NT?r LiS"1F i,, ,T;ITPELCI) 
*(jo un) 
> 3 Y T d L  L I Z %  O F  Pi iSSi i ) I .3  kOFLI'!:. 
* (here) 
> r d N T 7 F  L I S T  F 0 .  3h3 I ,  ih' I N C L E A S X h G  CEDES, 
* ( t h e n  P O W )  
> 29IN':S I ?  F 5 C  ( T Y C I C E S )  : 
> 11 = < i i l ; . s F : , - ~ ~ ~ >  
> I2 = < f ~ < r n Y , H O % >  
> 
> ****iCETTLI?IiG 2 C F  C -. < C  % ,5> - I N D I V I D U A L  C C N C F P T F  
> T I i E Y  A R X  FO!JCIIJKS FCC:! D - I 13 D - r,, 
> T Y A T  IS, F F 3 E  P C I N T S  G F i  F F F E F E & O E  LQ! E N T I T I E S .  
> T r L Y  KiLi Pi:  2Iil'. V A L U E S  O F  F ?3F IEie L O G L C X L  COKST4h 'TS:  
> J,* 3 ,  B, s. 
> 
> a_$ ~ I I ,  I%$ 
> C - E = { J O ,  3x-j 
> 
3 ENTPI; P4Ar.z. ' * "  FCT ,. I I. (KsIL = K O  XCEZ)  , 5 7 p' 1. fl' 

*a0  
> -- z ? l + T l i F l  V A L U T .  93 S I I  F O F  EnCF!  A E G U E 5 f ; ' ; ' :  
3 I? = < I ~ ~ F L , ? : H E Y >  
* j o  
> 12 = < H E E E , V C W >  
* j o  
> -I- -7 LC E h ~ r 2 Z 9 ,  
> 
> Ei;IoF 3 C LLdTTzh '7 .  (E 'ZI .  = H C  P!OirE) . 
da 3 
> E h T E R  k V a & U i  C 5  S I L  FOE E P C H  kEGUCE53:  
> E l  = <HEFi , I ,Nf ; : ;>  
*un 



> I2 = < H E F E , N O W >  
*u n 
> A ?  EKTEEED* 
> 
> EhT3F N A P E  FCF 3 L E f i F N ' f : *  (NIL = NO R 0 F E ) ,  
* n i l  
> ***#I2 <S,E> * I N D I V 1 : D U P . L  C C K C 9 P I S  
> ~ ~ ? I A I K :  D - 5 = 1 I:) 
> FANGE: " D _ r .  = ,  $JO, r ~ $ )  
> A 3  = [ < T L J O > ,  Yf2,JC>) 
> ~3 = [ < 2 l  ,TI?;>, < T ~ # U N > ]  
> 
> * * * * E N I T F i E ; G  T:iL. F U Y C T I I O N  F FCC * i & G I C i \ L  C G B S T A E T S  O F  TYPE E 
> T H E  V A L  G F FCX; '1''fiESE C O N S T A K T S  ALE E L E E Z N T S  O F  
> D-<St F >  , ( T N P I V I D ' ; T A L  CC'JC!?r"!:S)'e 
> 
> L U C ~ C A L  CQSSIA:ITS: J, v , P C  -I 0 .  

> I2 - <5,F> = ( . a C ,  A ? )  
> 
> F O F  E 4 C E  CJKSTX:?? ,  !YST?F* THE V A L U E  @ F  F t'T N I L :  
> J 
* a 2  
> .* M 

* a 3  
> E 
*nil 
> N 
v n i l  
> 
> + * * + F 6 ; E h  I E G  L OF C,CN=&V -- S E T 5  OF I E 3 1 V I D ' J P L  
> C o Y c E P T S  
> T Y E Y  Ah3 F 3 N C ~ I O N S  F k C 3  C <S,Y> 'IC O TS, 

ba 1 
- 

> T t i A l  I S  , F63K I S F I V I D U A S  C3?!CLi? lS-  ? \ j -~i  U T E  V A L U E S +  
> TH5Y W I Z L  I3X t :HE OZ:;CCATIOh'S. Q F  1 L G G i C R L  C C Y S I ' A S T S :  
> IYq?;, Wi)E,hS, P X Z K ,  FISH, PYK,  U ? ~ I C C E B . ;  P P I C L ,  I ~ E P E F A T T ~ F E ,  
> F U h ,  W A L K ,  . r f A I K ,  FIST, CH A N G F .  
> 
> C -<s ,w> = A ,  4 3 )  
> D-ts - = .  (11, 11 
> 
> r .- * -  -- A F O T  ,Ir,,:,t~?. ( N I L  = KG K C E E ) ,  
*bO 
> 3 A V A L U E  O K  N'IL T C R  EACi I  AFGU?:ZKT:  
> A 3  = (< .Ll , JCI> <G 80>) 
*'I 
> A 3  = [<It,tTlj>, < I 2 , V f ; > f  
*; 
> 5 5  E N ' 1 3 h E D .  
> 
> C ~ T P P  fi4:It: 7 C f  ;Ld\'YlLI. (SZL = NO ? O B I ; )  . 
* b 1 5  
> w 

t Y " Z g  A VALLTJtu CF N I L  F C S  Z F C H  A F G ' J K 5 h - T :  
> k = { < I i , J C > ,  <Z?,JC>) 



*I > A3 = < I N  < I i , v S > ]  
* 1 
> b  e l 5   ken, 
> 
2 ENTFF N'AEB FOF SkEEE+Z.  (NIL = N O  EOGF) .  
*nil 
> ****D C N = I V  - SETS, ,  OF I P I M V T P U A L  CCNCEPTS 
> C O Y T ~ N :  c <s,r:> = ( ~ 2 , ~  A ? )  
> F A Y G E :  ' n-TS -... = (,?I 
> B = (t) 
> u l 5  *= A ,  A39 
> 
3 * ELEPV2N12S O F  D I < C , C l I = I V >  FE;OP.d!3T~ES OF 
> ~ N D I - V J D ~ J A L  C O N ~ E P T S  
3 TIiEY Ahk F U N C T I ! W S  0 .  I> - S TO t) CN=I .V ,  
> r s ,  F ~ O K  POIN:C OF I E ? E K ~ E ; N C ~ ' T O  S E X  C F  I K Q I V I D I J A L  
> CONCEPT$*,  
> T A E Y  W I L I  P F ,  7ti? VALUES CF F F 3 F  TI tE  L O G I C A L  CON$'?,.\PTS: 
> B A N ,  W U ~ A N ,  P A F K ,  FISH,.  F L H ,  c ,  P R I C Z ,  I E E * ~ : F B A ~ T J F E ,  
> F U N ;  WALK', TALK, FISL, C'FIAVGP.  
> 
> 3 - S = (11, 32) - > &CN=-V = (Dl,' "5) 
> 
> ~ X T E ~  KA5F FCF ELEb:F,?.JTs ( 1 J I L  = 1;n tic&?). 
*cG 
> E Y T b 3  'A Y A L U E ,  OI t  N I L  0 EACH jZiiGU?IEKc'T: 
> 11 = < H C F L , ~ H E . N >  * b0 
> I2 = CHEE.S,NCW> 
*b! 
7 NO S U C H  2LEMENG's  E ~ F I A I K .  
> (1:HFCKG . ~ ~ A H I ' ;  2 0 W I L L  BE iNTF21 ,3  L A l F ;  3-d.NTEE yn rd '; 
> - 2  E Y N C T I C N  A S  USFPECIFTEAF FOF ALL AFGtIMTfEJTS) , 
* 3 
> T H I S  PLZJ5PKu2 OF D C?!,=ITJ IS P F3!iC'?LOEd F F C E  C <S,E> TO D-TS, 
> T H A T  IS, F F Q P  ~ : . ; C ~ V I D I ~ A L  C C K C E P ' ; ~  TO f ~ g z g  VXLUES. 

E K 5 F  A VALUE OE N I L  FCF E F C Y  & F G W E K T :  
AL = {<L"4.t30>, <fZ,JG>I 



> B'O5 =* C A P ,  A31 
> b l  = [ A 3 1  
> 
> ~ E S U E S  S P Z C L ~ ~ C ~ T I O N  C F  e p  
> 
> C" & N T E S T D .  
> 
> 3 N t . l $ F  GA:!'r. F L F  FLF?lLKT.  ( N i L  = Eun i Y C F E ) *  
*cl 
> ENTEi? A V A L U L  ? F  EIL F('F F A C V  f i h G U ? i k ; X T :  
> 11 = fi2FI.: ,TI iZ ,V> 
* b 1 5  
> 1.3 , ,c - <t - IEFF ,NCW> 
*bIO 
> NO SUCH ELi;?:EY%. L X r I A I K .  
> ( " t * W h d N G  NXt!T; 2 - H I L L  PsF : d Y P C E i ? ~ 3  4 3% LNI 'PF NOW; 
> E X  V J h C I r O ? !  $ 5  1 1 K S F E C I F i L C  FOI. A L L  AFGUISfSSTS) , 
+ 2 
> Cl '  E ? I T E S i I ' *  
> 
> F EAI..? F G Z  r r x i - s ~ . ~  ( r r r ~  = ~ c l  X C F E ) .  

% 

~42% 
> 3 ,h ' m -  ,L" V , 3 L i J E S O i ?  Y T L  F O S  E 3 C H  k F G U ? i 2 h i :  

3 11 -; <H'CFf',::tjr?;, .> 
*a 
> 2 X P S C T Z J 2  7 , :  ? C F  T Y F T  C 1 ; = I V ,  E U Y F O I ' S D  
> 9 N  F L P ~ E N P  OF TYPE ( 5 , l . b .  EN'TC7 &SW N A I F .  
* bC? 
> . . 

113 S'JCFI 2 L F Y T S L w  L X P Z .ST 1; . 
> - 4  4 ;  '7-jt ',TLi F.1 E S T E T  LC L ; 3 - 5 h ' I E F -  *Vb'?'Su'; 
> F m  F U h C I I G a '  r J l :SPFC3FIbG FOE A L L  AXG"J!FNTS) 
* I  
> ZSTXZ," L ' \3F(T LC? KA!I"C:< * b: 
> I? = C:j , iS?,  S C W >  
* b.5 
> YO S U C H  FL>>iEX,.. 2 X P L A Z K .  
> - - ?  - (I-.WKF:;G $$):F.;' ~ * - N , L L  EF EYTT.; i .LD LAZ35.; X-E~IISF.  BOW; 

, t - 1  

3 2 F I J S C T I C 3  r J N ? F F C I : F I + Z  FOS ALL AI iGU5ESTS)  *, 
* 2 
> -F,- - C C  L N I L - ~ L C ~  
> 
> Z S T L E  S k 2 - 2  P C ?  3L3?42Kr, ( E I L  = f I C h Z ) .  
$nil 
> %***::~:.f~~l:a rj!;SF:c:i;lFr: EIEh'T$l\ITS j ,  p j .  
> 
> - h a + \  TFIE3E L OF,-& - C ? a = I V  F F E  i . ' U h ' C ' : I ~ ? ; $  FF;h ij - < S , ? >  TG D - 3, 
> TY4.I;: 1 5 ,  FFG!: i ' ; :CZVICrJ l 'L  C C N C F P ' i S  TC I F U I f - i  V.3.LUr"S. 
> 
> D - <S,i.. '> = -431 
> 3 3 5  = , 1) 
> 
> i N T 3 F E 1 3 ! ;  B q  



Y ~t DE;.T3R VALUE OF Nil FGF ~ R C H  A ~ G U ~ E N ~ :  
> A L P  = {<XI ,JO>, < Z 2 , d O > )  
*I 
>" A 3  = [<I?,UNY, <v,U621 
+ J  
> E l b  ? N S o F i ? D ,  
> 
a E N T E E I Y ~ ,  ~5 
>* ' ~ J T S R  A, VALUE' QF NIL FOF8  E F C H  X E G U 3 E N T :  
> Ac = [<TI  , L O > ,  TIi,JO>] * 
> 4 3  = {C51,UN>r < I E r U t ' ~ l  
*I 
3 ~25 . ~ P I T E E E C ! ,  
2 * * W R P M L N G  - F 5  L S  : h i  F A ? E  A5 B7 
> 
> **** C - CLJ*-IV e* SZTS OF I N D I V I C r f A L  C C M C F P r S  
> DO~?A;'N.: D _ < S , ~ >  = fAc,  .A31 
> FXNGL: Ui.'TS = {", 'I]. 
> n ,  = fi 
> B.15 * =  [S\-+,:, A ? )  
> 'B1 . = . (A3).  
> 131 4 ,= . (A91 
> s s  = 143) 
> 
3 **HbF'T\TING - ', C - C N r I V  C Q K T A Z N S  E Q U L V A L E N 1 ;  ?LSKENTS.  
> E Q U X V A L Z N T  3L@?KTS:. El, P 5 ,  
> 
> **** C <3;CN=LV> 4FFCPEiiTPHS OF - l . l ~ C T V I D l ! A L  C O K C E P ' I S  
>. E N  il-5 = {I?, I21 
> EA N& : I D c C : J = I V  = fPQ4 ,C.15tr I31 B li . E'.) 
> C '  j<II,  [ I > ,  < I z r  { A 3 ) - > )  
> C h  [Ecllt, [Au,  L3)  ), (12, [ F . t j ) > )  

> c 2  = (<I+, 2 ,  <IS, { \?I ) ) .  
> 
> ****ESTFE.IWG qti3 F U ? ~ ~ T X D ~  F FGF L O G I C A L  CONSTANTS OF TYPE 
> C M = I V  
> ? H E  V A L ~ E S  O F  F FOE T H F S F  CQhSTfi-KS'S Ag?? E L L P F K T S  C? 
> I?-<S, C % = I V >  ( J 3 O O E E F L - E S  CF X f : D Z T V I D U X L  C O K C E P l S )  ,, 
2 
> i o c r c n ~  COHS"~?E;IS~: A , .  , F A I  K, F Z S H ,  PEP, U X I C O F X  I 
> P R I C Z ,  I . E ~ P E B A - ~ ' U F ,  r . 1 1 ~ .  W A L K ,  TALK, ETSE, C H A L G T .  
> D - < S , C N ? I V >  = {CJ, C 1 ,  C 2 3  
> 
> F O P  EACH C 3 N S E R i l T r  Y E  T H E  Vj:LUE G F ' F  CF N I L :  
5 E A 6  
*nil 
> 'alOt<AM 
* n i l  
> P A'E; iZ 
*ni'3 
> PIS ti" 
*nil 



> TE?I L? E FATUFT 
*nil 
> " R U N  
* n i l  
> W A L K  
*cl  
> T A L K  
* n i-1 
> R IS c 
* ni4.?  
> CI.IAh'CE 
* n i l  
> 
> - ****1(FTT? I?;\; L 8'1: C Z f i v = ~ v l / I V  #- FELJT-ZONZ .(TH 
> E X T E ' N S I C N )  as?- wx:~ ; ~ r ? ~ v ~ r  OIL car.cpprs A K C  E E . O P E E . T I ~ P  CF 
> I N D I V I U $ 4 L  C O S C F P ' I S  
> TBhY A h  E Ft lVC?i@!JS  7FO:d. D-<S ,C rV=IV>  T3 La - C X = I V  
> T t i A ?  I ,  F S C Y  P L C F Z F T T E S -  Q n  I ~ ? i I I V X C U A L  ZQKCPPTS '20 LCETS O F  
> I N X V I C ~ T A L  ~ O ~ C E P T S .  
> P H F Y  WILL B Z - T H S ' Q Z F i C T A P I C E S  133 T H E  L 3 G I C A l  CGNSTXK?S: 
> i i A P I C L Y ,  S $ J W L Y ,  V C L U ? ' 1 R F I L Y ,  A L L E G E C i , Y ,  T E ~ ; - T o ,  w T - C ~ Y T O .  
> 
> D - <S ,Cb;=;V> = { C ? ,  C l ,  C 2 )  
> D - C N = I V  = 8 ,  3 1 5 ,  B ' I ,  F ' ? ,  P 3 )  
> 
5 dETXR 6A\:2. F C F  ;"iS:.hh.E. ("L"= K O  ?!C.F:) 
*3C 
> , A VACrJE i>i\ U I L ,  E'cF t I C Y  X3LU:.CS?': 
> ct. = {<I1 ' , I %,3].>) 
* n i l  
> il = (<:I, I:-, a 7 ] ? ,  <I;:, { q r ) > )  
*b12 
> YO ~ Y C H  EL?:-:E&T. E X : ~ L A I K :  
> ( 1 - a F ; O h ' ~  P A Y E ;  iyWT&k E E  <Y'TFFIi) L E ~ S ,  3-ZNTFF GOY'; 
> 4 '  FYElC,TIOS ;.5? r l N - C P E C I F I r D  FOB ALL A R G U U E E : T S ~  . 
* 2  
> -* - 

L L  = {<I?r [ ] ) r  ( T i r  t , k 3 1 > 1  
$ n i l  
> 31 s ~ ~ L ~ u ~ L .  
> 
> \- 1" "*- 

k t  . ,F E A Y F  FQ: E L :  ST; ~ N I L .  = s c  :ioFr) . 
* r i i l .  
> . + :  Uy .5?Pc;FIzD ELEZ'I., Is' 6 1 2 ,  
> 



> D <S,E>  = [WC, A3)  
> D-TS - = 11 
> 
> * -El2 
> E N T S P  A VALU: O P  NIL FCS E A C N  AF<XI~!!!:NT: 
> Aor = {<91,JO>, <IZ,JO>] 
* 1 
> 

'/ 
k3 = I ,  <12 ,UN>)  

* 3  
> ~ 1 2  Fwresr9.- 
> * r W A R N I N l ;  - 131; 15 T H E  S E F F .  $ 5  I??? 
> 
> *t*aC.  C l * = I V  - .3i.:TS OF T N t I V Z E U A L  C Q X C ? r T S  
> ~32Si;h': D-<.S, F >  = { A r ,  A31 
> F A N G E :  D - TS = [$, *1 ]  
> B; = { I  
> 515  = { A ) ,  ~ 2 1  
> bl = ~ n 3 3  
> E l l ,  = t.4 ' 1  
> ~ 3 5  = C k 3 )  
> P I 2  = ( A S )  
> 
> * * W A F K I N G  I-  C-CN=IV CQKTAI!IS F Q U I V A L E N T  FLEMPPITS,. 
> Z Q U Z V A L ' ~ N T  ;~LL~I.~z;:NIJ: h31 ; ~ 5 .  
> X O U I V F , L L f ; T  EL3KLKTS:; - E ~ Q ,  E12. 
> 
I.$ ****C - - 3 A V = 3 V / I V  • - F L L A T I C I F S  t9'K EXTEh.S lO? l )  BETWEEK 
> I N X I V ; p U , L  C 3 L C T P T S  kh '3  P F O P T F 7 I I . S  OF T E P ~ V S D U A L  C ~ N C E P B S  
> D O Y A I ? 1 :  O - <S,CN=IV> = C n i ,  C 2 1  
> E A N G ~ :  U- c r ; = ~ v  = (147, a's, e t ,  5 135, ~ 1 2 1  
> 3 u  t=: { <  I ) ,  CG? r < { A " ) ,  * C I > ,  < { C 2 > )  
> 
3 * * * * E ? j l E 5 I N G  .ZLkNtS?'5 Q F  C < S , i A V = I V j I : V >  - 
> ~ - P L A T I O N S ~ I $ - L B T E E : S I O ~ ;  P P S . ~ % ; ~ N  I L D I V : L U A L  CONCLETS A N D  
> PROF?BTSSS OF I N D I V I D C A L  C C Y C E # I S  
> ?HEY A F f J M C I I d N S  !?FOP: 14-S 0 C - T A V = ' L V / I V , .  
> THAT 'IS, S Q E .  P O I S Z f  OP F E F P ~  Z K C ~  TO ' 3  ~LAPIOXS (IN FXT&$SION) 
> D E T d E Z S  15 D i V I S r ) A L  C 3 N C E F ' I S  FWD 2 3 O P E F  YIFS OF I N D ~ V I D U A L  
> CO!iCTPTSi 
> T H Z F  W9LL 3 2  3 H 5  V A l , U + , S  C+J F F9E  IHZ L O G Z C A L  COKSTANTF: 
> F A P i D L Y ,  S L O W L Y ,  V O ~ U h m A F . I L Y ,  A L L E G ~ ~ L Y ,  T5Y--TO,  X I C H - T C .  
> 
> 9 s = [ J t ,  121) 
> D ~ I A V = ~ : V / I V  = [ D : ) ~  
> 
> f X T 5 F  l;AK"-" F C F  ZL7i. ,L 'fJ ' f .  (Nli = S C  l . ;G&?) 
*SO 
> - m  .- E h r a t  X V E P E  0 3  ! J I L  FOlj EACH AhGUMtST: 
3 . T . 3 . - ?  fp I 1  = < n s r , ,  
*a9 
> '  12 = <H+?FZ,NCW> 
*n il 
> - 1 t!!';fFLD, 



> 
> ENTZF, N P X E  FOE' f L E L ; ~ N T ,  (SIL = S O  K O b E )  , 
*nil 
> ****Dm<!?, . f i \ V = I V / I V >  - FlF,'LATICNS*3S:S*IKILNSIdN BETWEPK 
> Z N D I V I D U A T #  CCNCZPTS Ah6 P F G F E F T 1 : L S  SF Z N L ' I : V 2 D U A L d ~ O N C E P T S  
> D Q H 3 N :  f) S = {I 1 ;  12) 
> FF\NGd: D-IAV=IV/IV* = ( D ? )  
> s: = I , ,  or> ,  A C I > ,  < c;>)>, (12, 
> 
> * * *+FNnFZNG ? t i i  W X C ? I C h  E F C S  L Q G L C A L  t ' 6SSTkN17S  aF TYPF 
> I R ~ I V / I V  
> ? t i t  VALWbS OF P FCF; T H E Y E  COSS"I'4BT5 A F E  "LdI-:SN'rS C p  

> D - ( 5 ,  SAVrIV/ZV> ( F d L A T f : C K S - T , l . ~ - m I E u * I S N S L C ~  E L  l N D i V 3 b U A L  
> C C N C S P T S  A 4 C  TT2PEFI; l .S  17F I S C I V I ~ ~ T A Z  C C N Q P P T S ) .  
> 
> L Q G L C h L  C?hSTAS:?: I A r T D L Y ,  S L C W L Y ,  V J L G N T A S T L Y ,  A L L E G E D L Y ,  
> ?3Y-? :O,  VZS! i= -TG.  
b n - < s , r % v = ~ v / m  = 
> 
> a? r P F O F  EACi!  CO: iSTXNT,  ; 8 , r J n  THE VALIT? OF F'CF SZL: 
> i? XP? G L Y  
* n i l  
> SLOWLY 
* 2 0  
> V O L U N T A 3 I L Y  
*nil 
> ALL?.GEDLY 
*nil 
> TFi Y e *  TO 
*nil 
> U X S  i3- 22 
* n i l .  
> 
> **$.*EP;r , lzFIf i : ;  ZLSELZli*;1$ J r TE - S E T S  c F  Pp3FEgI;ES (IF - 
> I N D I V I C U A L  C O K C F P T S  
> ?l.f.IZY A ? ?  FU,"ICTIGNS P E C K  i, < S , C S = I V >  IG I) 'PS, - - 1111 

> THP?  S ,  FSO:: Pi ;OFt ,FTI?S  C F  I , S L I V I D r J A L  C C N C E P T S  Td T 9 U T F  
> Y & * t U Z S ,  
=r 
> .C - <F,:E;=';V> = ICY* -Y 0 C 1 ,  C . 2 )  
> E - TS 3 (", lr] 
> 
> -1 7 - 7 -  

,;t. WA?'E*FC '  L (?:I1 = 210 3 0 F Z )  , 
*nil* 
> 
> +**+ r;j- A H ~ C  ,..-hG 7 LLt,\lki;Z'S @ F  2 - < 2 > F; O P C S , ~ T I d Y S  
> TACY A32  F Y 3 C T - 3 8  ?EO?! 2 5 7 3  D is; - - - > T H A T  TS, FFO:. P C I U L S  F h E F E F f t ; C E , Y  CTFUTi! V A L U I S .  
> 



*nil 
> E Y T ~ Y  XDEL T" 'JKIEATEP 
> 
* ( d i s p l a y  v o d e l )  
> THE M Q D ~ L  TS; 
> 
> E N T I T X F S :  (JC LJY) 
> 
> POSSTRis, WGL'EPS: (HYPE) 
> 
> Y U K Z N T S  I13 1 : :  (XE1EN NCW) 

LF%**C < S a x >  I N D I V I D U A L  CC'KCEFl'S 

B l P  = t i i t )  
~ 2 ~ 2 . 4 ~ "  A S  F V A C ~ J E  iti F r l ~ C 1 1 0 E S :  Cl. 



> c r  = 1 - 1 ,  , <12; l n 3 )  
> C I  = {<1I, [A , ,  A3)'>, <I& 1P9]>) 
2 (-2 = ((11, 1 ,  ( 1 2 ,  (A31>1 
> 
2 ****I3 D I A V = ' T V / I V  nw F Z L A T I C K E  (Xh EXTbXSICPi) BETWEEN 
> I N ' D I V I ~ U A L  C O N C X P T S  A N 3  PP0E'FiI;III:S CIF I h D I V T 3 U A L  CSNCFPTS 
> DOi9RT.N: D - d3; \ ,C 'N= lV> (C', C ' I t  CZ} 
> R R N G d :  D - C ' N = I V  = B F?S, 57, , P5.,B12) 
> 
> ~ 1 -  = [ < { ) ,  C ' > ,  A C 1 > ,  < { I ,  C ? > )  
> &;l,P?AES A E: V A L T 1 3  IX FIJf ;CTIOl i%:  E.3. 
> 
> ****rlF - < S t  Z A V = 2 V / d T V >  I* 55LAfICNS*.aXS*IE3,1b~ST~h; FFTWEXN 
> X F J C S V I D ~ A L  C ~ X C * ~ ' P T * T S  R K C  F F 3 P F K C ; ~ I  QS zrrrvvrcaAr earscwrs  

- 4 ,  
* - > D c ? A I N : &  C -.. S = C A I ,  12) 

> FANG'L: 9 - P A V = I V / I V  = {'I1) 
> 

= , (<.{)*, c >, € @ - I ,  21,' , C",,)), (12, ( 3 ) )  
> 
> * * * ~ L o G T : c R ' %  CC h,r';a::Ys: 
> TY*E S:  J, 3 ,  E, 3 .  
> "YE EUNIIV: - 
> S!.IE?YPS i3Sz >!Ah, k'C?!'ANr EZIFK,  FIS:I ,  i "Lh,  UN3:CL?5htr P F I C E  
> 9 1 I, .,A E E i  A U U F .  
> S U 9 , " Y F Z '  LV: J ,  G A L K ,  T A L K ,  S I S E ,  C H A h G Z ,  
> T Y F F  37 V = I V / I V :  
> S U ; 3 1 Y P F  Z T V :  F " n T J i 3 L Y ,  S L C , % L Y ,  V C L i J K T ' q F Z L Y ,  .ALLEGZDLY. 
> 5 U B T Y P ' i :  I V / Z V :  ZF Ye TCI, I ~ I S L I P  TC. 
> TYPii IV: F F S D ,  LdSL, FAT, LPVS,  C A T ? ,  SFEi l ,  Cq3NC?XVE.  
> r- AYPZ IAV/ZF: EN, A S C Y ' I *  
> T Y P E  X V/IS: T ; ~ L T E V E - * ?  t!i.T, FS52FT-*THi '= .  
> 
> i F'oJ&Cr'- AA311 (Xf; CFCT F ? 4  F A Z F  C )  hS 
> 7 = < , A  <:;,,a ?>,* < r r N I C C ' ; ; N t i r > ,  < W A L U 3 C 1 > t  < S + i u ' U L Y , E ? > )  
> 
> * V * * V A S I A B L ' ~ :  ?Z;FF:X:-:': 
> - T Y P E  2 :  U, V. 
> l Y P F  < T , F > :  Y, Y, 
> TY?? < i i , Z h = I V > :  F ,  c, 
> 3 -  TY Fk,(S, , <I , , -TS>>:  1 , .  

> h IYE"S,T5>:  3 .  

> - ,YPi < Y , < L , < : . , ' I ; > > > :  S *  
> T Y P Z  <S,<E,<<i ,?S>,<T,f :a>>>: G ,  
> TY2E ( 5 ,  TS>: s. 
> 
> F 3 P  JF: \,CD.EL 32i iCFIPi :TJZbl :  
> 
* j i n t e r p )  
> 
> 7 - y . l - ? - .  - .- ?.c"  3 T i  L A I Z F Z ~ ~ I @ ? ;  (yzi = Y C  ?!".c<;L : 
* ; c o i n e n +  - J ~ ~ E c +  t r a n s 1 d t i . c ;  o t  a i ~ t ~ : ! .  w a l k s M  
+ ( ( l a m b d a  p ( ( ~ x t  p) ( i r t  j ) ) )  ( i n t  walk)) 
> - 

3X???Z5iC!< IS GF r Y P i  -q .. Cr 



> h? EE V X S I A B L C S :  Y O K E  
> OK? 
*ok 
> 
> 8S'I";F P Q S F 2 O O  FEPL i .  E'aJC2 (NIL = NC P C F P 9  : 
*il 
> 
> I K I T I A L  V a R I A 3 E E  ASZ T G N E E N T  GI: NIL. 
> C O X P U T I X G  DkEIC'TATSON 0"E" ( { L A f i B D A  F ( (ZXT P)  ( INT,  J) ) ) ( I N T  
> W B L K )  ) F O E  1' A Y D  GI 
> : WO?a&TJ7IIT;G D3NGTA1:kO:J C F  (LAYBBA P ( E X T  P) (INT J) ).) 
2 : F O E  71 X N P  ti1 
3 : 2 * N i W  V A ~ I A F L P ,  ASSIGEINFMT 2 :  P z C ' ) .  
> a 

O : C o 2 , T U i I N ; ;  QENCITATION ~l?' ( ( T X T  P )  (IKT J ) )  PCB X I  A N D  
> : G42 
> I I : CQXTUL'ING L , S N C T F T I O M  OF (3x7' P) FUF I'I A N D  ~2 
> . . 

I w : ~ F , ~ ~ S T A T L O ~ T  OF P iS f, = ($-I?, { > < T 2  (~"j i ) ]  
> t a : D B Y C T A T I C N  25 PC* = [ I  
> m 4 

r : Cdi.tPrlTTN", DENQTATTON dF ( I R X )  F O E  11 A N D  G 2  
> .I : D E N C X A P I O E :  IS A ' = [<$I , J 0 > ,  (12, JO>) 
> . - : i l E t l O ' 2 A l I O N  IS 4: 

> * : W N 3 - l  V V ~ I L ~ B L L  ASSfG?;P !EY ' I  S3 :  F = C 1 .  
> m 

t, : 9 GF;1KOTATICN 01; ( ( ? X U > )  ( 7  J,)) FOF 11 AN3 
> : G 2  
> : C O i * j F U I ' i N S  I'EST(7TPTION OF ( 5  P )  F O E  I3 A N D  G 3  
> -. 

a . : L E S O T A Z 1 3 E l  F '  P IS C = [<XI, { A \  U ) > ,  ( 1 2  
> 4 * : , ~ 3 ~ 1  
> .I 9 

e : i lENCTATI i?S  IS DlC; = ( X J  , A 3 1  
> 0 9 

b : co::.:r::~~~ D E N C T A T I G N  C)Y (IKT J) FOF 11  ED ~ 3 %  
> - a 

e : D E N Q T ? I I C S  ,S AC* = {<I4 ,JO>, ( 1 2 ,  J@>) 
> 0 * - I C + ' 1  J * : ~ L S ~ ~ A ~ I C E Y I  13 1 
> * : * K t 3  V P ' r Z 9 E i E  AS5"IGE:?TVT G t l :  P=C2, 
> : C O 8 P U T i N G  D P N O T A T I C N  OF ( ( E X ?  P)  ( I N 2  3 ) )  F O F  I1 AKD G 4  
> 1 0 . 1 : C9t<PU21S"C; L'EP1'3'?AIT(.lh4 c;F (LXT P )  F O E  11 AND G4 , 
> e * . : I F N O T A T I O N  GF P I S  C ?  = [ C I ; ,  ( I > ,  C12, ( P 3 ] > )  
> * : DE:~012&13:0N I S  Ft = [] 
> CQ?:PhlI:I.NG I:Eh'OTATT:C?F 3 F  (If;: J )  F 3 F  11 A N D  G 4  
> - : 3 E b C T A X G h  15 A3 = 11 ,JO>; <IZ,YO>) 
> . : i l E k . ( C 3 A T Z i l P I  iS 
> 0 : I P E N O T A I I G N  L7F ( L A ? ! E C A  ? ( ( 1  F )  (IST J) ) )  IS {Cl) 
> : u I 5  0 A h  Z l 7 V E F X  I:; i :$CC.EL. 
> r l r -  . h . X A K F  FO? T l J I S  F L L Z E N T  111 C - TZ: 
* j*1 
> : D E H C T A I I S ~ :  :S J " l  = {CI) 
> : CC?!PUTING 351;i0i> Z i ( > N  OF I L L * ,  " k A L K )  FOE I N A N D  GI 
> :- 1 ) 3 8 0 T P T I O E ;  TS- C% = [<I1, v:, A 3 3 > ,  < (A".)>) 
> P E Y D ' I A I Z G N  I S  1 
> 
> 2 5  2OXEJT O F *  S E F k i  ENCF ( K I L  = KC ?{Of;p)  : 
*nil 
> 
> 6 8 T i F  ~ ~ ' ~ A N I s G ~ u L .  E X F F ~ S S I C ~  (5;L = ! iC p : ~ p F , ) :  

;comment - rtdliced £ o m  of  " j o h n  walks ' '  



' P Y  
> 
> ??;T;:F PCI:;T OF F a F F ~ F k N C L  (&I1 = SP f lC1:E)  : 
* i l  
> 
> :Sf LIFL I X 2 k T G S 2 k h ' T  GI: X T L *  
2 . I :kK?TA?13:9 '  q!?F ( Y A L K ,  ( T N T  J) ) F L ~  11 R N D  77 
> : D5WCTXXIU3E; Q F  W A L K  39  $ 1 5  = { A C ,  A3J 
> : ~ w .  ' 2  1 P.1'1 7 ,"AZi&4: :  Q F  [ T N P  J) XĈP 'II A N P  GI 
> - - : IIF:NL?PA';TOX - 3  X I  = I < l : , J 0 > )  
> ' 1 ,'5 1 
> 
> 1?u'"1:5 S O T  ST L F  FL'FEEFSC5 ( 3 f L  *=  KG 2 C E ; Z )  : 
* n i l  
> 
> 3 ?~":KN1::;GFFli LZSEFLSSICS (SPL = b"G i.:r35E) : 
4 ;comment - c e d u c ~ d  form o t  t t j c i i n  w a l k s  s l o u l y t l  
*,((slowly ( i n t  walk) ) (ict j)) 
> "!?XPiiES5IC:< I5  O F  T Y F i  1 5  
> '1 ... -- -, 

1 s . t ~  V A ~ 1 4 5 L t 5 :  ?;Ct,E 
> CK? 

> 
> P ; \ Y ( * r 7 - .  1 1 ;  C FkiL?PKCE ( X i L  = 5 2  ?lG5L) : 
*i l  
> 
> J L v F , S I A P L T  A s k I ( : K v r 4 ' T  . .  2 1 :  311. 
> C C L \ I \ ~ A " L C : ;  O F  ( [ S L P X L Y  ( 2  6 8 L F )  ) ( I H Y  3 )  ) FOE 
> f " rA? i r ,  GI 
> : C O ? P F . J I Z > c ;  I ' Z b 2 ? - ; \ T l C ' s  C F  ( S L C d L Y  ( I F ?  A ) )  F O F  I3 A N D  G ?  
> I bEP;O!:A'I':I2 J3F 2 L Q h I . Y  4 5  6 :  = {< ()  , tt'>, < f A . 7 )  , C1> 
> . < [) # C 2 > )  

> : CO;:i'3=1I?:G P Z R S " I " I I O K  CF (L3T W A L K )  F J F  1 A K D  G 1  
> . - 

I A ,t. C-? = {<I?, [ &  *&, A 2 )  >, (12, {A:] >] 
> w *  P - - . ~ ~ ~ < C . . ~ - L C I ? ~  As Y L  = { A : )  
> ~ ~ ~ p g ~ = ~ ~  ~:-\!,-J;A- 1 ~ 9 N  bF ( T d i  J )  F C F  A Y D  G I  
> : D , Z N 3 ' I A , T I 1 3  I-" A = 1 <12,3G>) 
> C < Y O T A T  I Q t i  5 1 
> 
> - s- - -r% I,-,- 2 N T 2 q  P i 3 I S T  C T  . (1411 = ?1"S r",C?E) : 
* n i l  
> 
> . . .- CXT-;E A ?  7 el!?~ ~SS;.C?I ( = N C  Y C F f )  : 
*cil 
> D ) . . L -  - A L X *  - w t - ~ , , y a $ g :  c r d  

* (cb.eckpcir , t  rnc17el-,r: .? m o d e l )  
>ClISCKDDTG:  X S 3 ,  S O A C S = c  P X G T  
# s X E C U K ! ) S  7 7 :  ( IE l *? ,T :SQ 



Creating a m o d e l  t h a t  satisfie,. W a n i n g  P o s t u l a t e s  I., 2 ,  and 3 ,  

* (enter model) 
> DO YO11 W A K ' T  ,414 I N T E E S S O O A L  LMCDEL? 

* Y 
> DO Y O U  dfSiX 9 CH.hE:GE 'THE DEFAULT L C G I C A L  CONSTAMYS? 
*n 
3 
> FkF3SDr ;P :  A S  C A N N O ?  FF flSGC AS SEPA5AIIOES IN L41$TS. 
> FN'iPP L i Z " i 4 " F  '3NTh.X,FSa 
* ( 5 0  ma) 
> EtlTE37 LIZ? C P  P O F S I b L ?  WORf,I?\S. 
* V I  
> 33T';Z L I S T  d F  E:OE(ZKT3 IN ~ f ? " ' ,  I N  I N C h E A S I h t i  .C I ;DLR.  
* ( I  2 )  
> POPBTS, O F  Fk;FEPE:?;23 ( 3 : T P I C E S )  : 
> ;1 q d , l >  
> 12 = <"1,2> 
> 
> *+**t"E1EJif Z i  X V G  ELEF"EGmS CF 5 ,  I ' h ' D I V I D ' J W L  C O N C E P T S  
> THEY- AFE F U N C X I O S U  TFC?: E S TO D-& 
> 'IBAr' IS, FF.0:. P O I N I S  O F  F T F ~ F F X C E  TC 3 B T i T I 3 S .  
> THEY W I L L  E 5  i l i 3  VALUEc C F  F 0 "rHE L C G I C j i L  CGNSTAKTS:  
> J, ; * M r  

> 
> E)-S = [I?, -12) 
> D - If;T '= ( J O ,  9A)  
> 
> T v -  5NT'IJF :fAI;F F C I E ' X l . t r a ~ K Y ' .  (C:IL = N Q  3CFi. :)  
+ n i l  
> 
> * E L  tLE!?F.;ITS 2F C < S , i S >  * G ~ G F C S ~ T ~ C N S  
> THFY A T 7  F [ J I I ~ Y L J ? ~ ~  F F O X  f - TC D ..I 2s.  
> "THAT TIj, F p O K  P Q F N ~ S  OF BFFZFZLuCE TG T+FUZti VXLUGS.  
> 
> 3-S = 7 12) 
> D,';S = .  I,;, 
> ? 1 

> E Y T L F  i X I  z~e:ixs\..:. (KIL = h c  E O ~ L )  , 
* n i l  
> EI4TF P C F 2uSDT. i  "T'ETEEIP;A'fED 
> 
* ( i n t e r p )  
> 
> % tt PXTdF : i lTA! i INGFLJi  E A P F ' ~ S S I O E ?  (KZi, = N C  E O f i E )  ; * - ;corn-her t meaning p o s t u l a t e  1 for jchc. 
* ( there- i s  u ( n e c e s s a r i l y  L ( q u a 1  11 j) ) ) 
> Z X P F Z S S X O 3  IS CF T Y F t  T S  
> ERE5 VP.I;PA@LET: B0:IE 



> OK? 
*ok 
> 
> t P p  * QN'2t4n PCIN: OF ' E C t , i 1  NCF (1;:~ = K c  2 
*i 2 
> 
> i s i f  192 Y A : L ~ C L L  ;IEsXt;?;?:LST Q;? : ErIS 
> C T I  Ft"Si","TXGL (IF (T??F$-  ha U i [ tbYi : t  5.?XF3k.Y ( E 3 t l A L  !I 3 )  
> 1 )  FdF I 2  A N 1  
> I * E;ih ~ J , 5 = . ? . 3 ~ " a f  3 G2?, U *\ l l"DI 
> : < c : : P u T X ~ ~ ~ - . ? ~ S C Z A  f ITS C F  (Nk&r2SS&?ZL4(\t  (Z~X. f j i 3 .  tf J) ) WQ'S 

> b : P f  A S P  G , .  
> * 

4 ; ClP??, (1': T:: \; 2 +,:'Q: A T T l x  , , S  C!' (a,?Li&L I1  J) FCC =I7 A?iP 1;2 
3 1 I * 7 = .. I . rh~*"YA:2i?: ;  a ' t '  T F J C  
> t I F 

a 4 1 " VALcy $.'F I? IQ: L ~ ? ? k ~ ~ * 9 ~ i ~  rb: * % ~ F ~ ~ , b , ~ ? ~ ~  J 
2 0 v C rC - • * I + : i :  F 3 - C S I 2 3 L  V B X " " , " .  A F L :  
> I t 

I 0 1 1. - <9,*:bz: = [ I  
> * 9 9 

a * I 
> * . $ 7 "  ' ' ' Z  ' g ; " '  

I . • I . .  .L t. h e & -  V -4 i rJ k L 4 w - .  
(* y c* T ,-7 

B > I * . * * I J  
+ic- ja -P 

> R . * I h'' "'l;tt i L ' : x E & " ,  • . z.iLaLAIh, 
> 0 * * . I sq w ' -q1$.- (1--ti?(":'- SP..??; ,- n I T h  E E  139E='r;3 e f i - - ? ;  
> - q -  ,- -* \ y j w .  4 - r T - -  I -. . . \ .RC - "$ . t - - +  , \ i r . F *  ?!l?iCf"7'~'E; AS 
> I 

r a * I 3???wL.b* + - 2) * % -  - Fee ,,, ,1\EG",km:;F: . 
* 4 



> * . I. . I C 3 V F  - T C - J O  F E S E T ,  
> I I . - II I I 

> 1 
* Y :* DENCTATIGN O F  J IF' * J O  

> L 

T : D f M O T A X O S  IS 1 
> : D E N O T A T I O N  I S  ? 
> DSS3TATItgh  I S  'D 
> 
> 3W:Zp ?QTSXCtF 9EEFE'PENCE: ( 1 J T L  = NC % C R E )  : 
*nil 
> 
> FNTEP ?! 13.4YINGFrJi i?XPFIS$13tN .(?ILL = NO '~:oBF) : 
*-n i 1 
> SNT;? :iaXT" CC:":?AYC: 
> 
> 
* (ad&@ functio~) 
> fir .h i I , I i  T P  TYPS G F  1;LE"*Lb~S('TO R E  A J i I t 2  ( h i L  = :BO --$OF.f)  : 

* C s ,  a> 
i 
> *'**ENWLIDG ELSNEh'lS OF I: < > I : ' l D I V I D U ~ J h L .  C C N C E F T S  
> THEY A I Z  F U M C Z i C I l s  FFG? c - 2 3 l?, 

h- 
-. 

>b THAT IS, r s 3 Y  PCIIYTS GF E F " - F ~ E ~ ! ~ C E  TO i 5 3 ' i L 7 i L & S e *  
> T R E Y  WILL 9 , ~  T H ~  V F L K S  C.F F F J ~ \ T H Z  L O G ~ C A L  c r31s~aa . r~ :  
> J, !<, 8 ,  ?i. 
> 
> D-5 = (14, Z 2 )  
> 9-3. = (JO, E A )  
> 
> 2$-ilZcS U K Z  FCI 'ZLE?AEkiT4 ('EL = 3 0  E O F Z ) .  
*ic- ma 
> - 3 A VY-LUE OP NIL Fi)R 2 FLH AFGUKZNT:' 
> 21 = a , t >  
fins 
> I 2  = <.1,2> 
* ina 
> IC- XA aN2Sr:E 39. 
> 
9 E 8 T E F  KkifE KF. PL2i".l.:Kil. [ N I L  = b  hO NOF';)  . 
*nil 
> *x*dD < >  - I I D i V I C 7 A L  C C N C E P T S  
> o o n k ~ ' :  = (17, 12) 
> FiAZJGE: D - Z = (JO, EA)  
2 IC-JO = { < I I ' , J C > ,  <I?,JO>] 
> IC-!<A = I ,  <I2,M9>) 
> 
> ENTEI; Y Y P ~  OF ~ L L : : E K I S  TC ZE. A G C E D  ( K Z L  =-II'C M O P ? ) :  
*nil 
> 
* ( m o d i f y  f )  
> -7 r N T E 5  TYPE 13F L f l G L C A L  C O K S T A N T S  F H O S E  VALIJZ'S C F  F 
> X F E  ~ ~ ~ 4 5 .  1 C O D I F I Z C  (NIL T bO TORE)  : 
*e 
2) Z N T Z F  THZ LIST OF Z i i E S E  L O G I C A L  CPNSTR4IS:  



* ( m )  
> T i  VA.L.UF7 Q F  F F L 5  T ' F S  C C K $ T A N % ~  A F F  'Ei iSKENl;S OF 
> i'r - < > ( I N i ; i V 2 3 n J A L  C c J K C E F ' I ? )  . 
> 
> LOGZCIc ,L  L ' O h ' S ' I ~ t l i 5 :  !<. 
> 3 - <S',E> = { I C ~ - " J C ) ,  LC-K,P) 
> 
> FQF EACH c ' J N 5 3 9 h T ,  - x!:'r"F TIIF V A L U E !  CgE F OP ?;II': 
> 2: 
~ i c - w  
> 
> r h T a F  2 OF LaSGIC>A. 50KST.?h'T5 WHOSE VALIT55  C P  F 
> AZcF- TO 3r. X ? C i F I : i 3  ( I J I L  = NC 5:CFE) : 
* n i l  
> 
* ( i n  t 9 r ' p )  
> 
> 3NT33 LLA:;I?:GSrJI, Z X * T ~ ~ S ? L C ) N .  ( X i L  = >lC XCFE') : 
ic ;commer.z a + a n i r . q  postulate a f o r  p a r y .  
* ( t h ~ y - 1 s  u (necs;ssar i ly  ( e q u a l  u m ) )  ) 
> P\SPFF.SSI:G?; I4 3F TYPE IS 
> ?F:Z ' j , lAFiAELF 5,: S C h k  
> 9 ~ ?  
*0 1C 
> 

u ' y 7 - F  > L J - L O  P C I K T  C F  ' i E F r ' C E h C E  ( E Z L  =- 'PC Z C R E )  : 
+ i l  
> 
> T T t C R T  L E Y +  A A L  V A h Z A 9 L 5  S F  G1:- SILr 
> O P T  ' A  GF ? ! ( ? : E C E S ~ A F  ~ L Y  ( P O ? ! P  L U S )  
> ) )  FCIi 11 R N C  GI 
> : r ; i ~ k :  I J ~ . F ; I ~ ~ L Y  4 5 5 1 1 ; 3 : : ~ ~ ~  G_2:  U=JC.  
> r ~ ! : ? U T Y > I G  $';:W?XTIGI~ O n  (E~LC~LSSAEIIY +(I\IU,AL U ) ) FOIi 
> : ? kND ~ 2 '  
> : cb , ,P t lTT: ; s  - -) v 3L:1 '3TATICF  C F  ( L Q U k F  U ) FCS 11 3x9 G 2  

.3, 

> : DEPii:3.:195 O F  U I C  30 
> . : D ~ . ~ C ~ A ; I ~ Y O F  v IS .IA 
> . . D Z b C I A I I O N  IS 
> : D E I ~ U ~ A T Z O ~  IS 
> : K E N  V A F Z A B L E  k E 5 I G N L ' : E N T  G 3 :  U = Y A ,  
> : P U G  ~ ~ ! O ~ ? ' ? T I Q I I  C F  (NtC1;SSkE.ILY ( L Q U A L  fJAk ??I ) F03 
> : 1 " i A W  G ~ Q  
> : CO;.rPFJT?NG CZ??r',TA'TICN G F  (LQUAL U M) FCli I1 A Y D  G 3  
5 : D Z R G ' T A T I C X  OF U I S  L A  



b Rf:T,PF P Q I h T  GF F;EFT<E Z N C E  (NZZ = NC :3CRF) : 
* n i l  
> 
> E?lTES Pig-xBIEiGF1JL E X P F E S I O N  ( N I L  = N C  E C F P )  : 
rlr ;comment - u e a n i c g  p o s t u l a t e  2 for man, 
* ( f o r a l l  x (ni?cessar i l y  l ' i m ~ l i e s  (man x )  ( t h e r e - 2 s  u ( e q u a l  x . 
*(int u ) ) ) ) ) ~ )  
> 3XP9ESS$Cli-,LS 3 F  T Y P Z  TS 
> FF;33- VARIAELES:  NCEiZ, 
> 3K? 
*ak 
> 
> Z N T Z F  POIk? C F "  Z E F E F E K S  (511 = NO E O E F )  : 
*i 1 
> 
> INITIAL V F T X . ~ ~ ~ P , ~ ~ ~ ~ S I G N ~ E N T  G T :  Y I L .  
> COEPLJTIY G 9 i N O T A T I O l J  OF ( F U F - A L L  X (X3CESSAFILY ( I K P L I E ' S  ( 
> A X) (2H3BJ-IS U *  ( & C ! J ~ L  X ( I  U )  ) )  ) ) ) FG6 11 A N D  GI 
> : *NFW V A K A B L E  ;\SSIG?:?FEi? 172: X f I C e J C .  
> : C ~ E ~ I I T I T G  I ?  C F  ' ( ' K L C E S S A F I L Y  PIU1PLI:TS ( F 4 N  X) ( 
> : T H E F d - I S  U (kQD!!L X ( I E I  U))))) FCTi I'I A N D  G 2  
> • : CC?PUTIS$ DYE;O:;(ZCN OH ( I X P L I E 3  (%AN X) ( T H f P 2 - I S  il 

> . 
1 : ( i O C 4 L  X (INT U)))) FCF 11 A & D  G 2  

> . . : CCli:i:rJnIS$ T,EMO.IP.I:OA U F  ( 3 A Y  X I  FSF I7 k?:D G 2  
> I ,  8 - .I 

e - • I ' 2 R 3  V A L U E  CF F 
> a a # 

a 8 4 I fS ~ ~ ~ S F E C I F I ? ~  F 3 1  ' I H L  kFGU?.Sli'i ?:AN 
2 

. *  a - - 1  H P C T S ~ F L ' E  V A L U E S  A I ~ :  
> 1. a .I * 

1 • 1 .J - <s,cn;=rv> = 
> 8 C * w I t* 

> . . . 
8 I I ?SIZE TP*f V A I r f X  OF l? FCF: 

> * I * - . . I 3 A N  
*PLOP-man 
> a ., 4 - I a I idC S U C H  ELEMEN?,. -EXFLXI$ .  
> 0 a . . I ( 3 -  3 E C s k " G  N A E % ;  L - i l I L L ' B E  Z.:icjXEEE:D LAT.EF; 
> 1 8 

8 I . 1 ~ P L X T ~ F  ?{Oy; ~ < N T P F  FU8C?-XX? A S  
> 8 8 * 4 

e t. I ~ ~ S E C I P Z E C  > F O ~  A L L  AFGU?:E:KTS)  . 
* 4 

1 P (".A) = PECP-%AN = {<il, { I > ,  <12, { I > ]  
j DC?IE P F E C E T .  
I 
I TiIZ V A L U E  CF ,FT\dP-bAX 
1I.S ~ J h S P E C I F I E C  FOE THE AEG'JhENT 31 
I P,OSS'IRLy V4LUES A E X :  
) I I -CN= IV"=  { I  
I 
I A P ; X E  Pf5E V F L F J E  OF PEOP-XAl; F O F :  
1 11 = <l,l> 

I '10. SI ICH.  ELEMEIST, Z X P L A i X ,  
1 ( 5 - K F O N G  NF6E; 2-WILL EE EKTEEED LATEE: 
1 3 ~ f i h T E h  N O W ;  ,4-Eki'TEF. F U N C T I O N  A S  
I f J E $ F L C Z P I F C  FClF ALI 4.SGUP".ENTS) r 



> 0 0 I 
w t . . I 

\ 

> t b . * ., : C t , ~ O T A ! X X C . N  C F  A LS S F P E L N  = .  [) 
> 0 0 * . : I ?g? ,TT; \T iON OF X I3 I C - J O  = .&<.<51.,50>, <T2,J0>] 
> . : I TF!3 VALUE C?? SFTa*i4r ;"X 
> * . : 1 T T N S 2 L C I F I E C  FCI: T t i E  AFiGTJ:<F,NT I C - J O  
> w : I "i"H& PQSSZDLE V A L U E ' S  AES: 
i 9 

L ? : 1 C-"; = ={t, 1 )  
> : t : I . 
> V. v r; T r .  - 

w t : I L ~ V  - r~ T f I F  V A L U E  OF SETmP:LK F(3fi: 
> L 9 

). : L Z ~ J O  = i C i i , J C ) ,  < I i , J O > J  
* 
> w 9 * . : I - -3 m- 2 ;  1 t: e: r, = - s z = -  ~ , s y  
> t I. 

'1. : 1 Gc.h'3 S E T - S E N  h ;ESl ; i .  
> 8 0 

t rn . - I .. 
> 0 

I . : 3ESC;k'TIL'U I I 
> C 

1 : CC::EIJ'Xsh?IG D L Y O T A T L C N  ZF ( 1 : H * i i F P ~ - 3 5  U ( Z Q U A L  Y ( I N T  - *- 

> . . : u ) ) )  *.FJL x i  A S C  G 
> 0 * I : * : \ i " W '  VkE I .At iLS A E S ~ L ; E : \ X K ?  5 3 :  X = Z C - J O i  !J=JQ* 
> I + 7 - 7  - . : C Q C I ? i I I I S G  C E N C f P T 1 C E . i  b F  ( L Q r J F i  S ( A h r  T J . ) )  FOF 
> 0 . 

.I (r L 4 Y C  G.3 
% > . m . a 

s I * 2Z1";3)nATcCCS C'F X i 5  - C - J Q  ,, = { < Z ~ , J C > ,  < 2 2 ,  
> . I * . . : LJ*'S > ) 
-> w . . 

a I . 2 C , ' E ! P U i I ! ; G  E E K C Z A 2 1 O h  CF ( I  IT) ?9,Fg I? -\AND 
> 9 1 . .I * I .I : 7-3 
> -7 . I .I 

• I 9 I : C F I ; G T A ? T C S  ? F  u i Ju 
> * - 9 

e . v : t ~ t : ~ ' i ~ ' I i h ' ~  CF 'J i 9  JC 
> . L 

8 rn : 3",f;i,;P."ICN IS I C - J C  = {<If ,JO>, <3:2,JC,>i 
> 0 b L f""3yp(---r-' 

v * .  AiuLi z s  ? 
> . . : B L N C * : . I ~ I ~ &  'XS 
> . : il_E;iOFTATTC!J IS 1 
> t : CUiXPLJTISG D F h i C T A T ~ i C A  C?. 1 A X )  ( 2 H E F F m i : S  11 
> a : ( E Q U A L - X  -(LliL d ) - 9 ) )  FOF  I 2  A N l j  iii 
> - I . * : CC,Y1?rJZ=,Y.7 I ~ E E ~ c - T > T I C N ~  G F  ( f r r A 5  X )  FCF* 112 $NP G 2 -  
> . . 9 I T B i  V P L U E  CF F F L ? - ? A N  
> 0 . 0 . 

rn . . 11.5 ~ ; ~ ~ S F E C I F I L C  Fh6 IT?. A F G U X L F T  I; 
> L 7 q  cqy 

a 9 I TY& i: L 4 - ' U ~ R L r J  VALUES P.52:  
> . * w . 

I • 1 3 ..c C - K = I V  = I C ~ : T - . . ~ ~ ~ N )  
>,  * . . 

.I 0 I 
> . n C I  . 0 9 - . 1 J N L L L ~  YTHZ ' I fFLTlE CF FFOr?mF.AE; F O E :  
> 0 9 0 

0 . . 1 12 = <-it L >  

* s e t - r n t ' j l n  

> 0 
I 8 . 1 EFOPe1- ? A ? ?  = {<I1 , [IC- JO] >, (12 & {zCwdC)) 

> m .I '4 
9 9 I > )  

> .I . . . .) 1 *f)C>.?IZ F5€IF-fTJY E-ESLIT. 
\ 
/ 

L - * * . t 
> * a 

a . : Dmi3Y.4,'1:-Ff:N OP 8 F N  I S  SET--EEN = { I C m J O )  
> .. - - . 

9 - : D U H J T ~ T I O N  O F  \\X ' I C - J C  = i 0 < I 2 , J b > ]  
> L 

9 . : C i i N C T A T I O S  IS 3 
> a 

I. • c C O P . P U T I ~ G  C E ; N q T A T I O N  QF ( T H 3 F 9 -  IS U (EQUAL X (INT 
> I : U ) ) )  F O E  1; A N D  % 2  
> . I 

.I 1 • : *N;U V P F I F B L I :  A S S I S ? i : * . ~ t : T  G 4: X = I C - ~ d ,  U = J ~ .  



> I I - . : CcXPTJJ?I.NG DEEOTFTION O F  (EQUAL X ( I N T  I T ) )  FOE1 
> 0 * . . . : I2 A M C  G 4  
> m * 

r m m c : 3ErJC1ZATI311 OF X IS Z C . * J O  = {<11,3O> r <Fz1 
3 * 1 - I : 5 3 ) )  
)a: 9 . a . • . : C C ' I P U T I N G  CFIPEATIFfi  OF ( I  U) FOE I2 A N D  G 4  
> * 1 P 

• . * • q : ~ ~ ~ o ~ d r r o u  0% u IS J C  
> e * w w . t 9 . : L~LI:OTA'fII:,N 0 U XS JO 
> 8 . a . : DF:Ii) ' , '~TI0E; TS L C - J O  = < J  (lz,JO>) 
> I : LE:;2'iATICis& IS 1 
> . : c ~ x b z n m ~ p ~  I S  I 
> . : D Z Y D T A ? h U '  IS 1 
,> : C F K G T A ' X ~ ~  I S  1 
> : * y C r  f l 5 ; ~ 1 i 3 ~ f  ASZIC;!;P:EflT G 5 :  X = I C - : t J .  
> : C041PU?IMG D 2 t 4 O T A T I C N  C F  ( M ' X 6 S S A F I L X -  ( I E P L T E S  (ZAE? X) 1 
> : T h E E Z - I 3  11, ( Z Q f J A L  i ( I K T  II) ) ) ) ) FG? I ? A A N D  GZ 
> I * : CO?.PIJTI:iG Dd:;3Tk'IICN O F  ( I P L 1 ; S  (UM X) (THEBF-IS  u 
> * . : (7' X (IN1 U ) ) ) )  , F O F  11 A K D  G S '  
> a : C O l f F 3 7 f  8,;  DESOTXTICN OF ('CALZ X) F O E  27 A N D  G 5  
> I , 

o t : L ~ L Y G  - * v  - -3k Ok ? A N  T.5 SE%-?Il?h' = [IC11*30) 
> * b . , o CZ?!OT,XITZ.CN 3 F  7. IS. 1 -  A ,  <T2,MA>) 
3 . I 

p : I I VALUk O F  SZTc+I,ck' 
> 8 1 * i]ZS '9 : iSfECIF;I :EI:  F O F  ZI iE  A R G U K E K T  i C - Y A  
> L : I P3SLCIBLF V F L f J F S  A X :  
> * 0 b 

# @ : I  D-IS = { ? #  I ]  
> * P . . * 
\ 

I 
0 a w , c . i -  

R a : 1 E ? ~ i r b  :HE V:iLUT; C F  S E T - K E ~ :  F0-h: 
> m 

n ( IC- .% = {<:'I <12rEf)F>) 
J 

> I . : 1 3 SET-EEN = (12*- $ C )  
> 7. 

I : 1 Df'h, - S i l - K E N  FET62. 
> : I 
> r." +? -I- f,. . . i.,~hL1AI1u!i IS 
> . : E L K C ? A I S C S  (IS 7 
> +? 

t : ,CO:?TZIJIIP~~;  C Z ~ , C T A F ~ ~ N  O F  ( I E G L I Z S  ( E A N  X) (THE~PIS CT 
> m- : ( 2 Q U F . L  -Y ' (JCI~:. U) ) 1.) FCF IS A-14D G 5  
> . 

I : C O ~ ~ F U Z L M G , $ ~ . ~ ; C T P T L O N  D P  (?!AN X) F O F  X i  A I : D . G ~  
> I - . . : D3:<3TATLCIi  CF YAEj  LS S35-!!EN = { I C m J 0 3 .  
> . . . . : LZN3";AI;LCli C F  X IS IC-I.IA = { < I I , M A > ,  < I Z , P A > ]  
-> . : D L Y O X A T I O L ~  IS= 
> . . : c i q + i o r x r ~ o ~  L S  7 
> : DENCTATIOW $5 7 
> D E E O Z 2 Z I O k i  IS 1 
> 
> E N T E 5 p V I P , 8 ~ ~ i r ;  o,; hkFLi -ZEICY ( Y I ?  5. 110 3C.RE) :- 
*nil 
> 
> sl!$T?,;i X E A K I N G F D L  E X P 6 Z S S I O B -  ( S I L  = W M C F I )  : 
9 ;comment - m a r , i n g  p ~ ' 6 \ ~ ~ 1 a t e  f o r  walk. 

[ t h e r e - i s  e ( f o r - a l l  x { n e c e s s a ~ i J y  (iff (walk x) ((ekt e )  ( 
~ e x t  f J ) J ) )  ) 
2 E X P E Z S S T C N  1 0 ?YPi.TS 
> W E E  V ~ ~ ; P ~ R B L F S :  FC,:JE: 
> CR? 



* Y 
> 
> - 3  r i  C * \I ~,YT:~,,,T"  PUT^ r 'CF'  FL:E,\CF ( K 2'1 = TJ T !! c.: r ) : 
4i .Z 

> 
> ,%Y ,. , , I ' A i * Y X F I . F F > k ' :  .- 5 GI:. MI2, .. 
> I . C 3 ? ' P r l ~ I G , $ 3 4 : : ~ ' 2 X T ; 3 b  C F  (7 :1 !Zi .~ . -  ,4 L ( F O F e  AL. 9 (WFCZSSAPILP 
> ( Z P F  ( k k i h  ) ( ( 5 x 7  1 . )  (PYTu XI))))) F 5 h  1: Ah3 ~1 
> P' 1 'HES!? ;> ; :  .t3 P Z 5 5 I 3 L t  t : ' F )L :CTAAI i&S P C F  CTkE G Q U S C  VAFIABLE 
> : E *  - .  -.. - > : ;; ,- T 8 -  xr : U ' T ? P L C A ~  &tdi W e  L VEIK I ;  q33i'C 7 3  2 - < S t < ; , ? % > > .  
> "TT!, : F X = '  L H Z S  E i Z : : i , v T  .(!,&I = nu?; 1.T &Dc) : 
* p r o p - n l k *  
> ; < - * -  ? y v  k t -  : * V 4 ? I F i 3 l X .  +IbL. - L ~ h , . ; L 1 . .  G 2 :  Z = I : f C P - K A L K P .  
> : 0 G ? L ' ; C , A ~ Z C S  C v  -. ( F i T - A L L  X ( N E C L S S 4 P .  3LY ( I F F  ( 
> : ~ ~ r y  r )  . X )  ) ) 1,) F C F  I, A G ;  

> 
> 
> 
> 
Jwi l  
> 
> 
* n i l  
> 
> * \  - 2 h"? CC,': :Ax:I:  
> 
* ( d i s p l s v  ,E l~cc t l c r , s )  
> I C - J C  = {<I?,JC),-<I;,JJ>) 
> 7 - 

L = I A ,  <L:,M:>) 
> sLlbv$x;  ..,., - - f r c - ~ c )  
> S ~ ) ; t ' i - - d ; t I X 5 3 5  = CZC- JG$ 
> .. $t'T?-Wj?,jJKXi; S = {IC- ? A )  
> P50F-h:lAY = (<:I, , I ,  ( I C - J O ~  >) 

1 > P ~ G F - - ~ A E %  = [<J, { I C - - 3 C )  >, 2 ,  [ J C =  :<A) >) 
5 s ~ ~ ~ l - . w f i ~ ~ ' l : ~ ~ ~  = {JC] 
> ~ s ~ 2 d g ~ i ~ " z ~ ~  =. [%A) .  
> FRQP--WALK* (<I4, { J O $ ~ > ,  I ,  ( E > . ) > ) 7  
> 
* ( c h e c k p o i n t  r n o d k l - r n ~  mor7Cl) 
' #Z ; ,XECUI iCN  T $ S ~ I K A L E E  



C o n s e ~ g : f ' i m q  CI ecurs?er-zxana~ic t c :  
(KLCESSAIILY (IF? (WCvAK X) ( k u Y A N *  (FXZ X )  ) ) )  

n #%run *lisy t : ~  
* ( r e s t o r e  i ~ t e ~ p )  
* (enter' m o ~ l e l )  
> D")O Y Q r J  Y A N T  . IK?i'!JSZP;:AL ?"ILL@? 

* Y 
> 93 Y C 3  Id1512 TO Z H F , h ' G j i  D E B 4 . l i i ' I  L O G i C A L  CCf iSTkN"r?  
*n 
> 
> -%y- ) .  - c' F z . . ~ ~ D L ~ z :  0 C A N K O ?  EE VSFL A S  SEr\FEkTCibS 11: LIzTs ,  
> .-* % 3 1 bF r ; S ' I I Y E S a  
* ( i  ma) 
> 3 f . i T t F  L I 5 7  F X S C Z E L L  LWCFLI?S, 
* ($11 w 2) 
> 2 3 ~ 2 s  LIST  OF t;;;a:~?jxs I T K E ,  ~ r ;  x~c~r )s r s rn~s  ~ F D F E . ,  
* (t), 
> FC;ITS 3 F  FEFFF d X C i  (,IE;C:C?':) : 
> t7 = < d l  ,m> 
> 1 2  = <NL,?> 
> 
> G i , L i P ! ? h I S  9 F  C <.S ,E> L p  i S t l T V I P 1 3 A l  CC??CEPTS 
> . -- . ~ L Y  i r b i  PUHCYIGONS FFC% C 2 1,O 9-E, 
> - - PRAT LG, ~ 5 0 : '  PJISTC O F  F ? P P ? ~ ~ L E  TO E h T I T I . E ! 5 .  
> THSY KZLL i3E THE V A L U E , '  0 t F 3 E  X H  L O G I C A L  C3h;STAh 'TS:  
> J, "a, N +  
> 
> D - s = ~ r l ,  1 2 )  
> D I ? = {K, Y k f  
> 
> E K T I ~ F - N A E L  FOE 2L3IA.LKT. (NIL = KC,/ F Q ~ J ~ ) .  
*p l ;es  
> 6 N T Z 5  A Y A L U L -  Q F  SA F O F  EACH R E G U P I E N T :  
3 L7 = ,Gtl,T> 
f m a  
> 12 = <'ui2,T> 
* b i  
> P F 5 S  2 ? 3 i E I E D ,  
> 

Z N T ~ ! :  F i R Y i  F C F  FI,7eQT. ( K I L  = h C  E C F ~ ) .  
q b i i c  
> E Y I Z F  A V J . I U T  CF f i I L  YCF E A C H  A F G U d E N ? :  
>- ,+I = <? ,"> 
*bi 
> 1 2  = <+,q,,Q<> 
+ b i  
> 31IC Z K 1 h E i ~ 3 r  
> 



*ma 
> W F i C  zY7E53n, 
2 
> - \, 'W --- - - h7Y.Z FC7 -T%?:I.B';. ( K I L  = :iC K C I F ) .  A,* ,-, 

* n ,  1 
> "**'C < , P I >  > - I .  C r S C E F T S  
> 0 : :  D .- S = 111, h 2 \  
> E A W G 3 :  3 - 1 = 9 ,  " f R 1  
> -- - S = { < L ~ , x A > ,  < T 2 , F i > )  
> F Z I C  = { < I q t 9 Z > ,  < ~ 2 ~ q : > )  
> I = 1 A ,  <I?, !IF>) 
> 
9 **** E F I S 7 I : ; G  T'l J )  F ICC: I i :E \L  C Z ~ i $ ~ A ~ ~ ~  T y P c  E 
> 4 V % L r l e S ' O F  - F' TCit  3 C r 4  7 F T  2 C'F .- > S - ( 5 ,  - >  ( ' I ' ! ;ZIVZI>. : IAI  L C ! : C L E Y Z ) .  
> 

# 

> L I ? C ; I C . ~ L  C J, , F, K *  
> - - .. 

C - <,",:,> = q P Z . : ; Z ,  9 :  h:i!Lc) 
> 
2 9 k?iL 'h  SC?;:IIX!;T, I !  T H E  V CI; I; C E  E Z l :  
> J 
* n i l  
> 
*rna$c 
> i' 
* b i i c  
> 44 

* n i l  
> 
> .- .a , p L; 15 G-T I?\ cs=:v P r- - > z , " S  CFt I : i D I U I P U f . L  
> C C S C L F ' i 3  
> " C >,'.q?Y 7 S F U N C ? I O S ?  k5GY D - < S f ? >  TTC L - L W ,  

> -1nAT 15, F ~ ' J ! , ~ ! ! C I V J C U F L  C C S C E P 7 S  10 1 VALUES,  . C 1  

2 2i lTY WILL B 5 L! Of 9 I I O X S  2C.F T K F  L 9 G 1 :  C'AL CCIJSTANTS: 
> A ,  WdEAN, F W K ,  EISII,.  I?rn?, ! J ~ I C O F & ;  P C ,  I i , E P G S A T l l f . E ,  
> F 7 h . - W A L K ,  f d l ~ ,  F I S L ,  C H A N G F .  
> 
> 1: ( 3  , L >  = P ,  F T I C ,  ? : A I C ) v  
> D - ~ s  - = $ 7 .  7 1  
> 
> EN"T5-C . FCF FLb-;:;Thy, f f l 1 L  = h?& E C L )  . 

Administrator
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Not Clear in the Clear



> 3 A T C  = [ < Z q , : < h > ,  < Z G e P 4 A > )  
+ 1 
3 ke2:;~KsLz; -4 :4Tl" l  5 5 .  
> 
3 5HT2c  &f\ ," :F  aTZF;$N:e ( K N I  f l . O F f ]  
U t 1 i . 1  
> 4 U c~.N;: IV =* - q S T 5  C F  I N I ' X V I C O A L  CCSCLFTS 
>. 

L ,, C ,  Y A L C )  4 U <S,k> = {?F3;"= 
> 5 X t f G l L :  19 - ' is  = [I) -, 1). 
> Wi"bA&SLY = { k P I C 1  
> 
> +***F:i=F Ifit3 -FLL,?55:5 C 7  C - < S  , C V = i V >  F F a 2 E F T I E S  9 F  
> IEiSIqIIDUAL C : C $ C E P I S  
> T H F : Y ' ? A . ~ Z  F U h C  IZKS FFC?:  L- " 5 T C  G-CN=LY,  
> THAT.  12% F;C:* E?T;b??C. C P  PEFFF.? '~ ;O  TO SF75 OF  I?:I?TViCTTAL 
> C O S C Z F T S ,  
> Y t E Y  WILL E ?  "HL V l ' c ' i U E J  (.'T F "I;: T H E  L C G T ? ? L  C t ' E i S T k f l T S :  
> -P -%kl YAK, W C ~ A ~ ,  PA1 I ( ,  P Y C d ,  TF!J, I T N I C C F N ;  P R I C Z ,  IL. ,PZFLT!JI:E,  
> t ~ ! ; ;  ' d F i 6 ,  T A L K ,  F I S L ,  C R A K G ' C .  
> 
> f -  3-5 = ii 1, L L )  

> D - C ? ; = I V  = (GF: As&S!?T) 
> 
> <h":+F ?+k!,X, E"Cr'* 2L;Yr'NT. ( N I L  = l iC  - 3 O F E )  . 
* w o ~ a n  ~ r ~ p  
> 2 P ; T t F  A V F L f f I  9 5  : i I P  F C F  fs..hCH k F G I J K ? K T :  
> 11 = < w ~ ; T >  
*wumsr,s~+Y 
> I2 = <12,T>- 
*woman8et. 
> F j G X A N P F a F  ? ! q Z i ? L E .  
> 
> EXT::F hj;\!E F C F  I . .  f f 3TL  - - 0 K Q F E ) .  
*nil 
> * *  - <S , C ! i = I V >  - F I - O F k I ? I E S  rJEl I ! 9 D V V I C I l A L  C O K C E P T S  
> - CGZAIL44: LI- 5 (IS, 2 1  
2 I.? S G S :  ~ ' - c E ~ = I v  =.. {WOUP NSZ'T] 
> M O P X J P F C F  = 1 ,  ( Y A L C ]  >, <I2, (::AIc] >] 
> 
3 - ****:&T.IF:LF;S :HE FrJ?rC"a?; F L C G I C R - L  cct;S';:Ag'j'S 3 F  TYPE 
> cl.i=rV I 

> F *HZ V A 3 U i S  O F  F F G F  T H Z S E  S T P N F S  A F F  ZLiKZN?-.3 OF 
) 5 - <S; C 1 : = l q >  ( F F O P E P I E 5  OF TKT.IV;3Uki C C I ( C E ~ ~ . S ) .  
> 
> L 3 G L C X L  CCN5'-ri:N?!S: ?:A?{, NCY&:i,  PkEK,  F I S f j ,  P Z N ,  U l T C O F E ; ,  - > P S I C 2 , 6 T Z : $ P L 5 A m U F 3 ,  U !  W k K .  T A L K ,  ~ I ' s E ,  C H A K G E :  
> D -... <S , C K = I V >  = (PC)YAf ik , "GP) 
> 
> F O F  E A C ~ *  GC'CNSTA~:~' ; : ,  i f ; ' P 3 F  THC VALUZ CF F CF NIL.:: 
> f i A N  
* n i l  
> ilC >A N 
*woman p r o p  



" ( ( ; r t c ' !  r , )  
> 
> ytv-:  * n :  7 " \  7: " r ~  I C ~ '  ( ~ 1 1  = Y Q  ~ 3 3 ~ )  ; 

4 .  - . - 
;t : - -  T - - j r ~ ~ s t u l  z t ~  3 f a r  t ~ ~ l ~ n & ~ ~ ,  
* p - ~ y -  3:  1, < f :I+ - $ >  - -- = I ( - i i . ~ I i c ( ; :  ( v o ~ i r .  %) ( t h e r e - i s  u ( e q u s l  
* (  ( i l l :  G I ) \ \ ) )  
> 7 y p 7  p c P * , ?  ? : l R  (IY (r 1 ? - -  - ? "  
> r p p %  . - 1; w - ' ~  7 :  7 7 - 5 .  . y r38: .- 



* c i l  
> 
> F q w r "  4 ~ 1 f l 7 " C ; ~ T C ' h '  ( h T L  f 3 0  MIOR!?) : 
~r .. , . . . > m . r , % ~ ~ t  F. - rc.*, l f l c i n g  woaad* by i ts  d e f  i n i t i o n .  
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