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Summary 

A genera l ly overlooked p o s s i b i l i t y f o r e x t r a c t ­
ing pragmatic meaning from sentence inputs is d i s ­
cussed. This p o s s i b i l i t y draws upon tha psycho­
logy o f tha sub jec t i ve a t t r i b u t i o n o f causes to 
st imulus events. App l i ca t ion to the design of 
conversat ional programs ia feas ib le , although the 
praaant work concerns app l i ca t i on to the a imulat ion 
of a b e l i e f system. Simple sentences known by the 
system ara grouped i n t o ca tegor i ca l types. An 
" i m p l i c a t i o n a l molecule" ia a meaningful aet of 
sentence types w i t h l i n ked elements, f o r example: 
A doea X, X causes Y, A wants Y. One important 
way in which meaning can ba ascr ibed to an input 
sentence is to use i t as the basis f o r a molecule 
which ia then " f i l l e d " by other in format ion in 
tha system. This no t ion ia def ined mathematically , 
and a programming a lgor i thm o u t l i n e d . The poss i ­
b i l i t y o f recurs ive use o f a m o l e c u l e - f i l l i n g r o u ­
t i n e gives tha process h e u r i s t i c overtones. 

Programs f o r the analys is of na tu ra l language 
have probed i n t e n s i v e l y i n t o syn tac t i c and seman­
t i c problema, but we are s t i l l j u i t e a long way 
from the achievement of an "understanding machine". 
In f ree o n - l i n e discourse in Engl ish between per­
sons and some of the conversat ional computer p ro -
grama deviaed to d a t e , 1 * 2 experience has suggested 
to the i nves t i ga to r s t h a t the programs indeed miss 
a great deal of the "meaning" of what is sa i d . 

Although the papera in other aeasiona of t h i s 
conference o f f e r persuasion to the con t ra ry , in 
our op in ion what ia l ack ing ia not p r i m a r i l y in 
the area of c lever ayn tac t i c or even semantic ana l -
yaia of the input proae. Rather, the most d i f f i ­
c u l t problema l i e in what has been ca l l ed the 
"pragmat ice" of language — the penetrat ion beyond 
l i t e r a l decoding o f eentencea to the const ruct ion 
of p l aus ib l e imp l i ca t i ons from those aentencea. 
Recently there haa bean much i n t e res t in soc i a l 
paychology in s o - c a l l e d " a t t r i b u t i o n theo ry " . * This 
ra fa ra to s i t u a t i o n s in which an i n d i v i d u a l ia 
given in fo rmat ion about another pereon'a behaviors 
toward oe r t a i n ob jects and muat i n f e r the appro­
p r i a t e causal i n f l uances under ly ing the behavior, 
Tha i n d i v i d u a l may a t t r i b u t e enduring personal 
t r a i t s t o tha o t h e r , o r enduring incent ive p ro -
pe r t i ee to tha o b j e c t , or a purpoaive o r i e n t a t i o n 
o f tha pereon toward tha objacta in p a r t i c u l a r 
a i t u a t i o n s , and ao on. I t ia c lea r t ha t tha 
a t t r i b u t i o n prooaaa ia a c r u c i a l par t o f tha prag­
matic ana lys is of language, and tha t conversat ion­
a l computer programs w i t h a t t r i b u t i o n c a p a b i l i t y 
would ba qu i t e i n t e r e s t i n g . 

A h y p o t h e t i c a l example may c l a r i f y what auch 
a program might do. Suppose an i n d i v i d u a l types 
•n o n - l i n e sentence auch aa, " I went to three 

drugs tores , " A s y n t a c t i c a l l y baaed program might 
respond, "How d id you go to three drugstores?" A 
semant ical ly based program might respond, "What 
use fu l th ings d id you buy in three drugstores?" 
But a pragmat ica l ly based program ought to be c l e ­
ver enough to ask, "How come tha f i r s t two drug­
stores d i d n ' t have what you wanted?" In order to 
achieve t h i a response, the program would probably 
have to be equipped to understand t h a t repeated 
act ions s i g n i f y pers is ten t i n t e n t i o n , t ha t drug­
stores ara places where th ings are i n t e n t i o n a l l y 
bought i f a v a i l a b l e , t ha t t h i a genera l ly requi res 
no ext raord inary s k i l l or resources from the buyer, 
tha t persistence genera l ly connotes e i t h e r marginal 
a b i l i t y o r environmental d i f f i c u l t y , and tha t t he re ­
fore the buying i n t e n t i o n met w i t h a v a i l a b i l i t y 
d i f f i c u l t i e s i n the drugstores. 

Even such a simple example is p i t t e d w i th 
problems, and one ahould note t ha t the inference 
tha t at leas t two drugstores d i d n ' t have what 
the person wanted might be i n c o r r e c t . No pragmatic 
program can be cor rec t a l l the t i m e , and i t seems 
qu i te un l i ke l y t ha t a good program would t u rn out 
to make more i n t e l l i g e n t a t t r i b u t i o n s than people 
would — and people can, of course, be wrong* 
Any such program at t h i a atage of technology would 
also be at the disadvantage tha t i t a Engl ish vocab­
u lary must be sharply l i m i t e d in order f o r i t a 
operat ion to be manageable. 

The not ion of inherent program f a l l i b i l i t y 
does not coexist comfortably w i th the idea ls of 
a r t i f i c i a l i n t e l l i g e n c e work, but I leave tha t 
problem to the a r t i f i c i a l i n t e l l i g e n c e worker. 
As a psycho log is t , I am somewhat more i n te res ted 
in the i m i t a t i o n o f r e a l i n t e l l i g e n c e than the con­
s t r u c t i o n o f i dea l i n t e l l i g e n c e . 

Thia paper ia concerned w i th an idea tha t 
may prove extremely uaefu l in the design of p ro -
grama f o r pragmatic ana lys i s . Tha c r u c i a l con­
cept is what I c a l l an " i m p l i c a t i o n a l molecule". 
We have employed t h i a concept in the atudy of 
simulated b e l i e f systems, though i t could a lso ba 
uaed in conversat ional programs, and would ba 
capable i n p r i n c i p l e o f responding i n t e l l i g e n t l y 
to examples such as tha ' t h ree drugstoras' prob­
lem, 

Imp l i ca t i ona l Molecules 

Imp l i ca t i ona l molecules are seta of aentencea 
which ara "bound together " by psycholog ica l i m p l i ­
c a t i o n . Tha imp l i ca t ions which b ind moleculea have 
general a p p l i c a b i l i t y to claaaea o f aentence e l e -
menta ra the r than having a domain only of p a r t i c u ­
l a r aentence elements. There would not be one aet 
of imp l i ca t iona f o r John and another f o r Joe ex­
cept i nso fa r aa John and Joe might be categor ized 
aa i nd i v i dua l s w i th behaviore expla inable by very 
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d i f f e r e n t p r i n c i p l e s . I f John were a "good guy" 
and Joa a "bad guy " , f o r example, than t h a i r be -
haviora might ba aaan aub jac t i va l y aa obaying d i f ­
f a ran t r a g u l a r i t i a s , and tha aat of molaculaa would 
ambody imp l i ca t i ona p a r t a i n i n g to Good Guya and to 
Bad Guya. 

Varb elements aa w a l l aa noun elementa ara 
groupad i n t o oatagoriaa f o r purpoaes of molacula 
d e f i n i t i o n * Rapraaantativa oatagoriaa might ba 
Poeaeaaion, Wanting, Doing, L i k i n g ! Pravant ion t 
H u r t i n g , and ao o n , a l l rapraaant ing k inds o f 
r e l a t i o n s batwaan apao i f i ad oatagor iaa of santanoe 
subjacts and aantanoa ob jec ta . 

A aat of ganaral aantanoaa gains a molacular 
charaotar whan tha aantanoa alamanta ara chainad 
batwaan aantanoaa ao aa to oaptura a p a r t i c u l a r 
pragmatic i m p l i c a t i o n * For axampla, whara A ia 
an a c t o r , X an a c t i o n , and Y an out coma, tha 
aat of th raa aantanoaa i A Doaa X, X Causes Yt A 
Wanta Y, cona t i tu taa a molacula axpressing tha idaa 
o f purposive ac t i on : i n d i v i d u a l s do th ings in 
order to achieve des i red outcomes. The p a r t i c u l a r 
s t r u c t u r e of sentence terms ia important . The 
set A Wanta X, X Causae Y, A Doaa Y, ia a c o l ­
l e c t i o n t h a t doaa not make much sense* In the spe­
c i f i c a t i o n o f a molecule, t h e r e f o r e , a l l the com­
ponents are interdependent* The a l t e r a t i o n or 
permutat ion o f category memberehipe w i l l genera l l y 
s p o i l the meaningful character o f the sentence 
set* This does not p rec lude , however, the p o s s i ­
b i l i t y t h a t a given sentence type can appear in 
mora than one molecule. For example, the sentence 
'A Doaa X9 from the I n t e n t i o n molecule could a lso 
be invo lved in a 'Serv i tude ' molecule: B Bosses 
A, B Wanta X, A Doaa X* 

I m p l i c a t i o n a ! molecules may have i n t e r e s t i n g 
p rope r t i es in connection w i t h a number of areas of 
human t h i n k i n g l e a r n i n g , memory, inconsistency 
r e s o l u t i o n , and o thers . 4 Many of theae p roper t i es 
ara poetu la ted i n Geatal t t h e o r y , p a r t i c u l a r l y 
aa formulated by Ha ider , 5 w i t h the molecule 
a c t i n g aa a k i nd of cogn i t i ve Geatal t* For present 
purpoaaa one proper ty — the completion tendency — 
ia moat important . Given a l l sentences of a mole-
cule except one, there ia a tendency f o r t h i a 
omi t ted aantanoa t o ba i n f e r r e d I t i a i n t h i a 
aenae t h a t I have apoken of i m p l i c a t i o n or a t t r i ­
b u t i o n . If wa ara t o l d t h a t A doaa X, and X causes 
Y, we ara l i k e l y to i n f e r t h a t A wanta Y* Even 
i f wa ara t o l d on ly t h a t A doaa X, wa may f i n d i t 
p l aua ib l e to be l i eve t ha t there e x i s t s some Y 
which X causes and which A wanta. 

By meana of molecule comple t ion , t h e r e f o r e , 
i t i a poaaib le f o r e x t r a sentences to be adduced 
from given aentencea, t h a t i a , f o r pragmatic 
meaning to ba auppl ied to the givens* Thia idea 
ia the baaia f o r tha computer program rou t i ne I 
w i l l descr ibe s h o r t l y . F i r s t i t w i l l b a use fu l t o 
d e t a i l tha a e t t i n g w i t h i n which tha program oper­
a tes . 

Simulat ion of a B e l i e f Syatam 

A program b u i l t to use i m p l i c a t i o n a l molecules 
of course must have acceas to a memory s to re or 
d i c t i o n a r y of moleculea. I t ahould ba obvious t h a t 
t h i a a tore of moleculea ia not f i x e d by a un i ve rsa l 
p r i n c i p l e . Some i m p l i c a t i o n a l moleculea may be 
operat ive in one cogn i t i ve system but not in an­
other* Dramatic examples may be provided by con-
aide r i n g imp l i ca t i ona a paychoanalyat might draw 
from in fo rmat ion about human aot iona and fee l inga 
in oontraat to a layman1s imp l i ca t iona . One auch 
funny l i t t l e molecule ia the fear -w ish paradigms 
A Faara X, A Wanta X. Or t h i s might be embel l ished 
to inc lude the meaning of dreams A Feara X, A 
Wanta X, A DreamsY, Y Stands f o r X* Aa another 
case in p o i n t , a p o l i t i c i a n might o f ten i n t e r p r e t 
pub l i c events by d i f f e r e n t p r i n c i p l e s than would 
the Man in tha St reet . 

The programmer, t h e n , must provide moleculea 
to the system, appropr ia te to i t s purposes. He 
must a lso spec i fy the elemental vocabulary of the 
system, and assign theae elements to the categor iea 
used to def ine molecular aentencea. The category 
o f " a c t o r s " , A , f o r example, in the foregoing 
i l l u s t r a t i o n s , is a aat of p a r t i c u l a r noun elements 
denot ing the i n d i v i d u a l s , groups and i n s t i t u t i o n s 
cognized by the system. Verb elements are alao 
subject to c a t e g o r i z a t i o n , ao t h a t each verb ca te ­
gory auch aa Doaa, Wanta, e t c * , might conta in a 
number of a p a c i f i c verb forma. F i n a l l y , the memory 
of the system ahould conta in a sat of p a r t i c u l a r 
aentencea "known" to the ayatem — theae are i t a 
a p a c i f i c " b e l i e f s " . 

A t t h i s stage o f program development, i t i a 
not raaaonabla to contemplete human-sized elemental 
vocabu la r ies , o r seta o f ca tegor iea , o r l i s t s o f 
b e l i e f s , o r s tores o f molecules. The f u l l r ichness 
of unconstrained n a t u r a l language cannot be handled 
at tha same t ime t ha t tha pragmatic ana lys is prob­
lem ia being tack led . I t waa decided to l i m i t the 
range of t o p i c a l concern of the ayatem, and to 
standardize the syntax of s to red b e l i e f sentences 
in the most rudimentary Subject-Verb-Object con­
s t r u c t i o n * Even at t h a t the memory of the ayatem 
needs to be very la rge. 

However, i t is qu i t e eaay to produce a great 
v a r i e t y of output const ruc t ions by maana of keyed 
program e x i t s . I t might be poss ib le to accept 
moderately complex input which ia preprocessed 
i n t o simple sentence form by some auch maana aa 
tha DEC and REC func t ions of Waizenbaum'a ELIZA 
program,1 but we have not done t h i a . Ina tead , 
tha input ia l i m i t e d to the aimpla sentence forms 
cognized by tha c e n t r a l ayatem* 

In exe rc i s i ng a b e l i e f ayatem auch aa dea-
c r i b a d , our i n t e n t haa been to design a program 
which w i l l operate upon input aentencea in auch 
a way aa to understand or exp l i ca te them. Part 
o f t h i s e x p l i c a t i o n would invo lve a response of 
c r e d u l i t y o r i n c r e d u l i t y , along w i t h aub jec t i ve 
reasons why tha inpu t ahould be be l ieved or d i s ­
be l i eved . Thia aspect o f tha program ia what in 
previous p a p e r s 6 , r I have c a l l e d The C r e d i b i l i t y 
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Teat. Tha remaining aspact of tha program consists 
in tha A t t r i b u t i o n Procaaa — tha discovary or 
cons t ruc t ion of pragmatic imp l ica t ions from c re ­
d i b l e i n p u t s , 

Tha output from t h i s program can in p r i n c i p l e 
serve to determine f u r t h e r system a c t i v i t i e s , such 
as changes in the s tored memory s t ruc tures or the 
formula t ion o f questions t o e l i c i t f u r t he r i n f o r ­
mation from the input source, e tc . At present , 
however the output to each input aentence t r i g ­
gers no f u r t h e r processes. A response is p r i n ted 
and the eequence terminates unless another com­
p l e t e l y independent input sentence is presented to 
the program. 

I n t e r a c t i o n w i t h our program thus need not be 
in the conversat ional mode. We have found tha t 
the f r u s t r a t i o n s of attempted t ime-shar ing ! when 
the program involves s t r i n g and l i s t processing and 
a very la rge memory! can outweigh the p o t e n t i a l ad­
vantages. Our present program ve rs ion ! w r i t t e n in 
SN0B0L3, is batch processed on the 7094. 

The p a r t i c u l a r vocabulary concept ca tegor ies . 
b e l i e f a ' and molecules of one r e a l i z a t i o n of the 
system concern the t o p i c of United States fo re ign 
p o l i c y . There are some 500 nouns in 15 categories 
100 verbs in 11 ca tegor ies . 300 b e l i e f s , and 12 
molecules. The ideology present ly represented is 
the extreme r i g h t - w i n g po in t of view of a w e l l -
known ex-ex-Senator. Other po in ts of view could 
of course be handled in the same programming sys­
tem by changing the memory s t o r e . Our system de­
sign i n t e n t i o n was tha t the rep l i es by the auto­
mated Senator to the input statements presented 
him should s imulate the rep l i es the r e a l Senator 
might conceivably make. Ear ly t es t s of such a 
s imu la t ion were not notably success fu l ! but more 
recen t l y w i t h the i nc l us ion o f the i m p l i c a t i o n a l 
molecule concept in the s imula t ion system f a f a i r 
degree of success has been achieved. The d e t a i l s 
of t h i s t e a t are to be reported in a separate 
paper. How i m p l i c a t i o n a l molecules are used in 
the s imu la t ion program w i l l now be descr ibed. 

Using I m p l i c a t i o n a l Molecules in the Simulat ion 

Tha heart of the s imula t ion program is a sub­
rou t ine which attempts to " f i l l molecules", The 
input is a s ing le sentence ( i n the simple Subject-
Verb-Object f o rm) , and the output is e i t h e r a 
f i l l e d molecule conta in ing the input aentence and 
the appropr ia ta o ther sentences needed to complete 
the molecular s e t , o r a f a i l u r e s igna l i n d i c a t i n g 
t ha t tha system cannot exp l i ca te the input sentence. 
Fol lowing f a i l u r e to e x p l i c a t e ! the sub-rout ine 
may be entered again in an attempt to exp l i ca te the 
opposite of the input sentence t thus enabl ing the 
syatem to d i s t i n g u i s h between unacceptable and 
i nexp l i cab le i n p u t s . 

I f the m o l e c u l e - f i l l i n g rou t ine succeeds, 
then of course the o ther sentences comprising the 
completion of the molecule provide the verbal 
mater ia ls f o r the e x p l i c a t i o n . I n t e r e s t i n g l y , 
the "name" of the molecule a lso provides valuable 
• x p l i c a t i v e ma te r i a l f o r use in embel l ish ing the 

There is a l i s t L of " l e g a l sentence t y p e s " , 
xaRpxceach spec i fy ing a semantic a l l y and prag­
mat i ca l l y reasonable sub jec t -verb-ob jec t sequence. 
Nonsensical combinations of categor ies, such as 
inanimate subjects and animate verbs, do not 
appear. Nor do sub jec t i ve l y unbel ievable t r i p l e t s — 
f o r example, our simulated r i gh t -w ing p o l i t i c i a n 
does not a l low f o r the p o s s i b i l i t y of a Free-World-
Nation At tack ing a Free-World-Nation, and t h i s sen­
tence type does not appear on i t s l i s t L. 

There i s a l i s t B o f a l l s p e c i f i c b e l i e f 
sentencea in the system. This l i s t is 

p a r t i t i o n e d i n t o blocks o f b e l i e f sentences o f 
each given l e g a l sentence type ( f o r example, a l l 
s p e c i f i c examples of Communist-Nations Subvert ing 
Free-World-Nations). This simple b lock ing arrange­
ment has been found to save a great amount of t ime 
dur ing search and matching procedures using the 
b e l i e f l i s t . 

F i n a l l y , there is a l i s t M of molecules. 
Each molecule is a p a r t i c u l a r set of s l e g a l 
sentence types (most t y p i c a l l y , s=3) together 
w i th a s p e c i f i c a t i o n of how p a r t i c u l a r elements are 
to be l i n ked across sentences. In genera l , the 
molecular set Mh may be denotedt 

wi th s p e c i f i c i d e n t i f i c a t i o n s o f subsc r i p t s , f o r 
example, i1=i7the index f o r the category, Ac to rs ; 
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The abs t rac t molecule Mh nay be sa id to be 
raa l i aad by a concrete case whenever a l l sen-

tanoaa in the abs t rac t molecule s p a c i f i c a t i o n ara 
approp r ia ta l y exempl i f i ed by sentencee which ara 
preaumed t r u s . A santanca asaumas t h i s t r u t h 
v a l u e , PTRUEt a i t h a r by v i r t u a of baing tha input 
t o tha " f i l l - m o l e c u l e " r o u t i n e , o r bacausa i t i s 
o n tha b a l i a f l i s t , o r bacausa i t i s ca lcu la tad 
t o ba appropr ia ta t o add to tha b a l i a f l i s t . This 
l a t t a r c a l c u l a t i o n invo lves a s u b t l a t y to ba d i e -
cusaad s h o r t l y * 

I n tha process o f attamptad concrata r e a l i ­
za t ions of a molecule, tha aavara l catagor iaa 
X9R acquira a lamantal represen ta t i ve x , r . Tha 
catagor iaa may ba conaidarad " f r e e v a r i a b l e s " u n t i l 
tha program a lgo r i thm assigns s p a c i f i c alamants to 
craata " f i x e d v a r i a b l e s " . This tarminology ia 
naoaasary bacausa of tha l inkage of X-var iablea 
across sentences. I t i s a convantion o f tha p r o ­
gram t h a t whenever the aama X-category appears in 
d i f f e r e n t sentences, the elements represent ing these 
categor ies should e i t h e r be i d e n t i c a l o r h i gh l y 
s i m i l a r . ( "H igh ly s i m i l a r " , i n tha apec ia l senae 
intended he re , means t h a t one element ia an i n ­
stance of the o the r . These instance r e l a t i o n s h i p s 
ara s t o red in the memory. De ta i l s have been given 
i n previous papers. 7 ,8 ,9 ) 

I f a l l f ree var iab les in a molecule become 
app rop r ia te l y f i x e d , the molecule ia success fu l l y 
f i l l e d . The cond i t ions of such success are appar-
e n t l y q u i t e s t r a i g h t f o r w a r d mathemat ica l ly . De-
j o t i ng the contents o f the concrete molecule 

and t h i s f ixedness i s t r a n s f e r r e d to the app rop r i ­
ate element of another sentence type in the same 
molecule. Acceptable concrete sentences of t h i s 
type are generated from the appropr ia te block of 
the b e l i e f l i s t B , thus f i x i n g another f ree 
v a r i a b l e . At t h i s p o i n t , one remaining sentence 
in the molecule t y p i c a l l y has both X elements 
f i x e d , and the value of the PTRUE func t i on is 
ca lcu la ted f o r i t . Success e i t h e r completes the 
molecule o r , in case sentences remain in the mole­
cule s p e c i f i c a t i o n , new f ree var iab les are f i x e d 
by concrete sentence generat ion and/or the PTRUE 
func t i on is ca lcu la ted f o r new f i x e d - v a r i a b l e 
sentences• 

The PTRUE func t i on invo lves one or two s teps . 
The f i r s t is a matching procedure against the 
appropr ia te block o f the B - l i s t , l ook ing f o r a 
known sentence w i t h a l l elements " s i m i l a r " to the 
tes ted sentenoe. ( " S i m i l a r " is a more re laxed 
vers ion o f " h i gh l y s i m i l a r " , mentioned p r e v i o u s l y . ) 
I f t h i s t e s t f a i l s , a second procedure i s under­
taken , a procedure which lends ths whole rou t ine 
much greater i n t e r e s t . 

This procedure int roduces recurs ion in ths 
m o l e c u l e - f i l l i n g r o u t i n e . The second way in which 
the func t i on PTRUE can be s a t i s f i e d f o r a sentence 
is by en te r i ng t h a t sentence in t u r n as inpu t to 
the f i l l i n g r o u t i n e . A successfu l e x i t endows 
the sentence w i t h presumptive t r u t h . The e x i s t ­
ence of t h i s r e a l i s t i c program device means t h a t 
the attempt to complete molecules assumes an 
open-ended charac te r , w i t h p a r t i a l completions 
lead ing to new searches which may have p a r t i a l 
complet ions, and so on . There is undoubtedly a 
psycho log ica l l i m i t to the depth such a recurs ion 
might reasonably t a k e , and a p resent ly a r b i t r a r y 
program parameter i s used to def ine t h i s l i m i t . 
Hope fu l l y , emp i r i ca l work now in progress w i l l 
shed l i g h t upon the appropr ia te value of t h i s 
parameter. 

In order to make the foregoing abs t rac t ex­
p lana t ion of the rou t i ne more concre te , Table 2 
gives some of the ca tego r i es , e lements, and mole­
cules f o r the r i g h t - w i n g e r . The components shown 
of course represent on ly a smal l f r a c t i o n of the 
t o t a l s to rage. Not ice t h a t noun elements can bs 
compound concepts such as s i t u a t i o n s - h e l p f u l - t o -
the-Communists. One of the molecules, the c r u c i a l 
one f o r present purposes, i s labe led "No-Win P o l i ­
cy " by the system, and has the fou r argumentst 
L i b e r a l s , Western governments, s i t u a t i o n a - h e l p f u l -
to-the-Communists, and standing-up-to-the-Commu-
n i s t s . The sentences of the molecule a r e i Weetern 
governments promote s i t u a t i o n s - h e l p f u l - t o - t h e -
Communists} Standing-up-to-the-Communiats prevents 
s i tua t ions-he lp fu l - to - the-Communis ts1 L ibe ra l s 
c o n t r o l Western governments; L ibe ra ls f ea r s tand ing -
u p - t c - t h e - Communists• 

Now suppose t h a t the inpu t sentence is 
" B r i t a i n n o t - i n t e r f e r e s - w i t h Czech i n v a s i o n . " The 
sentence type is "Western governments promotes 
s i t ua t i ons -he lp fu l - t o - t he -Commun is t s . " The p r o ­
gram consul ts i t s moleoule l i s t , and f i n d s t h a t ths 
No-Win Po l i cy molecule conta ins a sentenoe of t h i s 
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t ype . Second molecule sentences are now generated 
by consu l t i ng the b e l i e f l i s t to locate sentences 
of the t y p e , "standing-up-to-the-Communists p re -
vanta s i tuat iona-he lp fu l - to- the-Cfcmmunis ts . " Not 
a l l aantancaa of t h i s typa are appropr ia te , how­
ever , s ince the s p e c i f i c sentence object muat be 
s i m i l a r t o the f i x e d var iab le o f the f i r s t sen­
tences Czech invas ions . Thus, " A l l i e d a i r l i f t 
overcomes B e r l i n blockade" is not appropr ia te . A 
l i s t of candidate sentences is constructed, and we 
suppose t h a t the f i r s t such sentence is "U.S. shows 
Of force stops Red i nvas ions . " For the t h i r d 
sentence of the molecule, the requi red sentence 
type is " L i be ra l s c o n t r o l Western governments." 
Here, the "Western governments" var iab le is f i x e d 
by the input as " B r i t a i n " , but " L i b e r a l s " is a 
f ree va r i ab le (because i t has not occurred be fo re ) . 
Suppose "Wilson con t ro ls Br i ta in1 1 is the only appro­
p r i a t e sentence o f t h i s t h i r d type . 

Passing f i n a l l y to the fou r th sentence of 
the molecule, we see tha t the t y p e , "L ibe ra ls fear 
standing-up-to-the-Communists" has been constrained 
by f i x i n g the l i b e r a l as "Wi lson" and standing-up-
to-the-Communists as "U.S. shows of fo rce" or 
something s i m i l a r . Now the program instead of 
generat ing p o s s i b i l i t i e s , must simply see i f any­
t h i n g a t a l l o n the b e l i e f l i s t f i t s the spec i ­
f i c a t i o n . I f , say, "Wilson fears U.S. nuclear 
a c t i o n s " , is p resent , then the molecule is success­
f u l l y f i l l e d . The output can now be constructed 
by chain ing together the four rea l i zed sentences of 
t h i s molecule, the name of the molecule, "No-Win 
Po l i cy " and s u i t a b l e pre-keyed i n t e r s t i t i a l mater­
i a l to produce a f l o r i d and smarmy account of why 
B r i t a i n does not i n t e r f e r e w i th the Czech invas ion . 

I f , on the o ther hand, the b e l i e f l i s t con-
ta ina no th ing to suggest t ha t "Wilson fears U.S. 
shows o f f o r c e " ! then t h i s sentence i t s e l f i s i n ­
put to the f i l l - m o l e c u l e r o u t i n e . Another mole­
cule is found which w i l l accommodate a sentence of 
t h i s t ype i say , the " L i b e r a l Weakness" molecule — 
"L ibe ra l s fea r atanding-up-to-the-Communists", 
"L ibe ra l s oppose armaments", "Armaments promote 
standing-up-to-the-Communiets." I f the second and 
t h i r d sentences here can be r e a l i z e d , say w i th 
"Wilson opposes B r i t i s h t roop commitments" and 
" B r i t i a h t roop commitments a i d U.S. shows of f o r c e " , 
then "Wilson fears U.S. shows of force"would be 
considered presumpt ively t rue by the program, thus 
f i l l i n g the o r i g i n a l molecule. 

Fa i l u re o f t h i a recurs ion leads to an i t e r ­
a t i on down the e a r l i e r l i s t o f candidate sentences 
in an attempt to f i n d another su i tab le combination. 
Exhaustion o f a l l candidate l i s t s leads to aban­
donment of one molecule and attempts at f i l l i n g 
o t h e r s , afterr which the f i n a l f a i l u r e e x i t occurs. 

With a program l i m i t a t i o n on deep recu rs ion , 
t h i s r ou t i ne usua l l y takes no more than h a l f a 
minute. Of course t h i s sst imate depends on the 
parameters of the p a r t i c u l a r memory, and we w i l l 
need more experience to der ive more general 
es t imates. 
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