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Abstract: We in t roduce r a t i o n a l p sycho logy a s t h e c o n c e p t u a l inves t iga t ion of p sycho logy b y m e a n s of t h e 
m o s t fit m a t h e m a t i c a l concept s . Severa l p r a c t i c a l scientific benef i t s shou ld a c c r u e f rom it3 recogni t ion . 

T h i s re search was s u p p o r t e d b y the Defense A d v a n c e d R e s e a r c h P r o j e c t s A g e n c y ( D O D ) , A R P A Order 
N o . 3597 , m o n i t o r e d by the Air Force Av ion ic s L a b o r a t o r y u n d e r C o n t r a c t F 3 3 6 1 5 - 8 1 - K - 1 5 3 9 . T h e v iews 
and conclus ions conta ined in this d o c u m e n t . a r e those of t h e a u t h o r , a n d shou ld n o t be interpreted a s 
represent ing the official pol icies , e i ther e x p r e s s e d or impl ied , of t h e Defense A d v a n c e d R e s e a r c h P r o j e c t s 
A g e n c y or the G o v e r n m e n t of the U n i t e d S t a t e s of A m e r i c a . 



S o m e y e a r s a g o — never mind how long precisely — hav ing l itt le or no m o n e y 
in my p u r s e , a n d noth ing p a r t i c u l a r to interest m e on shore , I t h o u g h t I would 
sail a b o u t a l i t t le and see the watery p a r t of the world. It is a way I have of 
dr iv ing oif the spleen and regu la t ing the c i rculat ion. 

H. Melvi l le , Moby Dick, or The Whale 

Peregrinus expectavi pedes meos in cymbalis. 
S. Prokof iev , Alexander Nevsky 

Apology 

§1. T h i s p a p e r exp la ins " r a t iona l p s y c h o l o g y , " the field in which I p l ace m y current work . T h i s is 
not a scientific p a p e r , b u t an apo logy : a neces sary one, I think, however d i s ta s te fu l . M y cur rent work 
beg ins in artif icial intel l igence, a recognized , if infant , field. However , I c a n n o t mere ly a d d r e s s the work 
to artif icial intel l igence b e c a u s e m y a i m s a n d concept ions are s o m e w h a t different t h a n those ord inar i ly 
held in artif icial intel l igence, a n d so are eas i ly m i s u n d e r s t o o d w i t h o u t s o m e sort of e x p l a n a t i o n . I would 
i n s t e a d a d d r e s s the work to the field whose a i m s I share , excep t t h a t I find no such field a t present , 
a n d face s imi lar o b s t a c l e s to c o m m u n i c a t i o n in t h e a l t e rna t ive s to artificial intel l igence. In this p a p e r , 
I h o p e b o t h to exp la in the idea of r a t i o na l p sychology , a n d to p l a c e it a m o n g the a s s o c i a t e d fields of 
artificial intel l igence, p sycho logy , cogni t ive sc ience , etc . T h e reader is free to re j ec t m y in t roduc t ion of 
this enterpr i se , b u t I h o p e a t least to c o m m u n i c a t e m y a i m s , whatever fields lay c la im to t h e m . 

§2. I w a s t r a ined in the field of artif icial intel l igence, init ial ly work ing with i s sues of p r o b l e m so lv ing 
a n d p lanning , b u t m a n y worker s in those a r e a s t o o k my work to focus on r e p r e s e n t a t i o n a l i s sues . If 
I t u r n e d to workers in representa t ion , I found mysel f t h o u g h t a p r o b l e m solver , s ince w h a t I d id w a s 
pla inly not j u s t r e p r e s e n t a t i o n ( to the extent t h a t anyone in artificial intel l igence is willing to a d m i t 
t h a t a n y t h i n g is not r e p r e s e n t a t i o n ) . B u t neither d id I s t u d y l a n g u a g e , v i s ion, or cogni t ive s i m u l a t i o n . I 
b e g a n to seek congenia l s cho la r s o u t s i d e artif icial intel l igence, b u t found no clear h o m e there ei ther . 
P h i l o s o p h e r s knew t h a t w h a t e v e r m y phi losophica l in teres t s , the ques t ions I p u r s u e d were ones of 
engineer ing . T u r n i n g b a c k to artif icial intel l igence, the "knowledge eng ineer s " a n d s y s t e m bu i lder s s a w 
I w a s no engineer , b u t a log ic ian in s t ead . L o g i c i a n s t h o u g h t it q u a i n t one of t h e artif icial inte l l igents ia 
shou ld a p p r e c i a t e s o m e t h i n g s u b s t a n t i a l like logic, b u t knew my concerns were extra- log ica l , i n s t e a d 
psycholog ica l . P s y c h o l o g i s t s conc luded from my di s interes t s in the h u m a n m i n d t h a t I was a c o m p u t e r 
sc ient i s t . T h o s e c o m p u t e r sc ient i s t s who h a d not a l r e a d y wr i t ten off artif icial intel l igence could not 
u n d e r s t a n d my d i s interes t in wri t ing p r o g r a m s . Af ter all , is t h a t not the point of artif icial intel l igence? 

A s T R U E S D E L L r e m a r k s , it is p l e a s a n t to afford t h e luxury of be ing a n eccentr ic , b u t no one 
likes to be noth ing . T o c o m b a t m y a p p a r e n t i so lat ion, I worked to m o r e clearly fo rmula te the a i m s of m y 
re searches , to s ee if they were r ightly " s o m e t h i n g e l se " to everyone. I wish to b e clear t h a t the peop le 
implic i t ly referred to prev ious ly a r e all generous a n d fr iendly, a n d are all correct in their j u d g e m e n t s 
of t h e d i s s imi lar i ty of our re spec t ive a i m s . B u t d u e to my inar t i cu la te e x p l a n a t i o n s of m y work , they 
each conc luded m y work to fit where o ther s would not have it. I benef i ted g rea t ly f rom this s t r ing of 
re jec t ions in refining m y v iews on my a ims , a n d I t h a n k all those involved. Whi le my pr ior t r a in ing 
as a m a t h e m a t i c i a n a n d the counsel of J O S E P H S C H A T Z led m e on the first s t e p s of this fo rmula t ion , 
happi ly I eventua l ly r e a d w o r k s of T R U E S D E L L , whose a i m s for m e c h a n i c s co inc ided r e m a r k a b l y wi th 
my a i m s for m e n t a l concerns . I have borrowed heavily from t h e lessons of S C H A T Z a n d the wr i t ings of 
T R U E S D E L L in the following, to the point of a d o p t i n g the t e r m " ra t iona l p s y c h o l o g y " in c o r r e s p o n d e n c e 
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with the name "rational mechanics." I explain this choice momentarily, together with the enterprise it 
labels. 

§3. In the following I first describe the concerns, aims, and methods of rational psychology, together 
with its connections to associated fields. This precedes discussion of some practical benefits I hope will 
follow from its recognition. Better exposition perhaps would begin with the problems I perceived in the 
practice of artificial intelligence that motivated my pursuit of rational psychology, for these might serve 
as a better bridge to the new from the familiar, but rational psychology is an enterprise in its own right, 
not merely a temporary therapeutic project. However, as I elaborate later, whatever the proper stature 
of rational psychology, the points to grasp are its aims and methods. These are important regardless of 
how one labels the fields they serve. 

§4. I owe much to many who must remain nameless for unwitting help in formulating these views. 
However, I am pleased to thank several for special help: JOSEPH SCHATZ, JOH AN D E KLEER, GERALD 
S U S S M A N , J A I M E C A R B O N E L L , A L L E N N E W E L L , M E R R I C K F U R S T , R A Y M O N D R E I T E R , and 
JOHN MACNERNEY for several discussions, and MARVIN MlNSKY, CLIFFORD TRUESDELL, JURIS 
HARTMANIS, DANA SCOTT, and MICHAEL RABIN for their many writings. I am also indebted to 
the ins t i tu t ions which have supported my pursuits: the Massachusetts I n s t i t u t e of Technology, S t a n f o r d 
Univers i ty , Carnegie-Mellon Univers i ty , the Fannie a n d John Hertz F o u n d a t i o n , a n d the Government of 
the Uni ted States of America. 

Rational Psychology 

§ 5 . Rational psychology is a part of mathematics, the conceptual investigation of psychology. "Rational" 
here indicates psychological investigations based on reason alone, rather than on experiment, engineering, 
or computation, the rational analysis of the concepts and theories whose applicability and feasibility 
are studied in experimental, engineering, and computational projects. Rational psychology is not the 
study of rational agents, but instead the mathematical approach to the problems of agents and their 
actions, whether these agents and actions are themselves thought rational or irrational. The name stems 
from the rational mechanics of NEWTON, and is merely adaptation to the realm of mental philosophy 
of the principles, aims, and methods found in his natural philosophy. Although I contrast rational 
psychology with other disciplines, the term is not meant to exclude others so much as to name something 
excluded by everyone else, and to highlight the common project occurring in specialized and isolated 
manifestations. It is not meant merely to agglomerate numerous disciplines, as unfortunately seems to be 
the situation in cognitive science, nor to prevent specialization. The aim is instead to reset the common 
foundations of mental fields to make the unity apparent mathematically while aiding the prosecution 
and communication of specialized inquiries. 

The reader is warned that this enterprise involves a different conception of what is meant 
by "mind," "mental," and "psychology" than that common in the existing mental sciences. For me, 
a psychology is merely a specification of the structure and behavior of some agent, and a mind is 
the realisation of a psychology in an agent. I decouple these terms from any connotation of human 
minds or actual physical realizability, admitting as "possible minds" agents including vending machines 
and logically omniscient intelligences. These conceptions are developed at length in my paper The 
Foundations of Psychology, 
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§6. T h e a im of r a t iona l p sychology is u n d e r s t a n d i n g , j u s t a s in any other b r a n c h o f m a t h e m a t i c s . W h e r e 
m o s t of w h a t is label led " m a t h e m a t i c a l p s y c h o l o g y " cons i s t s of microscop ic m a t h e m a t i c a l p r o b l e m s 
ar i s ing in the n o n - m a t h e m a t i c a l p ro secu t ion of h u m a n psycho logy , or in the expos i t ion of informal 
theories with invented s y m b o l s s u b s t i t u t i n g for equa l ly prec i se words , r a t i o n a l p sycho logy seeks to 
u n d e r s t a n d the s t r u c t u r e of psycholog ica l c o n c e p t s a n d theor ie s by m e a n s of t h e m o s t fit m a t h e m a t i c a l 
concept s a n d s t r ic t proofs , by susp ic ious ly a n a l y z i n g t h e informal ly deve loped not ions to reveal their 
e s sence a n d s t r u c t u r e , to allow d e b a t e on their i n t e r p r e t a t i o n to be p h r a s e d precisely, with consequences 
of choices seen m a t h e m a t i c a l l y . T h e a i m is no t s imply to further in formal p sycho logy , b u t to u n d e r s t a n d 
it i n s t e a d . 1 

T h i s a i m enta i l s c lass i fy ing s o r t s of a g e n t s a n d ac t ions , c la s s i fy ing all pos s ib le m i n d s , s o t h a t 
the de ta i l ed p roper t i e s of an a g e n t m a y b e p r e d i c t e d f rom i ts f u n d a m e n t a l c lass i f icat ions . J u s t a s 
g r o u p theory seeks to classify t h e se t of all g r o u p s in t e r m s of their i s o m o r p h i s m c lasses a n d their 
re la t ions to other m a t h e m a t i c a l s t r u c t u r e s , r a t i o n a l p s y c h o l o g y s e e k s to class i fy the s e t of all poss ib le 
m i n d s a n d their re la t ions to pos s ib le e n v i r o n m e n t s . In e i ther endeavor , a c o m p l e t e class i f icat ion al lows 
select ion of s t a n d a r d repre senta t ive s f rom each i s o m o r p h i s m c las s , r e p r e s e n t a t i v e s chosen to m a x i m a l l y 
fac i l i ta te their p re sen ta t ion a n d d i scus s ion . P u t a n o t h e r way , r a t i o n a l p s y c h o l o g y is o n e of the "sciences 
of t h e art i f ic ia l , " a iming to classify poss ib i l i t ie s r a ther t h a n to identify ac tua l i t i e s . C las s i f i ca t ion can 
procede w i t h o u t m e t a p h y s i c a l doc t r ine , a n d a s COURANT a n d ROBB1NS obse rve , s o m e of t h e g r e a t e s t 
a ch ievement s in phys ic s have come as r e w a r d s for c o u r a g e o u s a d h e r e n c e to the pr incip le of e l iminat ing 
super f luous m e t a p h y s i c s . O n e m u s t h a v e a m e t a p h y s i c s , b u t it can b e chosen, a s wrell a s inher i ted . 

§7. T h e m e t h o d of r a t iona l p sycho logy is to descr ibe a n d s t u d y m e n t a l o r g a n i z a t i o n s and p h e n o m e n a 
by che m o s t fit m a t h e m a t i c a l c o n c e p t s . T h i s does no t m e a n p u r s u i t of the m a t h e m a t i c a l too l s for 
their own sake , nor forced a p p l i c a t i o n of p e t m a t h e m a t i c a l a b s t r a c t i o n s , b u t s imply t h e use of a prec i se 
l a n g u a g e in s tead of v a g u e fo rmula t ions , and t h e bor rowing of w h a t e v e r a n a l y s e s t h e current m a t h e m a t i c s 
prov ides . T h e s t a n d a r d s d i rec t ing the inves t iga t ion are t h o s e of m e n t a l i m p o r t a n c e ra ther t h a n difficulty 
of p roo f or a b s t r u s e n e s s or m a t h e m a t i c a l i m p o r t a n c e of the m a t h e m a t i c a l too l s employed . If a resu l t 
is no t psychologica l ly crucial , t h e difficulty of its p roo f does not lend it i m p o r t a n c e , and neither does 
the use of m a t h e m a t i c a l e so ter ica . B u t if ana ly t i c funct ion theory c a p t u r e s the p r o p e r t i e s of s o m e a g e n t 
m o r e clearly t h a n s imple n u m b e r theory , then it shou ld not b e s h u n n e d s imply b e c a u s e of i t s relat ively 
a d v a n c e d pos i t ion in m a t h e m a t i c s curr i cu la . 

T h e m e t h o d of r a t iona l p sycho logy follows t h a t of the m a t h e m a t i c a l s t u d y of m a t h e m a t i c a l 
concept s . One p h r a s e s s u b j e c t s of inves t iga t ion a n d spec ia l i zed theor ies a s se t s o f a x i o m s a b o u t t h e con
s t i tu t ion of agent s . T h e s e a re ca l led " c o n s t i t u t i v e a s s u m p t i o n s " in m o d e r n r a t i o n a l m e c h a n i c s . R a t i o n a l 
p sycho logy t akes psychologies a s g ivens for ana ly s i s , c lass i f icat ion, p red ic t ion , a n d re formula t ion , ra ther 
t h a n as mys te r ious qual i t ies of a g e n t s to be d i scovered by e x p e r i m e n t , c o m p u t a t i o n , or phi losophica l 
s p e c u l a t i o n . T h e s e s e t s of cons t i tu t ive a s s u m p t i o n s c a n be f o r m u l a t e d a n d s t u d i e d for m a n y ex terna l 
p u r p o s e s : as idea l s a g a i n s t which a c t u a l or c o n s t r u c t e d a g e n t s m a y b e c o m p a r e d ; a s theor ies of a c t u a l or 
des i red a g e n t s in spec ia l c i r c u m s t a n c e s ; a s spec ia l a s p e c t s of a c t u a l or des i red agent s ; a n d as a p p r o x i m a 
t ions to the proper t i e s of a c tu a l or des i red a g e n t s . C l e a n theor ies of spec ia l ca ses m a y " leave th ings 
o u t , " b u t they so t r a d e re s t r i c ted r a n g e of app l i cab i l i ty for e n h a n c e d a c c u r a c y within their d o m a i n of 
interest . 

I cannot explain the mathematical aim of understanding, even though every mathematician grasps it. For hints, see 
HARDY or COURANT and ROBBINS. 
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Comparision 

§8 . I wish I could g ive a deta i led s a m p l i n g of i m p o r t a n t c o n t r i b u t i o n s to r a t i ona l p sychology , b u t t h a t 
would m a k e this a long t e x t b o o k ra ther t h a n a brief a p o l o g y . I n s t e a d . I l ist s o m e of the a r e a s I would 
include as contr ibut ions . Only a t iny f ract ion of this work h a s occurred within artificial intel l igence, a n d 
rightly so , for artificial intel l igence is only one of the newest of t h e fields of m e n t a l ph i losophy . P e r h a p s 
artificial intel l igence will s o m e d a y a t t e m p t to equa l i t s m o r e a c c o m p l i s h e d s ister-f ields . A t any r a t e , 
p r o m i n e n t a m o n g the a r e a s with which the ( ideal ) s t u d e n t of r a t iona l p sycho logy shou ld be a c q u a i n t e d 
a re (1) the sciences of r a t iona l i ty a n d ra t iona l a g e n t s , n a m e l y m a t h e m a t i c a l logic, m e t a m a t h e m a t i c s , a n d 
p a r t s of m a t h e m a t i c a l economics (especia l ly decis ion theory , g a m e theory , ut i l i ty theory, equi l ibr ium 
theory, a n d social choice theory) ; (2) t h e sc iences of m e n t a l r e p r e s e n t a t i o n a n d rea l izabi l i ty , n a m e l y 
in format ion theory , m a t h e m a t i c a l l inguis t ic s ( b o t h s y n t a t i c a l inves t iga t ions a n d s e m a n t i c a l s t u d i e s ) , a n d 
the m a t h e m a t i c a l theory of c o m p u t a t i o n ; a n d (3) the sc iences of menta l ecology, for i n s t a n c e cyberne t i c s 
a n d the new m a t h e m a t i c a l theor ies of p e r c e p t i o n . T o these s u b s t a n t i a l theories , artif icial intel l igence 
c o n t r i b u t e s only a few smal le r top ic s a t p re sent , such a s t h e theory of p e r c e p t r o n s , s ea rch theory , a n d 
theor ies of r ea soned a s s u m p t i o n s . T h e s e t o p i c s a re still a t the beg inn ings of their d e v e l o p m e n t a n d 
in tegra t ion with other a r e a s . A s a n o n - e x a m p l e of r a t i ona l p s y c h o l o g y I oiler t h e theory of m e a s u r e m e n t . 
T h i s theory a p p e a r s p r o m i n e n t l y in t e x t s on m a t h e m a t i c a l p sycho logy , b u t is rea l ly no m o r e re levant 
to p sycho logy t h a n to phys ic s or d e m o g r a p h y . It s u p p l i e s ana ly s i s of m e t h o d o l o g i c a l ques t ions a n d 
e x p e r i m e n t a l p r o c e d u r e , b u t h a s l i t t le b e a r i n g on t h e n a t u r e of m e n t a l or phys ica l ent i t ies . T h i s does 
no t reflect bad ly on the theory of m e a s u r e m e n t , any m o r e t h a n t h e i rre levance of c e r a m i c s to p sycho logy 
reflects bad ly on c e r a m i c s . 

§ 9 . I bui ld on this n o n - e x a m p l e of r a t i o n a l p sycho logy to m a k e the pr inc ipa l a i m s a n d m e t h o d s 
of r a t iona l p sychology clearer by c o n t r a s t i n g t h e m wi th t h e pr inc ipa l a i m s a n d m e t h o d s of re l a ted 
fields. T h e s e brief c h a r a c t e r i z a t i o n s are all s o m e w h a t u n j u s t , for fields a re p o p u l a t e d by peop le with 
m i x e d interes t s ; b u t they serve never the les s to i l lu s t ra te different e m p h a s e s . T o beg in : t h e m o d e r n 
disc ipl ine of P sycho logy is t h e e x p e r i m e n t a l inves t iga t ion of h u m a n psycholog ies , with s tud ie s of o ther 
a n i m a l s as p a t h s t o ' h u m a n s . H u m a n s a n d e x p e r i m e n t form the focus of P s y c h o l o g y , ra ther than all 
pos s ib le m i n d s a n d m a t h e m a t i c a l a n a l y s i s . T h e ph i lo sophy of m i n d , whi le e m p l o y i n g c o n c e p t u a l ( b u t 
typica l ly not m a t h e m a t i c a l ) ana ly s i s , a l so focusses on h u m a n s a l m o s t exclus ively . In economics , where 
m a t h e m a t i c a l ana lys i s h a s b e c o m e s t a n d a r d , t h e focus is on r a t i o n a l a g e n t s , ind iv idua l a n d col lect ive, 
r a ther t h a n on a g e n t s in genera l . S imi l a r ly , logic a n d m e t a m a t h e m a t i c s look to ra t iona l i ty , no t genera l 
psycholog ies . C h o m s k y a n l inguis t ic s is expl ic i t ly or iented t o w a r d the h u m a n m i n d , v i a the m e c h a n i s m 
of l a n g u a g e . T h e neurosc iences a re s imi lar ly b o t h h u m a n - a n d m e c h a n i s m - o r i e n t e d . C o g n i t i v e sc ience , 
to the extent t h a t it a d m i t s a consensus , is an a m a l g a m a t i o n of t h e h u m a n - o r i e n t e d fields a n d artif icial 
intel l igence. Artif icial intel l igence itself, which from its n a m e might s e e m the n a t u r a l c o m p a n i o n to 
the a i m s of r a t i ona l p sycho logy , is qui te f r a g m e n t e d in a i m s , b u t a l m o s t universa l ly or iented t o w a r d 
recurs ive rea l izabi l i ty in a g e n t s us ing m o d e r n d ig i ta l c o m p u t e r s . I ts subfield of cogni t ive s i m u l a t i o n is 
expl ic i t ly human-or iented , a n d its subf ie lds of fo rma l r ea son ing , a u t o m a t e d d e d u c t i o n , a n d " t h e o r e m 
p r o v i n g " are all or iented t o w a r d s i s sues of r a t iona l i ty r a ther t h a n psycholog ie s in genera l . " R e a s o n i n g " 
m e a n s deduc t ion to a l m o s t ail involved. The* focus of the field on ga in ing ins ight from c o m p u t a t i o n a l 
exper ience is va luab le , for e x a c t a n a l y s i s a l w a y s h a s current l imits , b u t few p u r s u e any e x a c t ana ly s i s 
a t all. Never the le s s , the enterpr i se of cogni t ive s i m u l a t i o n is s u s p e c t : i ts p r a c t i t i o n e r s th ink to s t u d y 
h u m a n s , b u t w h a t do s i m u l a t i o n s of s p e c u l a t i o n s tell a b o u t a n y t h i n g excep t the specu la t ions ? A n d g iven 
the difficulty of p r o g r a m m i n g large s y s t e m s , c o m p u t a t i o n a l exper ience w i t h o u t m u c h a t t e m p t a t e x a c t 
ana ly s i s certa inly s e e m s the slow b o a t to C h i n a . 
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Benefits 

§10. B y th i s po int I have likely offended every reader beyond r e d e m p t i o n , so c o m m e n t s seem in order o n 
the m o t i v a t i o n s for a n d benefits of recogniz ing r a t iona l p sycho logy . T h i s p a p e r is not a call for o ther s t o 
d r o p their own a i m s a n d m e t h o d s a n d t a k s u p t h o s e of r a t i o n a l p sycho logy . I n s t e a d , i t s i m p l y descr ibes 
a po in t of v iew t h a t m a y be neces sary to proper ly u n d e r s t a n d m y s u b s t a n t i v e works . Differing fields have 
different a i m s a n d e m p h a s e s , a s is p r o p e r , a n d all a re i m p o r t a n t in the p u r s u i t of u n d e r s t a n d i n g . B u t even 
if their interes t s a n d m e t h o d s over lap , recogniz ing their differences helps avo id m i s u n d e r s t a n d i n g s a n d 
e n m i t y . W h e n a s m a n y i s sues and in teres t s a re a t s t a k e a s in t h e fields of m e n t a l ph i losophy , be ing clear 
a b o u t the form a n d s u b s t a n c e of one ' s c l a ims is i m p o r t a n t . ( S i m p l y label l ing w o r k s with d i sc ip l inary 
n a m e s is not only s o m e t i m e s point less , b u t occas iona l ly even a n i m p e d i m e n t t o c o m m u n i c a t i o n . ) For 
e x a m p l e , in art i f ic ia l intel l igence it is i m p o r t a n t to d i s t ingu i sh scientific f rom engineer ing c la ims . C l a i m s 
a b o u t the p roper t i e s a n d recurs ive r e a d a b i l i t y of psycholog ies are scientific c l a ims , while the de ta i l s 
of specific rea l iza t ions and their re la t ive "efficiencies" a r e c l a ims of eng ineer ing . T h e former c l a ims 
can r e m a i n s ignif icant to u n d e r s t a n d i n g no m a t t e r w h a t eng ineer ing i m p r o v e m e n t s a r e d i scovered , while 
y e s t e r d a y ' s engineer ing c o m p r o m i s e s a re s o m e t i m e s b e s t f o rgo t t en . Scientif ic a d v a n c e s a re no t necessar i ly 
" b e t t e r " t h a n engineer ing a d v a n c e s , for engineer ing a d v a n c e s of ten influence the a r e a s of p r i m a r y 
scientific interest a s well a s t h e i m m e d i a t e qua l i ty of life. B u t m a n y a r g u m e n t s h a v e a p p e a r e d in arti f icial 
intel l igence due to c l a iming scientific s t a t u s for engineer ing techniques , which a n n o y s people o r i en ted 
t o w a r d sc ience, a n d d u e to c l a iming i m m e d i a t e prac t i ca l i m p o r t a n c e for theore t i ca l d e v e l o p m e n t s , which 
i r r i t a te s peop le p r i m a r i l y respons ib le for eng ineer ing ach ievement s . It is n o t ra re t o find the p r o g r a m m e r 
who c l a ims to have so lved the p r o b l e m of m i n d ( ju s t use his p r o g r a m ! ) , or t h e m a t h e m a t i c i a n who c l a i m s 
to h a v e d i scovered the s t r u c t u r e of knowledge ( m o d u l o the p r o g r a m m i n g de ta i l s ! ) . B o t h are equal ly gui l ty 
of a r r o g a n t c l a ims no m a t t e r how o u t s t a n d i n g their cont r ibu t ions a p p e a r when proper ly d i rec ted . T h i s 
p r o b l e m is larger t h a n usua l in artif icial intel l igence b e c a u s e unl ike older fields, it h a s not yet d i v i d e d 
into scientific and engineer ing b r a n c h e s . T h i s m e a n s t h a t conferences a n d j o u r n a l s m u s t s e rve the ent i re 
aud ience , with c o m p l e t e n e s s proo f s bor ing the p r o g r a m m e r s a n d re invent ions of M o d u s Ponens b o r i n g 
the theore t ic ians . 

If no th ing else , c o m m o n consc iousnes s a b o u t c lar i f icat ion of a i m s would rel ieve s o m e p e r s o n a l 
a g g r a v a t i o n s . M y work (for e x a m p l e on n o n - m o n o t o n i c logic) h a s often been received with ques t ions like 
" H a v e you i m p l e m e n t e d it y e t ? , " " B u t w h a t is your thes i s ? , " "You d o n ' t real ly th ink h u m a n s do t h a t , 
do y o u ? " M y work often cons i s t s of m a t h e m a t i c a l a n a l y s e s of idea s . A s k i n g a b o u t i t s i m p l e m e n t a t i o n 
m i s t a k e s ana ly s i s for psycholog ica l p r o p o s a l . One m i g h t as well a s k if I h a v e i m p l e m e n t e d t h e laws 
of phys ic s recently . A s k i n g for m y thes i s m i s t a k e s c lass i f icatory a n a l y s i s for ph i lo sophica l p r o p o s a l . 
W h a t is the thes i s of VAN D E R W A E R D E N ' S Moderne Algebra? A n d requir ing t h a t t h i n k i n g be s t u d i e d 
only in h u m a n t e r m s is g round le s s c h a u v i n i s m . T h e s e w r o n g - h e a d e d ques t ions are n o t the faul t of m y 
ques t ioner s . In s tead , they a r e the faul t of i n a d e q u a t e c u l t u r a l consc iousnes s of and sens i t iv i ty t o w a r d 
t h e var ie ty of a i m s wi th which oile c a n a p p r o a c h psycho log ica l ques t ions . 

§11. In a d d i t i o n t o these p e r h a p s d u b i o u s h o p e s for inte l lectua l a m i t y , t h e r e a re a n u m b e r of far 
m o r e p r a c t i c a l benefits fac i l i ta ted by r a t iona l p sycho logy . T h e first of these is tha t of formal , prec i se 
s t a t e m e n t s of artif icial intel l igence p r o b l e m s , theor ies , a n d techniques . F o r m a l spec i f ica t ions of p r o g r a m 
intent a n d proo f s of p r o g r a m correc tnes s a re wel l-known in c o m p u t e r sc ience . T h e s e concept s , t h o u g h 
h a r d l y a p a n a c e a , now allow concise a n d correc t de sc r ip t ion of s y s t e m s w h o s e u n d e r s t a n d i n g prev ious ly 
required a p p r e n t i c e s h i p a n d exper ience . T h e s e e x a c t fo rmula t ions p e r m i t v a r i a t i o n s in p r o b l e m a n d 
so lut ion to be s t u d i e d a s technical ques t ions ra ther t h a n a s b a n n e r s in b a t t l e s between m e t h o d o l o g i e s a n d 
world-views . M a t h e m a t i c a l formula t ion of concep t s h a s h a r d l y been p r o m i n e n t in artificial intel l igence, 
wi th g o o d rea son . For the m o s t p a r t , c o m p l e t e i gnorance preva i l s a b o u t the a p p r o p r i a t e m a t h e m a t i c a l 
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s t r u c t u r e s to employ in f o r m u l a t i n g p sycho log ica l no t ions , a n d there is every reason to s u s p e c t t h a t 
m a n y new m a t h e m a t i c a l no t ions m u s t yet b e invented in o rder to develop current in formal psycholog ica l 
theor ies in prec i se t e r m s . T o d r a w a para l l e l , no m a t t e r how m u c h one hoped to a s s ign m e a n i n g s 
to c o m p u t e r p r o g r a m s a n d their c o m p o n e n t s , all ear ly a t t e m p t s to d o so foundered on the reflexive 
n a t u r e of the d o m a i n of all c o m p u t a b l e func t ions , so t h a t every p r o p o s a l pr ior to S C O T T ' S d i scovery of 
a p p r o p r i a t e m o d e l s w a s ei ther obv ious ly i n a d e q u a t e or of s u c h complex i ty as to be of doubt fu l cor rec tnes s . 
U n f o r t u n a t e l y , for m o s t of artif icial intel l igence, s u i t a b l e m a t h e m a t i c a l tool s a r e s imi lar ly und i scovered , 
so no m a t t e r w h a t their s t a n d a r d s when d i s c u s s i n g c o m p u t e r sc ience, m a n y re searcher s find t h a t do ing 
artif icial intel l igence requires a b a n d o n i n g t h e u s u a l c ru tches of confidence for wild a n d woolly a d v e n t u r e s 
in inte l lectual h in te r l ands . S o m e never r e t u r n t o tell their t a le s , a n d s o m e re turn s p e a k i n g in t o n g u e s 
to the rue a n d m u t t e r i n g s of the s t i c k - a t - h o m e s . T h u s , I c a n n o t r e c o m m e n d formal spec i f ica t ions t o 
artif icial intel l igence a s a n i m m e d i a t e p a t h to benef i t s . T h e way d o u b t l e s s requires m u c h toil t o d i scover 
the a p p r o p r i a t e c o n c e p t s . R u t s o m e d a y , i t m u s t be d o n e . 

§12. T h e s econd benefit r a t i o n a l p s y c h o l o g y offers, even to t h e hard-core hacker , is s a v i n g s in t i m e 
a n d re sources . M a t h e m a t i c s can b e v iewed a s the sc ience of avo id ing u n n e c e s s a r y ca lcu la t ion , a n d 
r a t i o n a l p sycho logy c a n be u sed as a way of avo id ing s o m e l a b o r s of p r o g r a m m i n g a n d c o m p u t a t i o n . It 
is c o m m o n p l a c e in art i f icial intel l igence r e s e a r c h t h a t s y s t e m s a r e deve loped a t c o s t s of m a n - y e a r s a n d 
C P U - m o n t h s , a n d when finished, their a u t h o r s discover t r iv ia l e x a m p l e s of f u n d a m e n t a l i n a d e q u a c i e s 
a n d seeming ly u n m o t i v a t e d l i m i t a t i o n s of ab i l i t ie s t h a t to r e m e d y would require the effort all over a g a i n . 
O n e c a n n o t hope to discover all difficulties wi th a p e t i d e a t h r o u g h t h o u g h t a lone , nor hope to avo id 
all u n c o n s c i o u s inte l lectual b l inder s , b u t c u l t u r a l p r a c t i c e in artificial intel l igence ca l l s for i m p l e m e n t i n g 
idea s a s sufficient m e a n s to " u n d e r s t a n d i n g " t h e m . Of ten s o m e i n a d e q u a c i e s a n d t a c i t l i m i t a t i o n s c o m e 
t o l ight in th i s p r o c e s s , b u t d i lu ted by m o n t h s or y e a r s of wonder ing where the nex t C O N S is c o m i n g 
f rom. C o n s i d e r i n s t e a d a cu l tu r a l i m p e r a t i v e which ca l led for three weeks of p u r e cr i t ica l t h o u g h t a n d 
s t r i c t a b s t i n e n c e f rom c o m p u t e r s pr ior to beg inning a n y i m p o r t a n t i m p l e m e n t a t i o n effort. T h e p r o b l e m s 
of artif icial intel l igence would no t b e c o m e any eas ier , b u t p r o g r e s s m i g h t b e fas ter , s ince o n e m i g h t 
t r a d e a week of a n a l y s i s for a yea r of w a s t e d p r o g r a m m i n g . S O C R A T E S m i g h t well h a v e s a i d " T h e 
u n e x a m i n e d idea is not wor th p r o g r a m m i n g , " a n d h a d t h e A t h e n i a n s per sona l c o m p u t e r s wi th L I S P -
contro l led g r a p h i c s they m i g h t well have sentenced h i m a n y w a y . T h e r e is g r e a t c o n t r a s t between t h e 
p l e a s u r e s of p r o g r a m m i n g a n d the t e d i u m of a n a l y s i s , be tween t h e chal lenge of the m y s t e r i o u s b u g a n d 
t h e beaut i fu l theory ki l led b y ugly f ac t s . 

§13. T h e th i rd benefit , a n d to s o m e e x t e n t m y m o t i v a t i o n for wr i t ing this sp lenet ic , is i m p r o v e d 
c o m m u n i c a t i o n s . T h e f requency of re invention of i d e a s in artif icial intel l igence is l egendary . Whi le it 
is u n r e a s o n a b l e to e x p e c t ( a n d u n d e s i r a b l e to a t t e m p t ) to m a k e re invent ions r a r e occurrences , art i f icial 
intel l igence c lear ly s e e m s e x t r a v a g a n t . It is no t a lone in th i s . T h e r e is the o ld j o k e in c o m p u t e r sc ience 
a b o u t t h e re su l t t h a t w a s lost b e c a u s e it w a s on ly p u b l i s h e d four t imes . B u t even t h e m a g n i t u d e of t h e 
p r o b l e m is unc lear . N o t only do r e s e a r c h e r s l a c k d e e p u n d e r s t a n d i n g of their own p r o p o s a l s , b u t they 
usua l ly c a n n o t u n d e r s t a n d t h o s e of o t h e r s e i ther . T h i s i n c o m p r e h e n s i o n is n o t d u e to s t u p i d i t y , b u t to 
the v a g u e , m e t a p h o r i c a l t e r m s on which t h e field relies in t h e a b s e n c e of prec i se , fo rmal v o c a b u l a r i e s for 
p re sent ing theor ies . In m a t h e m a t i c s , phys i c s , a n d m a n y o ther sc iences , p a p e r s , if proper ly wr i t ten , define 
c o n c e p t s in t e r m s of the a c c e p t e d v o c a b u l a r y , s t a t e c l a i m s or discoveries , a n d then leave c o m p r e h e n s i o n 
u p to the intel l igence a n d m o t i v a t i o n of t h e r e a d e r . In arti f icial intel l igence, even consc ient ious ly wr i t t en 
p a p e r s c a n b e unintel l ig ible no m a t t e r how c a p a b l e a n d m o t i v a t e d t h e reader , for the a c c e p t e d v o c a b u l a r y 
is a b o u t a s prec i se a s t h a t of poe t ry , a n d a b o u t as s u b s t a n t i v e a s t h a t of a d v e r t i s i n g copy . If we h a d 
a d e q u a t e m a t h e m a t i c a l concept s , if we h a d convent ions for clear, e x a c t s t a t e m e n t s of p r o b l e m s — two 
l a r g e ifs — then we could h o p e for r e d u c e d re invent ion, m o r e r a p i d c o m m u n i c a t i o n , c o m p a r i s o n , a n d 
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r e p r o d u c t i o n of idea s , a n d a t rue c h a n c e to bu i ld on the work of o ther s : t h i n g s all t a k e n for g r a n t e d in 
o ther fields. 

Conclusion 

§14, I h a v e s t a t e d t h e a i m s , the m e t h o d s , s o m e e x a m p l e s , t h e d i s t inc t ion , a n d s o m e benef i ts of r a t i o n a l 
p s y c h o l o g y . T h e only r e m a i n i n g ques t ion is t h a t of t a s t e . Ques t ions of t a s t e a re unusua l ly p r o m i n e n t 
in al l sc iences of t h e arti f icial . A s k any m a t h e m a t i c i a n , a n d his j u d g e m e n t s of his own a n d of o t h e r s 
t a s t e s a l m o s t o v e r s h a d o w his m a t h e m a t i c s . B u t I refra in f rom p r o p o s i n g any s t a n d a r d s here s ince , a s 
TRUESDELL o b s e r v e s , it is t a s t e l e s s t o r e c o m m e n d one ' s own t a s t e , b u t s ca rce ly hones t to r e c o m m e n d 
any other . A t m o s t , I u r g e those s t r u c k by t h e a b o v e to e x a m i n e their own a i m s , m e t h o d s , a n d t a s t e s , 
a n d then a c c e p t t h e m consc ious ly . T h e r e a re m a n y t e m p t a t i o n s t o d a y to s a n c t i o n i l l eg i t imate a r b i t e r s of 
inte l lec tua l t a s t e : wi tnes s the s t a m p e d e of artificial intel l igence t o w a r d i m m e d i a t e indus t r i a l app l i cab i l i ty 
a n d re spec tab i l i ty . It m a y be h a r d to call for mi lk in a c r o w d e d t a v e r n , a n d t h e noi se m a y m a k e it 
difficult to bo l s ter one ' s resolve , b u t t h e dec i s ion , whether to d e p a r t or to follow, s h o u l d be consc ious . 
A t l ea s t I hope it will be so in sc ience . 

T h e r e a r e cer ta in queer t i m e s a n d o c c a s i o n s in th i s s t r a n g e m i x e d affair w e cal l 
life w h e n a m a n t akes this whole univer se for a v a s t p r a c t i c a l j o k e , t h o u g h t h e 
wit thereof he b u t d imly d i scerns , a n d m o r e t h a n s u s p e c t s t h a t t h e j o k e is a t 
n o b o d y ' s e x p e n s e b u t his own. However , n o t h i n g d i sp i r i t s , a n d n o t h i n g s e e m s 
wor th while d i s p u t i n g . He bo l t s down all event s , all c reeds , a n d beliefs , a n d 
p e r s u a s i o n s , all h a r d t h i n g s v i s ib le a n d invis ib le , never m i n d how k n o b b y ; a s 
a n o s t r i ch of p o r t e n t d ige s t ion g o b b l e s d o w n bu l l e t s a n d g u n flints. A n d a3 for 
s m a l l difficulties a n d worry ings , p r o s p e c t s of s u d d e n d i s a s t e r , per i l of life a n d 
l imb ; all these , a n d d e a t h itself, s e e m to h im only s ly, g o o d - n a t u r e d h i t s , a n d 
jo l ly p u n c h e s in the s ide b e s t o w e d by the unseen a n d u n a c c o u n t a b l e old j o k e r . 
T h a t o d d sor t of w a y w a r d m o o d I a m s p e a k i n g of, c o m e s over a m a n only in 
s o m e t i m e of e x t r e m e t r i b u l a t i o n ; it c o m e s in t h e very m i d s t of h i s e a r n e s t n e s s , 
so t h a t w h a t j u s t be fore m i g h t have s e e m e d to h i m a t h i n g m o s t m o m e n t o u s , 
now s e e m s b u t a p a r t of the genera l j o k e . T h e r e is n o t h i n g like the per i l s of 
wha l ing to b r e e d thi s free a n d e a s y s o r t of genia l , d e s p e r a d o ph i lo sophy ; a n d 
wi th it I now r e g a r d e d thi s whole v o y a g e of the P e q u o d , a n d the g r e a t W h i t e 
W h a l e i t s o b j e c t . 

H. Melvi l le , Moby Dick, or The Whale 

- 1 -



Some readings for comparision and illustration 

A b r a h a m , R. , a n d M a r s d e n , J . E . , 1978 . Foundations of Mechanics ( s econd ed i t ion) , R e a d i n g : B e n j a m i n . 

C o u r a n t , R. , a n d R o b b i n s , H. , 1 9 4 1 . What is Mathematics? An elementary approach to ideas and 
methods, L o n d o n : O x f o r d Univer s i ty P r e s s . 

D e b r e u , G. , 1959 . Theory of Value: an axiomatic analysis of economic equilibrium, N e w Y o r k : Wi ley . 

Doyle , J . , 1982. S o m e theor ies of r e a s o n e d a s s u m p t i o n s : a n e s s ay in r a t i o n a l p sycho logy , P i t t s b u r g h : 
D e p a r t m e n t of C o m p u t e r Sc ience , C a r n e g i e - M e l l o n Univers i ty . 

G a r e y , M . R. , a n d J o h n s o n , D . S. , 1979 . Computers and Intractability: a guide to the theory of NP-
completeness, S a n F r a n c i s c o : W . H. F r e e m a n . 

H a r d y , G . H. 1940. A Mathematician's Apology, C a m b r i d g e : C a m b r i d g e Univer s i ty P r e s s . 

I l a r t m a n i s , J . , 1 9 8 1 . R e m a r k s in "Quo V a d l m u s : c o m p u t e r sc ience in a d e c a d e , " ( J . F . T r a u b , e d . ) , 
Communications of the ACM 24k, 3 5 1 - 3 6 9 . 

H a r t m a n i s , J . , 1 9 8 1 . O b s e r v a t i o n s a b o u t t h e d e v e l o p m e n t of theoret ica l c o m p u t e r sc ience , Annals of the 
History of Computing 3, 4 2 - 5 1 . 

J a u c h , J . M. , 1968 . Foundations of Quantum Mechanics, R e a d i n g : A d d i s o n - W e s l e y . 

M a r r , D. , 1982 . Vision, S a n F r a n c i s c o : W . H. F r e e m a n . 

M i n s k y , M. , 1962 . P r o b l e m s of f o r m u l a t i o n for artif icial inte l l igence , Proc. Symp. on Mathematical 
Problems in Biology, P r o v i d e n c e : A m e r i c a n M a t h e m a t i c a l Soc ie ty , 35-46. 

M i n s k y , M. , 1967 . Computation: finite and infinite machines, E n g l e w o o d Cliffs: Prent i ce-Ha l l . 

M i n s k y , M . , a n d P a p e r t , S . , 1969 . Perceptrons: an introduction to computational geometry, C a m b r i d g e : 

M I T P r e s s . 

- 8 -



N e w t o n , L, 1728 . Philosophiae Naturalis Principia Mathematica (A . K o y r e a n d I. B . C o h e n , eds . ) , 
C a m b r i d g e : C a m b r i d g e Univer s i ty P r e s s , 1 9 7 2 . . 

N i l s son , N . J . , 1980. T h e in terp lay between e x p e r i m e n t a l a n d theore t i ca l m e t h o d s in artif icial inte l l igence, 
M e n l o P a r k : S R I In te rna t iona l , T N 229 . 

R a b i n , M . O. , a n d S c o t t , D. , 1959. F i n i t e a u t o m a t a a n d their dec i s ion p r o b l e m s , IBM Journal of Research 
and Development 3, 114-125 . 

Rohr l i ch , F . , 1965 . Classical Charged Particles: foundations of their theory, R e a d i n g : Add i son-Wes ley . 

S c o t t , D . , 1976 . D a t a t y p e s a s l a t t i ce s , SIAM Journal of Computing 5 , 522-587 , 

S m a l e , S . , 1 9 8 1 . T h e f u n d a m e n t a l t h e o r e m of a l g e b r a a n d c o m p l e x i t y theory , Bulletin of the AMS ( N e w 
Ser ie s ) 4 , 1-36. 

T h o m , R. , 1975 . Structural Stability and Morphogenesis: An outline of a general theory of models (D . 
H. Fowler , t r . ) , R e a d i n g : B e n j a m i n . 

Truesde l l , C , 1958 . R e c e n t a d v a n c e s in r a t i o n a l m e c h a n i c s , Science 127, 729-739 . 

Truesde l l , C , 1966 . Six Lectures on Madern Natural Philosophy, Ber l in : S p r i n g e r - V e r l a g . 

Truesde l l , C , 1977. A First Course in Rational Continuum Mechanics, Vol . 1, N e w Y o r k : A c a d e m i c 
P r e s s . 

Truesde l l , C , a n d Nol l , W. , 1965* The Non-Linear Field Theories of Mechanics, Encyclopedia of Physics 
V. m / 3 ( S . F l ü g g e , ed . ) , Ber l in : S p r i n g e r - V e r l a g . 

Truesde l l , C , a n d T o u p i n , R. , 1960. T h e c la s s i ca l field theor ies , Principles of Classical Mechanics and 
Field Theory, Encyclopedia of Physics V . JH/1 ( S . F l ü g g e , ed . ) , Ber l in : S p r i n g e r - V e r l a g . 

v a n der W a e r d e n , B . L . , 1 9 3 1 . Moderne Algebra, Ber l in : J u l i u s S p r i n g e r . 

von N e u m a n n , J . , a n d M o r g e n s t e r n , O . , 1944. Theory of Games and Economic Behavior, P r i n c e t o n : 
P r i n c e t o n Univer s i ty P r e s s . 


