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Preface

T h i s  c o l  lection o f  r e p o r t s  i s  d i v i d e d  i n t o  t w o  s e c t i o n s .  T h e  f i r s t
contains t h e  r e s e a r c h  s u m m a r ’ i e s  f o r  i n d i v i d u a l  f a c u l t y  m e m b e r s  a n d  r e s e a r c h
assoc ia tes in the Computer Science Department.  Two professors f rom Electr ical
E n g i n e e r i n g  a r e  i n c l u d e d  a s  “ A f f i l i a t e d  F a c u l t y ”  b e c a u s e  t h e i r  i n t e r e s t s  a r e
closely  re la ted  to  those  o f  the  Depar tment , whi le Professors George Dantzig  and
R o g e r  Schank do not appear because they were on leave and ,unavai /able  when the
summar  i es clere  prepared.

i n
The second sect ion gives an overview of the act iv i t ies of research groups

the Department. “ G r o u p ”  h e r e  i s  t a k e n  t o  i m p l y  m a n y  d i f f e r e n t  t h i n g s ,
i n c l u d i n g  p e o p l e  r e l a t e d  b y  v a r i o u s  d e g r e e s  o f  i n t e l l e c t u a l  i n t e r e s t s ,  p h y s i c a l
prox i 111  i ty, o r funding considerat ions. We have t r ied  to  descr ibe  any  group whose
scqpe o f i n t e r e s t i s  g r e a t e r than that of one person. The I ist of recent
pub l i ca t ions  fo r  each  is  no t  in tended to  be  comprehens ive ,  bu t  ra ther  to  g ive  a
feel ing for  the range of  topics considered.

Th is  co l lec t ion  o f  repor ts  has  been  assembled  to  p rov ide  a  reasonab ly
cotnprehens i ve r e v i e w  o f  r e s e a r c h  a c t i v i t i e s  i n  t h e  D e p a r t m e n t .  We h o p e  t h a t  i t
u i  I  I  b e  w i d e l y  u s e f u l  - -  i n  p a r t i c u l a r , s tudents  in  the  Depar tment  may f ind  i t
he lp fu l  in  d iscover ing  in te res t ing  pro jec ts  and poss ib le  thes is  top ics .  We e x p e c t
a lso  tha t  i t  w i  I  I  be  o f  in te res t  to  many o ther  peop le , b o t h  w i t h i n  a n d  o u t s i d e
the aepar t men t .

O p i n i o n s  h e r e i n  e x p r e s s e d  a r e  g e n e r a l l y  t h e  r e s p o n s i b i l i t y  o f  t h e
i nd i v i dua I researchers: b la tan t  d is to r t ions  o r  inaccurac ies  may be  a t t r ibu ted  to
the authors, named below.

Randall Davis
Margaret Wright
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Forest  Baskett,  III amdysia of operutittg  systems
Assistant Professor bf Computer Science

and Electric.al Engineering
mensuremc~tt  nrtd modeling  of

operating systems

P r o f e s s o r  B a s k e t t ’ s  i n t e r e s t s  a r e  i n  t h e  g e n e r a l  a r e a  o f  o p e r a t i n g

systems. H i s  r e s e a r c h  h a s  i n c l u d e d  w o r k  o n  t h e  d e s i g n  o f  p r a c t i c a l  o p e r a t i n g

systems, as  we l l  as  ana lys is  o f  spec i f i c  aspec ts , including schedul ing methods,

comput  ing system components, and memory organitat ions. He has worked on several

k inds  o f  mode l ing ,  e .g . of computing systems, program behavior, and f i le systems,

H is  fu tu re  research  w i  I I  be  d i rec ted  toward  fu r ther  des ign  and ana lys is

of  comput ing systems and archi  tecfures, The general  a im is to determine features

t h a t .  a r e  u s e f u l  a n d  h e l p f u l  i n  s y s t e m s , a n d  t o ’  a n a l y z e  t h e  e f f e c t s  o f  t h e s e

features un system performance. Techniques are being developed for analysis and

compar i son o f  d i  f  f e r e n t  archi  tectures, conf igurat ions, and component s, g i ven

va ry ing assumptions about the comput ing environment. Mathematical models,

t y p i c a l  Iy s t o c h a s t i c , a re  used  as  the  bases  fo r  ana lys is  and  fo r  de f in ing  and

evaluating the measures to be used for comparison. The hope is to provide soundly

b a s e d  m e t h o d s  t h a t  will a l l o w  d e f i n i t i o n  a n d  i m p l e m e n t a t i o n  o f  “ o p t i m i z e d ”

computing systems. The research in these areas combines theory and pract ice --

choosing appropr iate parameters and measurements for  models,  and exper iments to

decide whether the models have val idi ty in represent ing real ized systems.

Pro fessor  Baske t t  sees  th is  research  as  va luab le  in  the  des ign  o f  newly

d e v e l o p i n g  o p e r a t i n g  s y s t e m s  a n d  i n  t h e  i m p r o v e m e n t  o f  e x i s t i n g  c o m p u t i n g

sys tems.  Sc ien t i f i c  methods  fo r  ach iev ing  s ta ted  goa ls  under  g iven cons t ra in ts  in

the design of comput ing and operat ing systems should provide the basics for the

quanti tat ive engineering of such systems.

L



Thomas  Binford
Research Associate, Al Lab

rnnchiitc vision
perceptiort and  automation
representations for use

in perception

c

Dr. Binford i s  i n v o l v e d  w i t h  s e v e r a l  p r o j e c t s  r e l a t e d  t o  m a c h i n e

percept ion a n d  i t s  a p p l i c a t i o n s  t o  a u t o m a t i o n . The  segmenta t ion  o f  rea l -wor ld

(outc~oor) scenes  ‘.has been approached using both probabi l ist ic world models and

t e x t u r a l  v a l u e s  a n d  r e l a t i o n s h i p s . The v isua l  in te rp re ta t ion  and representa t ion

o f  d a t a  f r o m  & d i m e n s i o n a l  d e p t h  informat  i o n , i n  a d d i t i o n  t o  s t a n d a r d  I i g h t

i n t e n s i t i e s , have  led  to  work  on  represen t ing  ob jec ts  as  vo lumes,  ra ther  than

c sur faces , with decomposit ion into pr imit ive subunits determined by cross-sect ions

nor ma I to which are space curves. A p a r t i c u l a r i n t e r e s t i s the

representat ion o f  shape  o f  comp lex  ob jec ts . T h e  r e p r e s e n t a t i o n  w o r k  i s  a l s o

invo lved in  s t ra tegy  p lann ing  fo r  au tomat ion : i n  p a r t i c u l a r , i t  w o u l d  f o r m  t h e

b a s i s for mode  I -based assemb  I y systems. Work on i ndustr i a I automat ion has

involved automatic programming aspects as we1 I, a n d  c o n f r o n t s  q u e s t i o n s  o f  t h e

na tu re o f pr i m i t i ve operations fo r bo th  v is ion  and man ipu la t ion . Dr. Binford

LIOUIC~  a l so  l i ke  to  see  work  done  on  represen ta t ions  o f  space  a imed a t  p lann ing

eff ic ient and ef fect ive trajector ies for the Hand-Eye system arm.i

H is  in te res t  in  these  p rob lems i s  a r o u s e d  b y  t h e i r  c o n t r i b u t i o n  t o  t h e

q u e s t i o n  o f  t h e  g e n e r a l charac te r  o f in te l l i gence , b o t h  i n  t e r m s  o f  m a c h i n e

intel  I  igence and suggested mechanisms for biological  systems. A central  problem

i n  A I , h e  f e e l s , is  work ing  out , c a r e f u l  Iy and in detai I , t h e  s e m a n t i c s  f o r

par t i cu I ar doma  i ns. V i s i o n  i n  p a r t i c u l a r  i s  c o n v e n i e n t ,  s i n c e  i t  i s  b o t h  c o m p a c t

1 and Glork  may be based on the hi gh ly  in tu i t i ve  f ie ld  o f  geomet ry .

L ’
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L Thomas H. Bredt desigrt of operating systems
Assistant Professor of Electrical Engine&ring relinbility

c
L

The genera I f i e l d  o f  P r o f e s s o r  B r e d t ’ s  w o r k  i s  t h e  d e s i g n  o f  c o m p u t e r
. opera t i ng sys tenis. l ie  has  worked prev ious ly  in  severa l  a reas ;  mode I  i  ng  o f

L paral  lel sys terns such as asynchronous hardware systems; computat ional

I inguist its; and modeling of thought processes.

t

L

L

He is  p resen t l y  work ing  w i th  imp lementa t ion  methods  such  as  s t ruc tu red

programming and system rel iabi l ity. The  s tudy  o f  re l iab i l i t y  inc ludes  deve lopment

o f  m e t h o d s  f o r  p r o v i n g the  cor rec tness  o f  opera t ing  sys tems,  and  methods  fo r

de tee t i on and recovery from. e r r o r s  t h a t  o c c u r  d u r i n g  s y s t e m  o p e r a t i o n .  O t h e r

a reas  o f  i n te res t  a re  resource  a l loca t ion  in  compute r  sys tems,  and  mathemat ica l

,models  o f  para l le l  sys tems such  as  hardware  and  opera t ing  sys tems.  H is  fu tu re

work wi I I cant inue along t h e s e  s a m e  d i r e c t i o n s ,  w i t h  p a r t i c u l a r  e m p h a s i s  o n

r e l i a b i l i t y  q u e s t i o n s .

Professor B r e d t  f e e l s  t h a t  t h i s  w o r k  i s  i m p o r t a n t  b e c a u s e  o p e r a t i n g

systems serve large numbers of people; i f  the  opera t ing  sys tems are  incor rec t  o r

i n e f f i c i e n t , al  I  users of  a system are af fected. The theories developed help to

design rel iable operat ing systems, and hence have a wide influence on computing,

c
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Bruce Buchanan
Research Computer Scientist

artificial intelligerwe
scientific inference
theory formution
biomedical applications

Or, B u c h a n a n  i s  i n t e r e s t e d  i n  a r t i f i c i a l  i n t e l l i g e n c e ,  p a r t i c u l a r l y  i n

t h e  g e n e r a l  p r o b l e m s  o f  s c i e n t i f i c  i n f e r e n c e ,  t h e o r y  f o r m a t i o n ,  a n d  k n o w l e d g e

acqu i s i t i on by computer. His work with the DENDRAL project  has been aimed at

e luc ida t ing  techn iques  fo r  genera t ing  p laus ib le  exp lana t ions  o f  emp i r i ca l  d a t a .

T h e  m o d e l  o f  s c i e n t i f i c  i n f e r e n c e  i n  t h e  D E N D R A L  p r o g r a m  i s  h e u r i s t i c  s e a r c h

i .’

L

through a space of possible explanat ions of analyt ic data in organic chemistry.

T h e o r y  f o r m a t i o n  i s  c a r r i e d  o u t i n  t h e  c o n t e x t  o f  t h e  Meta-DENDRAL

program, w h i c h  f i n d s  r e g u l a r i t i e s i n  l a r g e  s e t s  o f  d a t a  a n d  g e n e r a l  p r i n c i p l e s

ldhich wi I I  accoun t  fo r  them. A  h e u r i s t i c  search  m o d e l  i s  u s e d  f o r  t h i s  p r o g r a m

al so, bu t  the  search  s p a c e  i s  a  space  o f  poss ib le  genera l  p r inc ip les .  Empi r i ca l

theory f ornra  t i on is  one  method o f  impar t ing  knowledge o f  a  sc ien t i f i c  d isc ip l ine

to a performance program. The task domain is a subset of organic chemistry.

H i s  i n t e r e s t  i n  b i o m e d i c a l  a p p l i c a t i o n s  o f  a r t i f i c i a l  intel I  i g e n c e  h a s

led  to  invo lvement  w i th  an  in te rd isc ip l inary  p ro jec t  a t  the  Medical  S c h o o l ,  w h o s e

L goa I i s  to  p rov ide  computer ized  therapy  consu l ta t ion .  An in te res t ing  aspec t  o f

t h i s  LJork is i ts emphasis on a system with both the capacity to of fer competent

t herapeu t i c a d v i c e  a n d  t h e  a b i l i t y  t o  i n c o r p o r a t e i n t o  t h e  d a t a  b a s e  n e w

L

knowledge learned through interact ion with users.

Dr. Buchanan has also done some unusual  work on computer-aided legal
L

r e a s o n i n g  [Jhich invest igated the possibi I i  t ies of automated case analysis. Rather

than  s imp le  in fo rmat ion  re t r ieva l , the work surveyed the problem of providing an

analysis of  each c a s e  according to the legal  pr inciples under considerat ion,

L
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Vinton Cerf
Assistant Professor of Computer Science

and Electrical Engineering *

operating systems
computer netzoorks

P r o f e s s o r  Cerf’s  c u r r e n t  r e s e a r c h  i s  i n  t h e  g e n e r a l  f i e l d  o f  c o m p u t e r

networks and computer communication systems. He has worked previous I y on numerous

aspect9 of ’  com$ut  ing systems: the design and implementat ion of  computer system

measurement ; a  s tudy  o f  pa ra l le l  compute r  mode l ing :  ana lys is  o f  multiprocessol

sys terns; ne t r.rork measuremen t ; and interact ive graphics.

H e  i s  n o w  w o r k i n g  p r i m a r i l y  o n t h r e e  p r o b l e m s  r e l a t e d  t o  c o m p u t e r

communication system protocols, The  f i r s t  p rob lem is  to  de f ine  fo r  in te rconnec ted

packet swi tch ing ne tworks  a  se t  o f  p ro toco ls  and  message f o r m a t s  t o  p e r m i t

maximum throughput whi le preserving sequencing, and  a l low ing  dup l i ca te  de tec t ion ,

f l o w  c o n t r o l , al ternate  rou t ing , and status report ing. Th is  research  is  in tended

e ’ t o  b e  a p p l i e d to new ARPA Network protocols, a n d  t h e  treat i o n  o f  g e n e r a l  l y

accepted  packe t  sw i tch ing  s tandards . Ano ther  p rob lem i s  the  deve lopment  o f  a

graph- theore t i c  approach  to  unders tand ing  the  e f fec ts  o f  topo logy  on  th roughput ,

de lay , and conges t ion  in  ne tworks .  F ina l  l y , Some o f  h i s  w o r k  d e a l s  w i t h  t h e

e c o n o m i c s  o f networks, i n v o l v i n g  p r i m a r i l y  c h a r g i n g  s t r a t e g i e s , r e g u l a t i o n

i ssues, and interfacing standards.

Pro fessor  Serf  bel ieves that computer network9 are an area of increasing

importance as they become progressively more widespread. The need for computer

t
b.

communicat ion ha9 grown explosively; compute r  ne tworks  o f fe r  a  new mean9  fo r

improved communication and sharing of results.

i

L
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Dr. Kenneth Colby
Senior Research Associate, Al Lab

computer simulation of paranoia
rtntural  lattguage understartdirtg
therapy for nutistic!  c/tildrett

D r .  C o l b y  i s  t h e  d i r e c t o r  o f  t h e  H i g h e r  flental  F u n c t i o n s  p r o j e c t  a t  t h e

AI Lab, which has been working on two major projects --  a computer s imulat ion of

paranoia (cat led PARRY), and development of  computer-mediatad therapy f o r

non-speak ing  au t is t i c  ch i  Idren. The f i rst  of  these involves problems as var ied as

na tu ra l I anguage understanding, information processing m o d e l s  o f  c o g n i t i o n ,

semantic memory models, a n d  t h e  s t u d y  o f  p s y c h i a t r i c  j u d g m e n t s .  T h e  l i n g u i s t i c

aspec ts  o f  the  e f fo r t  a re  concerned  w i th  a  na tu ra l  l anguage  inpu t  and  ou tpu t  fo r

the , program a n d  h a v e  b e e n  d e s i g n e d  p r i m a r i l y  a s  a  v e h i c l e f o r program

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

matching. W h i l e  t h i s  i s  n o t  c l a i m e d  t o *  p a r a l l e l  a n y  n o r m a l  p s y c h o l o g i c a l

processes, i t  d o e s  f u n c t i o n  e f f e c t i v e l y  i n  w h a t  i s  i n t e n d e d  t o  b e  a  p o t e n t i a l  l y

wide-ranging discourse. A new semantic memory has been implemented which provides

for generat ion of  responses f rom semant ic constructs, r a t h e r  t h a n  u s i n g  t h e  f i x e d

pat te rns  p rev ious ly  employed. The paranoid behavior of  the model is suppl ied by

an in fo rmat ion  p rocess ing  mode l  o f  thought  tha t  sugges ts  the  d isease  has i t s

roots in unconvent ional  interpretat ions of  common I  inguistic constructs.

T h e  s e c o n d  e f f o r t  o f  t h e  g r o u p  o n  t h e r a p y  f o r  a u t i s t i c  c h i l d r e n  h a s

r e s u l t e d in the development

generated sound and graphics,

of a ‘multi-media’ program which uses computer

in an at tempt t o  d r a w  t h e  c h i l d ’ s  a t t e n t i o n to

I anguage. T h i s  w o r k  ( a s  wet I  a s  t h a t  o n  P A R R Y )  h a s  c o n f r o n t e d  t h e  s t a n d a r d

behavioral  sc ience problem of  estabi  ishing object ive- psychiatr ic measurements of

behav i or and i ts changes from normal to abnormal.

Dr.  Colby sees great promise in  the  use  o f  computer  sc ience  to  p rov ide

f o r m a l i s m s  a n d  m o d e l s  f o r  psychologj  a n d  p s y c h i a t r y  a n d in t h e  p r a c t i c a l

c o n t r i b u t i o n s u c h  f o r m a l i s m s  c a n  m a k e  t o  c l i n i c a l  m e d i c i n e ,  a s  m o d e l s  o f

psycho I og i cal phenomena.



Edward A. Feigenbsum heuristic programming, DENDRAL
Professor of Computer Science irtformatiort processhg  psychology

The pr imary focus  o f  Pro ’ fessor  Fe igenbaum’s  work  in  the  pas t  severa l

years has been the Heuristic Programming Project (primarily the DENDRAL program)

whose h igh- leve l  goa l  i s  an  unders tand ing  o f t h e  p r o c e s s  o f  s c i e n t i f i c  t h e o r y

format ion. The vehicle current ly used is data from chemical mass spectra, and the

work proceeds in two paral  lel e f f o r t s ‘-- f i r s t , the d e v e l o p m e n t  o f

informat ion-processing models of  hypothesis nduction  f r o m  s p e c i f i c , i nd i v i dua l

spec t ra , and second, theory induct ion from l a r g e  c o l l e c t i o n s  o f  s p e c t r a .  T h e

f i rst  of  these is embodied in the perform-ante program cal led Heur ist ic  DENDRAL.

The  deve lopment  o f  au tomat i c t h e o r y  f o r m a t i o n  h a s  s e e n  r e a l i z a t i o n  i n  t h e

Meta-DENDRAL  p rogram wh ich  a t tempts  to  cons t ruc t  se ts  o f  ru les  abou t  mo lecu la r

f ragmentat ion by general izat ion f rom large sets of  data.

Professor F e i g e n b a u m  d e s c r i b e s  t h e  l o n g - t e r m  g o a l s  o f  t h e  H e u r i s t i c

Programm  i fig p r o j e c t  a s : the achievement of power in AI problem-solv ing programs

using var ious types of knowledge obtained from experts:  construct ing homogeneous

heur i st ic program structures in terms of which this knowledge can funct ion; and

c o n s t r u c t i n g programs fo r ext rac t ing such know I edge and embody i ng i t i n

fo rma l i zed  theor ies .

4..

L ’.

L

i
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Jerome Feldman
Associate Professor of Computer Science

decision theory artd Al
,au  tomatic progrumming
ro6otics

Professor Fe ldman has  p rev ious ly  worked  in  the  a reas  o f  p rogramming

languages ,  comp i le rs ,  compute r  g raph ics ,  and  da ta  s t ruc tu res ,  H is  more .  recen t

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

machine percept ion, memory organizat ion, automatic programming, grammatical

in fe rence , and robotics and automation.

One addit ional area in which he plans future work is decision theory and

k a r t i f i c i a l  i n t e l l i g e n c e , i . e . , the quest ion of planning under uncertainty.  There

.
is a -fairly we l l -deve loped  f ie ld  o f  mathemat ica l  dec is ion  theory  wh ich  cons iders

a c l a s s  o f events under given assumptions about re levan t p r o b a b i l i t y

d i s t r i b u t i o n s . However, t h e s e  c l a s s e s  o f  p r o b l e m s  a r e  m u c h  s i m p l e r  t h a n  t h e

i cor respond ing  a r t i f i c i a l  i n te l  I i gence  p rob lems  - -  fo r  examp le ,  a  robo t ’ s  comp lex

dec i s i ons about  how to  bu i  Id  an  eng ine . This work is an attempt to apply

i techn  i clues of formal  analysis to  an  area  where  dec is ions  have prev ious ly  been

g u i d e d  p r i m a r i  Iy by ’  heur is t ics ; hence the  resu l ts  can  have w ide  app l i ca t ion  in

many f ie lds  o f  a r t i f i c ia l  in te l  I  i gence ,

Professor F e l d m a n  w i l l  a l s o  c o n s i d e r  v a r i o u s  a s p e c t s  o f  a u t o m a t i c

programming. One problem is to implement automat ic select ion of  data structures;

t h e  a i m  o f t h i s  e f f o r t  w o u l d  b e  t o  a l l o w  t h e  u s e r  t o  d e s c r i b e  t h e  g o a l s  o f  h i s

p r o g r a m  i n  a  s p e c i f i e d  s t y l e , whereupon the compi ler would choose appropr i ate

da.ta  s t r u c t u r e s . He al so plans to work on special-purpose programming languages,

o r “very  h igh level  l a n g u a g e s ” , and to study learning of  grammars and programs

from examples.



Robert W. Floyd complexity theory
Professor of Computer Science analysis of algorithms

Professor Floyd has crorked  in many areas of computer science: programming

I anguage des i gn, sor t ing algorithms, I anguage and camp  i I er theory, formal

. I ingui st its, and mechanical theorem prov ing .  H i  s p resent  research  invo  I  ves

pr imar i l y  the  a rea  o f  ana lys is  o f  a lgor i thms, in  par t i cu la r  the  theory  o f  m in ima l

e

t

algor i thms,.  Computable problems can of ten be s imply character ized and solved by

s imp le  a lgo r i thms : but known algorithms may require more time (or space, or o t h e r

scarce  resource ) t h a n  t h e  b e s t  poss’irble a l g o r i t h m  t o  s o l v e  t h e  p r o b l e m . H i s

research, af ter postulat ing models of  computat ion which are reasonably accurate

descr i p t i on5 o f  p r e s e n t and foreseeable computing equipment, a t t e m p t s  (11 t o

prove absolute lower bounds on the expected t ime, or the maximum t ime, required

fo r  any  a lgor i thm to  so lve  a  g iven  p rob lem, a n d  (2) t o  c o n s t r u c t  v e r y  e f f i c i e n t

a lgo r i t hms fo r  g i ven  p rob lems, thereby  p rov id ing  upper  bounds  on  necessary

expected or maximum time. The difference between upper and I ower bounds can

L

suggest where to look for improvements in one or the other,  possibly suggest ing

rev is ion  o f  the  mode l  o f  computa t ion , follocced  by  reneued a t tempts  on  goa ls  (1)

a n d  (2). The  f i na l  resu l t  i dea l  Iy s h o u l d  b e  t h e  d e s i g n  o f  a n  a c t u a l  c o m p u t e r

program l.lhich is provably the minimal time program.

Several  problems t h a t  h a v e  b e e n  c o n s i d e r e d  f r o m  t h i s  v i e w p o i n t  a r e

L c o m p u t i n g  quanti les (elements of a set at a fixed rank: e.g., medians) in minimum
. expected time and minimum maximum time, sor t ing  u i  th  two tapes in  minimax t i m e ,

transposing boolean matr ices, and permuting records on disc or drum storage. The

.

i

ul tinlate  a im o f  th is  Llork i s  t o  p r o v i d e  a  c a l c u l u s  o f  o p t i m a l  a l g o r i t h m s ,  w h i c h

LJOUICI  al ION o n e  t o  s y s t e m a t i c a l l y  a s s e m b l e  t h e  b e s t  p o s s i b l e  a l g o r i t h m  f o r  a

L broad range of practical problems on a broad range of computing equipment.

Pro fessor  F loyd is  a lso  work ing  on the design and implementat ion of a

1
i

;

1

!

I

p r o g r a m m i n g  l a n g u a g e  (Chiron)  p r i m a r i l y  f o r  s t u d e n t  u s e ,  t o  b e  s u i t a b l e  f o r

teach ing structured programming systematical ly to novices, and to be near I y

u n i v e r s a l in  i ts  capab i  l ities. His experience with current languages and methods

f o r teach ing  in t roduc to ry  p rogramming sugges ts  tha t  techn ica l  de ta i  I s  tend  to

overGlhelm quest ions of systematic design. Chiron  represents an attempt to provide

a programming environment in Llhich, to the largest extent possible, one designs a

program by designing the process which the program carries out.

t
-



John T. Gill, III
Assistant Professor of Electrical Engineering

P r o f e s s o r  G i l l ’ s  w o r k  i s  i n  t h e  a r e a  o f  c o m p u t a t i o n a l  c o m p l e x i t y  a n d

informat ion theory, with emphasis on axiomatic and concrete complexity theory. He

has recent ly worked on three main topics. T h e  f i r s t  i s  p r o b a b i l i s t i c  c o m p u t a t i o n

( t h e  s t u d y  o f  a “coin-tossing computer”) ; the goal of this work is to decide

whe t her c e r t a i n k i n d s  o f computation can be car r ied out faster on a

“ c o i n - t o s s i n g ” machine than on’other kinds of computers.

Another  top ic i s  t h e  s t u d y  o f  e f f i c i e n t  IJays o f  m a k i n g  f a i r  d e c i s i o n s

based on  the  ou tpu ts  o f  a  b iased  in fo rmat ion  source ,  An  example  i s  to  a n a l y z e

s u c c e s s i v e  t o s s e s  o f  a  b i a s e d  c o i n  t o  o b t a i n  a  “ f a i r  g u e s s . ”  T h e  c r i t e r i o n  o f

e f f i c i ency means in this example to determine a s  many fa i r  dec is ions  as  poss ib le

from the smal  lest number of tosses.

A  t h i  r d  r e s e a r c h  a r e a invo lves  var iab le - leng th  source codes -- for

examp I e, i n  t r a n s m i s s i o n  o f  m e s s a g e s ,  w h e r e  f r e q u e n t l y  o c c u r r i n g  s t r i n g s  o f

symho  I s can be transmi t ted in compressed form. P r o f e s s o r  G i l l  i s  i n t e r e s t e d  i n

the mathematical and combinator ial p r o p e r t i e s  o f  t h e s e  c o d e s ,  w h o s e  f o r m a l

structure corresponds to that of  binary trees,

His future uork wi I I be in t h e  a r e a  o f  p r o b a b i  I  istic computat

ment ioned above, which has many in teres t ing appl ications, H e  a l s o  p l a n s

cons i der independence  and  para l le l i sm in  computa t ion .  A  fo rma l  theory  i s  to

&ve I aped to def i ne what i t means  fo r  two  p rocesses  to  be  independent ,  and

analyze the impl icat ions of  independence in paral le l  comput ing.  The importance

this work der ives f rom the growing importance of  paral le l ism,

ion

t o

be

t o

o f
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Gene H .  G o l u b
Professor of Computer Science

matrix computation
structured linear systems
~Q~w-~~~u~QS  artd oigenvalues

Professor Golub’s work has the unifying theme of matrix computation, w i t h

the  goa ls  o f  dev is ing  and  ana lyz ing  a lgor i thms fo r  so lv ing  numer ica l  p rob lems

t h a t  a r i s e  i n a v a r i e t y  o f  a p p l i c a t i o n s . His r e s e a r c h  i s  o r i e n t e d  t o w a r d

development of methods based on sound mathematical theory, with a heavy emphasis

on pract ical  considerat ions of  comput ing.

I

H e  i s  c u r r e n t l y  w o r k i n g  o n  s e v e r a l  d i f f e r e n t  p r o b l e m s  i n  n u m e r i c a l

a n a l y s i s . One o’ f  these is the fast direct solut ion of systems of l inear equat ions

ar i s.i ng from e l l i p t i c p a r t i a l d i f f e r e n t i a l equations: these techniques are

p a r t i c u l a r l y  u s e f u l  f o r  s o l v i n g  P o i s s o n ’ s  e q u a t i o n  i n  a  r e c t a n g l e ,  a n d  a r e  v e r y

w i d e l y  u s e d .  O n c e  a “ b l a c k  b o x ” is  deve loped to  so lve  th is  subprob lem,  s im i la r

e- problems can then be solved by i terat ion and mathematical  manipulat ion. Another

area o f ac t i ve study inc ludes  var ious  k inds  o f least-squares problems, which

L ar i se i n  m a n y  c o n t e x t s  o f  d a t a  a n a l y s i s . H e  f e e l s  t h a t  a  v e r y  i n t e r e s t i n g

appr  oath to the nonl inear case i s the use of stable I inear techn i ques; a

i i

1

I

i

p a r t i c u l a r  a p p l i c a t i o n  i s  t h e  a n a l y s i s  o f  o z o n e  i n  t h e  L o s  A n g e l e s  a i r  i n  o r d e r

to  ana lyze the ef fect  of  pol lut ion devices, and seasona l  pa ramete rs .  C a l c u l a t i o n

o f  eigenvalues is  a  fu r ther  a rea  be ing  cons idered  f rom severa l  new v iewpo in ts ,

p a r t i c u l a r l y  w i t h  r e s p e c t  t o  d i f f e r e n t  m a t r i x  s t r u c t u r e s :  s o m e  r e c e n t  u s e s  o f

th is  work  have  been in  ana lys is  o f  ocean  t ides  and  nuc lear  reac to r  fue l  con t ro l .

F i n a l  Iy, Professor G o l u b  i s  w o r k i n g on  methods  fo r  upda t ing s t a b l e  m a t r i x

factor izat ions, which are increasingly used in mathematical  opt imizat ion programs

and con t ro l  theory .

Pro fessor  Go lub  fee ls  tha t  numer ica l  ana lys is  ques t ions  a re  a t  the  hear t

L of many di f ferent k inds of problems in the physical  sciences, social  sciences and

s t a t i s t i c s . A  s t r o n g  n u m e r i c a l analysis t e c h n o l o g y  n o w  e x i s t s which can

L
sa t i s fac to r i l y  he lp  many  peop le , and i t  i s  hoped tha t  h is  fu tu re  research  w i  I  I

cont inue to have wide app l i ca t ions . .

- 11 -
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C. Corclell Green
Assistant Professor of Computer Science

automatic programming
production automation
hiomedica2  applications
Diplomacy

Professor Green’s pr imary interest  has been in automatic programming. His

group is  s tudy ing  the  p rob lems o f  f ind ing  new methods  o f  spec i fy ing  p rograms,

codi f icat ion of pr ogr amm  i ng knowledge, and i m p l e m e n t a t i o n  o f working

program-wr  i t ing systems. The types of programs to be wr i t ten by machines range

from s imple l i s t  man ipu la t ion  to  pa t te rn  match ing , .  t ree-search ing ,  and  sor t ing .

The nlain emphasis is  on  cod i f i ca t ion  o f  the  cons iderab le  body  o f  l i s t -p rocess ing

programm i ny know I edge. An interest ing feature of the research is some emphasis on

‘ hum.an’ methods of  program speci f icat ion, such as example i n p u t - o u t p u t  p a i r s ,

yener  i c exanip I es, annotated traces, and  poss ib ly  na tu ra l  language descr ip t ions .

c

Prototype systems have been developed that can wri te short  programs (fewer than

seven I ines), including sort ,  merge, reverse, l i s t  f l a t t e n i n g ,  e t c .  A  t e n t a t i v e

one-year  goa l o f  t h e  p r o j e c t is  the  au tomat ic  syn thes is  o f  a  s ix -page concept

formation program that employs simple I ist-processing techniques,

He is also involved with the product ion automation project at  the AI Lab,

c w h e r e  t h e  e f f o r t  i s  t o  d e s i g n  a  v e r y  s p e c i f i c  automatic  p r o g r a m m e r  t h a t  w r i t e s

plans for the assembly of  smal l  engines by the Hand-Eye system. The current goal

i s  the  genera t ion  o f  a  de ta i led  p lan  fo r  the  assembly  o f  a  cha insaw,  g iven  the

kind of high-level task descr.ip’tion  now used for assembly- l ine workers.
rc Pro fessor  Green is  a l s o  work ing  w i th  a  g roup  a t tempt ing  to  imp lement  a

c

‘natural language understanding system that plays the game of Diplomacy. The game

forms an interest ing problem because as play develops the players are required to

negot ia te  w i th  one another ,  and th is  invo lves  mak ing  “dea ls ” ,  and poss ib ly  l y ing

t

L

!

and cheat i ng. As presently planned the. system is based on Schank’s c o n c e p t u a l

dependency framet~ork,  a n d i n c l u d e s  a  s t r a t e g i s t  p r o g r a m  t h a t  d e t e r m i n e s  b e s t

moves i nciependent  of bargains, and a sophist icated bargainer that understands the

var ious  aspects  o f  negot ia t ing . The aim is to produce a system with the capacity

o f  a  beg inn ing  p layer .

Pro fessor  Green  i s  par t  o f  a  g roup  work ing  on  a  b iomed ica l  app l i ca t ion ,

namely the design and implementat ion of  a program to give ant imicrobial  therapy

c o n s u l t a t i o n  i n  a  c l i n i c a l  s e t t i n g . A prototype system has been developed in the

p a s t  y e a r , and work has started on the problem of automatic knowledge acquisition

from expcr ts. A  c o m p l e t e  s e t  o f  t h e r a p y  r u l e s  f o r  a  p a r t i c u l a r  c l a s s  o f

L

-12.
L



infect  ions may include several  hundred rules. The acqu is i t ion ,  man ipu la t ion ,  a n d

i n te rac t  ion  o f  these  ru les  p resent  in te res t ing chal lenges in a real-wor ld problem

si tuat ion.

His interest in automatic programming
,

i s  t h e “mos t  critical*,problem  in AI,” and is a

i s  s p a r k e d  b y  t h e  f e e l i n g  t h a t  i t

prerequisi te to the development of

L

.

intel I igent systems. Such systems requ i re changing representat ions, changing

s t r a t e g i e s , and doing concept formation, all  of  which involve reprogramming. And
.

i n order to  reprogram very  complex  sys tems, humans wi l l r e q u i r e machine

ass i stance. H e  f i n d s  t h e  i n v o l v e m e n t i n  t h e  a n t i m i c r o b i a l therapy sys ten1

in te res t ing  as  a  s tudy  in  knowledge acqu is i t ion  “where  i t  can  be  done”  - - in a

rea I. prob I em from a real domain: b u t  t h e  p r o d u c t i o n  a u t o m a t i o n  p r o j e c t  i s  j u s t

f o r “sheer fun and love of  gadgetry” .

b

i

‘!

i

- 13 -



c.

L

John CL Herriot crpline  function8
Professor of Computer Science partial difftmmtial  equations

Professor H e r r i o t ’ s  i n t e r e s t s  a r e  i n  t h e  f i e l d  o f  numerica

W implementation of algorithms for computation. He has

w o r k e d  o n  e l l i p t i c  p a r t i a l  d i f f e r e n t i a l  e q u a t i o n s ,  e s p e c i a l l y  o n  t h e

ith e m p h a s i s  o n

I  a n a l y s i s ,

p r e v i o u s l y

“method of

p a r t i c u l a r  s o l u t i o n s ” ,  w h e r e  a l i n e a r  c o m b i n a t i o n  o f  p a r t i c u l a r  s o l u t i o n s  i s

computed  c rh ich  sa t i s f ies in  some sense the  g iven boundary  cond i t ions . These

methods are useful  in f lu id f low and other physical  problems.

H i s  m o s t  r e c e n t  w o r k  h a s  b e e n  t o  s t u d y  h o w  t o  c o m p u t e  i n t e r p o l a t i n g

na tu ra l  sp l ine  func t ions  mos t  e f f i c ien t l y  and  accura te ly .  A l though the  theory  has

been known for some t i me, he  has  dea l t  w i th  the  spec i f i c  p rob lem o f  comb in ing

e f f i c ien t  cod ing  and  max imum numer ica l  accuracy .  He  has  wr i t ten  p rocedures  to

solve  t he  genera l  case , as  w e l  I as procedures for  the cubic case  and the  qu in t ic

case which take advantage o f  s i m p l i f i c a t i o n s t o  s p e e d  u p  t h e  c a l c u l a t i o n s

tremendous I y. Var ious  spec ia l  k inds  o f  sp l ines  a re  a lso  be ing  cons idered  in  th is

same con text .

b . H e  l$Ians  t o  w o r k  i n  t h e  f u t u r e  o n  a p p l i c a t i o n s  o f  s p l  i n e  f u n c t i o n s  t o

p a r t i a l  d i f f e r e n t i a l  e q u a t i o n s , such as the finite element method.

P r o f e s s o r  Herriot  f e e l s  t h a t  t h i s  .work i s  i m p o r t a n t  b e c a u s e  t h e r e  ie

of ten a  gap  be tween the mathematical t h e o r y  o f a p r o b l e m  a n d t h e  a c t u a l

computat ion o f  a  numer i ca l so lu t ion . I m p l e m e n t a t i o n  o f  a n  a l g o r i t h m  f o r  t h e

computer involves a combination of mathematical and programming knowledge. Since
*

t h e  u l t i m a t e  g o a l is to provide a computed solut ion, the numerical  analyst  must

be concerned wi th programs as we I l as theory.

- 14 -



Donald E. Knuth
Professor of Computer Science

analysis  of aZgorit  hrns
cornhimorics  and dimwe

mnthematics

The broad area of Professor Knuth’s work is analysis of  algor i thms, i .e. ,

making quant  i tat ive statements about how good algorithms are. Thi s research has

c. two “ f l a v o r s ” . The  f i r s t .  i s  ana lyz ing  varous  aspec ts  o f  par t i cu la r  a lgor i thms - -

for  example, determining how fast they are and how much space they require, and

comparing several  a lgor i thms for solv ing the same problem to decide which is best

i n  t e r m s  o f  g i v e n  c r i t e r i a . The  second i s  deve lop ing  the  too ls  o f  d isc re te  and

L ’ comb ina to r ia l mathematics r e q u i r e d  t o  a n s w e r  s u c h  q u e s t i o n s  a b o u t  c o m p u t e r

methods. A more general problem is to prove that a method is optimum in the c lass

of al  I  possible ways to solve a problem. -This approach leads to quest ions about

def ini t ion and study of the basic complexi ty of  algor i thms,

The emphasis is on the computer methods that are the most fundamental and

app I i ca t i on- i ndependen t . T h e  m o t i v a t i o n  f o r  t h i s  r e s e a r c h  i s  t o  o b t a i n  m o r e

understanding of known methods, a n d  t o  l e a r n  t h e  f i n e  p o i n t s  o f  t h e i r  b e h a v i o r

under  vary ing  cond i t ions . Such detai  led study is at the foundation and center of

computer science, not on the per iphery; i t i s  l i k e “fert i  I  izing t h e  s o i l  a n d

establ ishing law and order rather than pushing back the front iers.”

Pro fessor  Knu th  fee ls  tha t  the re  i s  an  un l im i ted  se t  o f  p rob lems to  be

solved  i n  t h i s  f i e l d ,  w i t h  n o  e n d  i n  t h e  f o r e s e e a b l e  f u t u r e .  H i s  c o n t i n u i n g  w o r k

o n  h i s ser ies  o f  books , which summarize and br ing together re lated resul ts,

aimed to provide a thorough foundat ion in the essent ia ls of  computer science.

is ,
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David C. Luckl~am
Research Associate, Al Lab

t hcrorem-proving
program twi~i’icatiort
automatic program  construction

Dr. Luckham  has  been work ing  fo r  the  pas t  feu  years  on  theorem-prov ing ,

program v e r i f i c a t i o n , and automat ic program construct ion; th ree  cor respond ing

systems, intended for on-line interactive use, have been developed.

The theorem-prover has been used in many successful  experiments test ing

i t s  u s e f u l n e s s i n  p rov i ng theorems in  d i f fe ren t  a reas  o f  mathemat i cs ,  ma in ly

a I gebra and geometry. Some s teps  have  been taken to  deve lop  i t s  app l i ca t ion  to

in fo rmat ion r e t r i e v a l ; question-answering f a c i l i t i e s have been programmed

tested on sma  I i d a t a  b a s e s , but nothing further has been done yet. The prover

and

i s

a l s o  b e i n g  u s e d  a s  p a r t  o f  a  s y s t e m  f o r  v e r i f y i n g  t h e  c o r r e c t n e s s  o f  p r o g r a m s

w r i t t e n in PASCAL. This second system i s  b a s e d  o n  a  v e r i f i c a t i o n  c o n d i t i o n

generator and incorporates special  procedures f o r  simpl  if ication  a n d  p r o b l e m

recfuc  t i on in .  add i t ion  to  the  theorem prover , A  number  o f  p rog rams,  i nc lud ing

s tandard  a lgor i thms fo r  sor t ing  l inear  a r rays ,  have  been ver i f ied .  Cur ren t l y  the

system is being extended to deal with programs containing paral  lel  p r o c e s s e s  a n d

data types such as sequences.

The automat i c programming system i s  a n  i n t e r a c t i v e  s y s t e m  t h a t  w r i t e s

p r o g r a m s  t o  s a t i s f y  g i v e n input-output speci  f icat ions. The sys tem requ i res  a s

i n p u t  a programming environment consist ing, roughly speaking’ , o f  p r i m i t i v e

func t i ons and procedures, r u l e s  o f  c o m p o s i t i o n  a n d  l o g i c a l  f a c t s .  1 t wi I I take

a c c o u n t  o f  c e r t a i n  k i n d s  o f  a d v i c e  f r o m  t h e  u s e r in s o l v i n g  a  p r o b l e m ,  I f

success fu l , t h e  s y s t e m  &Ii I I o u t p u t  t h e  s o l u t i o n in the form of a program in a

Ianguage  someblhat  s im i la r  to  a  subse t  o f  Algoi c o n t a i n i n g  a s s i g n m e n t s , f u n c t i o n

cal  Is, condi t ional branches, whi le loops, and non-recursive procedure cal ls.  This

sys tem has  been  used  to  genera te  p rograms f o r  r o b o t  c o n t r o l  a n d  a u t o m a t i o n

prob I ems, for e v e r y - d a y  p l a n n i n g , and for  comput ing ar i thmet ical  funct ions.

Projected research projects include: (1) Developing a HUNCH language fo r

express ing in tu i t ions  about  how proo fs  o f  con jec tu res  (i.e., e x p e c t e d  t h e o r e m s )

a r e  l i k e l y  t o  b e  f o u n d  (a ve r y  p r im i t i ve  H U N C H  l a n g u a g e  a l r e a d y  e x i s t s ) ;  (2)

pr ogr amm i ng new deduct ion rules and special S t r a t e g i e s  f o r  p a r t i c u l a r  p r o b l e m

areas  such  as  the  ver i f i ca t ion  o f  p rograms con ta in ing  para l le l  p rocesses ;  and  (3)

extending the automatic programming system and its applications,



John MoCarthy
Professor of Computer Science

artijicial ir~telligertce
mathematical theory of comptmtion
timesharing

Pro fessor  McCar thy  has  devo ted  most  o f  h is  recen t  research  e f fo r ts  to

represen ta t i on theory a n d the mathematical theory of  computat ion. H is  work i n

I
‘b representa t  ion  theory  - - how fac ts  about  a  par t i cu la r  s i tua t ion  a re  represented

i n  t h e  c o m p u t e r  - - is  or iented toward formal isms from mathemat ical l o g i c ,  i n

par t i cu la r  p red ica te  ca lcu lus  and  se t  theory . Research  in  th is  a rea  inc ludes  the

deve I opmen t of an interact ive proof-checking and theorem-proving system (FOL,

I-- Fi rs t  Order  Log ic )  by  R ichard  Weyrauch. The mathematical theory of computation is

concerned wi th proving correctness and assertions about programs, and operates by

taking a statement in a formal language about a program’s purpose as a theorem to

be proved.

L Current t ime-shar ing  p ro jec ts include the deve I opment o f serv ices f o r

home terminals ( the news service based on the Associated Press editor is a start)

and a s y s t e m  f o r  a  u n i f o r m  a c c e s s t o  d a t a  b a s e s  s t o r e d  i n  m a n y  d i f f e r e n t

compu t er s.

i The common problem of  the non-exportabi l i ty  of  programs has led him to

c

L

!’

cons ider the for a standardized programni i ng I anguage w i th s tandard ized

f a c i l i t i e s  f o r  i n t e r a c t i o n  btith p e o p l e ,  f i l e s ,  c o m p u t e r  n e t w o r k s ,  e t c .  W h i l e  t h i s

work has not yet  reached the status of  a fu l  i - f ledged research project , i t  w o u l d

invo l ve d i s c o v e r i n g  a framework for and then implementing t h e  p r i m i t i v e

opera t ions per formed

operat ing system.

Professor

programs

flccar  thy sees

that they

the problem of

possible

a r t i f i c i a l

on any major

intel I igence as the

“grand-daddy of a I I SC i ence prob I ems”, in  the  sense tha t  i f  a  good so lu t ion  can

be f o u n d , the possibi Ii ty exists for programs capable of  bootstrapping themselves

t o  h i g h  l e v e l s  o f  i n t e l  Iigence, The work is st i l l  in an exploratory stage,

He has also supervised Ph.D. theses in chess programs, speech

recogni t ion, proving camp  i I er s correct , and other a r e a s  o f a r t i f i c i a l

intel I igence, mathematical theory of computation, and time sharing.
c
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Edward J. McCluskey
Professor of Computer Science

and Electrical Engineering

digital systems
relinbility

P r o f e s s o r  M c C l u s k e y ’ s  c u r r e n t  w o r k  i s  i n  t h e  g e n e r a l  a r e a  o f  conlputer

re l  iab i  1 i ty, o r  fau l t - to le ran t  comput ing , wh ich  invo lves  the  s tudy  o f  methods to

d e t e c t , analyze, and correct the errors that may occur in a computing system, The

field of rel iabi I i ty i nc I udes a broad spectrum of t o p i c s  a n d  a p p l i c a t i o n s ,

r‘ ang i ng from s p e c i f i c and  p rac t i ca l to genera t a n d  t h e o r e t i c a l , Pro fessor

M c C l u s k e y  i s  w o r k i n g  Lji t h  s e v e r a l  d i f f e r e n t  p r o j e c t s ,  al l i n ves t i ga t i ng  va ry i ng

aspects of computer rel iabi Ii ty, One par t i cu la r  e f fo r t  i s  a  s tudy  w i th  NASA o f  a

comp,u  t er system to be placed in an airplane rJithin a year. T h i s  k ’ i n d  o f

i m p l e m e n t a t i o n  p r o v i d e s  a  c h a n c e  t o  t r y  o u t  t h e o r e t i c a l  r e s u l t s  i n  a  p r a c t i c a l

env i r onmen  t .

A major e m p h a s i s  o f  r e s e a r c h  i n  r e l i a b i l i t y  i s  t h e  d e s i g n  o f  g e n e r a l

t e c h n i q u e s  f o r i m p r o v i n g  r e l i a b i l i t y , a s  wel I a s  m e t h o d s  f o r  e v a l u a t i n g and

comparing the resul t ing techniques. for  example, a n  e a r l y  m o d e l  f o r  r e l i a b i  I i ty

IJaS Van Neumann’s proposal  of  trip1 icated systems, where the non-matching value

o f  t h e  t h r e e  i s  c o n s i d e r e d  t o  b e  a t  f a u l t . This model has been general ized to

tha t  o f  trip1  i c a t e d  s y s t e m s  w i t h  s p a r e s , and  to  more  comp lex  con f igu ra t ions ;

s e v e r a l  nelJ  techniques for improving rel  iabi  l i ty are being studied in these more

g e n e r a l  s e t t i n g s . Another project along these t ines involves the actual design of

a sel f -d iagnos ing  min i -computer  w i th  the  capab i  I  ity o f  de tec t ing  in te rna l  e r ro rs

and report i ng the i r  p resence a n d  l o c a t i o n  t o  t h e  o u t s i d e  w o r l d . The general

p rob lem o f  fau l t  tes t ing  and  d iagnos is  in  a rb i t ra ry  log ic  ne tworks  i s  a lso  be ing

s t u d i e d ; m e t h o d s  o f  n e t w o r k  t e s t i n g include manipulat ion o f  g a t e - e q u i v a l e n t

algebraic expressions and probabi i istic test generation.

P r o f e s s o r  M c C l u s k e y  b e l i e v e s  t h a t  r e l i a b i l i t y  i s  a n  i m p o r t a n t  r e s e a r c h

IL

I

a r e a  b e c a u s e  m o s t  t o p i c s  h a v e  a s p e c t s  t h a t  i n v o l v e  rel’riabi  I  i ty in one form or
. ‘.

ano ther , so that  many di f ferent problems can be studied tiith respect to a unif ied

approach. F u r t h e r m o r e ,  r e l i a b i l i t y  i n  c o m p u t i n g  i s  b e c o m i n g  m o r e  a n d  m o r e

L
s i g n i f i c a n t  f o r  s e v e r a l  r e a s o n s : computer systems are being used in an increasing

number  o f  p laces  where  the i r  re l  iab i  l i t y  i s  v i ta l ; computer systems cant inue to

become b i gger , and hence require more safeguards; and wi th electronic components

becom i ng cheaper, t h e  u s e r  c a n  a f f o r d  a n d  a s k  f o r  i n c r e a s i n g l y  s o p h i s t i c a t e d

re I i ab i I i t y equ i pmen t and mechan  i sms.

I
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L y n n  Quam
Research Associate, Al Lab

computer visiort
contour nwpping
hardware for vision

For several  years the AI Lab has had a four-wheeled cart  contatning  a T V

camera  and  t ransmi t te r  fo r  send ing  p ic tu res  to  the  PDP-10 ,  and  a  rad io  rece iver

for  receiv ing commands f rom the computer .  One  of the problems Dr. &am has been

working on is the development of a system which wi II enable the computer t o  m a k e

t h e  c a r t  d o  s o m e  i n t e r e s t i n g  o r  u s e f u l  t a s k , s u c h  a s  d r i v i n g  o n  t h e  r o a d .  I n

o r d e r  t o  a c c o m p l i s h  t h i s , many vision problems must be solved. To move the car

rel iably from one position to another the TV images must be analyzed in real time

to make sure that  the cart  is  on the proper course, and  to  f ind  fea tu res  such  as

the road center 1 ine, road edges, and obstacles in the cart ’s path.

Unlike the the hand-eye domain, w h e r e  i t  i s  p o s s i b l e  t o  e x e r c i s e  c o n t r o l

over the I ighting, the background and v i r tua l  l y every proper ty o f the

o fenv i r onmen  t , the

which

nature of the road prob I em requires the deve I opmen  t

techniques operate in a v i s u a l l y h o s t i l e environment. An important

a p p l i c a t i o n  o f the computer-control led cart  is  the unmanned explorat ion of  space,

i n  p a r t i c u l a r  t h e  p l a n e t s , where  the  round t r ip  rad io  t ransmiss ion  t ime to  Ear th

.is too long to control every movement of the vehicle from Earth.

Dr. Quam also been working on producing elevat ion contours from

stereo  image pa i rs , where the problem is the product ion of  accurate and ef f ic ient

c
methods for the matching of smal I areas in pairs of images. The’ 1976 NASA Mars

V i k i n g  l a n d e r  m i s s i o n  w o u l d  l i k e  t o  g e n e r a t e  c o n t o u r  m a p s  f o r  a l  I  p o t e n t i a l

landing  s i t e s , in  o rder  to  p ick  one wh ich  is  bo th  in te res t ing  and sa fe .  Use o f

t rad i t iona l  ana log  photogrammetric  techn iques  wou ld  in t roduce  a  de lay  o f  perhaps

severa  I d a y s , whi le computer processing of  Yhe images might reduce the delay to

several  hours.

t

i

:,

Final ly, h e  h a s  b e e n  w o r k i n g  o n  t h e  d e s i g n  o f  harduare  t o  s u p p o r t

research in real- t ime vis ion and manipulat ion. I t  w i l l  c o n s i s t  o f  a  OEC  POP-11/45

as the geheral  purpose  p rocessor , an  SPS-41 fo r  s igna l  p rocess ing  opera t ions ,  a

T V  i m a g e  i n p u t  a n d  o u t p u t  f a c i l i t y ,  a n d  a  l a r g e ,  high-bandwidth  I n t e l  m e m o r y

systenl-  wh,ich wi I I connect to al l  components of the system, al l  of  which wi I  I  be

under overal I  c o n t r o l  o f  t h e  P O P - 1 0 .  T h i s  n e w  h a r d w a r e  w i l l  g i v e  f a c t o r s  o f

t h i r t y in t h e  p e r f o r m a n c e  o f  v a r i o u s image processing programs, b u t  m o r e

important, i t  wi I  I  permit  experiments which would have been too t ime-consuming

be fo re .
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Arthur Samuel
Senior Research  Associate, Al Lab

Or, Samuel,who  spent a number of  years working on one of the ear l iest  and

most successful  AI  game playing programs, h a s  r e c e n t l y  t u r n e d  h i s  a t t e n t i o n  t o

the machine recogni t ion of  human speech. W o r k i n g  i n  c o o r d i n a t i o n  w i t h  a  l a r g e

A R P A - s u p p o r t e d  p r o j e c t  c e n t e r e d  a t  s e v e r a l  o t h e r  i n s t i t u t i o n s ,  h i s  g r o u p  a t

Stanford has concentrated on the problem from the standpoint  of  acoust ics.  Their

a p p r o a c h  h a s been based on adapt i ve learning techniques imp lemented  w i th  a

s i g n a t u r e table method simi lar t o  t h e  o n e  u s e d  s u c c e s s f u l l y  i n  t h e  c h e c k e r

p I ay,i ny program, T h e  t a b l e s  a r e  b u i l t  f r o m  s t a t i s t i c s  o f  t h e  p a r a m e t e r s  o f

Four i er t r a n s f o r m s  o f  s p e e c h  s e g m e n t s ,  a n d  t h e n  a s s e m b l e d  i n t o  h i e r a r c h i e s

intended to handle di f ferent aspects of the segmentat ion and recogni t ion problem,

Some tab I es L/i I I dea I pr  inlar i  ly wi th acoustic parameters expected to be

i ndepenclen t of individual speakers, wh i le  o ther  tab les  w i  I  I  a t tempt  to  account

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

speakers.

The problem wi I I apparen t l y  no t  soon  be  so lved , h o w e v e r .  Dr , Samue  I

a n t i c i p a t e s tha t i t wi I I be almost ten  years  be fo re I arge sea I e success i s

ach i cved.
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Harold S. Stone
Associate Professor of Computer Science

and Etectricat Engineering

parnllel computer organization
algorithms for parallel computers

The g e n e r a l  d i r e c t i o n  o f  P r o f e s s o r  S t o n e ’ s  r e s e a r c h  i s  t h e  s t u d y  o f

par-al lel computers and techniques f o r  t h e i r  e f f i c i e n t  p r o g r a m m i n g .  H e  w o r k s  i n

computer organization and the development of new algorithms for solving problems,

Many algorithms that are not optimal on a sequential machine can be re-considered

uhen m u l t i p l e  p r o c e s s o r s  a r e  a v a i  lable, and new studies can be made of

I ony-s t and i ng me t hods t o  a n a l y z e  t h e i r  b e h a v i o r in a paral  lel compu t i ng

env i ronmen t . Two part icular topics that have been considered are: var ious ways of

interconnect ing processors and memories in a highly paral lel  computer such as the

ILLIAC IV, lead ing  to  in tens ive  s tudy  o f  app l i ca t ions  o f  a  permuta t ion  c a l l e d  t h e

p e r f e c t  s h u f f l e  a n d  i t s  v a r i a n t s : and algor i thms based on the use of recurrence

c re la t ions  fo r  the  so lu t ion  o f  tridiagonal I inear  s y s t e m s  o n  c o m p u t e r s  w i t h  v e c t o r

ins t ruc t  ions . Pro fessor  S tone is  now work ing  on  a  s tudy  o f  message rou t ing  in

i computer networks, where  the  con t ro l  i s  done loca l l y  a t  the  nodes  w i thou t  global

c o n t r o l . T h e  r o u t i n g  a n d  c o n t r o l  m e c h a n i s m s  d e v e l o p e d  t h u s  f a r  h a v e  w i d e

L t h e o r e t i c a l i n t e r e s tL a n d  p r a c t i c a l app l i ca t ion ( for  e x a m p l e , in the A R P A

network) .

Future research

conipu  t er a rch i tec tu re ,

wi I I cant inue to exp t ore innovative d i r e c t i o n s

espec ia l l y d i s t r i b u t e d compu t i ng, microprocessors,

i n

memory sys terns,

Pro fessor  S tone  sees  th is  research  as  va luab le  because  the  p rogress  o f

computer technology has created many questions that have not been fully answered

b y  p r e s e n t  r e s e a r c h . T o d a y  t h e r e  a r e  i n c r e a s i n g  c a p a b i  I  ities in  des ign ,  and

grea te r  f reedom in  cons t ruc t ing  la rge  d ig i ta l  sys tems.  Appropr ia te  r e s e a r c h  c a n

t h u s  g u i d e the  imp lementa t ion  o f  compute r  sys tems fo r  app l i ca t ions  tha t  were

prev ious ly  imposs ib le ,

c
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Yorick  Wilks natural language
Research Associate, Al Lab mrzchine  ttnrtslrztiort

Dr. Wi Iks has been working for the past few years on machine transI,ation

and understanding of  natural  language, His current project  takes short  paragraphs

of Engl ish text  and translates them into good French, I t s  u l t i m a t e  a i m  i s  b o t h  t o

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

seman t i cs-based system fo r understanding the content of a t e x t . ‘Machine

t rans la t ion  was  wr i t ten  o f f  p rematu re ly  because  there  seemed to  be  no  c lear  uay

ahead for  the representat ion of  semant ic,  or  conceptual , content on the one hand,

and  fo r  the  represen ta t ion  and  man ipu la t ion  o f  knowledge  o f  the  rea l  wor ld ,  on

the  o ther .

I t  i s  a  p remise  o f  h is  work  tha t  the  bas ic  p rob lems o f  na tu ra l  l anguage

semantics have simply not been solved, e i t h e r  b y  t h e  l i n g u i s t s  o r  t h e  A I  p e o p l e

i n  t h e  f  ielcl, and  tha t  ins igh ts  about  the  s t ruc tu re  o f  l a n g u a g e  a r e  s t i l l  n e e d e d .

To this end he avoids the grammatical  and semantic systems of the l inguists,  and

the deduct ive systems of logicians. The essent ial  part  of  the system that aims to

offer a I  i t t le of  the missing content is what he cal ls “Preference Semant ics”.

The present system operates wi th camp  I ex trees o f seman t i c markers

expressing the meaning structure of Engl ish uords. I t  also has access to a system

of con tex t  dependent  semant ic  pa t te rns  ca l led  temp la tes  tha t  p ick  ou t  s t ruc tu res

o f  t rees  to  represen t  poss ib le  mean ing  s t ruc tu res  fo r  Eng l i sh  c lauses , phrases

and sentences. There is no convent ional l inguist ic syntax used, or needed --  at  I

operat ions are speci f ied as manipulat ions of  the patterns of  semant ic t rees,

The key  po in t is  tha t  word  sense and s t ruc tura l  ambigu i ty  w i  I  I  a lways

give rise to al ternat ive compet ing structures.  “Preference” here means procedures

a t  e v e r y leve l  o f  the  sys tem fo r  p re fe r r ing  cer ta in  der ived  s t ruc tu res  to  o thers

on the  bas is  o f  the i r  “semant ic  dens i ty ” .

He postulates that humans always interpret language so as to reduce the

t h i s  f a c u l t y  a language understanding system cannot funct ion. The point  about

preference i s  t h a t  i  t  p r e f e r s  t h e  n o r m a l , b u t  a c c e p t s  t h e  u n u s u a l .  D r .  Wi l k s

bel ieves t h a t  c o n v e n t i o n a l  I inguistic r u l e s , w i th  f i xed word  c lasses, o p e r a t i n g

wi th  funintel  I igent)  der iva t iona l  sys tems cannot  do  th is  very  s imp le  th ing .  These

preference computations can become quite complex at higher levels when “common



s e n s e inference” ru les  a re  used  to  make  in fe rences  f rom par t i a l i n fo rmat ion
a b o u t  t h e  r e a l  w o r l d , such  as solv ing problems l ike the reference of  ambiguous

pronouns.

An in te res t ing  aspec t  o f  the  sys tem is  tha t  i t  has ’  a  un i fo rm sys tem o f

representat ion and inference, not a series of c o n v e n t i o n a l l y  d i s t i n g u i s h e d

“packets” l i k e  s y n t a x ,  s e m a n t i c s ,  a n d  d e d u c t i o n .  In add i t ion ,  i t  works  on qu i te

complex mater ia l , and in a psychological ly sat isfying way.

c
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T e r r y  Winograd
Visiting Assistant Professor

of Computer Science

natural language
representation of knowledge

na tur-a I

Professor

I anguage,

W inograd’s recent work has been in computer

which he Sees a s a  key to understanding

unders tand ing  o f

the  much  b roader .

pr ob I em o f human cogn  i t i on. “ I ’ m  i n t e r e s t e d  i n  h o w  p e o p l e  t h i n k ,  a n d  n a t u r a l

language is a good way to get at that,” he sees representat ion of knowledge as a

c r i t i c a l subprob I em, and is  inves t iga t ing  the  cor respondence be tween a  se t  o f

p i e c e s  o f knowledge and i ts incarnat ion in a program for natural I anguage. One
I, approach to this adopts an automatic programming-like view of the human knowledge

assimi lat  ion process, i n  s u g g e s t i n g  t h e  p r e s e n c e  o f  a n i n t e r n a l  p a r s e r  a n d

camp  i I er wh i ch transform bi ts of  knowledge into internal s u b r o u t i n e s  a v a i l a b l e

a

f o r  u s e . His approach includes the bel ief  that  such automat ic programming should

be  based  on  a  s t rong foundat ion of  knowledge about programming rather than on

transformat ions suggested by input/output pairs. H e  a l s o  f e e l s  t h a t  l e a r n i n g  b y

examp  I e i s  u s e f u l  f o r  knowl.edge  a c q u i s i t i o n , and that  much. may be gained by

invest igat ing the structures necessary for i ts implementat ion,

c His  i n t e res t  i n  A I  i s  a roused  by  i t s  imp1  ications a b o u t  t h e  c h a r a c t e r  o f

human intel I igence, and he believes that the computational metaphor wi I I make an

impor tan t  d i f fe rence  in  many  f ie lds . It i s ,  h e  f e e l s ,  a  n e w  a n d  e x c i t i n g  w a y  o f

looking at  many classic problems in var ied f ie lds.

L
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Profes.sors  K n u t h ,  Chvatal,  a n d  Dantzig, toge ther  w i th  g raduate  s tudents
and m a t h e m a t i c i a n s  l.lho a re  inv i ted  to  v is i t  S tanford  fo r  ex tended per iods , a re
a c t i ve I I, pursuing research in comb i na t or i a I mathemat  its. T h i s  s u b j e c t ,  w h i c h
I  i n k s  m a t h e m a t i c s  w i t h  o p e r a t i o n s  r e s e a r c h ,  a r t i f i c i a l  i n t e l l i g e n c e ,  e l e c t r i c a l
engineer i ng, and computer science, is  p resent ly  f lour ish ing  in  many par ts  o f  the
l-101’  I d * and the group at  Stanford has been holding product ive seminars. Prob I ems
relevant to the analysis of  algor i thms are given special  considerat ion,

Research in Combinatorics and Analysis of Algorithms

P r e s e n t  p l a n s  a r e  t o  h a v e  a n  e s p e c i a l  Iy la rge  group o f  v is i to rs  dur ing
the  1974-75  academ  i c year. A smal  I  samp le  o f  peop le  who  spoke  a t  the  1972-73
seminars includes: Prof.  Marshal I  Hal I ,  Jr . ,
P ro f .  D.R. Fu lkerson,  Corne l  I  Un ivers i ty :

Cal  i f o r n i a  I n s t i t u t e  o f  T e c h n o l o g y ;
Prof. Paul Erdos, Hungar i an Academy of

Sc iences ;  Pro f .  J .  Edmonds,  U n i v e r s i t y  o f  W a t e r l o o ;  P r o f .  R o b e r t  F l o y d ,  S t a n f o r d
U n i v e r s i t y ; and Prof .  N.G. de Bruijn,  Technological  Universi ty,  The N e t h e r l a n d s ,

Recent publications include:

c

Dantzig, G. On the Relation of Operations Research to Mathematics, Stan ford
O.R. Report, September 1972.

-Klar-ner,  D. and R. Rivest, Asymptotic Bounds f,or the Number of Convex
n-on1 i noes, Stanford Computer Science Report CS 327, Dec.  1972.

K l a r n e r ,  D . , A Finite Basis Theorem Revisited, Stanford Computer Science
Report CS 338, Feb. 1973.

L K l a r n e r ,  Cl., The Number of SDR’s in Certain Regular ‘Systems, Stanford
. Computer Science Report CS 354, April 1973.

K n u t h ,  D., and F. Stevenson, Opt imum  Measurement Points for Program Frequency
C o u n t s ,  .to appear  in  111’1‘,  13(1973),313-3X?.

1

c K n u t h ,  D., The Asymptotic Number of Geometries, to appear in Journalof
Comhirtatorial  Theory, 1974.

L K n u t h ,  0. , Whee I s w i th i n Whee I s, to appear in Discrete Mathematics, 1974.

K n u t h ,  D., Per mu t a t i ons w i t h Nonnega t i ve Par t i a I Sums, Discrete Mathematics,
5: 367-71,  1973.

1

Knuth, _D. and 0. Amble, Ordered Hash Tables, to appear in The Computer
Journal, 1974 *

I

K n u t h ,  D.. T h e  T r i e l : A New So I u t i on, Joumal  of Recreatiorrd  Mathematics
6:  1-7 ,  1973.

L K n u t h ,  D., Mat ro id  par t i t ion ing ,
May 1973,

Stanford Computer Science Report CS 342,
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Digital Systems Laboratory

The D ig i ta l  Sys tems Labora to ry
g radua te  s tuden ts  f rom Compute r

(DSL)  i s  a  c o l l e c t i o n  o f  f a c u l t y  a n d

i n t e r e s t e d i n  digi tat
S c i e n c e  a n d  E l e c t r i c a l  E n g i n e e r i n g  w h o  a r e

systems and computer organizat ion; i t
Stanford Electronics Laborator ies,  Facul ty members

is part of the
include Professors Edward J.

M c C l u s k e y  ( D i r e c t o r ) ,  F o r e s t  B a s k e t t ,  T h o m a s  B r e d t ,  Vinton Cerf,  a n d  H a r o l d
Stone. Among the  areas  o f  ac t i ve  research  a t  DSL are  re l iab i  I  i t y ,  ana lys is  and
measurement of operating systems, computer networks, and paral  iel computation.

seminars
T h e r e  a r e  s e v e r a l  s p e c i a l - i n t e r e s t  g r o u p s  w h i c h  m e e t  r e g u l a r l y  a t

devo ted  to  par t i cu la r  a reas .
group),

T h e s e  i n c l u d e  P I G S  (paral  lel i n f o r m a t i o n
R A T S  (rel iabi l i ty a n d  t e s t i n g ) ,  P E T S  ( p e r f o r m a n c e  a n d  e v a l u a t i o n

techn iques) , and AARDVARKS (archi  tecture).

Recent publications include:
c

c

B a s k e t t ,  F., K.M. Chandy, R.R.  Muntz, and F.G. Palacios, “Open, Closed, a n d
Mixecl Networks of Queues with Different Classes of Customers”, to
appear, Journal o$ the /lClli, already publ i shed as Tech. Report No,
33, Digi tal  Systems Laboratory, Stanford Universi ty,  Stanford,
Cal i fornia, August 1972.

-Bredt,  T.H., “Syntax-Directed Operating Systems Design,” Tech. Note 29,
Digi tal  Systems Laboratory, Stanford Universi ty,  Stanford, Cal i f , ,
Dec. 1972.

B r e d t ,  T.H.,  “I Ana I ys i s of Para I I e I Systems”, IEEE Trtzns.  opt Computers,  C-20,

L
No. 11, 1403-1406,  Nov. 1971.

. Cart-,  C . S .  ,  S .  Cracker,  a n d  V, Xerf, “HOST-HOST Communication Protocol in
the ARPA Network”, AFIPS Proceedings of the 1970  SJCC, pp. 589-597.

L
1b

C e r f ,  V . , E.  Harslem,  J.  Heafner,  R. Metcalfe,  and J. W h i t e ,  “ A n  E x p e r i m e n t a l
Service for Adaptable Data Reconfiguration”, IEEE Trans. on Communicatiorts,
COM-20,  No. 3, pp. 557-564, June 1972,

i
Fu l le r ,  S .  and  F, B a s k e t t , “An Analysis of Drum Storage Units”, to appear,

Jotsrttnl  O$ the /Xll,  a l ready  pub l i shed  as Tech .  Repor t  No. 26, Digital
Systems Laboratory, Stanford Universi ty,  Stanford, Cal i f . ,  August 1972.

Kogge, P.M., and H.S. Stone, “E f f i c ien t  Paral lel  So lu t ion  o f  L inear  Recur rences” ,
lk:KK Trans.  on Computers, Aug. 1973.

i

McCluskey ,  E,J., and F.W, Clegg,
Networks”,

“Fault Equivalence in Combinational Logic
IEEE Trans.  ott Computers, C-20: 1286-1293, 1971.

I
i

r

McCluskey, E.J., and D.P. Siewiorek,
Hybr id Redundancy”,

“An Iterative Cel I Switch Design for
IEEE Trans. on Computers, C-22: 290-297, 1973,

S t o n e ,  H.S., “Dynamic Memor i es cri th Enhanced Data Acess”,  IEEE Trans. on
Cantputcrrs,  C-21:359-366, No. 4.

L -
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Heuristic Programming  Project  (RENDRAI.,  1

Pr incipai Investigators: Edi-lard Feigenbaum, Joshua Lederberg, Car I Djeragsi
Associate Invest igator: Bruce Buchanan
Research Assoc i ates: Robert Enge I more, Dennis Smith, N. Sridharan
Post-Doctoral Fellows: Ray Cat-hart, Geof f  Dromey

The Heuristic Programming Project i s  a n  i n t e r d i s c i p l i n a r y  g r o u p  w o r k i n g
on informat ion processing models of  scient i f ic  reasoning.  A performance program,
termed Heurist ic DENDRAL; reasons from empir ical  data,  to explanatory hypotheses.
J ts task domain is mass .spectrometry, o n e  discipl  ine  w i th in  ana ly t ic  chemis t ry ,
in 1.Jhich  the  emp i r i ca l  da ta  a re  ana ly t i c  da ta  f rom a  mass  spec t romete r ,  and  the
exp lanatory  h.ypotheses  are the graph structures of  organic molecules.  The program
i s wr i t ten as a heur i st ic  search program through the space of  molecular  graphs.
Knowledge of  chemistry in general , a n d  m a s s  spectrometry  in  par t i cu la r , i s  used
to  cons t ra in  the  search .

Recent advances in the project include the enhancement of the
capahi I  i  t ies of the per f ormance
mix tures , as i.lel I as the

p r o g r a m  t o  a n a l y z e  e s t r o g e n s  a n d  e s t r o g e n
development and proof  of  correctness of  an algor i  thm  for

genera t ing c y c l i c  g r a p h  s t r u c t u r e s . W o r k  i s  a l s o  c u r r e n t l y  g o i n g  o n  i n  t h e
app I i cat i on of the program t o  b i o m e d i c a l  p r o b l e m s .  In par t i cu la r , i t i s  hoped
tha t  the  mass  spec t ra  ana lys is  can  be  coup led  to  in fo rmat ion  ava i lab le  f rom gas
chr oma  t ogr aphy , and this powerful  combinat ion used in such problems as analysis
of the chemical components of urine in premature infants.

A theory-format ion program, termed Meta-DENDRAL,  reasons from co I I ec t i ons
o f  empit.icaI  observa t ions  to  genera l  ru les  (a t h e o r y ) , a lso in the domain of  mass
spectronietry. Theory format ion of t h i s  s o r t  i s  s e e n  a s  o n e  i m p o r t a n t  w a y  f o r
l at-~_~e  knol-1  I edge-based systems to acquire

.  per fo rmance.  In  th is  case ,
t h e  e x p e r t i s e  t h a t  t h e y  n e e d  f o r  h i g h

program cle sc.r  i bed above.
the  ru les  tha t  a re  in fe r red  a re  used by  the  ana lys is

Rober t Enge I more, in col laborat ion IJi th c h e m i s t s  a t UCSD, i s
i nves t i ga t i ng new ways
nio I ecu I e’s,

t o  e l u c i d a t e  t h e  t h r e e - d i m e n s i o n a l  s t r u c t u r e  o f  p r o t e i n
r e t y i n g  p r i m a r i l y  o n in fe ren t ia l reasoning r a t h e r  t h a n  e x t e n s i v e

enip i r i ca I data. W o r k i n g  GJi th 3 -D in tens i ty  da ta  p roduced by  X- ray  d i f f rac t ion ,
they  hypothes ize  par t ia l  s t ruc tu res  and use  Pat te rson func t ions  fo r  ver i f i ca t ion .
The approach is st i  I  I  being tested in molecules of  known structure, but wi I I soon
be tried on those whose structure is as yet unknown.

t Recent publications include:

B.G.Ruchanan, E, A, Fe i genbaum, a n d  J.Lederberg, A Heur i s t i c
St ucly of Theory Format i on i n SC i ence,

Programm  i ng
i  n  Procccdirr~s  o f  t h e  Second l~tterrmtiottnl  Joirlt

Cor~,[crcrlcc  011 flrrifirtinl  Iutellig~nc~,  1 mper  i a l Co l l ege, London (Sep  teniber 1371) .

t

I

?

B.G. B u c h a n a n ,  A . M .  D u f f i e t d ,  a n d  A.V. R o b e r t s o n ,  A n  A p p l i c a t i o n  o f
Artif i-cial Intel I  igence t o  t h e  I n t e r p r e t a t i o n  o f  M a s s  S p e c t r a ,  nll&ss  Spcctrornatry
Tcchniqrtcs  nnd  Applicrrtiorrs, (edi ted by George W.A. Mi Ine), John Wi ley and Sons, Inc.,
121477 (1971).

i

‘L

i

D . H .  S m i t h ,  B.G. B u c h a n a n ,  R . S .  E n g e l m o r e ,  A . M .  D u f f i e l d ,  A .  Yea, E .A .
Fe i genbaum, J. Lederberg, and C. Djerassi , A p p l i c a t i o n s  o f A r t i f i c i a l
Intel I igence fo r  Chemica l I n f e r e n c e  V I I I . A n  A p p r o a c h  t o the  Compute r
I n t e r p r e t a t  i o n  o f t h e  H i g h  R e s o l u t i o n  Maw S p e c t r a  o f  C o m p l e x  M o l e c u l e s .
Structure Elucidat ion of Estrogenic Steroids, Journal of the American Chemical Society,

- 94: 5362-5371 (1972).

L



6. G. Buchanan,
Format i on:

E.A. F e i g e n b a u m ,  a n d  N . S .  S r i d h a r a n ,  H e u r i s t i c  T h e o r y
Data Interpretat ion a n d  R u l e  F o r m a t i o n ,

Ed inburgh Univers i ty  Press  (1972).
i  n  Machitte 11ttelligence  7 ,

H. Brown, L .  M a s i n t e r ,  a n d  L .  Hjelmeland,
Using Double Cosets, to appear i n Discrete Mathematics.

Const ruc t i ve  Graph Labe l ing

D.H. Smith, B.G, Buchanan, R.S. Engelmore, H. Aldercreutz and C.Djerassi,
A p p l i c a t i o n s  o f  A r t i f i c i a l  I n t e l l i g e n c e  f o r  C h e m i c a l  I n f e r e n c e  I X .  A n a l y s i s  o f
M i x t u r e s  W i t h o u t  P r i o r  S e p a r a t i o n  a s  I l l u s t r a t e d  f o r  E s t r o g e n s ,  t o  a p p e a r  i n
Jo~rrrnl of the American Chemical Society.

D.H. Smith, B.G. Buchanan,
J.Lederberg,

W.C. W h i t e ,  bE.A. F e i g e n b a u m ,  C, Djerassi,  and
A p p l i c a t i o n s  o f  A r t i f i c i a l Intel  I  igence for Chemical  Inference X.

Intsum. A Data Interpretation Program as Applied to the Collected Mass Spectra of
Es t rogen ic  S tero ids , to appear, i n Tetrahedron.

B.G. Buchanan and N. S. Sr i dharan,
Classes of  Objects,

Rule Formation on Non-Homogeneous

/ntelZigcncc,
in Ptoceedirrgs of the Thr’rd  Zrtterrtatiortal  Joht  Conference on Artif icial

Stanford, Cal i fornia, August 1973.

D. M ich ie  and B.G.  Buchanan, C u r r e n t  S t a t u s  o f  t h e  H e u r i s t i c  DENDRAL
P r o g r a m  f o r  A p p l y i n g  A r t i f i c i a l In te l l i gence
Spectra, August 1973.

t o  t h e  I n t e r p r e t a t i o n  o f  M a s s

L
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Higher  Mental Functions Project

The Higher Mental Functions Project, funded by the National lnst i  tute of
Menta l  Hea l th , i s  d o i n g  r e s e a r c h  i n  f o u r  a r e a s : (11  mach ine  unders tand ing  o f
na tu ra l I anguage, (2) computer s i m u l a t i o n  o f paranoia, (3) p s y c h i a t r i c
i n t e r v i e w i n g  b y computer , a n d  (4) c o m p u t e r - a i d e d  t r e a t m e n t  o f  n o n s p e a k i n g
a u t i s t i c  c h i  I d r e n .  C u r r e n t l y  a l a r g e  p o r t i o n  o f  t h e  e f f o r t  i s  d e v o t e d  t o  t h e
natural  language problem since areas (2) and (3) are heavi I y dependent on i ts
s o l u t i o n .

Recent publications:

K.M. Colby, F.D. Hilf, S. Weber, and H. Kraemer, H. T u r i n g - l i k e
.  Inc l is t ingu ishabi  I i  ty T e s t s  f o r  t h e  V a l i d a t i o n  o f  a  C o m p u t e r  S i m u l a t i o n  o f

Pat-an0 i cl Processes, Artificicrl Ittrfdlipwce,  3: 199-221 ,  (1972)  .

i

a n d  F.0, Hi I f ,  Can Expert Judges,
P s y c h i a t r i c  I n t e r v i e w s ,  D i s t i n g u i s h  H u m a n

U s i n g  T r a n s c r i p t s  o f  T e l e t y p e d

Simulat ion of  Paranoid Processes ?
Parano id  Pa t ien ts  F rom a  Compute r

S t a n f o r d  A r t i f i c i a l  I n t e l  I  i g e n c e  P r o j e c t  Memo
AItl-182. Computer Science Department, Stanford University, December 1972.

Computer S i mu I at i on of Be I i e f Sys terns. 1 n Contputcr  Models  o f  T h o u g h t  and
i,angmgc,  R. S c h a n k  P. and K.M. C o l b y , (EdsI W.H. Freeman, San Franci  sco, 1973.

c

K.M. Colby,
D i f f i c u l t i e s

The  Ra t iona le  fo r  Compute r  Based  T rea tmen t  o f  Language
in Nonspeaking Autistic Chi Idren. S t a n f o r d  A r t i f i c i a l  I n t e l  I  i g e n c e

Labora to ry  llemo  AIM-193. Computer Science Department,  Stanford Universi ty,  March
1973. t To appear i n Journal of Autism and Childhood Schizophrenia) ,

L

a n d  F . D .  Hilf, MultiDimensional  A n a l y s i s  i n  E v a l u a t i n g  a  S i m u l a t i o n
of Parano i cl Thought Processes. Stan ford  Ar t i f i c ia l  In te l  I  igence Labora tory  flemo
AIM-194. Computer Science Department, Stanford University, flay 1973.

H. Enea and K.M. Colby,
Doctor-Pat ient Dialogues.

Idiolect ic ’  Language Analysis for Understanding
Prac.  3/.lCAi, S tanford  Un ivers i ty ,  1973.

R, Schank and K.M.  Co lby  (Eds.  I, Computer Models of Thought and
Language. W.H. Freeman, San Francisco, 1973.

i. K, Co lby , Ar t i f i c ia l  Parano ia  (in p ress  1974) .

c
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Numericd Analysis Uroup

The numerical analysis group at Stanford includes Professor Gene H. Golub
and Professor John G. Herriot as the permanent facul ty members,  and about ten
graduate students; the i r  in te res ts  a re  supp lemented  by  those o f  v is i t ing  scho la rs
who  a r e  a t  S t a n f o r d  f o r  v a r i o u s  p a r t s  o f  e a c h  y e a r ,  T h e  r e s e a r c h  i n  n u m e r i c a l
a n a l y s i s involves
based  theory

two  c lose ly  re la ted  aspec ts :  deve lopment  o f  mathemat i ca l  ly
to  so lve  a  par t i cu la r  p rob lem;

computer a I gor i thms,
an,d i m p l e m e n t a t i o n  o f  a p p r o p r i a t e

e f f i c i e n c y , nuhier i ca I
with emphasis on programming considerations such as coding

accuracy,
nlach i ne i ndependence.

genera l  i t y  o f  app l  ication, d a t a  s t r u c t u r e s ,  a n d

A  f a i r l y  b r o a d l i b r a r y  o f  p r o g r a m s  t o  s o l v e  n u m e r i c a l  p r o b l e m s  i s
i n fo rma l  Iy maintained by the numerical  analysis group,
Stanford Campus Computation Center.

i n  c o o p e r a t i o n  w i t h  t h e
C o n n e c t i o n s  a r e  a l s o  m a i n t a i n e d  w i t h  t h e

p r o g r a m  I  ibrary e f f o r t s  o f  t h e  N A T S  p r o j e c t  a t  A r g o n n e ,
Not t i ngham  A I gor i thms Group in Eng I and.

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

Recent publications include:

Concus,  P,, a n d  G, H .  G o l u b , “Use of  Fast Oirect  Methods for the Eff ic ient
Numerical  Solut ion of  Nonseparable El l ipt ic Equat ions”,  to a p p e a r
i n SlflM  Jourftnl  of Nurncricnl  flj8alysi.c.

D e n t ,  W., and G.H, Golub, “Computation of the Limited Informat  ion Maximum
Like1 ihood Es t imator ” , in Proceedings of the Computer Science und
Slntistics  Sixth  Ann~aZ  S y m p o s i u m  0)) the lnterSacc,  M, Tarter ted. 1,
Western Periodicals Co., pp. 60-65 (1,972).

Forsy the,  G.E. ,  and E.H. Lee ,
S/A hi Keviaut  , 15, No.

“Variat ional Siudy of Nonlinear Spl ine Curves”,
1, pp. 120-133 (1973).

G i l l ,  P . , G. l-l. Golub, W, Murray, and M. Saunders, “fiethods for Modifying
M a t r i x  Factorizations”, to appear i n Mntkamatics  o$ Computation,
already published as Stanford Computer Science Report CS 322, Nov.
1 9 7 2 .

G o l u b ,  G.H., “Some flodi f ied flatrix Eigenvalue Problems”, SfA,4{  Reviezu, 15
p p .  3 1 8 - 3 4 4  (1973).  ,

Go lub ,  G.H., and V. Pereyra, “The Differentiation of Pseudo-Inverses and
Non I i near Least Squares whose Var i ab I es Separate”, S/Ail-i Jourrtal  of

Numwicnl  hrzlysia, IO, No. 2, pp. 413-432 (1973).

Herriot, J.G.,  and C. Reinsch, “ALGOL 60 Procedures for the Calculation of
Interpolat ing Natural  Spl  ine Funct ions”, to appear i n Communications
of & /XXI, Dec. 1973, already published as Stanford Computer Science

Report  CS 200, Feb. 1971.

Kaufman, L., “The LZ Algorithm .to Solve the Generalized Eigenvalue Problem”,
-Stanford Computer Science Report CS 363, Ray 1973.

Ma lco lm,  M. and J. Palmer,
Linear Systems”,

“A Fast Method for Solving a Class of Tri-diagonal
to appear i  n Communicatiow  of rhc ACM, J a n .  1 9 7 4 ,

already published as Stanford Computer Science Report CS 323, Nov. 1972,

Saunders, M. A. , “Large-Scale Linear Programming using the Cholesky
F a c t o r i z a t i o n ” , . Stanford Computer Science Report CS 252, 1972.
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Stanford Artifical  Intelligence Laboratory

D i r e c t o r : John McCarthy
Assoc ia te  D i rec tor  &  Execut ive  Of f i cer :  Les ter  Earnes t
Associate Director:  Jerome Feldman

R e s e a r c h  g r o u p  l e a d e r s :  J e r o m e  F e l d m a n ,  Cordel I  G r e e n ,  D a v i d  Luckham,  John
tIcCar thy , Lynn Quam, Arthur Samuel, Richard Weyhrauch, Yorick Wilks

T h e  A r t i f i c i a l
Bui Iding,

I n t e l l i g e n c e  L a b o r a t o r y  i s  l o c a t e d  i n  t h e  D .  C .  P o w e r
about five mi les f rom campus,  near Fel t  Lake.  Current ly ,

f a c u l t y ,  s t a f f ,
the re  a re  120

and graduate  s tudents  do ing  research  in  a r t i f i c ia l
a n d  r e l a t e d  f i e l d s . L a b o r a t o r y  f a c i l i t i e s

i n t e l l i g e n c e

PDP-10 and FOP-6  computers  w i th  64  d isp lay
include a t imesharing system based on

terminals attached. A DEC PDP 11/45
and an SPS-41 signal  processor are current Iy being added to aid work in computer
v is ion  and man ipu la t ion .

i n
The la rges t  p ro jec t  in  the  labora to ry  i s  devo ted  to  “Hand-Eye”  systenls,

Llh i ch t h e  compute’r  a t t e m p t s  t o  p e r c e i v e  t h r e e - d i m e n s i o n a l
d i g i t i z e d te l ev i s i on

o b j e c t s from
images and to manipulate these

computer-control led mechanical
ob jec ts u s i n g

arms. R e c e n t  e f f o r t s  h a v e  l e d  t o  t h e  f u l l y
automated assembly of  an automobi le water pump; other  more complex  tasks  a re
c u r r e n t l y be i ng under taken. Potential app l i ca t ion areas include i n d u s t r i a l
a s s e m b l y  tasks and planetary exploration missions.

mi&.lrn&?l)

e
Another v is ion-or iented project i s

p h o t o - i n t e r p r e t a t i o n These
developing i n t e r a c t i v e

sys terns. techniques are being u s e d  t o exam i ne
.photographs  o f  M a r s  r e t u r n e d  by t h e  M a r i n e r  S a t e l l i t e s ,  w i t h  t h e  a i m  o f  f i n d i n g
features that have changed between observations.
have been found.

A number  o f  in te res t ing  fea tu res

((hmm)

e
Work on mathematical’ theory of computation and automatic theorem proving

is  deve lop ing  a  theore t i ca l  bas is  fo r  mak ing  mathemat ica l  p roo fs  o f  wha t  ce r ta in
computer  programs do or  don’  t do.. I n  the  long  run , i t  i s  h o p e d  t h a t  i m p e r f e c t
program debugging techniques can be replaced by rigorous proofs.

(McCarthy, Green, Luckham,  Weyhrauch)

r
c

i

I
IL .

L

There are smal I projects on computer recognition of human speech, machine
t r a n s l a t i o n  .(current  I y ,  E n g l  i s h  t o  F r e n c h ) ,  and s y m b o l  i c  c o m p u t a t i o n ,  Some
conlpu  ter suppor t i s  a l s o  b e i n g  provi-ded t o  m e m b e r s  o f  t h e  S t a n f o r d  M u s i c
flepar  t men  t , for work on computer-generated music.

~Sanruel,  Wilks)

Considerable ef for t  has gone into the development of  support  faci I ities.
C u r r e n t  p r o j e c t s include improvements to SAIL and the development of  LISP 70.
SAIL is an ALGOL-based language for art i f ic ial i n t e l l i g e n c e  t h a t  i n c l u d e s  a  r i c h
col  Iection of data structures incorporated into an associat ive memory, whi le LISP
70 is  in tended to  be  an ex tens ib le ,
and back track capac i I ties.

compi  ler-based language with pattern m a t c h i n g

- 31 -



Recent Articles

\r Vision and Manipulation

Gera ld  J . Agin and  Thomas  0 .  Binford, Computer Descript ion of ‘Curved
Objec ts ,  Proc.  3IJC/l!,  Stanford Universi ty,  August 1973,

Ruzena Ba jcsy, C o m p u t e r  D e s c r i p t i o n  o f  T e x t u r e d  S c e n e s ,  P~oc,  31&q1,
Stanford Universi ty,  August 1973.

T h o m a s  0. Binford, S e n s o r  S y s t e m s  f o r  flanipulation, in E. Heer ( E d . ) ,
Kcmotely  Mrrnnad  Syntsms, Calif, Inst. of Technology, 1973,

1973.
Thomas  B i nford and Jay M, Tenenbaum, Computer Vi si on, Cornputct  (IEEE), May

L Hanfred H. Hueckel ,
L i n e s ,  J. KM, O c t o b e r  1973.

A Local Visual Operator which Recognizes Edges a n d

B o r i s  H. D o b r o t i n  a n d  V i c t o r  0. Scheinman, D e s i g n  o f  a  C o m p u t e r
C o n t r o l  l e d  M a n i p u l a t o r  f o r  R o b o t  R e s e a r c h ,  Proc. 3IJCLJl,  S t a n f o r d  U n i v e r s i t y ,
August 1973.

L
Ramakant  N e v a t i a  a n d  T h o m a s  0 .  Binford,  S t r u c t u r e d  D e s c r i p t i o n s  o f

Camp  I ex Objet ts, Yroc.  3IJCfll,  Stanford Universi ty,  August 1973,

I r w i n  Sobel,
3-D Scenes,

On Cal ibrat ing Computer Control  led Cameras for Perceiv ing
Proc, 31,lC/ll, Stanford Universi ty,  August 1973.

?
t L

Yoram  Yakimovsky and Jerome A. Feldman, A Semant ics -Based Dec is ion
-Theoretic Region Analyzer, hoc. 3fJCXl, Stanford Universi ty,  August 1973,

/
i Theorem Proving and Mathematical Theory.of  Computation

,1

L
E. Ashcro f t ,  Z .  Manna,  and A.  Pnue l  i ,

Func t i ona I Schemas, J. XAi, July 1973,
D e c i d a b l e  P r o p e r t i e s  o f  Monadic

Schemas,
Stephan J. G a r l a n d  a n d  D a v i d  C .  Luckham,  P r o g r a m  S c h e m a s ,  R e c u r s i o n

and Forma I Languages, J. Computer and System Sciences, 7, No, 2, Apr i I 1973.

Shmue  I Katz and Zohar Manna, A  H e u r i s t i c
V e r i f i c a t i o n , Yroc.  ,?IJC/Jl,  Stanford Universi ty,  August 1973.

A p p r o a c h  t o Program

/
L

R, K i e b u r t z  a n d  0 . Luckham,  Computabi  I i ty and  Gomplexi t y  o f  R e f i n e m e n t s
o f  t h e  R e s o l u t i o n  P r i n c i p l e ,  SIAM J. o n  Compu:ing,  1-4, 1973.

I

c

D a v i d  C .  Luckham, A u t o m a t i c  P r o b l e m  S o l v i n g ,  Proc.  3lJCAZ,  S t a n f o r d
Univers i ty ,  August  1973. .

. Zohar Manna, Program Schemas, i n Currents  in the Theory of Computing (A. V.
Aho, Ed:), P r e n t i c e - H a l l ,  E n g l e w o o d  C l i f f s ,  N, J,, 1 9 7 3 ,

Zohar Manna, Introduction To Mathematical Theory of Computation, McGraw-Hi I I , New
Y o r k ,  1974.

Zohar Manna, Stephen Ness, Jean Vuil  lemin,
Properties of Programs, Comm. /XAi, August 1973.

Induct ive  Methods for  Prov ing



Natural Language and Machine Translation

Y . Wi Iks a n d  A .  H e r s k o v i t s , A n  I n t e l l i g e n t  A n a l y s e r  a n d  G e n e r a t o r  o f
Na t w-a I Language, hoc.
S t a n f o r d  1lniversI  ty,

In?.  Conf.  o n  colnputationa~  f,iaguistics,  /%$a,  197,?,  pray. 3IJCAI,
August 1973.

R o g e r  C .  Schank, N e i l  G o l d m a n ,  C h a r l e s  J .  R i e g e r  I I I ,  C h r i s  R i e s b e c k ,
MARGIE: Memory, Analysis, R e s p o n s e  G e n e r a t i o n  a n d  I n f e r e n c e  o n  E n g l i s h ,  Proc,
,~/jCfl/,  Stanford Universi ty,  August 1973.

Pitt ure Processing

L. Quam, R. T u c k e r ,  8. E r o s s ,
P i c t u r e  D i f f e r e n c i n g  a t  S t a n f o r d ,  SIiy arid

J .  V e v e r k a  a n d  Carl  S a g a n ,  M a r i n e r  5
‘I’clcscopc,  Augus t 1973.

C .  Sacran,  J .  Veverka,  P.  Fox,  R.
Quam,  R .  T u c k e r ,  J .
Pre I i*m i nary Mar i ner 5

B. Pol lack, and B
Television Results,

.
Dub isch ,  J .  Lederberg ,  E .  Lev in tha l ,  L .

A. Smith, Var iab le  Features  on  Mars :
Icarus, 17 : 346-372, 1572.

Language Development

J.A. Fe I dman
Developments in SAIL,

J.R. LON,  D . C . Swinehart, and R.H. Tay lo r , Recent
/lI;IPS  Fall joint Confcrcrtce 1972, pp  1193-1202 .

D a v i d  C,  Smi th  and  Horace  J .  Enea ,  Back t rack ing  in  MLISPZ, Proc.  3IJC/Jl,
Stanfot-cl  IJniversi ty ,  August  1973.

L a w r e n c e  G .  Tesler,  H o r a c e  J .  E n e a ,  a n d  D a v i d  C ,  S m i t h ,  T h e  L I S P 7 0
Pattern Matching System, hoc. 3IJC/lf,  Stanford Universi ty,  August 1973.

Music ’ *

J o h n  M, Chowning,
Frequency Modu I at i on,

The Synthesis of Complex Audio Spectra by means of
J, Audio Engincsril~g  Society, Sep t ember 1573.

Leland  Smith, Edit ing and Print ing flusic by  Compute r ,  J. Music  Theory,  Fal I
1373.

- 33 -



Theorem Proving

Recent AI Reports

Newey, Malcolm. AXIOMS AND THEOREMS FOR INTEGERS, LISTS AND FINITE SETS IN LCF
CS 330, January 1973

Mi Iner, Robin. MODELS OF LCF
CS 332, January 1973

Chandra, Ashok  and Manna, Zohar. ON THE POWER OF PROGRAMMING FEATURES
CS 333, February 1973

Chat-t&a,  Ashok. ON THE’ PROPERTIES AND APPLICATIONS OF PROGRAMMING SCHEMAS
CS 336, March 1973

Igaiashi, Shigeru, Luckham,  David C., London ,  Ra lph  L,,
AUTOMATIC PROGRAM VERIFICATION 1,
CS 36.5, May 1973

LOGICAL BASIS AND ITS IMPLEMENTATION

Speech Recognition .

. .
Thosar,  R. B. ESTIMATION OF PROBABILITY DENSITY USING SIGNATURE TABLES FOR

APPLICATION TO PATTERN RECOGNITION
C$ 364, May 1973

r, Thosar,L R, B, RECOGNITION OF CONTINUOUS SPEECH: SEGMENTATION AND CLASSIFICATION
USING SIGNATURE TABLE ADAPTATION
CS 365, September 1573

L

Natural Language and Machine Translaiion

i Schank,  Roger. THE FOURTEEN PRIMITIVE ACTIONS AND THEIR INFERENCES
L CS 344, February  1973

Schank,  Roger C., THE DEVELOPMENT OF CONCEPTUAL STRUCTURES IN CHILDREN’
CS 363, flag 1973

* Wi Iks, Yorick, PREFERENCE SEMANTICS
b CS 377, July 1973

L Herskovi ts, Annette. THE GENERATION OF FRENCH FROM A SEMANTIC REPRESENTATION
CS 384, September 197.3

i Other

Gips, James and Stiny, George. AESTHETICS SYSTEMS
. CS 337, February 1973

Moorer, James Anderson, THE HETRODYNE METHOD OF ANALYSIS OF TRANSIENT WAVEFORMS
CS 379, June 1973

Baumgar  t, Bruce G., IMAGE CONTOURING AND COMPARING
CS 398, December 1973

L

- 34 -


