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Abstract 

PEARL is an A] language deve loped w i t h space and 
t i m e ef f ic ienc ies i n m i n d . I n add i t i on t o p rov id ing t h e 
usual fac i l i t i es such as s lo t - f i l le r ob jec ts , demons and 
associat ive da ta bases, PEARL i n t r o d u c e s s t r onge r t y p i n g 
on s lo ts , user-ass is ted hash ing mechan i sms , and a fo res t 
of da ta bases. The resu l t i ng p r o d u c t is a s imp le , b u t 
power fu l and e f f i c ien t too l fo r AI research . 

I Introduction 

We have deve loped an AI language ca l led PEARL 
(Package fo r E f f i c ien t Access to Represen ta t ions in 
LISP). Un l i ke t h e r e c e n t t endency t oward e labora te 
r e p r e s e n t a t i o n languages such as KRL [ l ] o r language 
gene ra to r s such as RRL [ 2 ] , PEARL is a m o r e modes t sys­
t e m t h a t comb ines a n u m b e r o f usefu l AI t echn iques i n to 
a v e r y e f f i c ien t package. Besides the usua l goa l of p ro ­
v id ing t h e user w i t h a m o r e mean ing fu l i n t e r f ace t h a n is 
avai lable via LISP, PEARL has the fo l lowing sa l ient 
c h a r a c t e r i s t i c s : 

(1) PEARL comb ines some fea tu res of p r e d i c a t e 
ca lcu lus - l i ke da ta bases w i t h those o f f rame-based 
sys tems l i ke FRL [ 3 ] . 

(2) PEARL i n t r o d u c e s t yp ing to user -de f ined knowledge 
s t r u c t u r e s . 

(3) PEARL allows the user to m a n i p u l a t e a fo res t of 
associat ive da ta bases. 

(4) Fe tches f r o m the da ta base r e t u r n s t r eams o f 
answers. Re t r ieva l i s based on p a t t e r n m a t c h i n g . 

(5) PEARL is ve ry e f f i c ien t . PEARL uses i t s own i n t e r n a l 
r e p r e s e n t a t i o n for knowledge s t r u c t u r e s fo r b o t h 
e c o n o m y of s torage and speed. A g r e a t dea l of 
e f fo r t has gone i n t o exp lo i t i ng t ype i n f o r m a t i o n n o t 
avai lable in m o s t A I languages to e l im ina te search ­
ing ine f f ic ienc ies . In add i t i on , t h e user m a y easi ly 
spec i fy , as p a r t of a knowledge s t r u c t u r e de f i n i t i on , 
a g rea t deal of i n f o r m a t i o n abou t how ob jec ts shou ld 
be indexed fo r e f f i c ien t r e t r i e v a l . Thus PEARL p r o ­
v ides m u c h of the power of express ion of o t he r AI 
languages w i t h o u t the usual overhead. 

Perhaps mos t s ign i f i can t ly , PEARL is ac tua l l y be ing used 
in the c o n s t r u c t i o n o f several A I sys tems. In p a r t i c u l a r , 
the la tes t vers ion of PAM [ 5 ] a s to ry u n d e r s t a n d i n g p ro ­
g r a m , has been r e - p r o g r a m m e d in PEARL. PANDORA [6] 
a p lann ing p r o g r a m now unde r deve lopmen t at Berke ley , 
is also w r i t t e n in PEARL Our exper ience has led us to 
conc lude t h a t PEARL is an ef fect ive AI too l fo r t he c rea ­
t i on of e f f i c ien t AI p rog rams . 

PEARL prov ides the user w i t h a set of ope ra to r s fo r 
de f in ing , c r ea t i ng , and m a n i p u l a t i n g s lo t - f i l le r ob jec ts , as 
we l l as p lac ing t h e m in to associat ive da ta bases, upon 
wh ich f u r t h e r opera t ions m a y be p e r f o r m e d . 

I I Objects and S t ruc tu res 

PEARL has four basic types : INTEGER. SYMBOL. 
STRUCTURE, and LISP. Objects of t ype INTEGER are the 
usual n u m e r i c t ype , and ob jec ts of t ype LISP can be any 
genera l LISP ob jec t . Symbols (ob jec ts of t ype SYMBOL) 
c o r r e s p o n d to a toms in LISP, and are s imp ly p r i m i t i v e 
ob jec ts w i t h un ique labels. S t r u c t u r e s are co l lec t ions o f 
s lots, each of wh ich may be f i l led w i th ob jec ts of any 
( p redec la red ) t ype . There is also a m e t a - t y p e . SETOF, 
wh ich can be app l ied ( recu rs i ve l y ) to any basic t ype to 
genera te a new t ype , wh ich w i l l cons is t of a l is t of t h e 
speci f ied t ype of ob jec ts . 

Types o f s t r u c t u r e s m u s t be p rede f i ned , w i t h t he 
n u m b e r o f s lots, and t h e i r names and types speci f ied via 
a user d e c l a r a t i o n . When an ins tance of a s t r u c t u r e is 
c rea ted and i t s slots f i l l ed , on ly ob jec ts w i th the same 
t ype as the s lot m ay f i l l i t . In add i t i on , new s t r u c t u r e s 
may bu i l d upon o ld ones in a h i e r a r c h i c a l fash ion by 
speci f lng new slots to add to t he old ones. This h i e r a r c h y 
may be used in opera t ions upon the data base. 

930 



(CREATE INDIVIDUAL P t rans 
(Ac to r John) 
(Object John) 
( F r o m Office) 
(To Home) ) 

This las t s t r u c t u r e denotes "John went home f r o m the 
o f f i ce" in Conceptua l Dependency [ 4 ] . 

PEARL prov ides func t ions for accessing and chang­
ing t he values of slots w i th in ind iv idua l s t r u c t u r e s , for 
a u t o m a t i c a l l y naming the s t r u c t u r e c rea ted , and for 
def in ing o the r sor ts of en t i t i es as wel l . Slots w i th in a 
s t r u c t u r e may also be f i l led w i t h a p a t t e r n - m a t c h i n g 
var iab le , in wh ich case the s t r u c t u r e may be viewed as a 
p a t t e r n . Such var iab les are bound as p a r t of the m a t c h ­
ing process (usual ly du r ing a fe tch f r o m the data base.) 

I l l Data Base Faci l i t ies 

PEARL allows for a forest of associat ive data bases 
i m p l e m e n t e d as hash tables in to which s t r u c t u r e s may 
be p laced , and la te r fe tched via s t r u c t u r e pa t te rns . A 
c o m m o n p r o b l e m w i th mos t A l data base i m p l e m e n t a ­
t ions is the sys tem 's lack of knowledge about how best to 
organize i n f o r m a t i o n for e f f ic ient r e t r i eva l . Since the 
user usua l ly has such knowledge. PEARL encourages the 
user to p rov ide i t when a s t r u c t u r e type is def ined to the 
sys tem in the f o r m of labels on those slots mos t l i ke ly to 
he lp w i t h hash ing the s t r u c t u r e ( t ha t is. w i th d is t ingu ish­
ing ins tances f r o m one o the r ) . 

For examp le , to ind ica te t ha t a p a r t i c u l a r slot is 
useful for hash ing, the user puts an • in tha t slot in the 
dec l a ra t i on . Thus 

(CREATE BASE PlanFor 
(• Goal STRUCT) 
(Plan STRUCT)) 

def ines a t ype PlanFor w i th slots for a goal and a p lan , 
and ind ica tes t ha t PlanFors should be indexed to be 
r e t r i eved by t h e i r goals. 

In add i t i on , we may also wish to speci fy how the 
value t ha t f i l ls the Goal slot is used to c rea te the index. 
For examp le , i f t he P lanner of the Goal is deemed 
s ign i f i can t for such purposes, we can ind ica te th is as fo l ­
lows: 

(CREATE BASE Goal 
(& Planner SYMBOL) 
(Object ive STRUCT)) 

This wi l l i n f o r m PEARL t ha t s t r u c t u r e s t h a t index on 
slots f i l led w i t h Goal- type s t r u c t u r e s should use the 
P lanner s lot fo r f u r t h e r d i sc r im ina t i ons , however, the 
way in wh ich Goals themselves are indexed w i l l no t be 
a f fec ted . 

IV The Matcher 

To f e t c h an ob jec t f r o m a da ta base, t h e user 
invokes the f e t che r w i th a s t r u c t u r e to be used as a pa t ­
t e r n . This p a t t e r n i s m a t c h e d against l i ke ly ob jec ts in 
the data base, and those wh ich m a t c h are r e t u r n e d to 
the user via a resu l t s t r e a m (ac tua l l y poss ib i l i t ies l i s t ) . 
The semant ics of the ma tch ing have been cons t ra ined to 
avoid the usual var iab le naming p rob lems for e f f ic iency. 

Two s t r u c t u r e s m a t c h i f they can be un i f ied , 
a l though no a t t e m p t i s made to de tec t c i r c u l a r i t i e s ( in 
our app l i ca t ions , these never occu r ) . Also, m o s t va r i ­
ables are local to the p a t t e r n they appear in . so nam ing 
conf l i c ts do not ar ise (bu t see below for specia l k inds of 
var iab les) . Pred ica tes may also be a t t ached to a slot 
spec i fy ing m a t c h i n g cons t ra in t s . 

There also is a genera l " i f - added " demon m e c h a n ­
i sm, in wh ich demons can be a t t ached e i t he r to s t ruc ­
t u r e def in i t ions ( t h a t is, to al l ins tances of a p a r t i c u l a r 
t ype of s t r u c t u r e ) or to ind iv idua l slots of i nd i v idua l 
instances of s t r u c t u r e s . These demons m u s t be labe l led 
w i t h the f u n c t i o n wh i ch they wish to m o n i t o r and are 
only invoked by PEARL when t h a t f unc t i on is be ing per ­
f o r m e d . 

V Variables 

There are t h r e e types o f p a t t e r n m a t c h i n g var iab les 
in PEARL: g loba l var iab les (wh ich are jus t LISP var iab les) , 
var iab les wh ich are local to an ind iv idua l s t r u c t u r e and 
an i n t e r m e d i a t e type of var iab le wh ich provides lex ica l 
scoping w i t h i n g roups of s t r u c t u r e s . Local var iab les are 
d u m m y var iab les , loca l to a p a r t i c u l a r s t r u c t u r e and any 
of i ts componen ts wh ich were c rea ted in the same 
ins tan t . They are al l unbound before every m a t c h on 
t h a t s t r u c t u r e . Lex ica l ly scoped var iab les are l i ke local 
var iab les in t h a t they are unbound before a m a t c h is 
made, b u t have t he i r scope ex tended across several 
s t r u c t u r e s as i nd i ca ted by the user. 

For examp le , a body of PEARL s t r u c t u r e s concep tu ­
al ly compos ing a single f r a m e can be made to share the 
same var iab les. These var iab les wi l l be local to t ha t 
f r ame . However, the resu l ts o f m a t c h i n g any p a r t i c u l a r 
c o m p o n e n t o f the f r a m e w i l l be de tec tab le in the va r i ­
ables assoc ia ted w i t h the o the r componen ts . 

VI Imp lementa t ion Goals 

While the m a i n emphasis of ef f ic iency cons idera t ions 
w i t h i n PEARL was to al low the user to avoid exponen t ia l 
a l go r i t hms , we also t r i e d to make the code i tse l f as 
e f f i c ien t as possib le. To make the user i n te r face as 
f r i end l y as possib le, e r r o r check ing is done whenever i t 
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can be done e f f i c ien t ly . As a r esu l t of these two p r i n c i ­
ples. PEARL is fast and f r i end l y enough for use b o t h as a 
ser ious p r o g r a m m i n g language as wel l as a teach ing t oo l 
fo r g radua te A] classes. PEARL was also i n tended to be 
po r tab le . I t was deve loped on a DEC 20. moved w i t h no 
mod i f i ca t i on to a DEC PDP-10 unde r UC1 LISP, and 
c u r r e n t l y also runs on a VAX-11/780 u n d e r Franz Lisp. 

VII Imp lemen ta t i on and Per formance 

PEARL achieves i ts space e f f i c iency and some of i ts 
t i m e ef f ic iency by reques t ing a b lock o f m e m o r y f r o m 
LISP for each s t r u c t u r e ins tance or de f i n i t i on . The con ­
ten ts o r def in ing i n f o r m a t i o n are t h e n p a c k e d w i t h i n th is 
b lock. Since m u c h of t he def in ing i n f o r m a t i o n is 
Boolean, th is p rov ides subs tan t i a l savings in space fo r 
de f in i t ions . Data bases are managed s im i l a r l y . 

Only the lowest level f unc t i ons for accessing these 
b locks cou ld no t be w r i t t e n in LISP. In the PDP-10 i m p l e ­
m e n t a t i o n , these f unc t i ons are w r i t t e n in assembler ; on 
the VAX they are w r i t t e n in C. The m a j o r e f fo r t r e q u i r e d 
to move PEARL to ano the r mach ine is to r e w r i t e these 
func t ions . The r e s t o f the j o b en ta i l s dea l ing w i t h 
d i f f e ren t d ia lec ts of LISP. 

As a rough measure of PEARL's execu t i on speed on 
the PDP-10. we c r e a t e d a t es t da ta base of 4000 s t r uc ­
tu res , in wh ich the average unsuccess fu l query took 
0.0042 CPU seconds (237 per second) and the average 
successfu l que ry t ook 0.0073 CPU seconds (136 per 
second) . Note t h a t PEARL's hash ing m e c h a n i s m resu l ts 
in fast d e t e r m i n a t i o n of f a i l u re . As ano the r measure of 
PEARL's execu t i on speed, we c o m p a r e d the o r i g i na l 
i m p l e m e n t a t i o n o f PAM [ 5 ] w r i t t e n p u r e l y in LISP w i t h 
the c u r r e n t i m p l e m e n t a t i o n us ing PEARL. The average 
t i m e r e q u i r e d by t he o r ig ina l to process a sentence was 
5.6 CPU seconds, whi le the new vers ion requ i res an aver­
age of on ly 0.56 CPU seconds. 
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