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ABSTRACT 

For s o l v i n g search problems i n A I f i e l d , 
m u l t i - p r o c e s s d e s c r i p t i o n i s more e legant than the 
b a c k t r a c k i n g / c o r o u t i n e d e s c r i p t i o n , f rom t h e s t a n d ­
p o i n t o f f l e x i b l e s e a r c h , h igh m o d u l a r i t y and 
s imp le program s t r u c t u r e . We propose the language 
s p e c i f i c a t i o n o f Concurrent LISP, which i s a 
concu r ren t programming language based on LISP. We 
have implemented i t s i n t e r p r e t e r on a l a r g e sca le 
computer . We are work ing at the imp lemen ta t i on of 
i t s i n t e r p r e t e r o n m u l t i - m i c r o - p r o c e s s o r system t o 
r e a l i z e f u r t h e r e f f i c i e n t e x e c u t i o n , 

1 INTRODUCTION 

Th is paper proposes a new concur ren t program­
ming language, Concurrent LISP, and a m u l t i - m i c r o ­
p rocessor system f o r i t . We have developed 
Concurrent LISP f o r the purpose o f a p p l y i n g 
m u l t i p r o c e s s i n g mechanism to AI programs, 

LISP is the most popu la r language used f o r AI 
a p p l i c a t i o n s . Many AI systems are w r i t t e n in LISP. 
Seve ra l AI languages have been developed on the 
bas i s of LISP, such as PLANNER, CONNIVER and s0 on . 
These languages have b u i l t - i n f a c i l i t i e s o f back­
t r a c k i n g and c o r o u t i n e s f o r f l e x i b l e and e f f i c i e n t 
s e a r c h i n g to so l ve prob lems. However, these 
f a c i l i t i e s have d i s a d v a n t a g e s ; b a c k t r a c k i n g i s too 
r e s t r i c t i v e because an abandoned path on a search 
t r e e can not be r e - s e a r c h e d , and c o r o u t i n e s may be 
comp l i ca ted due to t r a n s f e r o f c o n t r o l among 
c o r o u t i n e s . 

M u l t i - p r o c e s s f a c i l i t i e s are cons idered t o be 
b e t t e r f o r s o l v i n g search problems than b a c k t r a c k ­
i n g / c o r o u t i n e f a c i l i t i e s , f rom the s tandpo in t o f 
f l e x i b l e s e a r c h , h i gh m o d u l a r i t y and s imp le program 
s t r u c t u r e . M u l t i - p r o c e s s mechanism may be i m p l e ­
mented i n the env i ronments o f p a r a l l e l p r o c e s s i n g 
to p r o v i d e great computa t ion power f o r A I p rob lems. 
These f a c t s have led us to des ign a new LISP w i t h 
m u l t i - p r o c e s s mechanism c a l l e d Concurrent L ISP [8 ] 
and a m u l t i - m i c r o - p r o c e s s o r system f o r i t . 

I I MULTIPROCESSING FOR AI 

A. B a c k t r a c k i n g , Co rou t i nes and M u l t i p r o c e s s i n g 

B a c k t r a c k i n g i3 a c o n v e n t i o n a l t echn ique f o r 
problem s o l v i n g , i . e . t r i a l and e r r o r method, Many 
LISP systems have b a c k t r a c k i n g f a c i l i t i e s 3uch as 
FAIL and FAILSET o p e r a t i o n * In g e n e r a l , b a c k t r a c k -
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i n g i s expens ive and r e s t r i c t i v e s i n c e i t f o l l o w s 
depth f i r s t search method and an abandoned path on 
a search t r e e can not be r e - s e a r c h e d [ 7 ] . Corou t ine 
f a c i l i t i e s p rov ided i n s e v e r a l LISP systems are 
conven ien t f o r s e l e c t i n g a path which i s l i k e l y t o 
reach a g o a l . Severa l A I systems pe r fo rm t h e i r 
t a s k s e f f i c i e n t l y b y us ing c o r o u t i n e f a c i l i t i e s 
w i t h a s c h e d u l i n g t a b l e c a l l e d agenda* A d i s a d v a n ­
tage o f c o r o u t i n e s i s t h a t c o n t r o l t r a n s f e r among 
c o r o u t i n e s makes program s t r u c t u r e c o m p l i c a t e d . 
M u l t i - p r o c e s s f a c i l i t i e s p r o v i d e us h i g h e r modu­
l a r i t y o f c o n t r o l s t r u c t u r e than c o r o u t i n e ones . 
Comparison o f c o r o u t i n e f a c i l i t i e s w i t h m u l t i - p r o c ­
ess f a c i l i t i e s on a s imp le example is p r e s e n t e d : 

"We assume tha t t h e r e is a search t r e e . Each 
path on a t r e e is a l l o c a t e d to a search p r o c e s s . 
Each search process goes a long i t s g i ven pa th u n t i l 
i t f i n d s a goa l or a boundary. When . a l l search 
processes f i n d the boundary, then the best N search 
processes are to be s e l e c t e d to c o n t i n u e s e a r c h i n g 
f o r w a r d . Th i3 a c t i v i t y repea ts u n t i l a process 
f i n d s the g o a l . " 

F i g . 1 shows the o u t l i n e s o f both a m u l t i ­
process program and a c o r o u t i n e program f o r the 
search p rob lem. There are two types of p rocess , 
mon i to r process and search p r o c e s s . In the case of 
the m u l t i - p r o c e s s program ( F i g . 1 ( a ) ) , every search 
process proceeds c o n c u r r e n t l y a long t h e i r g i ven 
p a t h s , then they reach a boundary or a goa l where 
they communicate w i t h the mon i to r process v i a 
shared v a r i a b l e s or messages. There is no need to 
w r i t e o p e r a t i o n s f o r t r a n s f e r o f c o n t r o l between 
p rocesses . Thus, each process i s ded i ca ted t o i t s 
own t a s k . 

In the case o f a c o r o u t i n e program ( F i g . 1 ( b ) ) , 
on t he o t h e r hand, search c o r o u t i n e s and the 
mon i to r c o r o u t i n e communicate w i t h each o t h e r by 
means of RESUME o p e r a t i o n . The mon i to r c o r o u t i n e 
s e l e c t s a search c o r o u t i n e a c c o r d i n g to the agenda 
and resumes the execu t i on o f the s e l e c t e d c o r o u t i n e . 
The s e l e c t e d search c o r o u t i n e searches i t s g i ven 
path u n t i l i t f i n d s the boundary o r t he g o a l , then 
i t resumes the e x e c u t i o n o f the mon i to r c o r o u t i n e . 
T h e r e f o r e , each c o r o u t i n e must keep t r a c k of not 
on ly i t s own t a s k , but a l s o the next c o r o u t i n e 
whose e x e c u t i o n is to be resumed* 

B. Models and M u l t i - p r o c e s s Programs 

From the v i ewpo in t of programming, f i r s t we 
u s u a l l y b u i l d models f o r g i ven problems and then we 
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d e r i v e programs f rom t h e models . S ince models 
u s u a l l y c o n s i s t of many components, we must c l a r i f y 
what are components, what t h e components do and 
what r e l a t i o n s e x i s t among the components. I f t he 
components are a c t i v a t e d s e q u e n t i a l l y , a component 
may be implemented as a s u b r o u t i n e . If t he compo­
nents c o e x i s t w i t h o t h e r s , a component may be 
implemented as a c o r o u t i n e or a process in a 
m u l t i - p r o c e s s sys tem. I n A I f i e l d , s e v e r a l mode l ing 
p r i n c i p l e s have been used w i d e l y , e *g . p r o d u c t i o n 
sys tems, a c t o r s and so o n . To d e r i v e programs f rom 
models b u i l t w i t h those p r i n c i p l e s , M u l t i - p r o c e s s 
d e s c r i p t i o n i s more e l e g a n t than t h e c o n v e t i o n a l 
d e s c r i p t i o n t e c h n i q u e s because o f the m o d u l a r i t y o f 
programs and t h e a d a p t a b i l i t y f o r p a r a l l e l 
p r o c e s s i n g . 

I l l CONCURRENT LISP 

A. O u t l i n e 

Concurrent LISP is a concu r ren t programming 
language baaed on L ISP. I t i s des igned w i t h o u t 
chang ing the o r i g i n a l language f e a t u r e s o f LISP* 
For example, (1 ) l i t e r a l atoms are u n i q u e , (2) 
f u n c t i o n a l n o t a t i o n i s p r e s e r v e d , ( 3 ) dynamic 
b i n d i n g s t r a t e g y is used and so on. 

The c u r r e n t v e r s i o n o f Concur rent LISP f o l l o w s 
LISP 1 . 5 [ 3 ] . I n a d d i t i o n t o the o r d i n a r y LISP f u n c ­
t i o n s , Concur rent LISP has t h r e e p r i m i t i v e c o n c u r ­
r e n t f u n c t i o n s and s p e c i a l f u n c t i o n s t o man ipu la te 
data a t t a c h e d to p rocesses . The t h r e e p r i m i t i v e 
f u n c t i o n s a re STARTEVAL f o r process a c t i v a t i o n , CR 
( C r i t i c a l Region f u n c t i o n ) and CCR ( C o n d i t i o n a l 
C r i t i c a l Region f u n c t i o n ) f o r mutua l e x c l u s i o n * 

B. Process 

A m u l t i - p r o c e s s system w r i t t e n i n Concurrent 
LISP is a se t of many c o o p e r a t i n g s e q u e n t i a l 
p rocesses , each o f which e v a l u a t e s i t s g i ven f o r m . 
We d e f i n e a " p r o c e s s " in Concurrent LISP as f o l l o w s : 

"A process is an e n t i t y wh ich e v a l u a t e s a form 
s e l f - c o n t a i n e d l y . " 

The process c a l l e d the main process i s 
a c t i v a t e d when e v a l u a t i o n of a t o p - l e v e l d o u b l e t , a 
k i n d o f f o r m , s t a r t s . A non-main process i s 
a c t i v a t e d when t h e process a c t i v a t i o n f u n c t i o n 
STARTEVAL is execu ted * We d e f i n e s e v e r a l p r o p e r t i e s 
of a process as f o l l o w s : 

1) A process is a c t i v a t e d by i t s parent process 
except f o r the main p r o c e s s . The main process is 
a c t i v a t e d i n t he i n t e r p r e t i n g l o o p , 
2 ) A process t e r m i n a t e s when i t f i n i s h e s e v a l u a t i o n 
o f t h e g i v e n form o r i t s pa ren t t e r m i n a t e s . The 
va lue o f the form e v a l u a t e d by t he process i s 
c a l l e d "p rocess v a l u e " o f t h e p r o c e s s . 
3 ) I n i t i a l env i ronments o f a process i s the 
env i ronments o f i t s paren t process when the paren t 
execu tes STARTEVAL* 
4) Every process has a un ique number g i ven by t he 
i n t e r p r e t e r and i t s own name f o r u s e r ' s 
conven ience* In p a r t i c u l a r , t h e main process has 
name "MAIN" and number 1. 

The process a c t i v a t i o n f u n c t i o n 
d e f i n e d be low. 

STARTEVAL is 

s t a r t e v a l [ p r o c 1 ;p roc2 ; • ; p r o c n ] 
p r o c i = l i s t [ n a m e i ; f o r m i ] , 
namei = name of i ' t h son p r o c e s s , 
f o r m i = form to be e v a l u a t e d by i ' t h son p rocess . 
When a process executes STARTEVAL, t h e process 
a c t i v a t e s n son p r o c e s s e s . Each son process has i t s 
own name s p e c i f i e d by name and e v a l u a t e s f o r m . The 
va lue of STARTEVAL is a l i s t o f names of son 
p rocesses ; 

s t a r t e v a l [ p r o c i ; p r o c 2 ; • • ; p r o c n ] 
= l i s t [ n a m e i ; n a m e 2 ; • ;namen]„ 

Name must be a form whose va lue is a l i t e r a l a tom. 
Form may be any type of form (a c o n s t a n t , a 
v a r i a b l e or an e x p r e s s i o n ) * When form is an 
e x p r e s s i o n , by t he parent process a c t u a l parameters 
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are processed according to the funct ion type of 
car[ form ] and passed to the newly created process* 
The fo l lowing form means ac t i va t ion of two 
processes, P and Q, which evaluate forms (F X) and 
(G Y) respect ive ly . 

(STARTEVAL ( 'P (F X)) ('Q (G Y))) 

Recursive ac t i va t ion of processes is permitted* 
The fo l lowing example shows a funct ion for comput­
ing f a c t o r i a l using recursive process ac t i va t i on . 

(FACT (LAMBDA (N) 
(COND ((ZEROP N) 1) 

(T ((LAMBDA (X) 
(TIMES N (CCR (TERMP X) (PROCVAL X)))) 

(CAR (STARTEVAL 
((GENSYM) (FACT (SUB1 N)) ) ) ) ) ) ) )) 

Data area used by processes is c lass i f i ed 
i n to two types, s t a t i c and dynamic data area. 
Property l i s t s and process contro l blocks are 
s t a t i c , and associat ion l i s t s and variable area 
al located on cont ro l stacks are dynamic. Data 
stored in the s t a t i c area may be used by a l l 
processes. For example, bodies of functions are 
stored on property l i s t s and used by a l l processes. 
Data stored in the dynamic area are possessed by 
each process. For example, a lambda variable bound 
in a funct ion is al located in the environments of 
the process which executes the funct ion* More than 
one process can use concurrently the same funct ion, 
which may be e i ther b u i l t - i n or defined func t ion , 
because variables bound in the function are 
possessed by each process. 

Concurrent LISP has functions to manipulate 
data attached to processes, e.g. process names, 
process values and so on. They are cal led process 
data manipulation funct ions and l i s t e d in Table 1. 

C. Mutual Exclusion among Processes 

Concurrent programming languages need to 
provide f a c i l i t i e s for mutual exclusion to avoid 
i l l e g a l in te rac t ion among processes. Concurrent 
LISP has two p r im i t i ve funct ions, CR and CCR, which 
are shown below. The idea of CR and CCR is 
or ig inated from [1 ] and modified to be adapted to 
the environments of LISP* 

The f a c i l i t i e s to express process synchroniza­
t i on and interprocess communication are the most 
important f a c i l i t i e s for concurrent programming 
languages* The two funct ions, CR and CCR, have 
enough power to express process in te rac t ions , such 
as P- and V- operator, Hoare's monitor, se r i a l i ze r 
and guarded command* Moreover, t he i r funct ional 
notat ion s t r i c t l y fol lows the o r ig ina l language 
features of LISP* The functions CR and CCR are 
defined below* 

c r [ fo rm] 
A process evaluates form with the exclusive r igh ts 
to access the data area shared among processes* 
During evaluation of form the process keeps the 
r i gh ts except while i t awaits the holding a cer ta in 
condi t ion in form. (Such wait condit ion may appear 
in CCR*) While the process has the r i g h t s , a l l 

other processes are in suspended s ta te . The value 
of c r [ form] is the value of form; 

c r [ fo rm] = form. 

ccr [cond i t ion ; form] 
A process waits u n t i l condit ion is neither NIL 
nor F, and evaluates form with the exclusive r igh ts 
to access the data area shared among processes. 
(Condition means wait condit ion for the process to 
synchronize with other processes.) Pseudo-functions 
must not appear in cond i t ion . During evaluation of 
form, the process keeps the r i gh ts except while it 
awaits the holding a cer ta in condit ion in form. The 
value of ccr [cond i t ion; form] is the value of form; 

ccr [cond i t ion ; fo rm] = form* 
Nesting of CR and CCR is al lowed. Wait during eva l ­
uation of CR or CCR occurs due to the nested CCR. 

The fo l lowing example shows interprocess 
communication using CR and CCR* 
Example: Process Q waits u n t i l a var iable X becomes 
NIL and evaluates a form (F ARG). X is assumed to 
be shared between process P and Q. 

(CR (SETQ X NIL)) - process P 
(CCR (NULL X) (F ARG)) - process Q 

D. Interprocess Communication 

Concurrent LISP provides fo l lowing objects to 

Table 1 Functions to manipulate data on pcb's 

1) functions which give a t r u t h value according to 
a process state 

termp[p] : If a speci f ied process, p, has already 
terminated then the value is T else NIL. 

wa i tp [p ] : I f a speci f ied process, p, is wai t ing 
then the value is T else NIL. 

asonterm[p], osonterm[p]: If a l l or at least one of 
son processes of a speci f ied process, p, have 
terminated then the value is T else NIL. 

asonwai t [p] , osonterm[p]: If a l l or at least one of 
son processes of a speci f ied process are wai t ing 
then the value is T else NIL. 

2) functions which give a process number or a 
process name 

s e l f [ ] , pa ren t [p ] , f i r s t s o n [ p ] , b ro the r [p ] : These 
functions return a process number of i t s e l f , a 
parent, a f i r s t son, or the next younger brother. 

s o n l i s t [ p ] : This funct ion returns a l i s t of son 
process names of a process p. 

procname[p], procnum[p]: This funct ion returns a 
process name or number of a speci f ied process. 

3) functions which give process value(s) 
p rocva l [p ] : This funct ion returns a process value 

of a speci f ied process* 
sonnval [p] : This funct ion returns a process value 

l i s t of son processes speci f ied process. 
4) funct ions used for mai l ing between processes 
mai l [mes;p] : This funct ion appends the value of 

cons[sel f [ ] ; raes] to the contents of the mailbox 
of a process p* The value of t h i s funct ion is mes. 

recmail[]: This function returns T if the mailbox 
of the concerned process is not empty else NIL. 

ge t raa i l [ ] : This funct ion returns contents of the 
mailbox of a concerned process. After execution 
of t h i s func t ion , the mail box is c leared. 
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express process s y n c h r o n i z a t i o n and i n t e r p r o c e s s 
communica t ion . Using these o b j e c t s coupled w i t h CR 
and CCR p r i m i t i v e s , we can e a s i l y c o n s t r u c t 
f u n c t i o n s f o r i n t e r p r o c e s s communicat ion. 

t i o n , garbage co l lec t ion and so on). 
In terpre ter processor ( I P i ) : A process operates on 

IPi to which it is al located by the main OS. 
I/O processor (IOP): IOP performs I/O operat ion. 

* memory 
PCB area: Pcb 's are 3tored on t h i s area. 
LIST area: List ce l l s are stored on th is area. 
Random Access (RA) area: Area for l i t e r a l atoms, 

numerals, arrays, s t r ings and so on. 
Stack area: Area for cont ro l stacks of processes. 

A separate memory should be provided for each of 
the above data areas in order to solve the bus 
bottleneck between common memory and m u l t i ­
processors and to increase the maximum number of 
IP's i n s t a l l e d . Since, in Concurrent LISP programs, 
there may be many small processes ac t iva ted, the 
system is designed to accept about a thousand 
processes. 

We select 16-bit micro-processor MC68000 for MP and 
IP ' s . In [ 9 ] , which reports performance of LISP 
systems in Japan, the r a t i o of 1:100 was reported 
in the performance of a 8-bi t micro-processor LISP 
machine to LISP in te rp re te r on a large scale 
computer. On the other hand, the range of r a t i o of 
performance of 68000 and the 8-bi t micro-processor 
is about 10:1-20:1. We expect our system consist ing 
of ten 68000's w i l l have equal performance to LISP 
system on a large scale computer. 

* language 
The spec i f i ca t ion of Concurrent LISP is s l i g h t l y 
modified in order to be adapted to the 
mult i-micro-processor system environment. The major 
modi f icat ion is that CR and CCR pr im i t i ve on a 
mult i-micro-processor system w i l l have the form: 

cr [shared ob jec t ; fo rm] , and 
ccr[shared ob jec t ;cond i t ion ; fo rm] . 

The number of processes running on IP 's increases 
by th i s modi f ica t ion, since c r i t i c a l region is 
divided i n to several d i s j o i n t regions using shared 
object parameter. This modi f icat ion imposes r e ­
s t r i c t i o n on use of l i s t replacement funct ions, i . e . 
RPLACA and RPLACD; these are to be el iminated from 
the set of functions avai lable for users. 

1) Shared v a r i a b l e 
Environments of a paren t process can be shared 
among 3on p rocesses . Son processes can r e f e r f r e e 
v a r i a b l e s bound i n t h e env i ronments o f t h e i r parent 
p rocess . The example in I I I . C . shows i n t e r p r o c e s s 
communicat ion v i a a shared v a r i a b l e . Shared 
v a r i a b l e s a re u s e f u l f o r communicat ion i n a f a m i l y 
o f p rocesses . 
2 ) P rope r t y l i s t 
I n o r d i n a r y L ISP, p r o p e r t y l i s t s o f l i t e r a l 
atoms a re used f r e q u e n t l y as s t a t i c data a r e a . In 
Concurrent L ISP, p r o p e r t y l i s t s are used as s t a t i c 
data area and a re shared among a l l p rocesses . 
3 ) M a i l i n g f u n c t i o n 
Concurrent LISP has f u n c t i o n s c a l l e d m a i l i n g 
f u n c t i o n s f o r d i r e c t message pass ing between 
p rocesses . I n o rde r t o r e a l i z e m a i l i n g f u n c t i o n s , 
we have p r o v i d e d a " m a i l b o x " f i e l d in a process 
c o n t r o l b lock ( p e b ) . See Table 1. 
Example: Process P send3 a message "OK" to process 
Q, and Q r e c e i v e s i t . 

(CR (MAIL 'OK 'Q)) - process P 
(CCR (RECMAIL) (SETQ BUF (GETMAIL))) - process Q 

E. Concurrent LISP I n t e r p r e t e r 

The Concur rent LISP i n t e r p r e t e r executes a 
program w r i t t e n in Concurrent L ISP. The i n t e r p r e t e r 
r epea ts the f o l l o w i n g a c t i v i t y ( c a l l e d i n t e r p r e t i n g 
l o o p ) : 
1) To read a t o p - l e v e l d o u b l e t , 
2) To e v a l u a t e t he d o u b l e t , and 
3) To p r i n t out the process v a l u e s * 

The main process is a c t i v a t e d and t e r m i n a t e s 
a t the second phase o f t h e a c t i v i t y . Du r ing the 
l i f e o f the main p r o c e s s , i t s descendant processes 
are a c t i v a t e d and t e r m i n a t e . 

The f o l l o w i n g s are major components, 
1 ) Process c o n t r o l b lock l i s t , 
2 ) C o n t r o l s t a c k , 
3) A s s o c i a t i o n l i s t , 
4 ) P roper ty l i s t , 
5) Schedule module, and 
6) I n t e r p r e t module. 

We have implemented the i n t e r p r e t e r on FACOM 
M-200 w i t h P L / I (about 4800 l i n e s ) [ 6 ] . The c u r r e n t 
v e r s i o n has 140 b u i l t - i n f u n c t i o n s . 

IV MULTI-MICRO-PROCESSOR SYSTEM 

For r e a l i z a t i o n o f f u r t h e r e f f i c i e n t program 
e x e c u t i o n of Concurrent L ISP, we a re wo rk ing at 
imp lemen ta t i on o f i t s i n t e r p r e t e r on a m u l t i - m i c r o ­
processor system.. The ove rv iew o f the system is 
shown i n F i g . 2 . 

• p rocessors 
Master p rocessor (MP): The main OS on MP per fo rms 

process management, p rocessor management, I /O 
management and memory management ( s t ack a l l o c a -
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<MAIN (LAMBDA (DATA) (PROG () , DATA - t h e i n i t . b o a r d ( B r d ) . 
(CSETQ END N I L ) , END u s e d as a f l a g . 
(CSETQ. NAMES ( L I S T (MK_PR_NAME DATA) ) ) ; NAMES - l i s t 

, o f names o f s e a r c h p r o c e s s e s ( S P ' s ) . 
(STARTEVAL ( 'MONIT (MONITOR)) ) ; A c t i v a t e MONIT. 
(PUT (CAR NAMES) 'PROCESS 'PROCESS) ; Mark t h e B r d . 
(STARTEVAL ( (CAR NAMES) (SEARCH ( L I S T DATA) 1 ) ) ) ; A c t v . SP. 
(CCR (TERMP 'MONIT) (PROGN ; W a i t u n t i l MONIT t e r m i n a t e s . 

(CSETQ END T) ; S e t e n d f l a g . 
(CCR (ASONTERM ( ) ) ; W a i t u n t i l a l l S P ' s t e r m i n a t e . 

(RETURN (CAR (EVAL (PROCVAL 'MONIT) ( ) ) ) ) 
> : R e t u r n B r d s e q . f r o m i n i t i a l t o g o a l . 

<MONITOR (LAMBDA (> 
(CR (WHILE T : Do f o r e v e r 
(PROGN 
(CCR (EVAL (CONS 'AND (MAPCAR NAMES ' W A I T P ) ) ( ) ) 

; W a i t u n t i l a l l S P ' s w a i t . 
(COND <(EQ (SORT_SCORE) 'GOAL) ; G o a l has b e e n f o u n d ? 

(TERMINATE (CAR NAMES>)) ; R e t u r n p r o c . name. 
(COND ((GREATERP (LENGTH NAMES) 3) ; More t h a n 2 p r o c ' s ? 

(CSETQ DEPTH (PLUS DEPTH DELTA)) ; Change b o u n d a r y . 
(MAPCAR ( L I S T (CAR NAMES)(CADR NAMES)(CADDR NAMES)) 

' (LAMBDA (X) (MAIL 'CONT X ) ) ) ) ; Resume. 
(T (CSETQ DEPTH (PLUS DEPTH DELTA)) ; Change b o u n d a r y . 

(MAPCAR NAMES ' (LAMBDA (X) (MAIL 'CONT X ) ) ) ) ) 
(CCR (NOT (WAITP (CAR NAMES))) N I L ) > ; S y n c h r o n i z a t i o n . 

<SEARCH (LAMBDA (BD DPT) (PROGN ; BD - B r d s e q . , DPT - d e p t h . 
(CSET (PROCNAME ( S E L F ) ) (CONS BD (EVAL_BD (CAR B D ) ) ) ) 

: P r o c e s s name has c o n s [ B r d s e q . ; s c o r e o f B r d ] . 
(COND ( (EQ (CDR (EVAL (PROCNAME ( S E L F ) ) ( ) ) ) DPT) ; G o a l ? 

(CR (COND ( (LESSP DPT DEPTH)(CSETQ DEPTH D P T ) ) ) ) 
j Change b o u n d a r y . 

(CR (CSET (PROCNAME (SELF) ) ; S e t s c o r e . 
(CONS (CAR (EVAL (PROCNAME (SELF) ) () ) ) 0 ) ) ) 

(CCR (AND END (ASONTERM ( ) ) ) (DELETE)) ) 
; W a i t u n t i l MAIN t e r m i n a t e s . 

((GREATERP DPT DEPTH) ; B o u n d a r y ? 
(CCR (OR (RECMAIL) END) ; W a i t u n t i l r e s u m e d or e n d . 

(COND ( (RECMAIL) (GETMAIL) ) ; Resumed. 
(T (CCR (ASONTERM ( ) ) ( D E L E T E ) ) ) ) ) ; E n d . 

(SEARCH2 BD (ADD1 DPT)) ) ; C o n t i n u e s e a r c h i n g . 
(T (SEARCH2 BD (ADDl DPT)) > ; C o n t i n u e s e a r c h i n g . 

<SEARCH2 (LAMBDA (BD DPT) (PROG (TEMP NTEMP) 
(SETQ TEMP (EXPAND (CAR B D ) ) ) ; Ge t n e x t B r d ' s . 
(MAKE_PR (CDR TEMP)) ; A c t i v a t e S P ' s f o r new B r d ' s . 
(SETQ NTEMP (MK_PR_NAME (CAR TEMP) ) ) ; N e x t B r d v i s i t e d ? 
(COND ( ( IS_PROC NTEMP) (HALT) ) ; I f v i s i t e d t h e n h a l t e l s e 

(T (PUT NTEMP 'PROCESS 'PROCESS)) ) ; mark t h e b o a r d . 
(SEARCH (CONS (CAR TEMP)(CAR (EVAL (PROCNAME ( S E L F ) ) ( ) ) ) ) DPT) 

> ; S e a r c h f o r w a r d . 
<MAXE_PR (LAMBDA (X) (PROG (BDLIST) 

(SETQ BDLIST (CAR (EVAL (PROCNAME ( S E L F ) ) ( ) ) ) ) ; Get B r d s e q . 
(MAPCAR X ' (LAMBDA (X) (CREATE_PR (CONS (CONS X BDLIST) DPT> 

<CREATE_PR (LAMBDA (X) (PROG (TEMP) : A c t i v a t e new S P ' s . 
(SETQ TEMP (MK_PR_NAME (CAAR X ) ) ) ; C u r r e n t B r d has b e e n 
(COND ( (CR (IS_PROC TEMP)) (RETURN ( ) ) ) ; v i s i t e d ? 

(T (CR (PROGN (CSETQ NAMES (CONS TEMP NAMES)) 
(PUT TEMP 'PROCESS 'PROCESS) ; A c t i v a t e SP. 
(STARTEVAL (TEMP (SEARCH (CAR X)(CDR X ) ) ) ) > 

<DELETE (LAMBDA ( ) ; T e r m i n a t e SP. P r o c . v a l . - B r d s e q . 
(TERMINATE (CAR (EVAI. (PROCNAME ( S E L F ) ) ( ) ) ) ) ) > 

<HALT (LAMBDA ( ) (PROGN : H a l t s e a r c h i n g . 
<CR (CSET (PROCNAME ( S E L F ) ) ; W a i t u n t i l e n d o f e x e c u t i o n , 

(CONS (CAR (EVAL (PROCNAME ( S E L F ) ) ( ) ) ) MAX)> 
(CCR (AND END (ASONTERM ( ) ) ) (DELETE) )> ; R e t u r n B r d s e q . 

NOTES: L i t e r a l atoms and a u x i l i a r y f u n c t i o n s whose 
d e f i n i t i o n s are absent i n the t e x t . 

MAX - maximum i n t e g e r . DEPTH = depth of boundary . 
DELTA - DEPTH(new) - DEPTH(old). 
mk_pr_name [da ta ] makes search process names, 
s o r t _ s c o r e [ ] s o r t s and t e s t s scores o f SP ' s . 
eval__bd [Brd] e v a l u a t e s Brd and r e t u r n s the s c o r e , 
expand(Brd] expands Brd and r e t u r n s next Brd l i s t . 
i s_proc [name] t e s t s whether name e x i s t s o r n o t . 

V EXAMPLE 

An example program f o r 8 -puzz le is p r e s e n t e d . 
The board o f 8 -puzz le is rep resen ted as a l i s t o f 
i n t e g e r , F i g . 3 shows the main pa r t o f t he program 
to so l ve the p u z z l e . The s t r a t e g y used i n t h i s 
example f o l l o w s t h e search model shown in I I . A * 
Dur ing e x e c u t i o n o f the program, t h e r e e x i s t main 
p rocess , MONIT process and search p rocesses . The 
main process a c t i v a t e s MONIT process and the 
search process which examines the i n i t i a l board -
MONIT process mon i t o r s the search p rocesses . When 
a l l search processes reach the boundary, MONIT 
s e l e c t s t h r e e p rocesses , which a re most l i k e l y t o 
reach the goa l . From t h e i r boards g i ven by t h e i r 
parent p rocess , search processes s t a r t s e a r c h i n g . A 
search process examines a boa rd , expands i t and 
a c t i v a t e s i t s sons. F i g . 4 and F i g , 5 show the 
r e s u l t s o f t he program e x e c u t i o n and r e l a t i o n s 
among processes r e s p e c t i v e l y . 

VI CONCLUDING REMARKS 

M u l t i - p r o c e s s d e s c r i p t i o n mechanism Is more 
e legan t than the c o n v e n t i o n a l d e s c r i p t i o n mecha­
n isms, such as b a c k t r a c k i n g and c o r o u t i n e d e s c r i p ­
t i o n . S ince LISP i s a "common language" in A I f i e l d 
i n a sense , we c o n s i d e r , i t i s necessary t o i n t r o ­
duce LISP-based concu r ren t programming languages 
which do not change the o r i g i n a l language f e a t u r e s 
o f LISP such as f u n c t i o n a l n o t a t i o n and s i m p l i c i t y * 

Search process names, #123485769 e t c . , are 
de te rmined acco rd ing t o t h e i r g i ven boa rds . 
Both DEPTH and DELTA are i n i t i a l i z e d to have 
1 as t h e i r c o n t e n t s . 

F i g . 3 The 8 -puzz le program F i g . 4 Resu l t s o f e x e c u t i o n o f the example program 
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From t h i s s t a n d p o i n t , Concur rent LISP i s d e s i g n e d . 
T h e r e f o r e , i t s s e q u e n t i a l p a r t i s compa t i b l e w i t h 
s e q u e n t i a l LISP and i t s concu r ren t p a r t a l l o w s 
f l e x i b l e m u l t i - p r o c e s s d e s c r i p t i o n . A lso we can 
w r i t e e a s i l y such programs in Concurrent LISP as 
those which have s i m i l a r c o n t r o l s t r u c t u r e t o 
b a c k t r a c k i n g , c o r o u t i n e s , g e n e r a t o r s and so on. 

A few researches on m u l t i p r o c e s s i n g were 
proposed a t 1980 LISP C o n f e r e n c e [ 4 ] [ 5 ] [ 1 0 ] . I n [ 4 ] , 
a p s e u d o - m u l t i p r o c e s s i n g system implemented on o r ­
d i n a r y LISP i s d e s c r i b e d . I n [ 5 ] , a parameter pass ­
i n g mechanism which has p a r a l l e l i s m i s d e s c r i b e d . 
In [ 1 0 ] , a p s e u d o - m u l t i p r o c e s s i n g system u s i n g 
c o n t i n u a t i o n mechanism of SCHEME is d e s c r i b e d . 
However, they do not s a t i s f y our r equ i r emen ts f o r 
concu r ren t programming languages based on L ISP . 

We have a p p l i e d Concur ren t LISP to make an 
i n t e r p r e t e r o f a n a c t o r - b a s e d language i n c l u d i n g 
t h e message pass ing mechanism of PLASMA[2]. The 
l e n g t h o f the i n t e r p r e t e r i s 150 l i n e s . Thus, 
Concur rent LISP can be used not o n l y as a 
programming language but a l s o as an e f f e c t i v e host 
language f o r s p e c i a l purpose languages. 

M u l t i - p r o c e s s o r systems are becoming popu la r 
w i t h the p rogress o f m i c r o - p r o c e s s o r s . The a r c h i ­
t e c t u r e o f our m u l t i - m i c r o - p r o c e s s o r system u s i n g 
g e n e r a l purpose m i c r o - p r o c e s s o r s saves man-power 
f o r d e s i g n , c o n s t r u c t i o n and ma in tenance. 

Concurrent LISP on a m u l t i - p r o c e s s o r system 
w i l l work s u f f i c i e n t l y w e l l a s a s e l f - c o n t a i n e d 

programming language and as 
s p e c i a l purpose languages. 

a host language f o r 
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