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ABSTRACT 

This paper summarizes  the principal results of the simulation of the COALA (Calcu- 

lateur Orient6 Acteurs  pour ia Logique e t  ses Applications) machine : an Actor -Or iented  

Computer  for Logic and its Applications. 

The simulation was supported by two basic sof tware  systems : a functional  simulator 

simulating the functional aspects  of the distr ibuted in te rpre te r  wri t ten in PASCAL and a 

system simulator wr i t ten  in T-PROLOG, a simulation language based on PROLOG. 

The system simulator enabled us to obtain the duration of execution of PROLOG pro- 

grams executed  on the COALA machine and to compare  the e f f e c t s  of various numbers of 

processing e lements  and various network topologies on the overall performance of COALA. 

i - THE AND/OR CONNECTION GRAPH MODEL 

Several execution models for paral lel  inference processing have been proposed such as 

data- f low models lAMA 84], AND-OR process models [CON 85] and reduction models [ONA 
gS]. In models which handle AND-paral lel ism, the consistency of solutions poses certain 

problems : most of these models rely upon the sequential AND/OR tree and handle the 

tree in a paral lel  fashion. A constraining and d i f f i cu l t  process management technique is 

required to synchronize processes associated wi th the nodes of the AND/OR tree. As a 

result of this process management, a hierarchical tree structure, where process communi- 

cation is based on data sharing, is necessary. 

Inspired by R. Kowalski's connection graph [KOW 79]~ our model represents a new 

perspective on the parallel interpretat ion ol PROLOG. This connection graph includes one 

arc for each pair ol matching atoms on opposite sides of the impl icat ion symbol in d i f fe-  

rent clauses. Associated wi th each arc is the resolvent obtained by resolving the atom 

connected by the arc. 

In the sequential model [KOW 79], the selection of an arc connected to a goal and 
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t h e  g e n e r a t i o n  of  t h e  a s s o c i a t e d  r e s o l v e n t  f o r m  t o g e t h e r  w h a t  is c a l l ed  a r e s o l u t i o n  s t ep .  

In s u c h  a s t e p ,  t h e  s e l e c t e d  a r c  is d e l e t e d  and  n ew  a r c s  a r e  added  c o n n e c t i n g  a t o m s  of  

t h e  r e s o l v e n t  to  t h e  r e s t  of  t h e  g r a p h .  

C l e a r l y ,  in a pa ra l l e l  m o d e l  [PER 86], b o t h  AND and  OR p a r a l l e l i s m s  a r e  r e l a t e d  to  

t h e  s i m u l t a n e o u s  t r e a t m e n t  of  s e v e r a l  a r c s  : O R - p a r a l l e l i s m  is o b t a i n e d  by t h e  pa ra l l e l  

s e l e c t i o n  and  r e s o l u t i o n  of  t h e  a r c s  d e s c e n d i n g  f r o m  t h e  s a m e  l i t e ra l  ; A N D - p a r a l l e l i s m  

a r i s e s  f r o m  t h e  s i m u l t a n e o u s  u n i f i c a t i o n  on t h e  a r c s  d e s c e n d i n g  f r o m  all  t h e  l i t e r a l s  of  

t h e  c l a u s e s  c o n n e c t e d  by t h e  a r c  c h o s e n  Ior  t h e  r e so lu t i on .  

E x a m p l e  : L e t  us  c o n s i d e r  t h e  fo l lowing  g r a p h  : 

A1 

~p(...), q~...), r(...) 

p(...)*- p l (.. .) , p2(. . .)  

If t h e  t e f t m o s t  l i t e ra l  p is c h o s e n  for  t h e  r e s o l u t i o n ,  a r c s  A1 and  A2 a r e  a c t i v a t e d  

a n d  e a c h  o n e  p r o d u c e s  a r e s o l v e n t .  For  t h e  r e s o l v e n t  o f  a r c  A1,  t h e  new  a r c s  a r e  bui l t  

f r o m  a r c s  A3, A#,  AS, A6, A7 and  A8 ; for  a r c  A2, f r o m  a r c s  A6, A7 and  AS. 

~ 1  (...), p2(...), q(...), r(...) 

R e s o l v e n t  o f  a r c  A2 : 

~- q(...I , r~...) 

Two l e v e l s  of  p a r a l l e l i s m  c a n  be  o b s e r v e d  : t h e  f i r s t  one  a p p e a r s  w h e n  bu i ld ing  d i f f e -  

r e n t  r e s o l v e n t s  and  t h e  s e c o n d  one  is a s s o c i a t e d  wi th  t h e  c r e a t i o n  of  d i f f e r e n t  a r c s  for  

e a c h  r e s o l v e n t .  T h e s e  t w o  l eve l s  c o r r e s p o n d  r e s p e c t i v e l y  to  OR and AND p a r a l l e l i s m s  ; 

h o w e v e r ,  in our  m o d e l ,  t h e y  a r e  p r o c e s s e d  in t h e  s a m e  way.  

A p r e c o m p i l a t i o n  o f  t h e  s o u r c e  P R O L O G  p r o g r a m  g e n e r a t e s  t h e  in i t ia l  c o n n e c t i o n  

R e s o l v e n t  of  a r c  A1 : 
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graph. To represen t  the graph, we have simply to represent  each of its arcs.  An arc con- 

nects  two parent  clauses, the "origin clause" and the "ext remi ty  clause", and knows its 

unificat ion environment  and the list of the arcs descending from the ex t remi ty  clause cal-  

led "son arcs". Arcs descending from other  l i terals  in the origin claus% called "brother 

a r c s "  will be communica ted  to the li teral chosen for the resolution, when la t te r  is se lec-  

ted.  

Thus, in the graph : 

<- p (x) 

p ( f ( a , y )  

q(...) 

<- 

, r ( , . . )  

pl(...) , P 2 ( . - - )  

<- p(X), q(...), r(...) is the or ig in  clause, p( f (aw)) <- p l ( . . . ) ,  p2(...) is the e x t r e m i t y  one ; 

A3, A4 and A5 are the son arcs and A6, A7 and A8 are the bro ther  arcs. Arc  A1 is im-  

p lemented  by the fo l l ow ing  s t ruc tu re  : 

A l l  f X = f (a ,y)  

l ((A3) 
(A¢ AS)) 

unification environment  

son arcs 

In this very simple data s t ructure ,  it  is no longer necessary to s tore  the li teral na- 

mes. 

2 - THE COALA MULTIPROCESSOR ORGANIZATION 

Each processor  possesses one part  of the graph in a private local memory called 

"Graph Memory". Globally, the memory can be viewed as a set  of local memories  [KEL 

79, MAG g0]. An arc of the graph can r e f e rence  other  dis tant  arcs.  This r e fe rence  must 

be a tuple of the form (PE, address) where "PE" is the processing e lement  whose memory 

contains the re fe renced  arc and "address" is the address o£ the arc in that  local memory.  

This solution suppresses the bot t leneck due to a shared memory [HEW 84] where content ion 

e f fec t ive ly  swamps the benef i ts  obtained from parallelism. 

tn the same way, the task queue from which processors seek eventual  processing is 

dis t r ibuted among the processing e lements ,  like the graph. This avoids the bot t leneck en- 

countered  when using a cent ra l ized  task queue. II a processor needs to access  an arc re-  

siding in another  memory,  it forms a request  packet  containing the address of the arc, 
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the  type of opera t ion  sought, and various p a r a m e t e r s  if required [ K E L  79]. The genera l  

s t r uc tu r e  of a reques t  packe t  is given by the  following f igure : 

address of the type of the eventual parameters 
arc request 

An incoming message is i n t e rp re t ed  by the  processing e l ement  specif ied in the  ad- 

dress of the  arc.  The dialogue be tween  processing e l ement s  is taken into account  by swit-  

ches  which deal w i t h  the  routing of packets .  

packets from 
other ~rpcessors 

packets tO 

incoming outcoming 
packets packets 

1,,, t 
l ....... PROCESSOR I 

GRAPH MEMORY 

Figure I - Genera l  o r g a n i z a t i o n  o£ the  COALA machine 

Conceptual ly ,  the  topology of the  communica t ion  network can be a rb i t ra ry ,  but must  

obviously ensure  the  rel iable  t ransmiss ion of messages  f rom one processor  to another .  

3 - COMMUNICATION BETWEEN PROCESSING ELEMENTS 

The messages  of the  model are  d i rec t ly  r e l a t ed  to the  basic operat ions  oi a PROLOG 

i n t e r p r e t e r  : r e s o l u t i o n  and u n i f i c a t i o n .  

3 .  I - R e s o l u t i o n  

At every  step of the  resolution,  a l i te ra l  is se lec ted  for resolution.  A RESOLVE-REQ 

reques t  is sent  to each arc descending from this  l i tera l .  This request  conta ins  the  ident i -  

f i ca t ion  ol all b ro ther  arcs  of the  se lec ted  l i tera l ,  so as the  ensure the  upkeep oi the  

graph. The a rc  receiving this  reques t  sends i ts  un i f ica t ion  env i ronment  to  each  ol i ts  sons 

and bro thers  through UNIFY-REQ requests .  The repl ies  corresponding to the  UNIFY-R£Q 
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requests  are e i ther  UNIFY-ACK in case of success,  or UNIFY-NACK in case of failure. 

[ R~o,,~-~o I .,~ o,-o,,o,,~,, I 
type-message brothers 

I U~-'~ t ~i t ~, I ~ 1 ~, I 
type-message sender new arc 

[ UNIFY-NACK I ' PE i A i t  

type-message sender 

When a resolvent  is successfully determined)  the resolution proceeds with the selec-  

tion of a new li teral  to be resolved. The resglution of an arc having nei ther  brother  nor 

son corresponds to the empty  clause. Thus an arc ' s  environment  is a solution to the ini- 

t i a l p r o b l e m .  The arcs  c rea ted  for an unsuccessful  resolvent  are garbage col lec ted  by use 

of a third reques t  type called DESTROY-REQ request .  

3 . 2  - g n i l i c a t i o n  

The UNIFY-REQ request  t r iggers  the unification between two environments  : the en- 

v i ronment  in the request  and the one ol the arc to which the request  is addressed. 

f~'~Y,:R~ 1 ~, I ~, ........... 1,,,, ~''~'°-~'°°~"~~' 1 
type-message sender unification environment  

By use of a r e fe rence  counter  and the BROTHERS-REQ message,  an arc is garbage 

co l lec ted  once it has per formed all the unif icat ions reques ted  by other  arcs.  Thus, all the 

arcs  of the graph are  dynamically dest royed.  

t~ _ A S T R O N G L Y  C O U P L E D  S I M U L A T I O N  M E T H O D  

The first step of the simulation process was the realization of a functional simulator 

which simulates the functional aspects of the distributed interpreter. During this step, nei- 

ther the impact of inter-processor communication nor network topology were taken into 

account. Written in PASCAL, the functional simulator executes program statements se- 

quentially. This simulator enables one to obtain the duration of execution of messages on 

a MC6g000 (I0 MHz) microprocessor. The duration of execution of a message is the num- 

ber o£ MC68000 cycles required to handle the message, where the base cycle time is 

t0 -7  s. 

In o rder  to  va l i da te  the C O A L A  machine,  i t  was necessary to compare the impact  of  
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d i f f e ren t  numbers  of processors  (supposed here  to be Mc6g000) and d i f fe ren t  ne twork to-  

pologies on the  mach ine ' s  overall  pe r fo rmance ,  Thus~ the  second step of the  s imulat ion 

process was the  product ion oi a system s imulator ,  Wri t ten  in T-PROLOG [FUT 84], a si- 

mula t ion  language based on PROLOG, the  sys tem s imula tor  assigns a process to each  of 

the  processors  and executes  the  PROLOG program taking into account  the  durat ion of 

execut ion  of messages,  the  s t a t e  oi  the  communica t ion  channels  (busy/ i ree)  and the  s t a t e  

of the processors (busy/free). 

The T-PROLOG primitives such as new (create a process), send (send a message), 

wai t - ior  (wait for a message) and hold (suspend a process) are used £or communicating 

messages between processors and to simulate the elapsed time. 

Finally, the general scheme of the simulation o~ COALA is given in Figure 2. Both 

simulators are running on a VAX 11]7g0. The functional simulator, in addition, runs on an 

SM-90 computer for Mc6g000 measurements. 

Execution of a ~iven I 
PROLOG program 

l 
direct transler of all the messages 

with their respective size and 

duration of execution 

l . . . . . .  
Execution of the same 

program using the duration of 
execution of the 

messages 

Functional 
simulator 

File of messages 

System 

simulator 

Fisure  2 - The COALA sys tem simulat ion 

Con t ra ry  to most  exis t ing s imulat ions  which use a loosely coupled method [ONA g5], 

our s imula t ion  used a strongly coupled s imulat ion method  [FUT 86] because  it  was not iced  

t h a t  the  t r a n s f e r  oi s t a t i s t i ca l  resul t s  f rom the  funct ional  s imulator  to  the  sys tem simula-  

tor  in t roduced  a ce r t a in  bias in our measurement s .  To i l lus t ra te  this  par t icu la r i ty ,  Table ! 

gives a few execut ion  t ime  values,  in tJs, corresponding to the  RESOLVE-REQ and UNIFY- 

REQ messages .  

Measu remen t s  show tha t  the  ave rage  processing t ime  for  a message is about  1000 tJs. 

The longest  message  is 170 bytes.  Supposing a 10 Mbps communica t ion  channel ,  t he  t rans -  

fer  t ime  of the  longest  message is 136 ~s. This means t ha t  the t r ans fe r  t ime  cannot  be 

neglec ted .  
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message 

program 

4-QUEENS 

COLOR 

REVERSE 

RESOLVE-REQ 

rain. max. ave. 

239 7761 2209 

266t 3288 1236 

769 3989 2535 

I max, 
/ 

rain. 

32 

1.2 

I '  

UNIFY-REQ max. 
/ 

rain. max. ave. min. 

l l gg  7330 i3006 6 

1037 3288 1977 3 

1239 5517 3337 # 

Table 1 - Var!ation of processing t imes 

Finally~ the simulation process considers tha t  the network is not ideal (i.e. confl ic ts  

may occur), that  the communicat ion channel has a 10 Mbps t ransfer  ra te  with full-duplex 

links and tha t  each processor has a buffer  of suff ic ient  size. The results  of this strongly 

coupled simulation method describe quite exact ly  the behaviour of the COALA machine 

using MC68000 and using the same PASCAL procedures  as the distr ibuted in terpre ter .  As 

for the network topology, we have envisaged the complete ly  connected~ near-neighbour 

mesh, cube and hypercube networks with 4, 9~ 16 and 25 processors.  

For purposes of comparison, we introduced a program operating on large data s t ructu-  

res such as lists, n-uplets and compound te rms  {~-queens) and a program operating on sim- 

ple data  s t ruc tures  such as constants  and variables (pc database).  Due to the d i f fe rence  in 

data  s t ruc ture  handling, the duration of execution of these programs is largely dependent  

on these  data  s t ructures .  For example,  in the X-queens program (used in general  to measu- 

re mult iprocessor  PROLOG archi tectures) ,  the clause part i t ions are smail but the search 

space becomes large because of the recursive use of the clauses. The corresponding PRO- 

LOG programs are given in detail  in the appendix. 

5 - S I M U L A T I O N  R E S U L T S  

Firstly,  we chose a complete ly  connec ted  network in order to define the number of 

processors  of the COALA machine. This network is ideai for our distr ibuted in te rpre te r  but 

the number of switching e lements  required for a large number of processors renders  the 

topology unrealizable.  Figure 3 shows the overall per formance  of COALA for the 4-queens 

problem when increasing the number of processors.  

As additional processors are used (up to 18), duration of execution decreases .  Then it 

levels off : be tween 9 and 18 processors~ execution t ime is nearly the same. However, this 

result  shows tha t  the COALA machine is able to support the parallelism in PROLOG pro- 

grams. 

As for the pc database program, the future behaviour of our machine has been simu- 

lated by increasing the number of assertions. Thus~ pc database (n) indicates the pc data- 

base program with n assertions for two partit ions. For each program, measurements show 

that duration of execution decreases and that saturation occurs. However, this saturation is 
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Figure 3 - E f fec t  of the number of processors for the ~-queens problem 

only bound to the appl icat ion size and we assume that  the number of processors does not 

enta i l  a bot t leneck s i tuat ion in the per formance of COALA.  Figure ~ resumes this proper-  

ty .  
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F igure  ~ - E f f e c t  of  t h e  number  of  p roces so r s  for  t h e  pc d a t a b a s e  p rob lem 

Some topo log ies  have  been  s i m u l a t e d  tak ing  c o m m u n i c a t i o n  t i m e  in to  acco u n t .  In ad-  

d i t ion  to  dura t ion  of  execu t ion ,  many  o t h e r  p a r a m e t e r s  have  been  used to d e f i n e  t h e  t o p o -  

logy of  COALA.  In pa r t i cu la r ,  a m o n g  t h e s e  p a r a m e t e r s  is t he  d i a m e t e r  i .e.  t he  longes t  

pa th  b e t w e e n  two nodes  in t he  ne twork .  F igure  5 shows the  s imula t ion  resu l t s  for  t he  pc 
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500 

g00 

duration of 

execut ion 

(ms) 300 

200 

100 

et 8 9 16 25 27 
number of processors 

Figure 5 - EHect  of th e topology for the pc database (20) problem 

With respec t  to these results  i l lustrated in Figure 57 we propose the hypercube as the 

basic topology of the COALA machine. With the hypercube,  messages t raverse  several  num- 

bers of channels and so exhibit d i f fe rent  la tencies  but results are nearly the same as a 

comple te ly  connec ted  topology. The degree  i.e. the number of switches associated with a 

node permits  an implementat ion with hundreds of processors.  

When execut ing the pc database (20) program on the hypercube with 16 processors,  

only 2.2 channels  are t raversed on average.  In the same conditions, the load average of 

each communicat ion channel with respec t  to duration of execution is about 2 per cent  and 

the maximum input FIFO queue is 70 messages.  Table 2 re la tes  in detail  these results.  

processor  

to ta l  

m a x .  

ave. 

l 2 3 /4 5 6 7 g 9 10 II 12 13 lg 15 16 

188 188 188 188 188 186 186;186 1861170 186 180 120 157 147 147 

63 70 68 65 63 55 58 56 55 67 61 50 38 ¢2 46 37 

lg 20,3 19./4 18.9 17.7 16.1 17.7 15.7 15.2! 17,2 16.5 I¢ 7.14 7.3 7.9 6 .4  

Table 2 - Distribution of messages in FIFO queues 
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These results  cor re la te  with an accep tab le  FIFO queue load balancing. In the same 

way, processor  load balancing does not need dynamic process allocation as in other  ap- 

proachs [KEL 8~]. In our model, the distribution of the arcs is equivalent to the distribu- 

tion of the tasks among the processors.  Figure 6 shows processor load balancing ~or the pc 

database  (20) problem using 9 processors.  

I00" 

?5 

5O 
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Figure 6 - Processor load balancing for the  pc database (20) problem 

Unfortunately~ for programs operat ing on large da ta  structures~ results  are  not as good 

as for programs operat ing on simple data  s t ruc tures .  This behaviour is re la ted  to the small 

part i t ions of clauses and to the use of recursivi ty.  Figure 7 shows processor load balancing 

for the 4-queens problem using 9 processors.  Results  are similar with programs such as 

quicksort~ reverse  .,. 
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Figure 7 - Processor  load balancing for the 4-queens problem 

We are current ly  investigating various mechanisms intented to improve the model and 

to def ine a knowledge base machine [MUR g~]. In par t icular  we seek to take advantage of 

dynamic results  of programs operat ing on simple data  s t ructures .  

When a PROLOG program uses a large number of assertions~ the basic model builds 
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lists ol sons and there fore  lists of brothers  which are Ior too lengthy Consequently,  the 

processing t ime required to define the next  resolvent  is proportional to the number of 

UNIFY-ACK and UNIFY-NACK messages waited for by this resolvent.  It is quite easy to 

modify the original representa t ion  by represent ing  all the arcs  ol the same part i t ion s tored 

on the same processor by an ex t ra -a rc  containing the list of real addresses of the original 

arcs.  

When such an arc receives  a UNIFY-REQ request ,  it distr ibutes this request  among 

its arcs.  The algori thm used in t rea t ing  the message is  the same as before,  except  tha t  no 

message is sent directly.  Instead, the addresses of the newly c rea ted  arcs update the old 

ones. If the new list of addresses contains at  least  one e lement ,  a UNIFY-ACK message is 

sent  to the  resolvent  ; if the list is empty,  a UNIFY-NACK message is sent .  

An advantage of this representa t ion  is tha t  the list of sons of an arc contains only 

one arc per processing e lement  instead of all the arcs  defining the l i teral .  This proper ty  

great ly reduces the number of messages as shown in Figure 8. 
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Figure 8 - Ef fec t  of ex t ra -a rcs  for the pc database problem 

The number of messages decreases  substantial ly as the number of clauses increases.  

Consequently,  processing t ime required to define the next resolvent decreases  and is about 

12 t imes smaller  than in the original version when 9.5 clauses.  

CONCLUSION 

The AND/OR connection graph model represents  a new perspect ive  on the parallel in- 

t e rp re t a t ion  of PROLOG. The graph is dis t r ibuted,  without duplication, among the proces-  

sing e lements  ; consequently,  accessing the graph entails  no bot t leneck s i t u a t i o n .  In par t i -  

cular,  control  is not based on a hierarchical  s t ructure .  



137 

The s imulat ion sys tem allows us to  obta in  dynamic  measurements .  Simulat ion condi-  

t ions closely r e f l ec t  the  behaviour of the  d is t r ibuted  in te rp re te r  running on the  fu ture  

COALA machine  with MC68000 microprocessors  as processing e lements .  A strongly coupled 

s imulat ion method was used in order  to s imula te  large PROLOG programs and large ne t -  

work topologies.  This method does not  in t roduce any approximat ion for measurements .  

It appears  t ha t  an accep tab le  pe r fo rmance  may be achieved using somewhere  near  100 

processors .  The hypercube topology seems to be the  best  compromise  ior  the  COALA ne t -  

work. Each processing e l ement  is connec ted  through bidi rect ional  full-duplex, po in t - to -poin t  

communica t ion  channe ls  to i ts near-neighbours forming a small  d i amete r  network.  

An i m p o r t a n t  resul t  is t ha t  programs opera t ing  on simple da ta  s t ruc tu res  do not  re -  

quire dynamic  process  al locat ion.  The a r c h i t e c t u r e  is well-sui ted for knowledge base appli- 

ca t ions .  For this  purpose, we have defined mechan isms  to improve ef f ic iency  of the  AND/ 

OR connec t ion  graph model and, in the  fu ture ,  we will inves t iga te  the  adequacy of a 

knowledge base a r c h i t e c t u r e  to the  COALA machine .  For programs operat ing on large da ta  

s t ruc tu res ,  a b e t t e r  dis t r ibut ion of tasks among the  processing e l ement s  must  be def ine.  
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APPENDIX 

/~-queens proBram 

queens(nil,Y,Y). 
queens(c(Xl,X2),Y,Z) ;- select(U,c(XI,X2),V), 

safe(U,Y,l),queens(V,c(U,Y),Z). 
seleet(X,c(X,Y),Y). 
select(U,e(X,Y),c(X,V)) :- select(U,Y,V). 
safe(U,nil,W). 
safe(U,c(P,Q),N) :- nodiag(U,P,N),plus(N,1,M),safe(U,G,M). 
nodiag(U,P,N) :- plus(P,N,T1),moins(P,N,T2),diff(U,T1),diff(U,T2). 

:- queens(c(l,c(2,c(3,c(4,nil)))),nil,Q). 

pc da tabase  (40) program 

ibm_comp(PNAME,CPU,DS):-pnps(PN,PNAME,X,Y),pco(PN,CPU,OS), 
bit 16(CPU),os simi1(OS). 

bit_16(8086). 
bit_16(B088). 
bit_16(mS088). 
bit_16(i8088_2). 
bit_16(82286). 
bit_16~8Z086), 

os_szmil(msdos). 
os simil(dos_lO). 
os_slmil(z_dos). 
os_simil(dos_211), 
os_slmil(dos_20). 
os_simil(msdos_21), 
os_simil(dos_50). 
os_simil(prop_30), 
os simil(prop_20). 
os_simil(dos Ii). 
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pnps(pl,agil,3OOO,sl). 
pnps(p2,cozona p,2700,s2). 
pnps(p3,corona_p,2500,s3). 
pnps(p4,mbc_555,1100,s4). 
pnps~pS,zenith_l,3OOO,s6). 
pnps(p6,genie_16,2OOO,s6). 
pnps(pT,rainbow,2500,sT). 
pnps(p8,osborne,2OOO,s6). 
pnps(pg,dasher_l,3400,s8). 
pnps(plO,z_158,5100,sS). 
pnps(p11,turbo_pc,4000,sll). 
pnps(p12,kay 26,2500,si0). 
pnps(p13,copampc,2000,s11). 
pnps(plA,don pc,2000,s12). 
pnps(plS,dyn_xt,2000,s13). 
pnps(p16,1aser_pc,2000,s14). 
pnps(p17,ap_pc,2600,s15). 
pnps(p18,m24_sp,3000,s16). 
pnps(p19,micra1,6000,slT). 
pnps(p20,prop_16,4OOO,sIB). 
pnps(p21,com_64,500,slg). 
pnps(p22,proper_8,2000,s18). 
pnps(p23,vt_16,4000,s20). 
pnps(p24,ncr pc,3000,s21). 
pnps(p25~oplite,3000,s22). 
pnps(p26,pap c,2500,s23). 
pnps(p27,p_1600,2700,s24). 
pnps(p28,ph_p3100,3000,s25). 
pnps(p29,s_9001,2500,s4). 
pnps(p30,si1_216,4000,s26). 
pnps(p31,s_pcSO,6500,s27). 
pnps(p32,tandy,1500,s28). 
pnps(p33,tele_pc,4000,s29). 
pnps(p34,ti_pc,2500,s30). 
pnps(p35,wang_pc,3000,s31). 
pnps(p36,axel 20,2000,s32). 
pnps(p37,caF_bip,2200,s32). 
pnps(p38,ericsson,2800,s34). 
pnps(p39,1ogical,6000,s33). 

:- ibm_comp(PNAME,CPU,OS). 

pco(pl,BO88,ms_dos). 
pco(p2,BO88,ms_dos). 
pco(p3,8088,ms_dos). 
pco(p4,8086,dos_ll). 
pco(p5,zSO,cp_m). 
pco(pS,8086,z_dos). 
pco(p6,8088,ms_dos). 
pco(pT,8088,cp_m 86). 
pco(pT,zSO,cp_m). 
pco(pS,zBO,cp_m). 
pco(p9,8088,dos_211). 
pco(plO,8088,ms_dos). 
pco(p11,i8088_2,ms_dos). 
pco(p12,82286,dos_20). 
pco(p13,8086,dos_20). 
pco(p14,8088,ms_dos). 
pco(plS,8086,dos 20). 
pco(p16,8088,dos_20). 
pco(p17,8086,msdos 21). 
pco(p18,8086,ms_dos). 
pco(plg,82086,dos 30). 
pco(p20,8088,prop_30). 
pco(p21,z80,cp_m). 
pco(p22,zBO,cp_m). 
pco(p23,m8088,prop_20). 
pco(p24,8088,ms_dos). 
pco(p25,8088,ms_dos). 
pco(p26,8088,ms_dos). 
pco(p27,8088,ms_dos). 
pco(p28,8088,ms_dos). 
pco(p29,8088~ms dos). 
pco(p30,8088,ms_dos). 
pco(p31,8088,ms dos). 
pco(p32,8088,ms_dos). 
pco(p33,8088,ms_dos). 
pco(p34,8088,ms_dos). 
pco(p35,808B,ms_dos). 
pco(p38,8088,ms_dos). 
pco(p39,BOB8,ms_dos). 


