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D i s t r i b u t e d processing o f f e r s the p o t e n t i a l 
f o r h igh speed, r e l i a b l e computat ion, together 
w i th a means to handle app l i ca t i ons tha t have a 
n a t u r a l s p a t i a l d i s t r i b u t i o n . I n t h i s paper, 
d i s t r i b u t e d processing is def ined as processing 
tha t is character ized by phys ica l decomposition of 
the processor i n t o r e l a t i v e l y Independent 
processor nodes. Recent advances in LSI 
technology, expected to r e s u l t i n s ing le s i l i c o n 
wafers w i th at leas t 106 ac t i ve elements by 1981 
[Noyce, 1976], i nd i ca te tha t i t i s reasonable to 
contemplate designs which incorporate large 
networks of s ing le chip processor nodes. 

In t h i s paper we examine the con t ro l of 
problem so lv ing in such an environment, where most 
in fo rmat ion is l o c a l to a node, and r e l a t i v e l y 
l i t t l e in fo rmat ion is shared by the complete 
network. I n d i v i d u a l nodes correspond to "exper ts " 
which cooperate to complete a top l e v e l task 
(analogous to the "beings" of [Lenat , 1975]). The 
d i s t r i b u t e d processor is thus to be composed of a 
network of " l oose ly -coup led" , asynchronous nodes, 
w i th d i s t r i b u t e d execut ive c o n t r o l , a f l e x i b l e 
in te rconnect ion mechanism, and a minimum of 
c e n t r a l i z e d , shared resources. This puts the 
emphasis on "coarse g r a i n " p a r a l l e l i s m , in which 
i n d i v i d u a l nodes are p r i m a r i l y involved w i th 
computation ( la rge kernel t a s k s ) , pausing only 
occas iona l ly to communicate w i th other nodes. 

The CONTRACT NET represents a formalism in 
which to express the con t ro l of problem so lv ing in 
a d i s t r i b u t e d processor a r c h i t e c t u r e . I n d i v i d u a l 
tasks are dea l t w i th as con t rac ts . A node that 
generates a task broadcasts I t s existence to the 
other nodes in the net as a cont ract announcement, 
and acts as the cont rac t manager f o r t h e dura t ion 
of that con t rac t . Bids are then received from 
p o t e n t i a l con t rac to rs , which are simply other 
nodes in the n e t . A n award is made to one node 
which assumes r e s p o n s i b i l i t y f o r the execut ion of 
tha t con t rac t . Subcontracts may be- l e t in t u rn as 
warranted by task s ize or a requirement f o r 
spec ia l exper t i se or data not in the possession of 
the con t rac to r . When a cont rac t has been executed, 
a repor t is t ransmi t ted to the cont rac t manager. 

Contracts may be announced v ia general 
broadcast, l i m i t e d broadcast, or p o i n t - t o - p o i n t 
communications mechanisms, depending on 
in fo rmat ion about re levant con t rac to rs ava i l ab le 
to the con t rac t manager. I f , f o r example, a 
manager has knowledge about the l oca t i on of 
p a r t i c u l a r data , then i t s cont ract announcement 
w i l l be d i r ec ted to the node(s) bel ieved to 
possess tha t da ta , so that the complete network is 
not needlessly i nvo l ved . 

Cont rac t ing e f f e c t i v e l y d i s t r i b u t e s con t ro l 
throughout the network, thus a l low ing f o r 
f l e x i b i l i t y and r e l i a b i l i t y . Decisions about what 
to do next are made as a r e s u l t of r e l a t i v e l y 
l o c a l cons ide ra t ions , between pa i r s o f processors, 
although the nature of the announcement-bid-award 
sequence mainta ins an adequate g loba l con tex t ; 
tha t i s , the dec is ion to b id on a p a r t i c u l a r 
cont ract is made on the basis of l o c a l knowledge 
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( the task being processed in the node 
contemplat ing a b i d ) , and g loba l knowledge (other 
cur rent con t rac t announcements). The formalism 
also incorporates two way l i n k s between nodes tha t 
share r e s p o n s i b i l i t y f o r tasks (managers and 
c o n t r a c t o r s ) . The f a i l u r e of a con t rac to r is 
the re fo re not f a t a l , s ince a manager can r e -
announce a cont rac t and recover from the f a i l u r e . 

A node in the CONTRACT NET is composed of a 
con t rac t .p rocessor , management processor, communi-
ca t ions I n t e r f a c e , and l o c a l memory .The cont rac t 
processor i s responsib le f o r the a p p l i c a t i o n s -
re la ted computation of the node. The management 
processor is responsib le f o r network 
communications, cont rac t management, b idd ing , and 
the management of the node i t s e l f . I n d i v i d u a l 
nodes are not designated a p r i o r i as cont rac t 
managers or con t rac to rs . Any node can take on 
e i t h e r r o l e , and dur ing the course of problem 
s o l v i n g , a p a r t i c u l a r node normal ly takes on both 
ro les s imultaneously fo r d i f f e r e n t con t rac t s . 

A cont rac t is represented as a record 
s t r uc tu re w i th the f o l l ow ing f i e l d s : NAME - the 
name of the con t rac t , NODE - the name of another 
processor node associated w i th the con t rac t . 
PRIORITY - a desc r i p t i on of the " importance" of 
the con t rac t . TASK - a desc r i p t i on of the task to 
be performed,RESULTS - a desc r i p t i on of the 
r e s u l t s o b t a i n e d / a n d SUBCONTRACTS - a po in ter to 
the l i s t of subcontracts tha t have been generated 
from the con t rac t . 

Contracts are d iv ided i n t o two classes in a 
node: those fo r which the node acts as con t rac to r , 
and those fo r which it acts as manager. The node 
f i e l d o f a cont rac t i s f i l l e d accord ing ly - w i th 
the name of the cont rac t manager in the f i r s t 
case, and w i th the name of the con t rac to r in the 
second case. Subcontracts wa i t i ng fo r serv ice are 
held at the node tha t generated them, w i th an 
empty node f i e l d . 

The p r i o r i t y desc r i p t i on is used by a 
management processor to es tab l i sh a p a r t i a l order 
over cont rac ts to be announced, and by p o t e n t i a l 
con t rac to rs to order cont rac ts fo r the purpose of 
b idd ing . S im i la r desc r ip t i ons are a lso used to 
order con t rac to rs f o r the purpose of awards. The 
concept of p r i o r i t y thus must be general ized over 
simple in teger desc r ip t i ons to inc lude such 
( layered) desc r ip t i ons o f p o t e n t i a l l y a r b i t r a r y 
complexi ty , which inc lude both a p p l i c a t i o n s -
re la ted and a r c h i t e c t u r e - r e l a t e d i n fo rma t i on . 

A task desc r i p t i on a lso conta ins two types 
of i n f o rma t i on : the l o c a l context in which the 
task is to be executed, and the app l i ca t i ons 
software requi red to execute i t . This in fo rmat ion 
is passed when a cont rac t is awarded. Depending on 
the task , the requ i red g loba l context may be 
passed wi th the award, or f u r t he r cont rac ts may be 
l e t to ob ta in i t . Software passed to a node fo r 
execut ion of a p a r t i c u l a r cont rac t is re ta ined fo r 
f u tu re use, and i t s presence has a favorable 
e f f e c t on the fu tu re bids of that node. 

A SAIL s imu la t ion has been constructed to 
t es t the formal ism. I t accepts simple app l i ca t i ons 
programs. and maps them onto a simulated 
d i s t r i b u t e d processor w i th a va r iab le number of 
nodes. The s imu la t ion Is being used to determine 
the costs associated w i th the formal ism, in terms 
of both processor and communications overhead, and 
the decrease in computation t ime tha t can be 
expected fo r var ious a p p l i c a t i o n s . D i s t r i b u t e d 
h e u r i s t i c search is present ly being examined in 
t h i s way, and a l t e r n a t i v e s in d i s t r i b u t e d 
deduction w i l l be examined in the near f u t u r e . 
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