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The programs to be demonstrated are the f a c t o r y 
m o d e l l i n g , s i m u l a t i o n , and schedu l ing f a c i l i t i e s o f 
the I n t e l l i g e n t Management System ( IMS) , be ing 
designed and c o n s t r u c t e d in the Robot ics I n s t i t u t e 
of Carneg ie -Me l lon U n i v e r s i t y . The IMS is a long 
term a r t i f i c i a l i n t e l l i g e n c e and management sc ience 
research p r o j e c t , whose goa l i s to i n t e g r a t e and 
automate the runn ing of the "Fac to ry of the Fu tu re . " 

Fac tory M o d e l l i n g : In order f o r any " i n t e l l i -
g e n t " system to c a r r y out a management f u n c t i o n i t 
must have a f a c t o r y model t h a t i n c o r p o r a t e s a l l the 
i n f o r m a t i o n necessary to s u s t a i n the f u n c t i o n . For 
example, s s i m u l a t i o n system r e q u i r e s knowledge of 
e x i s t i n g processes i n c l u d i n g process t i m e s , resource 
requ i remen ts , and i t s s t r u c t u r a l ( r o u t i n g ) r e l a t i o n 
to o the r p rocesses. I t must a l so know when r o u t i n g s 
f o r p roducts are s t a t i c , or are determined by a 
d e c i s i o n process such as a scheduler . In the l a t t e r 
case, i t must know when and where to i n t e g r a t e the 
scheduler i n t o the s i m u l a t i o n . I f the IMS i s t o 
generate the sequence of events to produce a n e w 
p r o d u c t , i t must have knowledge of the processes 
( e . g . , machines) which i nc l udes the type of proc -
eas ing i t can do , i t s o p e r a t i n g c o n s t r a i n t s , the 
resources i t consumes, and I t s o p e r a t i n g to le rances. 
I f da ta i s t o be changed i n an i n t e r a c t i v e , p o s s i ­
b l y n a t u r a l language mode, the IMS must have know­
ledge of gener i c processes such as machines, t a s k s , 
and departments i f i t i s t o understand the i n t e r ­
a c t i o n . I t must a l s o know what i n f o r m a t i o n i s i m ­
p o r t a n t and how i t r e l a t e s t o o the r i n f o r m a t i o n i n 
o rder to de tec t m iss ing i n f o r m a t i o n and i n c o n s i s ­
t e n c i e s . Hence, the o r g a n i z a t i o n a l model must be 
ab le to represen t o b j e c t and process d e s c r i p t i o n s 
( s t r u c t u r a l and b e h a v i o r a l ) , and f u n c t i o n a l , commun­
i c a t i o n and a u t h o r i t y i n t e r a c t i o n s and dependencies. 
I t must represen t i n d i v i d u a l machines, t o o l s , mate­
r i a l s , and people and a l s o more a b s t r a c t concepts 
of depar tments , t a s k s , and g o a l s . An i n t e r a c t i v e 
program f o r c o n s t r u c t i n g and a l t e r i n g f a c t o r y models 
w i l l be demonst ra ted. The m o d e l l i n g system is 
based on the AI knowledge r e p r e s e n t a t i o n system, 
SRL.* 

*Fox M.S. , (1981) , "SRL: Schema Represen ta t ion Lan­
guage" , Techn i ca l Repor t , The Robot ics I n s t i t u t e , 
Carneg ie -Me l ion U n i v e r s i t y , P i t t s b u r g h , PA to appear 
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Fac tory S i m u l a t i o n : An ex tendab le , i n t e r a c t i v e 
d i s c r e t e s i m u l a t i o n system has been cons t ruc ted 
t h a t i n t e r p r e t s the f a c t o r y model d i r e c t l y . I t 
a l l ows the user to dynamica l l y query the s i m u l a t i o n 
f o r s t a t e i n f o r m a t i o n ( e . g . , s t a t e o f a machine, 
p rocess , e t c . ) , where o b j e c t s are l oca ted ( e . g . , 
what o p e r a t i o n is be ing c a r r i e d out on an o r d e r ) , 
and r e g u l a r s t a t i s t i c a l ana lyses . I t a l so a l l ows 
the user to a l t e r the f a c t o r y model be fore and 
d u r i n g s i m u l a t i o n . The f a c t o r y can be s imu la ted 
and d i s p l a y e d (on a c o l o r g raph ics dev ice ) at 
v a r i a b l e l e v e l s o f d e t a i l . The s i m u l a t i o n system 
i s i n t e g r a t e d w i t h the schedu l i ng system to a l l ow 
the t e s t i n g of schedu l ing h e u r i s t i c s and/or changes 
to the f a c t o r y model . 

Fac tory Schedu l i ng : An i n t e r a c t i v e , r e a l - t i m e , 
job -shop schedu l i ng system has been cons t ruc ted 
which i n t e r p r e t s the f a c t o r y model d i r e c t l y . I t 
a l l ows the user to en te r o rders and assoc ia te 
schedu l ing c o n s t r a i n t s such as t i m e , c o s t , opera ­
t i o n s , and machines. The system w i l l generate a 
schedule tha t a t tempts to s a t i s f y the c o n s t r a i n t s . 
The system uses a knowledge-based h e u r i s t i c search 
to c o n s t r u c t fo rward ( f rom s t a r t da te) or backward 
( f rom due da te ) planned schedu les . The user a l so 
s p e c i f i e s s t a t e i n f o r m a t i o n f o r the f a c t o r y ( e . g . , 
machine f a i l u r e s , maintenance, order f i n i s h e d on a 
p a r t i c u l a r machine, e t c . ) . The system does a m i n i ­
mal r eschedu l i ng in r e a c t i o n to any s t a t e change 
o f the f a c t o r y . 
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