
DOE/N E-0064 
Dist. Category UC-79 

DOE/NE--0064 

DE86 011387 

Artifical Intelligence and Nuclear Power 

Report by the Technology Transfer 
Artificial Intelligence Task Team 

June 1985 

US.  Department of Energy 

MASTER This document is 
ABLE Assistant Secretary for Nuclear Energy 

Washington, D.C. 20545 

DISTRli?n!2:; (jr "i;;js Ecsd;;E:;T 18 UfJritfilTrgJ & f  



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



- 

# 

I 

111 

I 1 1  

I V  

ARTIFICIAL INTELLIGENCE AND NUCLEAR POWER 

TABLE OF CONTENTS 

E x e c u t i v e  Summary 

Summary and F i n d i  ngs 

A. Summary 
B. F i n d i n g s  

Task Team Char te r  and Membership 

A. Char te r  

B. Membership 

Technology E v a l u a t i o n  

A. P o t e n t i a l  A p p l i c a t i o n s  

B. Gui de l  i nes 

1. I d e n t i f i c a t i o n  o f  Long Range 

Goals and O b j e c t i v e s  
The S e l e c t i o n  and Screening Process 

A r t i f i c i a l  I n t e l l i g e n c e  t o  t h e  Nuclear I n d u s t r y  

2. 
3. C l a s s i f i c a t i o n  of P o t e n t i a l  Payoff  of 

4. Needed A c t i v i t i e s  

C. Overview of Lessons Learned 

Developments Underway and Contacts  

A. Team Member and N a t i o n a l  L a b o r a t o r y  
A r t i f i c i a l  I n t e l l i g e n c e  Programs 

1. Argonne N a t i o n a l  L a b o r a t o r y  

2. Burns and Roe 

3. Carnegie M e l l o n  U n i v e r s i t y  

4. General E l e c t r i c  

5. Hanford Eng ineer ing  Development L a b o r a t o r y  

6. Oak Ridge N a t i o n a l  L a b o r a t o r y  

7. Westinghouse E l e c t r i c  C o r p o r a t i o n  

. -  

Page 

5 

9 

9 

10 

19 

19 

20 

22 

22 
27 

27 

27 

31 
34 
35 

38 

38 
38 
48 
49 
53 
55 
59 

62 



2 

Page 

B. Examples o f  A r t i f i c i a l  I n t e l l i g e n c e  Work b y  Others 65 

1. T e k t r o n i x  67 

2. Symbolics 68 

3. Texas Ins t rumen ts  70 

4. E l e c t r i c  Power Research I n s t i t u t e  H igh  Technology 

I n i t i a t i v e s  7 1  

5. LTV Aerospace 72 

6. Lockheed 73 

7. U t i l i t i e s  74 

8. NASA 75 

Appendix 
I n t e r i m  R e s u l t s  o f  a Survey. 

77 

A - Work on P r o l o g  i n  I n d u s t r y  and Abroad 77 

B - Survey o f  U n i v e r s i t y  A c t i v i t y  i n  A r t i f i c i a l  

I n t e l l i g e n c e  83 
C - The A p p l i c a t i o n  o f  A r t i f i c i a l  

I n t e l l i g e n c e  by  t h e  Nuclear  U t i l i t i e s  87 



Figure I 

Figure I1 

Figure I11 

Figure IV 

Figure V 

3 

ARTIFICIAL INTELLIGENCE AND NUCLEAR POWER 

LIST OF FIGURES 

Identification of Payoff Potential 

Task Team Findings Concerning Leverage of 
Technology Transfer to the Nuclear Industry 

High Payoff Artificial Intelligence Projects 
That Can Support Nuclear Energy 

Systematic Selection Process 

Life Cycle Cost Model 

Page 

15 

17 

18 

28 

32 





5 

I 

EXECUTIVE SUMMARY 

I 

r - 
The A r t i f i c i a l  I n t e l l i g e n c e  Task Team was organ ized t o  r e v i e w  t h e  s t a t u s  o f  

A r t i f i c i a l  I n t e l l i g e n c e  ( A I )  technology,  i d e n t i f y  g u i d e l i n e s  f o r  A I  work, and 

t o  i d e n t i f y  work r e q u i r e d  t o  a l l o w  t h e  nuc lear  i n d u s t r y  t o  r e a l i z e  maximum 

It has been e s t i m a t e d  t h a t  A I  r e l a t e d  a c t i v i t i e s  underway funded both by  

Government and by i n d u s t r y  i n  1985 t o t a l  about $400 m i l l i o n .  

p r o j e c t e d  t o  inc rease r a p i d l y  over t h e  nex t  few years.  
s u b s t a n t i a l  e f f o r t  i n  suppor t  of space s t a t i o n .  

Navy have e s t a b l i s h e d  cen te rs  f o r  A r t i f i c i a l  I n t e l l i g e n c e .  The Department of 

Defense i s  conduct ing  s i g n i f i c a n t  A I  work. 

f und ing  A I  r e l a t e d  R&D a t  severa l  u n i v e r s i t i e s .  I n d u s t r i a l  concerns have 
e s t a b l i s h e d  s i g n i f i c a n t  A I  e f f o r t s .  T h i s  work i s  p o t e n t i a l l y  o f  use f o r  

nuc lea r  a p p l i c a t i o n s  w i t h  a p p r o p r i a t e  nuc lear  domain s p e c i f i c  work. 

I 

T h i s  i s  
I 

I NASA i s  conduct ing  a 

Both t h e  A i r  Force and t h e  

The Na t iona l  Science .Foundat ion i s  

b e n e f i t  f r o m  t h i s  technology.  
t o  determine where t h e  a p p l i c a t i o n  o f  A I  techno logy  c o u l d  be of g r e a t e s t  

b e n e f i t .  G u i d e l i n e s  and c r i t e r i a  were e s t a b l i s h e d  t o  focus on those 

p a r t i c u l a r  problem areas where A I  c o u l d  p rov ide  t h e  h ighes t  p o s s i b l e  p a y o f f  t o  

The s t a t e  o f  t h e  nuc lear  i n d u s t r y  was analyzed 

t h e  i n d u s t r y .  I n f o r m a t i o n  was c o l l e c t e d  from government, academic, and 

p r i v a t e  o r g a n i z a t i o n s .  
suppor t  t h e  nuc lea r  i n d u s t r y .  

Very l i t t l e  A I  work i s  now be ing  done t o  s p e c i f i c a l l y  

The A I  Task Team determined t h a t  t h e  es tab l i shment  of a S t r a t e g i c  Automat ion 

I n i t i a t i v e  ( S A I )  and t h e  expansion o f  t h e  DOE Technology T r a n s f e r  program 

would ensure t h a t  A I  techno logy  c o u l d  be used t o  develop so f tware  f o r  t h e  

nuc lea r  i n d u s t r y  t h a t  would have s u b s t a n t i a l  f i n a n c i a l  p a y o f f  t o  t h e  i n d u s t r y .  

The SA1 i nc ludes  bo th  l ong  and s h o r t  te rm phases. The s h o r t - t e r m  phase 

i n c l u d e s  p r o j e c t s  which would demonstrate t h a t  A I  can be a p p l i e d  t o  t h e  

nuc lear  i n d u s t r y  s a f e l y ,  and w i t h  s u b s t a n t i a l  f i n a n c i a l  b e n e f i t .  The l o n g  

t e r m  phase i n c l u d e s  p r o j e c t s  which would develop A I  t e c h n o l o g i e s  w i t h  s p e c i f i c  

a p p l i c a b i l i t y  t o  t h e  nuc lear  i n d u s t r y  t h a t  would no t  be developed by people 
work ing  i n  any o t h e r  i n d u s t r y .  

DOE ass is tance i s  needed t o  p r o v i d e  t h e  nuc lear  i n d u s t r y  access t o  t h i s  
I 

government funded work. 
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C u r r e n t l y  DOE NE i s  conduc t ing  a modest amount of n u c l e a r  r e l a t e d  A I  work t h a t  

p r o v i d e s  t h e  nuc leus f o r  a meaningful Nuclear Energy A I  Program. 

The s h o r t  t e rm phase o f  t h e  SA1 focuses on t h e  a p p l i c a t i o n  o f  c u r r e n t l y  

a v a i l a b l e  A I  t e c h n o l o g i e s  t o  o p e r a t i n g  n u c l e a r  power p l a n t s .  The p a r t i c u l a r  

p r o j e c t s  i d e n t i f i e d  f o r  t h i s  area c o u l d  be developed a t  t e s t  f a c i l i t i e s  such 

as t h e  Fas t  F l u x  Tes t  F a c i l i t y ,  Exper imenta l  Breeder Reactor-11, and High F l u x  

Research Reactor. 

n u c l e a r  power p l a n t s .  These p r o j e c t s  i n c l u d e  t h e  f o l l o w i n g .  

They c o u l d  then  be implemented on o p e r a t i n g  commercial 

1. An E x p e r t  System f o r  Fuel  Loading 

E P R I  has proposed teaming w i t h  DOE t o  develop an e x p e r t  system f o r  f u e l  

l o a d i n g .  A c e n t r a l  problem of f u e l  l o a d  management r e v o l v e s  around 
d e t e r m i n a t i o n  o f  t h e  optimum f u e l  s h u f f l i n g  scheme t o  be used i n  r e -  

c o n f i g u r i n g  t h e  r e a c t o r  c o r e  d u r i n g  an outage. Spent f u e l  poo ls  a r e  i n  

genera l  t o o  crowded t o  a l l o w  o f f - l o a d i n g  of an e n t i r e  c o r e  b e f o r e  
p u t t i n g  t h e  nex t  c y c l e  co re  i n  p lace.  

hand1 i n g  c o u l d  be developed c o o p e r a t i v e l y  by DOE and E P R I ,  based on DOE 

suppor ted techno logy  o r i g i n a l l y  developed a t  Westinghouse and Hanford 

Eng ineer ing  Development L a b o r a t o r y  (HEDL). The e x p e r t  system c o u l d  be 

developed and demonstrated a t  FFTF and t h e n  f i e l d  t e s t e d  a t  a 

commercial nuc lea r  power p l a n t  operated by a p a r t i c i p a t i n g  u t i l i t y .  

An e x p e r t  system f o r  f u e l  

2. Management Dec is ion  Support  System 

Managing t h e  c o n s t r u c t i o n  of a n u c l e a r  power p l a n t  o r  o t h e r  l a r g e  

f a c i l i t y  i s  a v e r y  complex task .  Decis ions r e g a r d i n g  schedul ing,  

resource  assignment, cos t ,  e t c .  must be made d a i l y ,  and a re  based on 

l a r g e  amounts o f  da ta  and many complex c o n s t r a i n t s .  
make these d e c i s i o n s  w i s e l y  i s  developed th rough  yea rs  o f  exper ience, 

and i s  even then  l i m i t e d  by  t h e  a b i l i t y  of t h e  i n d i v i d u a l  t o  a s s i m i l a t e  

a l l  o f  t h e  p e r t i n e n t  data. C u r r e n t l y  a v a i l a b l e  e x p e r t  systems 

techno logy  can p r o v i d e  t h e  c o n s t r u c t i o n  manager w i t h  an " i n t e l l  i g e n t l l  

a i d  t o  enhance h i s  a b i l i t y  t o  make these dec i s ions .  

The a b i l i t y  t o  

. 
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An e x p e r t  system can be developed w i t h  a knowledge base of construction 
management facts, rules of thumb, etc., obtained from experts in the 
field which would then be capable of duplicating the performance of 
these experts. 
utilities with the most successful recent construction projects in 
terms of construction costs. 
provide the construction manager with advice concerning scheduling, 
problem resolution, etc. 

For this task, experts would be sought from the 

In this way the expert system would 

This task could use the NASA sponsored work to develop a similar type 
system for space stations as well as knowledge-based systems 
technology. 

3 .  Control of Nuclear Power Plants 

A major issue that has become increasingly important in recent years is 
to the man-machine interface to properly react to data regarding plant 
status during off-normal and accident conditions. The possibility of 
multiple system failures and incorrect interpretation o f  plant status 
are of major concerns. 
computer use in control of nuclear power plants can successfully 
address these concerns. 

It is felt that new technologies for increased 
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The l o n g  te rm phase of t h e  SA1 focuses on a R&D e f f o r t  w i t h i n  those  areas o f  

A I  techno logy  t h a t  appear t o  have t h e  g r e a t e s t  f i n a n c i a l  b e n e f i t s  t o  t h e  

nuc lea r  i n d u s t r y .  These a r e  longterm,  h i g h  payof f  a c t i v i t i e s .  These areas 

i n c l  ude t h e  devel  opment of: * 

1. An I n t e g r a t e d  Knowledge Base ( I K B )  of nuc lea r  p l a n t  da ta  t h a t  w i l l  
r ep resen t  a l l  aspects  of t h e  p l a n t .  T h i s  w i l l  p r o v i d e  a s i n g l e  

base l i ned  p l a n t  database from which a l l  needed p l a n t  i n f o r m a t i o n  can be 

drawn f o r  a l l  a p p l i c a t i o n s  f o r  c o n s t r u c t i o n  t o  decommissioning. 

2. A Management Dec is ion  Support System (MDSS) t h a t  w i l l  use t h e  I K B  as a 

da ta  source and w i l l  be capable of p r o v i d i n g  e x p e r t  adv i se  concern ing  

managing t h e  e n t i r e  c o n s t r u c t i o n  e f f o r t .  

3. A Design V e r i f i c a t i o n  and V a l i d a t i o n  ( D V & V )  system t h a t  w i l l  suppor t  
a n a l y s i s  and t e s t i n g  o f  t h e  designs. 

4. A Design I n t e g r a t i o n  System ( D I S )  t h a t  w i l l  suppor t  i n t e g r a t i o n  o f  t h e  

des ign,  f a b r i c a t i o n ,  and c o n s t r u c t i o n  e f f o r t s  us ing  a t o t a l  systems 

approach. 

5. An I n t e g r a t e d  P l a n t  Automation ( I P A )  system t h a t  w i l l  use A I  t echno logy  

t o  i n t e g r a t e  t h e  automat ion of a l l  aspects  of power p l a n t  ope ra t i on ,  
maintenance, r e p a i r ,  e t c .  

The SA1 would p r o v i d e  f o r  t h e  development o f  A I  and numeric techniques,  

methods, and systems s u p p o r t i n g  t h e  nuc lea r  i n d u s t r y .  It w i l l  i n c o r p o r a t e  

such techno log ies  as r o b o t i c s ,  modu la r i za t i on ,  advanced sensors and automated 

c o n t r o l  systems as w e l l  as A I .  

Expansion of t h e  Technology T r a n s f e r  e f f o r t s  w i t h i n  DOE w i l l  ensure t h a t  

development r e s u l t i n g  from t h e  SA1 w i l l  be communicated i n  a t i m e l y  f a s h  

anyone who might  b e n e f i t  f r o m  
developments i n  each area w i l  

areas where appl  i cab1 e. 

t h e  

on t o  
t h e i r  use. It w i l l  a l s o  ensure t h a t  

be used t o  b e n e f i t  t h e  developments i n  o t h e r  
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;The Task Team members were chosen from i n d u s t r y ,  u n i v e r s i t i e s ,  and n a t i o n a l  

l a b o r a t o r i e s  and have r e s p o n s i b i l i t y  f o r  A I  programs w i t h i n  t h e i r  r e s p e c t i v e  

o r g a n i z a t i o n s  (see S e c t i o n  I 1  o f  t h i s  r e p o r t ) .  T h i s  p r o v i d e d  f o r  a team o f  

e x p e r t s  i n  t h e  f i e l d  of A I  w i t h  a broad background of exper ience  i n  many areas 
f r o m  research  and development t o  i n d u s t r i a l  a p p l i c a t i o n .  Each member p r o v i d e d  

i n f o r m a t i o n  r e g a r d i n g  A I  p r o j e c t s  ongoing i n  t h e i r  o r g a n i z a t i o n ,  and 

c o n t r i b u t e d  t o  t h e  accumulat ion o f  s i m i l a r  i n f o r m a t i o n  f o r  o t h e r  u n i v e r s i t i e s ,  

n a t i o n a l  l a b o r a t o r i e s  and i n d u s t r y .  (See S e c t i o n  I V  of t h i s  r e p o r t ) .  

The Task Team i d e n t i f i e d  p a r t i c u l a r  work p r o j e c t s  t h a t  shou ld  be performed t o  

a p p l y  A I  t echno logy  t o  t h e  n u c l e a r  industry w i t h  maximum b e n e f i t .  These are 
enumerated i n  t h e  p o t e n t i a l  p r o j e c t s  ( S e c t i o n  111 A of t h i s  r e p o r t ) .  A major  
f a c t o r  i n  t h e  i d e n t i f i c a t i o n  of t h e  s p e c i f i c  work areas was t h e  f i n d i n g  t h a t  

v e r y  l i t t l e  work i n  A I  i s  p r e s e n t l y  o c c u r i n g  t o  meet t h e  needs o f  t h e  n u c l e a r  
i n d u s t r y .  

The Task Team i d e n t i f i e d  s p e c i f i c  g u i d e l i n e s  f o r  a p p l y i n g  A I  t echno logy  w i t h i n  

t h e  n u c l e a r  i n d u s t r y  t o  produce t h e  maximum p o s s i b l e  b e n e f i t s  t o  t h e  i n d u s t r y .  

( S e c t i o n  I11 6 o f  t h i s  r e p o r t ) .  These g u i d e l i n e s  i n c l u d e d  m i n i m i z i n g  t h e  

d u p l i c a t i o n  o f  e f f o r t  so t h a t  t h e  techno logy  i s  developed e f f i c i e n t l y ,  and so 
t h a t  o n l y  t h e  most advanced techniques a v a i l a b l e  w i l l  be used i n  t h e  n u c l e a r  
i n d u s t r y .  

Lessons l e a r n e d  i n  A I  were i d e n t i f i e d  and w i l l  h e l p  t o  a v o i d  p i t f a l l s  which 

o t h e r s  i n  t h e  f i e l d  have encountered. ( S e c t i o n  I11 C o f  t h i s  r e p o r t ) .  

The s p e c i f i c  p r o j e c t s  i d e n t i f i e d  and t h e  u n d e r l y i n g  needs these p r o j e c t s  
s a t i s f y  a re  j udged  t o  be of v e r y  h i g h  importance. Recogniz ing t h e  c u r r e n t  

s t a t e  o f  t h e  n u c l e a r  i n d u s t r y  and t h e  p o t e n t i a l  t h a t  A I  r e p r e s e n t s  t o  b e t t e r  
t h e  s t a t e  of t h e  i n d u s t r y ,  t h e  a p p l i c a t i o n  o f  A I  and o t h e r  advanced computer 

t e c h n o l o g i e s  w i t h i n  t h e  nuc lea r  i n d u s t r y  o f f e r s  a way t o  achieve major c o s t  

sav ings  and p r o d u c t i v i t y  increases.  
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F u t u r e  nuc lea r  power p l a n t s  a re  p r o j e c t e d  t o  be h i g h l y  modular ized,  w i t h  t h e  

p o s s i b i l i t y  o f  seve ra l  p l a n t s  be ing  opera ted  from one c o n t r o l  room. AI-based ’ 
d i a g n o s t i c s  and c o n t r o l  systems can make t h i s  p o s s i b l e  by  t a k i n g  over  t h e  

mundane day t o  day o v e r s i g h t  t a s k s  t h a t  t h e  opera to rs  must per form t o  keep t h e  

p l a n t  runn ing .  

can use these systems t o  do t h e  more s imp le  tasks,  a l l o w i n g  t h e  o p e r a t o r s  t o  
concen t ra te  on t h e  more complex ones. The d i a g n o s t i c s  systems w i l l  enable t h e  

o p e r a t o r s  t o  spend l e s s  t i m e  on a c t u a l  s i g n a l  mon i to r i ng ,  and more t i m e  on 

While s t i l l  m a i n t a i n i n g  c o n t r o l  of t h e  p l a n t ,  t h e  o p e r a t o r s  

c o n t i n u i n g  a c t i v i t i e s  such as i n t e r p r e t a t i o n  of d a t a  compi led over l o n g  

i n t e r v a l s .  

One o f  t h e  more use fu l  aspects of t h e  AI-based systems i s  t h e  a b i l i t y  t o  

e x p l a i n  t h e  reasons f o r  t h e  cho ices  t h e y  have made and t h a t  t h e y  a re  

recommending t o  t h e  opera tors .  
w i t h  n o t h i n g  l e f t  out ,  and a l l o w i n g  t h e  opera to rs  t o  ensure t h a t  no o v e r s i g h t s  

have been made. 
o f  a consensus of many e x p e r t  system opera tors .  

The complete l i n e  o f  l o g i c  can be presented,  

Deduct ions would be pre-checked, and would be r e p r e s e n t a t i v e  

AI systems can h e l p  t o  p r o v i d e  f o r  t h e  redundancy and d i v e r s i t y  which make 

nuc lea r  p l a n t s  as safe as t h e y  are. 

another  system which would use a d i f f e r e n t  approach t o  a r r i v i n g  a t  t h e  

s o l u t i o n  than  t h e  f i r s t  one, and any system would always be checked by  t h e  

o p e r a t o r s  b e f o r e  any th ing  would be done. 

c o n s t a n t l y  mon i to r  p l a n t  f unc t i ons ,  a l t e r i n g  opera to rs  t o  problem c o n d i t i o n s ,  

and r e d u c i n g  t h e  need f o r  des ign  conservat isms.  

Any system developed can be checked by  

Systems can be developed t o  

B. F i n d i n g s  

The f i n d i n g s  i d e n t i f y  work t h a t  shou ld  be done i n  t h e  A I  f i e l d  t o  app ly  t h i s  

techno logy  t o  t h e  nuc lea r  i n d u s t r y .  The f i n d i n g s  a re  d i v i d e d  b a s i c a l l y  i n t o  

two se ts :  
t h e  s h o r t  term, and those t h a t  dea l  w i t h  development o f  A I  t o o l s  and 

those  t h a t  dea l  w i t h  A I  developments f o r  t h e  nuc lea r  i n d u s t r y  i n  

techno log ies  hav ing  ve ry  h i g h  p o t e n t  

w i l l  t a k e  longer  t o  develop. 

a1 f i n a n c i a l  b e n e f i t  t o  t h e  i n d u s t r y  b u t  

The needs, i d e n t i f i e d  as impor tan t  t o  t h e  a p p l i c a t i o n  of A I  t o  t h e  nuc lea r  

i n d u s t r y  i n  t h e  s h o r t  te rm are: 



_?_ 

11 

1. t o  demonstrate t h a t  e x i s t i n g  A I  t echno log ies  can be a p p l i e d  t o  t h e  

n u c l e a r  i n d u s t r y ,  w i t h  r e s u l t a n t  c o s t  sav ings  and p r o d u c t i v i t y  

inc reases .  
t o  show t h a t  when app l ied ,  these techno log ies  can produce s u b s t a n t i a l  

f i n a n c i a l  b e n e f i t  t o  t h e  nuc lea r  i n d u s t r y  across t h e  nuc lea r  p l a n t  l i f e  

- 
2. 

c y c l e .  

t o  p r o v i d e  t e s t i n g  and q u a l i f i c a t i o n  o f  A I  be ing  a p p l i e d  t o  nuc 

p l a n t s .  T h i s  w i l l  be achieved by  t e s t i n g  t h e  techno log ies  deve 

e x i s t i n g  f a c i l i t i e s  such as t h e  F a s t  F l u x  Tes t  F a c i l i t y  (FFTF), 

Exper imenta l  Breeder Reac to r - I1  (EBR-11) ,  and H igh  F l u x  I s o t o p e  

React o r  ( HF I R  1. 

3 .  ear  

oped on 

The l o n g  te rm needs address t h e  development o f  A I  t echno log ies  which: 

1. Have v e r y  h i g h  p o t e n t i a l  f o r  s u b s t a n t i a l  f i n a n c i a l  b e n e f i t  t o  t h e  

nuc lea r  i n d u s t r y ;  

2. Are s p e c i f i c  enough t o  t h e  nuc lea r  i n d u s t r y  t h a t  t h e y  w i l l  most l i k e l y  

n o t  be developed by  o r g a n i z a t i o n s  r e p r e s e n t i n g  any o t h e r  i n d u s t r y ;  and 

3. Are expected t o  have such l o n g  development t imes  t h a t  t h e y  w i l l  n o t  be 

developed by  t h e  nuc lea r  i n d u s t r y  w i t h o u t  t h e  h e l p  o f  t h e  Department of 
E n e r  gy . 

The s h o r t  t e rm needs c o u l d  be met a t  t h e  va r ious  n a t i o n a l  l a b o r a t o r i e s ,  

u n i v e r s i t i e s ,  and p r i v a t e  companies, t e s t e d  a t  t h e  FFTF, HFIR, and E B R - I 1  
f a c i l i t i e s ,  and implemented a t  va r ious  e x i s t i n g  nuc lea r  power p l a n t s .  

way these  p r o j e c t s  can p r o v i d e  t h e  g r e a t e s t  b e n e f i t  t o  t h e  nuc lea r  i n d u s t r y .  

I n  t h i s  

The l o n g  te rm needs, however, w i l l  p r o v i d e  t h e  g r e a t e s t  b e n e f i t  t o  t h e  nuc lea r  

i n d u s t r y  by  be ing  a p p l i e d  t o  t h e  nuc lea r  p l a n t s  p r e s e n t l y  i n  t h e  des ign  stage. 

These a r e  geared toward t h e  t o t a l  p l a n t  concept, f r o m  i n i t i a l  conceptual  

des ign  t o  f i n a l  decommissioning. 

advanced computer techno log ies  developed can be r e a l i z e d  t o  t h e i r  

Here t h e  b e n e f i t s  o f  t h e  A I  and o t h e r  



f u l l e s t  e x t e n t ,  and can c o n t r i b u t e  s i g n i f i c a n t l y  t o  r e d u c i n g  t h e  c o s t  o f  

f u t u r e  n u c l e a r  power p l a n t s  f o r  t h e  very f i r s t  t o  t h e  v e r y  l a s t  stages o f  
design, c o n s t r u c t i o n ,  and opera t i on .  

Shor t  Term Needs --- 

The f o l l o w i n g  s h o r t  t e rm needs c o u l d  be a p p r o p r i a t e l y  met by  a p p l i c a t i o n  o f  A I  
t echno logy  t o  t h e  nuc lea r  i n d u s t r y .  The work should be performed t o  enhance 

t h e  t r a n s f e r  o f  t h e  techno logy  t o  i n t e r e s t e d  p a r t i e s .  

c o o r d i n a t e d  w i t h  t h e  E l e c t r i c  Power Research I n s t i t u t e  (EPRI) t o  f a c i l i t a t e  

t r a n s f e r  o f  t h e  techno logy  t o  t h e  n u c l e a r  u t i l i t i e s .  The FFTF, EBR-11, and 

HFIR r e a c t o r  f a c i l i t i e s  c o u l d  be used as t e s t  beds f o r  development o f  t h e  

r e q u i r e d  s o f t w a r e  packages. Once completed, t hese  so f tware  packages c o u l d  

then be t e s t e d  a t  commercial n u c l e a r  power p l a n t s .  

The work should be 

Task 1.0 - An Exper t  System f o r  Fue l  Loading 

E P R I  has proposed teaming w i t h  DOE t o  develop an e x p e r t  system f o r  f u e l  

l oad ing .  A c e n t r a l  problem o f  f u e l  l o a d  management r e v o l v e s  around 

d e t e r m i n a t i o n  o f  t h e  optimum f u e l  s h u f f l i n g  scheme t o  be used i n  r e -  

c o n f i g u r i n g  t h e  r e a c t o r  co re  d u r i n g  an outage. 

genera l  t o o  crowded t o  a l l o w  o f f - l o a d i n g  o f  an e n t i r e  c o r e  b e f o r e  p u t t i n g  t h e  

nex t  c y c l e  co re  i n  p lace.  

be m o d i f i e d  and developed c o o p e r a t i v e l y  by  DOE and E P R I ,  u s i n g  t h e  techno logy  

o r i g i n a l l y  developed a t  Hanford Eng ineer ing  Development L a b o r a t o r y  (HEDL). 

T h i s  e x p e r t  system would be demonstrated a t  FFTF and t h e n  f i e l d  t e s t e d  a t  a 

Spent f u e l  poo ls  a re  i n  

An e x i s t i n g  e x p e r t  system f o r  f u e l  h a n d l i n g  c o u l d  

commercial nuc lea r  power p l a n t  operated by a p a r t i c i p a t i n g  u t i l i t y .  

Task 2.0 - Management D e c i s i o n  Support  System 

Managing t h e  c o n s t r u c t i o n  o f  a n u c l e a r  power p l a n t  o r  o t h e r  l a r g e  f a c i l i t y  i s  

a complex task .  The a b i l i t y  t o  make d e c i s i o n s  w i s e l y  i s  developed th rough  

yea rs  o f  exper ience, and i s  even then  l i m i t e d  by t h e  a b i l i t y  
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o f  t h e  i n d i v i d u a l  t o  a s s i m i l a t e  a l l  o f  t h e  p e r t i n e n t  data.  

An e x p e r t  system can be developed w i t h  a knowledge base of c o n s t r u c t i o n  

management f a c t s ,  r u l e s  o f  thumb, etc.,  ob ta ined  f r o m  e x p e r t s  i n  t h e  f i e l d  

which would then  be capable o f  d u p l i c a t i n g  t h e  performance o f  t hese  exper ts .  

The e x p e r t  system would p r o v i d e  t h e  c o n s t r u c t i o n  manager w i t h  adv i ce  f o r  how 

t o  handle schedu l ing ,  problem r e s o l u t i o n ,  e t c .  

Technology be ing  developed by  NASA f o r  c o n s t r u c t i o n  o f  Space S t a t i o n .  

- 

T h i s  a c t i v i t y  would use t h e  

Task 3.0 - C o n t r o l  o f  Nuclear  Power P l a n t s  

A major  need t h a t  has become i n c r e a s i n g l y  impor tan t  i n  r e c e n t  yea rs  i s  t o  

assure t h a t  nuc lea r  p l a n t  ope ra to rs  can a s s i m i l a t e  a l l  o f  t h e  necessary d a t a  

and i n f o r m a t i o n  r e g a r d i n g  p l a n t  s t a t u s  t o  a s s i s t  them i n  r e a c t i n g  a p p r o p r i -  
a t e l y  d u r i n g  o f f -no rma l  and acc iden t  c o n d i t i o n s .  Fur thermore,  t h e  p o s s i b i l i t y  

o f  m u l t i p l e  system f a i l u r e s  and i n c o r r e c t  i n t e r p r e t a t i o n  o f  p l a n t  s t a t u s  a r e  

major  concerns. New techno log ies  f o r  automat ic  computer c o n t r o l  of nuc lea r  

power p l a n t s  can s u c c e s s f u l l y  address these concerns. 

Technology f o r  au tomat ic  c o n t r o l  o f  nuc lea r  power p l a n t s  developed by DOE 
c o u l d  be implemented on t h e  E B R - I 1  t e s t  r e a c t o r ‘ s  p r i m a r y  heat  removal system. 
T h i s  c o u l d  l a y  t h e  groundwork f o r  t h e  acceptance o f  t h e  p l a n t  automat ion 

concept .  

Task 4.0 - A r t i f i c i a l  I n t e l l i g e n c e  Suppor t  t o  t h e  Robo t i cs  Tasks 

The A I  suppor t  t o  t h e  r o b o t i c s  tasks  i s  t o  p r o v i d e  t h e  c o n t r o l  so f tware  

necessary t o  p r o v i d e  r o b o t s  w i t h  t h e  a b i l i t y  t o  make d e c i s i o n s  about what t o  

do nex t  w i t h o u t  hav ing  t o  c o n s u l t  w i t h  human opera to rs  f o r  each minor  t a s k  

t h a t  must be performed. 

sec t i ons ,  t h e  development of p a r a l l e l  p rocess ing  and o t h e r  hardware t o  suppor t  

t h e  advanced A I  so f tware  t h a t  would be developed, and t h e  a c t u a l  so f tware  

development. 

i n c r e a s i n g  computer speed so t h a t  t h e  r o b o t s  would be ab le  t o  respond i n  r e a l  

t i m e ,  w h i l e  a major  e f f o r t  i n  t h e  so f tware  development would be expanded i n  

c o m p i l i n g  t h e  necessary knowledge bases f o r  t h e  c o n t r o l  systems developed. 

T h i s  e f f o r t  i s  d iscussed i n  t h e  Robot ics  r e p o r t .  

The A I  e f f o r t  here would be d i v i d e d  i n t o  two b a s i c  

A major  e f f o r t  i n  t h e  hardware devt’opment would be a p p l i e d  t o  



F i n d i n g s  -- f o r  Basic  Research Areas 

The S t r a t e g i c  Automat ion I n i t i a t i v e  should be based on t h e  f i v e  b a s i c  r e s e a r c h  

and development areas i d e n t i f i e s  below a long w i t h  an expansion o f  t h e  

Department o f  Energy Technology T rans fe r  program. F i g u r e  I summarizes these  

p r i o r i t y  e f f o r t s ,  i d e n t i f y  t h e  j u s t i f i c a t i o n  f o r  t h i s  p r i o r i t y ,  and 

g r a p h i c a l l y  shows t h e  p o t e n t i a l  e f f e c t  on i n t e g r a t e d  l i f e  c y c l e  cos t .  

o Nuclear Power P l a n t  I n t e g r a t e d  Knowledge Base ( I K B )  

o Nuclear Power P l a n t  Management Dec is ion  Support  System (MDSS) 

o Nuclear Power P l a n t  Design V e r i f i c a t i o n  and V a l i d a t i o n  System (DVSlV)  

o Nuclear  Power P l a n t  Design I n t e g r a t i o n  System ( D I S )  

o Nuclear Power P l a n t  I n t e g r a t e d  P l a n t  Automat ion ( IPA)  

The I K B  concept i s  a t o t a l  p l a n t  database i n c l u d i n g  a l l  b a s e l i n e  i n f o r m a t i o n  

necessary f o r  comp le te l y  d e f i n i n g  t h e  p l a n t  c o n f i g u r a t i o n  and des ign  d e t a i l s .  

A l l  a p p l i c a t i o n  areas needing p l a n t  i n f o r m a t i o n  w i l l  have access t o  t h i s  

database, p o t e n t i a l l y  e l i m i n a t i n g  problems o r i g i n a t i n g  from m i s i n f o r m a t i o n ,  

use o f  outdated i n f o r m a t i o n ,  o r  improper d a t i n g  of i n f o r m a t i o n  by v a r i o u s  

d i v e r s e  use rs  o f  t h e  same i n f o r m a t i o n .  The IKB,  when completed, w i l l  p r o v i d e  

t h e  database necessary t o  t h e  o t h e r  areas no ted  above. U n t i l  i t  i s  completed, 
each i n d i v i d u a l  a p p l i c a t i o n  w i l l  have i t s  own database. 

The I K B  would be developed u s i n g  A I  t echno logy  such as e n t i t y - r e l a t i o n s h i p  

mode l l i ng ,  and t h e r e f o r e  be c o n s i d e r a b l y  more v e r s a t i l e  than  t h e  c u r r e n t  

databases. The knowledge a c q u i s i t i o n  p o r t i o n  o f  t h i s  p r o j e c t  w i l l  r e q u i r e  

s i g n i f i c a n t  e f f o r t .  
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The MDSS would p r o v i d e  t o o l s  needed t o  a s s i s t  i n  t h e  management o f  t h e  cos t ,  

resource  a l l o c a t i o n ,  schedule, and r e s o l u t i o n  o f  problems of a nuc lea r  power 

p l a n t  p r o j e c t .  Additionally, t he  MDSS would provide the  means for bo th  long 
range p l a n n i n g  and s h o r t  t e rm management of a nuc lea r  power p l a n t  p r o j e c t .  

U n t i l  t h e  IKB techno logy  i s  f u l l y  developed, t h e  MDSS w i l l  have i t s  own 

database. Once t h e  I K B  techno logy  i s  f u l l y  developed i t  w i l l  use t h e  I K B  
developed f o r  a s i m i l a r  p r e v i o u s l y  completed p l a n t  t o  a s s i s t  i n  t h e  

development o f  t h e  i n i t i a l  schedules and c o s t  es t ima tes  f o r  a new p l a n t .  I t  

w i l l  t hen  use t h e  a c t u a l  p l a n t  I K B  f o r  t h e  management o f  t h e  a c t u a l  p l a n t  

c o n s t r u c t i o n .  

. 

The DV&V, DIS,  and I P A  systems w i l l  a l l  use t h e  p l a n t  I K B  t o  pe r fo rm t h e i r  

r e s p e c t i v e  f u n c t i o n s .  

f o r m  a coherent  b a s i s  f o r  I n t e g r a t e d  P l a n t  Automat ion f o r  t h e  f u l l  l i f e  c y c l e  
o f  t h e  p l a n t .  

c o s t  c o n t r o l  , f u e l  management, e t c .  

Other a u x i l i a r y  systems c o u l d  a l s o  be developed t o  

Such systems might  i n c l u d e  systems f o r  l i c e n s i n g ,  o p e r a t i n g  

Expansion of t h e  Technology Trans fer  program ( F i g u r e  11) can p r o v i d e  t h e  
framework f o r  t h e  t r a n s f e r  of A I  techno logy  between government agencies, 

u n i v e r s i t i e s ,  and t h e  p r i v a t e  s e c t o r  t h rough  p a r t i c i p a t i o n  i n  c o o p e r a t i v e  

development p r o j e c t s  and m a i n t a i n  t h e  l i a i s o n  w i t h  the  nuc lear  community. 

F i g u r e  I11 summarizes h i g h  payoff A r t i f i c i a l  I n t e l l i g e n c e  p r o j e c t s  t h a t  can 

p r o v i d e  suppor t  t o  nuc lea r  energy. 



F i g u r e  I 1  

ARTIFICIAL INTELLIGENCE TASK TEAM FINDINGS 
CONCERNING TECHNOLOGY TRANSFER TO THE NUCLEAR INDUSTRY 

i 
F i n d i  ngs 

1. 

2. 

D i s c u s s i o n  

Technol  ogy T rans fe r  Program Var ious  government agencies have a c t i v e  A r t i f i c i a l  
Leverage o f  e x i s t i n g  Government I n t e l l i g e n c e  programs i n  t h e  research  and development o r  
programs i n  N a t i o n a l  Aeronaut ics  a p p l i c a t i o n s  areas. The e s t a b l i s h m e n t  o f  an i n f o r m a l  
and Space A d m i n i s t r a t i o n ,  and work ing  arrangement w i t h  these agenc ies  would p r o v i d e  
v a r i o u s  r e l a t e d  DOD and i n d u s t r y  a communicat ion and techno logy  exchange mechanism. 
a c t i v i t i e s  w i t h  DOE S t r a t e g i c  
Automat ion I n i t i a t i v e .  

Expand t h e  Technology T r a n s f e r  
e f f o r t  t o  i n c l u d e  Technology 
T r a n s f e r  A c t i v i t y  i n v o l v i n g  
u n i v e r s i t i e s  and n a t i o n a l  
l a b o r a t o r i e s  t h a t  suppor ts  t h e  
S t r a t e g i c  Automation I n i t i a t i v e  
and ongoi ng Technol ogy Transfer  
P r  ogr am. 

3. Communicate t h e  r e s u l t s  of t h e  
Task Team Reports. 

The u n i v e r s i t y  and n a t i o n a l  l a b o r a t o r y  based Technology 
T rans fe r  a c t i v i t y  should be o rgan ized  t o  be a b l e  t o  p r o v i d e  
s p e c i f i c  suppor t  t o  t h e  p r o j e c t s  d e f i n e d  i n  t h i s  r e p o r t .  
The mechanism t o  conduct  t h i s  work wou ld  be a 15-20 member 
team w i t h  r e p r e s e n t a t i v e s  f r o m  i n d u s t r y ,  government agencies, 
and n a t i o n a l  l a b o r a t o r i e s .  

The Task Team r e p o r t  shou ld  be communicated t o  t h e  n u c l e a r  
i n d u s t r y  and government agencies. T h i s  communication c o u l d  
be i n  t h e  f o r m  o f  symposiums, p r e s e n t a t i o n s ,  and meetings. 
The Task Team members would be i n v o l v e d  i n  t h e  p l a n n i n g  and 
p resen t  a t  i ons. 

I 
i 
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11. TASK TEAM CHARTER AND MEMBERSHIP 

A. C h a r t e r  

The Task Team on A r t i f i c i a l  I n t e l l i g e n c e  ( A I )  w i l l  assess and e v a l u a t e  a l l  

m a t t e r s  r e l a t e d  t o  A I  programs and s t r a t e g i e s  t h a t  a re  p e r t i n e n t  t o  i t s  use i n  

t h e  Nuclear  I n d u s t r y .  

The Task Team w i l l :  

1. I d e n t i f y ,  rev iew,  and assess A I  work among a l l  o r g a n i z a t i o n s  rep resen ted  

on t h e  Task Team and key l e a d e r s  i n  t h e  f i e l d .  

2. Review t h e  s t a t u s  o f  A I  Technology th rough  an exchange o f  i n f o r m a t i o n  

between o r g a n i z a t i o n s  rep resen ted  on t h e  Task Team, o t h e r  o r g a n i z a t i o n s ,  

and people work ing  a t  t h e  f o r e f r o n t  of t h e  f i e l d .  

3 .  I d e n t i f y  g u i d e l i n e s  f o r  A I  work and a p p l i c a t i o n s .  

4. I d e n t i f y  and r e v i e w  lessons l e a r n e d  so t h a t  ideas and exper iences can be 

used t o  avo id  unnecessary d u p l i c a t i o n  o f  e f f o r t .  

5. I d e n t i f y  and p l a n  s p e c i f i c  work r e q u i r e d  t o  a l l o w  t h e  n u c l e a r  i n d u s t r y  

t o  r e a l i z e  maximum b e n e f i t  f r o m  t h e  technology,  and i d e n t i f y  s p e c i f i c  

proposed mechanisms f o r  i t s  accomplishment, i.e., c o l l a b o r a t i v e  work, 

promot ion o f  work by  techno logy  t r a n s f e r  c o o r d i n a t i o n ,  i d e n t i f y i n g  

government sponsored work, g ran ts ,  e t c .  



20 
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I 
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B. Membership of A r t i f i c i a l  I n t e l l i g e n c e  Task Team 

N arne Address 

Edward E. Purv is ,  I11 

Manager 

A r t i f i c i a l  I n t e l l i g e n c e  

Task Team 

Saundra J. Walmsley 

Coord ina to r  

A r t i f i c i a l  I n t e l l i g e n c e  

Task Team 

U. S. Department of Energy 

O f f i c e  o f  Breeder Demonstrat ions 

P r o j e c t s  

Washington, D.C. 20545 

Westinghouse Advanced Energy 

Systems D i v i s i o n  

Post  O f f i c e  Box 158 

Madison, Pennsylvania 

Pe te r  Papas Westinghouse P r o d u c t i v i t y  and 

Qual  i t y  Center 

Post  O f f i c e  Box 160 

P i t t s b u r g h ,  Pennsylvania 

Pe te r  F aze k as 

A. D. A l l e y  

John Gabr ie l  

Burns and Roe 

800 Kinderkamack Road 

Orade l l ,  New Jersey  07649 

General E l e c t r i c  Corpo ra t i on  

P.O. Box 3508 

Sunnyvale, CA. 94088 

Argonne N a t i o n a l  L a b o r a t o r y  

Mathematics and Computer 
Sc ience D i v i s i o n  

9700 S. Cass Avenue 

Argonne, I L  60439 

. 
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Membership (Cont inued)  
a. . 

A 1  an Walt ar Hanf o r d  Engi neer i ng Devel op- 

ment L a b o r a t o r y  

P.O. Box 1970 
Rich land,  WA. 99352 

Pro f .  E l e c t r i c a l  & Computer 

Eng. D i r e c t o r ,  

Design Research Center  

Carnegie Me l lon  U n i v e r s i t y  

P i t t s b u r g h ,  PA. 15213 



111. TECHNOLOGY EVALUATION 

. 

A. P o t e n t i a l  A p p l i c a t i o n s  

A l i s t  o f  app rox ima te l y  f i f t y  (50) p o t e n t i a l  a p p l i c a t i o n s  o f  s i g n i f i c a n c e  t o  

t h e  n u c l e a r  i n d u s t r y  were i d e n t i f i e d  by  t h e  A I  Task Team and compi led i n  t h e  

n e x t  s e c t i o n  o f  t h i s  r e p o r t .  T h i s  l i s t  was used as t h e  b a s i s  f o r  e v a l u a t i n g  

areas t o  determine where t h e  a p p l i c a t i o n  of A r t i f i c i a l  I n t e l l i g e n c e  techno logy  
c o u l d  be o f  g r e a t e s t  b e n e f i t  t o  t h e  n u c l e a r  i n d u s t r y .  

The l i s t  serves t o  f o c u s  on areas where ongoing A r t i f i c i a l  I n t e l l i g e n c e  
research  i n  u n i v e r s i t y ,  i n d u s t r y ,  and government c o u l d  be a p p l i e d  p o t e n t i a l l y  
by t h e  U n i t e d  S t a t e s  n u c l e a r  i n d u s t r y .  I t  i s  expected t h a t  much o f  t h e  
ongoing research  should be p a r t  o f  t h e  Department of Energy e f f o r t  t o  achieve 

s y n e r g i s t i c  b e n e f i t s  f r o m  t h e  l a r g e  investment  of resources  wor ldwide t h a t  

would u t i l i z e  A r t i f i c i a l  I n t e l l i g e n c e  t o  improve p r o d u c t i v i t y  and produce a 
more c o m p e t i t i v e  i n d u s t r i a l  base. 

The r e s u l t  was t h e  i d e n t i f i c a t i o n  o f  22 key areas of needed work t h a t  would 

a l l o w  t h e  l o n g  te rm m i s s i o n  o b j e c t i v e s  t o  be r e a l i z e d .  



2 3  

I 

P o t e n t i a l  A p p l i c a t i o n s  t o  

I 

Nuclear Power 

DESIGN 

o Lack o f  P l a n t  S t a n d a r d i z a t i o n  

o Volume and Complex i ty  o f  Codes and 
Standards unique t o  t h e  Nuclear 

I ndu s t r y  

o Techn ica l  and S o c i a l  C o n f l i c t s  

o Need f o r  Redundancy 

o D i c t a t e d  R e t r o f i t s  

o I n f o r m a t i o n  R e t e n t i o n  and R e t r i e v a l  

o D e t a i l  Requi red t o  Support  Techn ica l  

Dec is ions  

o P u b l i c  and I n s t i t u t i o n a l  Expec ta t i ons  

o Design I n t e g r a t i o n  (CADICAM)  

o Common Data Base (Techn ica l ,  

M a t e r i a l s  and Cos t )  

o Communications ( I n t e r n a l  and E x t e r n a l )  

o C o n f l i c t  R e s o l u t i o n  

4- .I - - . -  

A p p l i c a t i o n s  of A I  

Shor t  Long TOP 
22 - Term Term 

N/A N/A  

X X 

N /A N / A  

X 

X X X 

X X 

X 

N/A  N / A  

X X X 

X X X 

X X 

X 
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P o t e n t i a l  A p p l i c a t i o n s  t o  

Nuclear  Power (Con t ' d )  

o Economic Requirement f o r  C e r t a i n t y  

i n  Cost, Schedule, and D e p e n d a b i l i t y  

o Procurement Regu la t ions  

o Common Sense 

o H i e r a r c h i c a l  P r i o r i t i e s  

o V e r i f i c a t i o n  o f  Design ( o r  d e c i s i o n )  

I n t e g r i t y  

o Management 

o P lann ing  

o Data Base 

o V e r i f i c a t i o n  and Q u a l i f i c a t i o n  o f  

New Technology and Use 

o Knowledge Base o f  L i c e n s i n g  Procedures 
w/Expert Adv isor  

o I n s t i t u t i o n a l  L i a b i l i t i e s ,  B a r r i e r s  

t o  change. How do we overcome these? 

* Very Long Term 

A p p l i c a t i o n s  o f  A I  

Shor t  Long TOP 
22 - Term - Term 

VLT* 

X X 

N I A  N I A  

X X 

X X 

X X X 

N I A  N I A  

. 
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P o t e n t i a l  A p p l i c a t i o n s  t o  
Nuclear Power (Con'd)  

A p p l i c a t i o n s  of A I  

Shor t  Long TOP 
22 - Term Term 

F AB R I CAT I ON 

o Exper ience feedback and update 

o I l l o g i c a l  f a b r i c a t i o n  s p e c i f i c a t i o n s  

o Data T r a n s m i t t a l  X 

o Q u a l i t y  Assurance X 

o Cyc le Time and I n v e n t o r y  X 

CONSTRUCTION 

o L o g i s t i c s  X 

o P r o d u c t i v i t y  X 

o Shop vs. F i e l d  F a b r i c a t i o n  N/A N / A  

o T im ing  and V e r i f i c a t i o n  o f  Accomplishments N I A  N I A  

STARTUP TESTING 

o T r a i n i n g  

o Personnel Qua l  if i c a t i o n  

o Procedure Generat ion 

X 

X 
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P o t e n t i a l  A p p l i c a t i o n s  t o  

Nuclear  Power (Con t ' d )  

. 
A p p l i c a t i o n s  o f  A I  

OPERATI ON 

o Water Chemist ry  

o Man Machine I n t e g r a t i o n  

o D i  agnos t i cs  of Component/System 

o C r i s i s  Management 

o S i m u l a t i o n  

o Maintenance and Repai r  

o Sensing of p l a n t  c o n d i t i o n  and feedback 

Short 
Term 

N/A 

X 

X 

X 

X 

X 

o V e r i f i c a t i o n  of maintenance performance X 
and i n s p e c t i o n  

GENERIC ISSUES 

o Data Base 

o C o n f l i c t  Reso lu t i on  

X 

o Procedure Generat ion X 

o Diagnos is  X 

o Symbolic/Numeric I n t e r a c t i o n  and M a n i p u l a t i o n  X 

Long 
Term 

N / A  

X 

X 

X 

X 

TOP 
22 - 

X 

X 

X 

X 

X 

X 

X 
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B. G u i d e l i n e s  

1. I d e n t i f i c a t i o n  of Goals and O b j e c t i v e s  

P o t e n t i a l  DOE c o n t r i b u t i o n s  i n  t h e  area o f  A r t i f i c i a l  I n t e l l i g e n c e  ( A I )  were 

i d e n t i f i e d  as: development o f  A r t i f i c i a l  I n t e l l i g e n c e  and numeric techniques,  

methods and systems th rough  r e s e a r c h  and development programs which would be 

h i g h l y  s u p p o r t i v e  of t h e  goa ls  of automat ion of t h e  nex t  g e n e r a t i o n  of 
t e r r e s t r i a l  and space-based n u c l e a r  power systems and p l a n t s .  T h i s  m i s s i o n  
was i d e n t i f i e d  as t h e  S t r a t e g i c  Automat ion I n i t i a t i v e  ( S A I ) .  

The n e x t  g e n e r a t i o n  o f  n u c l e a r  systems w i l l  n e c e s s a r i l y  i n c o r p o r a t e  t h e  

techno logy  developed by  c u r r e n t  research  i n  t h e  area o f  VLSI, A I  Robot ics ,  

Sensors, Supercomputers, Communications, Languages, S t a n d a r d i z a t i o n ,  

M o d u l a r i z a t i o n  as w e l l  as many o t h e r  key techno log ies .  

Whi le  t h e  area o f  A I  i s  o n l y  a p a r t  o f  t h e  o v e r a l l  S t r a t e g i c  Automat ion 
I n i t i a t i v e  ( S A I ) ,  which i n c l u d e s  b o t h  numeric and symbol ic comput ing 

techno logy  research,  i t  does have p o t e n t i a l  f o r  s p e c t a c u l a r  breakthroughs i n t o  

areas p r e v i o u s l y  r e c e i v i n g  l i t t l e  a t t e n t  

2. The S e l e c t i o n  and Screening Process 

Var ious  c r i t e r i a  were i d e n t i f i e d  f o r  t h e  

on by t h e  n u c l e a r  i n d u s t r y .  

s e l e c t i o n  of s p e c i f i c  automat on 
p r o j e c t s  t o  i n c l u d e  i n  t h e  S t r a t e g i c  Automat ion I n i t a t i v e  r e f l e c t i n g  problems 

i n  t h e  areas o f  n u c l e a r  systems development and o p e r a t i o n  i n c l u d i n g :  

requ i remen ts  d e f i n i t i o n ,  p l a n t  design, f a b r i c a t i o n ,  c o n s t r u c t i o n ,  s t a r t - u p  

t e s t i n g ,  ope ra t i ons ,  maintenance, decommissioning, and l i f e  extens ion,  as w e l l  

as g e n e r i c  problems which a re  a p p l i e d  over  m u l t i p l e  areas o f  t h e  l i f e  c y c l e  

process. T h i s  process i s  shown i n  t h e  accompanying F i g u r e  I V  Systemat ic  

S e l e c t i o n  Process. 
The i n i t i a l  c r i t e r i a  i n c l u d e :  

o P r o j e c t s  which remove known impediments t o  t h e  achievement o f  t h e  SA1 
and o v e r a l l  DOE s t r a t e g i c  m i s s i o n  o b j e c t i v e  i n  t e r r e s t r i a l  and space- 

based n u c l e a r  power systems. 
P r o j e c t s  which c o n t r i b u t e  t o  t h e  development o f  unders tand ing  w i t h i n  

t h e  areas o f :  
o 



Figure IV Systematic Selection Process 
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- I n t e l  1 i g e n t  knowledge base management and o r g a n i z a t i o n  
L . - C o n f l i c t  R e s o l u t i o n  

- Procedure Genera t ion  

- System d iagnos is  

- Symbolic/Numeric i n t e r a c t i o n  

o I d e n t i f y  p r o j e c t s  which have nuc lea r  a p p l i c a b i l i t y  i n  b o t h  t h e  s h o r t  

and l o n g  term. 

- Shor t  t e rm goa ls  shou ld  p r o v i d e  meaningfu l  and u s e f u l  t o o l s  t o  t h e  
nuc lea r  i n d u s t r y  u s i n g  c u r r e n t l y  a v a i l a b l e  techno logy  w i t h i n  a f i v e -  

year  t i m e  span. * 

- Long te rm goa ls  shou ld  p r o v i d e  a u s e f u l  b e n e f i t  t o  t h e  nuc lea r  

i n d u s t r y  by  i n c o r p o r a t i o n  o f  s p e c i f i c  t echno log ies  which mature i n  

t h e  A I  f i e l d  over t h e  nex t  t e n  years.  

The sys temat i c  methodology u t i l i z e d  t o  develop t h e  recommendations 

i n c o r p o r a t e d  i n  t h i s  r e p o r t  i n c l u d e d  t h e  f o l l o w i n g  key s teps:  

o Prepare t o p  l e v e l  problem statements 

o Assess l o n g  te rm/shor t  t e rm p o t e n t i a l  
o P r i o r i t i z e  each problem o f  s i g n i f i c a n c e  w i t h i n  t h e  major  c a t e g o r i e s  o f :  

- Requirements D e f i n i t i o n  
- Design 

- F a b r i c a t i o n  

- C o n s t r u c t i o n  

- S t a r t - u p  T e s t i n g  

- Opera t ion  

- Decommissioning 

- L i f e  Ex tens ion  

o S e l e c t  a problem f r o m  each ca tegory  which r e p r e s e n t s  t h e  p o t e n t i a l  f o r  

g r e a t e s t  p a y o f f  t o  t h e  nuc lea r  i n d u s t r y  and pe r fo rm t h e  f o l l o w i n g  

tasks :  

. .- 



- I d e n t i f y  p o t e n t i a l  impact of each s e l e c t e d  problem across m u l t i p l e  

phases (does t h e  problem e x i s t  i n  b o t h  des ign and f a b r i c a t i o n ,  f o r  

i ns tance  1. 
- Rank p o t e n t i a l  importance of s e l e c t e d  problems across e n t i r e  problem 

space as w e l l  as w i t h i n  t h e  s e l e c t e d  s e t  o f  h i g h  p a y o f f  problems. 
- Apply  c r i t e r i a  of 1 )  t e c h n i c a l ,  2 )  p o t e n t i a l  p a y o f f ,  3 )  f e a s i b i l i t y ,  

and 4 )  o p p o r t u n i t y  t o  remove t e c h n o l o g i c a l  b a r r i e r s  th rough  use o f  

R&D which would r e s u l t  f rom breakthroughs i n  t h e  f i e l d  o f  A I  and 

numeric computing, as f o l l o w s :  

. 

Synthesize a p o t e n t i a l  t o p - l e v e l  s o l u t i o n .  

Eva lua te  t h e  p o t e n t i a l  s o l u t i o n  a g a i n s t  d e c i s i o n  screens 

c o n s t r u c t e d  f r o m  b o t h  t h e  A I  comput ing and nuc lea r  impediment 
perspective. 
Determine, analyze, and i d e n t i f y  t h e  p a y o f f  p o t e n t i a l  by  

deve lop ing  l i f e  c y c l e  c o s t  curves and d e t e r m i n i n g  t h e  o v e r a l l  

impact each problem s o l u t i o n  would have on t h e  n u c l e a r  i n d u s t r y .  

Assess t h e  commonal i ty o f  R&D p r o j e c t s  c u r r e n t l y  underway i n  

government, i n d u s t r y ,  and t h e  u n i v e r s i t i e s  t o  determine t h e  

a p p l i c a b i l i t y  t o  s i m i l a r  problems i n  t h e  n u c l e a r  i n d u s t r y .  

o Determine t h e  DOE s p e c i f i c  c o n t r i b u t i o n s  r e q u i r e d  t o  augment t h e  R&D 

e f f o r t s  a l r e a d y  underway on p r o j e c t s  such as t h e  S t r a t e g i c  Defense 

I n i t i a t i v e  ( S D I )  and S t r a t e g i c  Computing I n i t i a t i v e  ( S C I ) .  The 

combinat ion of l eve rage  and DOE sponsored R&D should be combined t o  

meet t h e  o v e r a l l  S t r a t e g i c  Automat ion I n i t i a t i v e .  

o Develop a techno logy  t r a n s f e r  c o s t / b e n e f i t  r a t i o  f o r  each s e l e c t e d  
problem t o  assess t h e  r e l a t i v e  m e r i t s  of each p r o j e c t .  



c e 
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3. C l a s s i f i c a t i o n  o f  P o t e n t i a l  Payo f f  o f  A r t i f i c i a l  I n t e l l i g e n c e  t o  t h e  

Nuc 1 ear  I nd u s t r y  

I n  an at tempt  t o  p r o v i d e  a q u a l i t a t i v e  e s t i m a t e  o f  t h e  p o t e n t i a l  payof f  of 

each of t h e  s e l e c t e d  SA1 p r o j e c t s ,  t h e  Task Team r e q u i r e d  t h e  use of a method 

which p r o v i d e d  a q u i c k  v i s u a l i z a t i o n  o f  t h e  economic impact of A I  t o  t h e  

t y p i c a l  l i f e  c y c l e  c o s t  unique t o  a n u c l e a r  system o r  p l a n t  as shown on t h e  

Figure V "Life Cycle Cost Model." If this figure i s  further examined in terms 
o f  t h e  concept of r e c u r r i n g  and n o n - r e c u r r i n g  c o s t s  as w e l l  as c o s t  breakdowns 

per  phase i n  terms of l a b o r ,  m a t e r i a l ,  and o t h e r  d i r e c t  cos ts ,  seve ra l  use fu l  
obse rva t i ons  can be e x t r a c t e d .  S i m i l a r l y  u s e f u l  i ssues  a re  r a i s e d  by  

examinat ion o f  products ,  t o o l s ,  and a c t i v i t i e s  per phase. 

a. Background: 

o C u r r e n t  p r o j e c t i o n s  f o r  p r o d u c t i v i t y  enhancements i n  s o f t w a r e  

development due t o  A I  are p r e d i c t e d  a t  2-4 (Boehm) and VLSI 

i mprovements by 100- 1000. 

o S i g n i f i c a n t  improvements i n  p r o d u c t i v i t y  can l e a d  t o  a low c o s t  

i n f o r m a t i o n  p rocess ing  system ( e i t h e r  numeric o r  symbo l i c )  which can be 

a p p l i e d  t o  Nuclear Problems. 

I n i t i a l  payo f f s  a re  a v a i l a b l e  by  u s i n g  e x p e r t  systems where a 

c o n s i d e r a b l e  know1 edge base e x i  s t s .  
Compu te r i za t i on  i n  genera l  (no A I )  would p r o b a b l y  l e a d  t o  s i g n i f i c a n t  

c o s t  sav ings th rough  l e s s  t h a n  t h a t  p r o j e c t e d  f o r  A I ,  

appl  i c a t  i ons. 

Software c o s t s  f o r  automat ic  systems a re  n o t  b i g  elements o f  r e c u r r i n g  

costs .  

o 

o 

o Symbolic computing systems a re  s t i l l  r e l a t i v e l y  s low f o r  r e a l - t i m e  

o 

o Software V a l i d a t i o n  and V e r i f i c a t i o n  (V&V) d u r i n g  development and 

t e s t i n g  w i l l  be a b i g  i s s u e  on t h e  nex t  g e n e r a t i o n  o f  automated 

p l  ants.  

As a r e s u l t  o f  p u t t i n g  t h e  d e c i s i o n  t o  u t i l i z e  A I  i n  t h e  c o n t e x t  o f  t h e  

l i f e  c y c l e  curve,  t h e  f o l l o w i n g  obse rva t i ons  a re  i n t u i t i v e l y  obv ious ( b u t  

n o t  r i g o r o u s l y  developed):  
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b. Observat ions:  

- 
o La rge  o p p o r t u n i t y  e x i s t s  t o  extend p l a n t  l i f e  by u s i n g  low c o s t  

i n f  ormat i on systems. 

o The use of low c o s t  i n f o r m a t i o n s  systems t e n d  t o  reduce development 

c o s t  and reduce development t i m e  ( t i m e  i s  money). 

o The use o f  low c o s t  i n f o r m a t i o n  systems t o  enhance p l a n t  o p e r a t i n g  

performance s h i f t s  t h e  breakeven p o i n t  t o  t h e  l e f t  and inc reases  
p r o f i t a b i l i t y .  

automat ion w i l l  reduce manpower requi rements.  

Major sav ings across t h e  board a r e  r e a d i l y  ach ievab le  by  i n f o r m a t i o n  

systems (numer ic /symbol ic)  by r e d u c t i o n  o f  l a b o r .  

o Through use o f  i n f o r m a t i o n  systems f r o m  t h e  o u t s e t  as an element o f  

design, p o t e n t i a l  r e d u c t i o n s  a re  p o s s i b l e  i n  des ign  margins 
r e - s p e c i f i c a t i o n  (no te :  t h e  key i s  t o  i n d i c a t e  t o  t h e  des igne r  t h a t  

t h e  i n f o r m a t i o n  system i s  a v a i l a b l e  as a low c o s t  i n t e l l i g e n t  

processor  which i s  r e l i a b l e  and can, t h rough  proper  implementat ion and 

t e s t i n g ,  e l i m i n a t e  t h e  need f o r  o v e r - s p e c i f i c a t i o n ,  and conserva t i sm 

i n  des ign ) .  

Perhaps an i n d i c a t i o n  o f  t h e  degree o f  conservat ism,  which i s  b u i l t  i n ,  

becomes apparent when t h e  l i f e  e x t e n s i o n  concept i s  examined 
c a r e f u l l y .  I n  o t h e r  words, i s  t h e r e  an advantage i n  r e d u c i n g  margins,  
which w i l l  c e r t a i n l y  a f f e c t  f i n a l  wearout, i n  o rde r  t o  reduce t h e  

o v e r n i g h t  c o s t  o f  t h e  n t h  u n i t ?  

DOE moves i n t o  t h e  modular arena. 

The new modular des igns r e q u i r e  t h e  use o f  automat ion t o  reduce 

o p e r a t i o n a l  s t a f f  s i z e  and a l l o w  t h e  goal  o f  a s i n g l e  c o n t r o l  room w i t h  

a reasonab ly  s i z e d  s t a f f  t o  be r e a l i z e d .  

development o f  o p e r a t o r / m a i n t a i n e r  a i d s  and would s i g n i f i c a n t l y  change 

t h e  shape o f  t h e  p r o f i t a b i l i t y  curve. 

Use o f  A I  o r  computer techniques and t o o l s  d u r i n g  development shou ld  

have a s i g n i f i c a n t  impact on t h e  o v e r n i g h t  c o s t  o f  t h e  n t h  u n i t ,  s i n c e  

these  development c o s t s  a re  t y p i c a l l y  recove red  by  t h e  manufacturer  and 

a re  i n c o r p o r a t e d  i n t o  t h e  p r o d u c t i o n  c o s t  f o r  each one. 

o The use of i n f o r m a t i o n  systems i n  t h e  o p e r a t i o n  phase th rough  

o 

o 

Th is  becomes p a r t i c u l a r l y  i m p o r t a n t  as 

o 

o A I  techniques would be p a r t i c u l a r l y  u s e f u l  i n  e x i s t i n g  LWR's i n  t h e  

o 



4.  Needed A c t i v i t i e s  

The f i r s t  t a b l e  i d e n t i f i e s  p a y o f f  p o t e n t i a l  and c o n t a i n s  t h e  f i v e  h i g h e s t  

p r i o r i t y  work areas, a long w i t h  a b r i e f  d e s c r i p t i o n  o f  t h e  areas and t h e  

p r i n c i p a l  j u s t i f i c a t i o n  f o r  t h e i r  s e l e c t i o n .  F i n a l l y ,  t h e  p o t e n t i a l  impact o f  

each work area on improv ing  t h e  i n t e g r a t e d  l i f e  c y c l e  c o s t  i s  q u a l i t a t i v e l y  

sketched. 

The i n t e g r a t e d  Knowledge Base i s  b e l i e v e d  t o  have a p o s i t i v e  e f f e c t  t h roughou t  

t h e  l i f e  c y c l e .  The Management Dec is ion  Support Systems approach would have 

maximum impact  on reduc ing  c o n s t r u c t i o n  c o s t s  p r i n c i p a l l y  by  reduc ing  

c o n s t r u c t i o n  and l i c e n s i n g  t ime.  A major  e f f o r t  t o  develop a Design 

V e r i f i c a t i o n  and V a l i d a t i o n  approach would a c t u a l l y  c o s t  more e a r l y  i n  t h e  

l i f e  c y c l e ,  b u t  t h i s  i s  expected t o  r e s u l t  i n  a sho r te r  c o n s t r u c t i o n  t i m e  and 
c o n s i d e r a b l y  enhanced p u b l i c  conf idence i n  t h e  design. The Design I n t e g r a t i o n  
t h r u s t  would a l l o w  t h e  syn thes i s  o f  new designs,  s t a r t i n g  from b a s i c  p r o j e c t  

requi rements,  i n  a h i g h l y  e f f i c i e n t  fash ion.  As such, b o t h  s h o r t e r  

c o n s t r u c t i o n  t imes and extended p l a n t  l i f e  shou ld  r e s u l t .  

I n t e g r a t e d  P l a n t  Automat ion approach would p r i n c i p a l l y  i n f l u e n c e  t h e  p l a n t  

c a p a c i t y  f a c t o r  as w e l l  as ex tend ing  p l a n t  l i f e .  Both  r e s u l t  i n  s u b s t a n t i a l l y  

improved n e t  cash p o s i t i o n s .  

F i n a l l y ,  t h e  

I n  a d d i t i o n  t o  t h e  c o s t  improvements o u t l i n e d  above, i n c o r p o r a t i n g  A I  

techn iques  w i l l  l ead  t o  enhanced p l a n t  r e l i a b i l i t y  and sa fe ty .  

a success fu l  Design V e r i f i c a t i o n  and Val  i d a t i o n  e f f o r t  shou ld  markedly  improve 

system r e l i a b i l i t y .  

i n t e r a c t i n g  w i t h  t h e  I n t e g r a t e d  Knowledge Base w i l l  a l l o w  e a r l y  r e c o v e r y  f r o m  

o f f -no rma l  p l a n t  c o n d i t i o n s  a v o i d i n g  acc iden ts  which c o u l d  o the rw ise  r e s u l t  i n  

s u b s t a n t i  a1 consequences. 

For  ins tance,  

L ikewise ,  t h e  I n t e g r a t e d  P l a n t  Automat ion i n i t i a t i v e  

F i g u r e  I 1  (Page 14A) i d e n t i f i e s  t h e  r e q u i r e d  techno log ies  t o  suppor t  t h e  f i v e  

h i g h  p r i o r i t y  work areas as w e l l  as t h e  p o t e n t i a l  impediments t o  ach iev ing  

success. The techno logy  areas a re  c a t e g o r i z e d  accord ing  t o  a r e c e n t  I E E E  
Spectrum a r t i c l e  ( I E E E  Spectrum ZO(11): 45,  November 1983). The impediments 

a re  subd iv ided  i n t o  t e c h n i c a l  problems gener i c  t o  A r t i f i c i a l  I n t e l l i g e n c e  and 

problems p a r t i c u l a r  t o  t h e  nuc lea r  i n d u s t r y .  
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The SA1 work areas c o u l d  be focused on des igns such as t h e  i n n o v a t i v e  LMR 

designs, modular gas r e a c t o r ,  and key space based n u c l e a r  programs such as t h e  

- SP-100 and p o s s i b l y  t h e  mult i -megawatt  r e a c t o r s  (which a re  c r i t i c a l  t o  t h e  

o v e r a l l  success o f  t h e  major m i s s i o n  f o r  NASA and t h e  m i l i t a r y  

The new p r o j e c t s  e n v i s i o n e d  i n  modular LWR by E P R I  and t h e  u t i  

p o t e n t i a l l y  have t h e  same needs as t h e  S A I .  I t  i s  a p p r o p r i a t e  
augmenting t h e  c u r r e n t  m iss ions  o f  t h e  two DOE r e a c t o r s ,  E B R - I  

community). 
i t i e s  

t o  cons ide r  

and FFTF, t o  

p r o v i d e  r e a l - w o r l d  t e s t i n g  o f  t h e  SA1 techno logy  packages which a r e  generated, 

as t h i s  w i l l  add c r e d i b i l i t y  t o  t h e  c a p a b i l i t i e s  a d v e r t i s e d  f o r  t h e  packages 

developed. 

C. Overview of Lessons Learned b y  t h e  A r t i f i c i a l  I n t e l l i g e n c e  Task Team 

A I  can c o n t r i b u t e  t o  s i g n i f i c a n t  c o s t  r e d u c t i o n s  i n  t h e  n u c l e a r  i n d u s t r y .  

Organ iza t i ons  rep resen ted  on t h e  team as w e l l  as many o f  t h e  i n d u s t r i e s  

c o n s u l t e d  were a c t i v e l y  engaged i n  A I  i n i t i a t i v e s .  However, r e l a t i v e l y  l i t t l e  

work i n  A r t i f i c i a l  I n t e l l i g e n c e  i s  c u r r e n t l y  i n  use i n  t h e  n u c l e a r  i n d u s t r y .  

The Department o f  Energy can f a c i l i t a t e  t h e  communication o f  government agency 

developments i n  A r t i f i c i a l  I n t e l l i g e n c e  t o  t h e  n u c l e a r  community. The f u l l  

promise o f  A I  can o n l y  be r e a l i z e d  when some o f  t h e  gener i c  research  concerns 

i n  t h e  f o l l o w i n g  areas have been r e s o l v e d :  

1. Data base management and o r g a n i z a t i o n .  
2. C o n f l i c t  r e s o l u t i o n .  

3. Procedure generat  i on. 
4. System d iagnos is .  

5 .  Symbolic and numer ica l  program i n t e g r a t i o n .  

A d d i t i o n a l  areas t o  be more f u l l y  understood have d i r e c t  a p p l i c a b i l i t y  t o  b o t h  

s h o r t -  and long - te rm a p p l i c a t i o n s :  

o A I  adds c o s t  and p o t e n t i a l  r i s k  t o  development programs 

o Payo f f  and p o t e n t i a l  r i s k  i nc rease  w i t h  t h e  i n t e l l i g e n c e  q u o t i e n t  

( I Q > o f  t h e  a p p l i c a t i o n .  

( r e 1  a t  i v e  1. 
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- The lowes t  l e v e l  IQ i s  rep resen ted  b y  t h e  c u r r e n t  s h a l l o w  e x p e r t  

system a p p l i c a t i o n s  which r e p r e s e n t  r e l a t i v e l y  near t e r m  u t i l i t y -  

t o  t h e  n u c l e a r  i n d u s t r y ,  i n c l u d i n g  r e t r o f i t s  i n  t h e  e x i s t i n g  LWR 

i n d u s t r y .  

- a m i d - l e v e l  IQ e x i s t s  f o r  a p p l i c a t i o n s  such as 

which a re  rep resen ted  by  r e l a t i v e l y  unbounded 

e x p e r t  a d v i s o r s  

rob lem domains. 

- t h e  h i g h e s t  IQ i s  r e q u i r e d  o f  A I  a p p l i c a t i o n s  which must deal  

w i t h  a l a r g e  amount o f  u n c e r t a i n t y .  Many A I  t echn iques  a re  

under development, b u t  c u r r e n t l y  do n o t  e x i s t  i n  t h i s  area. I t  

i s  p o s s i b l e  t h a t  t h e  advent o f  i n t e l l i g e n t  knowledge bases w i l l  
a l l o w  automated reasoners t o  e x p l i c i t l y  s o l v e  many of t h e  

problems t h a t  c u r r e n t l y  appear t o  be i n t r a c t a b l e .  

o Knowledge b o t t l e n e c k s  r e p r e s e n t  o p p o r t u n i t i e s  t o  use A I  methods and 

techniques th rough  t h e  a b i l i t y  t o  l eve rage  e x i s t i n g  knowledge more 

w i d e l y  and e f f e c t i v e l y .  

o C u r r e n t  knowledge i n  e x p e r t  systems and n a t u r a l  language p rocess ing  

i s  a v a i l a b l e  now. However, t h e  systems a re  p a r t i c u l a r l y  s h a l l o w  a t  

t h i s  t ime. 

o The sheer s i z e  o f  many o f  t h e  a p p l i c a t i o n s  i n  t h e  n u c l e a r  i n d u s t r y  
and t h e  f l e d g l i n g  s t a t e  o f  t h e  c u r r e n t  t echno logy  make i t  r i s k y  t o  

promise near- term p a y o f f  on many e x p e r t  system a p p l i c a t i o n s .  

o Symbolic comput ing systems a re  s t i l l  r e l a t i v e l y  f r a g i l e  f o r  r e a l -  
t i m e  n u c l e a r  appl  

o There remains t h e  

comp le te l y  c o n t r o  

c a t i o n s .  

problem o f  user  acceptance of AI techniques f o r  

l i n g  any aspect of t h e  o v e r a l l  n u c l e a r  p l a n t  l i f e  I 

, 
c yc le .  
A I  technology i n  t h e  form of e x p e r t  system adv iso rs ,  i.e., ask t h e  
AI system whether a s p e c i f i c  course of a c t i o n  i s  acceptable,  r a t h e r  

One way around t h i s  problem may be t o  emphasize near- term I 
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than  r e q u i r i n g  t h e  AI system t o  choose a course. 

same techno logy  i s  r e q u i r e d  i n  e i t h e r  case, b u t  t h e  adv i so r  

approach m a i n t a i n s  a sense o f  human c o n t r o l .  

advantage o f  n o t  r e q u i r i n g  t h e  AI system t o  be complete ( a s  would 

be t h e  case i f  course s e l e c t i o n s  were mandated). 

E s s e n t i a l l y  t h e  

It has t h e  f u r t h e r  

. ... . 
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I V  DEVELOPMENTS UNDERWAY AND CONTACTS 

. 
A. Team Member and N a t i o n a l  L a b o r a t o r y  A r t i f i c i a l  I n t e l l i g e n c e  Programs 

1. Argonne N a t i o n a l  L a b o r a t o r y  

A c t i v i t i e s  i n  t h e  A I  f i e l d  w i t h i n  ANL a re  o rgan ized  under s p e c i f i c  people.  
These people, a long w i t h  t h e  e f f o r t s  ongoing under them, a re  enumerated 

below. T h i s  i n f o r m a t i o n  was p r o v i d e d  by  J. G a b r i e l .  

a. I n d i v i d u a l s  I n v o l v e d  

J. R. G a b r i e l  i s  c u r r e n t l y  work ing  on Automated D i a g n o s t i c i a n s  f o r  Nuclear  
P l a n t  subsystems, i n c l u d i n g  r e l a y  s a f e t y  i n t e r l o c k s  a t  t h e  E B R - I 1  r e a c t o r .  

Other a c t i v i t i e s  i n c l u d e  implement ing PROLOG, and i d e n t i f y i n g  work needs 

t o  improve p r o d u c t i v i t y  i n  des ign  and manufacture o f  l a r g e ,  complex 

f a c i  1 i t i  es. 

E. L .  Lusk i s  a p r i n c i p a l  des igner  and implementor of L o g i c  Machine 

A r c h i t e c t u r e  (LMA), a so f tware  system f o r  Automated I n f e r e n c i n g .  

a c t i v i t i e s  i n c l u d e  implement ing PROLOG, p o r t a b l e  programming methods f o r  

p a r a l l e l  computers, e s p e c i a l l y  i n f e r e n c e  sof tware,  u s i n g  Automated 

I n f e r e n c i n g  techniques i n  Nuclear P l a n t  a p p l i c a t i o n s ,  implement ing E x p e r t  

Systems, database t h e o r y  and design, and c o u p l i n g  o f  databases t o  

reason ing  systems. 

Other 

R. A. Overbeek p layed  a major r o l e  i n  t h e  development o f  t h e  a r c h i t e c t u r e  

o f  LMA, as w e l l  as implement ing i t .  He was a major c o n t r i b u t o r  t o  t h e  

AURA des ign and implementat ion,  and t o  t h e  implementat ion o f  PROLOG f o r  

p a r a l l e l  machines. A co-author  w i t h  E. C .  

e n s u r i n g  so f tware  p o r t a b i l i t y  i n  p a r a l l e l  p rocess ing  environments,  he a l s o  

i s  an a u t h o r i t y  on databases. 

Lusk on t h e  methods f o r  
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6. T. Smith was a co-developer w i t h  R. A .  Overbeek and E. L. Lusk o f  AURA, 
an automated reason ing  system which has been under development s i n c e  t h e  

1960's. AURA uses reason ing  s t r a t e g i e s  i n v e n t e d  by  Overbeek, Wos, and 

o the rs .  C u r r e n t l y ,  h i s  work i n v o l v e s  p r o o f  o f  p r o p e r t i e s  f o r  computer 

hardware and so f tware  w i t h  an even tua l  o b j e c t i v e  o f  making unequivocal  

s ta tements concern ing  w e l l  d e f i n e d  aspects o f  system r e l i a b i l i t y .  

L. T. Wos has d i s t i n g u i s h e d  h i m s e l f  i n  t h e  f i e l d  o f  Automated Reasoning 

w i t h  h i s  i n v e n t i o n  o f  v a r i o u s  reason ing  s t r a t e g i e s .  E d i t o r - i n - C h i e f  o f  

t h e  Jou rna l  o f  Automated Reasoning, h i s  p r i n c i p a l  concern i s  w i t h  t h e  

development and use o f  new i n f e r e n c e  s t r a t e g i e s  for d i f f i c u l t  problems. 
Wos and S. Winker j o i n t l y  r e c e i v e d  t h e  American Mathematical  S o c i e t y  p r i z e  

f o r  c u r r e n t  achievements i n  Automated Theorem Prov ing  i n  January o f  1983 
f o r  t h e i r  s o l u t i o n  o f  open problems i n  pure mathematics and l o g i c  u s i n g  

t h e  AURA automated reason ing  system. 

b. Summary o f  Automated Reasoning Research & A p p l i c a t i o n s  

The Mathematics and Computer Science D i v i s i o n  (MCSD) c a r r i e s  o u t  b a s i c  

r e s e a r c h  i n  Automated I n f e r e n c e ,  and conducts c o l l a b o r a t i v e  work w i t h  

c l i e n t  o r g a n i z a t i o n s  t o  h e l p  use t h e  r e s u l t s  o f  t h e  research,  and h e l p  

dec ide how t o  make work most u s e f u l  i n  meet ing pe rce i ved  needs i n  t h e  

Energy and Defense I n d u s t r i e s .  

Other MCSD r e s p o n s i b i l i t i e s  e x i s t  f o r  Sof tware Engineer ing,  Numerical  

Methods, and A p p l i e d  Ana lys i s .  

o f  methods f o r  numeric and symbol ic  computat ion on t h e  n e x t  g e n e r a t i o n  of 

computers - b o t h  supercomputers and s u b s t a n t i a l  personal  w o r k s t a t i o n s .  

O f  p a r t i c u l a r  concern i s  t h e  development 

Because good s o f t w a r e  o u t l a s t s  seve ra l  genera t i ons  o f  comput ing hardware 

we almost always have p o r t a b i l i t y  between machines o f  v a r i o u s  s i z e s  and 

a r c h i t e c t u r e s  as p a r t  o f  any o t h e r  o b j e c t i v e s ,  I t  i s  becoming c l e a r  t h a t  

t h e  r a p i d  development o f  w i d e l y  d i f f e r e n t ,  v e r y  f a s t  computer systems w i l l  

make system p o r t a b i l i t y  a lmost a p r e r e q u i s i t e  f o r  so f tware  development 

c o s t  r e c o v e r y  and system r e l i a b i l i t y  over t h e  nex t  h a l f  decade o r  decade. 



The E B R - I 1  d i v i s i o n  i n  Idaho and t h e  FFTF r e a c t o r  a t  Hanford are  main 

c l i e n t s  f r o m  i n s i d e  DOE. 

Bas ic  Research i n  MCSD i s  funded th rough t h e  A p p l i e d  Mathemat ica l  Science 

Program, managed by  t h e  S c i e n t i f i c  Computing s t a f f  o f  t h e  O f f i c e  o f  Energy 

Research . 
C o l l a b o r a t i v e  work i s  u s u a l l y  begun w i t h  funding m a i n l y  f r o m  b a s i c  

research.  Funding f r o m  t h e  c l i e n t  need be o n l y  enough t o  demonstrate 

se r ious  i n t e r e s t  u n t i l  i t  becomes c l e a r  t h e  work has p o t e n t i a l  t o  meet 

r e a l  needs. Once t h i s  has been e s t a b l i s h e d ,  t h e  o b j e c t i v e  becomes t o  

t r a n s f e r  t h e  techno logy  t o  t h e  c l i e n t  so t h a t  work may be f i n i s h e d  i n  a 

con tex t  o f  knowledge of t h e  problem domain. The c l i e n t  i s  expected t o  
cover  most o f  t h e  c o s t  o f  t h e  techno logy  t r a n s f e r ,  and t h e  c o s t  o f  any 

subsequent he lp  and c o n s u l t a t i o n  f r o m  MCSD. 

C o l l a b o r a t i v e  p r o j e c t s  a re  be se lec ted  c a r e f u l l y ,  f o r  each one must be 

d i f f i c u l t  enough t o  j u s t i f y  b a s i c  research,  and y e t  easy enough t o  have a 

chance of success; t h e r e  are  many e i t h e r  t o o  easy o r  t o o  d i f f i c u l t .  

a d d i t i o n ,  any c o l l a b o r a t i v e  venture  must meet requi rements f r o m  management 

t h a t  t h e  p r o j e c t  w i l l  improve a b i l i t y  t o  do work i n  t h e  MCSD domain, and 
be o f  use i n  a s i g n i f i c a n t  f o r e i g n  domain. 

I n  

c. Present  Work i n  Automated In fe rence  

MCSD i s  m a i n l y  concerned w i t h  va r ious  means t o  o b t a i n  severa l  o rde rs  o f  

magnitude more speed i n  systems do ing  deep in fe rence.  Th is  i s  because 

improvements t h i s  l a r g e  c o u l d  l ead  t o  unforeseen new uses o f  deep 

in fe rence ,  as w e l l  as making e x i s t i n g  uses more p r a c t i c a b l e  on l a r g e  p ro -  

b l  ems. 

Several  methods are  be ing  used t o  g a i n  execu t ion  speed. The DENELCOR HEP 
i n s t a l l e d  i n  t h e  Advanced Computing Research F a c i l i t y  a t  Argonne i s  be ing  

used t o  determine t h e  p o s s i b l e  p a r a l l e l i s m  present  i n  v a r i o u s  k inds  of 

i n f e r e n c e  problems. The e i g h t  processor  LEMUR b u i l t  by  High Energy 

Phys ics D i v i s i o n  w i t h  h e l p  from MCSD, a re  be ing  used t o  i n v e s t i g a t e  
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p o r t a b i l i t y  between two w i d e l y  d i f f e r e n t  exper imenta l  computer 

a r c h i t e c t u r e s .  Exper iments a re  a l s o  b e i n g  done u s i n g  o t h e r  h i g h  . performance computers such as t h e  Cray X-MP. 

(1) Para1 l e 1  Process ing and SuperComputers 

The research  on p a r a l l e l  p rocess ing  and i n f e r e n c e  depends on use of t h e  

Argonne ex tens ions  t o  David Warren's a b s t r a c t  machine f o r  PROLOG 

implementat ion.  I t  seems l i k e l y  t h a t  t hese  ex tens ions  can be adopted t o  
suppor t  r e s o l u t i o n  based theorem p rov ing .  

q u i t e  o o s e l y  coupled m u l t i p r o c e s s o r  a r c h i t e c t u r e s  m igh t  be t h e  systems o f  

c h o i c e  i n  s u p p o r t i n g  t h e  l a r g e  numbers o f  c o l l a b o r a t i n g  e x p e r t  systems 

probab y needed t o  comp le te l y  automate most o f  Nuclear Steam Supply System 

(NSSS)  des ign and c o n s t r u c t i o n .  

Warren a b s t r a c t  machine c o u l d  a l s o  suppor t  h i g h  performance LISP systems. 

Because o f  t hese  t h i n g s ,  t h e  ANL Warren machine seems l i k e l y  t o  be an 

i m p o r t a n t  t o o l  f o r  e n s u r i n g  so f tware  p o r t a b i l i t y  between d i f f e r e n t  f a m i l i e s  o f  

h i g h  performance computers and across t i m e  i n t e r v a l s  o f  t h e  o r d e r  o f  a 
decade . 

I f  t h i s  t u r n s  o u t  t o  be t h e  case, 

There a re  good grounds t o  b e l i e v e  t h a t  t h e  

Another i n v e s t i g a t i o n  hoped t o  improve performance of deep i n f e r e n c e  systems 

uses new h i g h  l e v e l  s t r a t e g i e s  l i k e  l i n k e d  i n f e r e n c e  t o  postpone d e c i s i o n s  
about pa ths  i n  a s o l u t i o n  space w h i l e  t h e  space i s  be ing  l o c a l l y  explored.  

T h i s  i s  a " h i g h - l e v e l "  approach i n  t h e  same c l a s s  as w e i g h t i n g  and s e t  o f  

suppor t  s t r a t e g i e s ,  i n  t h a t  i t  t r i e s  t o  f i n d  t h e  b e s t  way t o  approach a 

problem w i t h o u t  do ing  t o o  much b a c k t r a c k i n g .  

force" method o f  deve lop ing  b e t t e r  hardware and more e f f i c i e n t  comp i le rs  o r  

i n t e r p r e t e r s .  

I t  c o n t r a s t s  w i t h  t h e  " b r u t e  

( 2 )  The Present  S t a t e  o f  t h e  Computat ional  A r t  

As an example o f  what can be done w i t h  t h e  b r u t e  f o r c e  approach, a yea r  ago 
David Warren l i s t e d  t h e  Symbolics LISP machine, and C-PROLOG on t h e  VAX 11/780 

as t y p i c a l  o f  t h e  s lower  commercial systems r u n n i n g  about 1.5K L o g i c a l  

In ferences pe r  second. 

43K LIPS, an I B M  3033 achieved 27K LIPS. 

A DEC 2060 r u n n i n g  a Warren PROLOG comp i le r  achieved 



Today, a year  l a t e r ,  t h e  11/780 achieves 24K LIPS u s i n g  a Warren system. 
ANL exper imenta l  p o r t a b l e  Warren engine, w i t h  some compromises f o r  use on 

p a r a l l e l  machines, and w i t h o u t  t h e  use of methods p r o p r i e t a r y  t o  QUINTUS, 

achieves about 10K LIPS on an 11/780. 

improvements should be t h e  concern of commercial vendors. The Warren/QUINTUS 

system on a SUN w o r k s t a t i o n  achieves 18K LIPS. 

The 

. 
T h i s  c o u l d  be improved, b u t  such 

A s p e c i a l  purpose machine i s  expected t o  be announced soon by  NEC hav ing  a 

speed of about 375K LIPS, o t h e r  manufacturers from Japan are  expected t o  

f o l l o w  i n  due course, and we a re  d i s c u s s i n g  ways t o  achieve between 200K and 

lOOOK LIPS i n  a system almost ab le  t o  f i t  on a desktop. 

( 3 )  Coord i  n a t  i ng Mu 1 t i  p l  e Processes 

The problem of managing m u l t i p l e  p rocessors  i n  an M I M D  ( M u l t i p l e  I n s t r u c t i o n  

Stream, M u l t i p l e  Data Stream) supercomputer i s  s t r o n g l y  r e m i n i s c e n t  o f  t h e  

task  o f  c o o r d i n a t i n g  t h e  work of seve ra l  teams of eng ineers  t o  pe r fo rm a 

design. For  t h i s  reason perhaps, p rogress  on t h e  computing problem may shed 
l i g h t  on b u i l d i n g  e x p e r t  systems t o  s o l v e  t h e  management problem. 

A l though i t  i s  o b v i o u s l y  unreasonable t o  expect  conven t iona l  so f tware  opera t -  

i n g  system designs t o  c o n t r i b u t e  i n  t h i s  area, workers a t  I m p e r i a l  Co l l ege  

London have proposed use of languages a l r e a d y  used i n  b u i l d i n g  Exper t  Systems 

as systems programming languages f o r  l a r g e  p a r a l l e l  computers. S ince these  

languages b r i n g  w i t h  them b u i l t  i n  c a p a b i l i t i e s  f o r  managing r e l a t i o n a l  da ta-  
bases, and f o r  l o g i c a l  i n fe rence ,  i t  does n o t  seem unreasonable t o  hope t h a t  

t h e i r  use i n  computing i n  t h e  nex t  f i v e  yea rs  w i l l  shed h e l p f u l  l i g h t  on t h e i r  

use i n  automated management f i v e  yea rs  f r o m  now. 

d. C o l l a b o r a t i v e  Work 

(1) Work w i t h  EBR- I1  and C.S. Draper L a b o r a t o r i e s  

The l a r g e s t  c o l l a b o r a t i o n  a t  p resen t  i s  w i t h  t h e  E B R I I  d i v i s i o n  i n  Idaho, and 
C.S. Draper L a b o r a t o r i e s  i n  Boston. F a i l u r e  o f  a number o f  t h e  f lowmeters  i n  

t h e  p r i m a r y  l oop  o f  t h e  E B R - I 1  r e a c t o r ,  and t h e  p rospec t  of more f a i l u r e s ,  

n e c e s s i t a t e s  even tua l  development o f  i n d i r e c t  means f o r  measuring sodium f l o w .  
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One method be ing  i n v e s t i g a t e d  i s  computat ion o f  t h e  f l o w  f r o m  measurements o f  

pump motor parameters such as RPM, c u r r e n t ,  and e l e c t r i c a l  o r  mechanical 

horsepower developed b y  t h e  a l t e r n a t o r  d r i v i n g  t h e  pump motor, o r  by  t h e  pump 

motor i t s e l f .  Other  p l a n t  parameters such as d i f f e r e n t i a l  tempera ture  across 

t h e  r e a c t o r ,  and v a r i o u s  pressures  i n  t h e  p r i m a r y  l oop  are  a l s o  measurable. 

The problem i s  t o  develop a r e l i a b l e  l o s s  o f  f l o w  t r i p  f r o m  t h i s  data. 

t h i s  m u l t i p l e  sensors and m u l t i p l e  computers a re  used. However a l l  t h r e e  o r  

f o u r  computers i n  t h e  system r u n  t h e  same software. There fo re  we must p rove  
t h e  so f tware  ( b o t h  a p p l i c a t i o n  and o p e r a t i n g  system) have no f a u l t s  ab le  t o  
conceal  a loss of flow, and t h a t  hardware f a i l u r e s  ab le  t o  conceal  l o s s  o f  

f l o w  have an acceptab ly  smal l  p robab i  1 i ty. 

To do 

I t  t u r n s  ou t  t h a t  s i m i l a r  ques t i ons  a re  o f  i n t e r e s t  t o  NASA and t o  E P R I .  MCSD 

has techno logy  ab le  t o  pe r fo rm these p r o o f s  from l i s t i n g s  o f  t h e  so f tware ,  and 

t h e  system b u i l d  s p e c i f i c a t i o n  f o r  t h e  hardware, s u b j e c t  t o  c e r t a i n  

assumptions about t h e  comp i le r  used t o  generate t h e  o p e r a t i n g  system. I t  

appears t h a t  adequate s t a t i s t i c a l  da ta  about compi l e r  r e 1  i ab i  1 i t y  w i  11 be 

ob ta inab le ;  t h e  r e s t  o f  t h e  p roo fs  seem d i f f i c u l t  but l i k e l y  t o  be p o s s i b l e .  

( 2 )  Diagnos ing  t h e  E B R - I 1  Fue l  Hand l ing  System 

A r e l a y  f a i l u r e  i n  t h e  i n t e r l o c k s  f o r  t h e  EBR- I1  Fue l  Un load ing  Machine (FUM) 
can t a k e  t h e  o rde r  o f  a day and a h a l f  f o r  a human e x p e r t  t o  diagnose. The 

fundamental cause o f  t h e  t r o u b l e  i s  need f o r  f a i r l y  e x t e n s i v e  human i n f e r e n c e  

f r o m  system schematics, and exper imenta l '  d a t a  about t h e  m a l f u n c t i o n .  

Moreover, o n l y  a few peop le  a t  E B R I I  a r e  f a m i l i a r  i n  d e t a i l  w i t h  t h e  i n t e r l o c k  

system. 

I 
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The o b j e c t  o f  t h i s  work i s  t o  f i r s t  develop a machine-readable d e s c r i p t i o n  o f  

t h e  system schematics s imp le  enough t o  be en te red  by  u n s k i l l e d  personnel .  The 
system d e s c r i p t i o n ,  once entered,  i s  t ransformed i n t o  a r e l a t i o n a l  database o f  

c o n d i t i o n s  f o r  a c t u a t i o n  o f  r e l a y s ,  motors, and o t h e r  movable p a r t s .  

database i s  used t o  r u n  a s i m u l a t i o n  of t h e  i n t e r l o c k  system. Another p a r t  o f  

t h e  d i a g n o s t i c i a n  comprises sensors ab le  t o  measure t h e  v o l t a g e  a p p l i e d  t o  

each r e l a y  c o i l  and motor.  

. 
T h i s  

The i n f e r e n c e  mechanism i s  a s p e c i a l  purpose theorem p rove r  a s s e r t i n g  t h a t  f o r  

any n o n - f a u l t e d  system, t h e  measurements and t h e  s i m u l a t i o n  must match. 

D iscove ry  o f  a d e n i a l  o f  t h i s  d i s c l o s e s  a component where t h e  c o r r e c t  v o l t a g e  

i s  n o t  a p p l i e d .  T h i s  d i s c o v e r y  w i l l  a l l o w  backward reason ing  towards t h e  l a s t  
s t a t e  where s i m u l a t i o n  and p l a n t  agreed, t o  p r o v i d e  a l i s t  o f  p o s s i b l e  c o n t a c t  

f a i l u r e s  on r e l a y s  and swi tches.  T h i s  w i l l  be p r i n t e d  as a t r o u b l e s h o o t i n g  
sheet f o r  use by a t e c h n i c i a n  i n  measuring v o l t a g e s  a t  v a r i o u s  con tac ts .  Once 

t h e  sheet i s  f i l l e d  out ,  i t  w i l l  be taken  back t o  t h e  computer and t h e  

measurements entered.  The a d d i t i o n a l  d a t a  thus  ob ta ined  should a l l o w  t h e  

i n f e r e n c e  system t o  determine e x a c t l y  which r e l a y  i s  a t  f a u l t .  

O f  course, i t  would be e a s i e r  i f  sensors c o u l d  be p laced  on eve ry  c o i l  and on 

eve ry  c o n t a c t .  But s i n c e  t h e r e  a re  about 1000 r e l a y s  i n  t h e  system, i t  seems 

a reasonable compromise t o  measure o n l y  c o i l  vo l tages .  

I t  i s  hoped t o  t r a n s f e r  a d i a g n o s t i c i a n  f o r  a subsystem of t h e  f u l l  i n t e r l o c k  

system t o  E B R - I 1  b y  t h e  end o f  1985. 
s i m u l a t i o n  o f  t h e  p l a n t .  The d i a g n o s t i c i a n  i s  designed so t h a t  i t  should be 

usable w i t h  o t h e r  subsystems of t h e  i n t e r l o c k s  once d e s c r i p t i o n s  o f  t h e  o t h e r  

subsystems have been entered. 

T h i s  w i l l  have been t e s t e d  a g a i n s t  a 

E r r o r s  i n  d a t a  e n t r y ,  and cases where t h e  p l a n t  does n o t  match drawings have 

been considered, and p l a n s  have been made t o  dea l  w i t h  t h e  r e s u l t i n g  

p r  ob 1 ems. 

The p resen t  s i t u a t i o n  i s  t h a t  t h e  drawing d e s c r i p t i o n  language has been 

de f i ned ,  and t r a n s l a t o r s  from i t  th rough  i n t e r m e d i a t e  r e p r e s e n t a t i o n s  t o  a 

d e s c r i p t i o n  i n t e r p r e t a b l e  by  a s i m u l a t o r  have been w r  

i s  stopped by  b e i n g  adv ised t h a t  a r e l a y  c o i l  i s  n o t  

t t e n .  I f  t h e  s i m u l a t i o n  

n i t s  expected s t a t e ,  
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t h e  c o n d i t i o n s  f o r  o p e r a t i o n  o f  t h e  c o i l  can be determined. 

7 P a r t s  o f  t h e  so f tware  a r e  gener i c  i n  t h a t  t h e y  m igh t  be adapted t o  automated 

f a u l t  t r e e  a n a l y s i s  on a P&ID,  o t h e r s  have s p e c i f i c  knowledge o f  behav io r  f o r  

e lec t romechan ica l  components. 

e. Work w i t h  HEDL 

The t r a n s f e r  o f  our Automated Reasoning systems t o  HEDL i s  l a r g e l y  

complete, and a t  p resen t  work i s  b e i n g  c a r r i e d  ou t  m a i n l y  b y  personnel  

f r o m  FFTF. However t h e y  and we have a mutual  i n t e r e s t  i n  databases ab le  
t o  d e s c r i b e  l a r g e  p l a n t s .  

sub jec t ,  one about 18 months o l d  by  Co l l ey ,  G a b r i e l ,  Lusk, Overbeek, and 

Smith; and a second more r e c e n t l y  by  Co l l ey ,  Lusk, Overbeek and Smith. 

Bo th  databases a re  e n t i t y - r e l a t i o n s h i p  models, and a re  r e l a t e d  i n  some 

ways t o  t h e  machine readab le  d e s c r i p t i o n  of r e l a y  l o g i c  used i n  t h e  E B R - I 1  
Fue l  Un load ing  Machine D iagnos t i c ian .  

Two d r a f t  documents have been w r i t t e n  on t h e  

There i s  s t i l l  some disagreement about r e p r e s e n t a t i o n s  o f  p l a n t s ,  m a i n l y  

because t h e  o n l y  purpose o f  a r e p r e s e n t a t i o n  i s  t o  a l l o w  i t  t o  be read  by  

so f tware  such as an Exper t  System. A gener i c  p l a n t  d e s c r i p t i o n  such as an 

E-R model may r e q u i r e  e x t e n s i v e  domain dependent t r a n s f o r m a t i o n  t o  make i t  
u s e f u l  t o  an Exper t  System opera t i ng  i n  a g i v e n  domain, o r  a t  l e a s t  t h a t  

has been t h e  exper ience w i t h  t h e  E B R - I 1  D i a g n o s t i c i a n .  Thus, a l t hough  
t h e r e  i s  consensus about t h e  a b i l i t y  o f  E-R models t o  d e s c r i b e  a r b i t r a r i l y  

complex p l a n t s ,  many ques t i ons  need t o  be r e s o l v e d  about how t h e  E-R 
models a r e  t o  be used. 

f. C o l l a b o r a t i o n  w i t h  I n d u s t r y  

The p o s s i b i l i t y  of a j o i n t  ven tu re  between Motoro la ,  QUINTUS, and ANL MCSD 
t o  develop a v e r y  h i g h  performance PROLOG processor  i s  b e i n g  exp lo red .  

w h i t e  paper c o n t a i n i n g  a d r a f t  p roposa l  has been presented  t o  DARPA. 
A 
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g. Argonne N a t i o n a l  L a b o r a t o r y  E B R - I 1  D i v i s i o n  

I n  a d d i t i o n  t o  t h e  A I  a c t i v i t i e s  of t h e  Math and Computer Science D i v i s i o n  o f  
ANL, work i s  b e i n g  performed a t  EBR- I1  t o  a p p l y  A I  techniques t o  improve t h e  

r e l i a b i l i t y  o f  o p e r a t i o n  and c o n t r o l  o f  t h e  E B R - I 1  p l a n t .  The areas o f  b o t h  

development and a p p l i c a t i o n  r e f l e c t  areas o f  g r e a t e s t  p l a n t  need i n c l u d i n g  

improv ing  t h e  r e l i a b i l i t y  o f  f u e l - h a n d l i n g ,  improv ing  p r i m a r y  system f l o w  and 

temperature m o n i t o r i n g  and i n c r e a s i n g  t h e  r e l i a b i l i t y  o f  t h e  r e a c t o r  shutdown 

system on l o s s  o f  f l o w .  Because of t h e  b e n e f i t  t o  E B R - I 1  and f u t u r e  p l a n t s ,  

E B R - I 1  i s  a l s o  s e r v i n g  as a t e s t  bed f o r  t h e  concepts developed by  o the rs .  

(1) The component C o n f i g u r a t i o n  C o n t r o l  System ( C C C S )  p r o j e c t  u t i l i z e s  
b o t h  c l a s s i c a l  and A r t i f i c i a l  I n t e l l i g e n c e  ( A I )  program methodologies 

f o r  i t s  implementat ion.  
o f  l i m i t e d  o f f - l i n e  demonstrat ion.  The o b j e c t  o f  t h e  CCS i s  t o  

enhance o p e r a b i l i t y  o f  t h e  f u e l - h a n d l i n g  system and reduce o p e r a t o r  

e r r o r .  The CCCS i s  d i v i d e d  i n t o  f o u r  subtasks:  f u n c t i o n a l  impact 

a n a l y s i s  (FIA) ,  parameter and component s t a t e  v a l i d a t i o n  ( P C S V ) ,  

a larm p r e d i c t i o n  and t r e n d  a n a l y s i s  (APTA), and a d m i n i s t r a t i o n .  

I t s  development has progressed t o  t h e  p o i n t  

F IA  determines t h e  a d m i n i s t r a t i v e  and f u n c t i o n a l  impact caused by 

proposed changes t o  components and systems f o r  e i t h e r  o p e r a t i o n  

o r  maintenance. 

A d m i n i s t r a t i v e  impact i s  determined f r o m  c o n s t r a i n t s  p laced  on 

t h e  p l a n t  b y  t e c h n i c a l  s p e c i f i c a t i o n s  and p l a n t  a d m i n i s t r a t i v e  

p o l i c y .  F u n c t i o n a l  impact i s  determined f r o m  t h e  a b i l i t y  ( o r  

l a c k  of a a b i l i t y )  o f  t h e  system t o  pe r fo rm a d e s i r e d  task .  

impacts a re  determined a u t o m a t i c a l l y  u s i n g  A I  methodology. 
These 

The PCSV f u n c t i o n  v a l i d a t e s  t h e  p l a n t  sensor r e a d i n g s  

(parameters)  and t 

The APTA f u n c t i o n  

occurred, p r e d i c t s  

e s t a t e  of t h e  components. 

nforms t h e  opera to r  t h a t  an a la rm has 

t h a t  o t h e r  alarms w i l l  occur, and/or analyzes 

t r e n d s  t o  determine anomalies. 
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A d m i n i s t r a t i o n  f u n c t i o n s  o f  t h e  system p r o v i d e  d a t a  d i s p l a y ,  

supp ly  p h y s i c a l  and f u n c t i o n a l  models, m a i n t a i n  and i s o l a t i o n  

l og ,  p r i n t  i s o l a t i o n  tags ,  and pe r fo rm d e s i r e d  ha rd  copy ou tpu t .  

( 2 )  The F u l l  A u t h o r i t y  F a u l t  T o l e r a n t  Reactor C o n t r o l  System (FAFTRCS) 

p r o j e c t  has been e s t a b l i s h e d  t o  determine t h e  f e a s i b i l i t y  o f  u s i n g  a 

f a u l t - t o l e r a n t  microprocessor  computer system t o  p r o v i d e  a redundant 

f l o w  t r i p  f o r  t h e  Exper imenta l  Breeder R e a c t o r - I 1  ( E B R - 1 1 ) .  

The v e r i f i c a t i o n  and v a l i d a t i o n  of t h e  f a u l t - t o l e r a n t  c h a r a c t e r i s t i c s  

o f  t h e  computer hardware and so f tware  u t i l i z e  automated reason ing  

techniques.  T h i s  i n c l u d e s  t h e  v e r i f i c a t i o n  and v a l i d a t i o n  of t h e  
sof tware,  hardware and t h e i r  i n t e r a c t i o n s .  The use o f  automated 

reason ing  techniques o f f e r s  t h e  advantage o f  a n a l y t i c a l l y  v e r i f y i n g  

p r o p e r t i e s  o f  t h e  hardware and sof tware des ign.  A second advantage 

i s  t h a t  t h e  assumptions on which t h e  c l a i m s  a re  based become e x p l i c i t  

i n  t h e  v e r i f i c a t i o n  process. It i s  a l s o  expected t h a t  t h e  

development o f  these automated techniques w i l l  e v e n t u a l l y  reduce t h e  

human i n t e n s i v e  e f f o r t  c u r r e n t l y  r e q u i r e d  t o  pe r fo rm v e r i f i c a t i o n  and 

v a l i d a t i o n  o f  hardware and sof tware.  The computer i s  b e i n g  b u i l t  by 

C. S. Draper Labora to ry ,  and t h e  so f tware  i s  b e i n g  developed i n  a 

c o o p e r a t i v e  program between ANL and I l l i n o i s  I n s t i t u t e  o f  

Technology. 

The E B R - I 1  r e a c t o r  i s  p r e s e n t l y  be ing  prepared f o r  i n s t a l l a t i o n  of 

t h e  computer f o r  t e s t i n g .  

( 3 )  Severa l  enhancements o f  E B R - I 1  f u e l  h a n d l i n g  a re  a l s o  b e i n g  

i n c o r p o r a t e d  u s i n g  c o n v e n t i o n a l  computer techno logy  i n  ways t h a t  have 

n o t  n o r m a l l y  been used i n  r e a l - t i m e  a p p l i c a t i o n s .  However, some 

a r t i f i c i a l  i n t e l l i g e n c e  a p p l i c a t i o n s  a re  t o  be u t i l i z e d .  Those 

mentioned i n  o t h e r  s e c t i o n s  o f  t h i s  document i n c l u d e  t h e  t e s t i n g  o f  

DICON, i n  c o l l a b o r a t i o n  w i t h  W-AESD, t o  determine i f  t h e  knowledge 

based systems a re  s u i t a b l e  f o r  p l a n t  d i a g n o s t i c  t o o l s  and t o  what 

e x t e n t  t h e y  can s a t i s f y  a s a f e t y  committee o r  a l i c e n s i n g  group t h a t  

t h e  knowledge base i s  s u f f i c i e n t .  Another a p p l i c a t i o n  i s  t h e  
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D i a g n o s t i c i a n  as r e p o r t e d  b y  t h e  MCSD D i v i s i o n  o f  ANL. 

r e q u i r e s  a complex a r r a y  o f  c i r c u i t s  and r e l a y s  which tends  t o  
compl ica te  t r o u b l e s h o o t i n g  when f a i l u r e s  occur .  

p r i n c i p l e s "  approach t o  t h e  d i a g n o s t i c i a n  shou ld  a l l o w  ques t i ons  t o  

be answered t h a t  have n o t  been asked: 

t o  t h e  reasoner  shou ld  be amenable t o  c o r r e c t  d i a g n o s t i c s  even though 

t h e  p a r t i c u l a r  f a i l u r e  has n o t  been addressed. 

R e f u e l i n g  

The " f i r s t  

i.e., t h e  system as desc r ibed  

2. Burns and Roe 

Burns and Roe has developed and s u c c e s s f u l l y  implemented seve ra l  programs 
which a re  based on A r t i f i c i a l  I n t e l l i g e n c e  p r i n c i p l e s .  These programs a re  

based owBurns  and Roe e x p e r t i s e  i n  power p l a n t  design, c o n s t r u c t i o n  and 

opera t i on .  T h i s  i n f o r m a t i o n  was p rov ided  b y  P. Fazekas. The f o l l o w i n g  
examples p r o v i d e  a c ross  s e c t i o n  o f  t h e  A I  a p p l i c a t i o n s  a t  Burns and Roe. 

Two o f  t h e  Burns and Roe programs were developed t o  i nc rease  t h e  accuracy of 

c o n s t r u c t i o n  c o s t  es t ima t ing ,  w h i l e  d r a m a t i c a l l y  reduc ing  t h e  t i m e  r e q u i r e d  

f o r  t h e  p r e p a r a t i o n  o f  t h e  c o s t  es t imates .  

o r i en ted ,  t i m e  frame s t r u c t u r e d  c o s t  e s t i m a t i n g  program which u t i l i z e s  a 

s o p h i s t i c a t e d  r u l e  s t r u c t u r e  t o  account f o r  t h e  geographic  l o c a t i o n  o f  t h e  

c o n s t r u c t i o n  s i t e s ,  and .the e f f e c t  o f  t h e  c l i m a t i c  v a r i a t i o n s  on t h e  

c o n s t r u c t i o n  schedu l i ng  and p r o d u c t i v i t y .  

BRAES i s  an op t im ized,  commodity- 

The COALS c o n s t r u c t i o n  c o s t  e s t i m a t i n g  program u t i l i z e s  p a t t e r n  r e c o g n i t i o n  

and s t a t i s t i c a l  i n f e r e n c e  techn iques  t o  p r o v i d e  h i g h l y  accura te  f o s s i l - f i r e d  

power p l a n t  c o s t  es t ima tes  f r o m  min imal  amounts of i n p u t  data. 

program's ex tens i ve  database i s  capable o f  l e a r n i n g  from t h e  a c t u a l  c o s t  d a t a  

and a u t o m a t i c a l l y  updates t h e  program's e s t i m a t i n g  r u l e  l i b r a r y .  

The COALS 

COGEN i s  a pa ramet r i c  model ing program which was developed f o r  semi-automat ic  

s e l e c t i o n  o f  an optimum cogenera t ion  system c o n f i g u r a t i o n .  

examines key p l a n t  parameters, s e l e c t s  p r e f e r r e d  cogenera t ion  technology,  

determines p l a n t  performance s p e c i f i c a t i o n s ,  and per forms economic e v a l u a t i o n  

t o  de termine cash f l o w  and r e t u r n  on investment  data. 

The program 
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The TOPS program i s  a r e a l - t i m e  m o n i t o r i n g  and performance e v a l u a t i o n  progarm 

f o r  f o s s i l - f i r e d  power g e n e r a t i n g  p l a n t s .  T h i s  e x p e r t  system program 

i d e n t i f i e s  o u t - o f - t o l e r a n c e  c o n d i t i o n s ,  o p t i m i z e s  l o a d  change c o n d i t i o n s ,  and 

c a l c u l a t e s  t h e  d o l l a r  va lue  o f  t h e  o p t i o n a l  p l a n t  o p e r a t o r  a c t i o n s .  

program a l s o  m o n i t o r s  t h e  e f f e c t  o f  maintenance a c t i o n s  and o p t i m i z e s  t h e  

maintenance schedules. 

The 

The BRAES, COALS, and COGEN programs a r e  i n t e r n a l  p r o p r i e t a r y  programs, and 
TOPS i s  b e i n g  marketed f o r  power p l a n t  o p e r a t i n g  u t i l i t i e s .  

3. Carnegie Me l lon  U n i v e r s i t y  

CMU i s  a c t i v e  i n  a l l  areas o f  A r t i f i c i a l  I n t e l l i g e n c e .  However, here we w i l l  

l i s t  o n l y  some p r o j e c t s  f r o m  t h e  sub area of e x p e r t  systems. 

was p r o v i d e d  by S. Ta lukdar .  

T h i s  i n f o r m a t i o n  

MOVER i s  a p r o t o t y p e  equipment d i a g n o s t i c i a n  b e i n g  used w i t h  an Automated Mass 

T r a n s i t  System. 

c e n t r a l  c o n t r o l  computer and combines these w i t h  requested s t a t u s  i n f o r m a t i o n  

t o  determine t h e  f a u l t  and t o  suggest r e p a i r  procedures.  MOVER a l s o  i s  an 

example of a p r o t o t y p e  o p e r a t i o n a l  p l a n n i n g  system. Once a f a u l t  has been 

determined, i t  makes suggest ions t o  t h e  o p e r a t i o n a l  s u p e r v i s o r  t o  f a c i l i t a t e  

t h e  t i m e l y  r e s t o r a t i o n  o f  s e r v i c e .  

MOVER takes  i n f o r m a t i o n  on system f a i l u r e s  r e p o r t e d  t o  t h e  

CONE i s  an e x p e r t  system used i n  t h e  geo techn ica l  e n g i n e e r i n g  area f o r  t h e  

i n t e r p r e t a t i o n  of cone penometer data.  As t h e  cone i s  pushed i n t o  t h e  s o i l ,  

e l e c t r i c a l  s i g n a l s  p r o v i d e  raw da ta  about t i p  r e s i s t a n c e ,  f r i c t i o n ,  and po re  

pressure.  These d a t a  a re  used by  e x p e r t s  t o  i n f e r  t h e  s o i l  s t r a t i g r a p h y  and 

o t h e r  d e t a i l e d  eng ineer ing  parameters about each s o i l  l e v e l .  

H I - R I S E  i s  an e x p e r t  system which a c t s  as an e n g i n e e r ' s  a s s i s t a n t  f o r  t h e  

p r e l i m i n a r y  s t r u c t u r a l  des ign o f  h i g h  r i s e  b u i l d i n g s .  H I - R I S E  syn thes i zes  

f e a s i b l e  s t r u c t u r a l  c o n f i g u r a t i o n s  f o r  a b u i l d i n g ,  per forms t h e  p r e l i m i n a r y  

s i z i n g  and c o s t i n g  o f  key s t r u c t u r a l  components, and then  p resen ts  t o  t h e  

des igne r  t h e  "bes t "  a l t e r n a t i v e .  
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SITECHAR i s  an e x p e r t  system p r o t o t y p e  per fo rming  an i n t e r p r e t a t i o n  t a s k  i n  

t h e  geotechn ica l  eng inee r ing  domain t o  a i d  an engineer  i n  i n f e r r i n g  subsur face 

s t r a t i g r a p h y  f r o m  a v a i l a b l e  bo re  l o g  data,  f i e l d  and l a b  t e s t  data,  and 
o v e r a l l  s i t e  i n f o r m a t i o n  and c h a r a c t e r i s t i c s .  Due t o  t i m e  l i m i t a t i o n s ,  an 

engineer  can e x p l o r e  o n l y  a smal l  number of p o t e n t i a l  i n fe rences .  The e x p e r t  

system a i d s  i n  deve lop ing  a l t e r n a t i v e  in fe rences  y i e l d i n g  th ree-d imens iona l  

models o f  s i t e  s t r a t i g r a p h y .  

DESTINY i s  an ex tens ion  o f  H I - R I S E  t o  encompass more b u i l d i n g  c o n f i g u r a t i o n s ,  

more des ign  tasks ,  and t o  p r o v i d e  a more f l e x i b l e  des ign  process. The system 
c o n s i s t s  o f  a number o f  knowledge modules which communicate th rough a 

b l  ackboard. 

KADBASE (Knowledge - - Aided - -  Database Management System) i s  a m u l t i p l e  database 
manager f o r  knowledge-based s t r u c t u r a l  eng inee r ing  a p p l i c a t i o n s .  

t h e  c a p a b i l i t i e s  f o r  an i n t e g r a t e d  system t o  access a c o l l e c t i o n  o f  databases, 

and i t  addresses t h e  i s s u e  of i n t e r f a c i n g  databases w i t h  e x p e r t  systems. 

o v e r a l l  a r c h i t e c t u r e  resembles a networked heterogeneous database management 
system. The i n d i v i d u a l  databases may be based on d i f f e r e n t  d a t a  models 

I t p r o v i d e s  

I t s  

( r e l a t i o n a l ,  network, h i e r a r c h i c a l  1 and may r e s i d e  on d i f f e r e n t  hos t  

computers. However, KADBASE i s  n o t  concerned w i t h  t h e  issues  i n v o l v e d  i n  t h e  

p h y s i c a l  ne twork ing  o f  t h e  databases. 

I n  c u r r e n t  a p p l i c a t i o n s  which combine databases and e x p e r t  systems, t h e  e x p e r t  

system i s  t i g h t l y  coupled t o  t h e  database i n  one of two ways: 

e x p e r t  system has d e t a i l e d  knowledge of t h e  syn tax  and semantics o f  t h e  

database, o r  t h e  exper t  system and database form a combined system. 

i s  an a t tempt  t o  p r o v i d e  a f l e x i b l e  i n t e r f a c e  between e x p e r t  systems and 
networks o f  databases b y  f r e e i n g  t h e  e x p e r t  systems from t h e  requ i rement  t h a t  

t h e y  c o n t a i n  d e t a i l e d  s y n t a c t i c  and semantic database knowledge. 

e i t h e r  t h e  

KADBASE 

DR. THEVENIN i s  an a p p l i c a t i o n  of an e x p e r t  system i n  t h e  development o f  a 

t u t o r  t o  a i d  beg inn ing  e l e c t r i c a l  eng inee r ing  s tuden ts  t o  p r a c t i c e  and l e a r n  
t h e  b a s i c s  o f  s o l v i n g  e l e c t r i c a l  c i r c u i t s .  
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THE POWER SYSTEM OPERATOR'S ASSISTANT i s  an exper t  system in tended t o  diagnose 

power system f a i l u r e s  and t o  suggest s teps  t o  remedy t h e  f a i l u r e .  
r 

WEAVER 
r o u t i n g  

s a channel /swi tch-box knowledge-based r o u t i n g  program used i n  

on VLSI c h i p s .  

ALLADIN i s  an exper t  system t h a t  uses A r t i f i c i a l  I n t e l l i g e n c e  techn iques  t o  

des ign  and d iagnose meta l  a l l o y s .  

RUBBK i s  a Ru le  Based system t o  be used t o  f a c i l i t a t e  t h e  c o n s t r u c t i o n  and 

management o f  e x p e r t  systems. 

DPS-1 i s  a programming environment t o  f a c i l i t a t e  t h e  assembly o f  d i s t r i b u t e d  

problem s o l v i n g  systems. 

CONPHYDE i s  a chemical eng inee r ing  system t o  s e l e c t  t h e  

program t o  use t o  e v a l u a t e  a des ign,  w i t h  respec 

DECADE i s  a p r o t o t y p e  exper t  system f o r  c a t a l y s t  

r e a c t i o n  i t  a t tempts  t o  propose a s e t  of m a t e r i a  
b e i n g  good c a t a l y s t s  f o r  t h e  i n p u t  r e a c t i o n .  

t o  i t  

s e l e c t  
s w i t h  

a p p r o p r i a t e  a n a l y t i c a l  

p h y s i c a l  p r o p e r t i e s  . 

on. From a s p e c i f i e d  

h i g h  p r o b a b i l i t y  o f  

ISIS i s  a system w r i t t e n  i n  Schema Representa t ion  Language (SRL) f o r  
p r o d u c t i o n  p l a n n i n g  and job-schedu l ing .  

CALLISTO i s  a system w r i t t e n  i n  SRL f o r  

P R I S M  i s  a genera l  t o o l  f o r  b u i l d i n g  p r  

e x p e r t  systems. 

p r o j e c t  p lann ing .  

d u c t i o n  systems t h a t  r e  used t o  bu 

- CML i s  a C e l l  Management Language t o  f a c i l i t a t e  communications between peop 
and t h e  d i f f e r e n t  k i n d s  o f  machines t h a t  make up manufactur ing c e l l s .  

I d  

e 

Other  e x p e r t  systems developed a t  CMU i n c l u d e  a j e t  eng ine  d i a g n o s t i c  system 

and a mob i l e  r o b o t  s t r a t e g y  p l a n n i n g  and c o n t r o l  system. 
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Severa l  programming languages are  a v a i l a b l e  a t  CMU, and have been used t o  

w r i t e  some o f  t h e  exper t  systems enumerated above. These inc lude :  

- SRL - A Schema Representa t ion  Language t h a t  i s  w e l l - s u i t e d  t o  knowledge 
r e p r e s e n t a i o n  and t o  knowledge-based s i m u l a t i o n  and p r e s c r i p t i o n .  

PSRL - Produc t ion  System u s i n g  SRL. 

OPS5 and OPS83 - Languages f o r  w r i t i n g  ru le -based systems. 

a v a i l a b l e  and w i d e l y  used i n  t h e  USA. OPS83 i s  newer and more power fu l ,  b u t  

n o t  y e t  w i d e l y  a v a i l a b l e .  . 

OPS5 i s  w i d e l y  
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4. General E l e c t r i c  

* * The f o l l o w i n g  i n f o r m a t i o n  w i l l  p r o v i d e  t h e  A I  Task Team w i t h  a b r i e f  ove rv iew  

o f  t h e  c u r r e n t  a c t i v i t i e s  w i t h i n  t h e  General E l e c t r i c  Company (GE) i n  t h e  area 

o f  A r t i f i c i a l  I n t e l l i g e n c e  and r e l a t e d  a p p l i c a t i o n s  i n  our v a r i o u s  o p e r a t i n g  

components. T h i s  i n f o r m a t i o n  was p r o v i d e d  by  A. D. A l l e y  o f  General E l e c t r i c  

Corpo ra t i on .  GE's work i n  A I  r e p r e s e n t s  a measured response on a v e r y  broad 

f r o n t ,  l a r g e l y  t h e  r e s u l t  o f  c o r p o r a t e  p l a n n i n g  which a t tempts  t o  a n t i c i p a t e  

techno logy  needs, across t h e  board, which would enable t h e  company t o  b e t t e r  

compete on a wor ld-wide scale.  When t h e  techno logy  m a t u r i t y  i n d i c a t i o n s  a re  

c lear ly  understood, f r o m  a bus iness p o i n t  o f  view, s imp le  d i r e c t i v e s  f r o m  t o p  

GE management r e l e a s e  a g r e a t  dea l  of e n g i n e e r i n g  i n n o v a t i o n  d i r e c t e d  toward 

t h e  c o m m e r c i a l i z a t i o n  of a v a r i e t y  of p roduc ts  and se rv i ces .  A t  t h e  same 

t ime,  each o p e r a t i n g  component has a c l e a r  i n c e n t i v e  t o  m a i n t a i n  a techno logy  

edge i n  areas deemed c r i t i c a l  t o  i t s  con t inued  success. 

technology,  t r a d e - o f f s  must be made between r i s k s  due t o  t h e  f l e d g l i n g  s t a t e  

o f  t h e  techno logy  and t h e  p o t e n t i a l  b e n e f i t s  t o  be r e a l i z e d  th rough  i t s  

i n tended  use. 

E l e c t r i c  Company and p r o t o t y p e  systems a re  under development as w e l l  as 

s e v e r a l  systems c u r r e n t l y  r e a c h i n g  p r o d u c t i o n  u n i t  s t a t u s .  

As w i t h  any new 

These t ypes  o f  t r a d e  o f f s  have been made w i t h i n  t h e  General 

The s p e c i f i c  GE i n f r a s t r u c t u r e  which suppor ts  t h e  c u r r e n t  A I  a c t i v i t i e s  
r e s i d e s  a t  s e v e r a l  l o c a t i o n s  i n c l u d i n g :  

o Corporate Research and Development (CR&D) ,  Schenectady, New York. 
o E l e c t r o n i c s  Laboratory ,  Syracuse, New York. 

o I n d u s t r i a l  C o n t r o l s  Labora to ry ,  C h a r l o t t e s v i l l e ,  V i r g i n i a .  

o M i c r o e l e c t r o n i c  Center, Research T r i a n g l e ,  Nor th  C a r o l i n a .  

o Space D i v i s i o n ,  V a l l e y  Forge, Pennsylvania.  

Most bus iness opera t i ons ,  i n c l u d i n g  Nuclear  Energy Business Operat ion,  

i n t e r a c t  s t r o n g l y  w i t h  CR&D i n  t h e  sc reen ing  and development o f  systems which 

would c a p t u r e  GE e x p e r t i s e  and i n c o r p o r a t e  i t  i n  new producs. Some o f  t h e  

c u r r e n t  a p p l i c a t i o n s  i n c l u d e :  
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o D i e s e l - - E l e c t r i c  Locomotive T r o u b l e s h o o t i n g  Aid- -  

T ranspor t  a t  i o n  Systems Business Opera t i  on. 

Mold ing P rocesses - -P las t i cs  Business Opera t i on  

Troubleshoot  i n g - - A i r c r a f t  Engine Business Group 

o T roub leshoo t ing  I n j e c t i o n  

o F404 Engine F l i g h t  L i n e  

o B a t t l e  Damage Troubleshooting--Aerospace C o n t r o l  Systems Department 

o Spec ia l  Purpose Symbolic Machine A r c h i t e c t u r e -  

o GENEX System B u i l d i n g  Tool  - -CR&D 
o 

E l e c t r o n i c s  L a b o r a t o r y  

Gas T u r b i n e  Troubleshooting--CR&D/Gas T u r b i n e  Department 

A l though  t h i s  summary l i s t  o f  a p p l i c a t i o n s  i s  by  no means exhaust ive,  o r  

n e c e s s a r i l y  complete, i t  does serve t o  i l l u s t r a t e  t h e  b r e a d t h  o f  GE's e f f o r t  
t o  reduce t o  p r a c t i c e  t h e  new A I  techniques as t h e y  mature i n t o  a proven 

technology.  
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5. Hanford Eng ineer ing  Development L a b o r a t o r y  

The Hanford Eng ineer ing  Development L a b o r a t o r y  (HEDL), operated by  t h e  

Westinghouse Hanford Company, i s  t h e  DOE l e a d  l a b o r a t o r y  f o r  Man-Machine 

I n t e g r a t i o n  (MMI) work. 

been i n  t h e  development and a p p l i c a t i o n  o f  advanced c o n t r o l  and computer 
techn iques  ( i n c l u d i n g  A r t i f i c i a l  I n t e l l i g e n c e )  f o r  t h e  c o n t r o l  and o p e r a t i o n  

of L i q u i d  Meta l  Reactors.  Once t e c h n o l o g i e s  and methodologies a re  developed 

t h e y  a re  a p p l i e d  and t e s t e d  on t h e  400 MW F a s t  F l u x  Tes t  F a c i l i t y  (FFTF). 

T h i s  i s  e s p e c i a l l y  u s e f u l  t o  t h e  DOE program because t h i s  p l a n t  r e p r e s e n t s  a 

p r o t o t y p i c  degree o f  c o m p l e x i t y  i n  l a r g e  l i q u i d  meta l  r e a c t o r s .  A number of 
h i g h l y  success fu l  p roduc ts  have been developed a t  HEDL s i n c e  t h e  program's 

i n c e p t i o n  i n  1980. Severa l  o f  these p roduc ts  a re  a l r e a d y  be ing  used on t h e  

FFTF. 

The emphasis o f  t h e  M M I  program a t  t h e  l a b o r a t o r y  has 

S u e c i f i c  Products  and Work a t  HEDL 

The M I D A S  Master I n f o r m a t i o n  and Data A c q u i s i t i o n  System was designed and 

b u i l t  i n  1980/1981. T h i s  l a r g e  computer ized database system was developed 

s p e c i f i c a l l y  f o r  t h e  FFTF t o  a i d  w i t h  t h e  schedu l i ng  o f  maintenance and 

r e p a i r s  f o r  t h e  more than  60,000 o p e r a t i n g  p l a n t  components. 

used by  o p e r a t o r s  and o p e r a t i o n s  engineers t o  a i d  them i n  making d e c i s i o n s  

r e l a t i v e  t o  s p e c i f i c  maintenance and r e p a i r  work on t h e  p l a n t .  M I D A S  a i d s  

p l a n t  o p e r a t o r s  i n  t r a c k i n g  and understanding t h e  s t a t u s  o f  p l a n t  components, 

t h e i r  f u n c t i o n s  and t h e i r  i n t e r r e l a t i o n s h i p s .  A l though t h i s  computer ized 

system does n o t  embody a r t i f i c i a l  i n t e l l i g e n c e  techniques i t  r e p r e s e n t s  a b o l d  
s t e p  i n  t h e  d i r e c t i o n  o f  c e n t r a l i z a t i o n  o f  t h e  p l a n t  knowledge i n t o  one 

database. 

maintenance work a t  t h e  FFTF s i n c e  1982. 

The system i s  

The M I D A S  system has been t h e  p r i m a r y  system f o r  c o n t r o l  o f  

The Procedure Generat ion System ( P G S )  developed a t  HEDL a u t o m a t i c a l l y  

syn thes i zes  procedures f o r  c o n t r o l  o f  n u c l e a r  p l a n t s  d u r i n g  o f f -no rma l  

o p e r a t i n g  c o n d i t i o n s .  

procedures,  t h e  PGS i s  capable o f  a c t u a l l y  s n y t h e s i z i n g  novel  procedures based 

on t h e  c u r r e n t  s i t u a t i o n  i n  t h e  p l a n t .  Developed i n  a computer l a b o r a t o r y  

environment,  t h i s  system i s  now b e i n g  t e s t e d  on t h e  FFTF S imu la to r  f o r  

p o t e n t i a l  use a t  FFTF. 

Rather t h a n  b e i n g  l i m i t e d  t o  u s i n g  pre-developed 
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An Automated Reasoning V e r i f i e r  has a l s o  been developed a t  HEDL. 

r e p r e s e n t s  an e x c i t i n g  a p p l i c a t i o n  of t h e  a r t i f i c i a l  i n t e l l i g e n c e  methodology 

o f  automated reason ing  t h a t  w i l l  s i g n i f i c a n t l y  enhance t h e  r e l i a b i l i t y  o f  

process c o n t r o l  systems. The automated reason ing  theorem p rove r  so f tware  was 

m o d i f i e d  t o  allow i t  t o  observe o the r  s o f t w a r e  o r  human ac t ions  and fo rm 
conc lus ions  about t h e  l o g i c  of these ac t i ons .  The automated reason ing  theorem 

prover ,  o r  " V e r i f i e r " ,  uses as i t s  knowledge base t h e  r u l e s  t h a t  t h e  o t h e r  

systems must obey i n  c o n t r o l l i n g  t h e i r  process. 

IIMAL", and has been used t o  v e r i f y  t h e  l o g i c  and a c t i o n s  o f  t h e  p r e v i o u s l y -  

developed Procedure Genera t ion  System. 

T h i s  

T h i s  system i s  nicknamed 

The concept  i s  r e l a t i v e l y  simple. T r a d i t i o n a l  so f tware  o r  human l o g i c  t h a t  i s  

used t o  c o n t r o l  a process system such as a nuc lea r  r e a c t o r  has t h e  r u l e s  f o r  

i t s  o p e r a t i o n  imbedded i n  t h e  so f tware  cod ing  o r  i n  t h e  human's mind, o r  i n  

w r i t t e n  procedures. A l though t h e  q u a l i t y  o f  t h i s  i n f o r m a t i o n  may be v e r y  good 

due t o  a h i g h - l e v e l  QA program, t h e r e  s t i l l  may be " l u r k i n g f f  e r r o r s .  The 

automated reason ing  theorem prover  r e p r e s e n t s  a comp le te l y  d i v e r s e  technology.  
The r u l e s  f o r  t h e  c o n t r o l l e d  process a re  n o t  i n  t h e  cod ing  b u t  a re  l i s t e d  i n  

ax iomat i c  language as t h e  code 's  knowledge base. As t h e  t r a d i t i o n a l  

c o n t r o l l e r  i s  pe r fo rm ing  i t s  tasks,  i t s  conc lus ions  a r e  passed on t o  t h e  
theorem p rove r  which then  v e r i f i e s  t h a t ,  acco rd ing  t o  i t s  r u l e s ,  t h e  

c o n c l u s i o n  i s  an i ns tance  of what t h e  r u l e s  a l low.  I t  v e r i f i e s  t h e  l o g i c  o f  
t h e  t r a d i t i o n a l  c o n t r o l l e r .  I f  i t  d isagrees  w i t h  t h e  a c t i o n s  o f  t h e  

t r a d i t i o n a l  c o n t r o l l e r  i t  can c l e a r l y  s t a t e  which r u l e s  i t  f e e l s  a re  b e i n g  

v i o l a t e d .  
rep resen ts  a d iverse ,  redundant  checker f o r  t h e  opera to r  t o  use as an 

adv i so r .  

Since t h e  two techno log ies  a r e  so comp le te l y  d i f f e r e n t  t h i s  

An Automated Reasoning Re fue l i ng  Adv isor  developed a t  HEDL has t h e  a b i l i t y  t o  

determine t h e  t y p e  and sequence of moves t h a t  a re  necessary t o  r e f u e l  t h e  co re  

o f  t h e  FFTF. I n p u t  c o n s i s t s  of t h e  l o c a t i o n s  o f  t h e  e x i s t i n g  f u e l  and 

exper iments i n  t h e  core, and t h e  d e s i r e d  l o c a t i o n s  of t h e  new f u e l  and 

exper iment  assemblies. Output  c o n s i s t s  of t h e  moves, i n  sequence, necessary 

t o  g e t  f r o m  t h e  o l d  c o n f i g u r a t i o n  t o  t h e  new one. 

i n t e l l i g e n c e  t o o l  i s  e s p e c i a l l y  v a l u a b l e  when numerous changes a re  made i n  t h e  

d e s i r e d  c o n f i g u r a t i o n  o f  t h e  co re  as t h e  t i m e  f o r  r e f u e l i n g  g e t s  c l o s e r .  T h i s  

r e f u e l i n g  a s s i s t a n t  has been developed and i s  now be ing  used i n  a t e s t  mode a t  

T h i s  a r t i f i c i a l  
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t h e  FFTF. 

t h e  old manual system. The purpose i s  t o  e v a l u a t e  t h e  new system f o r  accuracy 
and use fu lness .  

advanced p l a n t s  f o r  t h e i r  e f f o r t s  on t h e  o p e r a t i o n a l  des ign  o f  t h e i r  p l a n t s .  

Dur ing  a c t u a l  r e f u e l i n g  t h e  system i s  b e i n g  used i n  p a r a l l e l  w i t h  

c The r e s u l t i n g  r e p o r t s  w i l l  be p r o v i d e d  t o  t h e  des igne rs  o f  

An a d d i t i o n a l  methodology i n v o l v i n g  t h e  des ign  and use o f  an I n t e g r a t e d  P l a n t  

Knowledge Base i s  a l s o  under development a t  HEDL. T h i s  work w i l l  p r o v i d e  a 

c e n t r a l  r e p o s i t o r y  f o r  a l l  o f  t h e  knowledge about t h e  p l a n t  a v a i l a b l e  f r o m  t h e  

p l a n t  des igne rs  and opera to rs .  It i s  e s s e n t i a l  t h a t  t h i s  t y p e  o f  system be 

developed so t h a t  t h e  a r t i f i c i a l  i n t e l l i g e n c e  systems a l l  have access t o  t h e  

same bank o f  i n f o r m a t i o n .  I n i t i a l  e f f o r t s  have shown t h a t  w i t h  t h e  use o f  

s t a t e - o f - t h e - a r t  so f tware  and hardware i t  i s  p o s s i b l e  t o  b u i l d  t h e  

knowledge base i n  such a way t h a t  i t  i s  d i r e c t l y  useable by  a l l  o f  t h e  

d i f f e r e n t  f u n c t i o n s  i n  t h e  p l a n t  such as MIDAS, t h e  Procedure Generat ion 

System, t h e  Automated Reasoning V e r i f i e r ,  and t h e  R e f u e l i n g  Advisor .  

F a c i l i t i e s  a t  HEDL 

The HEDL f a c i l i t i e s  and equipment i n  d 

a r t i f i c i a l  i n t e l l i g e n c e  a re  ex tens i ve .  

development, t e s t i n g ,  and a p p l i c a t i o n .  

r e c t  suppor t  of t h e  programs o r  

They can be d i v i d e d  i n t o  t h e  areas o f  

The development o f  t h e  a r t i f i c i a l  i n t e l l i g e n c e  methods and a p p l i c a t i o n s  t a k e s  

p l a c e  m a i n l y  on a VAX-11/780 and m i c r o  computers. 

work c o n s i s t s  o ITP ( t h e  ANL-developed automated reasoner ) ,  PROLOG ( t h e  20k 

l i p s  Q u i n t a s  v e r s i o n ) ,  e x p e r t  system so f tware  packages f o r  m i c r o  computers, 

and Pascal  and o t h e r  s tandard s o f t w a r e  systems. Other computer systems a re  

avai  1 a b l e  by  modem d i  a1 -up, 

The major so f tware  f o r  t h i s  

The t e s t i n g  o f  a r t i f i c i a l  

accomplished e i t h e r  i n  t h e  

An M M I  t e s t i n g  s t a t i o n  has 

n t e l l i g e n c e  methods and a p p l i c a t i o n s  

development l a b o r a t o r y  or on t h e  FFTF 

been developed i n  c o n j u n c t i o n  w i t h  t h  

S 

Simu la to r .  

FFTF 

S imu la to r .  

t e r m i n a l s .  

and w i t h  t h e  VAX-11/780 i n  t h e  development l a b o r a t o r y .  

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

The t e s t  s t a t i o n  c o n s i s t s  o f  two SEL computers and g raph ic  d i s p l a y  

The SEL computers communicate w i t h  b o t h  t h e  S imu la to r  computers 

The major  va lue  o f  



a v a i l a b i l i t y  o f  t h e  FFTF 

environment under a wide 

The a p p l i c a t i o n  o f  A r t i f  

HEDL f a c i l i t i e s .  The ma 

F a c i l i t y  (FFTF) i t s e l f .  
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o p e r a t o r s  f o r  t e s t i n g  and e v a l u a t i o n  i n  a r e a l i s t i c  
range o f  norma? and o f f -no rma l  s i t u a t i o n s .  

c i a 1  I n t e l  1 igence methods i s  a l s o  accomplished a t  
o r  f a c i l i t y ,  o f  course, i s  t h e  Fas t  F l u x  Tes t  

T h i s  400-MW l i q u i d - m e t a l  coo led  f a s t  r e a c t o r  i s  an 

ideal testbed f o r  application o f  the a r t i f i c i a l  in te l l igence  methods. I t  has 
t h e  f l e x i b i l i t y  o f  a research  r e a c t o r ,  y e t  t h e  r i g i d  demands o f  a p r o d u c t i o n  

r e a c t o r  i n  meet ing exper iment  i r r a d i a t i o n  requ i rements .  The env i ronment  a t  

t h e  p l a n t  i s  t y p i f i e d  b y  t h e  coopera t i on  t h a t  i s  e v i d e n t  i n  t h e  p resen t  

a p p l i c a t i o n  o f  t h e  new A r t i f i c i a l  I n t e l l i g e n c e  r e f u e l i n g  adv i so r .  
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6: Oak Ridge N a t i o n a l  L a b o r a t o r y  

ORNL i s  p r e s e n t l y  conduc t ing  A I  r esea rch  i n  t h e  areas o f  n u c l e a r  r e a c t o r  

c o n t r o l s  and opera t  i on ,  s i g n a l  process ing,  a n a l y t i c a l  chemis t r y ,  r o b o t i c s ,  
spec ia l -pu rpose  computer hardware development, and so f tware  enhancement. 

The n u c l e a r  r e a c t o r  c o n t r o l s  and o p e r a t i o n  e f f o r t  i s  b e i n g  conducted a t  t h e  

I n s t r u m e n t a t i o n  and C o n t r o l s  D i v i s i o n  ( I & C )  and i t  i s  focused on ORNL's High 

F l u x  I s o t o p e  Reactor (HFIR). 

The c a p a b i l i t i e s  o f  ru le-based e x p e r t  systems t o  i n t e r f a c e  w i t h  and m o n i t o r  

r e a l  t i m e  processes was f i r s t  i n v e s t i g a t e d  on an analog model t o  t h e  HFIR 

u s i n g  a D i g i t a l / A n a l o g  H y b r i d  comput ing f a c i l i t y .  MacLisp p r i m i t i v e s  

developed a t  t h e  I & C  i n t e r f a c e d  an OPS5 based e x p e r t  system t o  an analog model 

o f  t h e  HFIR r u n n i n g  i n  p a r a l l e l  t o  t h e  d i g i t a l  e x p e r t  system a t  25 t imes  

f a s t e r  t han  r e a l  t ime.  

A phase-1 two-year i n t e r n a l l y  funded e f f o r t  i s  now under way f o r  t h e  

development o f  an i n t e l l i g e n t  e x p e r t  a d v i s o r  t o  t h e  o p e r a t o r s  o f  t h e  HFIR 

i t s e l f .  I n t e l l i g e n t  i n f o r m a t i o n  d i s p l a y  w i l l  be i n t e g r a t e d  w i t h  h e u r i s t i c  and 
numeric s i m u l a t i o n s  t o  produce a dev i ce  capable o f  r e l i e v i n g  t h e  o p e r a t o r  o f  

r o u t i n e  tasks ,  m o n i t o r i n g  t h e  p l a n t ,  and i n t e r a c t i n g  w i t h  t h e  r e a c t o r  o p e r a t o r  
i n t e l l i g e n t l y ,  i.e., w i t h  e x p l a n a t o r y  j u s t i f i c a t i o n  o f  t h e  l o g i c  behind i t s  

ac t i ons .  

C o n t r o l  o f  t h e  HFIR w i t h o u t  o p e r a t o r  i n t e r v e n t i o n  w i l l  be implemented i n  
success ive phases s i n c e  i t  r e q u i r e s  hardware m o d i f i c a t i o n s  f o r  which t h e r e  

w i l l  n o t  be f u n d i n g  immediate ly  a v a i l a b l e .  T h i s  i s  because t h e r e  a re  a v e r y  

l i m i t e d  number o f  process s i g n a l s ,  and no c o n t r o l  s i g n a l s  a v a i l a b l e  t o  t h e  

p l a n t  computer. The computer which a c t u a l l y  c o n t r o l l e d  t h e  HFIR automat ica 
th rough  two complete f u e l  c y c l e s  some 17 y e a r s  ago was removed, i n c l u d i n g  a 

o f  t h e  hardware. 

1Y 
1 



I n  t h e  area o f  s i g n a l  and i n f o r m a t i o n  p rocess ing  s e v e r a l  p r o j e c t s  a t  ONRL 
funded by  t h e  Army and Navy i n v o l v e  t h e  development o f  s p e c i f i c  e x p e r t  

systems. The I & C  and I n f o r m a t i o n  D i v i s i o n s  a re  c o l l a b o r a t i n g  i n  two Navy 

p r o j e c t s ,  I&C*and Eng ineer ing  Phys ics ( E P )  D i v i s i o n s  a re  work ing w i t h  

A n a l y t i c a l  D i s c i p l i n e s  Inc .  of Washington, D.C. on another Navy p r o j e c t .  

. 

I n  t h e  a n a l y t i c a l  c h e m i s t r y  area two e f f o r t s  a re  be ing  funded. One o f  them 

i n v o l v e s  a p r i v a t e  A I  c o n s u l t a n t  and t h e  I & C  and A n a l y t i c a l  Chemist ry  (ACh) 

D i v i s i o n s .  I t  i s  i n t e r n a l l y  funded, and i t ' s  goal  i s  t o  develop an e x p e r t  

chemical  s y n t h e s i s t  b y  u t i l i z i n g  t h e  knowledge o f  a prominent e x p e r t  f r o m  t h e  

ACh Division.  I t  

i s  funded b y  t h e  Bureau of P r i n t i n g  and Engrav ing and i n v o l v e s  t h e  development 

o f  an i nk-chemi s t  e x p e r t  system. 

The other  e f f o r t  i s  b e i n g  c a r r i e d  out a t  t h e  ACh D i v i s i o n ,  

I n  t h e  r o b o t i c s  area, t h e  I & C  and EP D i v i s i o n s  a re  work ing on a program funded 

by  t h e  Army and D O E ' S  Bas ic  Energy Sciences cen te red  around t h e  development o f  

autonomous robo ts .  

I n  t h e  s p e c i a l i z e d  hardware area t h e r e  i s  an e f f o r t  a t  t h e  I & C  D i v i s i o n  t o  

b u i l d  a p r o t o t y p e  m u l t i p r o c e s s o r  d e v i c e  w i t h  i n n o v a t i v e  a r c h i t e c t u r e  f o r  OPS5- 

l i k e  e x p e r t  systems implementat ion.  The exper imen ta l  model i s  expected t o  
pe r fo rm 1000 t imes  f a s t e r  t han  a L i s p  based OPS5 implementat ion i n  a VAX-780. 

An a d d i t i o n a l  1 0 0 - f o l d  i nc rease  i n  speed i s  expected f o r  t h e  f i n a l  v e r s i o n  o f  

t h e  machine. The machine i s  t h e  i n v e n t i o n  o f  J. D. A l l e n ,  a c o n s u l t a n t  t o  

I&C. I & C  i s  eng inee r ing  b o t h  hardware and software.  Also,  t h e r e  i s  an e 

a t  t h e  EP D i v i s i o n  t h a t  i s  now o r i e n t e d  towards number c runch ing  b u t  t h a t  

e v e n t u a l l y  be a p p l i e d  t o  A I .  They a re  a c q u i r i n g  a DADO p a r a l e l  computer 

which t h e y  i n t e n d  t o  implement and c o n t i n u e  w i t h  t h e  development o f  para1 

a l g o r i t h m s  f o r  mathematical  computat ions.  

I n  t h e  s o f t w a r e  area, I & C  has developed A I  i n t e r f a c e s  t o  analog hardware, 

enhanced v e r s i o n  of OPS5 i n  FORTH t o  enable t h e  implementat ion o f  e x p e r t  

systems i n  microprocessor  based i n s t r u m e n t a t i o n s ,  and has enhanced t h e  L i s p  

based OPS5 implementat ions i n  NIL,  MacLisp and ZetaLisp.  

f o r t  

may 
n 

e l  

an 
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The f o l l o w i n g  resources  a r e  be ing  used a t  ORNL f o r  A I  research :  

A t  I&C: 

o A two-AD4/KA-lO H y b r i d  computer, w i t h  F o r t r a n ,  MacLisp, and OPS5. 

o A Lambda L i s p  Machine, w i t h  Ze taL isp  and OPS5. 

o A VAX-780 VMS, w i t h  F o r t r a n ,  NIL, OPS5, Macsyma, and ITP. 

o A PDP-11/44, w t h  F o r t r a n  and I&C's Advanced S igna l  Process ing  

Environment. 

A t  EP: 

o A Lambda L i s p  Machine, w i t h  ZetaLisp.  

o A VAX-780 UNIX,  as MILNET p o r t  f o r  ORNL, w i t h  FranzL isp ,  OPS5, and UNSW 

Pro1 og. 

A t  ACh: 

o A VAX-750 UNIX,  w i t h  FranzLisp,  OPS5, OPS83, KRL, and MRS. 



7. Westinghouse E l e c t r i c  Corpo ra t i on  

Advanced Energy Systems D i v i s i o n  

The Westinghouse Advanced Energy Systems D i v i s i o n  (WAESD) has a l s o  been 
i n v o l v e d  i n  t h e  DOE Man-Machine I n t e g r a t i o n  program. I n f o r m a t i o n  about t h e  

Westinghouse c o n t r i b u t i o n s  t o  t h i s  program as w e l l  as o t h e r  c o r p o r a t e  programs 

were p rov ided  by  S. J. Walmsley and P. Papas. 

The DICON (D Iagnos t i cs  and CONtrol gu idance)  system was developed t o  

demonstrate t h e  use o f  a ru le -based e x p e r t  systems approach i n  d iagnos ing  t h e  

s t a t u s  o f  a nuc lea r  p l a n t  system. T h i s  a r t i f i c i a l  i n t e l l i g e n c e  system was 

s u c c e s s f u l l y  eva lua ted  u s i n g  a f a s t  r e a c t o r  Shutdown Heat Removal model which 

r e q u i r e d  over 400 r u l e s  f o r  i t s  d e f i n i t i o n .  
Exper imenta l  Breeder Reac to r - I1  (EBR-11)  has been s e t  up w i t h  t h e  o b j e c t i v e  o f  

p r a c t i c a l  e v a l u a t i o n  o f  D I C O N  i n  a r e a l  p l a n t  environment. Work i s  c u r r e n t l y  

underway t o  develop a model o f  an E B R - I 1  subsystem. When t h i s  i s  f i n i s h e d ,  i t  

w i l l  be t e s t e d  and eva lua ted  as a d i a g n o s t i c  t o o l  under o p e r a t i o n a l  c o n d i t i o n s  

a t  EBR-11. 
c o n s i s t e n t ,  expe r t  adv ice  a v a i l a b l e  d u r i n g  t imes  o f  p l a n t  upset. 

A j o i n t  program w i t h  t h e  

Use of t h e  D I C O N  system would a l l o w  a p l a n t  ope ra to r  t o  have 

A C o n s t r u c t i o n  Management A r t i f i c i a l  I n t e l l i g e n c e  Dec is ion  Support System 

(CMAIDSS)  i s  c u r r e n t l y  under conceptual  development a t  W-AESD. T h i s  system 

w i l l  embody t h e  knowledge necessary t o  manage t h e  c o n s t r u c t i o n  o f  a l a r g e  

nuc lea r  power ( o r  o t h e r )  p l a n t .  The main o b j e c t i v e  o f  t h e  system w i l l  be t o  

p r o v i d e  a c t i v i t i e s  schedules f o r  p l a n t  c o n s t r u c t i o n  which w i l l  a l l e v i a t e  

problems encountered such as s h i p p i n g  de lays ,  adverse weather, des ign  and 

c o n s t r u c t i o n  e r r o r s ,  e t c .  

l a r g e - s c a l e  c o n s t r u c t i o n  p r o j e c t ,  t h i s  system i s  expected t o  be i n v a l u a b l e  t o  

t h e  c o n s t r u c t i o n  i n d u s t r y  once i t  i s  f u l l y  developed. 

Because of t h e  numerous problems encountered i n  any 

Research and Development Center 

A I  r esearch  and development a t  t h e  R&D Center has been i n  va r ious  areas. One 

of these i s  i n  t h e  area of Knowledge A c q u i s i t i o n .  I n  t h i s  area, Westinghouse 

has developed a goal-means r e p r e s e n t a t i o n  methodology t h a t  has been a p p l i e d  t o  

t h e  development o f  d e c i s i o n  suppor t  systems f o r  nuc lea r  power p l a n t  c o n t r o l  



63 

rooms, and f o r  d a t a  network c o n t r o l  and management cen te rs .  The goal-means 

methodology i s  used as a means o f  i d e n t i f y i n g  and o r g a n i z i n g  t h e  c l u s t e r s  o f  

r e l a t e d  i n f o r m a t i o n  t h a t  t h e  d e c i s i o n  maker needs t o  b e t t e r  see t h e  

i m p l i c a t i o n s  o f  a p i e c e  o f  data.  S ince t h e  p a r t i c u l a r  c o n f i g u r a t i o n  of 

i n f o r m a t i o n  r e q u i r e d  depends on t h e  u s e r ' s  i n t e n t i o n s  o r  p o i n t  o f  view, t h e  

methodology i s  used t o  d e f i n e  t h e  m u l t i p l e  v iewpo in ts  r e q u i r e d ,  and t o  

o rgan ize  knowledge bases and d i s p l a y  systems so t h a t  they can dynamically 
generate m u l t i p l e  views o r  d a t a  r e l a t i o n s h i p s  t o  suppor t  a v a r i e t y  o f  user  

f u n c t i o n s .  Westinghouse has a l s o  developed an e x t e n s i v e  knowledge base on 

power p l a n t  o p e r a t o r  d e c i s i o n  making t h a t  has i n v o l v e d  a v a r i e t y  o f  knowledge 

a c q u i s i t i o n  techniques r a n g i n g  f r o m  c r i t i c a l  i n c i d e n c e  a n a l y s i s  o f  o p e r a t o r  

performance d u r i n g  a c t u a l  emergencies, t o  l a r g e  s c a l e  s t u d i e s  o f  o p e r a t o r  

performance d u r i n g  s imu la ted  emergencies. 

Another example o f  Westinghouse knowledge a c q u i s i t i o n  e f f o r t s  i s  a s tudy  o f  

t h e  l o c u s  o f  problems i n  a v i o n i c s  d iagnos is .  Because a v i o n i c s  d i a g n o s i s  

i n v o l v e s  m u l t i p l e  d e c i s i o n  makers, a s tudy  was performed examining t h e  

m u l t i p l e  sources o f  d i a g n o s t i c  anomalies and communication breakdowns. The 

s tudy  i n c l u d e d  a scenar io-based s t r u c t u r e d  i n t e r v i e w  knowledge a c q u i s i t i o n  

technique t h a t  used case d e s c r i p t i o n s  of r a d a r  m a l f u n c t i o n  r e p o r t s  t o  assess 
t h e  knowledge and d i a g n o s t i c  s t r a t e g i e s  o f  m u l t i p l e  r a d a r  t e c h n i c i a n s .  I n  

a d d i t i o n ,  performance-based p r o t o c o l  a n a l y s i s  techniques have been employed t o  

e x t r a c t  t a c i t  domain knowledge t h a t  i s  n o t  e a s i l y  ve rba l i zed .  The knowledge 

t h u s  o b t a i n e d  has served as t h e  b a s i s  f o r  an e x p e r t  system t h a t  employs 

d i a g n o s t i c  s t r a t e g i e s  ob ta ined  f r o m  a domain e x p e r t  t o  diagnose m a l f u n c t i o n s  

i n  a c a b l e  c o n v e r t e r .  

Another area o f  research  a t  t h e  R&D Center i s  i n  t h e  f i e l d  o f  E x p e r t  Systems. 

An ongoing p r o j e c t  e x i s t s  t o  develop a l a y e r e d  e x p e r t  systems concept. 
a "Mult i -Domain Cooperat ing E x p e r t  System," t h i s  concept i n v o l v e s  t h e  

combinat ion of many s p e c i a l i s t  e x p e r t  systems under t h e  d i r e c t i o n  o f  a 

managing e x p e r t  system. The advantage o f  t h i s  concept i s  t h a t  i n d i v i d u a l  

p i e c e s  o f  t h e  t o t a l  system can be developed independent ly ,  as l o n g  as 

c ommu n i c a t  i on met h od o 1 o g i e s a re  e s t ab 1 i s h ed i n i t i a 1 1 y . 

C a l l e d  
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Steam Turb ine-Generator  D i v i s i o n  

The main t h r u s t  o f  e f f o r t s  a t  t h e  Steam Turb ine-Generator  D i v i s i o n  has been t o  

develop a genera tor  d i a g n o s t i c s  e x p e r t  system. T h i s  ru le -based system works 

i n  r e a l  t i m e  t o  diagnose t h e  s t a t u s  of t u r b i n e  genera tors  u s i n g  sensor d a t a  

f rom Nuclear P lan ts .  The system p r o v i d e s  conf idence l e v e l s  f o r  i t s  diagnoses, 

and recommends a p p r o p r i a t e  remed ia l  ac t i ons .  

maintenance a c t i v i t i e s  i n  o rde r  t o  i nc rease  p l a n t  a v a i l a b i l i t y .  

I t  can be used t o  p l a n  
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B. A r t i f i c i a l  I n t e l l i g e n c e  Work i n  I n d u s t r y  and U n i v e r s i t i e s  

T h i s  s e c t i o n  o f  t h e  r e p o r t ,  as w e l l  as Appendix A, i n c l u d e s  i n f o r m a t i o n  on t h e  

work t h a t  has been done and i s  ongo ing  i n  v a r i o u s  o r g a n i z a t i o n s  w i t h i n  
i n d u s t r y ,  u n i v e r s i t i e s ,  and n a t i o n a l  l a b o r a t o r i e s  which a re  n o t  rep resen ted  by 

Task Team members. T h i s  i s  i n  no way an at tempt  t o  d e t a i l  a l l  work t h a t  i s  

ongoing. i n  t h e  A I  f i e l d ,  b u t  i s  r a t h e r  a summary o f  e f f o r t s  w i t h i n  c e r t a i n  

o r g a n i z a t i o n s  t h a t  i s  f e l t  t o  be r e p r e s e n t a t i v e  o f  t h e  t y p e  o f  work t h a t  i s  

g o i n g  on throughout  t h e  c o u n t r y  i n  A I .  

background f r o m  which t h e  s t a t u s  o f  t h e  A I  f i e l d  i n  genera l  can be 

asce r ta ined ,  and from which i n f o r m a t i o n  h e l p f u l  t o  t h e  development of a p l a n  

o f  c o n t i n u i n g  work i n  A I  can be obtained.* 

T h i s  w i l l  p r o v i d e  a reasonable 

T h i s  s e c t i o n  p rov  
I n t e l  1 igence work 

f o l l o w i n g  Tab le  i 

des i n f o r m a t i o n  r e p r e s e n t a t i v e  o f  t h e  c u r r e n t  A r t i f i c i a l  
i n  i n d u s t r y  b o t h  w i t h i n  t h e  U n i t e d  S t a t e s  and abroad. The 

l u s t r a t e s  some o f  t h e  work i n  t h e  U n i t e d  S ta tes .  

Appendix A p r o v i d e s  an overv iew o f  work on PROLOG i n  I n d u s t r y  and abroad. 

U n i v e r s i t y  a c t i v i t y  i n  A r t i f i c i a l  I n t e l l i g e n c e  p r o v i d e d  i n  Appendix B. The 

r e s u l t s  o f  an i n q u i r y  i n t o  t h e  a p p l i c a t i o n  o f  A I  by t h e  nuc lea r  u t i l i t i e s  

appear i n  Appendix C. 

* I n  a d d i t i o n ,  re fe rence  i s  made t o  a r e c e n t  summary by Mark S. Fox, 

A r t i f i c i a l  I n t e l l i g e n c e  i n  Mnu fac tu r ing :  I n t e r i u m  R e s u l t s  of a Survey, 

Robo t i cs  I n s t i t u t e  Carnegie-Mel lon U n i v e r s i t y ,  November 6, 1984. 



A r t i f i c i a l  I n t e l l i g e n c e  Pro jec ts  W i t h i n  I n d u s t r y  

O r g a n i z a t i o n  
N ame 

AT&T 

Con t ro l  Data 
Corp. 

Col umbi a 

Comp. Th. Co. 

D i g i t a l  
Equipment 
C o r p o r a t i o n  

Knowledge 
Research 
A s s o c i a t i o n  

S tan fo rd  
Research I n t  '1. 

Syn t e  1 1 i gence 

Teknowledge 

TRW 

TRW 

A f f  i 1 i a t  i o n  
Name 

ADMH 

Texas I n s t r u -  
ments 

UM & RU 

Na t iona l  I n s t i -  
t u t e  of Hea l th  

Univ.  o f  
P i t t s b u r g h  

F SA 

Univ. o f  P i t t .  

Org . Contact ,  
P o s i t  i o n  

G. T. Vesonder 
Superv isor  

D. E. Shaw 

S. K. Smith 
P res iden t  

W. R. Baker 
P res iden t  

W. R. Baker 
P res iden t  

W. R. Baker 
P res iden t  

N. J. Ni l sson  

P. E. Ha r t  
P res iden t  

E. C. Tay lo r  

P. H. Winston 
Superv isor  

P r o j e c t  Name, D e s c r i p t i o n  

~ 

ACE - Telephone cab le  t r o u b l e  e x p e r t  
system. 

HELP - Medica l  D i a g n o s t i c s  E x p e r t  
Sys tem 

para1 l e 1  processor  -computer  

ADA t u t o r  on Vax 11/780 

XSEL - Computer sa les  a i d  e x p e r t  

system 

AI/RHEUM - D i a g n o s t i c  f o r  a r t h r i t i s  
e x p e r t  system. 

CLINFO - Data management f o r  c l i n i c a l  

CADUCEUS - D i a g n o s t i c s  f o r  I n t e r n a l  
Medi 

PROSPECTOR - Min ing  e x p l o r a t i o n  e x p e r t  

Exper t  System f o r  DCMNREL Ins .  Cos. 

system. 

O i l  e x p l o r a t i o n  exper t  system. 

BETA - M i l i t a r y  a n a l y s i s  e x p e r t  system 

XSEL - Telephone cab le  t r o u b l e  
e x p e r t  system. , I  1) 
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1. T e k t r o n i x  

The T e k t r o n i x  Corpo ra t i on  i s  making i t s  f i r s t  ven tu re  i n t o  t h e  A I  f i e l d  w i t h  a 
new computer c a l l e d  t h e  T e k t r o n i x  4404. T h i s  computer i s  b a s i c a l l y  a persona l  

w o r k s t a t i o n  w i t h  c a p a b i l i t i e s  designed f o r  A I  development work. 

i n t o  t h e  market  b y  T e k t r o n i x  p u t s  them i n t o  a v e r y  c o m p e t i t i v e  p o s i t i o n  w i t h  

r e s p e c t  t o  o t h e r  hardware vendors, as t h i s  machine i s  p r i c e d  a t  j u s t  l e s s  than  

$15K. Other A I  machines produced by  Symbolics Inc., and Texas Ins t ruments ,  

f o r  example, a re  i n  a c o n s i d e r a b l y  h i g h e r  p r i c e  range. 

T h i s  e n t r y  

Some o f  t h e  c a p a b i l i t i e s  o f  t h e  machine are:  

A.  A SMALLTALK-80 programming environment.  
6. A 32 BIT mic roprocessor .  

C. 1 MegaByte o f  RAM memory. 

D. An o p e r a t i n g  system based on Unix .  

E. 640 X 480 BIT-mapped d i s p l a y .  
F. A t h r e e  b u t t o n  mouse. 

G. A 40 MegaByte hard d i s k .  

H. RS-232C communications i n t e r f a c e .  
I. A N S I  X3.64 t e r m i n a l  emu la t i on  c a p a b i l i t y  
J. A v a i l a b i l i t y  o f  Franz L i s p  and P r o l o g  programming languages. 

T e k t r o n i x  has c o m m i t t e d , i t s e l f  t o  t h e  development o f  more advanced A I  machines 

as t h e  f i e l d  grows, and i s  expected t o  c o n t i n u e  t o  p r o v i d e  t h e  i n d u s t r y  w i t h  
c o m p e t i t i v e  products .  The T e k t r o n i x  4404 4s  t h e  f i r s t  o f  such produc ts ,  w i t h  

t h e  l a r g e  memory and programming env i ronments which are  needed i n  t h e  A I  

f i e l d .  



2. Symbolics 

Symbolics Inc .  was one o f  t h e  f i r s t  companies t o  s e l l  computers des igned 

s p e c i f i c a l l y  f o r  e f f i c i e n t  o p e r a t i o n  u s i n g  t h e  LISP programming language. 

T h i s  language has been t h e  most p r e v a l e n t  language f o r  use i n  t h e  f i e l d  o f  A I  

for many years because i t  was developed for the  process ing o f  symbols r a t h e r  
than numbers. For  t h i s  reason, Symbolics has emerged as a l eader  i n  t h e  A I  

hardware market. 

The f i r s t  LISP machines were developed a t  Massachusettes I n s t i t u t e  o f  

Technology. 

t h e  researchers  dec ided t o  l i c e n s e  them and produce t h e  machines themselves. 

The f i r s t  machine s o l d  by  t h e  new Symbolics company was c a l l e d  t h e  LM-2, and 

they  s o l d  50 systems. S ince  then Symbolics has i n t roduced  seve ra l  new 
machines i n c l u d i n g  t h e  Symbolics 3600, 3640, and 3670. These machines have 
been t h e  b a s i s  f o r  t h e  success o f  t h e  company, and a re  cons idered t o  be t h e  

most advanced LISP machines a v a i l a b l e .  

Because t h e  U n i v e r s i t y  h e l d  t h e  r i g h t s  t o  t h e  des igns,  seve ra l  o f  

The most advanced o f  t h e  Symbolics machines i s  t h e  3670. 

i n c l u d e s  t h e  f o l l o w i n g  c a p a b i l i t i e s :  

T h i s  machine 

A. Network ing f a c i l i t i e s  th rough E t h e r n e t  as w e l l  as s e r i a l  l i n k s .  

B. Support o f  VAX/VMS and BSD Un ix  hos ts  as a l t e r n a t i v e  f i l e  servers .  

C. F1 avors, and o b j e c t - o r i e n t e d  programming ex tens ion  t o  LISP. 
D. An i n t e r a c t i v e ,  d i s p l a y - o r i e n t e d  debugging system. 

E. A r e a l - t i m e  e d i t o r  which i n t e r p r e t s  and compi les ZETALISP and o t h e r  

1 anguages. 

F. 1100 X 900, BIT-mapped, h i g h  r e s o l u t i o n  mon i to r  w i t h  f a s t  imaging and 
windowing c a p a b i l i t i e s .  

G. A t h r e e - b u t t o n  mouse. 

H. Up t o  30 MegaByte r e a l  memory capac i t y .  

I. 474 o r  167.5 MegaByte f i xed-med ia  d i s k  d r i v e .  
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Opt iona l  c a p a b i l i t i e s  i nc lude :  

A. 1200/2400 bps modem f o r  high-speed d a t a  t r a n s m i s s i o n  over  te lephone 

l i n e s .  

op t i ons .  

B. FORTRAN 77, I n t e r L I S P  c o m p a t i b i l i t y  package, and MACSYMA sof tware 

C. F l o a t i n g - p o i n t  a c c e l e r a t o r .  

0. Laser  g raph ics  p r i n t e r  w i t h  BIT-mapping c a p a b i l i t i e s .  
E. Co lo r  g raph ics .  

A l though t h e  Symbolics computers a re  q u i t e  expensive, pushing $100K f o r  t h e  

b a s i c  models and i n c r e a s i n g  s u b s t a n t i a l l y  when o p t i o n s  are  i nc luded ,  t h e y  

c o n t i n u e  t o  be t h e  machines of cho ice  f o r  LISP program development. 

because o f  t h e i r  advanced des ign,  e x t e n s i v e  so f tware  t o o l  k i t s  f o r  development 

work, and o v e r a l l  r e p u t a t i o n  f o r  r e l i a b i l i t y .  T h e i r  p o s i t i o n  i n  t h e  market i s  

b e i n g  chal lenged,  however, b y  t h e  r e c e n t  en t rance o f  b o t h  T e k t r o n i x  and Texas 

Ins t rumen ts  i n t o  t h e  L I S P  computer market. These companies have in t roduced  
f o r m i d a b l e  computers i n t o  t h e  market bea r ing  p r i c e  tags  s u b s t a n t i a l l y  below 

those  spo r ted  by  t h e  Syrnbolics computers. 

T h i s  i s  



3. Texas Ins t rumen ts  

The Texas Ins t rumen ts  ( T I )  E x p l o r e r  i s  t h e  f i r s t  T I  computer designed 

s p e c i f i c a l l y  f o r  t h e  A I  f i e l d .  

h igh-performance symbol ic  process ing.  

programming language. Many program development t o o l s  a re  a v a i l a b l e  f o r  t h i s  

machine. They i n c l u d e  a Zmacs E d i t o r ,  L I S P  Compi ler ,  Debugging f a c i l i t i e s ,  a 

window-or iented I n s p e c t o r ,  and Performance m o n i t o r i n g  f a c i l i t i e s ,  as w e l l  as 

others.  

I t  i s  a s i n g l e - u s e r  computer op t im ized  f o r  

The E x p l o r e r  i s  based on t h e  LISP 

The E x p l o r e r  suppor ts  L o c a l  Area Networks (LAN) u s i n g  E t h e r n e t  i n t e r f a c i n g .  

T h i s  a l l o w s  f o r  t r a n s p a r e n t  f i l e  I/O, remote l o g - i n ,  and e l e c t r o n i c  m a i l  

w i t h i n  t h e  LAN. 

The computer i ncludes t h e  f o l  l o w i n g  advanced c h a r a c t e r i s t i c s :  

A. A 32 BIT LISP processor.  

B. 2 MegaByte memory expandable t o  16 MegaBytes. 

C. F i b e r  o p t i c  i n t e r f a c e  t o  t h e  mon i to r ,  keyboard, mouse, microphone, and 

headset. 

D. 1 MegaByte o f  BIT-mapped g raph ics .  

E. RS-232 communications i n t e r f a c e .  

F. 1024 X 808 r e s o l u t i o n  mon i to r .  

G. Three b u t t o n  mouse. 
H. 140 MegaByte Winchester d i s k  a v a i l a b l e .  

T I  i s  n o t  o n l y  a c t i v e  i n  t h e  development o f  A I  hardware, b u t  i s  a l s o  

deve lop ing  v a r i o u s  so f tware  t o o l s  f o r  t h e  A I  f i e l d .  

Personal  Consu l tan t  e x p e r t  system development t o o l .  T h i s  system uses 

p r o d u c t i o n  r u l e s  i n  t h e  LISP language t o  b u i l d  i t s  e x p e r t  systems. 

t h e  same r u l e  s t r u c t u r e  as t h e  E M Y C I N  system developed a t  S t a n f o r d  U n i v e r s i t y .  

Personal  Consu l tan t  a l l o w s  f o r  b o t h  backward and f o r w a r d  c h a i n i n g  i n f e r e n c i n g .  

C e r t a i n t y  f a c t o r s  can a l s o  be used i n  o r d e r  t o  r e p r e s e n t  u n c e r t a i n  o r  

imprec i se  data.  

One such t o o l  i s  t h e  

It uses 
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- 4. E l e c t r i c  Power Research I n s t i t u t e  High Technology I n i t i a t i v e s  

E P R I  i n t e n d s  t o  p r o v i d e  p r a c t i c a l  near te rm techno logy  s o l u t i o n s  t o  c u r r e n t  

n u c l e a r  i n d u s t r y  problems. A1 1 programs have u t i  1 i t y  involvement  and most of 

t h e  r e c e n t  programs i n  A I  and Robo t i cs  a re  w e l l  documented i n  t h e  E P R I  Jou rna l  

and t h e  A I  workshop proceedings f r o m  t h e  A I  conference h e l d  i n  1984. The E P R I  

h i g h  techno logy  e f f o r t s  a re  i n  two areas: 

a. Robot ics--TMI-2 H igh  R a d i a t i o n  Environment 

b. Exper t  Systems--the E P R I  work focuses on t h r e e  areas: 

. Nuclear  Power 

. E l e c t r i c a l  Load Management 

. Gas T u r b i  ne/Generators 

S p e c i f i c a l l y ,  two A I  a p p l i c a t i o n s  and seve ra l  more a re  desc r ibed  i n  t h e  E P R I  

A I  conference proceedings:  

o Load Management Center- -  

T roub leshoo t ing  Aids 
CMU/U. o f  M i s s o u r i  development c o n t r a c t s  

o Gas /Tu rb ine  T r o u b l e s h o o t i n g  A id - -  

GE Genex-based p roduc t  
GE-CR&D, Schenectady, NY 

I n  a d d i t i o n ,  E P R I  i s  i n v o l v e d  w i t h  A I  work i n  M M I  supported by Honeywell .  
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5. LTV Aerospace 

LTV Aerospace f e e l s  t h a t  t h e  development and imp lementa t ion  of computer-based 
knowledge systems i s  an e s s e n t i a l  c e n t r a l  techno logy  f o r  t h e  l o n g  range 

i n d u s t r i a l  modern iza t ion .  Progress was made before i n  t h e  process p a r t ,  now 

t h e y  w i l l  a t t a c k  t h e  thought  p o r t i o n .  

. 

LTV i s  i n v e s t i g a t i n g  a p p l i c a t i o n s  i n  t h e  areas of des ign,  manufactur ing,  and 

suppor t .  Spec i f i ca l l y ,  they are i n v e s t i g a t i n g  the process planning ared 

w i t h i n  manufac tur ing  suppor t .  

They a l s o  have a requ i rement  t o  app ly  a system on t h e  shop f l o o r  t h a t  

d u p l i c a t e s  t h e  h e u r i s t i c s  o f  a person l o o k i n g  a t  a 20 drawing from a g raph ics  

da ta  base and t r a n s f o r m i n g  i t  i n t o  a 3D model. 
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6. Lockheed 

Lockheed has had a ru le-based process p l a n n i n g  system s i n c e  1979 c a l l e d  "GEN- 
PLAN." I t  i s  p r o p r i e t a r y  t o  Lockheed. 

Lockheed i s  now l o o k i n g  a t  t h e  p r e p l a n n i n g  ( o r  Advanced Manu fac tu r ing  

Eng ineer ing )  area. t w i l l  be an a i d  a t  t h e  i n t e r f a c e  between e n g i n e e r i n g  and 

manufactur ing,  t h a t  s ,  d e c i d i n g  on t h e  method o f  manu fac tu r ing  a t  t h e  t i m e  o f  

t h e  design. T h i s  i s  an a i d ,  n o t  a replacement o f  t h e  i n d i v i d u a l ,  and w i l l  

serve a v a r i e t y  of f u n c t i o n s  i n c l u d i n g  a c h e c k l i s t  t h a t  i s  a s e t  o f  " i f - t h e n "  

r u l e s  t h a t  l e a d  t o  a method o f  manufactur ing.  

The second area o f  work i s  a t  t h e  requi rements p l a n n i n g  l e v e l ,  where a 

r e c o n c i l i a t i o n  takes  p l a c e  o f  t h e  p roduc t  s t r u c t u r e  and q u a n t i t i e s  as a new 

model i s  re leased.  

S i m i l a r  work i s  t a k i n g  p l a c e  throughout  Lockheed. 
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7. Utilities 

A survey o f  applications o f  Artificial Intelligence ,by the nuclear utilities 
was performed by Burns & Roe and i s  provided in Appendix C. 



75 

8. NASA 

. NASA i s  v e r y  a c t i v e  i n  A I  work and development o f  A I  systems. Ames Research 

Center ( A R C )  a t  M o f f i t  F i e l d  i n  C a l i f o r n i a  a c t s  as an R&D c e n t e r  f o r  t h e  

v a r i o u s  space cen te rs ,  and has a v e r y  l a r g e  s e c t i o n  devoted t o  A I  R&D. 

space c e n t e r s  then  app ly  t h e  concepts and p roduc ts  c r e a t e d  a t  ARC. 

be i n t e r e s t e d  i n  a t e c h n i c a l  i n t e r f a c e  w i t h  DOE t o  p r o v i d e  f o r  technology 

t r a n s f e r .  

The 

NASA may 

ARC i s  s t a n d a r d i z i n g  i t s  A I  work around Symbolics computers. 

conceptual  s t u d i e s  c o n t r a c t  w i t h  Symbolics, and i s  p r o v i d i n g  f i n a n c i a l  suppor t  

t o  them i n  o r d e r  t o  keep them c o m p e t i t i v e  i n  what i s  becoming h i g h l y  

c o m p e t i t i v e  A I  computer market. T h i s  i s  because a t  p resen t  t h e  Symbol ics 
hardware i s  f e l t  t o  be t h e  b e s t  a v a i l a b l e  f o r  A I  work, a l t hough  t h e  p rocess ing  

a r c h i t e c t u r e  used i s  a t  p resen t  r a t h e r  s e n s i t i v e  t o  env i ronmen ta l  

d i s tu rbances .  

NASA had a 

Robo t i cs  and A I  t e c h n o l o g i e s  w i l l  b o t h  i nc rease  t h e i r  p r o d u c t i v i t y  and make 

t h e  proposed Space S t a t i o n  economica l l y  a f fordable.  

developed f o r  t h e  Space S t a t i o n  w i l l  p r o b a b l y  be one o f  a k ind ,  however t h e  

s o f t w a r e  w i l l  be designed t o  be more gener i c .  I t  w i l l  be designed so t h a t  i t  

can be used f o r  o t h e r  purposes and so t h a t  s p i n - o f f s  i n t o  v a r i o u s  areas w i l l  
be p o s s i b l e .  NASA w i l l  r e p o r t  t o  Congress on t h e  success o f  t h i s  gener ic  

s o f t w a r e  e f f o r t .  The push towards gener i c  s o f t w a r e  comes as a r e s u l t  of a 

genera l  so f tware  development p r o d u c t i v i t y  problem. Sof tware development i s  

o f t e n  v e r y  t i m e  consuming and expensive, and i t  i s  f e l t  t o  be v e r y  much i n  t h e  

n a t i o n a l  i n t e r e s t  t o  s o l v e  t h i s  problem. 

The computer hardware 

NASA A I  t echno logy  w i l l  have a b i g  impact on t h e  des ign  process a t  t h e  
component and system l e v e l s ,  and t h a t  i t  w i l l  be t h e  major c o n t r i b u t o r  t o  

s o l v i n g  t h e  s a t e l l i t e  s e r v i c i n g  problem. 

t e c h n o l o g i e s  w i l l  be used f o r  development o f  a s a t e l l i t e  s e r v i c i n g  system. 

A I  i n  c o n j u n c t i o n  w i t h  CAD/CAM 

A l i b r a r y  o f  A I  Based sub rou t ines  f o r  a i r c r a f t  des ign  

developed a t  NASA. It i s  s t i l l  under t e s t i n g  and v a l  

has r e c e n t l y  

d a t i o n ,  and 

been 

s n o t  



expected t o  be ready f o r  use i n  t h e  l i g h t  a i r c r a f t  program f o r  another two 

years.  

addressed. 

Be fo re  i t  can be used t h e  i s s u e  o f  l i a b i l i t y  w i l l  have t o  be .I 

To m a i n t a i n  and expand t h e i r  e x p e r t i s e  i n  t h e  A I  f i e l d ,  NASA has an 

a p p r e n t i c e s h i p  program w i t h  u n i v e r s i t i e s  and t h e  space c e n t e r s .  

Computer Science o r  E l e c t r i c a l  Eng ineer ing  w i t h  exper ience i n  PASCAL 

programming a re  t h e  p r e f e r r e d  cand ida tes  f o r  t hese  p o s i t i o n s .  

Students o f  

S t a n d a r d i z a t i o n  i s  a v e r y  b i g  i s s u e  a t  NASA because o f  i t s  proved c o s t  

b e n e f i t s .  Research i n  t h e  f i e l d  of A I  a lone a t  NASA i s  funded a t  a l e v e l  o f  

about $20-25 m i l l i o n ,  w i t h  a p p l i c a t o n s  areas funded a t  even h i g h e r  l e v e l s .  
The re fo re  c o n s i d e r a b l e  c o s t  sav ings and p r o d u c t i v i t y  improvements can be 

r e a l i z e d  u s i n g  s tandard i zed  programming languages, hardware, and gener i c  

so f tware  packages. 
broken down as shown below: 

Cur ren t  sof tware c o s t s  a t  NASA a re  about $1K per  l i n e  

10% p l a n n i n g  

40% e n g i n e e r i n g  

20% p r o d u c t i v i t y  

30% cod ing  

Knowledge and d a t a  a c q u i s i t i o n  a re  t h e  most i m p o r t a n t  c o n t r i b u t o r s  t o  these  

cos ts .  

I n  p u r s u i t  o f  t h e  goal  o f  programming language s t a n d a r d i z a t i o n  NASA i s  go ing  

t o  use t h e  Department of Defense (DOD) ADA language f o r  numer ica l  process ing,  

and t h e y  a re  l o o k i n g  a t  Common LISP and a p o s s i b l e  s tandard symbol ic 

p rocess ing  language. 

symbol i c  1 anguage. 

NASA i s  w i l l i n g  t o  work w i t h  DOE t o  develop a s tandard 

A l l  f u t u r e  NASA conceptual  des igns w i l l  i n c l u d e  an i n t e g r a l  computer t o  t a k e  

advantage of t h e  b e n e f i t s  of t h e  a v a i l a b l e  advanced computer techno log ies .  
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APPENDIX A 

* 

Work on PROLOG i n  I n d u s t r y  and Abroad 

The Japanese 5 t h  Generat ion P r o j e c t  

There a re  two p r o j e c t s  i n  Japan, sometimes confused w i t h  each o the r ,  t h e  
f i r s t  i s  t h e  " F i f t h  Generat ion" ,  o r  I C O T ,  which i s  an R&D p r o j e c t  w i t h  a s t a f f  

of 50 people,  suppor ted by  seven major  manufacturers. I t s '  purpose i s  t o  

improve p r o d u c t i v i t y  i n  areas l a r g e l y  untouched by  t h e  l a s t  t h i r t y  yea rs  of  

computer development. 

design, and t h e  non-data p rocess ing  aspects o f  government. 

e a r l y  i n  t h e  p r o j e c t  t o  use PROLOG. 

I 
Examples commonly c i t e d  a re  teaching,  e n g i n e e r i n g  

I t  was dec ided 

Work done by  t h i s  group i s  shared by a l l  t h e  manufacturers.  I t  seems t o  be 

e n t i r e l y  b a s i c  research,  new ideas from t h e  I C O T  group a re  taken  back t o  t h e  

f a c t o r i e s  and developed f u r t h e r  i n t o  marketable p roduc ts  i n  a c o m p e t i t i v e  way. 
Another i n t e r e s t i n g  t h i n g  about I C O T  i s  t h a t  each s u p p o r t i n g  manufacturer  has 

a few people a t tached  t o  I C O T  b u t  n o t  on t h e  s t a f f  whose o n l y  r e s p o n s i i l i t y  i s  

t o  communicate b a s i c  research  back t o  p roduc t  R&D. 

When t h e  F i f t h  Generat ion p r o j e c t  was begun, c o l l a b o r a t i o n  f r o m  b o t h  Europe 

and America was i n v i t e d  and dec l i ned .  

The Japanese "Superspeed" p r o j e c t  ( t h i s  has sometimes been c a l l e d  t h e  " S i x t h  

Generat ion' '  b y  U.S. commentators) i s  t o  develop supercomputers i n  t h e  CRAY 

c l a s s  o r  b e t t e r .  T h i s  i s  e s s e n t i a l l y  c l o s e d  t o  n o n - p a r t i c i p a n t s .  I t  a l s o  has 

s t r o n g  l i n k s  t o  t h e  F i f t h  Generat ion p r o j e c t .  



The UK and t h e  A lvey  D i r e c t o r a t e  

As a response t o  t h e  work i n  Japan, t h e  UK m i n i s t r y  o f  Technology formed an 

a d v i s o r y  body whose r e p o r t  i s  e n t i t l e d  "The A l v e y  D i r e c t o r a t e . "  T h i s  may be 

purchased f r o m  HMSO and i s  t h e  UK c h a r t e r  f o r  R&D i n  i n f o r m a t i o n  technology. 
E n g l i s h  work on A I  emphasizes PROLOG more than  LISP, a l t hough  t h e r e  a re  v e r y  

a c t i v e  LISP groups. There i s  a t  l e a s t  one PROLOG/LISP hyb r id .  

The U.S. and MCC 

MCC i s  a consor t i um funded by v a r i o u s  computer manufacturers  and c o n t r a c t s  

w i t h  DOD. I t s '  m i s s i o n  has components f r o m  b o t h  t h e  Japanese F i f t h  and S i x t h  

Generat ion c h a r t e r s ,  b u t  l a r g e r  e f f o r t s  such as V H S I C  a l s o  seem t o  have 
independent funding. There i s  a DARPA document s e t t i n g  o u t  a c h a r t e r  f o r  many 

o f  t hese  e f f o r t s .  MCC has o n l y  r e c e n t l y  become a t  a l l  i n t e r e s t e d  i n  PROLOG. 

OUINTUS 

The major U.S. s u p p l i e r  o f  PROLOG s o f t w a r e  i s  QUINTUS, t h e r e  a re  a few o t h e r s  

w i t h  l e s s  s a t i s f a c t o r y  products .  
PROLOG I 1  f r o m  Oxford E x p e r t  Systems w i l l  have c l o s e  t o  QUINTUS performance, 

b u t  on VAX VMS, n o t  VAX U N I X .  

It i s  though t  t h a t  a new p roduc t  c a l l e d  

QUINTUS i s  a company i n  Pa lo  A l t o  w i t h  about 20 employees. 

leader  o f  t h e  group i s  David Warren, who developed t h e  o u t s t a n d i n g l y  

success fu l  Edinburgh D E C l O  PROLOG o f  1975-79. 

s t a f f  a re  f r o m  Edinburgh, among them are: 

Bowen, Lawrence Byrd, and R icha rd  O'Keefe. 

The t e c h n i c a l  

Most of t h e  o t h e r  t e c h n i c a l  

Fernando P e r e i r a ,  p o s s i b l y  David 
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Syracuse U n i v e r s i t y  

Syracuse i s  one o f  a consor t i um o f  f i v e  i n s t i t u t i o n s  who j o i n e d  t o g e t h e r  i n  

p r o v i d i n g  e x p e r t i s e  i n  A I .  

c o l l a b o r a t o r  w i t h  ANL. 

Ken Bowen, t h e  l eader  o f  t h e  consor t i um i s  a l s o  a 

U n i v e r s i t y  o f  New Hampshire 

An i n t e r p r e t e r  s u p p o r t i n g  syntax s a i d  t o  be t h e  same as D E C l O  i s  a v a i l a b l e  

f rom Professor  James Weiner. 

I t  i s  r a t h e r  s low even compared t o  C-PROLOG on t h e  VAX. 

The c o s t  i s  $300 f o r  a s i n g l e  machine l i c e n s e .  

U n i v e r s i t y  o f  New South Wales 

There i s  a UNSW PROLOG d i s t r i b u t e d  i n  t h e  U.S. f o r  t h e  I B M  PC a t  a c o s t  o f  

$125. 
v e r s i o n  was w r i t t e n  f o r  Data General ( D G )  computers. 

A t  one t i m e  t h e  source was more n e a r l y  i n  t h e  p u b l i c  domain, and a 

D i g i t a l  Equipment C o r p o r a t i o n  (DEC) 

There i s  a PROLOG development e f f o r t  on go ing  a t  DEC. L i t t l e  i n f o r m a t i o n  i s  

c u r r e n t l y  a v a i l a b l e  on t h i s  e f f o r t .  

IBM C o r m r a t i o n  

The I B M  R&D on PROLOG i s  l e d  by Douglas de Groot. I t  has been suggested t h a t  

t h e  I B M  e f f o r t  i s  l a r g e r  than  t h a t  o f  t h e  Japanese ICOT R&D c e n t e r  (The F i f t h  

Gener a t  i on 1. 

I t  seems t o  be f i r m  company p o l i c y  t o  d iscourage any s p e c u l a t i o n  about 
p roduc ts  b e i n g  developed, so l i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  r e g a r d i n g  t h e i r  

a c t i v i t i e s .  



Edinburgh 

Dona ld .M ich ie  - i s  thought  t o  s t i l l  be a t  Edinburgh p a r t  o f  t h e  t ime.  

i s  a r e p r e s e n t a t i v e  on t h e  A lvey  govern ing  body, and Tim L indho lm r e p o r t s  t o  

Rae. There i s  a s t r o n g  a p p l i c a t i o n s  o r i e n t e d  group l e d  by A lan  Bundy, and as 

a l ready  no ted  t h e  PROLOG development group i s  undergoing major  change. 

A lec  Rae 
' 

I m p e r i a l  Co l l ege  London 

ICL has a group o f  about 30 people work ing  on PROLOG, p a r a l l e l  machines, and 

t h e  r e l a t i o n s  between them. Three names known i n  t h e  PROLOG community a r e  

Steve Gregory, K. L. C la rk ,  and F. G. McCabe. Techn ica l  l e a d e r s h i p  descends 

from R. Kowalski ,  one o f  t h e  o r i g i n a l  i n v e n t o r s  w i t h  A l a i n  Colmerauer o f  t h e  
o r i g i n a l  PROLOG concept i n  1972. The c u r r e n t  a d m i n i s t r a t i v e  l eader  i s  J. D. 
Ennals who was a c t i v e  i n  t h e  successfu l  e f f o r t  t o  i n t r o d u c e  use o f  PROLOG i n t o  

t h e  UK grade schools  and h i g h  schools  between 1978 and 1982. 

t h a t  t h e  I C L  p a r a l l e l  d i a l e c t  - PARALOG i s  a good language f o r  systems 

programming on M I M D  Machines. 

I t  seems l i k e l y  

I s r a e l  

Ehud Shap i ro  o f  t h e  Weizmann I n s t i t u t e  i s  t h e  l eader  o f  t h e  I s r a e l i  n a t i o n a l  

e f f o r t ,  which c e n t e r s  on p a r a l l e l  computing and use o f  PROLOG. Shapi ro a l s o  

has a p a r a l l e l  d i a l e c t ,  b u t  t h e r e  are  t e c h n i c a l  d i f f i c u l t i e s  over  c e r t a i n  

i ssues  i n  u n i f i c a t i o n .  

U n i v e r s i t y  of Waterloo., O n t a r i o  

M. H. van Emden i s  t h e  l eader  of t h e  Water loo work. One of those e a r l y  i n  t h e  
f i e l d ,  he i s  assoc i ted  w i t h  Kowalski,  Bruynhooghe, and Colmerauer. 

Water loo PROLOG i s  t h e  o n l y  g e n e r a l l y  a v a i l a b l e  v e r s i o n  f o r  I B M  equipment. I t  
i s  descended f rom an M. S. p r o j e c t  of l a t e  1978. 

The 
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The C a t h o l i c  U n i v e r s i t y  o f  Louvain 

Work here i s  l e d  by M. Bruynhooghe, t h e  author  of a second PROLOG i n t e r p r e t e r .  

Copies o f  a l a t e r  v e r s i o n  i n  PASCAL have been c i r c u l a t e d ,  b u t  a l i c e n s i n g  

agreement i s  necessary f o r  t h e i r  use. 

U n i v e r s i t v  o f  M a r s e i l l e s  

The f i r s t  PROLOG i n t e r p r e t e r  was w r i t t e n  a t  M a r s e i l l e s  by  A l a i n  Colmerauer 

a f t e r  a s a b b a t i c a l  a t  Edinburgh where t h e  i d e a  o f  e x e c u t i n g  a subset o f  f i r s t  

o r d e r  p r e d i c a t e  c a l c u l u s  was d iscussed w i t h  Rober t  Kowalsk i .  Colmerauer 's 

i n t e r e s t  was i n  t r a n s l a t i o n  o f  n a t u r a l  language. T h e i r  guess about a good 

anguage 
n 

a r g e l y  confirmed. PROLOG i s  a good 

ons i n  genera l  and n a t u r a l  language 

language f o r  do ing  t h i s  has been 

f o r  w r i t i n g  knowledge t r a n s f o r m a t  

part i cu 1 ar . 
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APPENDIX B 

SURVEY OF UNIVERSITY ACTIVITY I N  ARTIFICIAL INTELLIGENCE 

General Comments: T h i s  survey i s  n o t  t o  be taken  as t h e  f i n a l  word as t o  what 

i s  happening i n  t h e  A I  arena a t  any p a r t i c u l a r  u n i v e r s i t y .  The reason i s  t h a t  

i t  i s  d i f f i c u l t  t o  f i n d  one person who can d i r e c t  you t o  a l l  t h e  people who 

may be d o i n g  somthing i n  t h e  A I  f i e l d .  

Clemson: 

programming w i t h  t h e  i d e a  of combining t h e  m e r i t s  of b o t h  t o  h e l p  s o l v e  

problems. I n  a d d i t i o n ,  a Command C o n t r o l  and Communications e x p e r t  system i s  

b e i n g  worked on f o r  t h e  DOD headed by  Jim Leathram. There i s  a l s o  some 

b e g i n n i n g  work knowledge based systems f o r  c o n t r o l  under t h e  d i r e c t i o n  o f  B i l l  
Lewis. 

There i s  an e f f o r t  go ing  on t o  combine f u n c t i o n a l  and l o g i c  

F l o r i d a  A t l a n t i c :  

There i s  work i n  t h e  use of A I  i n  t h e  des ign  o f  VLSI c i r c u i t s ,  o p e r a t i n g  

systems f o r  computers, and some work i n  r o b o t i c s  and redundancy o f  c o n t r o l  f o r  

r o b o t s  . 

Most o f  t h e  work b e i n g  done here i s  p r o p r i e t a r y  i n  na tu re .  

U n i v e r s i t y  o f  Maryland: A I  work here i s  mostly i n  t h e  area o f  m i s s i o n  
p e r c e p t i o n  th rough  v i s u a l  i n p u t  f o r  r o b o t s .  There i s  some beg inn ing  work i n  

AI e x p e r t  systems. Contact  D r .  Chia-Hong Lee. 

U n i v e r s i t y  o f  Tennessee: There a re  two p r o j e c t s  i n  A I  a t  t h i s  u n i v e r s i t y :  1. 
An e x p e r t  system b e i n g  developed w i t h / f o r  Oak Ridge which i s  t o  a s s i s t  i n  t h e  

des ign  o f  c o n t r o l  systems. I t  uses P r o l o g  as t h e  language of c h o i c e  f o r  t h e  

reasoner.  The system i s  designed so t h a t  c o n v e n t i o n a l  math r o u t i n e s  such as 

c o n t r o l  a l g o r i t h m s  can be invoked as p a r t  of t h e  system. The u n i v e r s i t y  

c o n t a c t  i s  Robert  Cocket t .  
i n t e g r a t i n g  sensor d a t a  t o  s t u d y  ocean c u r r e n t s  e t c .  i s  b e i n g  developed f o r  

t h e  U.S. Navy. 

2. A system u s i n g  image p rocess ing  and 

U n i v e r s i t y  o f  Wisconsin (Madison): 

i n c l u d i n g  compu te rv i s ion ,  theorem p rov ing ,  deduct ion,  e x p e r t  systems and 

Severa l  A I  p r o j e c t s  a re  b e i n g  pursued 



databases, and n a t u r a l  language understanding and knowledge r e p r e s e n t a t i o n .  

Those i n v o l v e d  a re  Char les Dyer, Len Uhr, and Roland Chin i n  t h e  

compu te rv i s ion  area, Ken Kunen i n  theorem p rov ing ,  L a r r y  T r a v i s  i n  deduct ion,  

e x p e r t  systems and databases. 

n a t u r a l  1 anguage and know1 edge r e p r e s e n t a t i o n .  

- 

Greg Oden, Robin Cooper and Sheldon K l e i n  i n  

Colorado S t a t e  U n i v e r s i t y :  P r o j e c t s  b e i n g  pursued i n c l u d e :  1. Theorem 

p r o v i n g  u s i n g  p a r a l l e l  a l g o r i t h m s  w i t h  Rasiah Logananthara j  as t h e  p r i n c i p a l ,  

2. 

w i t h  Rober t  M u e l l e r  and Joseph Barghese, 3. 
r e t a r g e t a b l e  microcode methods w i t h  Robert  M u l l e r ,  Joseph Barghese, Michael  

Duda and V i c k i  Alan, and 4. Use of s y s t o l i c  a r r a y s  i n  s i g n a l  process and 

p a t t e r n  r e c o g n i t i o n  w i t h  Jacek Wa l i ck i .  

Formal d e r i v a t i o n  of l o g i c  programs f r o m  h i g h e r  o rde r  l o g i c  s p e c i f i c a t i o n s  

Knowledge based methods i n  

U n i v e r s i t y  o f  C a l i f o r n i a  Berkeley:  P r o j e c t s  i n c l u d e  n a t u r a l  language, 
knowledge r e p r e s e n t a t i o n ,  s t o r y  understanding,  and p lann ing .  
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Rensselaer P o l y t e c h n i c  I n s t i t u t e  

C u r r e n t l y ,  R P I  f und ing  i n  t h i s  area i s  w e l l  over $1M a n n u a l l y  and s p i n s  

seve ra l  departments and cen te rs .  

Developments i n  base techno logy  i n c l u d e  fuzzy s e t  t h e o r y  and e x p e r t  systems. 

Furthermore, t h e  development o f  d a t a  s e t s  f o r  use i n  f a u l t  t r e e  a n a l y s i s ,  and 

development of t o o l s  f o r  i n t e g r a t i o n  p l a n n i n g  and e v a l u a t i o n ,  has been and i s  

c u r r e n t l y  b e i n g  undertaken. 

fuzzy s e t  t h e o r y  w i t h  o p e r a t i o n a l  modules f o r  i n s t a n c e  f r o m  n u c l e a r  power 
p l a n t s  i s  b e i n g  undertaken f o r  o n - l i n e  d i a g n o s i s  and c o n t r o l  o f  such systems 

as n u c l e a r  steam generators .  The development of i n t e l l i g e n t  c o n t r o l  systems 

and r o b o t i c s  i s  b e i n g  a c t i v e l y  pursued f o r  i n t e g r a t i o n  and manu fac tu r ing  i n  

b o t h  n u c l e a r  and non-nuclear environments.  

The i n t e g r a t i o n  o f  d i a g n o s t i c  systems based on 
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APPENDIX  C 

THE APPLICATION OF ARTIFICIAL INTELLIGENCE 
BY THE NUCLEAR UTILITIES 

In an effort to evaluate the extent to which Artificial Intelligence (AI) is 
being applied by the nuclear industry, inquiries were made with nuclear 
representative utilities in the United States. 

In order to establish some consistency of response, persons a t  t h e  v i c e  
presidential level were contacted since they would have the best overview of 

utility company. The names of the utilities and 
sted in the attached table. 

work in progress within the 
individuals contacted are 1 

The inquiry included the fo lowing questions: 

1. Are you aware of or up-to-date on the latest developments in artificial 
intelligence? 

2. Is your utility pursuing any artificial intelligence developments on its 
own? 

3. Would your utility be interested in participating in any joint efforts 
with othe utilities and/or the Department of Energy on artificial 
intelligence or developing artificial intelligence tools? 

4. If so, which of the following areas would be of most interest to you? 

a. Operation of Power Plants 
b. Construction and Design - Management Control 
c. Database Management 



Based on responses from 21 u t i l i t i e s  we found t h a t  s i x  o f  these i n d i v i d u a l s  

were q u i t e  knowledgeable on t h e  s u b j e c t  o f  A I ;  e i g h t  were only f a m i l i a r  w i th  
t h e  s u b j e c t  w h i l e  another  seven professed t o  have no knowledge o f  t h e  ma t te r  

a t  a l l .  
i n t e l l i g e n c e  ( A I )  a p p l i c a t i o n s  i n  some l i m i t e d  manner. I n  a l l  c i rcumstances  
t -h is  work was i n  suppor t  o f  p l a n t  opera t ions .  

i 
% 

= 
F i v e  u t i l i t i e s  r e p o r t e d  t h a t  t h e y  were work ing  on a r t i f i c i a l  

I n t e r e s t  i n  work ing  w i t h  o t h e r s  on t h e  s u b j e c t  of A I  was expressed by  o n l y  

f i v e  u t i l i t i e s .  Four o t h e r s  i n d i c a t e d  t h e y  m igh t  have an i n t e r e s t ,  b u t  were 

ex t reme ly  c a u t i o u s  o r  noncommittal about it. 

Those t h a t  i n d i c a t e d  a p re fe rence  of t h e  t h r e e  f i e l d s  o f  s tudy  s t r o n g l y  

f a v o r e d  p l a n t  o p e r a t i o n s  (10). Four expressed an i n t e r e s t  i n  database 
management w h i l e  o n l y  one i n d i c a t e d  any i n t e r e s t  a t  a l l  i n  c o n s t r u c t i o n  and 

des ign  c o n t r o l .  T h i s  l a t t e r  p o i n t  was n o t  s u r p r i s i n g  i n  t h a t  most c o n t a c t s  

expressed s k e p t i c i s m  concern ing  f u t u r e  nuc lea r  c o n s t r u c t i o n  and recogn ized 
t h a t  any A I  development c o u l d  n o t  be accomplished i n  t i m e  t o  a s s i s t  ongoing 

c o n s t r u c t i o n .  



89 

r 

w 

UTIL ITY 

UNITED STATES NUCLEAR UTILITIES 

CONTACT NAME 

N o r t h e a s t  : 

B a l t i m o r e  Gas & E l e c t r i c  Co. 

Boston Edison Co. 

Connec t i cu t  Yankee Atomic Power Co. 

Conso l i da ted  Edison Co. 

Duquesne L i g h t  Co. 

GPU Nuclear  C o r p o r a t i o n  

Long I s l a n d  L i g h t i n g  Co. 

Mai ne Yankee Atomic Power Co. 

New Hampshire Yankee, I n c .  

New York Power A u t h o r i t y  

N iaga ra  Mohawk Power Corp. 
Nor theas t  U t i l i t i e s  

Pennsylvania Power & L i g h t  Co. 

P h i l a d e l p h i a  E l e c t r i c  Co. 
Public Service Electric & Gas Co. 

Rochester Gas & E l e c t r i c  Co. 
Vermont Nuclear  Power Corp. 

Yankee Atomic E l e c t r i c  Co. 

Midwest : 

C leve land  E l e c t r i c  I l l i n o i s  

Commonwealth Edi  son Company 

Consumer Power Co. 

Dai r y l  and Power C o r p o r a t i o n  
D e t r o i t  Edison Co. 

I l l i n o i s  Power Co. 

C. H. Po index te r  

A. L .  Oxsen 

J. F. Opeka 

Char les Jackson 

3. 3 .  Carey 
R. D. B r i g h t  

J. 0. Leonard, Jr .  
Mat Hunter 

George S. Thomas 

J. P. Bayne 

T. E. Lempges 

J. F. Opeka 
Bruce D. Kenyon 

V. S. Boyer 
Corbin A. McNeill, Jr. 
R. W. Kober 
W .  P. Murphy 

1. H. Heider  

M. R. Edleman 

Lou is  DelGeorge 

Jim T a y l o r  

J. L e i f e r  
W. H. Jens 

W i l l i a m  Gerstner  



UTILITY 

Midwest: (Con t ' d )  

CONTACT NAME 

I n d i a n a  & Mich igan E l e c t r i c  Co. 

Iowa E l e c t r i c  L i g h t  & Power Co. 

Kansas Gas & E l e c t r i c  Co. 

Nebraska P u b l i c  Power D i s t r i c t  

N o r t h e r n  S t a t e s  Power Co. 
Omaha P u b l i c  Power D i s t r i c t  

To ledo Edison Co. 

Union E l e c t r i c  Co. 
Wisconsin E l e c t r i c  Power Co. 
Wisconsin P u b l i c  Se rv i ce  Corp. 

South: 

Alabama Power & L i g h t  Co. 

Arkansas Power & L i g h t  Co. 

C a r o l i n a  Power & L i g h t  Co. 

Duke Power Co. 

F l o r i d a  Power & L i g h t  Co. 

F l o r i d a  Power Corp. 

Georg ia Power Co. 

Gulf S t a t e s  U t i l i t i e s  Co. 

L o u i s i a n a  Powe & L i g h t  Co. 
M i s s i s s i p p i  Power & L i g h t  Co. 

South C a r o l i n a  Elec.  & Gas Co. 

TVA 
V i r g i n i a  E l e c t r i c  & Power Co. 

Rober t  Her i ng 

Dundesna Longer 

G. L. Koester  

Robert  E. Wi lbur  

L arson 

R. 1. Andrews 

R. P. Crouse 
D. F. Schne l l  

C. W. Fay 
C. W. G i e s l e r  

R. P. McDonald 

D. R. S ikes 

A. B. C u t t e r  

H. B. Tucker 

C. 0. Wood 
W. J. Wilgus 

J. T. Beckham 

J. G. Weigand 
R. S. Leddick 
O l i v e r  K i n g s l e y  

0. W. D ixon 

J. P. D a r l i n g  

W. L. Stewark 



UTILITY 

S o u t  h we s t : 

Texas U t i l i t i e s  Generat ing Co. 

Houston L i g h t i n g  & Power Co. 

A r i z o n a  P u b l i c  S e r v i c e  Co. 

West & Northwest 

Washington P u b l i c  Power Supply Sys.  
Sacramento M u n i c i p a l  U t i l i t i e s  

P o r t l a n d  General E l e c t r i c  Co. 

P a c i f i c  Gas & E l e c t r i c  

Public S e r v i c e  Co. of Colorado 
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CONTACT NAME 

B. R. Clements 

J. G. DeWease 

E. E. Van Brunt 

Alex S q u i r e  

R. J. Rodr iquez 

B. D. Wi thers 

James S h i f f e r  

Oscar Lee 

" U . S .  GOVERNMENT PRINTING OFFICE: 1986- 491-177:50012 
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