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Recently we have entered an era of intense 
government and i n d u s t r i a l i n t e r e s t in AI systems. 
In the development of robust AI systems, the ro le 
of the knowledge base Is extremely impor tan t . A 
s i g n i f i c a n t investment in knowledge base develop
ment w i l l be made over the next few years . 
Consequently the adequacy of cur rent techniques 
f o r the development and maintenance of large 
knowledge bases must be g iven c r i t i c a l rev iew. 
L ike database development in the ea r l y s i x t i e s , 
knowledge base development issues are l i k e l y to 
dominate AI system development. These issues 
are l i k e l y to d r i ve the development of p r a c t i c a l 
techniques as we l l as the ref inement t h e o r e t i c a l 
approaches. 

Knowledge Base S t a b i l i t y 

Development of a large AI system impl ies long 
terra commitment to the knowledge base. The cost 
of knowledge base development represents a 
s i g n i f i c a n t f r a c t i o n o f the t o t a l cost o f 
implementing an expert system. Because such a 
s i g n i f i c a n t investment is made in the knowledge 
base, s t a b i l i t y over time is an important issue. 
One quest ion to consider is the s u s c e p t i b i l i t y of 
knowledge bases to Innovat ions in AI technology. 

The experience of expert system developers has 
been tha t successful app l i ca t i ons have resu l ted 
from l i m i t i n g the problem scope and using 
p r i m a r i l y e x p e r i e n t i a l or judgmental knowledge. 
L i m i t i n g the scope of the system impl ies not only 
a domain l i m i t a t i o n but a lso assumptions on how 
the system is going to be used. Knowledge bases 
intended fo r expert dec is ion making may d i f f e r 
from those intended fo r t u t o r i a l use. An issue is 
whether changing the intended use of a system w i l l 
adversely impact s t a b i l i t y of the knowledge base. 

Competing w i t h the no t ion of knowledge base 
s t a b i l i t y i s the p r a c t i c a l cons t ra i n t that A I 
systems are developed by a process of evo lu t ionary 
re f inement . The two cons t ra in t s of knowledge base 
s t a b i l i t y and development by evo lu t ionary 
ref inement imply tens ion between the degree of 
commitment to s p e c i f i c techniques fo r 
represen ta t ion and reasoning in knowledge based 
systems. These cons t ra in t s in t u rn ra i se 
quest ions about the a r c h i t e c t u r e of knowledge base 
development t o o l s : Is the knowledge base 
development t o o l to be viewed as a " u t i l i t y 
package" or as an " i n teg ra ted app l i ca t i ons 
system?" This p a r t i c u l a r issue has in f luenced 
design cons iderat ions in var ious systems. 

Memory: Uniform or S t ruc tured 

A second issue which must be considered is 
tha t of memory management f o r knowledge bases. If 
the v i r t u a l memory address space o f fe red by the 
hardware is smal ler than that needed fo r the 
knowledge base, a s t r u c t u r i n g of the knowledge 
rep resen ta t ion is needed. Only a few years ago, 
the l i m i t a t i o n s of t imeshar ing v i r t u a l memories 
presented ser ious l i m i t a t i o n to the development 
of robust knowledge bases. With the advent of 
personal L isp machines, t h i s l i m i t a t i o n has been 
removed. . . f o r now. 

I n d u s t r i a l s t reng th knowledge bases are l i k e l y 
to grow large q u i c k l y . The need fo r extensive 
data in some app l i ca t i ons i n t e n s i f i e s the ra te of 
knowledge base growth. Do we leave the size l i m i t 
quest ion to hardware a r c h i t e c t u r e or should we 
s t r u c t u r e the memory In some way? C lear l y there 
are p r a c t i c a l systems which requ i re more than a 32 
b i t address space f o r a memory map. The v i r t u a l 
memory issue has l a rge l y been over looked, w i th the 
hope that our knowledge bases w i l l not exceed the 
address space of the machine. 

I n t e g r i t y 

From an engineer ing perspec t i ve , knowledge 
base I n t e g r i t y impl ies that i n t e r a c t i o n s w i th the 
knowledge system w i l l be cons is ten t over the scope 
of the a p p l i c a t i o n . Inconsis tency In the 
knowledge base becomes evident when a user enters 
t e r r i t o r y not prev ious ly explored by the designer 
of the system. S c i e n t i f i c a l l y , considerable 
a t t e n t i o n is being given to e s t a b l i s h knowledge 
base i n t e g r i t y in terms of a wel l - formed 
epistemology. 

Most systems used today in i n d u s t r i a l 
a p p l i c a t i o n s are b u i l t using an engineer ing 
approach. Explanat ion f a c i l i t i e s are o f ten used 
to debug knowledge bases. Knowledge base 
debugging sessions are d r i ven by performance 
s p e c i f i c a t i o n s fo r the system. I n t e g r i t y of a 
system is reached by a step-wise process of 
t e s t i n g and re f inement . Tru th maintenance 
techniques developed which provide computat ional 
support f o r l i nes of reasoning. These techniques 
a l l ow the system to t race the dependency of one 
f ac t on other f a c t s . Questions to be considered 
a re : How can knowledge system b u i l d i n g too l s a id 
in achiev ing a cons i s ten t , robust knowledge base? 
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Current systems which use incremental 
development as a means of extending system 
c a p a b i l i t i e s su f fe r from a degree of f r a g i l i t y . 
When a user proposes an i n t e r a c t i o n not prev ious ly 
a n t i c i p a t e d bthe system degrades in ungraceful 
ways. For a system to degrade g r a c e f u l l y the 
system must have a model of the l i m i t s of i t s 
e x p e r t i s e . In the past the semantics of a 
knowledge representat ionhas been an issue even fo r 
smal l systems. C lear ly developing domain 
semantics which can i d e n t i f y t h e i r own l i m i t s w i l l 
be a major issue fo r i n d u s t r i a l app l i ca t i ons of 
knowledge based systems. 

Knowledge A c q u i s i t i o n and the User I n te r f ace 

In order to extend the c a p a b i l i t i e s of a 
knowledge system, cur rent technology requi res new 
knowledge to be entered and debugged by the 
knowledge engineer or domain exper t . This process 
puts a p a r t i c u l a r s t ress on the user i n t e r f a c e . 
The b i t mapped graphics d isp lay in tegra ted w i th 
LISP programming environments has made It possib le 
to const ruct h igh ly i n t e r a c t i v e i n te r faces to 
knowledge bases. Using graphics i t is possible to 
represent knowledge in a way which is na tu ra l to 
the user, o f f e r i n g an extended vocabulary f o r 
r ep resen ta t i on . Commonly used graph ica l 
representa t ions of concepts may be d i r e c t l y 
represented. Since the graph ica l representat ions 
are in teg ra ted w i t h the L isp environment, i t i s 
poss ib le to make the representa t ion a c t i v e , items 
may be selected and manipulated using g raph ica l 
p o i n t i n g devices such as the mouse. 

The use of these techniques can p o t e n t i a l l y 
improve knowledge base u t i l i t y in a system. 
Knowledge base bu i l d i ng too ls can use t h i s 
p o t e n t i a l by prov id ing i n t e g r a t i o n of g raph ica l 
perspect ives on knowledge w i t h knowledge 
represen ta t ion techniques. 

J o i n t Knowledge Base Development 

Most prototype knowledge systems have been 
developed based on the knowledge of a s ing le 
expe r t . An a l t e r n a t i v e to the s ing le expert has 
been es tab l i sh ing a consensus among several 
expe r t s . Broad use of commercial AI systems 
requ i res j o i n t development knowledge bases by many 
expe r t s . Knowledge base b u i l d i n g too ls may a id 
in the process of handl ing a l t e r n a t i v e sources of 
knowledge and recogniz ing c o n f l i c t s in knowledge 
base ref inement by several c o n t r i b u t e r s . 

While personal worksta t ions have been a great 
a i d in p rov id ing a large v i r t u a l address space and 
an improved user i n t e r f a c e , they have introduced 
the compl ica t ion of d i s t r i b u t e d knowledge bases. 
Working w i t h d i s t r i b u t e d knowledge bases is of 
p a r t i c u l a r importance In the cons t ruc t ion of 
expert systems where c o l l a b o r a t i o n between experts 
and d i s c i p l i n e s is an i n t e g r a l par t of system use. 

In te r faces to Databases 

Expert problem so lv ing o f ten requ i res 
u t i l i z a t i o n of data organized in large data 
management systems. For example, a molecular 
g e n e t i c i s t p lanning an experiment w i l l make 
reference to the NIH database on DNA sequence 
da ta . Many prototype systems have avoided the 
data management issue by l i m i t i n g the scope of 
a p p l i c a t i o n . I n t e r f a c i n g to data management 
f a c i l i t i e s is an i n t e g r a l par t of many i n d u s t r i a l 
Al systems. Consequently, a knowledge system is 
l i k e l y to requ i re i n t e r a c t i o n w i t h a database 
system. F a c i l i t i e s i n t e g r a t i n g the knowledge 
based system w i t h convent ional database management 
systems are a l i k e l y knowledge base bu i l d i ng t o o l . 


