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ABSTRACTS 

The demand f o r second genera t ion 
exper t systems w i l l soon b r i n g forward the 
demand f o r t o o l s to b u i l d them. ZDEST-2 is 
b u i l t to t e s t the au tho rs ' ideas on what 
c h a r a c t e r i s t i c s such t o o l s should have and 
how to r e f l e c t them c o n s i s t e n t l y w i t h i n a 
system. New concepts such as t h r e e - l e v e l 
c o n t r o l scheme and 3-D exp lana t ion are 
i n t r o d u c e d ; m u l t i p l e r ep resen ta t i on methods 
and in fe rence engines are o f f e r e d and 
i n t e g r a t e d . The most d i s t i n g u i s h e d charac
t e r i s t i c s of ZDEST-2 a r e : (1) I t is a gen
e r a l t o o l s u i t a b l e f o r b u i l d i n g var ious 
domain o r i e n t e d exper t systems(ESs). (2) 
The ESs b u i l t by i t can f u l l y r e f l e c t the 
na tu re of a p p l i c a t e d domains. (3) W e l l -
developed environment is prov ided f o r the 
b u i l d i n g and us ing of ESs. (4) A user 
f r i e n d l y i n t e r f a c e i s emphasized, explana
t i o n s can be t a i l o r e d to the e l abo ra t i on 
needed, and, e x t e r n a l procedure accesses 
are a l l owed . Th is paper g ives a q u i t e 
d e t a i l e d d e s c r i p t i o n about how ZDEST-2 
ga ins such c h a r a c t e r i s t i c s . 

I INTRODUCTION 

Dur ing the past decade, ES technology 
has been deve lop ing r a p i d l y , a t t r a c t i n g a 
g rea t number of researchers and coopera
t i o n s . But s t i l l , i t i s f e l t t ha t the 
f i r s t genera t i on ESs neg lec t the impor
tance of s i m u l a t i n g e x p e r t s ' problem-
s o l v i n g t r a i n s and the importance of meet
i n g the needs of t e r m i n a l users . Thus 
begins the research on second genera t ion 
ES(SGES). To conform to t h i s tendency, the 
problem cha l l eng ing t o o l designers is how 
to b u i l d t o o l s which are able t o a s s i s t 
the procedure of b u i l d i n g and us ing SGESs. 
Severa l impor tant c h a r a c t e r i s t i c s a SGES 
w i l l have are d iscussed in C13. Now as to 
the t o o l s , what are t h e i r major charac
t e r i s t i c s ? F i r s t o f a l l , i n order t o have 
some background knowledge, l e t us examine 
what p r i o r t o o l s l a c k . P r i o r t o o l s pay 
l i t t l e a t t e n t i o n t o how t o r e f l e c t the 
na tu re of problem domain. Many t o o l s are 
d e r i v e d from domain-or ien ted ESs, i t i s 
i n e v i t a b l e t h a t they ca r r y w i t h them more 
o r less f e a t u r e s p e c u l i a r t o a p p l i c a t i o n 

domain. Other t o o l s such as HEARSAY-"1 
C63 and AGEC73, tend to be genera l a i d s , 
s a c r i f i c e e f f i c i e n c y t o ga in g e n e r a l i t y , 
so they are i m p r a c t i c a l to use. P r i o r 
t o o l s lack the i n t e n t i o n t o organ ize 
separate modules i n t o a c l o s e l y r e l a t e d 
t o o l set t o p rov ide l i f e long se rv i ce f o r 
ESs. Domain exper ts t r y hard to f i n d t o o l s 
p r o v i d i n g good ass is tance to the use of 
ESs, on ly to f i n d those t o o l s are not 
s u i t a b l e f o r b u i l d i n g t h e i r own ESs. So we 
f e e l , f u t u r e t o o l s should have the f o l l o w 
i n g c h a r a c t e r i s t i c s : f i r s t l y , they should 
have g rea t f l e x i b i l i t y i n combining v a r i 
ous d i f f e r e n t i n fe rence eng ines ; secondly , 
ESs b u i l t by them should f u l l y r e f l e c t the 
na ture o f a p p l i c a t i o n domain, the e x p e r t ' s 
reasoning t r a i n s and the ways exper t 
g i v i n g e x p l a n a t i o n ; t h i r d l y , t h e y should be 
ab le to record r i c h - s t r u c t u r e d bookkeeping 
i n f o r m a t i o n f o r knowledge in order to sup
po r t the ma in ta in ing and updat ing of SGESs 
and to prov ide user f r i e n d l y i n t e r f a c e ; 
and f o r t h l y , as the SGES may be a s o r t of 
d i s t r i b u t e d p rob lem-so lv ing system, the 
t o o l s should have the p o t e n t i a l i t y to 
b u i l d d i s t r i b u t e d systems. ZDEST-2 i s 
b u i l t t o exp lore the p o t e n t i a l i t y o f hav
i ng these c h a r a c t e r i s t i c s w i t h i n a system, 
in order to o f f e r SGESs l i f e long s e r v i c e . 
I t r e s u l t s i n a f a i r success. I t has been 
used to b u i l d fou r ESs from d i f f e r e n t 
domains: one f o r d e t e c t i n g b lood de fec ts 
(ZCLOT); one f o r r e p a i r i n g superheterodyne 
t r a n s i s t o r rad ios (ZRAD); one f o r p ros 
pec t i ng minera l resources and e s t i m a t i n g 
the q u a n t i t y (ZGPE); and one f o r making up 
the best co t t on composi t ion f o r c o t t o n 
m i l l s (ZCOT). 

I OVERVIEW OF ZDEST-2 

According to the c l a s s i f i c a t i o n o f 
C23, t o o l s can be d i v i d e d i n t o severa l 
c a t a l o g s , and ZDEST-2 can be seen as a 
genera l system a i d w i t h we l l -deve loped 
suppor t ing f a c i l i t i e s . ZDEST-2 has two 
d i s t i n c t f u n c t i o n s . One i s t a l k i n g w i t h 
exper ts i n t e r a c t i v e l y t o e x t r a c t domain 
knowledge and domain p rob lem-so l v i ng 
procedures so as to b u i l d domain o r i e n t e d 
ESs. Th is process is c a l l e d ES b u i l d i n g 
process. The o ther one is p r o v i d i n g 
va r ious suppor t ing f a c i l i t i e s i n c l u d i n g 
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exp lana t i on based on 3-D t r u t h maintenance 
s t r u c t u r e and meta-knowledge based 
knowledge base management to a s s i s t the 
us ing and m a i n t a i n i n g of ESs. 

Dur ing ES b u i l d i n g p rocess , by t a l k i n g 
w i t h domain exper ts i n t e r a c t i v e l y , ZDEST-2 
ga ins knowledge about the conceptual 
s t r u c t u r e of the domain, and b u i l d s upon 
t h a t ES components such as t a s k , meta-ks 
and body-ks used by the ES to be b u i l t . 

Task, meta-ks(MKS), body-ks(BKS) and 
i n fe rence engine are f ou r main ES com
ponent t y p e s , c a l l e d ES i t ems . There is a 
comment frame assoc ia ted w i t h each i t e m , 
which records c o n t r o l i n f o r m a t i o n and 
bookkeeping i n f o r m a t i o n r e l e v a n t to the 
i t e m . I n f o rma t i on in the comment frames is 
u s e f u l i n schedu l ing the i tem o r e x p l a i n 
i n g the i t e m ' s behav io r . The comment frame 
i s f i l l e d i n under the guidance o f the 
domain e x p e r t , and so the exper t has the 
power o f d e c i d i n g the a c t u a l i n t e r n a l form 
of the ES under the same t h r e e - l e v e l 
c o n t r o l a r c h i t e c t u r e . 

I n order to ga in the p rob lem-so l v i ng 
e f f i c i e n c y and the c a p a b i l i t y o f charac
t e r i z i n g a p p l i c a t i o n domain and to be 
g e n e r a l l y a p p l i c a b l e , we proposed the 
t h r e e - l e v e l c o n t r o l scheme. I t i s a genera l 
c o n t r o l a r c h i t e c t u r e composed o f p l a n n i n g , 
sketchy reasoning and concre te reason ing . 
I t is a p rob lem-so l v ing a r c h i t e c t u r e of ES 
s u i t a b l e f o r va r i ous a p p l i c a t i o n domains. 
A b lackboard ac ts as the genera l data 
communication a r e a , where ES i tems record 
and look f o r needed d a t a . 

ZDEST-2 is c u r r e n t l y runn ing on VAX-
11/785 and Honeywell DPS8/51, us ing FRANZ 
LISP and LISP/66 r e s p e c t i v e l y . I t s source 
code is about 9000 l i n e s long (not i n c l u d 
i n g the comment l i n e s ) . ESs b u i l t by i t 
can be t r a n s f e r r e d to run on IBM PC. 

I l l ES BUILDING PROCESS 

The ES b u i l d i n g process is shown in 
|tJom«un 

«xp«rtt« I T w f » n 

F i g . l ( the s i n g l e - l i n e arrow i n d i c a t e s 
da ta f l o w , w h i l e the d o u b l e - l i n e arrow 
i n d i c a t e s c o n t r o l f l o w ) . A t any t ime d u r i n g 
ES b u i l d i n g p rocess , ZDEST-2 is always in 
one of the f o l l o w i n g f o u r ES b u i l d i n g 
s tages : (1 )conceptua l s t r u c t u r e d e s c r i p 
t i o n , (2) ES component d e s c r i p t i o n , (3) 
knowledge a c q u i s i t i o n , (4) ES re f inement 
and assembly. The semantic and s y n t a c t i c 
examinat ion i s performed f rom beg inn ing to 
end f o r the purpose o f e l i m i n a t i n g e r r o r s 
occur red in ES b u i l d i n g process . 

A . Conceptual S t r u c t u r e D e s c r i p t i o n 

Conceptual s t r u c t u r e i s organized 
around concepts and con tex t t y p e s , i n d i 
c a t i n g the p rope r t y i n h e r i t a n c e between 
con tex t t ypes . Concepts stand f o r bas ic 
o b j e c t s o f the a p p l i c a t i o n domain, they 
are used to d e f i n e prob lems, r u l e s , goa ls 
and messages mentioned in ES. Context 
types desc r ibe the r e g i o n w i t h i n which 
c e r t a i n concepts are a p p l i c a b l e . Context 
types themselves can be regarded as con
cepts which are a p p l i c a b l e w i t h i n c e r t a i n 
r e g i o n s , i n o ther words , they are h igher 
l e v e l concepts . For any a p p l i c a t i o n 
domain, the o r g a n i z a t i o n o f conceptua l 
s t r u c t u r e may not be un ique , i t i s 
i n f l u e n c e d by the way exper ts i n t e n d to 
o rgan ize ES components. 

The p r o p e r t i e s of con tex t types and 
concepts are recorded i n the p rope r t y l i s t 
assoc ia ted w i t h them.Through the d i a l o g u e , 
exper t en te rs the p r o p e r t i e s o f each 
con tex t type and concept . 

Par t o f the conceptua l s t r u c t u r e o f 
ZRAD is shown in F i g . 2 , where IF ( i n t e r 
mediate f r e q u e n c y ) , HF (h i gh f requency) 
and LFA ( low f requency a m p l i f i e r ) are 
con tex t t y p e s , t h a t i s , they are h igher 
l e v e l concepts . The concepts which can be 
a p p l i e d in LFA are TR4VC ( the v o l t a g e of 
TR4 c o l l e c t o r ) , I T R ( t h e i n p u t t r a n s f o r m e r ) , 
OTR ( the ou tpu t t r ans fo rmer ) and so on . 

F i 9 . 1 . Tht ES bttiUma process 

F19. 2. ?o#t of tk* c*notft«*l structan j MAP 

B. ES Component D e s c r i p t i o n 

Tasks, MKSs, BKSs and In fe rence en
g ines a re ES components, they are combined 
to form an executab le ES. The s p e c i f i c a 
t i o n o f them i s done b y f i l l i n g i n the 
comment frames assoc ia ted w i t h them and 
a c q u i r i n g r e l e v a n t knowledge p ieces used 
by them. The comment frames have s l o t s f o r 
s p e c i f y i n g the p r e c o n d i t i o n o f t ask 
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e x e c u t i o n , r e l a t i o n between t a s k s , the 
meta r u l e s used by MKS, the p e c u l i a r 
i n fe rence engine used by KS, the domain 
r u l e s used by KS, and so on (Table 1, 2 ) . 

Table 1. Comment frame of a BKS of ZCLQT 
namei bcu 
knowledge f o rm : p roduc t i on r u l e s 
i n fe rence eng ine : g o a l - d i r e c t e d - i n f 
con tex t t yp e s : p a t i e n t 
concepts i n c l u d e d : f i n a l d e f . . . . 
r u l e s : r u l e - 0 , r u l e - 7 , r u l e - 9 
f a t h e r k s : mcu 

Table 2. Comment f r y n c of an i n f . engine 
name: g o a l - d i r e c t e d - i n f 
g l ob parameters: ( c n t x t ddata qua-numb) 
c fcombine: cf-combine 
c f a d j u s t : n i l 
usedby: (bcu) 
d e s c r i p t i o n : Th is i s a g o a l - d i r e c t e d i n 

ference eng ine , MYCIN l i k e 
c e r t a i n t y measure is used. 

C. Knowledge A c q u i s i t i o n 

Dur ing the ES component d e s c r i p t i o n 
p e r i o d , the r e l a t e d meta-knowledge and 
domain knowledge are acqu i red when 
ment ioned. For the convenience of 
r e p r e s e n t a t i o n , th ree k inds o f representa 
t i o n methods are o f f e r e d by ZDEST-2. 

1 . Produc t ion Rules 
Produc t ion r u l e s can be expressed in 

s imple express ion language (SEL) and 
r e s t r i c t e d n a t u r a l language (RNL). 

a. SEL-- SEL uses concepts and t h e i r 
va lues as operands, p red i ca tes as opera
t o r s t o express l o g i c a l r e l a t i o n between 
concepts and va lues . L i s p expressions can 
be i n s e r t e d in any p lace w i t h i n a SEL 
express ion in case some opera t ions exceed 
the r e p r e s e n t a t i o n power of SEL. A r u l e of 
ZRAD expressed in SEL is show as f o l l o w s : 

IF esc«normal 
40 ma <= c t f c < 70 ma 
type »& Con, o f f } 

THEN errmsg«c l7 t 
( p r i n t l MC17 is th rough") 

b . RNL-- W i th the h e l p o f p red i ca te 
d e s c r i p t i o n p a t t e r n s , va lue f u n c t i o n 
d e s c r i p t i o n p a t t e r n s , acqu i red p r o p e r t i e s 
of concepts and a power fu l p a t t e r n 
matcher , the p roduc t i on r u l e s expressed in 
RNL can be t r a n s l a t e d w i t h o u t much 
d i f f i c u l t y . R N L can be extended dynamica l ly 
by adding new p red i ca te and va lue f u n c t i o n 
d e s c r i p t i o n p a t t e r n s . 

2. Semantic Networks 
Semantic network r e p r e s e n t a t i o n i s 

a l s o supported by ZDEST-2, a l i n e a r p a r t i 
t i o n e d network r e p r e s e n t a t i o n language i s 
p rov i ded . The i m p l i c a t i o n r e l a t i o n i s 
represented as a "space"CI03, so in the 
l o g i c a l l e v e l , the f u n c t i o n o f i m p l i c a t i o n 
space i s equ i va len t to t h a t o f p roduc t i on 
r u l e . Th is enables the easy t r a n s f o r m a t i o n 
between them, makes i t poss ib l e to a l l o w 
the co-ex is tence of knowledge represented 
i n d i f f e r e n t methods. But u n t i l now, 
ZDEST-2 has merely a l lowed d i f f e r e n t KSs 
to use d i f f e r e n t knowledge r e p r e s e n t a t i o n 
methods, w h i l e knowledge w i t h i n a p a r t i c u 
l a r KS is encoded in the same fo rm. 

3. Procedure Representa t ion 
ZDEST-2 a l so a l lows the knowledge to 

be represented i n procedures w r i t t e n i n 
FRANZ LISP, FORTRAN, PASCAL or C. Ex te rna l 
access a b i l i t y i s very impor tan t t o l a rge 
problem s o l v i n g a c t i v i t i e s . By t h i s 
power fu l c h a r a c t e r i s t i c , l a rge systems 
con ta i n i ng tasks such as data p rocess ing , 
t a b l e drawing and o thers can a l so be b u i l t 
by ZDEST-2. 

D. ES Refinement and Assembly 

I n fo rma t i on and knowledge acqu i red 
d u r i n g conceptual s t r u c t u r e d e s c r i p t i o n , 
ES component d e s c r i p t i o n and knowledge 
a c q u i s i t i o n are s to red in a data f i l e . The 
data f i l e descr ibes the s t a t i c o rgan iza 
t i o n of an ES l o o s e l y . F i g . 3 shows the 
s t a t i c o r g a n i z a t i o n of an example data 
f i l e . 

F*9.3. ES ttwns o ryuu^ in tkt M* jilt 

Because ZDEST-2 is a l a rge t o o l s e t , 
i t is composed of a g rea t number of 
modules. For ES to achieve h i g h p e r f o r 
mance e f f i c i e n c y , a l l o f the redundant 
modules and data must be d i sca rded . A f t e r 
t h a t , the newly b u i l t system i s assembled 
and compiled i n t o an executab le ES. The 
ques t i on answering module and knowledge 
base management module accompany the ES, 
i n order t o support the poss i b l e f u t u r e 
debugging, updat ing and m a i n t a i n i n g . 
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Since each KS j can s e l e c t i t s own 
in fe rence engine and r e p r e s e n t a t i o n method 
by cho i ce , systems b u i l t by ZDEST-2 can be 
regarded as a combinat ion of a number of 
the ES cores(by ES core we mean the key 
components of an ES, t h a t i s , knowledge 
and i n fe rence eng ine ) , w h i l e d i f f e r e n t 
cores are d i f f e r e n t i n r e p r e s e n t a t i o n o r 
i n fe rence method or o t h e r s . Th is 
d i s t i n g u i s h e d c h a r a c t e r i s t i c s t rengthens 
the p rob lem-so lv ing c a p a b i l i t y o f ESs, 
a t t a i n s g rea t f l e x i b i l i t y f o r ZDEST-2 t o 
b u i l d d i f f e r e n t types o f ESs, and a l so 
enables the r e f l e c t i o n of domain n a t u r e . 

IV THREE LEVEL CONTROL ARCHITECTURE 

ESs b u i l t by ZDEST-2 use t h ree l e v e l 
c o n t r o l scheme, which c o n s i s t s o f p lann ing 
p e r i o d , sketchy reason ing pe r i od and 
concrete reasoning p e r i o d , as the problem-
s o l v i n g a r c h i t e c t u r e . 

P lann ing happens on task l e v e l . 
Through dynamic p l a n n i n g , the execut ion 
sequence of tasks is dynamica l l y o rdered . 
Dur ing p lann ing p e r i o d , the scheduler 
c o n t r o l s the execu t ion ,suspens ion o f tasks 
accord ing t o the c u r r e n t c o n t r o l in fo rma
t i o n in the b lackboard and admin i s te rs the 
i n t e r a c t i o n and message pass ing between 
t a s k s . Th is process i s s i m i l a r t o the 
schedu l ing of c o n t r o l KSs and domain KSs 
by scheduler i n b lackboard c o n t r o l a r c h i -
tec tu reC33. I n b lackboard c o n t r o l a r c h i 
t e c t u r e , the scheduler a c t i v a t e s c o n t r o l 
KSs to determine the importance and neces
s i t y of execu t ing c e r t a i n domain KSs, and 
then s e l e c t s one to execute accord ing to 
the c u r r e n t p rob lem-so l v i ng s t r a t e g y . Such 
a r c h i t e c t u r e has e i g h t prominent charac
t e r i s t i c s , but i t a l so has severa l severe 
d isadvantages: f i r s t l y , the t ime used i n 
schedu l ing i s i n p r o p o r t i o n to the number 
of bo th c o n t r o l KSs and domain KSs; 
second ly , KSs are r e l a t i v e l y independent , 
i s o l a t e d components, the execu t ion order 
o f KSs is pu re l y o p p o r t u n i s t i c . But in ap
p l i c a t i o n domain, e x p e r t ' s p rob lem-so l v ing 
procedure i s o f t e n gu ided by i m p l i c i t 
t r a i n s , the r e l a t i v e order of some KSs is 
de te rm inab le . So the ES component " t ask " 
i s i n t roduced t o adm in i s te r severa l 
c l o s e l y r e l a t e d KSs coopera t i ng to so lve 
c e r t a i n sub-problem, whose order can be 
determined when the task runs . The comment 
frames assoc ia ted w i t h tasks record a set 
o f p roduc t i on r u l e s used to desc r ibe the 
p r e c o n d i t i o n o f task execu t i on o r r e l a t i o n 
between t a s k s , and a se t of p roduc t i on 
r u l e s t o descr ibe the r e l a t i v e l y f i x e d 
dependency of MKSs admin i s te red by the 
t a s k s . The f u n c t i o n o f p l ann ing pe r i od i s 
t o p l an dynamica l l y the task execu t ion 
order i n order t o r e f l e c t the major 
problem s o l v i n g steps t a k i n g by exper ts 
d u r i n g problem s o l v i n g . 

Each task c o n t r o l s seve ra l MKSs. When 

a task is chosen to r u n , the sketchy 
reasoning pe r i od s t a r t s . The comment frame 
assoc ia ted w i t h MKS records the meta r u l e s 
and meta i n fe rence eng ine . The r o l e of MKS 
is to make p r e l i m i n a r y assessment of the 
sub-problem based on the c lues a l ready 
occur red on b lackboard in order to choose 
the best s u i t e d lower l e v e l KSs to r u n . 
For i n s t a n c e , i t can determine useable 
r u l e s used by lower l e v e l KSs, modify the 
i n fe rence engines used by lower l e v e l KSs 
and enable the execu t ion of lower l e v e l 
KSs. The idea of sepa ra t i ng the sketchy 
reasoning process from the whole problem-
s o l v i n g process i s a l so i n i t i a t e d by the 
goa l o f pursu ing the s i m i l a r i t y o f 
p rob lem-so l v ing between computer and 
domain e x p e r t s , because many exper ts have 
the i n t u i t i o n o f f a v o r i n g one in fe rence 
pa th w h i l e d i s c a r d i n g o t h e r s . The " i n t u i 
t i o n " probably i s the r e s u l t o f t r a d e o f f 
c o n s i d e r a t i o n of known c l u e s . The meta 
knowledge p lays va r i ous r o l e s . One of the 
impor tan t r o l e s i s t h a t i t can be used to 
modi fy dynamica l l y the comment frames of 
lower l e v e l KSs. Because of t h i s r o l e , 
when the i n fe rence engines used by lower 
l e v e l KSs are so s imple t h a t the in fe rence 
process is nea r l y determined on ly by meta 
r u l e s , the execu t ion of MKS enables the 
p rob lem-so l v i ng process of lower l e v e l KSs 
to be s e l f adap t i ve to the problem s t a t u s . 
We b e l i e v e the s e l f - a d a p t i v e of i n fe rence 
is a l so an impor tan t f e a t u r e of SGESs. 

Concrete reasoning p e r i o d i s r espons i 
b l e f o r a c t u a l l y s o l v i n g sub-problems. 
Since a f t e r sketchy reasoning p e r i o d , 
e v e r y t h i n g i s t a i l o r e d t o the s p e c i f i c 
needs, so the concrete reasoning p e r i o d is 
q u i t e e f f i c i e n t , e s p e c i a l l y when the meta 
knowledge used by MKS is e x c e l l e n t . 

The d i s t r i b u t i o n o f p rob lem-so l v i ng 
a c t i v i t i e s a t d i f f e r e n t c o n t r o l l e v e l i n 
d i f f e r e n t t ime i n t e r v a l s is shown as 
f o l l o w s : 
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sketchy 
reasonincr: concrete 
reason inq : 

1 
if> i*> 1$) 

1 1 
t?> 

1 
1 

t 

where, a t t ime i n t e r v a l : 
( l )Choose a task t o f i r e , c a l l i t T l . 
(2 )0 rder the MKSs admin i s te red 

by T l as T l - M l , T1-M2, e t c . 
(3)Begin the sketchy reasoning o f T l - M l . 
(4)Choose a BKS to r u n , c a l l i t T1-M1-B1. 
(5)Prev iew the r u l e s used by T1-M1-B1. 
( 6 )Ad jus t i n fe rence engine t o s u i t the 

c u r r e n t s t a t e o f the b lackboard 
i f necessary. 

(7)Execute T1-M1-B1. 
(8)Repeat (4) t o ( 8 ) , u n t i l the 

sub-problem i s so l ved . 
(9)Beg in the sketchy reason ing of T1-M2. 
( lO)Repeat (1) to ( 3 ) , choose another 
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t ask t o f i r e , u n t i l the whole 
problem i s so l ved . 

I t i s no t d i f f i c u l t t o f i n d out t h a t the 
t h r e e - l e v e l c o n t r o l a r c h i t e c t u r e i s a 
g e n e r a l , e f f i c i e n t p rob lem-so l v ing a r c h i 
t e c t u r e . For example, the moBt o f t e n used 
i n fe rence eng ines : g o a l - d i r e c t e d and 
d a t a - d i r e c t e d , can be implemented on the 
concre te reasoning l e v e l ; and the more 
complex m ixed-cha in ing i n fe rence engine 
can be implemented on the sketchy reason
i n g l e v e l . Bes ides, the symptom based 
i n f e rence engineC43 can be implemented on 
the p lann ing l e v e l . The th ree l e v e l 
c o n t r o l a r c h i t e c t u r e i s a n a m e l i o r a t i o n t o 
the b lackboard c o n t r o l a r c h i t e c t u r e . I t i s 
more s u i t e d to be used in p r a c t i c a l 
systems. Fur the r more, because of the 
i n t r o d u c t i o n of comment f rames, the KSs' 
s t r u c t u r e i s l oose l y organized.Through the 
f i l l - i n o f comment f rames, domain exper ts 
are f r e e to choose whatever s u i t e d i n f e r 
ence engines to r e f l e c t the exact na ture 
o f problem s o l v i n g . 

Because the th ree l e v e l c o n t r o l a r c h i 
t e c t u r e is a framework capable of charac
t e r i z i n g the genera l problem s o l v i n g 
a c t i v i t i e s o f a p p l i c a t i o n domain, and 
because ZDEST-2 prov ides g rea t f l e x i b i l i t y 
f o r exper ts i n b u i l d i n g an a c t u a l system, 
so ZDEST-2 is a t o o l wor thwh i l e to use f o r 
a lmost any domain. 

V THE SUPPORTING FACILITIES OFFERED 

A. Quest ion Answering 

The SGES must be ab le to g i ve ap
p r o p r i a t e system performance exp lana t ions 
based on u s e r ' s domain f a m i l i a r i t y . 
ZDEST-2 has made g rea t e f f o r t s to p rov ide 
ESs w i t h a user f r i e n d l y i n t e r f a c e . The ES 
b u i l t by ZDEST-2 encourages user to ask 
"HOW", "WHY" quest ions and to demand he lp 
f rom the system d u r i n g p rob lem-so lv ing 
p rocess , and a l so encourages user to use 
ques t i on answering module prov ided by 
ZDEST-2 to examine and to understand the 
e v o l u t i o n o f p rob lem-so lv ing process. 
Dur ing the p l a n n i n g , sketchy reasoning and 
concre te reasoning p e r i o d , the c o n t r o l 
t r a n s f e r i n f o r m a t i o n i s a u t o m a t i c a l l y 
recorded in a t r u t h maintenance s t r u c t u r e 
(TMS). The TMS is of 3-D s t r u c t u r e , 
i n d i c a t i n g c o n t r o l t r a n s f e r locus between 
t a s k s , MKSs and BKSs ( F i g . 4 ) . According to 
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locus in any h o r i z o n t a l p lane i n d i c a t e s 
the c o n t r o l t r a n s f e r w i t h i n the same t a s k , 
w h i l e the cross plane locus shows c o n t r o l 
t r a n s f e r between d i f f e r e n t t a s k s . The T 
l e v e l exp lana t i on i s based on the r o l e o f 
p roduc t i on r u l e s s t o red i n the t a s k ' s 
comment f rame, i t g i ves the h i ghes t l e v e l 
c o n t r o l t r a n s f e r i n f o r m a t i o n . The M l e v e l 
exp lana t i on is based on the known c lues in 
the b lackboard and the a c t i v a t i o n record 
o f the p roduc t i on r u l e s s to red i n the 
t a s k ' s comment f rame, and i t g i ves the 
exp lana t i on o f meta r u l e s ' f u n c t i o n , i n d i 
c a t i n g the c a u s a l i t y concluded by the 
sketchy reason ing. The B l e v e l exp lana t i on 
is based on the a c t i v i t y o f each r u l e , 
g i v i n g the d e t a i l e d domain r u l e l e v e l 
e x p l a n a t i o n . A l though the r a t i o n a l e o f 
exp lana t i on i s based on r u l e l e v e l exp la 
n a t i o n , the method used i s s i m i l a r t o t h a t 
of C41, but because the exp lana t i on cou ld 
be g i ven at th ree l e v e l , the needs of 
users w i t h d i f f e r e n t background can be 
s a t i s f i e d . The ques t ion types which can be 
answered by ques t ion answering module 
i nc lude the f o l l o w i n g ones: 

. t r a c e the performance a t th ree l e v e l . 

. a t T, M or B l e v e l i n v e s t i g a t e the 
success or f a i l o f r u l e s caused by 
c e r t a i n b lackboard i n f o r m a t i o n . 

. i n t e r r o g a t e the conc lus ions reached 
at M or B l e v e l . 

. i n v e s t i g a t e how c e r t a i n conc lus ions 
are reached or not reached. 

F i g . 4 shows the c o n t r o l t r a n s f e r f rom 
S I : task T l , MKS M l , BKS Bl to S2: task 
T l , MKS M l , BKS B2. I t i s c o n t r o l t r a n s f e r 
w i t h i n same task and MKS. PT1, PM1, PB1 
and PB2 p o i n t to the sub-exp lana t ion 
s t r u c t u r e assoc ia ted w i t h T l , M l , B l and 
B2 in p lace S I , S2 r e s p e c t i v e l y . 

B. Knowledge Base Management 

ZDEST-2 pays l o t s a t t e n t i o n to 
knowledge base management in order to g i ve 
user a we11-developed environment of main
t a i n i n g ESs. We use meta-knowledge about 
the semantics of p red i ca tes and va lue 
f u n c t i o n s and meta-knowledge about the 
l o g i c a l ca l cu lus t o check s t a t i c a l l y the 
cons is tency between r u l e s . A knowledge 
base i n q u i r y language i s a l so prov ided to 
a s s i s t user browsing th rough the knowledge 
base. 

V I CONCLUSIONS 

R j . 4. Control twisjer from Si to St. 

u s e r ' s f a m i l i a r i t y , the ques t ion can be 
answered at T, M or B o r i e n t a t i o n . The 

From the s t a r t of ZDEST-2 p r o j e c t , 
g rea t emphases have been l a i d on the fou r 
c h a r a c t e r i s t i c s mentioned above. Now we 
can say, ZDEST-2 r e f l e c t s them q u i t e w e l l . 
The th ree l e v e l c o n t r o l a r c h i t e c t u r e 
focuses on o p p o r t u n i s t i c i n f e rence a t the 
p lann ing l e v e l , focuses on meta l e v e l r ea 
soning a t the sketchy reason ing l e v e l and 
focuses on s o l u t i o n based i n fe rence at the 
concrete reasoning l e v e l . By proper combi-
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n a t i o n and o r g a n i z a t i o n , a lmost a l l k inds 
of a p p l i c a t i o n domain can be p r o p e r l y 
c h a r a c t e r i z e d by such t h r e e l e v e l c o n t r o l 
a r c h i t e c t u r e . Fu r the r more, systems b u i l t 
by ZDEST-2 can r e f l e c t the domain na tu re 
as much as poss i b l e by a l l o w i n g exper t to 
use p a r t i c u l a r i n f e rence engine and par 
t i c u l a r r e p r e s e n t a t i o n method t o charac
t e r i z e the p rob lem-so l v i ng methods pecu
l i a r t o c e r t a i n p o r t i o n s o f the domain. 
The maintenance o f b u i l t systems is a l s o 
taken cared of by ZDEST-2 s ince ques t i on 
answer ing module and knowledge base 
management module are p r o v i d e d . 

Compared w i t h t o o l s b u i l t i n l a s t 
seve ra l y e a r s , a number of these t o o l s ' 
des igners recognized the importance of 
p r o v i d i n g two or t h ree k inds of represen
t a t i o n language to suppor t d i f f e r e n t ways 
of r ep resen t i ng domain knowledge C2,93. A 
number of them a l s o recognized the u s e f u l 
ness o f making v a r i o u s t y p i c a l i n f e rence 
engines a v a i l a b l e f o r e x p e r t ' s choice 
£2 ,83 , bu t few of them exp lo red the p o s s i 
b i l i t y o f i n t e g r a t i n g m u l t i p l e rep resen ta 
t i o n methods and i n f e r e n c e engines w i t h i n 
an ES. Most ly because o f t h i s d i s t i n c t 
d i f f e r e n c e , we b e l i e v e ZDEST-2 is a second 
gene ra t i on t o o l . On the o ther hand, t o o l s 
wh ich are genera l enough to be a p p l i e d to 
a group of d i f f e r e n t domains, such as 
HEARSAY-^, AGE, seldom p rov ide w e l l -
developed environment f o r the b u i l d i n g and 
m a i n t a i n i n g of ES t o g e t h e r . ZDEST-2 can 
p rov ide 3-D e x p l a n a t i o n f o r ESs regard less 
of whatever i n f e rence engines are used as 
f a r as the needed c o n t r o l t r a n s f e r i n f o r 
mat ion is p r o p e r l y recorded ( t h i s can be 
e a s i l y done, f o r the i n f e rence engines 
supp l i ed by ZDEST-2 have a l ready had such 
f u n c t i o n , i f the i n f e rence engines are 
supp l i ed by domain e x p e r t s , then i t i s 
necessary t o embed codes t o f i l l i n con
t r o l t r a n s f e r i n f o r m a t i o n a t r e l e v a n t 
p o i n t s o f i n f e r e n c e ) . 

Severa l exper iments have been made to 
t e s t the a b i l i t i e s o f ZDEST-2. F i r s t l y , we 
chose EMYCIN system. The CLOT system b u i l t 
by EMYCINC63, was r e - b u i l t by ZDEST-2, 
c a l l e d ZCLOT, ZCLOT a c t s a lmost e x a c t l y 
the same as CLOT at concre te reason ing 
l e v e l . The b u i l d i n g and debugging of 
ZCLOT takes merely about t h ree hou rs . 
Secondly, we chose the KAS system, s ince 
KAS was de r i ved f rom PROSPECTOR and we 
have a l ready b u i l t an ES to prospect 
m i n e r a l resources , c a l l e d GPE, wh ich i s 
s i m i l a r to PROSPECTOR in s t r u c t u r e and 
performance. GPE was aga in r e - b u i l t by 
ZDEST-2, c a l l e d ZGPE. ZGPE takes on ly one 
week's t ime t o b u i l t . I t uses semantic 
network and procedure as i t s major 
r e p r e s e n t a t i o n methods. I t has 128 con
c e p t s , 140 knowledge p i e c e s , 11 s p e c i f i c 
procedures and seve ra l con tex t t y p e s . Usu
a l l y i t takes about two minutes f o r ZGPE 
to ge t a p o s i t i v e conc lus ion but l ess than 

one minute to get a nega t i ve r e s u l t . So, 
i t i s c e r t a i n t h a t ZDEST-2 i s more power
f u l than EMYCIN and KAS. T h i r d l y , we t r i e d 
an ES f o r m u l t i - f a c t o r p l a n n i n g . Th is is 
an ES used to f i n d the bes t compos i t ion of 
d i f f e r e n t k inds o f c o t t o n f o r c o t t o n 
m i l l s . I n t h i s system, about 22 f a c t o r s o f 
d i f f e r e n t importance convo lu ted make the 
p rob lem-so l v i ng d i f f i c u l t . Much work i s 
done on the p lann ing l e v e l and the r e s u l t s 
are s a t i s f a c t o r y . F o u r t h l y , we t r i e d 
m ixed-cha in ing i n f e rence by b u i l d i n g an 
t r o u b l e shoo t ing system f o r r a d i o r e p a i r . 
A l l o f these systems are accompl ished 
s u c c e s s f u l l y . 
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