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ABSTRACT 

A c o n t r o l s t r a t e g y i s i n t r o d u c e d . The t a s k s 
i n t h e agenda a re o r g a n i z e d h i e r a r c h i c a l l y , such 
t h a t , i n g e n e r a l , o n l y t a s k s i n t h e same l e v e l 
a re a l l o w e d to compete w i t h each o t h e r . KEY t a s k s 
w i t h h i g h e s t p r i o r i t y a re a l s o i n t r o d u c e d t o 
m a i n t a i n t h e f l e x i b i l i t y o f c o n t r o l . T h i s concept 
has been a p p l i e d to a m e d i c a l d i a g n o s i s e x p e r t 
system MDM, and i t i s imp lemented on UNIVAC 
1100 /10 . The r e s u l t i s s a t i s f a c t o r y . 

INTRODUCTION 

T h i s paper i n t r o d u c e s a c o n t r o l method based 
on knowledge s t r u c t u r e s . The concept o f agenda 
has been s u c c e s s f u l l y a p p l i e d t o t h e e x p e r t s y s 
tems by s e v e r a l a u t h o r s ( 1 ) ( 2 ) ( 3 ) ( 4 ) ( 5 ) • The g e n 
e r a l agenda method used so f a r has some drawbacks : 

* The e f f i c i e n c y i s l o w as t he system i s com
p l e x . 

* The f o r m a t i o n o f t a s k s i s c o m p l i c a t e . 
* The f o r m a t i o n of reasons is d i f f i c u l t . 

The concept i n t r o d u c e d i n t h i s paper i s t o a t t e m p t 
to overcome some o f those d rawbacks , e s p e c i a l l y t h e 
e f f i c i e n c y . The e s s e n t i a l p o i n t s o f ou r concept 
a r e : 

* We t r e a t t h e r e a s o n i n g p rocess as a s e r i e s of 
s e l e c t i o n , e v a l u a t i o n , and g e n e r a t i o n o f t a s k s . 
T h i s i s t h e same a s i n t h e o r d i n a r y agenda 
methods. 

* The t a s k s i n t h e agenda a re o r g a n i z e d h i e r a r 
c h i c a l l y c o r r e s p o n d i n g t o t h e s t r u c t u r e o f 
knowledge, such t h a t , i n g e n e r a l , o n l y t a s k s 
i n t he same l e v e l a re a l l o w e d t o compote w i t h 
each o t h e r . 

* There a re some KEY t a s k s wh ich have t h e h i g h e s t 
p r i o r i t y , so t h a t when one o f them appears i n 
t h e agenda, t h i s t a s k w i l l b e e v a l u a t e d imme
d i a t e l y . 

T h i s c o n t r o l s t r a t e g y i s a p p l i e d t o a m e d i c a l d i a g -
n o s i s e x p e r t system MDM w i t h s u c c e s s ( 6 ) . The s y s 
tem is implemented on UNIVAC 1 1 0 0 / 1 0 . 

STRUCTURE OF TASKS 

System MDM has a h i e r a r c h i c a l s t r u c t u r e of 
knowledge . The fo rm o f i t i s 
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The f i r s t l eve l knowledge is COURSE. D i f f e ren t 
COURSES may be defined by peoples wi th d i f f e r e n t 
exper t ise . The second leve l knowledge is FRAME, 
which are un i ts of knowledge of the COURSE cor
respondingly. The t h i r d l eve l knowledge is SLOT, 
which are the proper t ies of the corresponding 
FRAME. The set of s lo ts of each FRAME is f i xed fo r 
s imp l i f y ing the treatment. 

The s t ruc ture of tasks corresponds to the 
s t ruc ture of knowledge. The general form of the 
task i s : 

COURSE(x).FRAME(y).SLOT(z).OPERATION(w)., 

where x , y , z , w are v a r i a b l e s . For t a s k s o f d i f 
f e r e n t l e v e l s , t h e c o r r e s p o n d i n g fo rms a r e : 

COURSE(x).OPERATION(w). 
COURSE(x).FRAME(y).OPERATION(w). 
COURSE(x).FRAME(y).SLOT(z).OPERATION(w)., 

OPERATION consists of three elements, they are: 

CHECK: to check the content of the task, and 
see whether i t is necessary to evaluate 
f u r t h e r . 

EVALUATION: to evaluate. 
DICISION: according to the r e s u l t obtained, 

decide the inference d i r e c t i o n . 

As an example, 

COURSE(A).FRAME(B).SLOT(CAUSED-BY).CHECK. 

is a task which means to see whether the cause of 
desease of FRAME B in COURSE A is necessary to be 
evaluated. 

Besides, there are two special tasks which are 
used f requen t l y . One is 

TEST(x), 

wh ich asks to conduc t some e x p e r i m e n t a l t e s t , and 
x i s t h e t i t l e , e . g . , WBC. The o t h e r one i s 

COURSE(x).FRAME(y).COUNT., 

which p e r f o r m s t h e c a l c u l a t i o n o f r e l i a b i l i t y f o r 
t h e r e s u l t o b t a i n e d b y t h e p r o c e e d i n g t a s k s s o f a r , 
and t h e r e s u l t a n t shou ld b e r e t u r n e d . 

COURSE . FRAME . SLOT. 
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HEURISTIC RULES THEN: evaluate Xi. . 

There are two categories of h e u r i s t i c ru les in 
system MDM: 

* The ru les tha t are subordinate to tasks: 
when a task is being evaluated, ru les are se
lec ted according to the environment, and i t s 
reasoning conclusion is the operat ion r e s u l t 
of the task . E.g. , 

I F : 1) i t is necessary to evaluate the cause 
of the desease, which is represented by 
an instance of a frame, and 

2) t h i s instance- i .• not conf i rmat ive , 
THEN: generate tasks: 

1) COURSE.FRAME.CAUSED-BY.EVAL., 
2) COURSE.FRAME. CHECK. 

This ru le is attached to the task 

COURSE(x) .FRAME(y) . SLOT ( CAUSED-r;Y) .CHECK. 

As another example, a ru le may form the judge
ment on the instance of a frame as r e l i a b l e , 
un re l i ab l e , or the case in between. 

I F : 1) the score of a frame is below the 
th resho ld , 

2) a l l the contents in s l o t DG1 are 
u n r e l i a b l e , 

THEN: t h i s frame is r e l i a b l e . 

* The ru les which are subordinate to the system: 
which are devided i n t o several groups, such as: 

* * i n i t i a t i o n r u l e s , 
** ru les f o r i nhe r i t ence , 
** ru les tha t generate reasons, 
* * ru les tha t generate tasks, e t c . . 

The meaning of these ru les w i l l be given in the 
succeeding sect ions. 

DISPATCHING TASKS 

When using ordinary method, a l l tasks put in 
the agenda compete wi th each o ther . The one with 
highest p r i o r i t y is to be selected and evaluated. 
The h e u r i s t i c r u l e f o r the corresponding cont ro l 
i s as: 

I F : 1) there are some tasks in the agenda 
whose p r i o r i t y values are above the 
th resho ld , and 

2) X i is the task wi th highest p r i o r i t y , 
THEN: evaluate X i. 

The con t ro l mechanism of our system is somewhat 
d i f f e r e n t . That i s , i t con t ro ls i n a h i e ra rch i ca l 
way. The corresponding r u l e i s : 

I F : 1) there is no KEY task in the agenda, and 
2) at the moment, there are executable 

tasks in several l e ve l s of agenda, among 
which, the N t h l e v e l i s w i th the highest 
p r i o r i t y , 

3) X i is the task in N l e v e l w i th highest 
p r i o r i t y , 

The p r i o r i t i e s of d i f f e r e n t l eve l s of the agenda 
are given a p r i o r i , such t h a t , l e v e l - 3 wi th h igh 
est value, and l e v e l - 1 , the lowest . 

In general , there is no compet i t ion between 
tasks in d i f fe rence l e v e l s . The advantages of t h i s 
st rategy are obvious. In shor t , 

* the e f f i c iency of search is increased, 
* the formation of reasons is s i m p l i f i e d , 
* the aims of competit ion between tasks are more 

c lea r . 

There are some KEY tasks involved in the sys
tem, which are generated by some heu r i s t i c r u l e s . 
When the KEY task appears in the agenda, it w i l l 
be evaluated immediately without except ion. One of 
the purposes of in t roduc ing these KEY tasks is to 
es tab l i sh the connections of tasks between d i f 
fe ren t agenda l e v e l s . At c r i t i c a l moment, the KEY 
task w i l l change the d i r e c t i o n of cont ro l of the 
whole opera t ion . 

There are two categories of KEY tasks: 

* When a task has been evaluated, the resu l tan t 
may t rans fe r some tasks to be the KEY tasks, 
e.g. , 

I F : a FRAME or a COURSE is confirmed, 
THEN: the DECISION task re la ted to t h i s FRAME or 

COURSE is a KEY task. 

* A l l tasks in the agenda are with t h e i r p r i 
o r i t i e s below the th resho ld , but there might 
be some tasks, the evaluat ion of which w i l l 
in f luence the f i n a l r esu l t s o f the opera t ion . 
These tasks are assigned to be the KEY tasks. 
E.g. , 

I F : 1) in agenda, there is no task whose p r i 
o r i t y is above the th resho ld , 

2) there is s t i l l a DECISION task in the 
agenda, 

THEN: t h i s task is a KEY task . 

We t r ea t the reasoning process as a ser ies of 
se lec t i on , eva lua t ion , and generat ion of tasks. 
Each l e v e l of the agenda maintains a high threshold 
va lue. The condi t ion f o r evaluat ing a task is that 
i t s p r i o r i t y i s over t h i s th resho ld . I t also main
t a i ns a low threshold value. The cond i t ion f o r gen
e ra t ing a new task is the score of i t s i n i t i a l rea
son being over t h i s th resho ld . 

REASONS FOR TASKS 

There are two categories of reasons formed in 
the system: 

* reasons formed in the new task as it is gen
erated, e . g . , 

I F : the new task EVALUATION is generated from 
the task CHECK, 

THEN: add reason to the new task 200 
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* r easons caused by t h e e n v i r o n m e n t , e . g . , 

I F : 1 ) i n TEST, t a s k s w i t h r i s k equa l t o zero 
a re a l l e v a l u a t e d , 

2 ) t h e i n s t a n c e o f FRAME(x) i s n o t a f f i r m a 
t i v e , 

3 ) t h e r e i s s t i l l a CAUSED-BY t a s k i n t h e 
agenda, 

THEN: add reason to t h e t ask CAUSED-BY 6 0 . 

The summation o f t h e v a l u e s o f d i f f e r e n t reasons o f 
a t a s k i s t h e t o t a l sco re o f t h a t t a s k . 

INHERITANCE OF DEDUCTION INFORMATION 

A f t e r t h e e v a l u a t i o n , t h e t ask w i l l b e c l e a r e d 
o u t . I t i s ve r y i m p o r t a n t t o p r e s e r v e some o f the 
i n f o r m a t i o n f o r f u r t h e r d e d u c t i o n . I n MDM, t h e r e 
a r e some h e u r i s t i c r u l e s c o n d u c t i n g t h i s i n f o r m a 
t i o n i n h e r i t a n c e . The r e l a t e d i n f o r m a t i o n i s s t o r e d 
i n a f r a m e - l i k e s t r u c t u r e a s shown i n F i g . 1 . I t 
can be a p p l i e d to t h e s u c c e e d i n g o p e r a t i o n s by 
m a t c h i n g t h e c o r r e s p o n d i n g r u l e s . For example , 

I F : 1 ) t a s k x g e n e r a t e s t ask y , 
2) y is a deeper t a s k , 

THEN: i n h e r i t i n f o r m a t i o n PRODUCING, PRODUCED, 
SCORE. 

TASK NAME: 
PRODUCING TASK, NAME: 
PRODUCED TASK, NAME: 
REASON: 
SCORE RELATED TO: 

F i g . 1 

RESULTS 

The s t r u c t u r e - b a s e d c o n t r o l s t r a t e g y i s a p p l i e d 
to a m e d i c a l d i a g n o s i s e x p e r t system MDM, wh ich i s 
imp lemented o n UNIVAC 1 1 0 0 / 1 0 , The r e s u l t i s s a t i s 
f a c t o r y . The f o l l o w i n g i s a p a r t o f sequence o f 
t a s k s g e n e r a t e d . I t shows t h e d i r e c t i o n o f i n f e r 
ence c o n t r o l l e d b y t h i s me thod . 

RUN TASK: 13 PRIORITY: 80 
RUN TASK NAME: SHOCK .SHOCK .DECISION 
KEY TASK: YES 

1. PRODUCE DECISION 80 

PRODUCED TASK: 25 RULE: 5 
PRODUCED TASK NAME: SHOCK .CARDIOGENIC .CHECK 
THE REASON I S : 

1. FRAME- -FRAME 160 

RUN TASK: 14 
RUN TASK NAME: SHOCK .SHOCK .TEST .DECISION 
KEY TASK: NO 
THE REASON I S : 

1. PRODUCE DECISION 80 
2. PRODUCE DECISION 80 

3. COURSE- -FRAME 210 
4. A FRAME BE CERTAINED AMD THIS FRAME IS 

PRODUCED 60 

CONCLUSION 

I n t h i s paper w e i n t r o d u c e t h e concep t o f h i e -
r a r c h i c a l s t r u c t u r e t o t h e agenda. The s t r a t e g y 
c o n s t r a i n s t h e c o m p e t i t i o n between t a s k s , s i m p l i 
f i e s t h e r e a s o n f o r m a t i o n mechanism, and p r e s e r v e s 
t h e f l e x i b i l i t y o f t h e o r d i n a r y agenda b y i n t r o 
d u c i n g t h e KEY t a s k s . T h i s s t r a t e g y i s e s p e c i a l l y 
i m p o r t a n t i n d e v e l o p i n g complex sys tems , such a s 
systems i n c l u d i n g knowledge a c q u i s i t i o n , l e a r n i n g , 
and p rob lem s o l v i n g , w i t h h i g h e r c o n t r o l e f f i 
c i e n c y . T h i s i s t h e e v e n t u a l aim o f ou r wo rk , 
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