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ABSTRACT 

The comprehensive o i l log i n t e r p r e t a t i o n is a 
procedure of numerical ca l cu la t i on and l o g i c a l (or 
p l aus ib l e ) in fe rence. In other words, the resu l t s 
of p re l im ina ry inference w i l l provide a basis 
f o r the choice of parameters of ca l cu l a t i on 
formula, and then the r e s u l t s of numerical c a l 
c u l a t i o n w i l l be used as evidences f o r f u r t h e r 
in fe rence, and so on and so f o r t h . In view of 
t h i s s i t u a t i o n , we have designed a model expert 
system ( t o o l system) MES and estab l ished a com
prehensive o i l l og i n t e r p r e t a t i o n expert system 
WELIES based on the system MES. 

In MES, we introduced the concept of "TASK" 
to make numerical ca l cu la t i on i n te rg ra ted w i t h 
l o g i c a l ( o r p l aus ib l e ) inference dur ing the task 
s o l u t i o n . The execut ion of MES is a procedure 
of task s o l u t i o n . Ways of so lv ing a task are de
f i n e d by Task Transformation Rules. 

The Knowledge Representation is d i v ided i n t o 
two p a r t s : 1) Task Transformation Rules, i n c l u 
d ing Task Decomposition Rules and Task Der iva t ion 
Rules; 2) Inference Rules, i nc lud ing Production 
Rules and Procedure Rules. 

We adopt Dempster/Shafer's Evidence Theory 
[6] to express unce r ta in t y . 

INTRODUCTION 

Rule-based expert system has come i n t o wide 
a p p l i c a t i o n since the 70's [ 3 ] . Developments of 
MYCIN [1] ,PROSPECTOR [ 2 ] , DIPMETER ADVISOR [4] 
[5] and other well-known expert systems have beco
me the foundat ion f o r the development of pragma
t i c expert systems. These systems, whether c o l l e -
t i n g data from users in the i n t e r a c t i v e way or 
from some on - l i ne instruments, emphasize only 
l o g i c a l ( o r p l aus ib le ) in fe rence. However, in many 
app l ied f i e l d s , f o r instance i n the f i e l d o f o i l 
l o g i n t e r p r e t a t i o n , the procedure tha t experts 
use to solve problems is as f o l l ows : analyzing 
var ious p re l im ina ry in format ion ( q u a l i t a t i v e i n t e r 
p r e t a t i o n ) and then determining the parameter 
values needed by f u r t h e r quantat ive i n t e r p r e t a t i o n 
and then c a l c u l a t i n g us ing t h e o r e t i c a l o r e m p i r i 
c a l formula and then analyz ing q u a l i t a t i v e l y f u r 
t h e r the r e s u l t s of ca lcu la t i ons and so on and 
so f o r t h . We hope to e s t a b l i s h a uni form frame-
work to deal w i t h numerical ca l cu la t i on and l o g i -
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c a l (or p laus ib le ) inference wi thout impa i r ing 
the advantages of the Rule-based system. 

We began to develop a comprehensive o i l l og 
i n t e r p r e t a t i o n expert system in the March 1984. 
We have designed a model expert system(or t o o l 
system) MES and a comprehensive o i l l og i n t e r p r e 
t a t i o n expert system WELIES based on MES. 

This paper w i l l not attempt to exp la in the 
comprehensive o i l log i n t e r p r e t a t i o n expert system 
WELIES in d e t a i l , but we w i l l use it as an example 
to exp la in the system MES. 

One vers ion of MES and the system WELIES are 
implemented on PERKIN-ELMER 3220 in FORTRAN 7. 

I KNOWLEDGE REPRESENTATION 

D e f i n i t i o n : (?X, OBJECT, VALUE, SUPPORT, PLAUSI0-
BILITY) is c a l l e d an ASSERTION. 

Where, in WELIES, ?X is the name of some phy
s i c a l in format ion or conclus ion; VALUE is the value 

of the OBJECT; SUPPORT is a measurement of how 
evidences support the VALUE of the OBJECT; PLAUSI
BILITY is a measurement of how evidences do not 
oppose the VALUE of the OBJECT. We w i l l exp la in 
these two concepts l a t e r . 

D e f i n i t i o n : T=(TN,?TV) is c a l l e d a TASK, where 
TN is the name of a TASK, ?TV is the value of a 
TASK. ?TV gets value from { 'TRUE' ,'FALSE1) . 

In MES, there is a task name f o r every OBJECT, 
respec t i ve l y . 

A TASK is set whenever a task name is prov ided 
to the TASK So lu t ion Program. In the f o l l o w i n g , 
a task so lu t i on of our d e f i n i t i o n means a procedure 
to evaluate a TASK. A task s o l u t i o n is f i n i s h e d 
when the TASK has a va lue . 

For every TASK T=(TN,?TV), ?TV=TRUE' means 
tha t the so l u t i on f o r the TASK succeeds, and ?TV= 
'FALSE1 means tha t the s o l u t i o n f o r the TASK f a i l s . 
We w i l l exp la in these in d e t a i l in the Sec. IV. 

Ways to solve a TASK are def ined by Task Tran
sformat ion Rules. 

( I ) Task Transformation Rules 
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We w i l l g ive the d e f i n i t i o n of CERTAINTY in 
the Sec. I I . 

In our op in i on , the f unc t i on o f Product ion 
Rules is to b ind values to some OBJECTS. In t h i s 
v iew, we have developed the concept of RULE to 
inc lude Procedure as a k i nd of RULE. In the above 
d e f i n i t i o n of a Procedure Rule, OBJECT, in every 
i tem of the cond i t i on p a r t , is a name of a parame
t e r needed by the SUBROUTINE whose name is g iven 
in the ac t i on p a r t . OBJECT in the ac t i on pa r t i s 
the name t h a t the SUBROUTINE w i l l b ind va lue t o . 
Procedure Rule can be used on ly backward. ?VALUE 
i n the cond i t i on p a r t i s empty. I t w i l l be bound 
a va lue on ly when needed. 
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to the items in the cond i t ion p a r t . 

A Rule w i l l not be invocated i f i t s CERTAINTY 
of the cond i t i on p a r t is less than a f i x e d th resh -
h o l d . 

CERTAINTY of every i tem in the ac t ion pa r t 
of a Product ion Rule is def ined dynamical ly by 
a f unc t i on s(CERTAINTY of the cond i t ion p a r t , s t a 
t i c CERTAINTY of t h i s i t em) . CERTAINTY of the ac
t i o n pa r t of a Procedure Rule is def ined as the 
CERTAINTY of the cond i t ion p a r t . 

I I I MAIN PARTS OF MES 

MES is main ly composed o f : 
1) Task So lu t ion Program 
2) Explanat ion Program 
3) Subroutine Base and i t s Management Program 
4) Rule Knowledge Base and i t s Management Program 
5) Comprehensive Data Base and i t s management Pro
gram 

In WELIES, the Subroutine Base is composed 
o f standardized w e l l - l o g i n t e r p r e t a t i o n sof tware. 
Any program in the Base has no argument. The begin
n ing par ts of a l l these programs are communication 
blocks communicating w i t h Comprehensive Data Base 
Management Program to get parameter values needed. 

IV TASK SOLUTION 

Execution of the system MES is dr iven by task 
s o l u t i o n , and Task Transformation Rules def ine the 
ways of so l v i ng TASKs. 

D e f i n i t i o n : A TASK T gets 'TRUE', if and on ly 
if : (1) the OBJECT corresponding to the TASK T 
has a value w i t h s t rong support , or (2) the decom
posed subTASKs T l , T 2 / " , T k of the TASK T a l l have 
values and at l eas t one has a value 'TRUE' ; 
a TASK T gets a 'FALSE', if and on ly i f : (1) the 
OBJECT corresponding to the TASK T has some spec ia l 
value i n d i c a t i n g con t rad i c t i on or mistake, or (2) 
a l l the decomposed subTASKs T1,T2,* - ' ,Tk of the 
TASK T have values 'FALSE'. 

Ways of so l v i ng a TASK T imply the ways of 
eva lua t ing the OBJECT corresponding to the TASK 
T. The procedure of eva lua t ing an OBJECT, i . e . , a 
procedure to produce a new ASSERTION happens simu-
taneously w i t h the procedure of so l v ing a TASK.We 
c a l l the procedure the "s ide e f f e c t " of the Task 
S o l u t i o n . 

Every OBJECT has a f i e l d of value from which 
i t may get va lues . This f i e l d does not include a l l 
values i n d i c a t i n g con t rad ic t ions and mistakes. The 
OBJECT corresponding to a TASK has the same f i e l d 
of value as a l l OBJECTS corresponding to a l l the 
TASK'S decomposed subTASKs. 

The procedure of eva lua t ing an OBJECT(except 
f o r the OBJECTS w i t h number values) is a procedure 
of eva lua t ing the uncer ta in ty of every member in 
the f i e l d o f va lue . 

The procedure is as f o l l o w s : 1) eva luat ing w i t h 
Inference Rules: the CERTAINTY of an i tem in the 
ac t i on pa r t w i l l be used to def ine the pr imary 
support value m of the corresponding member in 
the f i e l d of va lue . Primary support value of a 
member is de f ined as 0 if the member has no cor res
ponding items in the ac t ion pa r t of an Inference 
Rules; 2) eva lua t ing w i t h Task Transformation Rules: 
i f a l l decomposed subTASKs of the TASK correspon
d ing to the OBJECT have values and are not a l l 

1 FALSE', l e t m i l ,m i2 , " - ,m ik , the pr imary support 
funct ions on the f i e l d o f value respec t i ve l y o f a l l 
the decomposed subTASKs w i t h values 'TRUE',and m the 
pr imary support f unc t i on on the f i e l d o f va lue 
of the OBJECT, we def ine 

We w i l l now take the system WELIES as an exam
p le to describe roughly how the system MES solves a 
TASK: (1) users put the reqirements of what they 
want the system to do and set a general TASK; (2) 
when a TASK has an unused Task Transformation Rule, 
use the Rule and produce new TASKs; Der iva t ion Rules 
have higher p r i o r i t i e s than Decomposed Rules; (3) 
when a l l decomposed subTASKs of a TASK have va lues , 
evaluate the TASK and do "s ide e f f e c t - ; (4) when the 
OBJECT corresponding to a TASK has a value w i t h 
st rong support , evaluate the TASK; (5) if a TASK is 
f i n i s h e d , and the OBJECT corresponding to the TASK 
has unused Inference Rules tha t can be used fordwa-
r d , use the Rules; (6) when a TASK has no unused 
Task Transformation Rules and the correponding 
OBJECT has no values w i t h s t rong enough suppor t , 
f i n d a l l Inference Rules of the OBJECT t h a t can be 
used backward, use them; (7) if some items in the 
cond i t ion pa r t of an Inference Rule has no co r res 
ponding ASSERTION in the Data Base, set a new TASK 
to get the ASSERTION needed; (8) when the cond i t i on 
par t of a Production Rule has a b i g enough CERTAIN
TY, use the Rule; (9) when the cond i t ion pa r t of a 
Procedure Rule has a b i g enough CERTAINTY, c a l l the 
subrout ine through Subroutine Base Management Pro
gram; (10) the use of an Inference Rule produces 
new ASSERTIONS and the system w i l l s to re them 
i n t o Data Base; (11) use 2-10 repeatedly u n t i l the 
general TASK is f i n i s h e d . 

V CONCLUSION 

This paper introduced the model expert system 
MES. We have i n te rg ra ted numerical c a l c u l a t i o n 
w i t h l o g i c a l inference in a uni form framework in 
WELIES based on MES. We plan to e s t a b l i s h some 
other o i l expert systems based on the system MES. 
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