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Time-based Expert System Design for Coherent Integration Between
M&S and Al

Suk-Hoon Shin * Sung-Do Chi'

Along with the development of M&S, modeling research utilizing Al technology is attracting attention because

of the fact that the needs of fields including human decision making such as defense M&S are increased.

Obviously Al is a way to solve complex problems. However, Al did not consider logical time such as input time

and processing time required by M&S. Therefore, in this paper we proposed a “time-based expert system” which

redesigned the representative Al technology rule-based expert system. It consists of a rule structure “IF-THEN-

AFTER” and an inference engine, takes logical time into consideration. We also tried logical analysis using a

simple example. As a result of the analysis, the proposal Time-based Expert System proved that the result

changes according to the input time point and inference time.
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Rule-based Expert System

Fact Base Knowledge(Rule) Base
Fact| wvalue name | condition conclusion
A True R1 [IF ‘A’ THEN ‘B’
B |Unknown R2 |IF ‘B’ and ‘C’ [THEN not ‘A’
C False R3 |IF not ‘C’ THEN ‘D’ and ‘E’

Inference
Engine

Fig. 1. 7137|5F A&7} A|2 8

2. IF-THEN-AFTER F3{%9} 2%
2E

TR AE7E AT e EE 222 F9 A
A &exl ARH(Fact)E9] H?J(FaCt Base)o] tisto] #|
AlHjo]2~(Knowledge Base)o] 25 £ ZAX(IF)9
ZH(condition)o] FHESH= 218 ©A(match)sto] 3
k= 219 Z2E(THEN)S] AE(conclusion)S A

& A1 pdue)she QA% S st
22 ﬁoig Al A|28o|t)Y(Fig, 1
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T 2 =2l /\]ﬂ 845 I} 2R
IF-THEN-AFTER 12725 Aok 4=411).

Rule = IF<condition> THEN<conclusion> AFTER<time>

224) 1. IF-THEN-AFTER 27%

algorithm Time-based inference

variables:

list<rule> RULEBASE //rule-base

list<fact> FACTBASE //fact-base

fact F. external fact

list<fact,time> HOLDLIST //holding fact list to be fired

time T, current time

time T minimum time among HOLDL IST

—————————————————————————————————————— forward chaining
when receive F,
update FACTBASE F,, withtimeT,
for each rule R in ROLEBASE
if i is matched condition of R with FACTBASE
———————————————————————— time Management ---------------=-mmmncemuu--¥,
for each fact F_in conclusion of R
if is exist Fh( == Fc)inHOLDLIST
update time of ¥, = min(T [T,)
else
add Fc to HOLDLIST
time I
-------- forward chaining Luul B
el ¢/ global clock management -

whenT -T =0 //is over hol ding time some r (ink I()I DI IST)
update FACTBASE F,
for each rule R .
update HOLDLIST

when no external fact until next scheduled time

T =T advance the clock to next scheduled tum
cur h-next

K e global clock management end

end algorithm
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IF-THEN-AFTER Rule Base

conclusion time
THEN ‘B* AFTER 1.0H

name | condition
R1 |IF“A°

-~ Inference Engine "~ N

-

searching for
marchftllg tules
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matched rules
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£ False
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Table 1. & A|AES 7|&o 7 ZAE AHEI} A AHQ
%2‘4 oAl
(a) <IF-THEN> rule structure
name condition conclusion
IF ‘DRY’ and ‘raining’ THEN ‘WET’
IF “WET” and ‘stop raining’ | THEN ‘DRY’

THEN ‘FIRE’ and ‘smoke’

Rl

R2

R3 |IF ‘DRY’ and ‘lightning’
R4 |IF ‘FIRE’ and ‘raining’

THEN ‘DRY’

RS |IF ‘“WET’ and ‘lightning’

THEN ‘WET’

R6 | IF ‘stop raining’ and ‘lightning’

THEN ‘FIRE’ and ‘smoke’

R7 |IF ‘DRY’ THEN not (‘“WET” and ‘FIRE’)
R8 |IF ‘WET THEN not (‘DRY’ and ‘FIRE’)
R9 |IF ‘FIRE’ THEN not (‘DRY’ and ‘“WET’)

R10 | IF ‘stop raining’

THEN not ‘raining’

RIl | IF ‘raining’

THEN not ‘stop raining’

R12 | IF ‘lightning’

THEN not ‘lightning’

R70|, ‘DRY*/JEfol et
£ A3l f1et qtAjolck. whebA OHollA Fact Base

(b) <IF-THEN-AFTER> rule structure

name condition conclusion time
Rl | IF ‘DRY’ and ‘raining’ THEN ‘WET’ IH
R2 | IF “WET” and ‘stop raining’ | THEN ‘DRY’ 24H
R3 [ IF ‘DRY’ and ‘lightning’ | THEN ‘FIRE’ and ‘smoke’ 0.1H
R4 | IF ‘FIRE’ and ‘raining’ THEN ‘DRY’ 1H
RS | IF ‘WET” and ‘lightning’ | THEN ‘WET’ OH

R6 | IF ‘stop raining’ and ‘lightning’ | THEN ‘FIRE’ and ‘smoke’ 0.2H

R7 | IF ‘DRY’ THEN not (‘WET” and ‘FIRE’) | OH
R8 | IF ‘WET’ THEN not (‘DRY” and ‘FIRE’) | OH
R9 | IF ‘FIRE’ THEN not (DRY’ and ‘WET")| OH
RI0| IF ‘stop raining’ THEN not ‘raining’ O0H
RI1|IF ‘raining’ THEN not ‘stop raining’ OH
RI2|IF ‘lightning’ THEN not ‘lightning’ 0.1H

)

Table 22] Simulation Time 0H= 7] A S 2ju|st

o &2 AJHl= ‘DRY 0|1, 17|(smoke)= HAYSIA] o
ofth(False). Z7|AMES 7|uko g2 z7o] n&y 12
Hief| AJej(“WET’, ‘FIRE’)

&

e rr

‘DRY’ = True, ‘WET’ = False, ‘FIRE’ = False %2

% otk

Table 29] IH= YO &2 7}(‘raining’)7} WAYsH
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Simulation IF-THEN IF-THEN-AFTER
Time Rule-based Expert System Rule-based Expert System
input - input -
matched rules R7 matched rules R7
Fact value
Fact value DRY True
OH DRY True Fact Base smoke False
Fact Base smoke False WET False
WET False FIRE False
FIRE False ining ti
HOLDLIST F&}ct Va}ue nemaml_ng time|
output not smoke output not smoke
input raining input raining
matched rules R1, R8, R11 matched rules R1, R11
Fact value
Fact value DRY True
DRY False smoke False
1H smoke False Fact Base WET False
Fact Base WET True FIRE False
FIRE False raining True
raining True stop raining | False
stop raining | False Fact value |remaining time
HOLDLIST WET True 1.0H
output not smoke output not smoke
input lightning input lightning
matched rules R5, R12 matched rules R3, R12
Fact value
DRY True
S o smoke False
ac value
WET False
DRY False Fact Base FIRE False
s smoke False raining True
’ Fact Base WET True stop raining | False
FIRE False lightning_| _True
raining True —
stop raining | _False Fact value |remaining time
lightning False WET True 0.5H
HOLDLIST FIRE True 0.1H
smoke True 0.1H
lightning | False 0.1H
output not smoke output not smoke
input - input -
matched rules - matched rules R4, R9
Fact value
DRY False
Fact value ST True
DRY False WET False
smoke False Fact Base FIRE True
1.6H Fact Base WET True raining True
FIRE False stop raining |  False
raining True lightning False
stop raining False WET False
lightning False — ~ e 6
ac value |remaining time|
HOLDLIST DRY True 1.0H
output not smoke output smoke
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