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Verification of Rule Bases Using Petri-net
Sang Yeop Chot

ABSTRACT

‘The knowledge representation technique by production rule has been popular method Lo represent the experts’
expertise in expert systems. In this paper, we propose a method to verify the integrity of rule base. Proposcd
method models rule base as a Petr net and utilizes the systematic structural properties of the Petr net for verifi-

cation. We describe the procedure to check rule base at both local and global level internal verification.
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p->q P->q p >4
q->r g N1 ->s8
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(Fig. 1) An example of redundency
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(Fig. 2) An example of inconsistency

23 XEE(subsumption)
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(Fig. 3) An example of subsumption
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rulel: aAb -> d
rule2: dAe -> p
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(Fig. 5) Production rules in rule base
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(T 6) (O 5)2 HEHE T#
(Fig. 6) Petri-net representation of (Fig. 5)

HEIHESZ IFE U84 28 EHol29 B
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inmput | a b d e p
ruel | -1-1 0 0 0
rue2 | 0 0-1-1 O

(22 7) (a2 e)o 2 A~ WY
(Fig. 7) Input incidence matrix of (Fig. 6)

output{ a b d e p
rulel 00100
rule? 00 001

(T2 8) (07 6)2 B oA g
(Fig. 8) Output incidence matrix of (Fig. 6)
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/o a b denp
ruel | -1 -1 1 0 0
rule? 0 0-1-11

(22 9) (02! 5)2 &3 elA|H~ fH
(Fig. 9) Input/output incidence matrix of (Fig. 6)
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22 RRS=RRS-5R
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6.3 Solution List =Solution List U SR
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rule6: dAe -> p
rule7: hakag ->r
rule8: sAtAUw ~> n
rule®: vAaw -> f

rulel: aAb -> d

rule?: cAadre > g
rule3: fAgAh —> ]
ruled: iAJAk => n
ruled: 1AmAn -> o

{12! 10) FEIHoj AL | M=
(Fig. 10) Production rules in rule base
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9, 29 283 &9 ANDL FZelth

Az ¢z AZEY FA 194 IM™ - IPRIM™'E Al
A AP (0322022008 dEth 23

el | @1 ®-1 ] g8 gol 1 o4 FARISN TR
| | @ | | RRS ={rule2, rule3, ruled, rule6, rule7} & &%, |7
o by by e g olgatel RME FoTh AHWYIA 1 o149
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1 ! OO0 el one g¥dE 44749 244E 234
® ® 2 xgsia Y= Aol 447 e &n
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(T 1) (72 10)2] HEHE EH 2 AAYEL 42 (¥ 20), (29 21) 2T (I ¥
(Fig. 11) Petri-net representation of (Fig. 10) 22y} Zed

input | a b c d e f g hijk l mnopgrstuvw

el |-1-1 000 O0O0O0O0CO0O0O0O00O00O0 0000000

mle2! 0 0-1-1-1 0000000000 00000000

ruled 00000-1-1-1 0000000O0CO00 00000

ruled 000000O0OO0-1-1-1 000000 00000090

ruled D0 0O0ODO0O0O0OO0DODO0O0O-1-1-1000 000000

e ] 00 0-1-1 0000000000 00000000

rule7 0000O0O0O0-100-100000-120 00000

e8! 00000 OGO00O000O0OCDO0O0O0 00-1-1-1 00

ruled 000QO0O0O0OO0ODO0OO00ODO0O0DO0O0O0O00D 000 0-1-1

(7% 12) (3™ 1) 23 A M
(Fig. 12) Input incidence matrix M~ of (Fig. 11)

ouput] a b ¢ d e f g hijklmnoparstuvw

rulel 0001 00000O0O0CO0O0O0O0OOODOOO0O 00

ae2! 000000100000000000000 00

me3{ 0000000001 0000000 000000

medl 00000000 O0O0CO0D001000000 000

mesi O0 0000000000001 000O00 000

e 0000 0000000O00O00O01 _0 0 00000

rule7 0000000000 O00O0O0O0DO0O10O0O0CO00

el 00 000000000001 00Q 0000000

rde9 § 00 0001 00000000O0000 0 0000.0

(T 13) (2 1M)2 B A LAY Mt
(Fig. 13) Output incidence matrix M* of (Fig. 11)
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ifo abcdefghijk!lmnpnopgrstuvw
rulel | -1-1 01 0 00 0O0O0COQ0CCO0O0O0O0O0O0O0O0O0O0O0
rule? 00-1-1-1010000O0O0O0O0CO0O0O0O0O0O0O0O0
rule3 0 0000-1-1-1 01 000QO0DO0CO0OO0CO0OCOO0O0OO0O
Tuled 0D000000-1-1-1001000000O0CO0TQO0
rule5 0000000000 90-1-1-1100000TC0O0O0
rule§ 000-1-1 00000O00O0O0O0C1O0D0O0CO0O0O00
rule? 0 00000O0-100-100000-11000T00
rulel 000000000000 01O000O0C-1-1-100
ruled O 00001 00000O0ODO0O0O0O0O0O00O0-1-1
(3 14) (T8 11)9 Y5 ciA s P8 W
(Fig. 14) Input/output incidence matrix M® of (Fig. 11)
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rulel0: cAdAeAfAhAIAK —> n ®—
®—
(33 15) S8 HALE 5 MaTal (2= 16) (O™ 15)2] DiErHE B
{Fig. 15) Production rule for testing redundancy (Fig. 168) Petri-net representation of (Fig. 15)
input f a b ¢ d e f g hijklIlmnoparstucvw
rulelof 0 0-1-1-1-1 0—1—1_0—1000000000000
(3= 17) (a2 16)e] ¢ QA #2 PRIM™
{Fig. 17) Input incidence matrix IPRIM™ of (Fig. 16)
output] a b ¢ d e f g hijklmnopagrstu w
talel0f 0 0 0 0 0O 0O OO OO OCOO1O0O0O0O0TO0O0 0
(3 18) (2= 16)2] & olA|HA S PRIMT
{Fig. 18) Output incidence matrix IPRIM* of (Fig. 16)
i‘o abcdefghiijk!mnopgrstau
rulel0f 0 0-1-1-1-1 0-1-10-1 0010000 O0CO0O0O0O

(33 19) (O 16)2] U= SIAHA~ @2 PRM
(Fig. 19) Input/output incidence matrix IPRIM® of (Fig. 16)
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input ) a b cdefghijklmmnopgrstuvw
rue2 | 0 0-1-1-1 000 0O0O0OO0OO0OOQCODO0O0O0O000 0
rule3 00000-1-1-1 0 000D00CO0O0O0OO0ODO0O0OO0O0UO0
rwed f 000 000O0O0-1-1-1 000000000000
rade6 | 0 0 0-1-1 0 0 0 00O OOOOO0OO0OO0OOO0O0O0O
rule7 | 00 00 000-100-100000-1000202020

(22 20) Qo BAMZ RM-

(Fig. 20) Input relevant matrix RM™~
outputf a b ¢ d e f g hijklmnopgrstuvw
rule? 0000001000O0CO0OO0CO0O0CODQODOOOGOCO0
e3 | 0 0 0000000100000 00000O0O0O0
ruled | 0 0 0000 00O0O0O00O0C1O00CO0O0O0DO0O0GC0CO
Tulel 0000000000000‘0010000000
me7 | 0 0 000 00000O00O00O0O0O01O0D00O00O0O

(T2 21) 23 AAYS Mt

(Fig- 21) Output relevant matrix RM™*
o abcdefghijklmnopagrstuvw
rae2 | 0 0-1-1-1 0 1 000 O00O0O0O0O0O0CO0O0O0O0CQC 0
we3 ) 000 00-1-1-1 0100000O0O0D0O0O0O0O0O0
raled | 0 0 0000 00-~1-1-10010000O0O0O0CO0OQ
rule6 | 0 0 0-1-1 0 000 O0O000O0O01000O0O0O0GO0
rue7 | 0 0 00 000~100-1000900-1100000

(33 22) Y& BHHS RV
(Fig. 22) Input/output relevant matrix RM°

2] Fe] @A 2014 = RM* - IPRIMHTLE A4
FA[00100'E A=) o] YL o] 83}o] SR=
{rule4}2 T8t} I3 o] SRS RRSAA A&
o} 2323 RRS ={rule2, rule3, rules, rule7}7} €
o gaelEe] @A 33 9A 48 A9 A 2z
ZH(E )3 (F 2)¢) )

{E 1) RRSS| A5t HEY

{Table 1} Antecedent and consequent of RRS

rule antecedent consequent
rule2 ¢cde g
rule3 fgh i
rule6 de p
rule7 hkag r

(¥ 2) SR2| MH|Ke| 2H2s
{Table 2) Antecedent and consequent of SR

rule

antecedent

consequent

ruled

ijk

n

L2 F9 @A 594 % Solution List={ruled} 7}
9o @7 F9] oA 68 AFs2 A Solution
List ={rule4, rule3, rule2}>} ®r}. 282 v}x|ulo 7
@A 7& 49 A ohg3 2 Ant(IPR) ={c,
d, e f, h, i, k}e|2 Ant(Solution List)={c, d, ¢, f, b,
i, k}°lt}. =, Ant(IPR) = Anf(Solution List)e] 2.2 A
7 F7HEE rulel02 A FH o] 2ol SUE ruled,
rule3 28] ¥ rule2} F 84750 "o,
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422 TETAY AT

(2 23)¢ EGFI L A7) 97 4T
. (29 24 (29 23)9) EWE IRtk (2
9 25), (2@ 26) 2 (24 27 77 (3 24)]
ol®), 29 83 Y4&Y ANEL FFolth rulell
o olE AQFHL o83 AF EIAFE £
9 Ant(IPR) ={e, h, k}°| 3 Ant(Solution List)={c,
4, e f, b i, kiolth. &, Ant(IPR) # Ant(Solution
List)e] 2 2 rulel17} rule4, rule3 a3 nle2st e £
el A

rulell: eAhAk > n

(08 23) ZETE| HAE I8 MapE
(Fig- 23) Production rule for testing subsumption

®—|—®@
&—

(22 24) (OE 23)2 HEZHE I
(Fig. 24) Petri-net representation of (Fig. 23)

4,23 2R AT

(29 28y BarE S AAE] A% A4l
(28 29)& (2¥ 28)¢] HE UE FHo|r}. -@
L ong HEZ YER TEF Aolch BetH
AAFE rulel2E (2 ¥ 15)9) rulel0L® WA &
zE|Ee A9t rulelod ol &3t THAETS
Ayg A7 2EFHolEd A BPFAA
rael28b= 213 o] HAch

rulel2: crdAaenfAhAiAk => -n

(22l 28) 2aT7a WAHE 9IS Mo
(Fig. 28) Production rule for testing inconsistency’
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(22! 29) (o™ 28)e] "iE|H|E B
(Fig. 29) Petri-net representation of (Fig. 28)

input abcdefghijklmnopgrstuyvw

rulell 000-100-100-10000000000O00O00
(23 25) (T3 24)2] 23 QUA|EHA HEH PRIM™
(Fig. 25) Input incidence matric IPRIM™ of (Fig. 24)
output bcdefghiiklmnopagrstuyvyw
mlell] 000 00000000001 0000DO0O0O00O00O
(718! 26) (212! 24)2] & QIAIHA WH PRIMT
(Fig. 26) Output incidence matrix IPRIMT of (Fig. 24)
/o bcdefghijklmnpnopgrstuyWw

well] 00 00O-100-100-100100000000290

(O 27) (32 24)2] Y& 2lA o #H PRIV
(Fig. 27) Input/output incidence matrix IPRIM® of (Fig. 24)
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rulel3: eAnhAk -> -n

(O3 30) TEIDETE] HALS e o=
(Fig. 30) Production rule for testing subsumed inconsist-
ency
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(Fig. 31) Petri-net representation of (Fig. 30)
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