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RULE BASES MERGING AND REDUNDANCY, CIRCULARITY AND
CONFLICT DETECTION

Jia Xiufang Song Liangtu Wang Rujing Li Wei
( Department of Automation , University of Science and Technology of China ,Hefei 230026 ,Anhui , China)
(Institute of Intelligent Machines , Chinese Academy of Sciences , Hefei 230031 ,Anhui , China )

Abstract To build the knowledge base needs to spend a lot of time and manpower, meanwhile there are more and more knowledge bases
built in the same or similar fields. In light of this, we proposed an algorithm, which utilises existing rule knowledge bases and merges them to
generate a new rule knowledge base, and detects the knowledge redundancy, circularity and conflict in the generated new rule knowledge
base. First, we represented the rule base by the directed hypergraph; secondly, we represented the directed hypergraphs by their adjacency
matrices, thus the merging of rule bases can be converted into the merging of the corresponding adjacency matrices of the directed
hypergraphs, we then obtained the reachability matrix according to adjacency matrices, and used the total reachability matrix to detect the

redundancy, circularity and conflict of rules in rule base. Finally, the effectiveness of two algorithms was verified through examples.

Keywords Rule base Merging of rule base Directed hypergraph  Adjacency matrix Reachability matrix

Gty h ERIE, Revault S BRI b A AT LA 20
SEHTHLN ; Adolo ™ £ IFBI A IF% 18 25 3 I A O —
bk SR ATCA AR5 Claes ™ 45 LI B9 45 905 14 560 3
VAR B 2 R T R R LA Bt ey AP D s e Ak B e 5 SCRR [ 4 ) 6 0 SR sU A S DO
RIS I M i 2 5 P o i et ok e sty P TTBURER 07 s SCRRLS = 7 150 LT 1R — S A
ILRAT RSO AR B o &, b TRy (D PEROREI, S2067 4 30 2 A MBI 2 AR 31
R AR A A TR R A R g LB Schnolse %57 R T A KRR IS, L2 ST
SR 60 TSR BT RO A SR TR S et o BRELAR T ALRE S SUNBE R0 AR AL 04 e

0 3

il

;ﬁﬁ;ﬁﬁzﬁ%u%*ﬁ}i’ ﬁﬁﬂ Lj\ II%’ﬂIA E 1:/]? r‘ﬂ@ﬁ%ﬂiﬂﬁi ;:P;k% y%fﬂ)ﬂ‘]l‘ﬂ%ﬁ%*ﬂ?q’%%f'ﬂﬂmﬁEf%ﬁ“w5%%?%5‘\”%11%@@1]1]7
e SR A HUNL T A B 30 0 8 2 % e e ) 52 B0y o (L 36 ¢

R IR S R MR R i g I PRBEANIRORSERVRLAA TR SCHKL 1 TGRS 7K 747 o B
S g RV e g g TOSUNPEICAR SRB O i, VSR R R 47
RARMATE R, REH T T gy IR R AERER ST AR
B AR A U AR A e o % BT R O3
Mﬁﬁiﬂjﬂ%ﬂmﬁ/ﬂiﬁﬂﬁﬁéﬁéﬁﬂ/? 5 ﬂ‘l/y\ E&%%ﬁ@%ﬂﬁ%ﬁ? E/‘J q&}%} H%ﬂ :2014 —07 _230 El% ﬁ 7}.@*4%%@1?: E (31171456,6120
AR NEE, KEAUER &I R IR & RS R SRR RO BRI, E R A . REEL VIR . TESL I
et AR B I, LA PSS IFR BRI 5y 25 AR AL




250 AR R 5 S

2016 4

PRI, b 1 3 G AL R T2 5 JF It BRI ) TT A% e
A3 1T 52 W A PR 3R LA R e HLEAf P ) AR I 2R, 7 STk [ 11 ]
AR, AR SCHR Y — 6 3 B0 AR S R 2 11— 2
P CRAAFAERLIN o 5 ) AT i 1 R 75 4772 TUA ML AN 35 %)
ARSI 7 3% o

ASSCE b A 1 1 T U P26 1) 22 715 5 LRy sl LA 4
FERAE 3 3o — S A SRR 5 I DT S8 B AL 25 5
RT3 2o SR T SRR A WO P PR U A BB AT o % 5 B 40
S A WAL 9 A B — SSCPE R R] 3 P AS J  mT A T A A

1 FEiBE kK EBEER

1.1 #HMWeyFRERK

— AP AN B — BB Ay P—Q, e P 3R — LR
FRECIRZS, A Q T TAS B s, 1L U™ it w2 P
2 B 2R LIE I 2598 Q7 o Horh, iy S A 45 18 41 1 i 17 22 5K
PR o AT AR E MU R Fr RO A RO SRR [ e
A RN P2 e 4 T A R U S Horn /), B4 55 U 140 =X
HWE 2 LA AN S

1) B AR T SCF A IR, HARIR 1 S0 7E — 4%
PN A R4 U RE 1

2) MNZEIBR— DT K, — TR — R T
AR MR T AKX EE

FEL b AT — SR RN R AT A 2 2 o S A ) — R Ay
T2 FRIE RN . A — e, BRI A% =X Ay

2 Ny N Nx, >,

TSR RN B A0 — A DA 5, R Ry ]
FUN 75 R A 52 R
1.2 HEBESMEER

A 1o 8 P 7 TG 1o P e A 2% 30 4 R il 8 0 5 1)
o — Iy A T A A RAE 2 TR R VI ) R R B
HMG RN H = (V.E) Alijlille e EZFFM(X,Y), X
BIXY R VIR TETTLNE) , FRX A B e
A AT e)) Y AL e kGt ich (H(e)) TE
A E e T ERN 22 DTS4 S8, X —7H%
J3E G T 0] o P 7S 2 A S D) g D) e

12,1 ARA &4 B & FAR R

L FH R 0 of 2 7 WU P26 1 26 Bk Valiente! ™ 2 4 . Nazareth
il Kennedy " 7 1991 4F , Ramaswamy 221 £ 1997 4732 1
1] [ L R 20 I P vl g R N 7 A S B Sy b i b
TR R AKX R

FI IR ER R AT MU RB, A0 1 s

8o ®
6 ¢

BT BN RB, WA 168 KR

N 1: 6, — o, 5

FN2: ) — oy 5

FN 3 6, — o, 5

W 4: %, A wy— a5, iR,

HS5: 05 A wy — 0 %, iB AR, -

1.2.2 A &8 B 648446 15

SCHRLIL,15 ] rp i T B A &R e B, e SCik[ 11 ) v 3=
BTS00 2 R0 U] %) TC A FH A B8 ) AR ) v A % 3 5 ) sl 4 e —
RS o R T R RS IS R 58, AR SCAESCIER (11 ] 19
FEA b B4 A v PEURE R ) SR R Y 2 S

BRBH A m A TEF AR, 43300 % %, %, 53
BB EERE LA E AR, 4351500 R, R, -+ R, K HN
PEFIR U B Sy T RN R 0I5 i i 5, AR S0 SURY
AR R AR T A AR FAXE € Z Li . BA R T
N WD R RN W R R B R 1 B S T e B
A ) RS BT R0 P v D 2 2 B0, BV Am SR 0 P v
m AN JRTFAE, WABEHE MR R 2m x 2m

8 S 17 8 P () RB IR Ao N

0 v, ¢ H(e) Hx, =T(e),Ve e E
A,‘/:{l x;, = H(e) Hx, = T(e),Ve e E
(xi’Rk) X; € H(e> E_x/' = T(e),ve € E

BV, SRR PN E R R AL & HLEEIE R & AR, g
Ay = 05 NSRBI P8 A feg PR AR D v, HLZ5I808 «; ML
W, S Ay = 1 A RBUN P A A S S U R, TP 55+, HL
S5 2 A, FRH (xR,
R A FE R 1 5 SCRT AT ) BB A 1 AR R R

1 0 0 0 0
(x,,R)) 0
(23,R,) (23,Ry)

0 (x4,R,)

=

o

S
I
SO O O O O O O O =

0
0
0
0
0
0
0
0

ERISIEIR-SEN e E

0
0
0
0
0
0
0
0
0

SO O O O O O
S O O O o O

]

0
1.3 BEEMESHFNEZE

—PRAE UL T B I 00 AR R ARAS (6], 1R A H1
DUV G300 ey my, AN B8 2, T A U £ 408 R e 31y
A = (a;) sm0m B = (05) 2ysamy o PIRLI G T 5 TE A LI
PEBIMBE m = max{m, ,m,y ! .

Hmy < my U4

Aimyr1 = Qi = 770 T Ay = Qiopin T Qo
=T E Qo = 0

Apyvrj = Apiazj = 700 T Ay = Qi j = Qo
==y, =0

-+

Eml > m, :

Aimpel = Qippr = 770 F Qi = g = Qo
==y, =0

Qyi1j = Qprzj = 700 = Qi = oy j = Qopyin
=t = Ay T 0



Eic
—_
3
bt

N

B FE LN E GG AT VA R T A IR Fs T b 2 6 e 251

A B 5B H P RBIEX B 10 A6 B P T 4 A HE A A 1548
HERIHE B IR ABBERIE C = Loy | oo JETOR o) BOSEELIT

EIPNE

A= {aij}mlxzml B =

Wi

C= {cij}ZmXZm’;B\':EF m = max{m, ,m,

$R]:

for(i=1,i<2m ,i++)

105} 2my0my

ffor(j=1,j<2m,j++)
{if(a; =b; =0)
¢ =0;
if( a; =0andb; #0)
c; =bys
if( a; #0andb; =0)
¢ = a; s
if (a; =1andb; #0)
¢ = 1;
if (a; #0andb; =1)
¢ = 1
if (
a; = (%;,R) and by = (x;,R")

¢; = (5,R) U (x,,R)

1.4 BEZIEEENEE

141 “TiAFERE# L
RN HIEE A = (V, )
V = {Ul Syttt U, Dy, T,
= {xl’xz,...,xmﬂ’...’xz’"‘l
4.

F:{O/M%ﬂaﬁﬁﬁﬁﬁﬁ%

U Mo B R L0 < iy < 2m

WFRHEFE P(D) = (py) smean FA B D (AT IR EREFE
kAR IRAERE D' AR AT SRR BN A IR SCRR(11]
EX2 kAR D
D! = asMhx, Bl w AF7E a SN b B A%
EN 3 ks E
Ef; = b, B x; 7778 b K IEARKT b IBAR

k
WAk EY = Dt
TR 2

WLEE ST IRARE EF
Ef =0 Uil x, kA,

Ef = 1] «, ATik x HRH — & BA% 5
Ef, = 2 B v, B x, (FTEZACBEAR BRI BEAFLE TUAR 5
Ef = 1 BN PEAEAE 3R B 5

Ei; =1 HE G, = 1, MHU AR 5

N TE TR SR, i AT AR AR K BE R RS F,, =
(F. ) sman o T F, = e e O x B oy IR R BEAR IS, HM v, 5]
a; Sl i — U AN, B 2 iR« B xy BB ERAR IR EE N 2,1,
B 2, MBI N 1o

;gg\
®

B2 AR
1.4.2 #F E™
MEBHEHE I 5 SCAT AN, M A, 0, FPAE 1 BT R RE R O,
B3] DS, 5 EATIARRE By, o
B D" 1 E BESR ok B SRR DM

WA
Dk+] — Dlr 'A

|j)];,1 le,z le,yn D}I‘,m+l Dl{zm [

- %él Dlz(,z Dlz(,m Dé,mﬂ D;,m Ll

k k k k k

@m,l D2m,2 DZm,m Dzm,m+1 D2m,2m
Efu Al,z Al,m Al,m+l Al,zm ]
%2,1 Az,z AZ,m A2.m+l A2,2m S (1)
: : : O
@2171,1 Azm,z Azm,m Azm,m+1 Azm,zm .

2m
o Df;‘l = sz‘lAl,j o
=1
HUE -
#HDL =08A,; =0,0=12,2m, WD =0,
#HDE =1 (x, R = (x,,R") ,HiE R :x, N x,—x;, W

. 1 F, <k
D = { ! (2)
0 i

#D = (%, R + (xR HIE R x, A x, — o, W
F.,=hF, <k®F,k =kF, <k

1

k+ i, st i,p

i,/l = { [ ! ! (3)
0 /\ﬁjﬂ\

2 FUNTT R CEREE A RAG T R B

LI 45 9 J5 BN TT AR BB o G I Ay i«
(1) VEESRHRE A, , BRI F oy = (FL) s —
W ALEHENE D, — 2 BATIR R B, o W0 SR ARG 2 2R e, 1
El, = 1,4 D!, = 0 JFHdT(2), %0, EHEEA2);
(2) HEIEHWE DL, = DL - A
IfDE, =0
Then 2 IEFEFR, #1447 (3)
Else $47(4)
(3) WHE,, = Ev + D = En,

£}, =2 Then HUNPE A BUNAEAETUA 5
EL, =1 Then BUUPE P B BUIAEAE SR B 5

IfES, = land £}, =1
Then FLIN B HBLAFAE w58 5
(4) WHE,, = E5, + D,

IFEF, =1



252 AR R 5 S

2016 4

Then $117(5)
Else 2k = k +1 ,$1f7(2)

(5) & D, =0,k = k+1 JHi47(2),
3 % fi

HRF R A P 2R A BRI Rl A B ) S BB o T 1 (] 43
SR RN AR AT Bl O R B RUIEA T TTAR (b A
PR ERUASEIN , 32 100 T2 FSCRI 14 K DU DR 3 3 DR G B A A
T, DUHAR e Sr R R B ROR

PN R AR S BUTr im0 -

RB, J&% 5% a S N7 09 7K A ML 35 0 U0 0 0 v 1 3
WIS

RB, %58 b 4l 3 0K R okt 9 100 4038 e of 9 56 5 oo bbb Coovoon
sl 10 000 (x,R,) (5,,R,) 00000
LIF A RB, P 8 2L E 0 000 (5,R) (5.8) 00000
B : x, — o, 0o 000 0 0 00000
B2 2, — x5 Cdis,R,) 0 0 0 0 0 00000
B 3. 2,y Bzgxﬁ,m) 000 0 0 00000
M 42 %, — x5 5 O o 000 0 0 0000000
B S: 2y A 2y — x5, 30K R, Lo o000 o0 0 00000
H6: x, A 2y — xg,iC W R, S 0 000 0 0 00000
BT 0y — - x5 0o 000 0 0 00000
B8 : x5 A xg —x, it H R, o Ho o000 o 0 00000
DAFRIN 5 S 51 25 44 €0 K ¥ R R S 3 A0 2k A IS R €2 Ay Lo 000 0 0 00000
S HBABWIEE R KR AR FRYR PR A I I B TE T RN AR B AR B A ISR B4 % B
FIHA 1) E R M EE RB, [ 4nEl 3 iR, E IR AR EAERE C 2R
0o 0 111 1 0 0 0 000 0
] o 000 (x,R)U(x,R,) (,,R,) 0 0 00 0 0[]
% 0 00 0 (x,R)U(x5,R,) (55,R,) 0 (%,R,) 0 0 0 og
0 o 00 0 0 0 0 (x,R) 0 0 0 1
,,R',)) 0 0 0 0 0 0 0 000 od
- §x6,R'3) 000 0 0 0 0 000 0%
g 0 0 00 0 0 0 0 0 0 0 old
5 0 00 0 0 0 0 0 000 og
0O o 00 0 0 0 0 0 000 0O
0 o 00 0 0 0 0 0 00 0 0O
Ho o000 0 o o o o000 oH
Loy 000 0 0 o 0o 000 o
SRR € FEXS BEIS FBIE R 4 T B 1112202000 2
/x\ Moo0O0O0O0DO0O0O0OTO0OTO0O0[
1 Ld 0 000000000 old
s /\/\ %00000000001EI
: : L]
E 5 0 o0O0O0O0O0O0O0O0O0 0 0]
i@;x3 @' dooo0oo0000000 o0&
' R =5 i %ooooooooooog
0 000O0O0O0O0GO0O0O0 0[]
1 Xs é @ [dooo000000O0 0L
%00000000000%
0 0000000000 0[]
B4 A IEUNE R A1 R Ld oo0o00000000Y
H A T AR 4 £ 3 B AR B A R ERIEHE C 1) —25 IR AR 51K -

® ©

IR: R,
X5
B3 FNEE RB, (A7 )8 BIZRR

AR AT 1o 8 P AT I 1 5 SCRT R, RB, T X 1o AT 1) 8 & 114 48
AN -



%13 R A5 N R0 A3 A B TTA IR Fa b B 6 253
M1 111000000 0 Wl B2, KV F B 5
MoO0O0O0O0DO0O0OGO0OTO0O0 0] HELR
IIalooooooooooog 30000000000
%OOOOOOOOOOID MO0 0 00000000
[@MO000O0O0O0O0O0O0O0O0 Ld oo0o0000000

Dim—Emm—mO0000000000% %0000000000
%000000000005 [@o0o0000O0O0O0OO
0 00O0O0O0O0O0O0O0 0 0[] %0000000000
@o0o000000O0GO GO 0  Dhw=Dhyn-C=

O 0 0000000000 0]
@000 0000000 05 @ 0000000000
%ooooooooooo% %00000000000
e B RS 30000000000
LD DD .C Ld 0000000000
o,
D}, =1-(x,R;) = (x5,R;) Eteiz = Dz + D + Dy
BRI R, vy A g v AR F =2 > 1 AR (2) AT Z 1113101000 I
D, =0, Moo0O0O0DO0O0OO0TO0GO0O0 0]
Dl = (%,R) U (x,,R) + (x,R) U (x,,R) @oo0000000000-
TEFER R, :xy A 2ty — s R iy Nty > s HFFy, = F B 0000000000 I
=1, M4 (3) AT @ooo0oo000O0O0OGOCOO0O

Dis = (%, ,R) + (25,R) | U {(%,,R) + (x5,R))} =2 % 00 000O0UO0OGO0UO0 0 OD

Dig = (0,R,) + (2,R',) " 0000000000 og
FPERI Ry a2y =g, BT Fra = Fiao= 1 REER [d0oo000000000 00

(3>m%qu.6=1;2 . . %00000000000%

ﬁﬁfmmuz«xﬂx(ﬁ;i leh(ﬂ?’Fj):F - 1L ARt (B0 000000000 0L

(3)ﬁ%n0?8:21.0> ) 2 S Fd o0oo0o0000000 0%

s Lld 00000000000
© 0002101000 15 ARIEERE 2 15 HUIN A % A v R0 I 35 32 ) 2L B (4) A
[0 0000000000 00 ARG WL B, =2 > 1L RA% DY, =0, kit DY, =0,
[doooooo0o0o0o0 o0 ol ﬁ*ﬁiﬂ%g{fiiﬁ(z) TS\‘:DDIZXIZ —OFﬁ'U\T}L‘L 53%(3) INERES
E 00 00O0UO0O0O0O 00 OE NE, =2 KB RN TUAY, B v, A3 v 1 AT R A 4%
000000000005 BEAERTIKEL s = 3 KRB TTA, B &, T LU = A A8 T ik
0. - Mo0O0O0O0O0DO0TO0TO0OTO0O0 0] vy = LHE, = E o = LIRFEZE, B x, — x, 0, —
Ldoooooooooo0od - 2 o
%ooooooooooo%
0 00O0O0O0O0O0O0O0O0 0] 4 % iE
@ oo0o000O0OOLGOGO0OGO 0
Fl 0 0 00000000 0% AR SCHR L T — BT T 15U 5 R 56 MU I 0 45 95 2
" oo0o000000000 BT EREIR T R GE R B A, K IR T AR 2R
111301000 Ty [mmbF el sk fs i 7 & 955 S0 B 04y FR R AT, i
00000000000 000 sl T mAFIEIA SR A1, LI PR b R0
[0 000000000000 gy HERUIAA U FE £ JF LB 2 AT B AL
E 0000000000 1= gu4 sppgfhieiibma Tt —S .
B 0000000000 0

2 | 2 o0oo0000O0O0GO0O0O0 0] S X X Wk

E12><12:DIZ><12+D12><12: @ 0000000000 OD ' '

O] [ 1] Revault N. Model transformation based on production rules[ J]. Elec-
% 000000O0CO0CO0CO OD tronic Notes in Theoretical Computer Science,2003,72(4) :1 —14.
Moooo0000O0O0CO0O0C [ 2] Adolfo G A,Cuevas A D. Knowledge Accumulation through Automatic
dooooooo0o0o00o01] Merging of Ontologies[ J ]. Expert Systems with Applications,2010,37
Floooooooo0000H (3) :1991 —2005.
L' 0000000000 0Y (T #5311 1T)



%1 e b A3 R T FOM-C4. 5 9 3t JE AR A ] AL 311

12 W

1
i N

(%) 4%

0.6 — e W
o' —— L [9)
—r—FCM
0.2
o
D1 D2 D3 04 D5 D6

BT kiR b
P16 [ 7 RS TR) G50 72 o 45 0 4 4 A Y0 2R R 2 417 3 ) %o
b, A H FR ] A MY, AR SCHE H A FCM-C4. 5 G 8 K6 4L 2k
7 KDDCup99 s 4E 1 1 AR B B AL F 1L 52 ) FCM 533
G GINEAE SUTHE -5 S R7

4% &

ARSCHE T —Fh T FCM-C4. 5 (1 8L g AR AG T AL
AL SR FCM S W 1 1 i g 4, SR 05 AT
CA. 5 BRI Y IE B K008 A e o B A7 UG g . i
KDD CUP 99 $fli 5 5250 K W1, iz WLl st 70 A 4% 1T FCM. AEAS I
FURFILL (9 RE 75 C4. S MR AR A A B 0 Bl i K =R 1
PERi, BE SOk 1 FCM ARSI AR A IRV, SLAg ok 1 C4. 5 R R I
AN BE T 22 ) e R 5 ] ) 3 i 8 2 i O Xsib 18R 2
it B G H R IR BIHCR SR RS F R . A SISO
2, S8 2RO (R il 5 2 YOI U, T — T T 4R
—A™ FE L 7 R R S

£ £ x #

[ 1] Fisch D,Hofmann A,Sick B. On the versatility of radial basis function
neural networks: A case study in the field of intrusion detection[ J]. In-
formation Sciences,2010,180(12) ;2421 —2439.

[ 2 ] Wang L, Jajodia S,Singhal A, et al. k-Zero day safety : A network secur-
ity metric for measuring the risk of unknown vulnerabilities[ J ]. IEEE
Transactions on Dependable and Secure Computing,2014,11(1) .30 —
44,

[3] Li Y,Xia J,Zhang S, et al. An efficient intrusion detection system
based on support vector machines and gradually feature removal method
[J]. Expert Systems with Applications,2012,39(1) :424 —430.

[ 4] Wu S X,Banzhaf W. The use of computational intelligence in intrusion
detection systems: A review [ J ]. Applied Soft Computing, 2010, 10
(1):1-35.

[ 5] Guo C,Zhou Y J,Ping Y et al. Efficient intrusion detection using rep-
resentative instances[ J ]. Computers & Security,2013,39 (Part B) :
255 —267.

[ 6] Kim G,Lee S,Kim S. A novel hybrid intrusion detection method in-
tegrating anomaly detection with misuse detection[ J]. Expert Systems
with Applications,2014 ,41(4) :1690 —1700.

[ 7] Park N H,Oh S H,Lee W S. Anomaly intrusion detection by clustering
transactional audit streams in a host computer [ J]. Information Sci-
ences,2010,180(12) ;2375 —2389.

[ 8] Wang G,Hao J,Ma J,et al. A new approach to intrusion detection using
Artificial Neural Networks and fuzzy clustering [ J]. Expert Systems
with Applications,2010,37(9) :6225 —6232.

[ 9] kbalw, PMEL BE T ORI IR LM AR RGOS )], it

FHLTAR SR ,2011,47(11) ;106 — 108.

[10] SivathaSindhu S S, Geetha S, Kannan A. Decision tree based light
weight intrusion detection using a wrapper approach[ J]. Expert Sys-
tems with applications,2012,39(1) ;129 — 141.

[11] ZEUER TSR, e, 3 A SR A R e Bt SBR[ T 3455
HL 5844 ,2012,29(5) ;278 —280.

[12] Sengupta N,Sen J,Sil J, et al. Designing of on line intrusion detection
system using rough set theory and Q-learning algorithm[ J ]. Neurocom-
puting,2013,111(2) :161 —168.

[13] Lee S,Kim G,Kim S. Self-adaptive and dynamic clustering for online
anomaly detection [ J ]. Expert Systems with Applications, 2011, 38
(12) ;14891 —14898.

[14] Lei J Z,Ghorbani A A. Improved competitive learning neural networks
for network intrusion and fraud detection [ J]. Neurocomputing, 2012,
75(1):135 - 145.

[15] Bike, . FETSHuAl SVM 5 i o 2 i A i [0 1. 1AL
R 5 #44,2013,30(9) 139 —43.

[16] Teng S H,Du H L.,Wu N Q,et al. A Cooperative Network Intrusion De-
tection Based on Fuzzy SVMs[ J]. Journal of Networks,2010,5(4):
475 —483.

[17] Stolfo S J, Fan W, Lee W, et al. Kdd CUP 1999 data[ DB/OL ].
[1999 ]. http://kdd. ics. uci. edu/databases/kddcup99/kddcup99.
html.

(18] Harrh, fPaET, e, 5. M4 AR Y B s RIHE
)] 2441 ,2008 ,19(8) 12140 - 2148.

(E#E253 W)

[ 3] Claes J,Poels G. Merging Event Logs for Process Mining: A Rule Based
Merging Method and Rule Suggestion Algorithm [ J]. Expert Systems
with Applications,2014,41(16) :7291 —7306.

[ 4] FE3CUH, 2008 1DS SN A 5 6 IR0 [T ] iH LR T 5 4k
1,2010,27(11) ;259 —261.

[ 5] RN, FEAIL R TT, 2. — 20k Peri W 4% HO T CAVER I B
SERTATALL D] B 5 0 ,2013,30(6) 1673 —682.

[ 6] TLSEHh, EA4E. HUNA —BOH i S I 55 B 55 BT ]
FRHE,2013,26(12) 1138 — 140.

[ 7] AR, BRI, XUNET , 55, P45 2 A SR M KoM — B A & v 28 1
AL AR LT ] SRR ,2011,38(2) 132 —37.

[ 8] ¥, B, Al SRRSO G PR NI
LT R ,2012,38(2) ;82 — 84,

[ 9] Schmolze J G, Snyder W. Detecting Redundancy Among Production
Rules Using Term Rewrite Semantics [ J ]. Knowledge-based System,
1999,12(1-2):3 - 11.

[10] 24, Edebk. TERX RGN ERICRK R EIET]. 3t
SHLTRE 58,2008 ,44(34) 1191 — 193,

[11] ME, S8R0, B K —, 4. —Fh BT 1w 8 P A9 R R TU A B B 4G
M [J]. KB TR 22441 , 2008 ,48 (1) :74 = 78.

[12] Valiente G. Verification of Knowledge based on Redundancy and Sub-
sumption Using Transformations[ J]. International Journal Expert Sys-
tems,1993,6(3) :341 —355.

[13] Nazareth D L,Kennedy M H. Verification of Rule-Based Knowledge U-
sing Directed Graphs [ J]. Knowledge Acquisition, 1991,3 (4) ;339
—-360.

[14] Ramaswamy M,Sarkar S,Chen Y S. Using Directed Hypergraphs to Veri-
fy Rule-Based Expert Systems[ J]. Transactions on knowledge and Data
Engineering,1997,9(2) .221 —237.

[15] Nuffelen C V. On Adjacency Matrices for Hypergraphs[ J]. Annals of
Discrete Mathematics,1980(9) :181.



	2016第1期PDF 249
	2016第1期PDF 250
	2016第1期PDF 251
	2016第1期PDF 252
	2016第1期PDF 253
	2016第1期PDF 311

