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Abstract: Existing association-rule mining algorithms mainly rely on the support-based pruning strategy to prune
its combinatorial search space. This strategy is not quite effective in the process of mining potentially interesting
low-support patterns. To solve this problem, the paper presents a novel concept of association pattern called credible
association rule (CAR), in which each item has the same support level. The confidence directly reflects the credible
degree of the rule instead of the traditional support. This paper also proposes a MaxCliqueMining algorithm which
creates 2-item credible sets by adjacency matrix and then generates all rules based on maximum clique. Some
propositions are verified and which show the properties of CAR and the feasibility and validity of the algorithm.
Experimental results on the alarm dataset and Pumsb dataset demonstrate the effectiveness and accuracy of this
method for finding CAR.

Key words: credible association rule; maximum clique; data mining; adjacency matrix; alarm correlation
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HOVE A R0 U 1 A7 28 b S TR0 47 i A g S P AT g 1 AR SR B 4 R G B 43 T (alarm
correlation analysis), R FH (1] 5 102 HE R S S 5 5 - £ AE 4561,
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HA LI SRS 43 Aii (skewed  support distribution). 41 J AT AR SR H _E 38 =2 358 5 - B AR P HE S50 1K Fh # i 4R 04T
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Fig.1 The support distribution of alarms in alarm database
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Table 1 Groups of alarms with different support range

R RIS A & A

Group G1 G2 G3 G4 G5

Support (%) <0.1 0.1~1 1~10 10~50 >50
Items number 249 895 128 27 2

Ratio (%) 19.1 68.8 9.8 2.1 0.2

Fiyz b xR B O 251 T AMTITE R . Omiccinski - 2003 4E 842 H all-confidence 2% i i 7 v,
Xiong 7E ML HEAE AR HY h-confidence 2l J3F 13 518 33 6 7 (1) 1 £ 7 VR0 5 0 VR0 R ABURE U 1) 77 A B e A 1 45
B BB IR ()7 A ok TR, AT DAAR R b, s 248 2 S 11805 38 A 50 e, 1 e 425 i HH 9 o3 5 D TS 2 AHLX B8 T vk K
HRATSRFE T Apriori B35, ANEEE 2 Y4 s 1 T L 4 ) A A5 2B 00 110 0 R B A1 ahb ek T P A 11 R AT
U R ol A 9 FEE 5 ) 5 B D 42 v O T D [ W 4 S A 6 R A A I A 6 B U L
HEAT KR QT 5

S Sl 1 5 R A A —— AT {5 S B U (credible association rule,f# R CAR), H: & XA F4& 48 %
TG U] T 5 S T AR D1 22 SR AT 5 10 B AN T B ) S R 88 A [R) — 50 20, T AN o B AN R D =7 65 88 1 K/ R
T T SCIRE A B mT LS Bl 0 00 1% R A5 8% B, W0 LAAS B9 25 T8 A 8 SR B A 0 TR O TG U ) 42 90, A SC 48 HY
MaxCliqueMining 572, 1% 5730 5% F AR FE 0 B 7= 2k 2-T00A] 45 48, 128 10 R F Al K ] (maximum clique) AR 7= 25 T
AT {5 SRR, AT 38 i 22 138 B8 1 T B, AN SO 48 S A W LA A 2 o 2880 S0 130 1 3 ot D) PR ol ot B B9
B AT AT PR A 20 S 6 45 SR % T T X 0 4 2 0 P26 b PR 6 A7 0 DK T SR B ), 3 H. MaxCliqueMining £7
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x32-MUAEARHA R4 2-BUA (G RASHLFERE, minconf=0.5
Item 4 B C D E F G HI J Item A B C D E F G H 1 J
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B 333121 3 130 B 3 3 3 0 0 0 3 0 0 0
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B2 2-T4E T n) B 3 2-TATE SN N I Bl minconf=0.5
4 M EAMEEE M E+H)-TNA 5
TR SE 45 1 LA i UK 30 BH bl &-J00 P A5 B2 26 (ke + 1) -TUAT (5 22 (1 P AT 1.

AR 4. B X={xp,.. 00 A n-TAAE >3, M AT R k-0 SR 02 T {5 SR 2<k<n—1).
R W5 SOIEVRIE AR R (n=1)- T 7 SRR TR 4R L1 X O n-JRAT R 4R, 80 C,

_x, Zminconf.
n
s
-
,ﬂijﬁ X E,:]% n—1 Iﬁ?i{xlr--,-xpfl’prrl,'"rxn}z_\‘ﬂ,f%‘(lspgn)’m]ﬁ CX1~-~Xp—1Xp+]...x” — i#p < minconf .
n
Ux,
i=1
i#p
n
n
X.
n n n n qxl Ir:]l '
i= # . . .
X ﬂlx[ > ﬂlxl. , Ul)c[ < le,. M, = <2 <minconf 5 C, ., >minconf 7 J&.
1= 1= 1= 1=
: . U X, n
i#p i#p b i U X,
i=1
i#p

MR ZEHE, PTUE W) JLAR B T80T 4R A 2 W] AR 4 A ASHIE O

AT 4 48 0 T n-JRUR] A 4, AT 2 1 AR 80 0 T A5 4 A 7 AR AT A SR TR I I 3 mT LA — 4% n-J00RT 45 SR IBC
FI A AR AT HE 7 SR I 1) S TR U, AN AELASE DG TR DU 453 38) s A4, i 45 G TER R D) 56 I f 7 e R0 1 19 3019
AN 2 2-T50 AT A5 4, R 2-350A] (5 SR 49 ) 3- 3004, FL AR K o N e i 5 45t T i 2-350 ) £ 4R 2 B 3- TR IS
- EAMGE LT RS 2-0in (55 5N EF N KR,

WAL 5. B xyxpxs AT 1A 3 ANIH AL {x0,0), Do,xs), (nxs} € CSy, B Comip=min{ C,  ,C, .,
Cyy 3 HT 2y, K SR AT A5 ST 1 AR E € WAL

(1) C, 1y SComins

(2) C.. . >max{0,1.5Cymn—0.5}.

(1) ST xp,x, JER IR A N T 3,000 FE ] IR IR BB A

[x1Mx2] =[x M| 20 (3
Nxy By MIRIIR BN KT xy B xp 3R xs B IR B B

0= x| | L) 4)
H3). XD Ah: b N x| > P X, N Xyl N eEYe

|x1 Ux2| B \xl ux, Ux3| XXy 6y

R C, , >C Coo, 2C, . LHIIEAT C,  <Copin (DT

X XpX3 2 T XxX3 XX X3




ok F TR AR AL A TR KA ICEF - 2603

(2) s
Coi <C _xmox|_xoxoxn+xoxnnx| [50x% 0%+ 0% 0x [+ VUx 0x
<C,, <
Tonun| quxnuxl-lyur, 0| EACEACEN
X OXNX X NX, N |+ X Nx, X
_ MM X X 1 X X 11X (X 5)
[x WX, Uy |
[ 2,
XX, DXy | T X, NX, DX, [T X, NX,NX
szinSCX2x3S| 1 2 3‘ ‘ 1 2 3‘ ‘ 1 2 3| (6)
[x WX, Uy
[x, "X, Nxy |+ x nx, X |+|;mx m;\
Comin< C, . < EAES ALY 1Y X 1 X 0 X 7
[ X, Ux, Ux;|
K (5~ (72 A 23 A
W PEI LAt YAt ARIETat Yok VRl ETaENAt ARIE Tat - aE N i EYaENAL ARIE Tat Ao LY i EYaE YAt
min—
BACEAVEN
:2\xlmxzmx3\+|xlux2ux3|: .
b W x, x| e
HIESH Copn >1.5Cpin—0.5. 3 Crry >0,4 1tk Crry >max {0,1.5Cpin—0.5}.(2)FFHIE. U

Al 5 SA T R 3-WUOCHREL P B BRI 2-I T AR /N B AR E SR, W 4 B A E
AT LUE 2 2-000 74 dpe /N BT P RIS, T4 3-J00 SR T 0 ) 17%) 5455 5 14D 3 LA S o I D v ol vl g P P 2 524601
W35 minconf=0.8 MBI HIVE 1, A Comin KT 2T minconf, W= 411 3-LEBEFE C; Wi/ MEN 0.7.

1.0 1.0
09 F 09 L
08 C}max 08 C 10max
07 | 07 |
06 | \ 06 | \\\
w 05 = 05
O 04 | O 04 |
03 \ 03 L CIOmm
02 | C3min 02 |
0.1 F 01 L
0.0 ‘ ‘ ‘ ‘ ‘ ‘ 0.0
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 I
Camin C omin
Fig.4 The relationship between the Fig.5 The relationship between the
range of C; and Copiy range of Cyo and Coiy
4 CIHETEHEYE Comn R HR K5 CioMBUEIEHEYS Comn KR

THFHERAH T H TS SR+ D-TERN (+D-TEEFEARE L TARAES EonE SN E
FRERIRR.

MRS HER. W0, XX ATHBE TH 1 AT B, AL (XXt 1 s 500X 3o Xt 1 e e s $X Do o X1
LC. € Be, AL

X1l 7N X e X4l

X1} 100Xk} € CS BE Crpip=min { C,
1) C, ., SCrmin:

S B R P VR

+
2) C, . =>max O,uCkmi“—l ;
1o Xt k k

+
O €, zmax{0r- 0=,

SE A LA R 5 1 7 VR S E B (D) AT(2),(3) W) 1 (2)3 HEAS 2 11E B A8 g O



2604 Journal of Software #4334k Vol.19, No.10, October 2008

TR 5 HEVSHR L BUAR (k+ 1)-TRSE B AR E A K T B/ k- B AR B (R I IUE R AR k-TUAE B/ N B AR T —
WA ST HBEE & R38R IUE N SOk BOEIE T M EERLE 5 AT 10-TE B (5 B IERR S
9- T AL Jp /N ELAR FE I 0 R IEFE, W R b+ D-T AT S 22T k=I5 1 2 100 B A5 P 005 2 4% 1, B ATT o] LA BLEA Ay
Z (b 1)- 200 R A5 4 1) B 5t 0 2 4 M, S B b, A A /N 1 S o 8 D o, O 4 B - T4 B /N AR R
minconf W] LA B3R K — L8,

T LA B AT AT RN B k-] AR AR AR i (k+ 1)- BRI AE SR R WIAT I, 0 T iR AR R U B AR ST I NH RS
KFRAMELE, N4 H— R 5w L.

EX TEBEFAEE). W T EE X={0,00. %L AR TVYLE B 1<i<k<n B x<x BOL R ATE4E X 4
GCLKEE S

AR E AT xx..x, B X

ANHER I EE 1 AN 2-T0 A5 5 3 R S AR ST IR I T w5 4R X A 1 vl A5 4, TR S T
TG .

B 2:37 DL B ASCIT A Sy HoAE, W AT {5 4-T54E ABCD A Pl {542,110 ACBD A4 Pl {5 4.

EX (<X KR). WX ={x11,e. X1} Xo= (X215 %0 ) BIA n-TUH P W AR EE, “I0 KRR <N < KR HEN X
<X, M A M ke {1,... 00 X TFVie {1, k=131 x=x O, HE B xp<xp. < KR AMT LR,

%] 3:% ABCD,ABCE N ¥ W {54, Wik /e KX H ABCD < ABCE.

EXIn-TAEEMERES). STl n-T0 Al (54 X={x1,...xi ) FREE A CS,(1<i<|CS,), i B 55 TV Lk
H 1<I<k<|CS,|, 8 X = X, S0 FRES CS, N n-T [ E R IME ) PES.

[FIRE 00 1 P2 AR 2-T a5 4R AR & A P 26 A ST e T WIS R AR S I B P 4R &

B 4: ¥ ATAE 4-Ti4E A CS4={ABCD,ABCE,ABDE,ACDE,BCDE}, W) CS, } 45 Fe4E & .1l ABCD < ABCE
< ABDE < ACDE < BCDE.

W BL BB 50,CS, R 8 A, PR o] L 0 b AT N 52 SORN 2 R 4 A R K e 2= i ik, BT AT DICR:
FHUR AR A (ke 1)-T00 8 8 58 ) A-TR AR AR IR 5 CS P Sl 2 AN k-T5UE A5 E AT T k—1 JUHRAH [, 9F HL
X2 A k-TUE I B JE — TR I 2-T0URTE CSy TAFTE, WK R k—1 TR 2 A A-T5U8E 1) 3¢ J5 — PR J A 32 (ke + 1)-
TGAE SR J5 A A2 A 36 4 1) S0t -0 1 S 02 A5 30 45 8 m AR, U= A i e 1)- TR R L AT k-0 4R AT A
0 A TS ST k=T BRI AR G TP AR AR W A AR IS I AR, B AT k-TROG IR, AS B 15 38 — 2D HEAT
43t

SVE 2 4 T R-TRRT A AR R (e 1)-T00T (5 4 K 7 7 SR 1) Suby(temp) o B T 3R 15 (ke 1)-T0UEE temp
(T 1) k-0 SE A B I B4 1 40 ¥ 5-T0U4E temp=ABCDE, | Sub (temp)13EN 1) temp T 4-T0 T £ 1 B 1045
4N {ABCD,ABCE,ABDE,ACDE,BCDE} 515 [ head T end A 52 LU F 3T k-T4E X, X head 7R X WY
k=1 0, X.end F7~ X (A5 Ja— 0.1 X=ABCDE, | X.head=ABCD,X.end=E.

B3 2. GetCSy,Set().

BN h-T SR RS CSL2-TEENE FES CS,.

i < THOAT A SRR BE Ry, (k+1)-TR 0 (5 A TS CSper

P55 :CS () k-TR AT f5 SRR B CS, 3R j A k-TRAE Sub(temp),(k+1)-THEE temp [T (1) k-35 1 SE A4 B 1 4

EriX head k-YN8E X IRT k=1 WX end k-Y04E X () # )5 — .

HBR: (1) R=CS;CS1=D;

(2) for i=1 to |CS,| do {

(3) forj=i+1 to |CS,| do {

4) if CS(i).head=CS(j).head and {CS,(i).end,CS;(j).end} € CS, then {

(3) temp={CS(i),CSy(j).end}; /* I3 k+1 T EE+/

(6) tag=0; /* W EFR LN 0,45 tag— H N0, 3K 7N temp W I A7 kISR AE*/
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(7 if k=3 then {/* %5 k=3,1& 75 Z A k+ 1 ITER BR CS,(0) R CS, () (1) H A AT T 8 2 75 47 A%/
®) for all ¢ in Sub(temp)\{ CS(i),CS,(j)} do
©) if 1¢ CSy then {tag=1;break;} } /* 45 FkIN T AAEAE, WA 4% T ER 28 11/
(10) if tag=0 then {/*F7Fric RAME 5, Ui B BT A kI SE A E*/
(11) CSi1=CSpi1temp}); * ¥ B M1 k+ 1 TR temp M BIHE 5 v/
(12) Ri=R\Suby(temp);/* LR, 2 Bk temp T WKL T 5%/} )

(13) else break;} }
(14) output Ry;
(15) output CSj+1;
Bl SEFE] 1 P, A minconf=0.5, INEEIEA 1 193] 2-IUn {5 AL M55 CS,, MRAa 535 2,nT LIS 5] Ry A1
CS3 AR IR 5 AR T BET T 13RI B 3-TIUEE I B L.
Table 5 2-item credible association rules and all 3-item sets by algorithm 2

RS F2A3 B 2- TG IR ) 13- 4R

CS, R, CS; CS; confidence
AB FJ ABC 0.5
AC ABG 0.5
AG ACG 0.5
BC BCG 0.5
BG CEG 0.8
CE CEI 0.57
CcG CGH 0.5
CH CGI 0.75
CI EGI 0.57
EG

EI

FJ

GH

GI

5 ETFWMARHABAEXIKMMNIZYEE H L MaxCliqueMining
5.1 EikHik
OIMT R 2 AHERI TR (e D)- TR S R E IR I T AR A -T0T R AT, 1%
(ke 1)-TRAE AN fi 7 2t 0 AN R T 0 3R £ B3 Ty 4 I A el Sz o b e — AN SR BB A K O el
EXV0ARKE). X T B G=(V.E), 3V <V WKL E ik VK 1 G'=(V,EN 5 e B G A G
IR R —Fv eV Hy e V' AF 1 4R Vo vy 3 T B sE 4 ELWER Gk BRI OK .
I 51N BRI K A M, P AR vk 2 SEBR R AE ORI & TR 44 B0 ST A 19 &+ T0 S AL
BEE 1RIEE 2 856 WS 3L TR T 0 wI A5 SCIRH 42 8 4% MaxCliqueMining, 1835 3 $ilii.
H % 3. MaxCliqueMining().
B PR D, AR IR /N E AT BE minconf,— AR I /N SCHEBE minsup.
i L T R IR AR
SRR MHEVE 177 2-TUn fH RS CSy;
(2) k=2
(3) while(CS,#D){
4) AL 2 th kDR S CSy A B+ 1)- T {5 RS CSpey Tk BOCTHELIUEE Ry
5) k=k+1;}
(6) R[MUR;
MaxCliqueMining 52X AR 7= A AR FE AR BRI e aet 85090 1 04— 4000 e, DT B8 s T 2 90 110 6k 1) 2 e
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Bl 6:EF W 1 T B, B minconf=0.5,minsup=0 R4 HiE 3,5 5615 2 2-W AT {F R M S CSo, R G IR AT
W45 3] Ry, CS3,R3,CSa,Rs S CSs, 45 H WA 6.5 J5 15 B W W] A5 KRB Ry,URsUR, R T Givt T 45 KRN
) SRR B RN AR R 3 AR 3 R0 U ) SR 222 Sl AR O, T BT 7 1A S BRI ) 545 R #8AS /N T mimcon.

Table 6 The mining results of algorithm 3 Table 7 The confidences of rules
e PR E R EZE S =T ORI E AT

CS, R, CSs R; CS, R, CSs CARs Support  Confidence
AB FJ ABC CGH  ABCG  ABCG 9] FJ 0.25 0.67
AC ABG CEGI CEGI CGH 0.375 0.50
AG ACG ABCG 0.375 0.50
BC BCG CEGI 0.625 0.625
BG CEG
CE CEI
CcG CGH
CH CGI
CcI EGI
EG
EI
FJ
GH
Gl

GIHT 6 128 R ANE BRI A R ST A BT DA K P AT 2- IR 20 16y B A DA B K AT 1 5 53, i P 6
718, 53 Ak Je (R REAS 1 P38 D J B AR — AN AR AT, EL I PR AT (A K RS20 D SE9 3 7 2R IR 4 AR, TR 45t A

<)C>C>G C’D Q\@ ﬁ“@ @ o
e SRR
® @<> @(3<3C> @??w)@

x

ek .
Original graph R, 3 4

Fig.6 The relationship between mining results and maximum cliques

Ko fziiai REHAKHIN KR

W 6. 4 TR G=(V,E), ¥ E B AR 2-T0n] {5 4, W& G455 10 BT A A oK [T 45 5002 3 7 A IR e A il 4
DR BRI ) S —— X R .

IR, G A B IR R A A K B8 2 P — 140, T 8 ABOK B A B ) B R 2 Pl — 1) I8 G TR AR TR (k- 1) T
RO SN k1 AT AT H e T0l s 84 B A 28 S e 7 503 2w, B 2D 3R (6)~ P SR (1) W] 1,8 AR 7%
16 CSypy W, 30 S AWK ATTREAFAE k2 T S'H 8" o S BI5 7 2 2P BA)ATTHER S M Riwy H22BR,
DL Ry RS S5 55— J5 THIL45 Ry TR0 RIS SRR S, FHAEVE 2 (B3R B IBR(12)A] 01,8 S F1, 9 FL
A A A 0

Al 6 R T BV 3 FA9 45 S AT [ IR 25 AT — 50U R, R AT 3R R IU A LAk T 30 SR R AR OK [ 4 B 1
o RIREESSE MV V&

52 BEiEMEESW

o T LA T B B O — WA A 2- 00 AT S AT B2 o B 2T T A5 B, 75 6 St AR R o 0 AT 3 1
B n g Hl R T 45 BB m O T I E ECE U 1 B TR R O(nm?/2).

X P 2,8 A k1 TR I AU A & TR B A A S SE AR (KT A1 T 55 E SIRT k-1
TR [F). 1 b AR AT p /N0 k—1 TUAR R & AR T35 g A, RS R B2 2% 55 0 O(pq),q<<p. 53 4b, 7= 15 k+1 TiidE
Ja i AP £ DTSR AT AR, R AL () A R SR I TR A2 2% B AT 7R O(1)~O(logop) 2[R, L ASE 1T 2 i
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TUR] 72 DR AR 2 IR S LI () SR FE AL AT O(pg).
X FEE 3,7 RSB Y P A SR A R I BN IR 2 U SR PRI B A X IR 2 H
R BEARIA T A 00 k1 TR I HCR: p SR AR K 0, e S e B A2 AE — A e TR K LA™ AR 2 B 5 1 2-

n

SRAR) oA A 514 01 Kk 5 5 c:,cg,...,cH,...,c: A B A 8 M U S M

CLEJ 5 TR N PR SR BRI I A 5 TN AR O, S 3 3 P R O T S R IR 8 2 SR DR BB ) 0 55 ) 35
ORI 75 0 5505 3 BEAT DAL, i 6 OS5 1RF T 4253 m £ S IBC R D) A A o, PR ok ml SR PR IR 7 9 R A2
PR K A5 A 3 AN I 3A

6 SKILERSIN

6.1 FURERILBIMEHIR

S o 43 ) ST D D 7 2 A B 4 R Pumsb Bod A2 O HEAT A

WA R AR R B LR A W) GPRS M R85 B RO e P e 2 o A 1 SR A T R (15 7 4l ).
FRAE A E R EEG SEE AN (event time). K4 HZ M B 2548 iR (element D)L 752 Py %% (event
title) 5 5. K 8 45t T 4 A R .

Table 8 The samples of original alarms
&8 st EIR Y

Event time Element ID Event title
2006-2-6 0:00:00.000 1033478163 NM ROUTE ASR SUPERVISION
2006-2-6 0:00:26.000 1552978014 Scf Free
2006-2-6 0:01:44.000 985664880 Standby link connection failure—FMIC
2006-2-6 0:02:22.000 384783557 Message ID of speech file not exist
2006-2-6 0:02:32.000 1492754060 Tx VSWR antenna fault—FMIC
2006-2-6 0:03:19.000 1249452812 Optocoupler 5—FMIC

2006-2-6 0:03:31.000 2128863748 Database configuration and hardware mismatch—FMIC

FEIEAT YA 2T, B S A5 4 o e A S v R A o 2 (R 1 4% b TRURIT 35 25 Py 20 201 M — 1) 2 S b S %
B U SR M — b bR AR — AN 2 SR, SRR 5 0 Sl m B 9 0 B AT 4 R 2 I T R A R L 1R B K
ANy S — AT H AN B T, PRI S5 N 2 — AN 45 (W BT AT 10 H LA AN I 8] i 5 37—
N ) e £ HE 208 T 1) (7] B R A i 3 20 4 SR B A 4 S 50 0 2 ) 0 480 09 A0 3 8 P AN S 45 I B 4 s 0 i 1 4
N ) T, WO 3min I8 B S BN L Smin FE 2 G B AR ILA S 13 440 NS T 301 AN ST REE
SAER 1R 1 DA A,

Pumsb %4 52 — AN 05 2 i 58, 49 046 A= 45H 2 113 AT, BN 3555 I BE Ol 7402 8080 4k
(1) SR b AT IR L A3 A, WL 9.

Table 9 Groups of items for Pumsb dataset with different support range

RO R SOR L0 A K Pumsb 240 103 41

Group G1 Gz G3 G4 Gs
Support (%) <0.1 0.1~1 1~10 10~50 >50
Items number 1099 636 243 83 52
Ratio (%) 52.0 30.1 11.5 3.9 2.5

SEE R G R WAHLAS CPU 2 P4 2.80GHZ, W74 1GB ] Windows XP 1 R G0 % H — TR N ¢
F5BE minsup=0,43 7 ¥ B U B /N EAE BE minconf 4 0.5,0.6,0.7,0.8,0.9,5%F %5 AN H 45 42 HEAT M.
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6.2 MaxCliqueMiningE X 1Z1R & RO

B 7 BN minconf 45 T k=TT {5 SRIBFLINAE Re 55 k RO R 28 0 T80 i 42k B AN F) SC I
T HCEL > minconf 8N, W) 5 A FI 1) K S )R AE minconf=0.5 s P A B4 245 21 1) d5e KR 8 4330 24 10
A 34, 5256 &5 FAR U7 PR I8 4R H (0 A7 £ A KR 0 R A DRI

160[ Alarm dataset 100]

minconf=0.9 Pumsb dataset minconf=0.9

—=— minconf=0.8 80 —=—minconf=0.8

—+—minconf=0.7 —s—minconf=0.7

—=—minconf=0.6 - 60 —=—minconf=0.6

- —=—minconf=0.5 < s0f —=—minconf=0.5
= 0

20
'S S SR ST IS M SR S
0
7 8 9 10 2 6 10 14 18 22 26 30 34
k

Fig.7 Number of k-item association rules

7 k=TT AE SRR ) B e v

FEAIR] minconf AR T (4240 45 R BEAT SRR FEFI A BEgE v, W 10 A ml BUE 32908 45 AR AN R 3¢
FE GO0 TR Y AT 5 48 H RS SCBORU, T K3AIE T MaxCliqueMining 592 7E 5¢ 45 B A& 85 32 35 B 1K 44 8%
AT AT 25 B 54 2 S G T Pl T e VR 3G I SRR T 7 A 3 2 BRI R . g — T T, S AT 4 4
ST B A IR 1) A5 B, 40K 2 HCHR R T — IS g5 /N BT FE minconf B AS FE/NT minconf FIN I A2, H.
TG R 5 AF FE 5 minconf AR ZEAFAB I A KX — s e /S e HoHE 10 b 245 th, DR b2 4 45 S T LA 432
B4, 45 minconf=0.8 I, 15 FE/NT minconf IR NN T4 251 4 4,5 T Pumsb A 9 4,409 5
FEI 5 3.8%F1 9.7%.

Table 10 Statistics of support and confidence of the rules under different minconf

R 10 A[F minconf WA N BT A FLI IR 5245 EA B A5 FEge vt
Minconf Alarm dataset Pumsb dataset
0.5 0.6 07 08 09| 05 0.6 0.7 0.8 0.9
Total number of all rules 220 183 131 106 74 | 147 127 114 93 82
Number of rules with support<0.1% 64 49 34 28 24 61 50 46 44 41
Number of rules with supporte(0.1%,1%] 139 120 84 67 39 20 20 17 10 7
Number of rules with supporte(1%,10%] 14 11 11 9 10 21 18 16 14 11
Number of rules with support>10% 3 3 2 2 1 45 39 35 25 23
Number of rules with confidence<minconf 24 11 5 4 0 39 26 20 9 6
Minimum confidence among all rules 035 044 052 06 09| 0.1 029 043 0.56 0.71

6.3 MaxCliqueMining® % 5 H i B X9 L 4L

BE ot Pumsb 3545, %% MaxCliqueMining 5535 h-confidence J7 {2 BVRIA 36 48+ 53 2R 3541 1 1) 90 ) %
JFERT EREAT LEBE S B0 A 3 BTV minsup S9BEE N 0.

3 PRV AR L BT 0 9 58 B BE OGN AT ISR 10, ) 8 LLAR T S M EVETEA A minconf W24 (150 ) %4
H .h-confidence 771215 FI 1A I A 22,3 A2 DAL Ok e o 00 )i % B 1) B 5 e 7 3 59, 485 SR v o 3 A R A ). T
HH DRG0 T B0 10 ol 00 ) 53 85 82 1) R o e ) a5 SR rh 5 2k T AR 27 R 1) ). MaxCliqueMining 5545 21 (14
MBS TP 2 18] 53 A0 K 85l 327 A B LI 1847 LG #6 & IL, MaxCliqueMining 5035 7= A2 IR0 36 A b £ 2
T h-confidence J5 {2 MIAH GG TE G327 A2 U A A 4R IX B30I T 12 50925 B A T80 v R VR Aff P

B9 45 T & BB IR B . MaxCliqueMining 503 SF 35 I 8] I8 fe /Dy, 3% & i T 500274 k+1 T
Ny AN 75 BT AT R B 1, 2 5 AN TR AT ) 2 8 5 00, R e £ T T Ak BRI AH OGS i S0 T B AR
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T30 H 22 18] (6 41 5% B2 B IR KT A-confidence 7732 & 55T Apriori S35 (19, ANME 5 55 22 YR 3 B0 1 0 7 2L ki
TR J 16 75 B AR AN TUEE 1) h-confidence {H, PR MFE I 5t K BHAE minconf (R /1N, B T2 1R B T) IF &5 #45 JT
4.

800 1000 . ..
700 B MaxCliqueMining —=—MaxCliqueMining
600 Oh-confidence _ +h-09nﬁdence '
E 500 O Statistical correlatioh é, 100 L —=— Statistical correlation
g g
2 400 2
@0 =]
z " g 10 &::
~ 200 §
100 4]
0 1 1 I
0.5 0.6 0.7 0.8 0.9 0.5 0.6 0.7 0.8 0.9
Minconf Minconf
Fig.8 Rules number comparison Fig.9 Execution time comparison
K8 U AL 9 IfTRIJTHT LR
7 HBRIE

Bt LA 2% L SRR E S A (0 Bt B2, P 012508 XA 0 ) SR FEREAT SR IBC R M2 41 AR SC 5 TN — iR i) 5%
SRS 2T {5 SR IBCR I), JRD) # A T00H FR) S S A T (] — S 2000 0 U F) 5 58 L e WL T 5 5, A
1A 255 FE AL GE 1K) SRR JBE AT R A DGR (R 29, A SCH T MaxCliqueMining 3% 1% 502K F 4B B
7R 2-JRUT AR A 0 T A P AR K A RS AB A BT AT AR SR IR U, T AN 75 0] Btk A JEAT 2 I A, AT A IR T
AE A5 LA e S0 HR I 1 I 00E B LA AR 9 iy R 5K 138 B3 Rl U £ e S0 PRl AT PE AT 20 S B 4 R AR
#] ,MaxCliqueMining 53 75 2% L 32 1R B 5315 (0 K4 £ 1259 £ IO I L A7 850 i 1) 280 R Af 1

Ja SEOF TR IS8 LUR TARRETT(1) b0 20 W Al REAF A5 AT A5 SCIB RN 1 25k B 4R (K045 £5(2) $RT AT
SRR I 472 i S0 R AL
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