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Mining Non-Redundant Synergy Graph Patterns from Two Classes of Graphs

WANG Zhang-Hui ZHAO Yu-Hai WANG Guo-Ren LI Yuan

(College of Information Science and Engineering s Northeastern University s Shenyang 110819)

Abstract  Graph patterns are widely used to define the feature space for building an efficient
graph classification model. Synergy graph patterns refer to those graphs, where the relationships
among the nodes are highly inseparable. Compared with the general graph patterns, synergy graph
patterns which have much higher discriminative powers are more suitable as the classification
features. This paper investigates the problem of mining non-redundant synergy graph patterns
from two classes of graphs. By guaranteeing the property that the discriminative powers of synergy
graph patterns are much higher than all their subgraphs, mining non-redundant synergy graph
patterns can dramatically reduce the number of results and still capture the strong discriminative
powers synergy graph patterns. However, finding all non-redundant synergy graph patterns is
computationally challenging because all their subgraphs should theoretically be checked. Also,
through studying the properties of non-redundant synergy graph patterns, the corresponding
pruning techniques are proposed. Moreover, two fast synergy graph pattern detection methods
are proposed based on the bound estimation of the discriminative powers. Based on those tech-
niques, an efficient depth-first algorithm GINS is presented for this mining problem. Extensive

experiments are conducted on a series of real-life and synthetic datasets. The results show that
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GINS is more efficient than two representative competitors. Besides, when the non-redundant

synergy graph patterns are considered, the classification accuracy is improved much.
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. B L AT LA E R HEEE.

BURAM 2. 44 DFS 48 R E— A
B g  WHR freq(g) =6, H a<lconf(g)<<B, N
DF'S Zi i3 48 R A% b LA A g S AR 19 B A 2 SR
AL DL 4 i BR

EH. BT e<conf(g)<p, EFX ¢ BEARE
— ik DX B ] B A g — > 55 DX ) B
MRAEE L7 W5 3 AbnifE . IR g 7E DFS 4 iy 14
KR e i A e P A R AN AT B AR TU AR P I 14 A
3. IEEE.

BUR AN 3. 45 DFS 4ifd i R - — 1 KE
B g MR freq(g) =6, conf(g) =p. I HIEHE K
g ARE—NHETUA U3 A B, ) DFS G 1 48 2R )
LR g 9 BT A 53 SCHER AT PL 2 4 I BR

EH. T conf () =g F LB ¢ AJ
— A HETCAR PR BB AR E LT A 3 AR bR,
KIS ¢ 78 DFS 2 %48 R B 1 B A i 120 465 5T
AN RE AR TUAR P [ [T A2 X HEEE.

M LA b 42 20 4 JE TC A ip [a] P A = i) S5 F AR
O F18T ) R ) 2 T Ok T B A AR — T — A HLAAR R A
X R SR 4% DFS g8 R E—4 E L
g ST AT AR R B g A B AN R LA
BN P 98 8 4 B SRR B R o AR 4 AR B
JE 0 B BV BT, DES 4 i 38 R® B B DL ¢

/\

conf(g)

Tt
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ML BT A 3 SR AT DL 2 2 IR . 5 D) 6 3%, i 22 30k —
BRI g 09 B AR A W R B AE AT
JAFEE 155 X 53 B {H o, 77 B — P 7E DES % i 48
FA b e BRGSOy A R KA g 43 3
REFEAERT o HIE/NT 488 1Y 5 X 55 B {8
B AR Y I HL N 2, DFS g it 48 R W DL E B g
AR B I A3 SR AT DL A A N R 2R A R A
KF B. Berf, B o il AR T0 4 B R) [ 482 0
— M 42 O T B U B A B B R
HB I 55 XA X, Wk 2 B R AR E L7 M 3
SoAn . ELAR R I 7 5K A B R ORI — 1 TR
. AETE BB g B — R TU A i [R) 1 48 =X
25 ARYEE LN 1, DFS 4354 28 DL E B
g MARPY A 4 SCER AT DL 4 i . #5828 A A 5 1A
AT LB R 3 AW R 2R AR T AR D IR AR S
R B
4.3 TSt EEER KN KBS

AN A 28 WA TR T A B[R] A = 1 ) 3
W o FE A 2RI Ty vk 22 Wi s 28 MR A R T 4% P I ] A
R (= N N

XF A W AR TR D R BB S gy B
L R B 0 R e AR AR L i A L AR K
() B B T 2 5 0 A 55 DX i s 9 R A 1. fHL
& —Fh T RE TR B A A 7 i 0 TAE B B 4%
) — AN B, e TR 58 2° B 1) B
et A2 — M AEIU R I E R, K&+
V][] A Az 00 Ak 45 33 7 1k R RSCR AR 0 (IR T

TR g 8 582 bl 1452 X i 1 e Tk
JE SR M T, R AR X T BRI o i 0
H FL I PRI A 0 = i A B L I
155 3300 1 A R ok i /D> JH S 07 % A B R Ok
K. BB g 1 B B b 0 AT A R0 % B 1+
B SR8 R — S5 my il B, JF HO il
BB ) SR B R AR A 2 v B ke iy, Rk, T LA
TEFEAT X AR TC A P[] AR 2 g 4G 22 if ]
oAbt — N H A BB E GRS, R
XA FHEER L 48 1 55 X4 BE o 5 R
TR T A 3 bR, R g RN R —
A AETC A P ] B L AR A ¥ 98t A 0] 3, DE'S i fidh 48
KW LR g AR 0 I A 43 S #0 AT LA 222 4
5%« DT 9 48 K 2 A A Y00 B[]

MR 3. T AR Rk AR T0 4 b IR
X g B SRR EAS FEAE 73 W RR h supp(g)
M conf(@). MFHABHETEMR ¢’ (¢'CTe), M

BRI con (gD EM T AT LI A (O ST
3. Kb o R kAR TUAR YA X ¢ ER
A B 1 P A =L
, conf(g) Xsupp(g)
conf(g ), c, >ma;£~i, {sup;(pgj))}
IE. BT DFS g 448 2 A o i 8B Y
SCA B i A PRIASE XS i il e B B R M B D S
B R supp (@) <supp (g’ ,max{supp(g.G"),
supp(g, G )} <max {supp (g s G ), supp (g,
G HIt,

4

wnf(g,)glcg:max{supp(g/,Gf),.:‘uj)]b(gﬁGi)}
o supp(gh)
max{supp(g.G" ) supp(g.G )}
supp(g)
F T P A5 A 0 e R S BRI E  supp (g1 =
max, c, {supp(g ) ARHEF D AT 13 5]
conf(g)yce=>
max{supp(g.G" ) ,supp(g.G~ )} Xsupp(g)
supp(g) Xsupp(g)
>c0nf(g)><supp(g)
7maxg~cg{supp(g”)}'
BT R o SRR EEAR AR B i AR 3
TE AT e e AR T A U ) R AR X @ 46 00 22 67 AT A
PO X H A 17 RS A A5 BT Sk AT A
TE AR AR FHE AR T 48 R 19 55 X 23 B E
o MR AE SC 7 WSS 3 FRAR i, R ¢ B E A e —
ANAETU A P ) RS 25 (] A AR 4 110 s R D 3 o ) B A
W B 2R S 3. A A S IR A I oK
WA P A 2 g Y BT A IR A A
FE ST RS 3 ARBRUE. TR R FRATT R H A I
e A TCAR Bl ] e A5 ) A6 T k.
(1) [ TN K HE g (Top-down). X AL R
— YA R AR e AR TU A PR [ BB, B T
T PR A T W R LA ek X 32 Sl TU AR Wb ] B 8
A7 W) 0 458 4 R 56 8 o e e ) i S T 4 P [) 0 A8 =X
TR MM R — 25 AR i, AT DASRAR BT A k—1 A5
BRI ES. RE X f—1 a7 #
B AT — Z5 484 W AE AT LIS B A k—2 5%
1 L BRI A AN I 8 7™ A i 2 7 TR R X4
B AT IR — 25 300 W 48 4 L B 2 T LAY 31092 4 2 P
[vi) Pl A = ) BT A7 7 P A =L g 2 75 31— S Y
TP A R 7 S — 58 DX PRI L A 2R
S8 o — 555 DX g AR 2L Ak 2 7 A T i) LT BT AR
AT RN . TR E I AT Y T P AR R 2 8 X

=

.
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o3 B W24 28 IR o0 4% D ) R AR 200k — A~ ECOE
AR TCA D RIS 2. 75 0], 445 o A% ) oo A2 B E R
S AETC AR U Ia) B AR 4 F) 980 AL 0] 3, DAL
AR A G SR AT D2 A I R

(2) AR _E 5K mg (Bottom-up). % FAE &
— A kAP EAE TR D R B AL, BT
PR AR U SR s SR R X R R T AR B TR AR 0 R A%
AR Y Ry v 7= AR A5 e AR TU 4% P [ B
R A B RS R P Rkl A2
FSCHRLT ] MY R A — AR 0 BT B U (R
R e R LR A A 00 ) B L A LR A e X
oy BB, B2 ok iy b B AR ) A T00TT T 4 G O
WA [ LR sk v] 2 BR A 2 A

k1. GINS &k,

WA O KEEIRE Ds 3 B o FIB

i A T A R BB E S S
ESE ORI NI IR S ST
T D v S 557 € i 300 760 T 25
TR D A B A
T 8135 B2 (K T o /DT B R 30
5. WIMEEEMAT BHBEESS.
6. WIMBEEEMNT o« MABBELES S
7. WSS SR T A i B/ DFS 4.
8
9

= W Do

. FOR S' 44~ DFS 45 s
VTR 1 pattern_Mining(Ds8sasfsSss).
10. fi AR U D M) R U4 & S
5 455 DFS 48 RAER 53R TTAR U )
P XA S ST 1 i RO ) A5 R 5 SRt g s
Gy IR E i AR TUA B IR A 2042 0 55 0k GINS
%R Hop s 1 B Rk . 2
UBOR: N
T8 1. pattern_Mining(D,8,a,8:S>5).
A T REBARE D3 N S8 0a MBs B5RE S;
DFS 4m 15 s
fth T AETUAR Dy R B UE A S
IF s AN &8/ DFS 4it% ., THEN
AR 1R
IF s WEFEE/NTSHT o, THEN
IF s g8 A8 5 FFHE R T 8, THEN
5 TE D TR s T A B R
6 PR s W R A Y s FOBT A AR L
7. IF s WEAEEMERT o I H/NT g, THEN
8. AR 145K
IF s i BAEEME R TS T 5. THEN
10. TF s WA FEEEETRME/NT%ET o THEN
1L KT R B PR 7 il 2 o LT

1 = w [N —

©

12, TF fFAEH 7 FEBOR B 2 L 7, THEN

13. 1S5
14.  ELSE
15. 18 s A 25 R S,

4.4 GINSHIETTEE

FETC A W3 [5) e A 3R PR AR B e — iR X
o HL A 351 TR IR 5 X 0 A ot i 10
— N EICR R B ¢ AT — & p #BA AT RE
JEARTUAR A4 P R P A CPE e 1) 75 U X p
DR EAFAE— T g ok X 5, 5 ARITR
Pl R E OF . B g 8RR A AR I AR B
[e] e 8 2 H) UL SCHE T HoAS B 2 2 HA AR B 1Y
X REST . R LU T X0 AN TR 26 1 B 4 g ik s B el
HREEE p W HARRI X887 X T g T
FARRIURR A L E B A R . LUK 4 0
1 G5 o 8 B A6 B A PR R U — AN AR IR
Pl R LR B O 1 W /KOF X4 T 6 2 4
F G G F Gy HA AR5 19 X 73 BE 0. R 18]
MO BERW A LUK R BRI G MG BAR
FETRRE S 1o AHAR XS 95 i 8 i 5 o HL i P Ay
MO RITR.

LEAP B AL LA X 43 58 T34 H br o 50 R
JEV2 48 ST AB) ) Dok bR S 3t D% 5% 22 18] 42 4l 396 22 1X 7 i
T3 R BB . R R B PRt 3R A5l A2 IX ) fiE
ORI 30 (ELA B R IE 43 A 31 1 X 0 A 507
DX 3 A T) 253 I AN A7 AE TUAR AR B 78 LEAP 57 3%
LB A g 8 F 9 B TR R Y 1 R X
b T AE B R FE A2 25 2R L I O B AT AR LA AR 5 A X
SrREJ. AHAR B L 4 MEE ST A9 X R Y ]
REARR T19 80 8 KB ITUAR Y. GraphSigh” H i
M IR A P B i o A2 i X ) R RS (H
LEAP Je el HA7s o8 5 P45 iy X 00 fiE 7 AR O M —
B R . 51 5 PR XA A2 4 2000 T 45 2R 19 I
R G 4 H g0 8 RO Y AT R I A 1 ]
B LA A BEAFAE T GraphSig Mz 4845 R . duit
sV GraphSig 777 Al LEAP 53 A1 B (] .

ARWPFFEAEIET DFS g i 18 50 19 A 4 R
Ao O U PR R 1 R A R i A R R g 2
— A5 AR T AT R B 7 10 55 X G A
B T A RITR BB A, e ARG E L 7.
GINS B35 = A A5 R ZARITTAR 1.

5 GINSEZXHSEYTE

QAR P 3 B SR A 5 TR 9 Al T A% b ] 1 A X
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Z AL GINS 25T 70 B 4R Y (H AR 52 B
NI X GINS BEAT {8 54 e, 5t T 56 423 ]
EZ SR VE

WE—NDTAH m DEBRENZ 3 KL E
D35 G G? e G RIR m AR 25 28 6
T4 . AR SR Y e S R g TE AN [ 36 )
BIEE T B9 S35 BE 0 5 AT 5 supp (g G wsupp (g
G*) e ssupp(g,G™)RFIR. 5 253 B Y15 L
ol RIS g B9 X0 RE Ty ) A W LA G 15 8 o
Fon s T Ve FETE A [ 28 031 P14 T 9 i R B A 2 B it
P g X g oAl 1 42 1 IX 43 BB . aed o =K (1)
o ] BRI [ X g A 22 28 RO B 1 1 A
=X (5 F 7R -
conf(g)=
max{supp(g.G") ,supp(g.G*) s supp(g,G")}

supp(g)

(5
B g 75 2 2 I Bt o B i B A5 EEHUE A T 0
B 1 Z 0] BUE AR R IR U X 20 BE ) R
255 WX () T 7 1 22 28 B B dl o Pl A S
fHEETH R 7k 5 GINS Sk 1 2 R B b4z
P AR W) o S s bR R — A AR T
DFS % 18 244 119 38 7 o o 3 5 =X (5) 7 3 {5
{1 AL Y0 T o 30 BBOKT 7 8 11 D 0 D) 0 i 48 28 2 ] 3
G TC AR AR 2R Ao 1o T A 5[] F o 1) P 2 £ 7 ol
PR I (7] P AE OAGE 00 7 9 F Aok 8 i R AT 4 B L R
TIEAZ 9 45 51 04 1T A PR A TO AR

6 LWHERSHH

AT R T B BT 4 AR T A U R A S 4 SR 1
o AU VR Ot AR 2 A R A BT T R R S
SR 2 T AR ME R (STL) 9 C++ 4 2 5
P SCEG PR EE O HP PC HL%%. 2. 33 GHz B 4k B
2. 2GB W17, Windows 7 #:1E R 4.
6.1 ZIHIEE

LI R T 2 A E S B I A A
FLEHOHE SR TE UG BB JE ) 4t S AT 2
FEE 53 B RAEA . 5 — A B0 4 b 6 o 4R A B
A& (CAIDS) o 52— A D %k 320 o o 7 A TG 410 1
TERRIAL G WES S 43905 MG W, X Lk
B YA S 56 25 6 3 A A )RR BE T D 4
THER (CA) L (CMD FILAR 3% BR (CD 3 Ffr 2 ). 3
1 CA &f 422 MMe 9. CM &4 1081 &

Y F AL S E T CL 2800, %Ak & P Bl 45 ] DU
M DTP-NCI/NIH® 345,

SRR IR A T PubChem® %4 JE I ) — &
1) [ 45 44 K 4 4 . PubChem 08 & — D44 B4
L A PIE B - & L GG & Bl ok 1 A W PR
D, B8 28 PR I 2500 S JHE op A A B AR AR A BT
Je For I AT LA 4 o 3% BR RIS TG BRI 28, 3R 1 XF 11 4~ 3&
] [ 29 A W 5% T (NCD & il i 47 8 B/ 28 AR 1
AT LA H B — Fh i e R DU BR AL A 0 10 5k B R G
INTARTERA GBI EH LB R R A Z 1
H T 55 56 % He GraphSigh™ 53 H g A0 #1 4 Al 4 H
MIERES SN REGHBHEE. hE—E L.
S 35 SR T O 45 L ) 1 R HE L S g b X A
Jee E A DN KR % 4R R B HLE £ 1000 MG BRAL & W 4
I o RS B 0 IR R A 4R s BE AL 1000
AT BRAG A W 4R 53 S B T 1Y) B 2 B A AR
B X FERLEHT A R 11 DL 2000 19 —4r 25 A
BHE AR T ORI SE T b R T HOR 41 A 80 B ok
JE A TR,

1 WMERNBES
ke 1D it AE £ 3R W IREH A BRECH

1 Non-Small Cell Lung 2047 38410
33 Melanoma 1642 38456
41 Prostate 1568 25967
47 Central Nerv Sys 2018 38350
81 Colon 2401 38236
83 Breast 2287 25510
109 Ovarian 2072 38551
123 Leukemia 3123 36741
145 Renal 1948 38157
167 Yeast anticancer 9467 9467
330 Leukemia 2194 38799

6.2 BEEMME

AN F2 BN ETLIE AT I 8] D 1 P g AR ) AR
JUAR P R] A 42 4 530k 1 850 A B R 1
1 R 4% 38 55 7% GraphSigH™ Fl LEAPY 2 &5
$2 1 GINS H k47 FE R B 6 HE 383 Hoh GINS
SR BRIA R B TN T ARG 0 SR I S R PR T I
[f). T LEAP Bk kit Rk -1 B
PR, BT DA 22 ok AR A I X 3 3 5
JIT A g N L) T S R Sy B335 79 i 3 1) ). GIN'S
BEHRASHEERN 0=0.05,a=0.6 fl g=
0. 75,425 R iy SE 56 v > gl A Hodr — A4S S50t 6 A
SRGRBEONR EAE : MR E LEAP 50 BA

@ http://dtp. nci. nih. gov
@  http://pubchem. ncbi. nlm. nih. gov
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ZHH 6=0.05 Al GraphSig 57 % 1Y BA 2 Bl
minSup=0.1% F maxPvalue=0. 1.

5. AIDS SiE e A B CA 59
SRR CA MSFEEH M CM A& Wl — 1
B o3 R EAR A L BT R 10 SR F  BOHE 4 Ok
JER 3 AN EIE R RCER. 5 WOoR T AE MU SR B o
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Wl .
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s, NP6 i ml DU B 55 X S8 e 1
TR K L FE T R R W B9 GINS B3k #1328 17 i ]
R K B R DUA B T A A I R s A
F AT L AR T . AP 7 R [l REET LE L
TR R ) GINS 5595 132 17 I 8] 5 B 25 5 X 40
S4B Y HE T AR D A FEEOR UE . B IR T Y
Ao 5 W B A R X S R B R RS B
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—— Bottom-up

53 051 055 056 057 058 059 0.60
51X 7324

[ 6 sy X ar 28T i Is 17 ) 1]

1]

300

Do
S
S

AT ) /s

iz
=
o
(=]

300
1 —o— Top-down
—— Bottom-up

Do
(=l
(=}

IHTR] /s

1Z17
=
(=3
=]

075 076 0.77 0.8 0.9 080 081 082
X S HL

[ 7 SRR X ZHCT i Is 17 ) 1]

TE BEAT 5005 AT 7 e 1k 0 B i 5040 4 e 6 A
% 1 19 Yeast anticancer ¥4 5 4% M 25 Lo ] 1 345 B
A 35 BR K BE LAl 3B T B m i R e 4 L 35
IEBEAT AT AR o A INIEL 8 W] LA H L B Rde R
PURL 32 748 K5 3 /N B30 35 19 32 A7 I 18] 45 728 3 38
VLI 3 ANREHR I 2 Hm LR I S . e LEAP
B 32 0 e BB AR KA o BN 3 L T GINS
SR I8 A7 I (4] [5] R0 R MUARE 114 39 R 4 a0 £ P
Koo DT AT LS B 4 9 A 0 A% bl (] P 42 4 2
A RAFR R A,
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—6— GraphSig
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\IE
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=

j==4
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Hel K

B8 o7 KR 4 B 132 47 16 i)
BlOBRT 3NEBAERLERM 11 AEHE
£ EMIE1T 0%, NE Al LUE  GINS Bk 7R
11 AN B4 5 1 32 17 6 ) 30 0 At P A 53 L X
525 T GINS Bk v K A 11 0 90 00 0 1 Ao 4
A KRR G5 T 5L W AT I ).
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[ JGraphSig
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6.3 HiEMBEIMME
AT A FRATT 32 A T 7 A Y AR K
FE 7 JE TR AR 1 O P A B X SR R AT 2R B I F
Brortr B2 PRSI AR R AE SR 1 & A 11 4l
R LIERL. O T A — AN 5 28R A B R
B A e BEAE LRI 43 A Y1 25 4 R 5k 4 PR 4. 4
MM GINS,GraphSig fil LEAP % 3 57 2
R Lis i AR T B top-k MRS K
BRI AR A RN R4, Hh LEAP B8 14
top-k AMRRINZRAE W B AT AT B 21k
BT, AR top-k MREREBAZ G M HS 5 C
AFL271,2" ] B4 REAL LIBSVM® #4532
o JE A R A Y 43 2 2 E U RS A A B 0 28RS
XoF B s TE B B8 B0 A
g T sk B S B AR AR L B SRR Y AT
AT 5 ORI | B 3 M REIEARINGE
FIr B BRI top-k A BB 80 H L 2K 4
)BT BB 2 /D S8 — A top-k o BB 1 1A B
DR SEA T AR 32 98 20 19 top-k > AR X Br L 2.
K10 250 T 3 A3 AR R ik 4 i 77 2 i A XA
BAFEE . NP DUE 8 GINS Bk f 285840
o A AT AR RN R 4R L i 02 B Dy GINS Ji ™
AT BB R 2 AR TUAR S T 9 A8 A B A R AR
B AT — e B iR BB, DR ST E
Z (1 BB A BOR AR IR 4R
R e

=00l CILEAP
0=

400

3

B K

20
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1 33 41 47 81 83 109123145167330
R ID

B 10 AR AR A A S 3 it

FEIEWEE T 3 ML top-k AR
PRI g SR A5 R N R T LU
GINS B3 1 37 Az {9 AQ 3R PR XA B/ 34l
PR T GINS Bk e H A A5k s 17
AR DR R AR AR R /N, Bk i B2 A5 A
Y GINS 53k 5 = 2.

N T RE— UL 3 ANk B A2 i A S
ENE S5y B X B B #E 1Y top-k AR AR AT
G-test" A 43 pH A TF LS R A E 12 PR, A
Bl AR GINS 83095 7 A ) PR U B A B v 1Y
T

E GraphSig
CJLEAP
CJGINS

—_
(=)

BEAHPEIN
= (=2 o0
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1 33 41 47 81 83 109123145167330
KD

11 AR MM AE A A - 3 R

[1GraphSig
CJLEAP
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G-test7MH
=
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1 33 41 47 81 83 109123145167 330
il ID

K12 AR AR G-test 11553

I Ja s N0 FH I Al Bt R i — 20 48 3 A
B R ST EBR W top-k A BB SRR
] S AL AT DA R 6 L A A S AR L R Bl A
(I 3 4R HE AT A R PF . (R B E B AR RRAE
(ROC) #h £k F 0 18 AL CAUC) P AR Ry 43 2805 i 1) i
e, AUC 22— F 0 8 1 ZE iy — 4524k,
BB BRI, 10 B 43 S 25 10 4 NG BB, — N I 4y
HK A AUC (H35E T 1.

2 gy 3 R L A B A Ay R A
(T3 50 2oKE BE. NZR 2 Al LA, BEF GINS 5
B R B K B 1 B B B & T LEAP
Bk I HESA R ZHBIEE L XK E&ST
GraphSig 57 . 38 1 2 R 5256 4 HRE B 19152 22 70 bt
AT RLVE LT GINS BEpy s dhnfa <.

R 2 AUC £HE45H

¥ 1D LEAP GraphSig GINS
1 0.79-0. 05 0.80=£0.03 0.82-0.03
33 0.76-£0.03 0.81-£0. 02 0.82-0.02
41 0.76-£0. 04 0.76-£0.03 0.78-0.03
47 0.77-+0.02 0.80=0. 02 0.80=0. 02
81 0.77-0.04 0.77+0.02 0.79-£0.03
83 0.76-£0. 04 0.7720. 02 0.770. 02
109 0.77-0.02 0.79-0. 02 0.80-0. 01
123 0.73-£0. 05 0.74-0.03 0.76-0.02
145 0.78£0. 02 0.80=£0. 03 0.81-£0. 02
167 0.72-£0. 03 0.73-£0. 04 0.75-0.03
330 0.81-£0. 03 0.840. 02 0.840. 02
¥ 0.76-£0. 04 0.78-0.03 0.80=0. 02

@ http://www. csie. ntu. edu. tw/~cjlin/libsvm/
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6.4 HiEMSET R
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Background

Graph structure provides a general way to modeling a
variety of relationships among different objects, and has been
widely used in many scientific domains. With the emergence
of abundant scientific graph data, only a small part of the
data has a class label. In these scientific applications, graph
pattern mining can help build classification models for better
predicting unlabeled graphs between different classes and
understanding these complex structures.

Building graph classification models being widely used
consists of two steps, namely, graph feature generation and
classification. First, it can select a set of features by mining
{requent or discriminative graph patterns from the graph
database with a large number of labeled graphs. Second,
building a graph classification model using the set of features
selected to predict unlabeled graphs. Many efficient
algorithms have been introduced to mine graph patterns, but
they always generate too many patterns which are not suited
for classification.

This paper first investigates the problem of mining

non-redundant synergy graph patterns from two classes of
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graphs. By guaranteeing the property that the discriminative
powers of synergy graph patterns are much higher than all
their subgraphs, mining non-redundant synergy graph
patterns can dramatically reduce the number of results and
still capture the strong discriminative powers synergy graph
patterns. With the mined non-redundant synergy graph
patterns, a graph classification model can be built. The experi-
mental results verify that the presented algorithm is efficient
and effective. Moreover. the mined graph patterns are signifi-
cant in the classification step.
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