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Pattern Graph Change Oriented Incremental Graph Pattern Matching

ZHANG Li-Xia'?, WANG Wei-Ping', GAO Jian-Liang', WANG Jian-Xin'

!(School of Information Science and Engineering, Central South University, Changsha 410083, China)
*(School of Mathematics and Computer Science, Hu'nan Normal University, Changsha 410081, China)

Abstract: In the age of big data, with the scales of data graphs growing rapidly, incremental graph pattern matching algorithm has
become the research focus since it can avoid re-computing matches in the whole data graph and reduce the response time when the data
graph or the pattern graph update. Considering the scenario where the data graph is constant while the pattern graph is changing in
practical application, a pattern graph change oriented incremental graph pattern matching algorithm named PGC IncGPM is proposed.
The appropriate intermediate results generated in the process of graph pattern matching are recorded as indexes for subsequent pattern
matching. An enhanced graph pattern matching algorithm named GPMS is presented for the first time for graph matching in the whole
data graph. On one hand, the algorithm can build indexes for the subsequent incremental matching; on the other hand, it reduces the
execution time of matching in the data graph. Two core subalgorithms designated to adding and reducing edges in the patter graph are
designed and realized. No matter what mode changes in the pattern graph, incremental graph pattern matching can be carried out by

combining these two subalgorithms. Experiments on real datasets and synthetic data show that PGC IncGPM can effectively reduce the
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graph pattern matching execution time. Compared with the ReComputing algorithm which re-computes matches starting from scratch in
the whole data graph, if the number of changed edges does not exceed the number of unchanged edges, the proposed algorithm can reduce
execution time effectively. With the scale of the data graph increases, the reduction in execution time of PGC IncGPM algorithm is more
obvious, demonstrating the algorithm’s applicability for large-scale data graph.

Key words: graph pattern matching; incremental algorithm; dynamic graph; big data
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simulation)!"?!, X[ A Fl(dual simulation)! 3144 4530 (strict simulation)!' 3145 . 55 - &[] Ky 4H Ee, BRI L B sk

© PERREERSMROT  httpy/ www. jos. org. cn



2966 Journal of Software #4334k Vol.26, No.11, November 2015

D P i R R AE X P o 0T I i PR i 4 G 2R 52 FRSEDLAE A 5 m (08 7 380 30l 1T P 11— 2 i A, i PR PR 1) —
A R HBEAEAE S PV R R AR B OGS I e AR 1T DG P A DA 2% a0 L g DG P 0 [ A UL AE P A
LR i, 30 SR TG P e R A Pl X 2 A (D T 90 O % 5 B UL A X0 [ AU () St 1, 33— 20 SR UL e i BT
£ B B AP A AR DG E R0 R 2 AR AN R T BT PR B AR )™ W B0 L i B0 S B 7™ s, 5K 5 4 o DU RE
Feg 3 T B PR 2P AR AN KT B 11 LA 2 240 SRR 2R e 598 38 190 I 0 4% ke P A s UG C EAT HR e L 8 2R 2 %2
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% art, Bl L(v)=att,att 3& v )R 1.
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CTRAEE—AN T8 KR R RSV, <Vl 2 BLF 444, Wit G ILEC PR J&—ANULHL:

() W uy)eRIB24 u K v A AR A7 2, B0 L(w)=L(v).

2 F v, AR AT R w, VP EAEE AN R v TR (wv)eR, HL

(@ X E, PIMTE =4y, fE E TEAEAE— U0, 3w V) eR,;
(b) X E, PIATE 4" u), 06 E PR — 55000 ) [ (u" V") eR;
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N M(P,G). X B A A AR A AP LU 4 58 PSS UG S B B9 £ 38 DG C 45 SR 1 A2 AL AML A 153 18 B PRI S IG P & 2R
M(POAP,G)IHi L W11 KR M(POAP,G)=M(P,G)DAM, M, P AR AL 18 i P AR UL i 572 i s ) AT () o 5
i3 M(P,G), L3RG AM HL5 AM AT 5, 3RA5 8T 16 UL 15 45 58, 3 8 i /b A s B2 (0 T R H A0 H 1.

3 HEEAEZUMEEEEXNTERE PGC_IncGPM

W B 5 03,00 T AER R I P AR AR Ak I T et 4 X I SR S A I DG B 4 R T T B i
KV HCES S M(P,G) LA, I8 5 BEFR1G VT e 45 5 (128 A AM,EE A Jn T 3R15-AM DL Kl # 4i8 M(P,G)FlAM 15 1
BIUCELEE SR M(POAP,G), /8 BEAN S W G R T DLIg sk 15 AM, AT LATR S 368 B 40080 B HR (RS AE S R 51 A
510 b AR S UG PE IS T DAMR I 225 | e 4 /0N 35 2% 2 ) el 7 PR R 5 22, 348 DT TR ) 988 28 2 Rk b 3R AM. BT s
{7 BN 100 8 2> AHUR: R AT 2R 51T o A7 fi 2% )t 8 G 0T = K RASE J o 156, — 77 THD 75 2 ik 2D DR L B 1), 53 — 7 TR AR 77
LR ok D A7 i 8 FRAT A T 2 RS R 5 Ak A RN ] RS 05 2 F5 L R AR JFOR D i ik i o e St LA
N3 REEENRS:

(1) cand(HEL 5 P AT — & w,candu)B 5 G TR ZEFN u H R 5 55

Q) simCES I P AT 5 wsimu)BE G P ITA R u (05965 R IG5 4,

(3)  mat(HYES ST P HMAT— A wmatu)W5 G HETE S u IR 5 mar( YA H 1 FTH 25 ##E T

(PN
3.1 PGC_IncGPME £ HARIELE
1 17 Pl AR A 1 184 PR RS X DG O 59% PGC_IncGPM (3L AR HELR I ] 1 s

lAP
lp G E G E g

G i index' index" "
—Z 5 GpMs |4 ) pddEdges 22 5| SubEdges > G

Fig.1 Basic framework of PGC_IncGPM algorithm
K1 PGC_IncGPM Hik ) FEAHE LS

A 1 5 1) B B SR UC L ST VE GPMS, 28 — IR E A BRI ¢ Exb i E P AT ER I R, — 7
HARTFICEL S B G, 00— L J5 S LR T T R 51 index. thT45% 5 B 078 40 ) LA 43 i A v <38
127 (re) B A Bk /D 1217 (—e) B AE B Rl B 11 1 6 A5V 5 S0 2R Ak IR b A5 X TR 1 AR A AP Hp ] AT 384 In 11 32,
AT BE A 98D B, AT 43 0 T E R E SRR I B0 (0 3 ) B A N BT 98D 3 R B 1 o PR AR DG B B
B RN VRS ETRL E-3EAT 1 RIS e e R 2e 5t EY R 75595 AddEdges, 3K73 ICFR 45 3t GL A& 5|
index'; /9%t E7, Y Fl 7 5.1% SubEdges, SR VL AL &5 S Bl G! FIZR 5 index”. G W e B I AL AP Ji5 137 UL K 45 S
Bl sindex" f& H AR A T IR 51, 0] LAAk 4L FH 85X B R OR A 284 5 B AT J5 S 1 48 J DT G SRS ) 1 22 4L
A, B — B VR BRI AL 358 3 s AL <<l 2D 7, WU LA P A 25 BT L A8 g — A A o Ak 48 Ok A A A T 4k 43
M AddEdges I SubEdges 4%, 7= N —#E VL HL 45 5. R THIAK UK 1 40 o ik 48 5 11y L 5 DU L 45090 GPMIS
THT i) A58 2 P 1532 1 F 57 AddEdges AN i 455 28 B ks 1) 7 5 7% SubEdges.

3.2 HEREMERN TR B AGPMS

tHT PGC_IncGPM 5% AddEdges F1 SubEdges 1 Hi: AT W T 7R 4N E Kl G EX P AT [#45E
SCUCHL =4 I VC R A5 R G, FESLI RS index, DAk, 384N B0 B F i) PR AR 50 DG i 59 494 o PR DG v )
Al T Rk Sl PGC_IncGPM S35k, FATTRHE 4t 1) B Ak X VE B 4598 GPML 13047 T gt

o —JjHI,GPMS HLAE AT BB UE P ik A o 38 b0 T 7 T S 4R DTS 1 &R 51 I .
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i GPM S R38N R K G Rk AT BB DL EC A it DERC 25 SR ] G, il GPMS BVERR T el
193 G, AN IEREXT P R IEEANTT 2w, 7= 2E cand(u),sim(u) R mat(u)iX 3 A H )R ESVE RS H T Fr a4
(11 B AR LCTEAC.3 MRS P cand()RAE T G P AUXFR AT u AHF IS 2L sim(u)TRAE T G AT R AR
B u )5 26X R BT 1L mat(u)RAE T G TP 45w DEREH Y 5.
o b J71H,GPMS Si% GPM BV P IR R0 B NP EAT T R4, B> T IAT I ).
GPM SEVEAERE B VCHC I, SE AR I bR A VEIE R PP AN 1Y ™ 2R Ak 16 DG IC R AR T o) A 328 DG PRE 4 v ) 4% o
A JFC 7 9 0 5 46 5C FRBEAT I it U, T B0k VT E B AN PR AR A O 1 X 7 vk 2 0 s T e i R ) i SR,
BURBIAT I TR E T 1B — R T AR B 2R 10 5 XA, U7 00 705 R 4k L B, T U Il 4 e T 0K P ) 52 4%
JEAR R, T AFRAT 142 00N 79500 GPM. 530305 Hh FROMs a5 08 I AT O A -3 20 3 L P )30 30 40 7 51 60 TP
5 4k O RAR % P b &1 R ARG DT RC AR L 3% JR P IR 8 741 B 03 R 0 19 A IRk — 8 i b &5
UL VC AT AR i o 7R U AR /N g DU R AR B h 25 40 hURR s J5 4k« 7 90K 23 il 7 12k, B 3840 30 DL 2 4R A
AR N 1E 15 B i A UL R4 85 ] P A3 v] BB A7 7E 53 7% 18 ) 3 (strong connected component, & X SCC), %}
TIPS P A — N E LI P a) S P AR AT #RIE T8 4 b)) SRR SRS 4 i R
B AT R E - ANED Prie) R PREAT M HERE AR AT A A R A ) BV 2R AT SRR B Y AR e, 15 3
P R4 P41,
£x b, GPMS FiE R W VE 1 B 20 BT
o B 1L MAEARZEILEC N P RS AT w2 AR E AR sim(u)(3 14T H 2 47).
o 235 4% P IR T AR OGRS SR S RO E PP &S RURRIE AR sim (-), 75 B0 2 5 4k TL L 4%
PEII G IR sim(-)(SCC A AT 1A 126 £ B0 16 22 36, L 28 SCC N & 15 1A sim() T2 K 1E), AN sim(-)
R 4T BN cand () 3 AT~5 6 1T).

o 3D 3 PRI N T A MK KARYE T AU AT IR T G PP S R sim (), 362 A7 9K UG BC 4% 14 4 AN
N mat(-)(EE 7 A7~% 10 17).

o B 4 B RN KU mar(-) SRR E AR HT IR BEAT IR, A O AR A A R A VE LR mar()(H
1147+ 5 1247).

o EE 50 M mar(-)H A3 R KSR AR Ry, B mat ()5 U B A2 A 130 kg i VC e &5 R K G=(E,,
VOCGE 1347, 2 14 17).

BE 1 R QUL R SE GPMS.

A PARE G

i 2B Gocand(r),sim(HF mat(-).

1) for each ueVpdo

2) sim(u)={vlve VAL(v)=L,(v)}; cand(u)=J; mat(u)=0;

3) for each ordered ueVp do //according to the inverse topological sort order of P

4) for each wesim(u) do

5) if there exist u' esucc(u) such that succ(w)nsim(u'y=3 then //succ(u) is the set of succsor nodes of u
6) sim(u)y=sim(u)\{w}; cand(u)=cand(u){w};

7) for each ordered ueVp do //according to the topological sort order of P

8) for each wesim(u) do

9) if for any u" epre(u) such that pre(w)~mat(u")=< then //pre(u) is the set of precursor nodes of u
10) mat(u)=mat(u)V{w}; sim(u)=sim(u)\{w};

11) while there exist ue Vp, wemat(u) and u" epre(u) such that pre(w)nmat(u" )= or u’' e succ(u) such that
succ(w)nmt(u')=J do

12)  mat(u)=mat(u)\{w}; sim(u)=sim(u){w};
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13) Ry={(u,w)|lueV,wemat(u)}};
14) Construct G, according to the nodes in mat(-) and the relations between them,;
T PA A B UG G ) SE R GPMIS B0vE I AR R, an i8] 2 Jrom. |8 2 7 2 AU P, ) 2 i
Kl G.P ¥ DI E # AN B0 3 B 40 D FE B e MNMER S5 P BT MRS 2] P SR 4 P51 R
{4,B,C,{D,E}} 4% GPMS 5i%:
o H 1 BER KNG sim()5E, MK 1(a).
o B2k P NIEHANTEYI{{D,E},C.B.A}YXS % KUK sim(-)SRMLHE 5 AR BEAT IR L 5B  1% sim(D), UL,
sim(D) %715 5 I S5 AR UL O,k FL IR 08 58 ) IR A sim(E), 11T By A Ja 4R ULHC DT LA sim(E)
EPHH FI E4,ﬁ4%EbuA cand(E), EEHE D Fl E fp— /\ﬁﬁﬁélﬁﬁ}i IIH: szm(E)7yi’£|E§£1JC}: ge LR

Al szm(D)‘:Pﬂﬂ'J g, 3 n N 21 cand(E)flJ cand(D)‘:P,iﬂt,Slm(Eﬁﬂ szm(D)IﬁE%,ﬁ T I I 5 A
TORAKIKIGEILE sim(C),sim(B),sim(A),Cs,Az KNI NI sim () MR, FEMA B cand (). 2 3k, R 5 R
FUE 1(b).

o i3 4% PN II{A,B,C,{D,E}} XA kLI sim(-) 5 M T KA T 075 32 s im(A) P K B AT 5 A
HB 3 AL HT IR U IC, A e 2N sim(A) R B mar(4) T 11T By AT RS ILIC 4 RIHTEK, B LU Re B AE
sim(BY A REMAN mat(B). MR M SEHE X H AR sim(-) 54 BEAH [F) 1) 7 AT Ik . 2 e, R 5 LIRS R
1(c).

o 4 B mar(:) IR VR HE AT IRR S 4k 5 ol 67 228 K AN 3l A2 1T IR B 4R DL A SN mar() % 3) F
sim(-)'P AEAZ G P AR T R R TRE .

o 550 40 mat(:)H S AU EATZ R IE R R S22 I8 G 2 AL G TR,

o - & o @
(5) (o @‘@ @ @
s

Fig.2 An example of graph pattern matching using GPMS algorithm
K2 ] GPMS SHEEAT BB A L AL ) — A S 41

Table 1 Index built during the process of graph pattern matching for the example in Fig.2
RO 2 S AT B IE B S R 5

(@) (b) ©
u | cand(u) sim(u) mat(u) | cand(u) sim(u) mat(u) | cand(u)  sim(u)  mat(u)
A Ay, Az, A3 A3 Ay, Ay As Ay, Ay
B B\, By, B B\, By, B3 B3 B\, B,
C Cy, Cy, G G Cy, Cy G Cy, Cy
D Dy, Dy, D3, Dy Ds, Dy Dy, D, Ds, Dy Dy, D,
E E\, E», E;, Ey4 E;, Ey4 Ey, E, E;, Ey Ey, E,

3.3 EEEREEBNFEEZAIIEdges
WK PG — 458 2 400, I8 A IR 25 R G, A7 28 5 m GRSt AS PR IE, AM BT R A X 26 AN F
5038 73 (1) B G M I, 5 BT Ik 1) UG T 445 SR 3R AT 07 e, 384 A58 T T4 A DR P DL P &4 SR 26 B AML, 2 — A
XoF 5 UG T 25 SR PR T i
o F- BN G IR B P 3 A G JC ST 9 1) S A o A — R BN P9 32 (Y BIAT T T A
o HIHT— vemat(u) T v B EH G M AVCHS o G0 B EA N v ANFILED ;3T — Vv emat(u), 5
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I AT T OK YT VTS o, 20 B AT, U v AS TRV L 0 T S v SR VCFL o (HAE B AR PY R v AT
VL o, 982 S A DU L 45 S v FRHT IR FH S 4kt ] BE AN P UL IC, DAl GO B4R 224G 2 v B AT IR A S 4k 02 15
VCHE. DL e E Al mar(-) T M L635 SOIMN cand(:) B sim(-), 2675 21 35T it VT e 25 5 B i [R) i, th 2 o
Bzl

o HUGH TINIA (w5 sim@u) AT A w WA AT REAR PR L u ()5 4R55 RN T BRIER 51 5 — 5
P IE T B4 w M sim(u) TR NN cand(u); 55 4h,w RS FRIAS AL TT RS 23 5% WA B & (0 5T A BT 5K 24, D
of HE T IR T AT R RE AL BE DL B3R St R

g5 b1 ) R P 4 1) 7 57k AddEdges WL 2 TR:

o ARUCONHE N R 4 (uu YV BEAT IS T R AL B BB O AR AT DSk DT E &5 S o 78 i X Bl R A T
TC P 1 A W AR R 25 (BB 2 4T).

o mat(u) P& JGARITHD u BT SN Q W 3 AT~2 5 4T),mar(u ) PR A TTIKUL RS w 175 BTN O
R 6 1T~ 81T).

o O RZEHEIRATM O RN kTG Z (u), 45 v IV, mar(u)h BIFRCGE 11 47).

o R v RTREE u IE AR OCR WAL, v I sim(u); 750,y TN cand(u)(HS 12~16 1T).

o HENRXTGERE G B v AT v, SN G (vy,v), AR A SR 4R OC RAL A vy IO DL AR
A OO A5 O A vy N Q@ G 17 4T~ 21 A7) 5% G v IREAN JE 4K vo, M3 BT IR R G 7
vy [F DE R 25 2 75 50 AR, 275 SO, UIAE vy N Q@ HP (GRS 22 1T ~28 26 17).

oSGt sim(u) TP AT T 8 ow, KA LR SRR R LU N w RS 4O R A ST, UK w A sim(u)h RS
BIN cand(u); [R5 w9 BTG Hi 9K 4k S0 47 A% 0 AL R (5 27 47~28 30 17).

o g, R [FIHT IR I 5 S (B8 31 47).

Bk 2. M m B B B i) 7 57k AddEdges.

KR K PAE K G =(V,.E,),mat(-),sim(-),cand (-),P THENIILIEEL E

MBI VCEL S R G BRI R G| cand(:),sim(-)F mar(-).

1) for each (u,u') in E* do

2) Queue 0=0

3) for each vemat(u) do

4) if succ(v)nmat(u')=2 then
5) push(Q,(u,v));

6) for each v'emat(u') do

7) if (pre(v')Nmat(u)=J) then
8) push(Q,(u' ,v"));

9) while (Q is not empty) do

10) (u,v)=pop(Q);
11) V,=V\{v}; mat(u)=mat(u)\{v};

12) check if v can match u according to the subsequence relationships of u;
13) if v can match u according to subsequence relationships of u then

14) sim(u)=sim(u){v}

15) else

16) cand(u)=cand(u){v}

17) for each e,=(u,,u) that e,=(v,,v) can match do

18) E=E\v,v);

19) check if v; can match u; according to subsequence relationships of u;;
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20) if v can’t match u; then

21) push(Q,(ur,v1));

22) for each e,=(u,u,) that e,=(v,v,) can match do

23) E=E\v,vy);

24) check if v, can match u, according to the precursor relationships of u5;
25) if v, can’t match u, then

26) push(0,(uz,v));

27)  for each wesim(u) do

28) check if w can match u according to subsequence relationships of u;

29) if w can not match u then

30) remove w from sim(u) to cand(u) and continue to handle the precursor nodes of w;

31) return G,;

PR LB 2 mp (g A DL I 1, IR AE I 2 v P gl N —2534(B,C), B B X EUR UL LS R G, AT R,
By Fll Cy ANFFILHC,By I cand(B),Cy N sim(C); % By Kl Cy WY YR AN J5 4k HEAT R 2 M4k I, A~ E, 14 B 1 15
M G B A ~E H BT B I — 4B, C) I 98T 1) G Bl 3 JT s 368 Ja R 51 L3k 2.

Fig.3 Match result of AddEdges when the edge (B,C) is added to P
K3 PHEINL(B,C)J5, 04T AddEdges 73 21 1 ICHC 45 1

Table 2 Index updated by AddEdges when the edge (B,C) is added to P
®2 PHINIAB,C)R AT AddEdges 13 22 5

u cand(u) sim(u) mat(u)
A As, A - A
B By, Bs z B,
C Cs G C
D Ds, Dy D> Dy
E Es, Es E» E,

3.4 mHEER ERIL I FEEZSubEdges

W P A R — 4% Bl 2 4 a0, SR 1) DG C 445 SR A A% 2% DE L 1), JR SR A DR 1 15 R mT e 23 DL, AM RIK T
T 0 UG PN A R B A, 8 A 5 UG K A R A DG IE &5 S e B i AM, JE — AN 8 DL IS 45 S A0 R ek /b 3
Ja R P 3 UG G B0 B DL B 5 S TR B, O 7 e % SR =l 114 P 0 7 A 4k S8 AT i 42 1) 4 o L A
VG, 38 75 Z6 2 5 HEAT 7] 20 BE 7.

HoFF PR UGG S P FE B SR — A I 4% (032 (e AT B0 H A - o T (1 BRI B3 candl(u) R AT 26
F5 ow TTBEE A T w S RS R, T B sim(u) 5w VUECR A 1 0028 2 54 00 2] w (KB 5K 2, 24K 1 5% i 2]
T IRNT ph BT IR AR MR, B B P BT 25 IR I, 6 BT 2 5 M A Y A DG DR A A T G .

o B AT MR A i 3R AT b 3R 3 AT R AR SE B I sim () LR JH A GPMS 56 4 25 —BE 1 J7 32 A4 i R AN 5 4k 3k
AT 3k, ) B 5385 A2 T RIS 446 96 &R 1R A sim () TS B mat (.24 sim ()R mat(YAS AL 5 3R1S T 8 1 U id
s REME BRG]

T ) A5 2 P gk 20 1) 7 55090 SubBdges @nsi vk 3 fion:
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o ARUCNINBR A — 25 320 (u,u Y REAT AL B, LASE T by - A I BR T S 12 cand(-),sim(-)F1 mat(-) i) 224K
BAF O T RAE cand(-) P IR LS B TR B o Guoue) B0 R T AT P B A2 719 U5 R I TAC 4% 120 100719 e, o)
A6 A A (R 2 4T).

o cand(u)P AT UL HCIRAHA 7T B8 02, I e B ATHRIBON O (3 34T 28 4 17).

o 4 O AT, O PIMERBAKICH (u,v) S0t v 2B WER u IJGARCRILHCCER 6 1T+ 58 7 47): AR
S v N cand(u) A NN sim(u); [ v (050 5 R UG BCIR S AT AT RE S5O, IR 0k, v 1) i 391 #54e A
B O P 8 AT~EE 12 47).

o HPFTAT LA ST K P A B AREAN T S w R simu) TP BB v R u O RTIRA S kAL Y v 2
VG L 0z 5 D IC, UPKE v AN sim(u) P 5% NN mat(u); R B v By AHCER AN G55 13 47~5 17 47).

o IpJ AR [AIHT IR UL AC 5 R B CGF 18 7).

BoE 3. 1m0 ) T 52 SubBdges.

AN HE PASRE GA(V,LE),mat(-),sim(-),cand ()P H IR I E S ET
it S5 R G BT R IR T cand(-),sim()F mar(-).

1) for each (u,u') in £~ do

2) Queue Q=0

3) for each vecand(u) do
4) push(Q,(u,v));

5) while (Q is not empty) do
6) (u,v)=pop(Q);

7) check if v can match u according to according to subsequence relationships of u;
8) if v can match u according to according to subsequence relationships of « then
9) sim(u)=sim(u)I{v}; cand(u)=cand(u)\{v};

10) for each e,=(u;,u) do

11) for each v, ecand(u;)~pre(v) do

12) push(Q,(u1,v1));

13) for each ueVp and each wesim(u) do

14)  check if w can match u according to precursor and subsequence relationships of u;

15)  if w can match u then

16) mat(u)y=mat(u){w}; sim(u)=sim(u)\{w};

17) add w and the edges associated with it to G,;

18) return G,;

AR LB 2 oty BB DL IC S 00, i RN P B BRIL(E,D), W) E4,D4,E3,D3,Cs,d5 X MXT LI cand(-)H #
HIEIN sim(-) AL SH ) sim(-) L HEAT BT 9K 4R 2 1K) 45 02 Ay~Es WILEC, T I mar(-), {81258 i R AH G i
T SR (1 UC TC 25 SR Vel v, R4 38039 1 S P 45 R T, 81 4 B BT G I R 5 1 LK 3.

Table 3 Index updated by SubEdges when the edge (£,D) is deleted from P
&3 PIRDIU(ED)A AT SubEdges £33 1R 5

u cand(u) sim(u) mat(u)

A - - Ay, As, A3
B - - By, By, Bs
C - - C, Cy, Gy
D - Dy Dy, D>, D;
E - E4 E\, Ey E;
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Fig.4 Match result of SubEdges when the edge (£,D) is deleted from P
Bl 4 P i/bil(ED)JE, AT SubEdges 1 21 UL AL &5 2R

4 KWHSH

AR T S VA AT H 1 PGC_IneGPM 5735 A BIA T B [ 112 Ay 2% 5% [ A5 5 IC J 5792 1) S B R
Faba, [ i St L 2R (improved  ratio, fA] B TR)$EA%, B, 4 H (1) 55045 5 4% G0 S50 AH LB AT I T 48 06 1) LE 2R
F B e R S A . 1 2, te B GPMS BV AIME G GPM Yk, % GPMS Sk HEAT 0] EE PPl 8%
J& % PGC_IncGPM S M3 T GPMS 5 7 57 (ReComputing) 55 vE BEAT VAL, LU 35 A3 B 4 ol 60922 P Bk AT
8], ¥4 PGC_IncGPM 3% (1 el b 3. T S vk A AT I T 5 B P RN 5030 TR 1 A O, R B AT 13 2 43¢ T 4
2 HUAE R B [ U2 530 % AE AR PGC_IncGPM 8503 PR AT INF 1) 1) 5% i) S 36 4 FHY 9 A 250 SE2 £ B0 4 -
Epinions F Slashdot, & 1132k B T W48 K 2% 1) 35 52 £ 4is 48 (http://snap.stanford.edu/data/), § & & —ME 4T M
2547 75 879 AN A 508 837 451U JE A AL — N ALAT 4%, AT 82 168 AN AU 948 464 5% 1. S G AT 1) A ki Ek
AN 6 NSRRI BRI B0 1 b (R R AS Y A B AL 1 B — AR 2E, B 2ESL 10 Fl(A~D). 16 LB
I v A 3 i A DK, T A B0 5 T PR DI 9 e, 22 A X T A A3 T 5 s 1) e A AR A I, 3 4 P DG i 450 v
F55 2 PR RS — MR hy 3~8 A SR 3~8 430 A A I B 1) 3 B BRATT ¥ 56 2 Wi (AR S T 3k B
T IR A B 3 A0,k T UE A ST TR S RV A A R I P PR AT A i T A RS A e 3
AT 256 BRI S P AT AT 3 ANAS [R]85 V] 22 9 AR A B B 5 AN [i] F 2, 35 22 U TS K DL i
60 BT $8) 45 FAE Ay do 25 1) S s 4
4.1 GPMSEERINIT I (8 A0 8Lz bb 2

N T VEAG GPMS SEGH R GE ¥ GPM (¥ 80k, BATTAE Epinions T3 A [l BUASE (A8 = Pl (7 s AN 5507, 23 30 4
5,6,7,8 WU I B E, | ¥ HE 23 3R E, = V|2 30 B A F 9 P 50 43 il 0 A 7 PR A S UC i, 45 SR [ 5 BT Bt 5 X
FIUREE 1) 380, P B2 0 BAA T s T 0 2 8 5 (EL 2 TS 18 % T MR A4 0, GPMIS. B2 I AT I I # EE GPML B33 1)
AT B ) 2 A 2R Y AN B e 5,6,7 F1 8 B ,GPMS AL Btk L IR A HIIA R T 27.97%,29.04%,
27.27%K1 23.08%, 714y 26.84%.

. GMPS GPM =#=1R

100

_ 14
= 12 — =
= 80 4
Z 90 - =
i
& 60 =
Y |
g . B
L 61 0 —t 4
2 [ 4" 7% g, | 0=
2 2 L
1 | =X
= X
Mg o] 0

5 6 7 8
BEA T A H(A)

Fig.5 Execution time and improved ratio of GPMS algorithm

5  GPMS SiE AT N 8] 5 ook b 2R
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4.2 PGC_IncGPME J£ By 1T Bt (8 Fn Bf i b 2

O T VPl PGC_IncGPM S IR B AT Bof ) A1 5t bl 2%, 43 AR e A BSOS n e A sk 2> 300 AR I 18 m s X
WD 3 G B 580 8 R AR R A P AT SR 56, ST P A I B B PO s AN YL 6,13
|E, |20 5,47 AN 1~4 4300 5 R P il 3 E,| A 6~9CHT 8 il #uis 2 78 BRI LR IL ELT) 44.4%).4X
WD B P ANV 63U 8L E,| 2 9,57 WD 1~4 4510 5 B B PIMIA SR E, | 8~5()k/b i
B 22 08 3 JRRE S0 B SR B 44.4%). BES Inid gD iy BB PO SN EVIh 6, 0 ABE, | 6.8 T T
17 22 6 1 TN A2 R 2 S 5K SR R A T I ) 4D 5 0 A e 8 32 1) e B 55 98020 3 1A B A [ TR LM 3 15 0 i A
S 5 5 T R AR [F)L B 4 5 6 ANAE . S8 45 1 6 BT,

10 B PGC_IncGPM ReComputing=#=IR I PGC_IncGPM ReComputing == IR
100 - 30 100 -
@8'—&-5,:‘——- 80 2 2 A 50 2
= 84.21% . 3 I = g -_83_8.4%\‘0\‘h | e
= 6 78.56% 76.67% T125%+ 60 = = —7770% 7340% 68.18% | 60 =
= g s ., 2
= 4 —t 40 = L 40
= A e
el R T e
$ N . s
O.L r r v 0 0 .J r r r L 0
+1 +2 +3 +4 +1 +2 +3 +4
Fo 2 P 12 4 BB A (55) IR 38 4 B A (55)
(a) B A i i 5 4E Epinions b (K347 1 18] (b) A2 B A8 N 32 I, 595 4F Slashdot L it A7 I (1)
I PGC_IncGPM ReComputing =#= IR B PGC_IncGPM ReComputing == IR
10 100 25 100
s .
2 3 | g = = 20 80 2
= Z E g
Z 64— — 60 = Z 151 — 60 &
g § & §
X 41 | =10+ L 40 &
il 3% . ) 0 T 47% 8% 7% 0% =
> o ¥ o ™
= 2 P % 20 X m s — 20 B
s s
0 T T T 0 0 - . r T 0
-1 ) -3 -4 -1 3 -3 -4
L SVSUR S (G AES) LSNSUR S E X AES)
(c) B A IE > 1 I S AE Epinions b (K347 1 18] (d) A5 2 AR > 12 I B3 4F Slashdot L AT I (1)
1 mm PGC_IncGPM ReComputing =#=1R 100 ™ B PGC_IncGPM ReComputing=#=IR 100
= =
= 10 L 8o S L 80 o
E g A= =
= L 60 = o 60 =
&6y 2 & & =
= 1 . L4 B oz L 40 B
£ : 8% 1 % 3 s
L p F 20 X oE - 20 B
2 6%— s £
0 T T T 0 1 T T T 0
+1-1 +2-2 +3-3 +4-4 +1-1 +2-2 +3-3 +4—4
ENEBUE S G AC ) TR 4 BB A (5%)

(e) MBI WEHG Ik S g b3 55354 Epinions ERISRATINTE] () B B LR il SO A>3 53578 Slashdot b AT I i)

Fig 6 Execution time of different algorithms when the edges in pattern graph with normal size are changed

K6 3R A% 2 I 03 28 A I AR B BIAT I 1)
2 2 A B N34 5 ,PGC_IncGPM &3 H 7 i H AddEdges 18235 8 6(a) 1 & 6(b)E 7~ 1 A= A 84 0
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i1} ,PGC_IncGPM H.y%F1 ReComputing 57543 % 7E Epinions FiI Slashdot Z{ ¥ £ b A FAT i [R], B B AL A
H 3 A 784k, 1 R s A B A I T — 4,27 R AR S I N T PR 4% 300, A L R A AR B R s
BEEAEAS S B0 R 1 SEBR AT IN 8], 37 28 7% PGC_IncGPM L AH%) T ReComputing &35 (1) Btk e 2. 4 /&1 i
b F AR QG 01 3 4 23U 1 30,5 ReComputing 52:4H b, ,PGC_IncGPM S35 Y B AT 1] ] 15 35 9 > A9 dat,
X} T Epinions 4 45, 44 X B B9 00 1 438 i ,ReComputing 532 (AT I 7] 4 9.55,PGC_IncGPM 53k AT
IR 1.5s, B0k LEZ 2 84.21%. 3 i 5 5 A B H 48 1 1) 52 56 B30 08 3047 46 v 2 Br, 2 B =X T AN 3 3 1)
PGC_IncGPM 573k 1~ 34 et L 2600 76.73%. 502 1) Jit D) 23 A 4n 7 = 24 48 o0 b A3 i ik, 9 1
AddEdges 5%, R IAT B 7] 43 R 3 43256 1 3820 B 1) 146 GPMIS F DB &5 SR rh o 4 A X 4 ) g
AT 3 908, 4% 17 45 R T A8 050 mat (), ER1 D 8 SR PR XS 1 0000 LR ARLAR /0, T LA K 17 25 AL 1) 1 Bk (] AR G AR 2 585 2 389y
B 1) T -3 %o G PR A T 52 R Wi (919 SRR I 4 0% R SEHA I, LB sim (1) R cand(-) )45 1E,5 Recomputing
S T A RN K B oG BT TS sim() L AE sim () LAY BT SRR 4k I 5% T AT L, AddEdges
T T AL BRI B 2 9 D I FLS T AR A SRR AT 9 2, DR bk 38 43 T ] A AR AL B AR R PGC_
IncGPM BE3RTF T HH B (AT B 1) o5t LL 2.

245 3 A D 3 I, PGC_IneGPM 530 KU i | SubEdges 15035, 18 6(c) N 6(d)#7r T 1 2X E Ak 2>
N ,PGC_IncGPM 3% H1 ReComputing £032:43 7 Epinions F1 Slashdot 23 4 b i $ AT I 1), & A s A b v
1R B k> T — 4510, 2R R AR R b T 4 AR L2 HE B 6 TR, 6T T ER 1 B 4 4l
{1155 1,75 18 AL 7E Epinions 34 /& Slashdot 24 4E | ,PGC_IncGPM SETESAT I IA] EXI3R1E T — BRI AL,
PR Ly 21.13%. 55 A% P 0 0 i AR L, 24 96k 20 00 B S0t SR A TR TR PR e AR G A 0, 2 B TR g gt 2
TR T T B B P Rl DC R A T B A SO I SRR B S 4k DG R FE R HEAT R LA SE B sim (1) R cand ()P,
W TFEEAEE I sim() EXT T sARIR A 95N i 4% S S0, LA A8 1) mat(-), 1% S8 45 4 i 75 I TR)AH 24 T 46—
AN BN B BT R QU AL, 5 8 5e 20 200 B L b AT QLR 1Y) Recomputing 590 AH bh, RS H504s &
FIURE IR 5> B A8 SR AT BT I [ %) et AH A T 500 T A0 /I Wd 5 7 R, DT b A T T gl B 264 Rk — 20
AT ECHE AT BLUR LA R IS PGC_IncGPM S35 (1 4AAT I 18] I AN 2 B 3 ik 2 320 4% J50 00 184 o iy &8 28 18 3 i 1%
TG 01 Jir D] - Bt A Rl 2 1 2 B3 ) 8, — T R0k F TR0 R B O sim (ORI cand (-) IR IR Th) 328 34 184
I 5 — 5 1L Uk A>3 2 ) PR D PR AT R SRR S At D DRI 6 s () R A AR SRR
JEMRIEE 2 mar(-) IR LB ZD 254 6 R ,PGC_IncGPM 853 [ s AT s 1) J ke T AL 5 7 TG v s A T
HES

Bl 6(e)F1 &1 6(H)Fe7r T 10 el RS il Sy /b 3 i, 95 Fih 4535 43 7l 7F. Epinions A1 Slashdot (4R 42 b AT
I 8]t B, PGC_IncGPM 51K 46 1 F AddEdges T 532, 117 11 I SubEdges T 55 AR AR < +n—n T m 5 5
BT n 430,080 T 5540 n 530,30 0 D 1~ 0 B 7 %o TR Pl R 3 nads S9sib 3 1) 1 %, PGC_IncGPM
SVEAE AT I ) L3RS T — e R B (AL, T8 i1 £ Epinions A1 Slashdot #{48 E _I (¥) 92 56 Ho s, 55 1 °F
BINat tE ok 18.33%. 45 2 [ BE 189 bl SUUg /b U I ,PGC_IncGPM 4032 I 47 ISF 1) i AddEdges 523 Al
SubEdges T5v:%& [ BT IN 4] 25 6 ¥ s . B T SubEdges T ELVEFAT I 1) (7 8 34T IS i) £y B 481 5K, BRI 0, 4
PHAT BT I 1) e L 2R A I e T A X ] i 2> 120 B 1) 5t L 2.

M 6(a). P 6(b) S &5 AR T LR 6 T 0388 I 300 A 155 2, B o5 A6 5 P 888 Dm0 30 O 5 HL O 388 22 AR 48
) Recomputing 57 (1) FE I 32 7 FEAK, 1T PGC_IncGPM S35 B BT I 1R) 3228 8 38 in. I8 0, PGC_IncGPM 53k A
S0P R 3 P 4D 780 A i 2 8 D7) A . > 85 2K 1R 1 73 A i 82 38 81— 5 (W B B ,PGC_IncGPM. BLVE 2 A 114K e %
Lt Recomputing H¥L AT 58 J5 (AT I TA) 2 — AN AR R 209 ) .4 T 789 % & PGC_IncGPM Sk A7 2tk
RIE FH 0 FRL B AT FH AR5 R P P 0t — 20 1) S 36 5 38 PR 058 ¥ 4 1 oAff FHl Epinions 505 45, 18] i 4
HT RN Y0 20,528 36 KR 1 3G 0 kb 3 ) 4% B A PGC_IneGPM il Recomputing 5% 4
AT IR 10, 5 T 50k L 2. 5 56 vp AN i ek A58 2 B B0 E | b 194 9 /b 30 e A5 X B0 30| E | A 39; B 48 s S
I/ D 10 BT AR 1 003 1) 4 BRI D 3 1) 4 B ) RS I B E | R 20, SE 56w ST 38 0 R sk > 120 1 4% #8
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M5 TFURLL S Sy TR Bz 5 16 n B2 30,5246 45 R 7 Fiow.

g I PGC_IncGPM ReComputing=#=IR I PGC_IncGPM ReComputing=#=IR

100, 28 100,
2 05y 5 80 2
= 0 E 20 Z
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Fig.7 Execution time of different algorithms when pattern graphs with different sizes changed

B 7 BRI 1) 3 2 A I SR K A A T 1)

ME 7()h T LLE H:

o UM IISEUN 5,10,15 AKRAAGE] 20 BTN 005 E S B R K B B A B 20.83%,
34.48%,44.12%%1 51.28%;PGC_IncGPM i AT I [A] ) /T~ Recomputing 532 AT B[], et L
KO HH 83.16%,68.18%,50%K1 38.24%, -4 h 59.89%, i Bk R AR W 5.

o UL SHUL S 25 B0 il ok B B R 0K 56.82%, 6B PGC_IncGPM HVE KA
RRPE IR B0 B A JEAAT IS ) FF 26 K T Recomputing 420325 (R AT IR 5], S T3 25 R AT 45 2 I 32 B 4k 43 184
IO 1 A UL .

M 7(b) AT LA

o YR/ I A BB W INE] 20 450,PGC_IncGPM ik AT i 18] 3 /N T Recomputing £19%: (34T
I 1), et B 2 45 O 38.49%.

o MR MI BN 20 FFAR4RSEIE N E] 30 B H Ik 2D 10 H0E B R SR R LB 76.92%, LR,
PGC_IncGPM BV [¥) AT I [ B AR 474 386 3 384 0, A /2 381 /N T Recomputing 3% 1) B AT I 1], B4 0k,
PGC_IncGPM 3K A i AR TA B30 57 05

ME 7(c)h T LLE H:

o CYBEII LK 4 BRI D 1 B N 5 ARG B 20 I PGC_IncGPM  SLVE IR AT I ) 48 /N T
Recomputing 592 AT B[], S0t L 26 P39 0 17.48%.

o UBINEIIL RIS SRR D BIL RIS BUR BB 25 B PGC_IncGPM S35 A R0k ik B0 1t i Hh
AT WA FF 46 K T Recomputing 5595 A0 AT 1 7).
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I3 AT LA b 8 ), 2 R PR AR A PR A S H AN e AN AR 3 (9 L H N PGC_IneGPM HE A7 28

Zf B AT M) PGC_IncGPM 3§ 5 3% 1) W 11 37 55 R A Il b 74— e i JRE 72 A HL AR A (130 1R 2 AN i
I ANAR (1320 10 K LB Sy P AR UG I, 122 8 N 3 S5 I A 3% o A AL, 3083 A A AR 0 1 A S L AN AR Y
A, A B C e i H AR B B AR AR O 20 i e o0k T FRATT A 50, mT U 32 B & i As Ak
(3320 PR 850 F AN S AN PRI A 8 3R (R 3 A 8, i e P EL 00 3 1 A K P 0 AR I A s PR T4 1 AR PR, A
I, PGC_IncGPM 53k FAT AR (10 55 FH A3 I 1. 24 5 X P Jh A 50 R A A (R QT R AR AL [ 32 110 K H it A3
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4.3 B EHEE LR

N T 2 P RIS SR AT N TR 7D 5%, 3T TE Epinions b A [ RUASE (1 488 2 el (X I 49 AN 5 v |
N 6~8) 73 MBEAT (I Il Aol s R4 032 S ks> 120 g R ASE AL . S 36 5 SR A 1] 8 s AR I v g —
ANBIRE 2 oy 1 # 23 R €4 870 4 PGC_IncGPM S3E (K1 04T IR [, 3 4 870 4 ReComputing 5532 e PGC_IncGPM
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Fig.8 Execution time of different algorithms for pattern graphs with different sizes
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