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Algorithm 1 TOPCOR

Input: Graph database D, a query ¢, and an integer k.
Output: The Top-k correlative graphs with respect to g.
1: Initialize an empty queue, Q. , of size k;

2: Obtain D;

3: Find the set of distinct edges, F, in Dg;

4: Set Pmin and ¢ (@i ) initially as 0;

s: for each e € E' do do

6:  Obtain supp (e; Dy)

7 if (Pmin < Pmax(e) and ¢ (Pmin) < supp (e; Dy)) then
8: Invoke MineTopCor (e);

9: Output the graphs in Qcy; ;

Algorithm 2 MINETOPCOR(g)

1. if (¢ C g) then

2. MineTopCor-1(g);

3: else

4. Let G be the set of valid graphs that are grown from g
by adding one edge to g;

s:  Compute supp (¢'; Dy) foreach ¢’ € G

6. if g is a CFG then

7: Compute supp(g);

8

9

if ( ¢min § d)(g? Q)) then
: push g into Qe and refine ¢(Pmin);
i0: foreach g’ € G do

11: Apply Rule to determine whether to push ¢’ into Qcy;

12: if supp(g) is computed and supp(g) == supp(g, q)
then

13: MineTopCor-1 (¢') ;

else
15: MineTopCor(g’)
16: if supp(g) is not computed then
17; Apply Rule to determine whether supp(g) needs to
be computed;
18:  if (supp(g) is not computed and ¢min < Gmaz(9))

then
19: Compute supp(g);

20: if ((bmin é ¢(g7 Q)) then
21 push g into Q. and refine <(Gumin);

Algorithm 3 MINETOPCOR-1(g)

- if (¢min < Pmag (9)) then

push g into Q. and refine ¢(Gumin) ;

Grow g by one edge;

for each valid graph ¢’ grown from g do
MineTopCor-1(g’);

AN




3.3 TopCor DRIESR

Top-k fHE 7' 7 & BRI NEBEH 7 7 7RI
BB RHBEMEFFEIZI A NPEW EAFERE 2D X
REBERRESRE T 5. B, By rS T
FHBIHIE 21T 5 D OREFHEEIX O(V|! - |V|) TH 3 [15].
FDD, P53 TF—RR—ZADEBT S 7B KREL 25
Bae, M7 7 794 AP KEL R BGE BV THEET
BOaXIREL KD, BT I7DPMRp T 77 -4
N—ZXDIProERENS T 5L, TopCor DiEFHEREIX
O(VIL-[V]I-|D|- (V| +|E|]) -p) THB. R¥NIEATFT—X
RN=RABEDEBED TS 7T = A=A %E 2 II5E5IETEHA
CHDERIC L > TS HIFIRREIREC RS0, EitfRo
F—= 2 U CHIFEFEEZ#EA LZBATD, AL LTEX
RETEFFZNE Y 5. L7zh3> T TopCor DR E LT,
ORI 7S5 7 F— ZR—ZATEMABEHED R PR E
(BB LFETREINPRKEL BRI VS Z e oh 5.

4 REFE

AF TR TECOWTHFET 5. AFEOHINE, KR
Wi 75 75— &= 2120 L CERIC Top-k HHBE 2 S 7 &
BEITHIZETHS. ZOHNKAI TREFETIZ S 7H
MEEIR7 L2V X2 ESSHEE S S 7BEEFEERRE T
5. AEOBBIZROED TH 3. 4.1 HITIHERTFIEODHM
BUZOWTHIAT 5. 4.2 BiCIXIBRFIRO FRILEES, 4.3 fi
& 4.4 HITIEMAERUEE ICOWTER TR S

4.1 RBEFZEOEE

RETFEOERT A T4 71, T—ER—ANDET 57 %
BENTE2ILICkoTH I 794 X%/NS L LHBHED 2 2
FR/PNEL TR THD. VI 7ENLIE 2 ODTHAR 1D
DHRICEN T 2ELE DR LTI LTV 7 7DTEEKE
W ENELTB22TH3. 77 7BNOHIZR 212K

BEZILE, (a,1,a) OFHiE LTV ALOMUHOTHMNZ 1
DOER nl IWEHLTWS. FHRRIC (a,1,b), (a,1,c) DL
BRI LI n2,n3 N ZNZFNENETE. o, Lo
MO TEROWTNLPEN I NIZTHRTH - 12551 3HE N %
L. Iz, (e, 1,nl) OINIENEITDRV. ZOHENT
SEMERAN N RN TERSRZETENET S22 T
BEENTI=0 7 7 BMEERIN 5.

TSN 7D BENE 7T 7EERENT — X
R—2RrF3L, BHF—EZR—ANDZ S 71375 7% 4R
NS Wiz, HES T 7IRROBICAER T 2182 7 78D
INE 7B, FTe, BRIZ S 7OXFBEOHEBEaX FA/NE L
3. ZOLIENT —XX—ZTO Top-k tHEE 7 7H&
BIEFERIIT e TES. LA L, 75 7EH90% Top-k M
277 7BEtcn UTHRENE - Bt R 2RE 675
BEDDH B0, MEFETIFEIR7 VY X4 [13] ZFRIHT
% 2 2T & D HERINAIGE - B2 R 2 ERERRAL, &

X 2: 275 7 B0
Hajue =g

1
—>
@D
®® |7
-G \ BRERAL T
l] 1 ! E
(@) :

®e0 |\ 0o !
%0 D0 ‘/
J5TF—HR—2D @: BRRA T;
D’;
1.7 7&K 2R 3 4REE

X 3: JERTFIERE

R CEME R Top-k HEE 2 2 7M&GE 2 EBT 5.

BEEFEIUTO 3 >THRENS.
WMISTEHN: 575 —ZR—ADDKTI7IHLTS
VELAEEN LB T T 77— ZAN—R D' BHET 5.
Q) FER DT LT TopCor AT 5. 77 7 EHIX Top-k
I 2 ZRE'Tnt U TR - B R RE b5
THADRD B0, HEOBEWN T T 757 —ZR—-212BT 3
TopCor DAERTH 2 k HOEN S NI 7T 75578580
NI IEE T BEBERT 5.

QBE - HEOT %7777 —EX—2ADBELT T 718
TLEATW, 1EMER Top-k B Z S 7 %R 5.
4.2 REFEIL—LD—7

REFIEOWMELX 3IWRT. V777 —EZRX=ADWB5Z
51, FHHEY LTTF—RZR—ADKT 5 72OV T TS T7H
ATV, (OB F — 2 R—2 2T 5. &L,
THERZONITV I 7 BT —&ZX—2Z D], Dy, ..., D;
IZ TopCor Z#H T2 Z 2T, HEZ 7 7DHKRZITS. R
BRTHEONIMEES S 278G T, T, ..., T; IOV THKGEER
TV, Top-k HHEZ 57 T %218 5.

77 78K, R, MiF2 2713 ) X L% Algo-
rithm 4 \2RT. 2, 3{THTWE D 0B % i @S IT1TS.
ZD1&, 6 ITHTENEINDEN T F 77— R=2I1TH LT
TopCor #ETT 5. ZOMREZNETN T, To,. .., T; I
L, 8fTHTIRZENZTNDEN T T 77 —R— 2103 5 HH
&8 CTHEE L7 Top-k M2 5 7 ORGEE1T 5. 9 fTH T
AE X N FAE IR AR, $b B Top-k tHEZ 2 7 21T 5.



Algorithm 4 12 &%

Input: Graph database D, a query ¢, and an integer k.
Output: The Top-k correlative graphs with respect to g.
1: Initialize an empty queue, Q. , of size k;

2:for j =1toi do

% (D}.q})=SUMMARIZE(D, ¢);

4:for ) = 1toido

5. T; = TopCOR(D}, q});
6: VERIFICATE(D, D, ..
7: Output the graphs in Qcy;

-’D;,Tl,T27~-~;ﬂ);
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5. D526 x, VI 7ENEETUTOLIICER
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Algorithm 5 SUMMARIZE(D, q) AND ¢’

Input: Graph database D, a query gq.

Output: Summarized Graph Databases D;
HERXNT-THRA : meta vertex

1: Sampling, R = {ry,72,...,7;};

2. for each g € D do do

3. foreachr; € Rdodo

4 for each ¢ = (v1,v2) € E dodo

5 if v; and v, are not meta vertex

and (I(v1),l((v1,v2)),l(va) ) ==r; then

6: Summarize v; and vs to v;;

7: In the same way, summarized ¢ to ¢’;

8: Output D', ¢';

4.4 7 ES
AEITEHERICOVWTHAT 2. BRT —&Z2XN—-2
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MZZ 7 T, T,...,T; 22t $%. ZorE, ik
GUR7 L) Z 22 & o THREEFEITEN S 4 T L —> 3 VA
BTH3. REFETIIENT —XRX—RIZBITF % Top-k tHH
72 7 & QMBI XS EATIFSE TopCor [1] ZRIH T 5.
ZOENT ST F—RZN—R D' 2T B TopCor IZ & %
R DI T R BRI TR T 2362 7 783~ &<
RHrEZLND. D OBEREICE, BNEh27 7 3TER
B BBDNE L R D 72DERINDRG T T 7 DBDVNE L
7Y, ZFHEFHEOIR NSNS BE1D, BRI 72
IV 7DOMHBEHED IR NN IRBZeEZLNS.
L7235 T D' TOD Top-k I 7 DRI D TD Top-k
2o THRROBEIC R TN B2 EZ BN
ERTZILIVZILDEA D ={g1,92,.... gy} LT TV T T 7
g5z ®, SNUNEE REHVCT D NOET S
TRBEN L2577 F—=ZX=2D = {gl,gh,...,gn} LB



AN TVTI7 ¢ ZWEETE. ZOLE, DIZBIISqD
Top-k #HBEZ' 57 T ¥, D' 2B 3 ¢ D Top-k #HEEZZ 7 T’
EZ5. TeT ZEhz2h klOER 7o 72 E80HRAT
HB. BBIEWHTTT7 glZOVWT RICE-TEHNENLSS
kg TR, BCIDUTDO2 00HAENEZ NS,

EEA4WBREY). gc T THE2D, ¢ ¢T O, 77 78K
WX B mkEETH 5.

ERSWBGMN). g T THDH, ¢ eT O x, 77 7%8K
W&k B mEETH .

77 7ERNENE D ¥ X LSHEENT 2720, EHNOIEF
7 RVMEE R DNEIZRIFE L T Top-k MBI 7 7RIEEIC
BWT, FiLoBE - BEEEETC SR 5E0DHS. £
TREFETIEEIR ALY XL ZEAT 2 2 & THRENICH
Btk - Bt oBR 2N 5. BARICIE, RO 7R E
Ri,Rs,...,R; WL, ZhZhOEEED LICENT—X
N—=R D}, Dh,..., D BWET 2. BEOITNAMERICE -
THEHEINTF—ER—RFHWVNCE RS 75 7 F— X R— 2R
7%, EOIHET, HBOENT — 2 X—R L FRICERN
N2 25 71 LT Top-k MBI 25 7RIER 2 FEATT
52T, BGE- B2 S7 7 7R ERS.

4.5 & FE
ZOHITIEMREIFICOWTHAT 2. i HOBENT — 2 N—
22K LT Top-k HHBEZ 2 7RG E® %21T o7 T, Tn, ..., Ti I
WU CIERE?: Top-k HHBE 2" 7 % Ko 3 =D ITRALZ 1T 5.
T, Te, ..., T; CEENZ EEHOZ S 73ENTF—ZX—2D
W77 THB. LT, Th,Ta,...,T; ZHEZ S 7 ¢
L THEEST 272 DIETEAD T 7 7 T =X R—=X DB 3
TS TDEHS T TICEMT ZEN DD, Th,Ts, ..., T; I8
I3 kOB 2S5 7%, DOKT S 7IXBF3MEY X b
B 5 NNURMES RICHSETW 2R L THEITT 3.
BBl LTRIS D XS, 7797 gDBEN T 7 7% ¢, B
W7o 7T —RR-RHEMEE 2 LTMREE LT &
L, T CEENZEH 7o 7% ¢ 2EZ 5. HTE ¢” ot
LT, gttt xS 72RO 2BETHB. BEL L
TERDOFIETH 2. BN g ODHZHEFAIZOWTEH XN
FIEMATH -G BBICA D2 ODEERE X2 5720, R%5
32, 2 HABOLEDRITIRIC g DBEEY X MEHH» S
BEE T 2THMZ BN LR O RIT S, ERIATEATIERY
BEERHEY X PO OBETERZ 2O FEDRIT5. ZOHRE
ERDIBELITS 22T 70ELEITS. ZOLE, DB
WCIHTE L T 7 DA—R—F 57822505 7% —EITR
H5. T OETOHD T F 71 L TRBOEREEZ L, Boh
17205 ZEBRTHNLUTHEREITS. Lid-> T, MAETIXET
L7l o7 2D T 578 A== 72 EDTHERE
T, 72 Top-k B2 5 7 % R 2 7= DITHGEEZ1T 5.
Algorithm 6 TlE, 1{THIZY 7 77— X R—=212BIT % index
PRI 2EE IDs, MAET 577 785% G 235, 217H
YT T, 1o, ..., T; DFNEND KD T F 7120t LTIE

X 5: 75 718ItDOX

TLEITY, DEBWTEILLIZT I TDRA—R=TF5 7725
7o 7% —RBIKRDB. ZOZT7 7D DIZBY S index % IDs
WWEEZ MMNT 5. 11 TH Tl& TopCor ZFEH T8, IR
Y505 7%E GREK ki Moy s 7eED. 2tz
NZNDT TDY I TR —R—=T 5 TR T 577D
77 7UBBRICDZDDONFEET /2D THE. ZDIT77
B8 G LT TopCor ZM-UH T Z 2T, BT —XR—2
WBWTRDIME T Z 7 OEGT 757 8 A== 7 DI
FEEFTD e MTES. BRIEIIC Qeur KIS TWS k H
D77 7ML, Zhd Top-k WS 7125,

Algorithm 6 VERIFICATE(D), D}, ..

Input: Summarized Graph databases Dj,Dj,.
Graph sets 71,15, ..., T;.

QOutput: The Top-k correlative graphs with respect to g.
i RAE[EEL
g.id : Index of Graph Database

1: Set IDs , G;

2: for j=1to i do

3. foreach ¢’ € T; do do

4 restore g < ¢';

5: IDs N g.id,

6:

7:

'aD;;’TlaTQv"'vTIL')
.., D!

for each id € I Ds do do
push D[id] into G}
8: Call TopCor(G,q,k);
9: Output the graphs in Qcyy;
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REF RO R & UERSE Ol 21T 5 72, EF—
&% W TIRETFIE & BEFHSE TopCor [1] DB EFT > /2. H
FEOMIEEICIZEEREAWS. MERIX, RBEFEIES
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HUCIREFEROEIME 2 WIS 5.
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REFRIIENFERSTH 2 1) FSI7BRHEE0LET
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£ 2: HRGULIH O FEITREHE
F—Xty b FI7% ETHEE ] TEHENR ISR

ncilOk 10,000 3.592 0.636 0.641
nci20k 20,000 7.969 0.645 0.652
nci40k 40,000 15.537 0.660 0.675
nci60k 60,000 25.387 0.659 0.667
nci4.2k 4,200 7.224 0.733 0.742

DB T T T RN AT U THRRENL, BALELTS.

5.1 EBRREBrT—42tvb

RBEFEO7 LTV ZLE CH+ERHWTEEL, av i1
F T a i iiF-02 Wz 77 7I3BHEY R PSR VT
FEEL, BT 7FABOHEIE C++D T4 75 VB [15]
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TiB RDIMM TR XN % Linux ¥ —N_ETITo 72
FERRICHW T =&ty MIEEOES AIDS LD X V%
TEDT T TTF—=EARN=RATH5[14]. TDIT7T7F—RN—
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&t v b ncid.2k 1 800,000 D X > R B#EDZ 5 77—
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(0.005,0.017, (0.01,0.03], (0.03,1) OHIFHDOZFFEEFO I TV
72 7%FAL, FNFENQ1,Q2,Q3,Q1 T 5.

R 7777 —2€v b

F—Rev b 777 FHESE (V| PO E|
ncilOk 10,000 32.1994 32.4929
nci20k 20,000 34.6061 35.0607
nci40k 40,000 35.2219 35.7741
nci60k 60,000 35.5829 36.2005
nci4.2k 4,200 133.967 138.156
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25, 5.3 HibET®RIA T 2 ME ORI AR T/HE V.
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5.3 BRB3IVIVISITICEZIEE

REFIRCBIZ 7TV Z57% Q1 26 Q4 T TELSHE
7z = OREEUE DRE & TopCor DFIHR % b U 724G
REM6, 812, ncilOk IZBIF B2ENT —XRX—=ADHK%E 1 »»
55 FTEMI B BOBEROHBEK 7 I1TRT.

8 IZHBWT, TopCor 17 TV Q4 TIE 4 FEFEILIANCSEAT
PO o12DTH BYlo7z, ¥OrTY 757128 LT
HIREFIRIE TopCor & D MEEHUESEHTH D, LHRE
BREVWECIREZEFENSHICLZ Z e bh 3. K6 D Q4
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WIBEITH Z e W TER. ZHUET T 7ERIC X » THERES
BODBERMT T 7 DBDP/NE 725 Z e RHEBHED I X M3
INEL 7B Z e PERILOBERZ L EZ 5 5.
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Kotz ZOMEROHBERT. IBEFRIEIR 7 LY
R L% FNT Top-k B E1T S 728, R TOETINLTHEE
A 100%I1272 % L3RS, 229 2775 7 ORERERN D
FURLEIZE B, YOIV I T7THATL—arek
BB MIHERD L2 MHEAICH 2 Z e bh 5.
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