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Community Search Algorithm on Heterogeneous Information Networks Based on Attribute
Fairness

QIAO Lian-Peng*, HOU Hui-Wen?, WANG Guo-Ren?

¥(College of Computer Science and Engineering, Northeastern University, Shenyang 110169, China)
2(School of Computer Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract: In recent years, community search on heterogeneous information networks has attracted more and more attention and has been
widely used in graph data analysis. Nevertheless, the existing community search problems on heterogeneous information networks do not
consider the fairness of attributes on subgraphs. This work combines attribute fairness with kPcore mining on heterogeneous i nformation
networks and proposes a maximum core mining problem on heterogeneous information networks based on attribute fairness. To solve this
problem, a subgraph model called FkPcore is proposed. When enumerating FkPcore, the basic agorithm called Basic-FkPcore traverses
all path instances and enumerates a large number of kPcores and their subgraphs. In order to i mprove the efficiency of the algorithm, an
Adv-FkPcore algorithm is proposed to avoid judging all kPcores and their subgraphs when enumerating FkPcores. In addition, in order to
improve the acquisition efficiency of P_neighbor, a traversal method with vertex sign (TMS) and a FkPcore enumeration algorithm called
Opt-FkPcore based on the TMS agorithm are proposed. A large number of experiments on heterogeneous information networks
demonstrate the effectiveness and efficiency of the proposed method.
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P A RN, DAIT R B T AR G AR A2 G ml XUy B 428 A AL A8 ) 4% 0 W S5 7 T I A ER, Marids
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W, B FaxANMREE, ARACT [RTE R, SR B W 4 T DUAL £ B 2 A ORI Z5 AR B, 30 Bt 42 4 4
BRPRAE TN R A A T, AR P L SR O LSBT0 B S I 4% 2 RO A T 4 R T
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ST S A S B 2 RO SRR ML, 2, XM ) 2 T AEwE R,
AT IREAAR 190 23 F1 RN AR ) 265 55 (R . Qi) L(@) T, Xt A A SCHR B AT R B B — AN S A L P 5%,
A WAL E T A FERBSEARF MR, FEEXAMWL P, Abr%Eh{a,80,83,84,8536), {P1,P2PaPa}, {Vi,Va,Va},
{3 R RORAE R . S0, I AL XA ML TS T 4 RS R SR B, i R A T K R
SRR, Lo, s aq, @, pr, va FIEATTZ (AL RIS AE# ag Rl ap LTRSS i vy ERE TR pr. MR T
i 5 L b PR S AR R 6, AT T 10 8 A58 X — MR Sk xS J A R P9 8% 1) e 5 M R AT k. 181 1(b)
WA 1@ 5 s B A A, B A, PV, T AR R R BRI % R
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®
®
(8) B Wl T 24 5 (b) 54 i K Fd 2 B
CRHAE (Q) B3 b

Bl1 SCHREE (K 57 e S M 4%

R, P 2 A D4 R R (AR O T A 3 9 v AR S AN B Ay W, A R AL X R BRI AL X 4
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AT SRR A TR, AT R, % R8BI A TR ST B S AT A LA 2 ST AT, AR B, LA
MNGRAEW KR FiESE S5 N A EAH IO R I, S m T RMARZE . JEAR S a2 N
BT G INBERRPEAT A, BRI, A T R R ), 0 — D O AL A A AR R T — R A5k, AR
ST AR SRR P A 7 A S FR AR ol R AR S AR B 2% T A S RS B R AL X R ) B R, 3
ATHA A BEGINA P &, FHS Bl TR 75822 50005 R 10 L2 LAY, W R IR AT 4E 4L
XA RIN, B A X L BUR R MR B — A B R P S A R A X, TR 4 3 ah B 0 o IR dh X 48 2 45 5L 1)
PR B FE O L SR AR K 1 ST

PEARSE TAES, AT B 7 T 5 B W& LT R A T ALK R A 8. 458 — A R BUE B M 4
G.— & qeG Al —ANE T AT={ALA,.. Ay, TATHI EARFUE N G kB — M5 i g B8, T A5
L LA SE AT g —FER AERY, IR BT AU e B AR AT SRR IR, SiAh, X
M5 R RN R A T T B AR (meta-path) I RE & ok e I, Joi6 A% C A TR SCIR[38] h A A T, e et
TR AN EEPAG T B SRR AW F A (B 1) FTR). EA S, IRATE S 4 A SCHk[39]4%
H [ basic(k,P)-core #5  F1 A P W& 5 ST — AN B i 28 ——FairkPeore(FkPeore) K & i 57 i fa B M 4% F 24
AL, — AR S B M4 A T-4EIX FkPeore i /& LU JLAL: (1) FkPeore & — M KT El; (2) FkPeore 44,
FEW A g, T HHART S EE S g MR A, (3) FkPeore T mUB T AT (B M4 A e A da 45
B EAR AT={ALAs,. . Ak T JE YA, FF B AEAN B MR B 175 SUEOH S . 4 T o FkPeore RIS )
B, AR T 3 AL, 4>k Basic-FkPcore, Adv-FkPcore il Opt-FkPcore. i, %:fili41v%: Basic-FkPcore
1EAR 7 FkPeore B ANk 77 T B A1 BT A (1) path 5249, 1 A T KEEAERCK KPeore. i T 4@ ik %, 12
H'T Adv-FkPcore 5%k, Wt AEMZ FkPcore IN Xt BT f i) kPcore BEAT HIWT. Bb4b, 4 T 3% £ H P_neighbor
ISR 2, 44 mARic 4R it 7 B B 1 )7 v (traversal method with vertex sign, TMS), 53 Fi% il T
Y FkPcore M2 532 Opt-FkPeore. A SC i) 1 38 BTk M 4 0 1 :

(1) B0 E B M A RR IR, R T — AN T A NS 1 E B FkPeore.

(2) T AN LA L Basic-FkPeore, SRt {5 B M 45 1) FkPcore HEAT #U%5.

(3) LiEBIBHEAR, Wit T otk Adv-FkPeore, kA0 H 13 7 ik R 30E 4T HE T BT AL

(4) X AU P_neighbor 138 200 F2, #2475 AS0bR I i 77 /75 TMS, 04k T FkPeore R 28 5032,

Bt T 5% Opt-FkPcore.

(5) fEAANELSERFUE B WS EIRE LT T — RVISEE, FEUEW T IRAITH IR 0 o RaE.

KRS LA NARKTAE. 5 2 A5 W BAHCIARTE JE . 58 3 14 FkPcore MUz 5k, 56 441
XSG 45 RABAT AT, B 5 T ST B4

1 HxIE

o HEXiHR

X R IS AR A 4 E A s A TR TR X T E R AT B U, K2
TAER A2 BRI — R T B, E BRI SRR T 55Tk, X5 k-core [l & & — 3
fla0-42 L, Sozio 45 NG54 k-core 3t 160 5% 70 0 PR T SRR SR AR A X 38 22 ) 18, Zhang 25 A4 )
4ty k-core My T JE Ik B Lt A SGHR IR DA rho (0 A DX A8 R ) A, 1T A 4 T A DX A R el e SR Y i
FLFE k-truss 47 k-cliquel*®*F L & K-ECC %%. Lk, Huang Fil Chen 45 A\ 45 & k-truss K fif i ik X 48 22 ji) #1549
Yuan 2 A8 T —FE T k-clique 1) k-clique ¥5% 41 X B S fif v di % 45 clique 1335 #E X 98 & 1) . LA
P T AL T A B 41, 1T Fang 4 NSO T S AT S % BB —ANHEIX 8 % ] . Fang
HFNGEG k-core $2INT 3 Bl U B A EIHTARAY, 4 52 basic(k,P)-core, edge-disjoint(k,P)-core LA X
vertex-disjoint(k,P)-core, F Tt T AH N 1 A ) 55 M R TIHEORRAR P 57 T A 8 W 46 LAt X 4 2 n) 7. (H 2
AN 2 R TS B 45 00 2 5 A S 4 (AL DI 2R ) R, e TR AT 2 18 3 W v BURR JE k) A P X —
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2 EAREE
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(7 PEEI ST
v e BRI WS R %
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R KRRAES
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Te(AR) ST L G I 44K
P JLHk AR
deg(v,9) MV TE 4 ST P_neighbor %
AT yAio) R R (EE S
degma(V,S) St A deg(v,S) i KAl

EX UFREBMBUT). 55005 B 4 S0t — AN 0 5 2 R Wt 5 50 Vs ARG R 288 S5 R 4
VvESRINE M E GV.Eew). HA, B4 veV #li L o(V)e A, f—5%id ecE #iL ype)eR, HiiLk
[AP>1 8 R >1.

EX 2(MEERY). 42 DRI EMN% GVE 0 w), G 10 25 8K 2 — AN LA IR A o5
PAR A K10 28 84 s 1A 1) B To(AR). T3 4b, 25 18 BIA ST I IR S A B R 48 v 1R S8 R R R,
Bk, ARSI S S 48 1 I 4 A5 X I 1) B R R s .

S T AR I D 28 1) X i AR 0T 22 o it 28 000 5 i S R0 (3 e s L R AT T MRS, A R I — ST B AR R
T—X—. —WNZEELELXNZHRR. B Lot 2LE 1@ 5 E S MEE, FHm A P, V, THRER
BRI S ah, 0T HERSE A BIHAREH P S REM R, NER A—RsP, M ARIP 23 51H
KR RIGUERT RIS H AR R, 4 AR A W5 R R A SIS 57 B A B 4% P 155 R/ 354
MK R, Wk RETF RS

EX 3(THEP). TlkE P MK To(AR) L& XEE, WILRTRN AuAg.. Asy, JF Hil 2
Ac A<D BLL (A A L) e RIS <),

()t & 7 M R4 1 1@ — Ao i, ST ociksr, BATE T LUH SR ADFHRE R, wtth &
1(c) M TCEE A2 T LA 7Rl P=(APVPA).

EX AR, BE A RTEEMS GV.E o p). —DTCHEE P=(ALAL....AL1), H1% aia,...80.1 I
R A2 (@) =AL<T<I+1) LA ylay,y41)= WAL A ) (A <), MHZEE R SRR ek A2 P IR — A B 2 S 41,
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E X 5(P_neighbor). 4 & —AN35E B ML GV.E 0 p). — IR P=(ALA...,Asy), AT G T EEH
Mou Rl v R, W u A v 2 AR, SRR TR P AN ARSI, A u v Bl
P_neighbor.

B, FL(d)at 2 E ()M oc k21— AN B4 se i, i B S ag B ap S R AR IR 1Y P_neighbor. 45
—ANRFE R GV.E o p). —NITHE P=(ALA.. . Aw) —NEWTE g T MEHHYS q S5
B —F AT SIS Sk, AR A v I deg(v,9%5 T v 7E SHIK) P_neighbor %{.

FE X 6(kPcore®). #5E— AR FUE BML G(V,E,pp). —NTEHR P=(ALAs. . Awr)s — DR k. —A
W5 o K/ EIME min_size, kPcore wl /& —AN SR 55T min_size MK T B S, + Bl op ) oAt 2 4 05
KLY q-B, I H SHMEA S L deg(v,9=4=k.

PAE 1(a) A, B P=(APVPA), k 4 3, q J a;. X S={ay,az,83,a4,85,8¢}, NIl deg(ay,5)=4, deg(az,S)=4, deg(as,
9=5, deg(as,9)=4, deg(as,9=4, deg(as,9=2, s as AL LEET R, KHN S TR, T4 mm)BEE R
deg(a;,5)=4, deg(az,9=4, deg(as,S)=4, deg(a,,9=4, deg(as,9)=3, W s 4{ay,azas,au.as) # /& FATE LI
kPcore.

EX 7(FkPcore). 45— MR E B G(V.Eop). — MLz P=(AuAs... . Au) —NIEE k. —4
AW A oy K/NBIE min_size. &) q EREANEPEAEN N JE P T E E NS AT={ALA,,....,An}, FkPcore
WAL G E— MG AT A g B kPeore, 3 HIAL: (1) BT SRSV EE S AT TRIFTEME, (2 Fid)s
LK ERAPVAIPES g

T LA 1(a) A, HL P=(APVPA), AT={A;,A}, k4 3, q 4 ay, W mif{ay,az.asas B2 TATE IR Hh—
“ FkPcore.

BBEX. HE—NRFEEMLGE GV.Epp). —NICHE P=(ALAL..  Avr)s — N k. —ANEHAT
MOy R/DEME min_size. &AL q EREASEMEE N B TR BT A ER RS AT={ALA,,.. . An, FEBUE B R 2%
AR DR 48 R R R 2 4R B G T 1) FkPeore.

313 1. ARG EMNY G, A g JLHE Py B AT={ALA,,.. A~ core fH k, X[ g
] kPcoreS FI{T- 7% FkPcoreC, Pi# & & i /& C=S.

WY BRAETE— M o (1 kPeoreS Fl—AM%% g 1 FkPeoreC, I BN & C=S, M4 B D Ar— A rl
veCAH SEE. (HEveCEM, vIE CTIERANTHT k XN veSHIET, FIWBEARKL. fHE. O

3 ERKMEIIE

SOk 1R IRAISR W R B, TRk h, AT P A& & 23 g 11 kPeore EATH2%, RG4S G )8
PEAE AT % FkPeore EATH2 4. S B AR R I~ Fros.
&% 1. Basic-FkPcore.
M BEEM%E G, Uk Py B AT={ALAL. . An ~ X A1 g. core fl k. K/NER{H min_size.
i FkPcore 4 R.
S—{v IR Y q—5};
deg(v,S<«{v 7E S 1] P_neighbor %} ;
for SHREAN 1 vdo
if deg(v,S)<k then Q.push(v);
while (Q#J) do
v«—Q.pop(-);
remove Vv from S
for SHEEAN s udo
if ueP_neighbor[v] then

© ©®© N A~ wDdPE
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10. deg(u,9—;

11. if deg(v,S)<k then Q.push(u);

12. kPcoreEnum(R,deg,P_neighbor,Smin_size);

13. for R EEAN K4k C do

14, if CAEEEN L gORC AR A4 Or R MRS C then remove C from R;

15. return R;

16. Procedure kPcoreEnum(R,deg,P_neighbor,Smin_size)

17. if S=& OR S<min_size then return;

18. S=§,

19. for SHFIEEAN 1 vdo

20. removev from S;

21.  for P_neighbor[v] " {45/ A u do

22. if deg(v,S)>k then deg(u,S)—;

23. elsereturn;

24.  if |S|=min_size then R.push(S);

25.  kPcoreEnum(R,deg,P_neighbor,S,min_size);

F 1A 1, 2472 4 BEREE] G 5 H bR SR BU R NS SULK SHITE SRAE St
1) P_neigbor #(EPBE%L), 1X— 2 u8 Kot 4 Kl path 5249 i 58 42l iy, v AR K.

SEE LIRSS 311 AT & X AN 2 FE B A i) AT YR, 4N P A, R v SRR

S LI5S 12-15 47 /&4 G P i) FkPeore #E4T42 41, I 2R M4 £{ q ) FkPcore £& R.

S L INEE 16-25 4T /20 B AL J5 1K) A S b 1R T A7 90 2 5 B 20 ARORT min_size 29 011 - R HEAT AG 28, DA
B F A q 1 FkPeore.

55 11K kPcoreEnum sl FEAZ4E T BT i 5 & R g O3S B BT AL ) 1 L T R L FE AR
ZIFN min_size AW, AR JERHEA T AT FkPeore I . XA AR M AR K 1).

BT SOV NAE, LM EIS 1 I 5224 O O(m+ deg, (v.S)- Y. Cg) I, degmadv.9)%E 5% S i
B B R KE, [min_size|<i<<|S.

LK 1(@) A1, B P=(APVPA), AT={A;,As}, kK 4 3, g N a;, min_size=4. 5 &M SR8M—8UW L ES
S={ay.a,,a3,84,85,86}, W) deg(ay, =4, deg(ay,S)=4, deg(as,S)=5, deg(as,S)=4, deg(as,S=4, deg(as,S=2. H I xi as
A L SR, RS 3L S RSB, SRR S5 1K BERAM 4 deg(as, =4, deg(as,9)=4, deg(as,9)=4, deg(a,
S=4, deg(as,9)=3, MM risk S HIFIFTH TR NN {aasa.85), {anaanasl, {a1,82,83,85}, {anaas,
as},..., RIGEEEHILE 13-1517, #i2 mi4E{as,a0,8s, ag} Bt &—1 FkPcore.

R LB KX — ik, FATRBL, £ kPcoreEnum i A2 5 88 HSR (K B 7 I, IR B A AE
LG T[] T B . FkPeore (19454, 11 T8 e A 3 1 I i B 5 1) FU At T (9 AT 0 TE TR EAT FkPeore [1) 4.
FATE LA A IRE B T R LA E B, B AT BEHR A 28 11 ) i

3138 2. e — DR FE BN G, &) g TR Py BT AT={ALA,,.. Ant« corefd k. K/NBIME
min_size 3 TALMT— M AL g M H AR RS S i R A2 [S<max(min_size,|AT|min), HH41, |AT|min %%
|ATIF A5 H0h KT kL s /ME, B84 SAFTRESR: FkPeore.

W ST 4E S, WiR|S<min_size, M| St EAE FkPeore; 413 |S<|AT|min, T SANFTRELE T A s SR
TAET KO0 L B B A PR, ik S g A& FkPeore. £3iIE. O

5138 3. 4y ARG B MY Gy Al A g, TR Py BT AT={ALA,,.. An}+ corefi ke K/MEIE
min_size, X TALMT—ME AL g B HFRRY SRS S K S PRI s RO R M A SRR N AR S
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N g s in_s AT |, N
Fy tH ) T, WA g —AMER Fy WL |F, K< max(n:r;?rel IATLTn], W4 S i f: FkPeore,
min_size

g : ANE
W WARAETEREA | F [AT|

o MAFRENRAERT G AR S HBAN RT REAE I AL & 1E 2 1 (R AT 32 F PR AIE

S=min_size; 571, WAAFCE|F, |<'|A17T'm|m, T AT 241 S MR T B WG S 7 A MR T2 T K I
P2 TR JE PRI AR, XML T, SWA AT RE 2 FkPcore. 31IE. O
513 4. 48— E B MY Gy Bl A g, JCEAR Py JETESE AT={ALA,,.. An}+ core il ke K/DNEIE
min_size, %t T/L & P AN &2 core {E A1 min_size 1. IF HAL S & q T K SH X KL, B EAE XSS, Wik S
J&—A" FkPcore, R4 X 1 & AN FkPcore.
EH: W1 Sat—A FkPeore, T84 SHIEA] TR AA AT BE/E A FkPeore, K24 SH BT A T A #A T LR K
PEMZR. fHIE. O
it BR N, AT T ol 51 FkPeore #2350 ——Adv-FkPeore. 53 2 I BARE R 40 R B .
H 3% 2. Adv-FkPcore.
N S EMKE G, T Py BMHE AT={ALA,,. A« P A gy core fi k. K/NBIMH min_size.
vt FkPcore 4 R.
SV Il mRM Y g3,
deg(v,9)«{v 7t SH ] P_neighbor %} ;
for SH&E/xi vdo
if deg(v,S)<k then Q.push(v);
while (Q#J) do
v<—Q.pop(");
remove v from S
for ST A A udo
if ueP_neighbor[v] then
10. deg(u,.9—;
11 if deg(v,S)<k then Q.push(u);
12. for SH AN vdo
13.  ifv5 p ZARAEAE path SEFIAHIE then removev from S
14. if ST LR A FHZK then return S,
15. if |[S<max(min_size,|AT|yin) then return &;
16. #5 SHHTA Al v LRI B PR A P BLEDE LSR5 Fy
17. for al i=0,1,...,|AT| do

© © N o A~ wWwDdN PR

min_size | AT |,
|AT| " |AT|

19. FkPcoreEnum(R,deg,P_neighbor,Smin_size);

20. return R,

21. Procedure FkPcoreEnum(R,deg,P_neighbor,Smin_size)

22. if S OR |[§<min_size OR gg Sthen return;

23. for ST £l vdo

24,  S<«SH{v};

25.  for P_neighbor[v] " {144 & u do

18. if |Fk max[ j then return &;
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26. if deg(u,S)>k then deg(u,S)—;

27. €else continue;

28.  if [S|=min_size AND S /£ A P44+ then Rpush(S); break;

29. FkPcoreEnum(R,deg,P_neighbor,S,min_size);

VL 2 3 3-13 4T /A M T8 106 18 G HEAT Bk, X AR K4 /N T 34 [ 30 .

S0 2 HOER 14-18 AT RTS8 2 F1 5| BE 3 0 st AR HEAT T, LASR AT £ b0 6 1 s 4R i ) e i A

B9 2 155 21-29 47 2 FkPeore MU zs ik 12, iz R 28 28 47 W2 A HI 518 4 X FkPeore M 2 i R b AT
BYRE, DARD T HIMOZE IR, $2 s A28 0%,

DLE 1(8) 0, B P=(APVPA), AT={A.A}, k & 3, q & a;, min_size=4. B 5851 5280 — ) iR &
S={a1,8,83,04,85,86}, W deg(a,S)=4, deg(az,9=4, deg(as,9)=5, deg(as,S)=4, deg(as,9=4, deg(as,9=2. Hi 1 i as
AR AR, I N ST RR, SR S RIAR S BB deg(an, 9)=4, deg(a,,S)=4, deg(az,9)=4,
deg(as,9)=4, deg(as,9)=3, W A %E{ay,asas,a4,8s) 52— kPecore. 1B &% s AL B AP IEESR, ikiZ
REANE— FkPeore. BBk ay, W mi&{ay,az,a3,8s) AL B YA FHEE SR, BEk as, 152 deg(ay,9)=3, deg(ay,
9)=3, deg(as,9)=3, deg(as,9=4, W5 4E{as,a,,asa4} il & —4~ FkPcore.

GEG SRR, WA IS 2 BN 1) B4 S O(m+ deg,, (v, §) - 2 CEFel) | Hrf1, degma(v.S)# R 2
A AR S I AR B 5 R E, FPeore, 2R 2411 4 S ¥ FkPeore.

{BRSTVE 2 T B A B ARSI 5 3k P_neighbor B, 25K BT 1 path S # M2 — i, IXFETR
TREW R E. S48, @RI, AR R HRERNTT s 8SBe s i FkPcore. FRIIL, 41k
FIFAFA AT P_neighbor 17 JJ3 T4 path SEF, 253 K & 3 YRR 9%

BT AN ) B, A S T 45 bR AC A3 7 5 2k (traversal method with vertex sign, TMS), I LAFREL &
1) P_neighbor &4, % 7 /5 vE M RIEE K B T e R I RRR i, BT 7o R i ik, B DA 26 43
AR v W P_neighbor Itf, HGUTE TSR 2 A WL IO KR AT, a2 ¥, X T 4@kt P=
(AdAg. A RITEEHITT g, RFR NI g R, WA T ARERBIFT & L4 R 15 5 u, XFERAR Y T#i 8 T /75
— S MBI ARG P IR SEE). HAR R 5k 3 Broi.

H% 3. TMS.

BN BREEMEE G, stk P=(Ar.. . Aw). TIHI A g core i k. P_neighbor.

Wi S A q AU B0 LA b T 3 B A% ST 49 AH 3 (1) ATK) P_neighbor.

1. S5 g #HIE B s 28800 Ay 17 A5

2. for SHEAT S vdo

3. if 1=2 OR G "AEAE A s B RUN JUEEAR S 1240 D SRR i u 5 vl TORR AR Ay Ay FHIE

then

v.sign«visited;
for St RAENTS L v do;

if v.sign=visited then

for Cand(v)" K45~ 4 u do

P_neighbor [u]«—Cand(v) 1 B 5 51 u LA BT £

10. return P_neighbor;

VLK 2 545, B P=(APVPA), &HITT fN ay, MR ag R E JCERARIR RN R py BHATT A v I,
A DA 2 — S AR R AR S A, e B U 1Y A5 pg (¥ sign Db visited, SX SRR LR E] TN WY R
HR B — AN B AR S4B, T 8 O A SR S A T SRR G e, WU S A W R LN AR s AR py
A ) I A B AT A AR AL, MBI R ap AT oag, XA RS AW A E A

© ©o N o 0 M
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P_neighbor. T )5 25 54k 25 7 5 K9 HoAl P_neighbor I, mh&sBkid sign 18k visited B9 . 454X M) T
AT DL IR 5 3 A 7 2 AT DA K k2 546 P_neighbor ISRk p ek #2, 3% 7 B T4 i S vk AT 2R

B2 TMS sl

gt R TMS R, AT 8E 2 4T T4k, 145 21T R IE 1) Opt-FkPeore 53%. 7R84, 3841
FIH TMS 8L ] LAt Zb path SI249) 1) F 53 PRl g, % iy BEVE AT R0, D T SR IR 2. S0 4 (W Rk
PR s,

3% 4. Opt-FkPcore.

BN SIS RS E G, Tl Py BIESE AT={ALA,,....Ant« A1 . core fi ke K/DEI{E min_size.

vt FkPcore 4 R.

TMS(G,P,q.k,P_neighbor);
SH{vIMBREME q B,
deg(v,S)«|P_neighbor[V]|;
for S 44 5 v do
if deg(v,S)<k then Q.push(v);
while (Q#J) do
v<—Q.pop(");
remove v from S
for SHEEAN s udo
if ueP_neighbor[v] then
deg(u,9——;
if deg(v,S)<k then Q.push(u);
. if |[S<max(min_size,|AT|min) then return &;
Cif SR B AR thenreturn S
K ST v AL YR A S TLBIX NI RA F, P
. for al i=0,1,...,|AT| do

© © N o g~ LD R

e o
a ks~ 0w NP o

=
(<2

|[AT| " |AT|
18. FkPcoreEnum(R,deg,P_neighbor,Smin_size);

19. return R;

20. Procedure FkPcoreEnum(R,deg,P_neighbor,Smin_size)
21. if S OR |j<min_size OR ggSthen return;

22. for SR T vdo

17. if |Fk max[mn_suze |AT I'“i"j then return &;

23.  S«SH{v};

24.  for P_neighbor[v]# {1454 45 u do
25. if deg(u,S)>k then deg(u,S)—;
26. else continue;
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27.  if |S|=min_size AND Sii £ A F 44 then Rpush(S); break;

28. FkPcoreEnum(R,deg,P_neighbor,S,min_size);

BVE AR TMS SLdt i 7 B H AR ALY 25 1% P_neighbor (4248203, WD T ILR VL, &) UK
KA FER A HRAT RO

4 KGN
4.1 FLIGEIE

A 4 D E SR 4 BT 925, 4> %1445 Foursquare, DBLP. IMDB #l DBpedia. Foursquare 4 5
MR, AT REMMH ARG DBLP A 4R i8R, @8 T i SEHLRHA IR H 5 B IMDB A 4 i
HZRM AT 2000 4E LUK I HUE VRSN KL DBpediafs 4 B SR, A8 T M Wikipedia ST H. % 2
S H T AR A T IR PR A R

Hal 4k K ko LRI JLH AR
Foursquare 43199 405 476 5 20
DBLP 682 819 1951 209 4 14
IMDB 4 467 806 7 597 591 4 6
DBpedia 5 900 558 17 961 887 413 50

42 RBINMERE

N T TG R Mg S B AT AR X R, BATTEE S A SR UM SR SEIL T 3 MLk
ik, 435l BasicFkP. AdvFKP. OptFKP. BasicFkP j& 5 & 9% 1 S BLf FkPeore 8 J51%. AdvFKP 2454
SV 2 SR Sk 5. OptFkP NIJE 254 TMS SEvksEI R4 vk, i N SEv e F C++SEBLI. SE3G T
i I B4 Intel (R) Core(TM) i5-9500 CPU@3.00 GHZ 16 GB W 7%, Hillkit 1 R 40 A Windows 10 X64.
43 LW HE

FEJBME A TPE T, BATERE LAERIME SR E A5 B AE RS2 56 o5 K I BUAE S, T AT 1R S50 40 2 2
FIX A JE T (B AN AT B T @ A AR X R R A e a i m, RATREET 4 MR
RAER, WMFE 2 Fn. FEEHTEZRNZYE 4 N EE4E DBpedia, IXANEEE B FIBELLA K, A& H HKR
Bz, PN EIREP ST AE R T F T, B RILSA S ek 1) AE B I e % 2
KRR IX — 5, FRATTIEEL T DBpedia KN T25 T 4B HEZTT 50 19 50 4% o420 i 4 3 AN
£, RATEFET 3 MR ESWK O, TR, A5G EIT 40 REH, FREH
HRIE MG AR BEHLIE I — A, SR 5 4% R BN K BN ERE— A S E W (ERR T4 T 6). EMIERIA
JEMEU R TR, core {8 k=6, R E MR AT={ 5, &}, min_size=7. FRAREEREA W, & N5 S50 5 (i B
VIR ERINTCE, B T Y 45 SR 2 40 IR AP 11
44 LWHERE QW
4.4.1 FkPcore &5 40 #r

S T % FkPcore BB HEAT 28 8T, BT & SE%E % FkPcore Bt AN R k B (R /N2 A BEAT 7 S8, Kk (10 HU{E 36 Bl
43[0,100], #HIKICE AR5 K P1=APVPA LL K P,=APTPA. HA&SZIG &5 Rl 3 R, &5& 585 as REATR I,
TG AR P XN 1) FkPeore 5 Py % Y 1K) FkPcore (1) 45 S UL LU AR BRir . S UE B IRATTIX AN BB AE A A S B0 S 40 T
4 B ME LRI .
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Number of vertices

4 3 FkPcore HtAN ] k {H ) 2 5000 A7 1%
442 ZH15rHr

AHS, AVEHAEE DBLP EHEAT T A, 46 45 RaAT B0 0. AT — LT TPk E O, Al S
5y Mk (1) g=Daniel Genkin, P;=APVPA, AT(14:%)={ 5 ,%«}, k=10, min_size=4; (2) g=Daniel Genkin,
P.=APVPA, AT([HZ)={ £, B A}, k=10, min_size=4. 1 7&, HALK KIE¥N 10, £ B K E AN E A i
B R mod 2, A RRS, RATHEWR kK EHBCh 10,

SRR 3, GiE A RBATRI: LS H—BUIEOLT, BURE M 2 o 3 304 R B AR
BISLPRATE ORE, MIAIAE BHURE LR, 15204554 Daniel Genkin, Daniel Gruss, Mickael Schwarz,
Mike Hambury, Moritz Lipp, Paul Kocher, Stefan Mangard, Thomas Prescher, Werner Haas, Yuval Yarom, Diego
Gragnaniello, Francesco Marra, Giovanni Poggi, Limin Zhang, Lu Feng, Luisa Verdoliva, Pengyuan Lu. M5 A
EXRE, BN RESGTIUAEN L LHETEK, MBI ERXA M B PSS kS, AR E
AFAETE T E I L. T AN AR Rt —FF, ZEE AR R ENERA 6 4, M EEMRAE 14, A
B EEMES, XA A A L p sl . Kk, 456 U145 KE, FATEEH 1 FkPcore 114 IH B 58 R
TR AR DRI T3 ] A A A 722 T T 2 A 1 SRR il A B B A

*3 R

i iR
g=Daniel Genkin, P;=APVPA, AT(14:5)={ %}, %}, k=10, min_size=4 | Daniel Genkin, Daniel Gruss, Lu Feng, Luisa Verdoliva
g=Daniel Genkin, P;=APVPA, Daniel Genkin, Daniel Gruss, Mike Hambury,
AT(E 5)={ £ [H, A}, k=10, min_size=4 Moritz Lipp, Paul Kocher, Stefan Mangard

H T UL A AR SO RS, SRS A LA, BRAIA L EEEAT, HH FTERNSH: o=
Daniel Genkin, P,=APVPA, k=10, min_size=4 K3k IUE & 24 5 £ i s (AR K kPcore, 45 3 L3 4.

K4 KPP (AHIEEIELT)

Daniel Genkin, Daniel Gruss, Mickael Schwarz, Mike Hambury,
Moritz Lipp, Paul Kocher, Stefan Mangard, Yuval Yarom,
Diego Grag- naniello, Francesco Marra, Giovanni Poggi,

Limin Zhang, Lu Feng, Luisa Verdoliva, Pengyuan Lu

it 4 TATATLURIL, £E7% R PEAFI, BAIE BN & RAE R0 A Bl TP, S5 BLsets oL, &
AT Hh 18 5 320K A B gt e e DX 2R 4 SR v (A7 A 1K) P D) e R v DL ) it

g=Daniel Genkin, P;=APVPA, k=10, min_size=4

n

8

6

0
15 — . I
10 ”
: . - =Al.1.
0 - FkPcore kPcore
FkPcore kPcare ahE u i BhF|
nE ey =E B ERF  mEARTE
(a) AT(HE)={ 53, &} (b) AT(HE %) ={ 3 [, S it 7}

Ka Jmrtaofigit
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45 EMIK
451 Eq7 At

TAAELE 2 i 201 4 MBI 4 X BasicFkP. AdvFkP. OptFkP iX 3 Fh 5 ikt 4T 1 iz 47 I fa) iyl ik, 4
Kl 5(@) T, A Edin 4 Foursquare 1) st ZOF1I B R AN K, AR X AN B 4 md (1~ F 38 BRSO, S 4R A
B TR XA E A LI AT 3 Fh 7 0 i G (0 N TR P b A k. T i B 4 L, BasicFkP J79%:7E k KT 10 38
ATBS ) BT KM FE b . 32 BRI A KAE £ SRBY R B AR 22 TG A, ok 1 3 7 23 W), S B0 AT i) s B0 7 9
FEAK. T 7E £ 4 4 Foursquare -, 7772 AdvFKP [ 4T B Az I (% T BasicFkP. X & RN % 7 454 T 5181 1-
513 4, AMUAIH FkPeore 5 kPcore 156 2 (513 1)K 454 kPcore % J6 H sUEAT A 2485 4%, HEHH FkPcore 7
BUEJETE L RREPE(SIBE 2, BIEE 3), I RS A5 E 4 6 e R AT AT £ 1k, B X T AR Gk AT
FIE, WH T KRR, 7%k OptFkP 5 AdvFKP AT EL, 7EIEAT IR ) L R B R 57— 2k, X2 IR g FATT3R
1) TMS Sk B sk /b 5 3645 55 P_neighbor B0 J0 F 34, 3880 T - 330R, MR T RS, 746,
i 5(d) s, /R DBpediaZiiiis £ AU DL K I v 5 A 1) s B HORD T B AR BT ELABOK, RS 3R T ETE XA
AR BB AT A B 4w, R R AR BER ST 2 0 s 2R B T BY 51 B 2 F0 5| 2 3 MEAT B4, 1
HIEAEAE I I S AR AR 2, BT BLX AN B A 1 3 b 7 VAR LA L A

Time (s)
Time (s)

(a) Foursquare (b) DBLP

Time (s)
Time (s)

(c) IMDB (d) DBpedia
B 5 AR L& ki@ AT i E s
452 wry Rt
W 1 A SR, FRATBENLIEEL T 20%, 40%, 50%, 60%, 80%F1 100%I(t /5 3145 7 4 MR T K,
RIGERA T ISAT T RATEIG 3R 51%, LU Rl 6 Fion. 456 i g5 RBmATT LRI, A1
T ATy Ry R IR

Time (ms)
Time (ms)

Percentage Percentage

(a) Foursquare (b) DBLP

K6 AFHE LS IrE Y RN
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Time (s)
Time (s)

Percentage Percentage
(c) IMDB (d) DBpedia

Bl 6 AN[E A b i T S AR ()
5 B %

AR, AT 505 B ME I T JE AP AL X8R ) L B A ) 8, AT sede it 7
FERL 4% Basic-FkPeore, {HZ X FhEVE IR FEALS. BifE, AL EASCHE M 440530, SR LM T
Budk, $EH T Adv-FkPeore 832:. Ifh, X456 TMS B2 TR 452 Opt-FkPeore. ATTTE 4 A~ 57 {5 &
W 2% B B bR R S, RN T IRATFT R T R A R Ay Bl T 2 R I e AL
AR, AT, ASSCAIWE T AE $0b 8 A 5 HR AL X1 22 &5 S 1) 4 S sl P 68 s UL A 1 DT ik

AR S TR A S (0 A DX 2R ) BN A X S SR AT T AR Bk, TEACR, IRATHUE XX —
LIRS AT VRRE, Lhlngh i — A B LY AR #L K P 1 A P AT . BATTAEAE, @i X —FB, il
PARTE L FH R A AKX
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