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Research on Short-Time Community Search in Temporal Networks

GU Tian-Kai WANG Chao-Kun LOU Yun-Kai
(School of So ftware s Tsinghua University, Beijing 100084)

Abstract  The community search problem in temporal social networks aims to find communities
that can satisfy certain temporal phenomena. Short-time interactions between members are important
temporal features of social networks. Compared to long-term communities, communities formed
in a short time have more important research interests, as they can be used to effectively discover the
potential core short-time structure with cohesiveness guaranteed in the network. However, most
recent works focus on studying the phenomena of the persistent property, the bursting property
and the periodic property of the temporal communities, these works fail to model the short-time
phenomenon in the temporal network. In view of the current situation that it is difficult for existing
works to meet the above requirements, a new problem of top-% short-time community search is
proposed. At the same time, a novel and effective solution is provided for finding short-time

communities in complex networks. Firstly, in order to depict the short-time phenomenon in the

e - 2020-08-31 4R A A H T 2021-04-12. A SRR 3 [3 5 1 SR 2 26 4 (61872207 1A e WE Bl IR 8L 00 2 » & S 5
7 T g VLA TR DX 9 28 15 P bl 28 90 4 % E-mail: gtk18 @ tsinghua. org. on. E 88 GE A fE#) . 1 L. 6l 5082 IS HL% &
(CCF) 5 g 4x b1 » F BT 57 17 P A 52 B 4 30 KB R 46, E-mail: chaokun(@ tsinghua. edu. on. #5181 LOFsE 4 EE D57
1] Sy Pl 500 P A DX B



24 JTR LA« R I 2% v R N A XA R 7 IE P 335

temporal network, a formal definition of § short-time community is proposed to explore the
short-time structure, and a method for calculating the time interval of a temporal community
which is formed under different time interactions is given to precisely measure the short-time
indicator. Secondly, the top-£ § short-time community search algorithm ShrimeCS is proposed.
The conditions to judge the minimal § short-time community and top-% § short-time community
are carefully analyzed and discussed. After that, the § basic block is proposed. It can be used to
find the minimal § short-time community with the help of the minimal § short-time community
judgment condition. Furthermore, the concept of § strong block is proposed to avoid redundancy
during subgraph expansion. Through utilizing the non-overlapping property of the § strong
block, the time cost can be largely reduced. In addition, we analyze and propose two heuristic
approaches, which are the global time interval-based optimization approach and the progressive
time interval-based optimization approach, to further improve the efficiency of ShrimeCS.
Compared to the original algorithms, the two proposed optimization approaches can improve the
optimization rate during the searching process by over 64.2%. Then, the experiments are
conducted on five real-world datasets (i. e. , Email, Msg, Math, SuperUser and DBLP) and three
synthetic datasets. At the same time, a new metric, clustering factor (i. e. , CT-factor), which is
to evaluate the closeness of the interaction between two members in the temporal community, is
proposed. The experimental results show that the communities found by ShrimeCS have better
short-time features compared to other baselines. Moreover, the results demonstrate that the
proposed optimization approaches (i. e. , the global time interval-based optimization approach and
progressive time interval-based optimization approach) can reduce the time cost by 17. 16 %. The
case study in a real-world application scenario shows that the top-k § short-time communities
which are found by ShrimeCS can capture the dynamics of the time interval shifted in the commu-
nity, and it is therefore beneficial to explore the community evolution through the time dimen-
sion. Finally, the correctness of ShrimeCS is verified, and the good scalability of ShrimeCS is
demonstrated.

Keywords temporal graph; social network; community search; short-time community; top-k
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I 4k top-k I AL DX AR G o i 18 #E DX BA 31 A1 24 Hij AL
KU S 530 B e 7E G AT 4 K48 R 5 ik k3
AT ST B B KAE X (B 1~3 17) , iX LR AT R
T 0-truss WAL X 48 R E % TCP-Index""" 8
EquiTruss'™ € 8-truss MRS FEh RATMET
2 SN IR] K 2R R 51 4 4 o DUGE B A T 55 1 [ i
(i) 25 85 s ) EsF ) 45 49 3k O S A X 4R A X
T AT 1 0 i AR H I 43 5 AR A~ 6 FE AR B ohy B Al
PN ke A~ S B AL X I A BB BQ (S
4~10 47). I Ja » B ) 58 S IR A i ok
e B A DX 75 0 SR O DR B BA A 1 T R T 0R
Il ffr A i A2 25 F Y top-k AN LI AL DX (55 11~ 32
7). %W B 32 2 4 4 B 4 i TR R G
19~25 47) R B 4 X ) 2 (26 ~30 15). fEF & 5
JE L B B R AR R 21T (W IR o AR PO AR
Wid g, SHB I F B B E E B E B o-truss,
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Hl

Y,
&

i 2022 4F

TR 24 AT TSI I 3 trussness J5 0] 225 3C
BRC L1 AR SO PR AR S it e X300 5 B B DU AR 9 4
M AE DR S R o i B IR B 5 i L A A X %
Pk FETE NS A B H % B ik S i KAk KA C.

ik 1. BasicSearch Jrik.

A WAL M % G = (V. £) BEL 8(6=2) . ATy

Moo, MSHk

it . G top-k M AL X 4 4 MSTCs

1. MSTCs<~

2. BQ<~ .cur_topk=0/ /%1 i 2+ X PA 5 3 %K

=A
AR

3. Cs<—CommunitySearch(v,, G) //¥4 & % & [6]
EWRT| TCP-Index 5% EquiTruss , ¥ 5 25 ) 35 15,
v, ME GIR 8] v, I fEM T A 8-truss 111X Cs

4. FOR EACH C IN Cs DO //i i — A HE X

5. B X C W truss,ich CTruss

6.  BSet<—enumBlocks(v,,N(v,),8) //FHEWF L 2
7. FOR EACH B IN BSet DO / /3 JJit§—4~ 6 FeA B
8. (spssifs) <—enumTopkTCCPeriod(B,info.k)

//VERLE L 3
9. FOR EACH (span,info) € (sps.ifs) DO
10. BQ<-BQU {(C.B.CTruss.span,info)}
11. % BQ W info.max—info.min BUHE T} 7 HE 7
12. WHILE BQ=J DO //4 BAF v i 1 i i £ XA
Hyas

13. (C,B,Truss,span,info) <-BQ.pop()

14, TF BRFNHX THEN //top-k 5 I 4k X ) 444

15. IF cur_topk™k THEN BREAK

16. MSTCs<{(span,info)} UMSTCs

17. cur_topk++

18.  ELSE //RH4 i js B 4t X

19. B'=8

20.  WHILE B'cC

21. outer<{v; | Vv, € N(v;) yv; &V yu, €V}

22. FOR EACH outerNode IN outer DO

23. #25 outerNode A0 % 138 A B

24. Btruss<i15 B W5 50 1Y trussness

25. IF Ye€ E(B"), Btruss(e) =6 BREAK

26. (n_span,n_info) <updateTopk TCCPeriod (B’ .
spansinfo,k)/ /W 4

27. FOR EACH (span’,info') IN (n_span,n_info)
DO

28. BQ<-BQU {(C, B  sspan’ sinfo')}

29. IF BRI # X THEN //top-k % X H]
A A

30. BQ<-BQU{(C,B.spansinfo)}

31, % BQW info.max—info.min BAH T ¥ HEF

32. RETURN MSTCs

Bk 2 BAEWIIA AL 6Cands F1 8- FEA B g Y
BE pans G 1A RIEHA TR CGE 2179, F
R B AG OL R 47 pans THIT R MG #F Oy 0 MK
AT G IEA ONodes FF 1R (55 10~13 17) 5 75 0]
A 24 AT 5L B U 3 P S SR A, ST R
MAGGE 14~18 19). 4 o, A F 2 B2 3% [ /5 75
AL SE A 0Cands 1, A I | 0| AT A R A Y
A IE2H G2 WL o AR H I i L (55 4~T 47D,
e A 2 AR R 5 6Cands A 6Nodes
(55 8~9 11).

&% 2. enumBlocks J7ik.

A BT A v, APEWRES N(u) . B 6(0=2)

B A O HEAR LM M AE S ONodes

1. 6Cands< ,dNodes< T , pans <~

2. enumsubBlocks(N(v,) ,6—1, pans,0,6Cands)/ /1

W5
3. FOR EACH o6Cand IN §Cands DO / /3 JJj 15 3% 55
RES

4. KA v A 6Cand

5. werEg<|Vicaa | * (I Vicaa | —1)/2

6. relEg<| {(usv) | (us0) EEscuna » Ytts 0EV scna } |

//THE 0Cand HYEL

7. IF verEg— —relEg THEN

8. 8Nodes<—8Nodes\J {6Cand }

9. RETURN ¢Nodes

F- 1 FenumsubBlocks(N(v, )8, pans . counter ,6Cand)

10. IF size(pans) == THEN

11.  8Cands<—5Cands\J pans

12. MEBR pans FHYEJG—I0H

13.  RETURN

14. WHILE counter<<| N(w,) | DO

15.  pans<pans\J N(v,) [ counter]

16.  enumsubBlock(N(v,) ;85 pans,counter+1,
6Cands)

17. BR pans ) fJq — 4 I0R

18. RETURN

B 3 WAL S I AL X s pans FEE BE AR infos
ot in fou A7 R B EL /N in fo.min AN WL
W HKAE info.omax W —JCHEARGE LI W T B
AR IS PP 300 485 BT AT Ak B JRE A AL 22 1) ) P 300 4 A —
NER LR 2~3 1) AR K il K info £f A
spang il infogp ':F'(% 4~517). 745 k j(ﬂ: 1vaﬁ‘%ﬁﬁ
Fe SN A DX di /0N N [) 85 B2 C5F 6~ 10 47) . I8 H:
A infos (55 11~12 17). B Ja M4 in fos BB [A] S
JEHRFNR N R #E DO AEA s pans B 13 7)), 5
R ZER (spang.infoz) (58 14 7).
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&% 3. enumTopkTCCPeriod J7 k.
A Y10 & B, BRI [ B EARAE info, SHL k
i 11 < BIHT & A~ e/ AR X5 I JR] 5 BE AR A Cs pangs »
infog)
spang <@ vinfog <~ il <&
FOR EACH edge IN B.edges DO / /i [Ji i} ¥ i1
il<<ilU{edgeledge.t € [info.min,info.max]}
spang=<=spangJ {il}
infog<infosU{info}
IF £=>1 THEN
topkInfo <
FOR EACH edge IN B.edges DO
T infos P& TTER IS 0] 25 B T
10.  topkInfo BHTNHEI k A~ HF 18] 15 B AR (A
11. FOR EACH ¢f IN t0pkInfo DO
12, infog<infogU{tf}
13, M4 info s #b4 X N B B B 4L X s pan s
14. RETURN Cspangsinfog) //3& 18 5 Hi J 145 5
SVE 4 AR B Y N B BTG 0 b ik
G 147D Ho copkInfo JH LA ST I 4 47 5 /)N i) 7]
PR 5 2 A7) LR 3l 2o 38 g 3 300 5 A T R Y
I 1) 5 BE AR I e I R] #5 B Ty 4E 4> T A
BHHI & /NI TR] RS B2 (5 3~7 47) SR 5 # 45 2R A7
A infoss (55 8 47). e o X T infos s HR— DB
Wefd info ¥ HIAE info.min F info.max Z 6] B
WP AR L H SRJGHE ¢ A spans 5. 75 3 24 1
5 EEARAE info TR GF 8~12 17) . i J5 iR
[\ (spansgsinfoy) (5 13 17).
&% 4. updateTopkTCCPeriod J7 k.
i YA E B, R B AL X span, AL X span 7] B
6] 25 BEARAE info . S HL k
i S < 2 HT T 1 BRI & A5 AL X spans 5 FOXE R &
AW A] 35 AR AE in foss
1. edges<{e|Ve€ ExNed span} //13 5 A B il
2. topkInfo<J ,infosg < sspansg <~
3. FOR EACH edge IN edges DO / /3 i 534

© oo ~ (2] ul =~ w S —

SHEAA A
| {Bis Bus Bys By

l | [min(TSg ), max(TSg O]

4. MR edge B info L RAEN topkInfo

5. FOR EACH ¢/ IN topkInfo DO

6 IF tf.max—tf.min>=>f(TS;) THEN

7. infosg<infosgU {¢/f}

8. infosy <¥¢ infos s FEISA]E BEFH T I BN AT £~ TT R

9. FOR EACH info IN infosg DO

10. <O

11.  FOR EACH edge IN edges DO //i Jil I i1

12. tl<=tl U {edge| edge.t = info.min \edge.t <<
info.max} [/ IMAFEG G A BT 2

13, spansg <spansgU {tl} // 25T info T 15T 111X

14. RETURN C(spansg,infosz)

5 ERHRXEREEMLL

K A 3 Y 387 BasicSearch W53 [ C (8,
| N (o) DA - FeA Y, B DA SR 40 2 S5 HF 4l
BK.WEEE top-k )8 i 4 Ji 4 B 4L X 0- B A B
[P REAFAE S AR AR IR R o- SR Y
Ak » 8 11 5 R AH S 80 AR 5 ShrimeCS PEBE i
S 53 BT JIT B B P ) ) A2 4
5.1 BO-BEABERN

AN e U 6- FE AR L ME A B SR AR
JiT s I 25 N 0~ S AR He R 2158 o- FEAR B Sk L AR
Ja it 51 A4 R S A A A A R T Rk
ROF B R AL X8 2R D7 ik ShrimeCS.

EX 7. HO-FEAM. BE - AN B, AW
R v, MR BLLAN o-FE A YL A S, Hop S 2
VB €S.(Ve—{v, )N (Vg —{v,NETNB#B’.
HAVFR B - F AR, FHS=THMHF VB €S,
B (TS )<< f(TSy)or.

MR FREEM HEWA - ERALB B,
25 Bi s B BRAT T S 0, A BEADAEAE — AN ST
W By B A HAUAH — > o- JEAR .

Bl 7. WE 4R v, = s AE v BT LE [ FE

n2g

~— — — — — =

B4 FEPTA o-FEAR PP R B 58 o- A B 1B 177w 1]
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X C, AR B M A o- LA e, 1] 4n ik B B, A B,
TRES Us, ={v,vsv,0),Up = ¢
vy b (Up, —{us DO Wg, — {0 })={vss05}» Bis By
HIAEAE LS LT 5 NI By s B IAEAERR 0- FEA L. By
B 1) $5e /N B I 5 B2 43 500 2 13 4. 1 BUAT " % B
HpUx, ={vs 505507505500 b BIC Bl f(TSi ) =
FCTSe) =13, B BAEY J& HIE i 7 B BY 5 B A
A [ By B (1) 325 B2 PRI OHG B A 5iR 6- B AR B

BT R AEAY R AR RS, AR e ES
TR T AR - HARHEIE. Rk o=4, HET
KB TP o- AT, HoAl 2 B DL L.

WS FroR. € - FA R B, A Us=
{0, s 0 s v s 0q ). BIBE H AT ISR 0- HA YA HIE U,
{v, 00, s vesvy ) o S /NI TR) 35 BE A | 2, — 20 [ R U,
{0, 50 v, s 0 b B /NI TRV BE BE N |6, — 2 | B H R B
Wf L5 o- BEAR P Al fE 2 K A U AFAE LU =R A
[ 1§ .

L0 G0 G
0 ) G

PO AP =R R ARG L. 0] [0 ],
Lzs 2 & BE B9 7 [R) IV 190 356 436 7 6 ik

(D |b—al=|t,—t | |b—al=]t,—t;|. I
B fCTS)BRT B o B i dwe/ N ] 85 B2 L [tk B, F1
B ul UAEFEY R f I B D B, i BA
SR O- BEA P JOH R

) [b—al<l|ty—t,|s|0—a|<|t.—2t;|. TE
SRMEBL R Y B €1B, B, ) J4 f(TS:) < f(TS;).
U By B Y a7 BY e it A rp gl fu L I By A
B IR 5 o-HE A Y, M BR By B. . 153 3 B )5 5
S- AR B.

) |b—a|l=|to—t |, |b—a|l <|t,—2;| (| b—
al <|t:—t | [b—al=|t,—¢, [ B  BLIT,
JRSEm o- B A B A f(TSy) < f(TSz), XA
FCTSp)=>f(TSp) . FFAEI T KRR, BAE T KT &
RS B BT R R E B, HIt
AT B, 6 B B B » BB BT 5 5 0- A B2 B, .

B3k 5 CandidateBlock AR 4 I8 5557 #0 W| MA
O-FEARHAELS PR B - FAMES. HIWHL
A n2g Hoh n2g AR E G 1 AL v 0 X 1Y B
BN f5c /N B 8] 85 B info, info J& B ] B 45 /N fE
info.min FB A& KAE info.max ¥ LAY —JC4H
G 1 A7), Hk R I A~ o- A H 0B B 5 2

Us 5 Us » Ug »

[a, b] [t,,t,]
() ()

B,
& 5

Ao o- FEAR R Z A5 A S on GF 3 47).
oon NE L UL BY C A AE 9R 6- HhAS B i) JfE S
MMAE] n2g (55 4~517) s M B B5 T A7 58 o-
BEAR B Z [ AFAE T U A ML BRI 8] 25 5 5
S [R] B [ FY) G AR o BRI o~ BEASHR (2R 6~14 17).

&% 5. CandidateBlock J7 k.

BN O-FEARAES BSet o 75 0 FEA YR N fy 5F ] 25 BE

WRAE info DL MW AL v,

it : iR 0- JEACIRAE S SGBSer

1. n2g< //%IEAERENUAMEE S R

2. FOR EACH B IN BSet DO

3. cn<{v| YvE Vs, vEN2g}
4 IF ecn==¢ THEN
5 n2g<{ (v, Byinfo) |[v€ (Vy—wv,)} //BH n2g
6 ELSE
7. sf <false, [f <false
8 FOR EACH node IN ¢n DO
9 R F) 2 Hi A A AT 1R

5 B[] 285 5 B - X 7 A B ) 85 3O L 8
sfOE R true, WK Lf E N true

1. IFsf 51f %% true THEN

12. HRAE 55 = Fh 9 L SR n2g
13. ELSE IF sf 4 true, If 24 false THEN
14. AR 5 21 DL HRT m2g

15. RETURN {(B,info) | Y (v, B,info) €En2g)}

B 8. W 4 R, ¥E v, =wvs. FE s ITFE 4L
X Cop b 4 A o- BT, 730002 By 2 By . By 2 By 1E
WL 5 T o AT R n2g WG A
n2g B FCAEE By BT RS d/ N AL R B Cog s By
[2,15]),Cvrs Bis [ 2, 15D F1 Cogy Byy [2,15]) (58
A~547). il P 2 B i T B Ml n2g Z [ A7 12
FAFE T R B 3 AT I E S WA ERE Hlv.v ),
SRR n2g $REN ) L0 SR B R o- FE AR B (5 8~9
17 Cos o B3 [2,15) s Cop s By [2,15 ), f(TSy )<
FCTSu) AR RS A BT B n2g (55 8~1417).
Bl Cosy By» [2,13]) 5 Cors By [2,13 ) F Cvy s By s
[2,13D. 8% B ) s 1 T Bs 5 n2g [A] (1 #5715 &
(o ) HIB RS E /N T £ (TS ) e RS — 2 B0
Bron2g. )5 T B n2g fEAEE A A (v a0 )
H f(TSg ) =4, a5 2815 0L B n2g. S5 fe
B e 0-FEASER N By, Bl Cog s By s [3,7 1D, Cos s By s
[3, 7D vy s B, »[3,7D.
5.2 2RLERMELEHHLEFANK

AT T RS — LA 2R E AL S Wk
FAOLAAE S P R 48 2R 5 B b Y BT A SR mg D) R
ShrimeCS RYIB1THF.
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R EFRMK. TE top-k STCS HAFTEH S KL
ke AH G B IS 8] 25 BE b B¢, 38 ok B B SR LAk A
R FRAGE IS 4 5 19 265 v 114 J0 R0 e 32 DA T o 3k 5
B ShrimeCS & 78 %K.

T 2.
BT A QTR IR 21 SR A LAY 46 Tc s top-k STCS Wiy
AR R oq 2 max({ f(TSe) | VTS €
Te))=oc. & ©(G) N G T A7 S Ik iy %) 4& W] iy
e Topmax*(G)Hy G & k /NI ] 25 2. 4 Cs
R S o, TEAL XA 2% T o, B 5
— MR C H e Cs Ho(C) =k, CHUEE k /NI
[6] 5 B fy Topmax® (C). AR 4 WAt top-k STCS 1Y
— N RE E R K 6 = min({ Topmax* (C) | VC €
Cs,c(C)=k}).

WAL BRSBTS B ) ] B R BB o
AT DA R A 2 0 235 v g 4 R RS R AE 1 0 2% 11
W PITRS. BRI S A G AR R o R kSR
PR T AR g B 1 B 6G <o AR
EY B — BR8] — A0 KT 0g (I [A] 5
JE e B 1 A AL JS 2 IR i BB AN T A

it SR . SCGBTEY JE it B v n] LLAG 3]
top-k,; 0~ I AL X, MG top-k 6- % I #L XA E &
R8T ¢ DSGBH 4L E top- (b + D e/ 648
IF A X PR 2 30 g BT A T 4 IR 0 b i TR] A
B, AR Lk By i v A 40 i ) 8T
A2 top- Gy 1) Fe/I o- S g+ DX 3@ 3 i B 3 F
— AL ShrimeCS {18 2 23 0] L JE 10 $2 5 55 408
G ES

EE3. THE gCGYRIERTE ¢ 8 (GD
g/Dg/) s CHER I ZI 2 R max(TS,) =max(TS,/) A
min(TS ) =min(TS,/ ). & 3T = {t1stas st )
m=>k, For o 20 R we o 77 AR S8 H AR I ) B4R
B BRI, de /NI ) B R AE Cus o) 30 B 1 3 53
2= qusﬂl, s (usv) = {max({ |4 —max(TS,) |yt —
min(TS,/*l) [} —f( TS,Z) ,max({|t, *max(TS(Z) |,
| 1, *min(TS,/*l) | ) — J"(TS,/*1 )y max( {|z; —
max(TS, ) [. ]2 —min(TS; ) | 1) — (TS, )y
max({]z, —maX(TS,/*1 )Yy |t —rnin(TS,fl )| ) —
JCTS; D508 Lo e Asers . (s o) NN FIR AR S
FRER @ A B T 38, AR A S 3 3 T IRIAE YT R i o A o
4 F 3 B e R BRRIAE 2o LA TS F 3 — 20 %5 I8
Lty s ol om N5 I Ak DX B /0N B[R] 0225 588 194 352

ShrimeCS HHARS N5 1k 6 Fir . ST H 5k

% E A R o, FTE AL X C F1 C

PEATIIRAL CE 1~2 1), RIG R E M 2,31 B 4
TES R R TR R 2% G R Y B K E] B RE BB
bound . FATFI % LA E At KR H %4l
Jy CommunitySearch’ (v, s G+ bound ) , {§ H: 3% [] 4
X f B 18] 25 3 A 5k bound (55 3~4 17). FE R,
FE X8 R SR B I ) A AR 5 A X R OE A
SEHI S S AR 0-truss 48 AR T 5] SR K i) 5
B R bound s CommunitySearch’ 3R [0] {9 # X i &
G SC. 3 g, J& top-k HHTFEIX T 438 bound 2y
WG W R F L C 2 it XA 2R 0y 250 8l i 5 ]
M {5 45 Communiz‘,ySearchl(vq » G sbound) A WAL
9 F 1) 42 2 188 . HLUR 0 o, AR B9 B — ALK C 8 5
kB X ch ir A o-FE A il hy BSer, I 1t
AR - FEATE B Y I [R]85 KB max ( B) 5 fiz /)
{6 min(B) 8 -k A< P B3 7 57 2 4R 8 B A 114 5
O~ FEAPL SGBSer (3% 6 ~8 7)) » il i i H 11 72
enmuTopkTCCPeriod 155 SGB w5 1% % /)N 8- %5 Bt
MR H A sps R, i fs fLFR (min(B) ,
max( B)) JHEEE—MFE X C s o-SEA e B
Xof 107 P e /I JR6L B A DX IR ) g5 R AR R i A 3 BA 37
BQ (5 9~11471). fJm il X A3 BQ 1% 7T
BRI ] B R T R R R R B de /N A DB 14
~28 A7) . 4 i 1B B T 5 ok Hom
A MSTCs H4 G 17~19 1), & WA MSTC
F18 ) 5 4% AP R B P S B O RS T 2 T
B, H % BIE S E T i e 0 A (5 21~28
130 B ad |y — 20 9 7 18 B BT 24 A 1L OF
ARAT BB (1 T 18 B KOt B 1) i ] 5 3 % {H. 25 B
8 I (1) 25 B2 T B 5 B8 B A A7 78 HoAth 1 181l 2 o- 4
Rp L DX A S 45 A o O I 5 T — I 220 ) O 1Bk I 221 4R
A B /N 5 i 4L X MSTCs o 5 W gk — 45 5
& B ¥ B M 3k S B AL X span” s B A info’ il
ABQ HEY JEEAX CH 16~35 17).

3% 6. ShrimeCS Jrik.

WA B ARG G= (V. &), BE o (6=2). &)

WA v, S EL k

fi i . G P top-k M AL X S MSTCs

1. MSTCs<

2. BQ<O ,cur_topk=0/ /%] b 15 &+ [X BN 5] FO 11 %

=X
ek

3. MBS E kA G AR A5 1 F bound

4. Cs<CommunitySearch’ (v, , G, bound) / /¥4
A I ) B B R RR TR E AR o, B8 G
FOI 8] 85 B F A bound 3R 0] v, T 76 B9 T A e K iF
0] 5 BE /N T bound [ 15 K 6-truss #£1X Cs
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5. FOR EACH C IN Cs DO VORTFEE 2R o-truss, 7] LR 3 7K B
6. 'H_%:’H:B: CEPE‘JH’L{SS"‘LE%] CTruss (BCBIQCI),%/Q%% UB/I :{‘Ulg'l}g s Uy 97}197)5}9
7.  BSet<-enumBlocks(v,s N(v,),8) //3FHE C

A o-HAY TR E L 2
8. info<1t5 BSet W REA> 0- BEA LY de /I I [
o I I [ B, v » B (Ei + 200 ) | VB € BSet )
9. SGBSet <—CandidateBlock( BSet,info,v,) //M 6-
SEA YA AR B T A R 0- SEA T PR LSk 5

10. FOR EACH SGB IN SGBSet DO

11 (spssifs) <enumTopk TCCPeriod (SGB .info.k)
[/ 3

12. FOR EACH (span,info) € (sps.ifs) DO

13. BQ<-BQU {(C,SGB,CTruss,span,info)}

14. % BQ % info.max— info.min $H T+ HEF
15. WHILE BQ# & DO/ /5 BAF H o Jei i 4 X A g

16. (C,B,Truss,span,info) <BQ.pop()

17. IF B2 HE X THEN //top-k ik R ) 5 414

18. IF cur_topk™>k THEN BREAK

19. MSTCs<~{(span,info)} UMSTCs

20. cur_topk++

21. ELSE //RHg B i 4 X

22. B'=B

23.  WHILE B'SC // Ry & F &l

24. outer<{v; | Vv, € N(v;) ,v; &V yu, €Vy )

25. FOR outerNode IN outer DO

26. 85 outerNode A1 WA B

27. Btruss<it755 B 4 50 1) trussness

28. IF Bitruss(e)=6 BREAK

29. (n_span,n_info) <updateTopk TCCPeriod (B’ ,
spansinfo.k)// Wk 4

30. FOR EACH (span’,info’) IN (n_span,n_info)
DO

31. BQ<-BQU{(C, B .span’,info")}

32. IF BR %4 X THEN

33. BQ<-BQU {(C.B,span.info)}

34. ¥ BQ W info.max—in fo.min BE T EHEF

35. RETURN MSTCs

B9 WE 2 FIRBRE 0=4,v,=vs . k=3.
ShrimeCS T eI IEAL cur_topk=0. vs 1F 4-truss |
X CaCo T v 02 03 501 505 | 2 {5 5 Vs » V7 5 Vs »
vy (BF 347). £ Coo- AR B (v vss00s
vs b AE Co L o-JE AT 4 A il e B, =
Vs sUV7sUs Js Bs= {Uss Us»07509 }» Bi= {05,075 05
Uy b o Bs = {05 205 v s 0 b oAU — DA B,
FTSE) =3, Hh min(TSs) =1, max(TSy) =4.
B 7E Co Wy HoAly o- BeA T b Ay de /N 7 KIS E £ (TS
=45 5~13 17). Wt BQ KK A7 it B, Fl B 1Y
HASCAR B 4% B BA 5 A7 ORI, 1 S A By, il i

{"Us’

min( TSy ) =1,max( TSy ) =5. Ui B B, j& I} [H] ¥
B f(TSs) F iKW F B L5556 BUR B INA BQ,
I BQ 1970 R He b ] 5 B2 Y HE )P (% 15~33
1. HF fFCTSs ) e/ B — W BB o X — Ik A
By s WIS By oy i i DX o A MSTCs (55 17 ~
20 47) s SR JG WAS B. , W) FRG B, S 7 J& B, %t B 1) F
EmA BQ. I 78 J5 2k i 7 ¥ B Jm A MSTCs. i
JEHUS BB BB E R R C) UL ASTE7E
S d-truss BB F L B LLAl HAER BN A
MSTCs. Wit cur_topk =k, 5 8 45 W iE 17 (45 16
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Background

The community search problem is to find all the densely
connected subgraph on the large graph G, given by the query
node v. In the past literature, most of the studies put
forward quite a variant of constraints on the subgraph
structure, such as k-core, k-truss. Recently, there are
growing interests in finding densely connected communities
on the attribute and temporal graphs. Some studies aim to
explore the periodic patterns appearing in the temporal
network, other works also research on finding the densely
bursting communities in a short time.

Short-time frequent interactions are an important temporal
feature on the social network, which can effectively mine the
short-time structure. In view of the current situation that it
is difficult for existing work to meet the above requirements.
we propose a new problem of top-k short-time community
search to provide an effective solution for finding short-time
communities in complex networks. First, a formal definition
of §-short-time community is given, and a method for calcu-

lating the time span of a community formed under different

time interactions are provided. Second, the algorithm top-%
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§-short-time community search ShrimeCS is proposed. In
addition, it analyzes and proves the heuristic calculation
method of the upper bound of global clustering length as well
as the progressive clustering length in the top-% problem to
further accelerate the efficiency of the method. Finally, the
experimental results on synthetic data sets and real data sets
confirm the correctness and scalability of the proposed
method.

With previous contributions on proposed efficient
structural constraints for community search, we in this paper
extend the constraints considering both the temporal and the
structural cohesiveness to further solving the community
search problem on the temporal graph.

Therefore, it is claimed that our work provides a novel
and efficient algorithm to find the short-time community. It
is also claimed that our work proposes a new community
search problem in the temporal social network.

This work is supported by the National Natural Science
Foundation of China (No. 61872207) and Baidu Inc.





