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Community Detection in Signed Network Based on

High-Order Information Local Search Strategy
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Abstract: In existing signed network community detection methods, the local search strategy serves as an
important component of the signed network community detection algorithm and can accelerate the conver-
gence rate of the algorithm. However, most of the local search strategies in signed networks only utilize
low-order structural information such as edges and nodes, thereby, neglecting the deeper and richer high-
order structure that can be mined from signed networks. To enhance the performance of the existing
signed network community detection local search strategy, this article proposes a local search strategy

based on signed motifs. A new method based on signed motif for community migration was designed,
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which extends the traditional community numbering migration between binary tuples to ternary tuples. By
comprehensively utilizing the low-order and high-order topological structural information of the signed net-
work, the structural balance of nodes is further optimized, thereby, improving the convergence rate and
detection performance of the algorithm. Experiments on synthetic and real-world networks demonstrated
that the designed local search strategy exhibited good accuracy and quality.

Key words: community detection; local search; modularity optimization; signed motif; signed network
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G R AT S ARBY A= B4R NS A0 15 B i — 2D AR s 25 0 P v, SR TS . R
Je S SR W AT A s TS B33 ) 22 43 a0 Ak 5 s 4 2 U A%E DX 353 DE-SN, 256 25 B 6 B TLS 50k 76 44 X Xl
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1.1 HSMEEX
A5 T 45 Ak DX T 58 25 90 A DX PR 38 O B 2 4 LA X 22 i) B R AL X R A 25 . AR R
HELMG S ML, —ADFSNEITUME R —ANE =V, E), HP V="_v,, v,, =, v, MEET A
(T ES E={(v,s v) v,y v, €EVNi#j MUED BB A, B G 30T LR IR BUINALES 524 4 A =
(A, s B RFEWEBH, HV o, Mo, ZIAFAEEDGIDME, WA, =1A,=—D; #1
Moo, Mo, ZIEAREREZED, WA,=0. KIGH—1MHXW SRR C={(C,, C,, -, C,}H C,CV,
Hop e AREA X B H . RR b — A S XL 55 R 45 E Rk DR I 1) AT DL E SO A
EN@DIUFiF:
Ay, >0, (v,sv) €EEN (v, €C) N (v, €C))
A, <0, (v,sv) €EEN (v, €C,) N (v; €C))
X prg=1.2,.k, H p#q.
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HAEAE SR, DR R RO B ER E Q TGk L N T A S M 4. Gomez S I T OE 0 M 6 A TR, 2
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wfwf W, W,
ZZ{@ ( — )}3<ci,c,> (2)
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1.2.2 BA—4LEfz 8
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Hfe N ML S8 C MIRBRHE; C, ﬁﬁﬁa‘ﬂ@%%fx RS ¢ AR B A AR X RS
FAGE: C, MCy 25 5r A F B gk X Bt s C, MC, 4351 C e i 77 FI5E j ot R M. NMI
BUETEE R0, 1], #4301, FRom w45 2 B 1.
1.2.3 % & Frustration #§

Frustration $5 40" J& B R 555 9 45 45 W) A 55 132 M8 bR 22— B G031 B0 2 A DX phy 3 1 970 4% 4
Hoik 54k X 2 18] 9 1F B H 50 0 A, FOR At XM ORF  A2 JE . Frustration 48 FUBIT A 2 41 X R 4 AR
%E. Frustration 844 (Frustration of Node, F ) A& XK .
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Kb o, MRS Co AT TR 0(C, . CHONTIREG Fy (o) FaRT 8 ¢ Wb ek XN
T4 118 97 5 B B0 5 A DX R 1 T S R RO 1 B, EARER T AR G AN R, RN R R, Y
Fy=0H, 587 kB850 V1.
1.3 #HiEsE
1.3.1 HBEAEM%

PPt Yang 257 B A B HLAE AT 5 R Z5 AR R L A B S 06 08 A 5 AT 5 4 L B R TT LR IR A

SGCcsnsky pos ps py) (5)

Ay e ML P IR ECE s 0 B I & B S8 £ RS R p, R AERER
— At X A SR p R AR A X AR p o W IERE R IR AL X 2 R A HE . R AR
UL S A B o R S A R0 4% 5 K, O LR R AR R A A X P S RN A DX 22 1A A o R AR L R p, BUE R
0.5, AMFFEH A B T LATR 3 FiAS [R) 18 A8 S 0 286 Xef 45 o 3505 54 s 047 DA

@ SG(4, 32, 32,0.5, 0, p): p LhO. 1 ARIFRAELO, 1 G HE N HUE. ZM4H 128 A1 it w43
BG4 AFEIK L, BRI AL 32 AN L BT AN 32, A BILL 0.5 Y H R I AL X YR AL X AN Y
WEL X R AR B IR 0, X Z RIAHGELL p . HEE N IEEEE.

@ SG (4, 32,32, 0.5, p—» 0z p_Lh 0.1 REFATZELO, 1170 FI P EUE. 12 W 45 4 X 22 ) 1E B 422 11 R
AIRER A 0, AL DX NFRARIE L p - Lb2R R 17 4 .

@ SG(4,32,32,0.5. p_ s p): p_H p 4rHILLO. 1 ARIFEZELO. 0.5 16 P HUE. 2% M 454k X
HRAHE L, p o R Mg, th X Z [ AE LD p o, R R IEREHE.
1.3.2 SEiEM %

Shy R 0 SR 7 B S A R D v RT AT R PR RE R S, R 2 Ak S ST A4 A A N 4% A Sk S 0 8K
Pt Ak 52 0 28 A 45 4 3R 0T 18 SR A 43 56 B 1 ) 4% (Slovene Parliamentary Party, SPP)™ iR 5 JLIN T
5 1Y 9 4% (Gahuku-Gama Subtribes, GGS)™Y. AWM 45 4351 EGFR M 45 (R iz A KN T Z ik ik 1%
K2%) . Macrophage 28" (15 W 40 M 28 ) . Yeast R (% HF R 46) Al Ecoli W28 (R i AT 14 1 JE A
PR . LU ESSHE R 48 #5 M SNAP th3ifs, BA(E Bk 1 fik.

£1 TIEMBKEER

%) £4% /A R/ % EH 8/ % LR UES
SPP 10 45 18 27
GGS 16 58 29 29
EGFR 329 779 515 264
Macrophage 678 1425 947 478
Yeast 690 1 080 860 220
Ecoli 1461 3 215 1879 1336
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0410 FE A R X A R S5 1F. w3t I 1L 5 W (Hill Climbing Using Positive, HC-P) i S5 T 45 515 B,
I L 5% s B3 T 49 5 D0 5
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Che S5 B I AF 5 100 268 4 DXAG I 5305 v 6 T JR 048 R 5wk (Local Seek, LS, i FHIEH A & X
B GEX KM CID . R RIAEIX AT 85 A F Y Frustration () VE RN REALAL HAR. LS Bik4iS TH5
R IFSIAME o, —EMREZRENAR, AR T3k Bk R 5 f A

LS Bk e v an &l 4 s, fER—FE L, 8 ARG Fy 58 4. B8, LS Bk e
AR R4 X (3, 4, 5, 6 ) VE N EEEAE X, #5 JCIE MU AH 7 A &R Jm 41 X, A 20 67 100 A 2 1) 400 A XA Dby fit i
FEIX. HWK, 4 CID fe/hiy kst X 6 FEX ILHTS Qs & Qs M REUCHAFTE—E MR o T T . WK%
AT KAE R E AT IX s 2, AT IER, ol A AR FEAR S, s A A X el 6 1,
Qs W RZE 0.143, Hith, LSEAEF A A WA X EH#N 6, H Fy {60 3. 53] LS #4E 0 45

RN B A XA 43 S A DX ) IE D B 3R 2 W W 4%, 2 JR Ak B AR 52, LS B0k 25 5 % E i A %
AN TR XA 550 43 i ] — 4k X, AT S B0 X ) 43 o R AE.

.FN;;OM #alalBlc|p|E|F|G]H]|T
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AT IETUAHEATE T RUE TR OT R
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22 ETeMEENEBERER

BN 3 R TR (G B A R R A, X R T OnH 2 MR, BDNGER Y IR
ZHOA A, XA R T R B RCRAN T B UERE F RO T AT AR DR, ARt Y S AR P R A
M N, BAh, Bal T R R H AR R BE 5 R ER A Ak d5 A Y 3 4k X (g T SO ME i B X 4, 1
23 BN R B S e i X R 4

Ry g Ok LR ) R B — R T A S AR A = 0 4L R I R Ak (Triad Local Search, TLS). A LAY
R 1R A SR R R AR A0 SRR i 25 A R A I A B R B i EN S R A B PR SR
SRR RE , RA] fE IR BN Y S A S5 R S, TR TR X R B, TLS 836 2455 W 4% 55 By AR B 15 8B
FIH S o SRR 2T = B A S B IE AT = Jn 441 X G A5 AR AR B 1 30 75 515 Bk e vk 7 5. —oodl
FEIXGE RS S B AR B 1 s iR B 28 PO 1 A X G P A s 2 LA Y A, D R R 1K B B IR
KERZNHA, AR =SB R R = oditt KT, R ZmEmasiaE e, #E— 2R S
JRi A R R A

T EAA A3 TLS Fvk BARSCEE. WFoe b 2% I m i = i RSk, g 5 iR —38h 7 4~ =/
M SR, Hrp S,,S, M S, RAMKEL. 98K LM KEBTFZEB LT 2 %0

1)@%E%%ﬁﬁ%%%ﬁv@ﬁ,ﬁE?%Rki&%ﬁ@%E%ﬁ,Wﬁ&Xﬂuﬁﬁ%ﬁﬁﬁ

TH#.
2) Bk X A o F T S ST, AN ER AR A l‘fﬁﬁ TEHTH XTI,
\
+ + \ / \\
. ----o 0-—-—0
S S

B5 ZEM=ZMHFSELE
5 i 7 RS BURARYE oY S AL AN TE] KA 12 PSR AT S RAA. SR, BFIE K TR
12 Fh A5 KR HR BE WS W AT 5 BUR A AL IXIE R 554, A 6 il 3 A S B L T B 251, Hob 4 (s
W RRR O AL BRI A 48 S DT AT S AR, BN TR E S
X 1 LA 5K (Central Node Signed Motif, Se). 3 2 W0 5 HRAE 957 -5 B FR Sy vpuls
WA SRR, B G AT S AT DALk e Y S8 A XA R R ORI A% 3

_|_
S S

6 HLTRFSEE
o TR T AT S B R AL TR S, IAS 53X, I TE TLS kb R 2500 3
LY AT S BUA DL RO, B0E 108 TLS Bkt Ues, E2ZLPHRIMT .
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D) LB B AR AR 25 T A9 AT R A ARAT bt 39 5T 1 AH % 9 48 5 A (PR i iy ) &
AL DS B 14T 258 4 47)

2) T AR Y A BE L B — AN SR R IR R L IR R I A A AL AR A P Yy
R S T Z B A XGRS (B8 5 AT 25 6 17)

3) FHFTA AL PO SURGE R R O AT SRR, g IR AT 8OR, TTA F R Y R
VETRT Ak Ry K v 9 a5 IE S0 AH 7 ELAS [R) A DX 4B 9 a5, A8 BEAT #L X IR B B R AT S5 AR W . 5 1% 388 )5 i 7545
B B R T I A5 S A e B e — € B o 9 WU IAAL 38, B s 35 i ph DX 2 5 5 0 P 35 R AR X 4 5
TS5 B T AL X 5 7E =0 (B Z M iR, A0, A& ib R, AR FE 5 miAt X g S IR AR R 7T AT R
%516 17).

k1 TLSH®:
A BRRAE X, SBEEMEME AL BESH o
s Pk e AR X,

1. N g = random(1, n)

2. for N.=1 to n,,, do

3. neighbors, = get neighbors positive(N, )
4. commID(neighbors,, ) =X[neighbors/, ]
5. N,, =random(neighbors,)

6. commID(N_)=commID(N,,)

7. for each np € neighbors, do

8. if commID(np)# commID(N_) then
9. Qsoq =compute Qg

10. Qsnew = compute Qg

11. if Qspew = Qo OF random number »<<p then
12. commID(np) =commID(N, )
13. end if

14. end if

15. end for

16. end for

17. i 1 A BT X e

TLS Bk e i e 7 pios, WAL EGFR W4 EUh 6, 76— R BEHLEE£E T 19 s b A7 )R 8
WRBAERS, a5 A B AE PO A O R AR X g 1 FE S A #EAT TLS #ER, 146 Fy (8
A A KA PO ST AR E T A AT LR BT — A A % AR JE T R BRI 4 AN IE S0 AR 34 0 48
FE{C, E, G, H)y HH K G S92, 3, 4, 5, 6). Uk, B4 1F 00 3% A48 5 35 51 g e 6
IFBEHLEERE— A T R EARRIER L, BN E AL X 4 LB g oo A AL R AT A Y
Fy fHB/NE 3, Qs FEH 0.066. SR, TFHHRFTA ALS do0 19 sSREERS 19 A5 00 o0 19 S5 AF S 8K, IR B4
X, B 3 AR AR SEUR, 205008 S (E, A, OLS,(E. A, OFIS;(E, A, H). =T
A XRS5 BN AE TiER 5 A SR B R B, I AEFEME R o 22 B 255 L. DR AS TR ASE 4 11 )
SN PE AN R e e A 55 51 BT LASEXE S| (E, Ay O BRI, KA CAHEXE SR 4 )5, Fy HE/DNE 2,
Qs WKZE 0.092, FFEHINFM, MEZAXERE. HXFS, (E, A, O#FTH, W GHXESCh 4 )5,
FyHB/NE 1, Qs ¥RZE 0.184, 24 IXTER. mIGX S;(E, A, HDHEATHIG], #5795 58 H A 4+E X 38
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A, M Qg BEZE 0.002, BRI AGERBIMR o, MIRREZXMKEMEEO . IF2mA TLS /B L Qs
k0. 184 WA A% H

IR ERAERHER B, TLS Bk 5 G500 R SR s AR AR TLS vk AR R 3 H A Bl L8 6 40 2 4
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3.1 XWiEE
3.1.1 e

R E: DE-SN BUA RS M4 h g PERE . JF S S S0 TR S Hh 1) — o4l R 4 R Sk TLS 5 HoAth =) 5K
W& AR LE S BLE#, 1% DE-SN Sk v 9 B i sk g 23 i B e o HC 33, HC-P 53k LS 5k, i ml LG 2
DE-SNyj¢ » DE-SNyjep » DE-SN, ¢ 3 Fli%f 1452 1.
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®2 HSHLMELEE DE-SNEERMLER

o 2% AN B IR DE-SNgc DE-SNycp DE-SNi5 DE-SNrpi5

SPP Qs 0.454 7 0.454 7 0.454 7 0.454 7
NMI,,, 1 1 1 1

GGS Qsuve 0.4310 0.4310 0.4310 0.4310
NMI 1 1 1 1

avg

® 3SR Z R KW, DE-SNy s BEWS 7L 5C W 2% L3k B fie oAt IX R 73 19 [R] B BEAE B A3 2 9 ) 2% 1
AT LR WL AL Qs ~FHIMH. TLS 55 AR Ho BT H Al SRR Y SR i 8 R B0k . BoA B iy o i
R3 HSEYMELEE DE-SN B EZBNMLER

[ WA 45 A DE-SNyc DE-SNpycp DE-SNi 5 DE-SNri5
EGFR Qs 0.294 5 0.294 8 0.280 2 0.303 6
Qsmax 0.300 9 0.302 1 0.284 7 0.309 2

Yeast Qsave 0.558 2 0.558 2 0.565 1 0.598 2
Qs max 0.562 9 0.560 5 0.567 4 0.601 8

Macrophage Qs 0.327 6 0.327 8 0.315 8 0.333 8
Qsmax 0.329 9 0.330 4 0.3227 0.336 7

Ecoli Qsave 0.391 1 0.3859 0.3395 0.398 6

Q S max 0.394 3 0.390 3 0.342 4 0.4019
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x4 BFESEWME LE SOS-SN Hixta g R

% P4 45 bR SOS-SNy;¢ SOS-SNyep SOS-SN; 5 SOS-SNy 5
EGFR Qs 0.296 8 0.294 5 0.310 3 0.327 5
Qs 0.3019 0.301 4 0.318 4 0.3343
Yeast Qs 0.542 3 0.535 2 0.581 0 0.638 7
Qsmax 0.573 1 0.548 1 0.587 7 0.642 7
Macrophage Qs 0.325 2 0.32138 0.3617 0.362 5
Qs 0.327 9 0.325 4 0. 365 6 0.367 3
Ecoli Qs 0.3865 0.379 7 0.325 8 0.417 2
Qs 0.390 3 0.383 8 0.332 4 0.419 4
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Macrophage Qs 0.3230 0.323 8 0.370 2 0.357 8
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