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Abstract Dual network is composed of physical and conceptual graphs with the same set of vertices
while different sets of edges, which reflects different interactions between vertices. Cohesive subgraph
discovery in dual network, aiming to find the subgraph connected in physical graph and cohesive in
conceptual graph with awide range of applications. e.g., co-author network analysis, community discovery
and disease function cluster detection. Y et, existing models mainly have the following two limitations: (1)
the cohesive subgraph discovery problem based on densest subgraph model is NP-hard in essence, which
leads to low efficiency of accurate discovery algorithm; (2) although the k-core based model solves the
efficiency problem, the cohesive subgraphs found are not really “cohesive’. To overcome above limitations,
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in this paper, (1) the k-connected truss (k-CT) model is proposed, which is more cohesive and allows
overlapping; (2) an efficient accurate sublinear algorithm is proposed to find all k-CTs; (3) the concept of
maximum-connected truss (MCT) model is proposed, requiring no non-empty (k+1)-CTs in the dua
network; (4) three agorithms based on strategies of up-down, bottom-up and binary search are proposed to
find the MCTs. Extensive experiments conducted on real and synthetic large dual networks demonstrate the

efficiency and effectiveness of our approaches.

Keywords dual network; cohesive subgraph discovery; k-connected truss model; maximum-connected

truss model; k-class index
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B Go[CIH A SRR T k-2 (1930, [R] B B
3937 ity IO A3, 8 08 i 0 a5 8 SRR . A A T PR
7., DUPKEIZ TO D B P FOARE 2 Pl R I B ( 28 547 ).
P2 Tk, KCT-FIND Bk X BE & 1 v il B — > = A
PN, 0 H, B GJIH]F Go[HIVE 8T i XL
25 AR T KCT-FIND B3k, RWrkd 773 H 30 &
PR ALER (55 6-71T ) . &, Bk EIZERES
T(584T) .

&% 1. KCT-FIND.

HiA: G\V,E,E,) FIE#% k

it BT k-CT 7RIS T

T<O

FOR %1~ G, 3% 38 43 1 G4[C]do:

| FGu[C]H T A i 345 1% = k-2 3 H. G[C] = A i 18
4 GJ[CIHN Go[CIAW AL R4 T;

EL SE UK Go[ClH i AT S HFEE/INT k-2 121 I B

g M w NP
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LR AT

6. FORG[C] 44~ = TE il 4 & Gp[H] do:
7. T<TUKCT-FIND(G4[H], Gu[H], K);

8 IRMT;

VI 3 o XU 8 1], 45 7 IE AR k=4, 3K
HAZUM 45 R T k-CT FRIZ5H. {f ] KCT-FIND
FIEPATRCR IS . # AL 2-4 1R HEE
R TR R s, E 4 YRR AR WA % 4
B, 252 mTs a. b, c. d.e f. g, h. i, ]
2RI E R, NI, Ky my |2 3% 38 1
AL S B T i 0 SRR, IR aatl. widh
g R E 6 k.

K6 & 4hit& R E RS = Mgk

Bk, MBS 517, BHBRMSE
FEARE k-2 930, FEEH 5 B (a, o). (b,
0. (e, H). (g, h). (h, i). (i, ). (A, D). (d, K.
(d, i), FFHEAEWMLE HREBRILINS ¢, e, h. i,
[ B BB 30 ) SR AR PR SR (B 6-7 A7) A
P R 375 51 P DA R e S B PR v ) T e, pR T
HESA{a b, d, f, g TN NS T K], 381 560 i
fE k-CT TR, WAL RE T, RS
Em, k|, 75T Y WL 2% - [ DU 7 4 B b o 3%
W, AAERAEE R, HTUSES R {k m, 1}
FI{Y L Bz AU 28 1 k=4 FE- I ] KCT-FIND 5.1,
AR ME 7w, 8R4 THhRU&g—4 4-CT
THA.

(a) ZEREF YR () GREF ISR
B 7 4 XU kB 4-CT FH
B PUTERET UUA—E 8 4 R
FER I B R RN, Wi — T AR —k
k-CT IS FE, h AR

K8 WEMCERR

43 KCT-FINDEEELEDHT

B B B L PRIV A 3 A 9%
O || VI RRFIR] , 825 A 340 1) < 4 3 3 4 2%
O(|E,| *S)FIE], B S5 B A A2 Y 0 RN 100534
% O(|Ey| VU], FE—MBI T, |E| >|Ed| . FTLATR
HE B S48 2 o i B A 1T A R 26 HE R O(JBy| M),
RE R hi, (B <R BT
W LM AR 24 R O([E, [ xh).

25 ) A - DM OV + B 4| By 25 11 KAE
AU, O(E,|+|By|) %5 I 77 Hcls i 81 NS LA 45
P I 05 2625 ] 52 2 BE 4 O(V | + |E 4] By -

5 WM& MCT FEIAIME X

TR ER RS k-CT F BRI, A5 i R 7E
XU 2% v o B A R izl truss 118, B A L2 X
7. MCT 1E UM 45 i B B i e 19 k-CT 4544, A
e SR, XU 4 R Sk MCT 4544,
H K AEBK, FIRBIFTE R S5 4 55 i 3
R A, AR W0 T ) A RSB R A £
[ AT B 2 R 0 B S R K (E Y38 T D8
A R R IR % R AT 2 I 4 5 1 O B
fian, G EE XML 348 MCT 45449, MCT 7
WES R iR k-truss 45, 10EH MCT FRIN
TS AR Z (B W58 05 R R L, R MCT 4544
YRR h i, ERVER Z A Bt A
R, B MCT, £ By A28 H— W58 5 el AH AR
S22 A B R 5T /N

4> KCTmax N MCT Hi{ifi k-CT Z5F 7778 A B KA
KB, W KCTmax &K1, WA LLE T k-CT A IH L
A AT A B i, BIAT DL 3R A X 2% R
KCTmax-CT F . B, FERFREZITE KCTmax.
MCT 5 [m] 8 A] #5223 ) i) N e, AR5 R4 A
2R 2% h i KT truss(MCT) 7 & 1Y 114 5 g
JEMRE R b AT R R A AR = A RR
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&, $#£HT BU-MCT, UB-MCT #il BIN-MCT =Ff  51.2 BU-MCT &%k
MCT FEIAMAL, JFHT T8 ELNE R HRHE 5.0.1 7 (B EAR, A/ NI R IR T R

JE, Haxt Bk MCT 7R & BUR kit — i1k,
51 BKBEMCTAMEABU-MCT
51.1 BU-MCT &k B

AN —Fh M MCT RHUEL, W
2R, 4, B kPR 3, BN ktruss
B SRR k Bie/ MESR 3, S0, Ptk
H AR XU 45 A1 k=3 £ A KCT-FIND 53, #4504
A T ohas, U 3-CT 7 B AR 4 FOARAF A FF 1R
Ml NULL. 55 =20, FHES T AWM kin 1, #F
YE WS HE A KCT-FIND %, HAES T b,
¥ k-1 VBN KCT pax 1R [1].

MCT & 30 v i F K CT-FIND 8k i 75 5 45
o i 7 58 AU 26 A BETF 4R F — W, 1 MCT &3
IS FETE IS — A k-CT S5t nl LA ;. XJ A 3
BT KCT-FIND 53, BiR$t i B anid & 1 s,
AR 18 T KCT-FIND 83, Hoh— B R B
k-CT F G AN TR 2e48 2, R4 1 A8
MCT + EI 5L s 17 [a].
&% 2. BU-MCT.
HA: GV, E,E)
Wi, BT MCT FIRIZH T
THIR a4
T < KCT-FIND-NEW(G, 3);
k<3;
WHILET A& R% 4 do:
kek+1;
T <KCT-FIND-NEW (G, Kk);
T <KCT-FIND (G, k-1);
iR 18] T
32 1. KCT-FIND-NEW
fA: G(V,E,, E,) FIEHAE Kk
fith: BAKCTFET
1. T,
2. FOR #4438 431 G4[C] in Gdo:
3. IFG,[CIH AL =k-2 3 H G[C] = #1141 do:
4. F GCIH Gy[CIANALE A T;
5
6

© N o g~ w D PE

. IR T
EL SE 0K G[CIHETA SCRPEE /N T k-2 MR
[i] 0 R IS T 5
7. FORG,[C]"H A~ =f %l /3 & Gy[H] do:
8. T<TUKCT-FIND-NEW(GJH]. Gy[H], K);
9. IR[F T;

HJE M R MCT AU, Bkt # sk 2
JiR. BU-MCT Bk (56 1-317 ) MEERESR Tk
wItaAk, Bk (5 4-6 17 ) R 4T k (E7E UM 45
R EAATE K-CT 451, B AAAE kek+1, 75 0Bk 4
W, Bk (5 717) #iIk kCToax, VM KCT-FIND
(G, k-1), RMEIZEHET.

5.1.3 BU-MCT 3L E Z 40

Bk 2 (55 6 17) R k-CT it i £ AL
O(| Ep [° x h) A mHE] , AMEF R ZIHFF KCT e 1K,
JIT LA ) 52 2% BE S R LR O(] By -2 3 hix Ky )

A2 SR B 1) 52 4 B ) 2 4 R W 1 T T
W —AIr e K-CT 4R, 4l 421, 5
T KCTmax IR/, B K BRI LR (A 3,
7 KCTma MK, 5380 k-CT &I 14k 2 Wk 3 1.
P, RS E A T/ NS A IR A 3 KCT
EE N R Y .

52 BAETMCTXIEXUB-MCT
52.1 UB-MCT &k

fE E— i T AR ERYSEE BU-MCT,
W TAEE M, KCT o W RESTR K, SEOZA
BWE R R, ANRE T R AT T Ak
UB-MCT. ZH L E e iE e B 5.1, i kCToax 7T
REM B RME, M 0T LA L o0 UM 45, 3R B
P H T A e KA BT 5 KC T HES L Gy
(1) 5 KB Bran(Gr) Ton , SRE WS k W tR AL A
Brax(Gp)+1, T AN BARXUR 45 A Kk {H 1L A KCT-
FIND-NEW &k, WRGERES T Ah=s, Ul
Brnax(Gp)-CT-CT £ H A5 UK 4% 47 7E , KCTrma=
Boax(Gp)+1; AW, T k=k-1, HEJHH KCT-
FIND-NEW 5.3k, HINLERES T AR,

EHE 1. G 48— k-truss #iFE—1(k-1)-core
ORRIE]

WM. 4 T N GIH— k-truss, T Hh—43h
Fe=(u, v), TS uflvas 0 k-2 AN EFE4LRRE,
o e IFETE, k-truss BT 5 8 5 /08 k-1, il 2
(k-1)-core & X. L.

&% 3. UB-MCT.

fiA: GV, E, Ey)

fith: i MCT FET

1. T«

2. core-number(Gyp); /HTHE Gy P T S I EL
3. k=max, (B(u)) +1;
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4. WHILET A7 43 H k=3do:
5. T<KCT-FIND (G, K);

6. kek-1;

7. IRA T;

XA A AT kAZ A, T LASRECRE A T
JIRE, I HAR R Brad Go)l, N3 KCTe A
il HE£ , core-number 5555 ) HLAAR I R L SCHR[13].
5.2.2 UB-MCT &4k

FRAE 5.2.1 5 1S JEAR, AN T H T
T UB-MCT kB e s ATt &, andik 3 ir
/N, UB-MCT KIARE e R ES T vaikh
ZHEGE 117). SR, i3 PE A core-number %43 fiF
TR X L D 28 M T Gy iR AT A2 0 i, 3R [T AT
SRR, IR TS R RO 1 AE S,
k (55 2-317) . # Tk, BILELSRERNEEN
MR, TR KCT-FIND &, Il k=k-1,
HEIZRES T A BBEIR, 83 k3 BRIk

(%5 4-617) . HtJ5 UB-MCT B 25 REA T.
5.2.3 UB-MCT & E A

Pk 3, BRI k-CT S5 e 246 9% O( B[ x h)
HIZ T I ], SMIG I B Z 08 R IR max,., (B(U)) X,
[ S B DR 1) 52 3% 5 7 O(|E|*° x hx e,y (B(W)) -

SN AR R R I £ B AN I, B —
A7 k-CT MR, 55 AN J7 & max,., (B(U))
1 KCT e (HZ A 220, AEWGEARBE AT, 1FI]
LI TT LAGEIE O( Eyf° xh) .

53 ETFZHAMBIN-MCTE X
5.3.1 BIN-MCT %7k A0

R EE T AR sk, S TaER
Z2M LG, KCTmax B L FBREVAT, SCRENS R —4)
FEAEIGE MCT FREBERE. AR T —F
T TAMEEEE BIN-MCT. &6, e 5.1,
et KCTmax AT REAY S R AE AR /IMEL, 4351184 max
Fl min, max ¥I4G LA max,., (B()) , min ¥4 1E 3.
RIG, # k=mint(max-min)/2 FIXL M4 G VE 251
A KCT-FIND-NEW Hikh, WREERES T H
ANz, WPLEH k-CT 7E BARSUMZ A 7E, K k
fER min Fil max /£ S8 A BIN-MCT &3k, &
M K AR max Al min /5 S50 A BIN-MCT, B
F)4E B max—min<<1 i, 1R[] max {4.

E% 4. BIN-MCT.
BWA: G(V,E.E)
it BT MCT FET
1. T,

2. core-number(Gy) ;

3. max = max,., (B(u)) +1L min=3;
4. k=BIN-Search(G, min, max);
5. 1R [A KCT-FIND(G, k);
i$#2 2. BIN-Search(G, min, max)
1. T,
2 k=min+(max-min)/2 ;
3. IFmax—min <1do:
4. 3R [A] max;
5. T <KCT-FIND-NEW(G, K);
6. IFT A% do:
7. iRl BIN-Search(G, min, k);
8. ELSE do:
9. ik  BIN-Search(G, k, max);
5.3.2 BIN-MCT &4k

Bk A B TRT - AaE KA E L BIN-MCT.
e, BIE S RES T rwntl (5 147) . 4R
Jo . BB R RS B A TR A, 3R E] KCT max
) _ERR, mE I BRRIG e 3C 5 2-3147 ). #T ok,
W BIN-Search pRERTS KCTax, TEFF 3! KCT e 5
P H KCT-FIND 3k Z 3T A MCT +EI( 5 4-547 ).

1£ BIN-Search pREH, 415 max-min<1, Nk
Ml max (% 1-4 17 ), JF H# LT RFIEE IS
f A KCT-FIND-NEW PR %Y ; SR et e h2s )
BRI A min Ak, W EOH A KA max, I
=198 A BIN-Search pR%L (%5 5-947 ) .
5.3.3 BIN-MCT 538 J it

¥k 43 K-CT TR Z % O(| B, [° xh) i1
s TR, i iz R i 2 4508 H log, max,., (B())
W, IR PR I [ 2 445 24 O(Ey[° xhxlog, max,.
(BY)) . ZEEEREEEZU TP EEN, —
& k-CT FRIERBEE], —J& KCT oy [EAHXT T
TR
54 HEZEMk

MATHEE 09 =Fh MCT FB &I kT heis
Fili, BIN-MCT 53k FZMFERIH KCT-FIND-
NEW BRI B MCT TR BRECR. (H
F, FEZ W RE R R P R AR S A TR TR
Ban, 1A RS AR 5-CT Al 6-CT it e, &
T G MR T 3-CT #1 4-CT k. mitk, A/h
WHEBRA R RS R R BAEE K-CT 1
I A AR TR R Y K-truss 18] T(Gy), 1T
NI, P 2 25 i B AR A B A IE .

EIR 2. LENNY GV, E,, E,) FIERE K,
ALV (k-CT(G)) =V (T (Gp)) -

WA T(Gp) R mBEE Bl Gy H iy k-truss + [,
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T k-CT(G)[RI B ZE R 7e Py B K e il , 20 s
JUAE, P k-CT(G) Y TH AR5 — 22 B Ti(G) 1 T
EAFE, BV(k-CT(G) V(T (Gy)) . TEEE.

MR 2 BRI, R T (G,) =9, IB4
k-CT(G)sR M7z 4E. NIk, A THRERZUNLEH MCT
T, "M S E P AESS k-truss T Tu(Gp) Y T
HEGTE M HE T T B GIV(T(G))] H 44 2 1E
Whas . BRI E, il & E Gy AT
truss 43, HENZER) k-2 (E X 3) &Kl k-2
R 1S TR B S5 Y truss (B0 E i R TR
Sy AR T k25, 1T LA S35 T, (Gy) = U=, .
RIG LIV 2 A, BU-MCT B4R 2 Al
k-2 &5 Al LI AL N B 5, id 8 BU-MCT-OPT &
. [RIEE, A]PI453] UB-MCT-OPT #1 BIN-MCT-
OPT H1k.

&% 5. BU-MCT-OPT.

MWA: GV,E,E)

Wi, BT MCT TIRIZH T

1 THIRESE;

2. Xf GyilF1T truss 43, SRil{ &g ;

3. k&3

4. T (Gp) = U™ ap,

5. T<KCT-FIND-NEW(G[V(T(Gp))], K);

6. WHILET &A% 4 do:

7. kek+1;

8. T<KCT-FIND-NEW (G[V (T, (Gp) — &)1, K)
9. T<KCT-FIND(G[V (T (Gp) + Dy 1)l k1) 5
10. &6 T;

T E AR B R B s Tk AR,
9 . HEK 9@t T 4 iR k-
K%, MBI k=5, B, 1EGIVULSa)]
A 3-CT. R 3-CT 1778, WI4kZEAE GV (UL 9)]
I 4-CT, BEEIRBEKE MCT. MK 9(b)r AT
UL ERHE N BT T4 &, ik UB-MCT- OPT
BIEAHE UB-MCT Bk e e 7 T /N F - 25 (8] h &
BEER. AN, AEREERE, BT KCTpy <
N A RERS EHEAE GIV (@ )] &8 MCT.

Kinax >

&s:(a, b) (a, d) (a, g) (a.f) (b, d)
(b,g)(5,)) @, Nd.2) (f, )
Pk, m) (k, 1) (k, ) (m, D) (1,/)
P52 (a, ¢) (b, ©) (i,.1) (i, 1)
D2 (e, /) (h, g) (d, 1) (B, D)

(a) k2655 (b) FHR e

El 9 & 4L k-FSK 5] F1 BU-MCT-OPT 553 7R il

AHESEH
I=5: &b, &, D,
k=4: & By &,
=3: & &, BBy

6 SLWERSTH

6.1 SLWIMERE

AL 00 FH B SRR B RN SRR s B 0 Rk i
770K, PGB HE k-CT T &A%
KCT-FIND ,MCT F & % L #.7% BU-MCT ,UB-MCT
1 BIN-MCT LA K H Ak 4k 55 3 BU-MCT-OPT
UB-MCT-OPT #il BIN-MCT-OPT. 75256 B Y %%
Bk 3R 85 4 F . Windows 10 %2 IR #:4F R 4%,
Intel(R) Core(TM) i7-6700HQ i CPU, 3:4ii 2.6GHz,
8G MfE, 1T ti#L. JF&F &4 JetBrains PyCharm
2017, JF &S 4 Python 3.7.
6.2 SLIGHIEE

T —HRH T 8 MBI, 4 AR SE
FrAE B, b BB 4E 45 . DBLP,
Protein. Email I Facebook. % ki 8 1fi i EL5L 4
PSRN LS, BiRESIHE B WER 1 R,

*®1 EIHEE

WML TN WELE]  MES|E|  KCTm
DBLP 20080 9342 140083 13
Protein 8341 24392 58771 10
Email 1005 16064 23544 101
Facebook 4039 88243 109053 13

(1) DBLP M M#M . W\ DBLP %4 il i
SIGMOD ., VLDB, ICDE, CIKM, EDBT., DASFAA .
KDD. ICDM. SDM. WSDM #1 PAKDD %5 11 M4k
T PP RIS 25 40 A3 42 TR PR 2 I A4 9 & R A SC
. SCENTRBAAEZ MEE , BAMEETE BN
R —AN TS, EYEE T, KR S N T
e mm D, REPIE L A Fie 3, AL
2. MR e (A% R B R TR SO
FRORRREE, 25 AR R e 0 (D0 7 A A ] A
Ve Z I, AP EE A BRI ).

(2) Protein XU/ 451 . 25 p J 9 45 ik e 2K 14 5
22 16 B M EL AR A B0 A 2R R SR XU 465 v
TS P ER IR R R 2 R A G ROk A T R
LH MG, FR A AR Z 0 A7 BOE R
AR P v 8 1 O 2 (D A O R0k BT v I i st A
A& H NS AR A B 5T 5 e R A Y
Gl R, NP A A & A e .

(3) Email BUSIZY: 20 45 S ph R o 0 1
FEMLAL B LT BB B B Y, T AR 3 Pl T IR

@ http://snap.stanford.edu/datalindex.html .
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HF, mf P 22 8 kit 20— 3, e
YERE RS, PR T 42 ERTZ—, e
B E T AT AR A P Z

(4) Facebook XM 44133, 5@ 1443 Hr Facebook #t:
ZEAE, UM TSGR P, AW P AR
L, WIZERE S e, A WA - 30 A ) i
1A e E I rp A

A B S 0 SCRR O A Sk A A, LR
I A4 i %% GTgraph(http://www.cse.psu.edu/~kxm
85/software/GTgraph) A& B #E 1 AL 2 1. & %k
PEAEGETHE BNk 2 s,

=2 ERBIESE
KB T VI HE). |E
SYN1 2x 215 1x10°
SYN2 4x2% 2x10°
SYN3 8x2%® 4x10°
SYN4 16x2%° 8x10°

6.3 HIAMBESH

AT FEIRA A SCHR UM 45 R k-CT F &
KB LAAR MCT B & B e BB 46
FE R AE TP A2 T RCR A Rk
6.3.1 k-CT FRERIEABMBEILEHE

& 10 /R T k-CT T & BH % KCT-FIND 7£
AN AE FRs AT ). X TR A
Ak (HAF N 20%xKCTmax « 40%xKCTax . 60%x
KCTmax. 80%xKCTmax LA KCTmax, FiHT KCTmax H %K
PR CT £, e X 8 fras. MIE 10 T b
HHBEE Kk (HAARKBE A, KCT-FIND B ikiisfs
A TE) R RSP, 237 J5 PR 32 B2 PR A 2 K {48 R
BURBAIYAE =M &AL A, M
TS B0 L 450 O B0 RRRAR, 4521 F I AR
B/, 5546, T Kk (EH KGR 21 AR5

KCT-FIND # ki Bus /b, X s 8Hikhne
i PRZE L.
250 DBLP —g—
Protein «« «me
200 Email oo ]

Y., Facebook = @ =:

Runtime/s

0 L
20% 40% 60% 80% 100%
K (%kCT pax)

& 10 KCT-FIND %316 AR R BE 4E i 15 i)

6.3.2 MCT FREIEBEEME

AN FEK T BU-MCT . UB-MCT Al BIN-
MCT 5.3k DL =X R LAk 7% BU-MCT-OPT ., UB-
MCT-OPT #1 BIN-MCT-OPT 7& % ¥ MCT - [&I I 455
F.NE 1@ F T LIEH, BIN-MCT %k JLT-7E
A W E SRS ha T R fe i, Hako®: UB-MCT 5
B, BATHUE RS R BU-MCT k. (A2, XHA
—ANE, 7E Email XURZ5H UB-MCT kWi 1k
JEELRT BIN-MCT Hik, JRHZE UB-MCT Bk R
A T ] T SR, SR KB 5 KCT e (EAR R 3T
UB-MCT 5 ik 2 E AR S it N Z5 o, e A i
T2k T BIN-MCT &k M 11(0) R oAbk
i AT ][RR AT AW B2 RIZE L. 558, ME 11(b)
IR AT LIE 1, LS s B T A P T
X IE AR SE, REREME T kRS E, mTL
MY HTRE & Y k-truss &SR 1B S K, A2
FEUCHD LA KU 28 48 R a5 B KRR T3k 1)
2225 ). i, BU-MCT-OPT &35 7% DBLP %4
AL RTE : BU-MCT Peir 1 M40 4%

10 - .
\ P MCT oo
| § N BIN-MCT == |
10 % ' - % §-_-._-.—_r_
) 10+ % \\\ \ \
DBLP Protein Email Facebook
(a) BARALRTIES T )
o BU-MCT-OPT ==3
UB-MCT-OPT &7
. BIN-MCT-OPT i
£ \\\ - [: -
ok = g\ A
1 t‘\ ! A N
DBLP Protein Email Facebook
(b) FEEALF BT TR A

F 11 AR ELHIEE T MCT BikiE Tt A

6.3.3 MCT FEIAMA LY B

AN FHEIPAE BU-MCT . UB-MCT L) & BIN-
MCT Bk B ek, 7E R A B SR 25, o
S BEHLR R P 3 |y | 9 20% ., 40%. 60%. 80%
1 100%ZH A HT Y XU 26, SR Ji I 7 S ] 0 2651 11
B AT ]
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T T T
_________ et
BT
. @ o
B =
E el I
= 3]
z z
BU-MCT-OPT —B— K BU-MCT-OPT —8— |
UB-MCT-OPT ** lk-- UB-MCT-OPT +++B-+
BIN-MCT-OPT @ BIN-MCT-OPT @t
0_| | I I ] 0—1 1 1 1
20% 40% 60% 80% 100% 20% 40% 60% 80% 100%
Number of edge (x|Ey[) Number of edge (x|E,|)
(a) DBLP (b) Protein
1¢° T 108 T T T
102 RF e
@ | W g O @it @ .
L+ o
E 0w . E 100
E ‘‘‘‘‘
2 2
1 BU-MCT-OPT —8— 1 BU-MCT-OPT —8— -
UB-MCT-OPT **-lk=- UB-MCT-OPT +«-le--
BIN-MCT-OPT @
, BIN-MCT-OPT @ o . . J
20% 40% 60% 80% 100% 20% 40% 60% 80% 100%
Number of edge (%|Ey|) Number of edge (%|E,|)
(c) Email (d) Facebook
K12 AR ESEESE LAY RN

& 12 45147 BU-MCT-OPT. UB-MCT-OPT i
BIN-MCT-OPT 5 1k 7E A [R] XU 2% w14 4z 17 At [a]
MG RPRTLUE 1, YR b i B b, BU-
MCT-OPT Fikisfraetht, BB o KCT max
AR /N, SR J5 B & B AN B in, BU-MCT-
OPT Bk s it G AR, I HiZ it UB-
MCT-OPT #1 BIN-MCT-OPT &7k, Y RAEh B
A 28 15 5 ki, BIN-MCT-OPT % 132 47 3
P HA PR , ii HLIZ RTk B  EO inas 1 T
RN A RN K, KRR RS, R
PR

7 43 #1 BU-MCT-OPT ,UB-MCT-OPT # BIN-
MCT-OPT B 757 T KA XU 4% L i ml i J bk | X
HURFER 2 W8 th 0 A B S a4 7

Kl 13 450 TIEA AR 4R B AR AL st T
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Cohesive subgraph mining is one of the key research
area in the field of big graph analysis. Mining cohesive
subgraphs from big graph is very helpful to discover
important areas in the graphs and has been widely used in
many fields. However, with the application scenarios of graph
models becoming more and more complex, a single graph can
no longer meet the needs of expressing complex relationships
among entities. Thus, dual network model has aroused the
extensive interests of researchers. Dual networks are
composed of concept network and physical network. The
problem of discovering cohesive subgraphs in conceptual
network, while keeping connected in physical network is very
meaningful. However, finding the existing DCS (densest in
concept graph and connected in physical graph) subgraph is
NP-hard. Even if the approximation algorithm is used, the
quality of the results is not high and the computation is
inefficient, so it cannot be extended to the calculation of big
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graphs. Also, although the recent k-CCO (k-connected core)
model solves the efficiency problem, it is not cohesive
enough.

This paper proposes the k-connected truss (k-CT)
model, which is more cohesive and allow overlapping.
Based on k-CT,the concept of maximum-connected truss
(MCT) is further proposed. Then, three algorithms based on
different strategies are proposed to find MCTs, respectively.
Experimental results verify that the proposed algorithms are
both efficient and effective.
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