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Abstract

The maximum clique problem (MCP) is a significant problem in computer science field because of
its complexity, challenging and extensive applications in data mining and other fields. This paper
first briefly introduces the maximum clique problem and its research significance, then describes
the research status of the maximum clique problem, and points out the deficiencies of the current
deterministic algorithm and heuristic algorithm to solve the maximum clique problem. An algo-
rithm for solving maximum clique based on adjacent points is presented according to the nature of
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edge connection between two nodes in the maximum clique. Based on the nature of edge connec-
tion between two nodes in the maximum clique, an algorithm for solving the maximum clique
based on adjacent points is proposed, and its correctness and integrity are demonstrated. Finally,
the algorithm is applied to the problem of finding the maximum clique containing any node.

Keywords

Maximum Clique Problem, Adjacency Point, NP Complete Problem

Copyright © 2020 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 53|

fEEIRE G = (V, BE)F, Hl(clique)fd&l G i Moea T, g4 T EIRIRAE IR A Y s 1825 1A
Eo KB SR E R G il — A EGE TR WIS I G U R 2. KR
EYME RS RASENS . FENE . HEEE. SRS, Mg TSRS, AR
ZHRH, SRS BUNTE G B A FAd 22 S NP EFZ 17 8t 55 DR 5%

E CAT SRR f K T P iy, AR SRR 7 5 e 45 RN B L AN R S B PR STk Sk
AJE R S A R U DU B 1 R 8 B2 e SR JRE 10 H ARy, A ik 2 B3R PR S i A T o
AT ORI, ANTTTORAIE T TSR N 2 R et . BARTEFIG IO M B2 b ox A, X T wl REMAREAT IR B
B UEXT LE R T A AR B 1 SRAAE I TR R BRI AN T, (BT EER I FUE 20 A A 1 ok S5 ) Sk o
RAFRES 132 B ERTT

ARSI TEHE T 4B m R B KBRS Tk S0 o VR SR Sl G i K] w9 7 3 ) 22 A SR S A i
I, BARHRGHIIT 5 3N B R TSRO BRI FCBUR: B30 5 KB AR S & AT A
A, I HEOR B PR R B — SR AR e K 14 il AR S0 B R AT S s SRS R WA T AR R mOR A
K P T P 5302 AT IR R I S e B s R R T AR STt PR 68 1 &0 e SRR B K T K 7 i S B P T 3K
BEERET KRR f)a B8 e O AR K TAE.

2. HRIK

SR AR fo K A 1) RLLE 22 T 5T ) P ] DA A R B ] R, AR, H AT B A oK A ) R — A
TR () 5095, B0 1 22 TS0k A P e — SRRk B ——fn kb 4k h nTITREI[L]. PEERIE[2] [3]. B
TR [4]155 .

B 10 3K At e R Tl PR B9 R LA b RSB SRR S R eIk o el H SR e oK A i) At
I, BIF TN SR S5 B S R RS A R S, A R RORE B 1 570 (Exact algorithm)——# 267 F 1957 4F ih
Hararv Al Ross #2Hi[5], FHJ5 1981 £, Tsouros [6]5] 35 1 46 0 il e ik 18] & 2% B R i () 1) R, 485 SRAIE
BIEAS T — @ MRCR, T ok SO T AR T4y 3w FUik, 43 3w PR W SR AR B R 1) d oK
G R TUR AR B KA, DRGSR 9 S S0 sR A B K A 1) SR B E TR B 19 B0 N AR DA K
SE Iy S SR, EAR KFEIE b e 1 vk (i () 53 4% P A R s ) ol o o

Bt 5 4o e K A o T 7 FRVR N A S RO AR e, A T ek AR DR SR At TR 2R, i R AR
oA L AR LE 0 I T T B A B0 AR SRAS AT S0 S A 1 bk, i e R SR B I Yk (7]
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WL R[] P MIZ5[9]. BLALLIR K[10]F14E R &R [11]55

H)a R URAF B g5 1 FURIEAUR, FFAEH T2 IR M OB ol LR, K RERE
AR SE A MR PRI SR IH R S F AT R 72— 2003 4E Tomita A1 Seki 25 A#2H T
MCQ H7%[12], MCQ Sy & 3k T AT s Bt ¥ 43 SRR SR A302s, LT s Yt AN A T 1 B FHYE A o,
43 S THS (R HE R G-t 4 T T e € () 45 SR . MICQ SR PR T o et 5 3, AEFR R IR AN o5 ot
G 3% T0 s AT SR HEBI AT (07, 38— R AT B L RE S SRS s /N B S 5 SR B0 8 b AR
LB GEA B B, T BT ARG 5 m s R IR AR R B 2 5 H /N 30 DK HE S O [ B 6 40 5 1A T R 31
fE—jt2). Tomita (JSLIREM, MCQ fEMERE &M T R e ik, mEET MCQ ik
MO H ) MCR SBE[131B#E— B3R F+ 7 59k RE, #IH Carraghan 1 Pardalos $2 H IE LI F1E
VIR TS HEFI T . 2007 4 Kone 1 Janezic #E4E T MCQ HvERIIEAMELS, 7ET A MHESIIR T FdkeT T
i [14]. #YE MCQ. MCR 5% 8BS, Tomita S5 A AW 7E 3 78 2010 SEF&H T S hn@ &4 MCS 5iZ:
[15]. MCS #y55| N T RE-NUMBER F2/7, Xf#Br O i T s 04T BB 2%, DAk — 30k 43 32 T A
g . 2013 4 Li 1 Fang 2542 H T IncMaxCLQ H, 5IN T HE AR Atk b F i e vl o) &2 42 fF b 754
J7i%[16]. 2015 4 Segunda 2% MaxSAT #EHE 1) DA AR 3 BBMC Hikrh, $2H T i1 BBMCX Hik
[17]. 5 Li & A fI7E MaxCLQ 8 F () MaxSAT #EHA R, BBMCX 54 MaxSAT HEF R 4 | 2 =
MBS, Segunda FHEIE FH MaxSAT HEHEIRTGI E AR EHF . SLIR\ES T W ES
FLH) BBMCX ik, 1R ZM A/ NFIATES 8] b HE H T & BBMC HikA T d—2 iyt

3. mAE IR E TR R iER KEE X
3.1. AR RIER

SELMEG=(V,E), K VAT A ERUEH UV, FIHMEEFHAN T AuveUH (uv)eE,
MFR U 2 G 5T,

TR N — T8, HRELSHTENNEETE, WR—AFIA AT M #8745,
WFRZFAR K E . — AN B S s 2 RO A RR i B K

ARSI T AR UK AR B OC H I R, T AR A DL X 0 A u F v Z AV AR,
MUV BRI R R LR SCEROK I BT R A5 R R

Table 1. Symbolic representation required for maximum clique problem
# 1. RAXBEEMEFSRR

GiRe) P
G G5 8 TSR A 1 (— SR TE ) TR AL )
\% G I misE
E G LS
C Kl G i
N(v) TRV AR AR
IN(V) N(v) 5 A & f A0 AR A 4
Maximal-Clique[v] AET A v KL S
Maximal-Clique[k] B G 8 k M KBS, Kk ERETEER AL
Maximum-Clique(G) G i KRS S
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3.2. BT MHERKRBRAFAREEAEADE

FH f R A T, AR e R B A T v, WU A v AR S AT RE S T A v R R R K
Hl, AR o Ay DA HIX A — NS v TR S A S N(v):{vi,~--,vj} 1<i<n, nKNEGH
(7T R0 N AT BT T P AU IRV AE T ARE , B A5 A v I e R 2H i) P 8 7E A 15
RV IR B

BT d K BN AR 31T R TR S5 TR i, 0 AT G o A s — A 110 4T84 B v 4k 38 FG A 2 ke K 41 )
ETULE, 3BT MR TR AU AR, WA 1R,
Sk 1 BT AR RUR A ROK A
#N: LK G=(V, E).
fri: Maximum-Clique(G): B G T K.
Ap g Maximal-Clique[k]: B G F1& k N AR KBS, SR RE A7 A il &8 2K
Cils IR

‘/u/l:gﬁgé:

1. 0P FH AR HHE BT ) G o 4 5 s B AT A7

2. B v AR AR S N(v) T & Ul 4R Cy, IS Maximal-CliquelK] = Cy (k = 2).

3. F7 N(vi) 5 H P &7 AR AR ISR IN(vi) # @, JUPRE INQv) N #4715 RV XL Cy 2 A 4LRR Co,
i Maximal-Clique[K] = C, (k = 3), FFMHER IR Je /M) Maximal-Clique[2] »

4. EEDIE 3, HBAE IN(V) = 0.

5. IR Maximum-Clique(G) = Maximal-Clique[K] .

3.3. BERH
K LT SR BRI R B, 0 1T DB 1. 2 (At

Figure 1. Solving undirected graph required

Bl 1. kg xLEE

RIEFE, F30& MR, SN 752 AR K B W R Brs

C:={(, 2), 1 3), (2 3), (2,12), (3, 4), (3,9), (3, 11), (3, 12), (4, 5), (4, 6), (4, 7), (5, 6), (5, 7), (5, 8), (6,
7), (7, 8), (8, 9), (8, 10), (9, 10), (9, 12)}.

UG, HIRTAL R S T Maximal-Clique[K] %% vi i N(vi) 12 S AEFE RSB, B AEAE NN 24 i AR ok
11525 K 1) Maximal-Clique[k], 55 7K A45 B4 2 Fion:
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Figure 2. Maximum clique with 3 nodes
2. B 3NN RHRAH

H=UGE A, R K Maximal-Clique[3]H1#% 5 £UHY N(vi) T -4k 52 5E, 7532114 3 Bkl

Figure 3. Maximum clique with 4 nodes

E 3. 8% 4 M T RiRAHR

BER 5 B BRI 2 1 AU, DTSR I R
4. BERIERMEFSTE

FEIERMER R SORBIVE R E e R WK H, H4REPaSHT S e RE . Hikx
VI RSO S BLE T S BUR 2 IR AR 1 — AN, SR FTR 45 b — e B8 B 1T SR 2 1k
KH.

I 1 M ERER—AE, FEPTRM AR E R A .

ER 1) W TEER K G, id— s A3 2145 R K Maximal-Clique[2], A 945 R I35
£ EMEETE G A4, JEh 45 R E Maximal-Clique #84H] .

2) 1B G 14 R Kl Maximal-Clique 4y 1, HR445 509%: /5 8238 5 Maximal-Clique[K]H 77 sl /2
K G iy A, I H Maximal-Clique[k]— & ~5e 47 H.

CEAAEI 1)R 2), ARAEECFIAGNERT IR H——X TAER A — AN B, BT AR AR 45 R
Fzi

I 2 MTAERM—ANE, BT RI0 B ROC ] B — e 85 BTl iR .

IERAE SR G SRR A v (B SAT )R N (&5 AR ). T v, ESIEIFS
N 3 7% L300 77 5 9 R ASRAS A0 A, P A SAEAE B RAT R AR R . X T N(v), &9 i
AR AR B R A AR 2, R PR S AR A S R R

FHCAUEH, EE G P AEAEAN AR A BIR T A, AR, 15 IR B — AR
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SEAh, AR5 B R a] AR BB 5 AR i RE RS TR RIORRE . B, X TR —
AL EREEZ SRR, BUEU, SPREAGEMRRE]L T H RS 1A R

SIEE 3 KRR AR T & 1 R 21— AN T4

UEBA AR B2 i B AT S rU S A IOAE, BARAEM — DRI, TR BIN R &A1 4
2 M5E e T B B EORTRIES AT Y w80 2 AR e oK

REER 4 F T A0 RORAF 5 OK A R T 9252 IR A o

UE B £ LSRR B S TR A SCHR ) S0 AR AR AR RO E A 1, e R RIS R —E 2l e
MRAE S Do AR v g, RS R—E R E], BEEIrA RoR R . B a ml BLIER] & A 5 R
Z IR Bt A2 f R o It T DAIE W 5503 IE A 1

REFR 5 AT RORAF SO ] A e 3 11

UEBIAR I SVE D YR 3 KoL YR 4, gk it Dy 24 iy 28 AR R 11 s F) &0 132 )R AR B L R] &4 5
TR 3 TR 4042 s I N SRR T oo 2 RS BRI AR FAT, 0 R 0 5 P P A 4 o 1 [T 32 mT AR X6F I £
TR, R SR A SRR E, SRR ROK 2 e R .

5 RESFEETRHNEXH

H5RZRFERBEIEMLL, AREIVERRE SRR T sUZ W A0 H s Bl R, i3]
A, HAS AR —MORE], B PSR IR S .

WE R — D R AF BRI AT ISR R R, L BRAT AT DA SR A6 AT 2 A T AU R K A B
H o N EART 071 5 AR S0 X 5 SR TETF R sl i e AR — AN & i e L Maximal-Cligue[v]
FAREAET RV IRCKH, BAPIRINT.

1) BEEE TS v ATEEEER N(v);

2) 3R v ABHEEER M & T R ATHEER N(vi)s

3) v 5H N(v) %15 2541 i Maximal-Clique[v-2];

4) HIWIN(V)AN(V; ) = D RAERAL, 45 LSS T U3 3] Maximal-Cligue[v-3]:

5) HE HHEFIN(V)AN(v,)=D;

6) S A0 75T A5 A R 2 RO [T BV BT S SR 0, 5 4 1T R v 1K

DA 1 00, 4508 SRAREL 799 10 5 IR B AR a0 T

1) 7505 MARHEEER N(B) = {4, 6,7, 8}

2) 5% N@)={3,5,6,7}, N(6)={5,6,7}, N(7)={4,5,6,8}, N(8)={5,7,9,10};

3) AFE T A 5 i Maximal-Clique[5-2] = {(5, 4), (5, 6), (5, 7), (5, 8)}:

4) N(5)NN(4) = {6, 7}, N(5)NN(6) = {4, 7}, N(5)NN(7) = {4, 6,8}, N(5)NN(8) = {7}. KA
TR R 1) Maximal-Clique[5-2]43 23T 1) Maximal-Clique[5-3], 41/l 4 fi7s.

° o o o o
e« © o o o004 °

Figure 4. 3-Maximal-clique with node 5

4. A& 558 3-thKH

5) IR ARMGIH MRS RS MEKH, 458K 5,
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Figure 5. Maximum clique containing node 5
E 5 85T a5MeRXE

6. BEEFAREI(E

AR e K VAT P P PR T s (B A SO IR B, SR T — FoR A K TR i, IR 5%

N2 P BSR MPEALE AE YT R B R K IR AR v o TR 20 B ARG AE A ST At B, R ORIBE AT F 14 i) R
ATk Ve P D TR AL, g SRR B KT i) RS FH SR BRI 4230 25 B = v

EHEWmHE

CHEEHE TR W AESTH, BH%S: 2019J0008; 2020J0002. =FARHS TR LW H, Ui

H%i'5: 202001BB050063.
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