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Quick Algorithm to Find an Approximate Maximum Clique in Undirected Graph by Using
Local-limited Search Strategy
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Abstract Finding the maximum clique is a well-known NP-complete problem,and the classical algorithms of finding the maxi-
mum clique basically use the exact search strategy. Because of the complexity of the NP-complete problem, these algorithms may
only be applicable to some special small scale graphs,which are difficult to applied to the complex graphs with large scale vertices
and edges. In this paper,aiming at the problem of executing much redundant and ineffective search after finding a maximum clique
by using these classical algorithms, this paper proposed a new algorithm based on the partition & recursive and the local-limited
search strategy to find a maximum clique in an undirected graph,that is, partitioning a graph into an adjacent sub-graph and sus-
pended sub-graph,then finding recursively the maximum clique of the adjacent sub-graph and that of parts of sub-graph of the
suspended sub-graph by setting a search range control function. The experiments in a benchmark data set DIMACS show that this
algorithm can find the maximum clique in most of the experimental data,can find the approximate maximum clique in other exper-
imental data that is very close to the maximum clique,and it is much faster than these classical algorithm. Therefore,in many ca-
ses with non-precise requirements for the maximum clique. this algorithm has better application value.

Keywords Approximate maximum clique, Finding algorithm, Adjacent sub-graph,Suspended sub-graph, Local-limited search

BRI HH.2018-11-15 BB HIH.2019-05-08  ASCEIMATFHRL A3 COSID) L3 14 17 — A i Rk 55 8 .

H4 T H E R AR R4 (61877031,61462027,61562031) ; VL PG4 £ & T RHE T RI5 H (G1J170206)

This work was supported by the National Natural Science Foundation of China (61877031,61462027,61562031) and Science and Technology
Project of Jiangxi Education Departmen (GJJ170206).

WAEVEE A% A4 (zhongmaosheng@sina. com)



BB Lk LA B TR AT IR A8 AR A TG 1) IR 3T AL A A A R T SR A B vk 73

1 3l

il

A1 (Clique) & Luce %4 T #F 57 55 W 40 M 7 1 75 B 4 25
¥ (Group Structure) F1 A 7 A i 2 19 — A HE &Y, 2400
B — AT T4 1Y 5 10T O 58 & T R, % I0 8 T SR K
A s TG 1 I R — A 58 4 T EUR AR A R 1% ) R Y B R 5
ST R BRI 58 4 T R R Y TR 48 S K P (Maxi-
mal Clique) ; JC In] [ B & 45 T0 i B3 2 09 W R 2R 3% D 1 e K
Al (Maximum Clique) . {8k, [ (4 5 K A 06 8% 02 — S )k
P T A A T O o S B KA

AT T P o 2 PR M SR — A A4 NP-58 4 ) i1,
5 2 A0 WA P 1 e A i Sy BB e A, e K A i) R A 22 T K
Bk ) P AT A 6 o 3 22 0 45 A R 0 /0N T B 6 )
Hamilton P8 [A] # , Hamilton %L ) 85 , 5% BE $H 7] 8545, Bt £ K
WA T 30 %) SR R AE B RS BRI H B A R E XL . Z4F
o0, B Py AR e HOR S vk i AT T ORI TRSE, MR R F
NP-5¢ 4x ) AR B LA & vk, BA /O B ok s 3 10 T
SRR B B B PR B I A R, AU — A B
500 TR A5 .93800 453 1% B R 0. 752 3k K g 50 A~ Th
S EE DIMACS SZ58 504l p_hat500-3. clq” o 7€ Inter (R)
Core(TM) i5-4200U CPU @ 1. 60 GHz,8. 00 GB N 7F ., Win-
dows 8 MY B IREE ™ AT 1 5256 2 I L BI6E ) H A vk fE R 4
B9 MCSb1 500, Hogs 4R i Rt ik 8 T 4 479 s, 1 — % 19 58
SR HRAE $ MC F3LTT A9 2 R DS T 24 H, MC Bk 33k
MCQI™ , MCQ2™T 1 MCQ3™ ) 25 4% B 7] ) 43 51 2 29413 s,
20897s Fl 24464s, WK, A ME AT BN THA XM
HEETO0 A5 RT3 1 42 2% L Cn 38 I 46 34 J2 @ 456 7 DLGE A

T A PO ) RO 8 B b e S — A A e
) A ) ) D) A B Al 2 — > NP-5¢ 4 [a) 25, X e %) 45 3 —
AT 1 P B R P P SR L B R A Rk R R
FH 96 2 RS 1R 48 2R W L X AR B0 SR RUCR R w1 AR A
PR, SR o A 43 S 326 U R S AT G 1) R e R D A 4R ) S
B 4.3 W AR DR, T — AT 5 B ST 5
T 1a) P B3 A I TR A R ] P L R 4R B T R R A R
A 07k 10 28 TR A% 1) T LI A5 A A T 224 S K i A i A R
T B R EAT 2 A% 9 O A R, 30k T BRIk 0 R 4 e )
R TE AT AR AN A R, DT FAAIR T SR R

EF ERFER ARSI B T —F & R AE R RN E
O R R T PR SRR vk . A M A R SRR T ) [ )
G R B R A ST R Hp R A A P RS B A R L R
s il o5, SE BT L A T T A S DEOR . SEER R T K
e AE AR 43 B L 3R AT 5 K AT A8 2038 43 AN e A5 B B K AT 1Y
B LR AT AR AR A 1~2 AT AR B2 3 F e R 9 3l
F8 =i NI 2 1820 8 ) BT o s R R A [ S A
FE S K A ARG 0 2ok 1 3 e b AR SCBE vk B AR I 0 Rz
VINER

ARSCHS 2 WA T S KB ) A AT TR A 3
SN T T OG0 S BRI EEAE I s 5 4 WA T

D http://www. des. gla. ac. uk/~ pat/jchoco/clique/dimacs

BERESCHLHE 5 WA T AR MR A L SR 2

AH L Y B3
s A RS,

A
2 MXIIE

L T N zi N R o Y C T S NI B = o]
T — N HE RO R W R A B X S B AT LAY N
e B S &R B, Harary F1 Ross B IR #2 H R FA M
26 7 2XHe SR i AT 22 1l 1 5 R AT T S o S8 P O 5 LR L AR
NG AR T B/MMEAR S B R DT A i REEST o A
BRALETT B (O BRITT  max-SAT i 5071 45 A&
22 3K il S AT 1) R W S R SR L X B Bk 1 i B A B A
SO K 20 4 80 AFARAKTF IR B 5T 2 KR
BERFE LR MR KA, FEAFE R RS BER
FE RN ' =307 7 R SN = oW 7 g Yl [ Ko < W o 1
FEEFL AL AT B R B T R R, AR OR L B E IR
ATALFRH AR K L B 58 38 X TR I AT A B AR T AR K
P ] 0 0 5K Aot v LS S B4 R JR AT A B, EN R T
B K A 1) AL A SR A BF 5T 4 455 X ) T 3 Y L GA I DNA 502
MEC J5 3555 OF 8y B E 7 ik B R SRD T AL Bk
B0 A R O SRR e K P i, e 1] R 2% B SR 4R B
9, g R AN R R R B 4 AT A R e R B
A BE B IEAT A B B R R S 2o Bk 32 A7 A O i R
T,

|

3 EXE5EHE

BETLHE G=V,E), v,V EA= £ 4, 8 T
B, V={1.2,,n};E RV FILEWEK TF 0K E
BB R IS TC I B R AT R 5 e 3 R TR Y TE R R L
O Fm, MRTEEUSV, XL ER AT v .0, €
U, #4 (v; 500 € E, BRI AR U XM F B Gy & G 11958
2THE., GHZETE Gy &G WAL S H ALY Gy BT 4E
UAEEGWERTEEFE Y., G KEA R G P ir
IS B ELNA .

R 1k s S, 27 SR i de AT U b 200 S 1 R R
1, SR 5 4R T 8 B 22 0 A K AL Dy I B B R A . X AR
R 2R L AR SCOR FH 4 R 338 051 5 g, B 1B 3 0 b o R SR T
I ED R SR ¢ N i IS B 7 e 3 =B /o N 1
AILAH I E X

EX 1 EGLEWA v MASHETEE U, . ESLHE G
TR o LIS o, SR BT IO o, 800 T AN 4R
AU, ={v | (Vo) (v =0 V (5, EVA (v50,) €
E»j,

EX?2 BWGETM o, MEHETSEU, . XLNEG
FETE o WA BAENEHTE v, (o, EV—U LIRS
v A AME LG V—U] b 05— 005 A5 20 A (9 25 10
Moo (o, EUD MM TR AES U, ={v | (Vo) (u,
v)EE NV (Vo) (Jv,) (v, €U, A v, €V—U, N (v,
v,)EE},



74

Computer Science THEHLEL2:  Vol. 47,No. 1,]Jan. 2020

ENX3 G LT v, MR R TS U o R
v MABETISAE UL 5 v MEBHTULE U, Mg MU, =
U, NU,, S IE TS o B8 U, 8950 73 #8616

EX 4 EG LT o FBETE Gy & XU o,
BIAR T SE U A G LS AR F &L,

EXS5 B G ETUR v WEHETE G, & XN o,
REHETUSE U, #RA G LS HARKNTFE,

EX6 K G ETUT o MRIGDRTE Gy W LT

(b G

v BRI Y USSR U FEE G S A iy PR Al B 40 42
T Gy AT Gy WA S S Y 5 P
T o BE— 2B R IR E G, A 1) P

ME G U S 1 ARE, B G BT 1 AT % U =
{1.2,7.8,9.10}; 1 G EToi s 1 MEHTSE U ={2.3.4,

5.6.7): 8 G LT 1 MR TAE U = (2.7} G BT
BB TR Gy FMUBHET I Gy, WE 1k FE 1¢o) fF
S R T Gy TR SR (2,7 B R T

3

(b) 4 T Gy

(OBHTHE Gy

B K GBS ETE Gy AT Gy

Fig. 1 Sketch figure of an undirected graph,adjacent sub-graph and suspended sub-graph
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Table 2

Comparison of several main algorithms for maximum clique with proposed algorithm on DIMACS dataset

FindMaximumClique

H A 4 Te%k &AH MC MCO MCQl  MCSal MCSbhl  BBMC1 - - - -
for=1 f)=0.1x fx)=log,(x) fla)=sqrt(x)
brock200_1. clq 200 21 305.483 127.977 5.454 4.173 2.798 5.876 19/0.033 20/0.115 21/1.585 21/1.595
brock200_2. clq 200 12 0.188 0.094 0.016 0.032 0.032 0.031 9/0.002 12/0. 005 12/0.006 12/0.009
brock200_3. clq 200 15 2.375 1.158 0.112 0.111 0.109 0.142 13/0.002 13/0.016 14/0. 040 14/0.062
brock200_4. clq 200 17 8.516 3.938 0.439 0.423 0.361 0.579 16/0.003 16/0. 020 16/0.108 16/0. 156
c-fat200-1. clq 200 12 0 0 0 0 0 0 12/0.001 12/0.001 12/0.001 12/0. 000
c-fat200-2. clq 200 24 0 0 0 0 0 0 24/0.000 24/0.000 24/0. 000 24/0.000
c-fat200-5. clq 200 58 0.109 0.032 0 0 0 0 58/0. 000 58/0. 000 58/0. 000 58/0. 000
c-fat500-1. clq 500 14 0 0 0 0 0 0 14/0. 001 14/0. 001 14/0. 001 14/0. 000
c-fat500-10. clq 500 126 3590.0 1329.02 0.016 0.016 0.094 0.015 126/0.001 126/0.001 126/0.001 126/0.001
c-fat500-2. clq 500 26 0 0.016 0 0 0 0 26/0.002 26/0.001 26/0.001 26/0.000
c-fat500-5. clq 500 64 0.516 0.501 0.501 0 0.016 0 64/0.001 64/0.001 64/0.001 64/0. 000
hamming6-2. clq 64 32 0.218 0.078 0 0 0 0 32/0.001 32/0.001 32/0.005 32/0.016
hamming6-4. clq 64 4 0 0 0 0 0 0 4/0.000 4/0.000 4/0.000 4/0.000
hamming8-4. clgq 256 16 32.642 15.221 0.328 0.375 0.375 0.469 16/0. 005 16/0.074 16/0.128 16/0.219
johnsonl16-2-4. clq 120 8 4.594 1.579 0.251 0.297 0.312 0.734 8/0.001 8/0.003 8/0.038 8/0.032
johnson8-2-4. clq 28 4 0 0 0 0 0 0 4/0.000 4/0.000 4/0.000 4/0.000
johnson8-4-4. clq 70 14 0.078 0.031 0 0 0 0 14/0. 000 14/0. 001 14/0. 004 14/0. 000
keller4. clq 171 11 3.767 1.563 0.064 0.063 0.063 0.093 11/0.002 11/0.016 11/0.055 11/0.078
MANN_a9. clq 15 16 0.875 0.312 0 0 0 0 16/0.015 16/0.015 16/0.008 16/0.016
p_hat1000-1.clq 1000 10 6.609 3.391 1. 329 1.328 1.391 2.424 9/0.028 10/0. 236 10/0. 052 10/0. 094
p_hat300-1. clq 300 8 0.032 0.015 0.016 0 0.016 0 7/0.000 8/0.004 8/0.003 8/0.000
p_hat300-2. clq 300 25 91. 458 39.174 0.142 0.063 0.094 0.094 25/0.010 25/0.038 25/0.126 25/0.171
p_hat300-3. clq 300 36 >24h >24h 54.146 11.331 17.019 14.971 34/0. 158 34/2.417 35/48. 375 35/76. 218
p_hat500-1. clq 500 9 0.312 0.157 0.063 0.079 0.062 0.111 8/0.007 9/0.019 9/0.013 9/0.033
p_hat500-2. clq 500 36 =>24h =>24h 15.626 2.626 4.097 3.439 34/0.052 34/0.999 35/2.488 35/4.313
p_hat500-3. clq 500 50 =>24h >>24h 29413.49 1287.73 4479.86 1762.83 48/2.200 48/318.128  49/5395. 545 49/16502.7
p_hat700-1. clq 700 11 1.141 0.564 0.234 0.234 0.234 0. 344 8/0.013 9/0.068 9/0.013 9/0.046
sanr200_0. 7. clq 200 18 39.174 17.954 1. 204 1.111 0.939 1.563 17/0.004 17/0.035 18/0. 352 18/0. 454
sanr400_0. 5. clq 400 13 15.112 7.485 2.048 2.126 1.735 3.095 12/0.006 12/0.088 12/0.063 12/0.157
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