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Maximum Degree Vertex-Based Algorithm for Maximum
Clique Problem
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Abstract

In this paper, I propose a linear time algorithm devised to produce exact solution to NP-complete
maximum clique problem. The proposed algorithm firstly, from a given graph G=(V,E), sets vertex v; of

the maximum degree A(G) as clique's major vertex. It then selects vertex v; of A(G) among vertices
Ng(v;) that are adjacent to v;, only to determine N (v;) NN, (v;)as candidate cliques w and v;. Next it
obtains w=wNN(v,)by sorting d.(v,) in the descending order. Lastly, the algorithm executes the same

procedure on G\w graph to compare newly attained cliques to previously attained cliques so as to
choose the lower. With this simple method, multiple independent cliques would also be attainable. When

applied to various regular and irregular graphs, the algorithm proposed in this paper has obtained exact
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solutions to all the given graphs linear time O(n).
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o2 TR (polynomial time)© & &3t 3 (exact
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Fig. 1. Maximum clique
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Hol 29 w(@) =kE THARICE Ze due]Fe] EA4)3)
A ot Karpe] 2170 NP-¢d #AIE & U= £/
ATH1]-(3).

NP-¢Hd 2AlE &4 a8 Aoz 22 5 e &
ze|Fe] A YA ot F5o] K14 €ae]F (genetic
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algorithm, EA) 53 22 vlel&2l2~8 (metaheuristic)
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while v, ={¢} do
v, 2l dg(v,) HRRESZ HE ME
wewN Ng(vy), vewn Nglv,)
end while
if |w| <2 then 28 & o|Ex|, Y12|F B=
else if |w|>2 then perform PostProcessing.

G, (V,E) = G \w
(PostProcessing): 2t 28| = 4Z /* 8AlzE O(n) ¥/
while dg(v;) < w do
if  dg(v;) = w then perform MainProcessing
else if dg(v;) <w then ¥12|IE B2,
if  Jw(G)|= |w(Gi-))]| then w(@G,) XM
/*sd 22 £ ¥ ozt Aoy 22E ¥ Y/
G(V.E)= G_\w
end while

O8 2. z[ciRls A 7|8 2oe|E
Fig. 2. Maximum degree vertex—based algorithm
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Fig. 3. Result of MDVA

1. ¢, J22#=2| MDVA M2 oy
Table 1. MDVA steps for G, graph

PreProcessing: G— G, 11,2,3,4,5,6} — {1,2,3,4,5,6}
MainProcessing: G\— G,

v; Nelv;) v; Ng(v_,) Ne(v)n N(;(v‘)

{6} | {1,2,3,4,5,6} f& {2,3,4,5,6} {2,3,4,5,6}

v dg(vy,) wN Ng(v,)

{4} 3 {2,3,4,5,6}N1{3,4,5,6}=(3,4,5,6}

{6} 3 {3,4,5,6}N1{3,4,5,6}=1{3,4,5,6}

{2} 2 {3,4,5,6)N{3,4,5,6}={3,4,5,6}
w(G)=4=1{3,4,5,6}

PostProcessing: Gy = G\ {3,4.5.6}= {1,2}
A1) =1 d(1)=1<4
de(2)=1 de(2)=1<4

=

gl

kel

i
Op

E 2. G, 17H=2 MDVA Mg oty
Table 2. MDVA steps for G, graph

PreProcessing: G— G,
{A,B,C,D,E,F.GH,I.J} — {B,CD,EFGH,IJ}
MainProcessing: G,— G,

v; Nelv;) v; Ng(v))

Nev,) N Ng(v))

{B} {B,C.D,E,F,J} {B,C,E,F,J}

W | BOEFGHY | P BCERLI T e

v, dglv) | wN Ngv,)

{C} 3 {B,C.E,F.JIn{B,C,F,J} ={B,C,F,J}

{J} 3 {B,C,F,J}n{B,C,F,J}={B,C,F,J}
w(G@)=4={B,C,F,J}

PostProcessing: Gy = G\AB.C.F,J}={A,D,E,G.H,1I}

do(4) =1 -
o) e
g;((g; ié dolE) =4 =4 {EHE;E El
e (B.CF 2 gt 2
A1) =2

(8],(18)-(22]

(a) G5 graph  (b) G, graph

(¢) @, graph



Hd 29 A A AdiAe B3 7 SaEls 231

5 G
6 Vi3 8

(d) Gy graph  (e) G, graph
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G, 2YZ= Dharwadker(21)9} Xul[22)o14 145
T =Z2 45070 FAH 17,827 Moz P glo
o, 29 $E 3002 4 289 27 w(c) =159 G,
Tz ARME gaEEe A4 A 1Y 6% 22 4
= IgE& AA (1,15),(16,30),(31,45),,(436, 450)<]
3070 282 =5 Zopd 4 vt

o

(MainProcessing)
Rank: {v,v,} Z2t d(89)=123,d,(83) =122

cliqgue = (76,90)

AR

T2 5. MDVA &% Z1}
Fig. 5. Experimental result of MDVA

v, = 89,N,(89) =
{16,17,18,20,21,22,23,25,27,28,29,30,33,34,37,43,44,62,67,
69,74,76,77,78,79,80,81,82,83,84,85,86,87,88,89,90,92,94,
100,123,125,128,129,130,135,153,155,156,157,160, 165,168
,173,175,176,202,205,209,210,231,234,237,238,241,245,24
7,248,249,251,252,257,264,269,272,275,276,278,279,280,2
83,284,288,294,295,301,302,303,306,307,309,310,313,314,
318,320,322,325,329,336,337,338,342,345,361,363,364,365
,366,368,371,374,375,391,393,396,397,399,401,404,409,41
1,415,416}
v; = 83,N(;<83) =
{18,19,20,21,24,25,28,29,30,32,34,36,37,3
45,63,64,65,67,69,72,74,76,77,78,79,80,8
87,88,89,90,91,92,93,94,97,98,99,103,
,130,132,133,134,151,155,159,161,1
3,234,242,244,246,247,249,250,251,
88,291,296,298,299,300,302,306,307, ,
325,329,331,332,334,335,336,342,362,364,365,366,367,371
,372,392,402,405,406,409,410,411,412,413,414,418}
w = N(:(7’i> n Nc('v]) =
{18,20,21,25,28,29,30,34,36,37,43,44,45,6

69,74,76,77,78,79,80,81,82,83,84,85,86,87,88,89,90,92,
,94,123,125,130,155,173,210,234,247,249,251,264,2
, ,288,302,306,307,313,314,318,322,325,329,336.

,365,366,371,409,411}

85

,d(78)

d =37,d(84) = 36,
4,d-(81) = 32.d
2

+(82) = 32,

,21,29,30,
84,85,86,87,88,
5,365,409,411}
w=wNvy =
{18,20,21,29,30,34,36,45,69,74,76,77,78,79,80,81,82,83,
84,85,86,87,88,89,90,130,173,234,249,302,306,307,322,32
5,365,409,411}

vy, = 80, N5(80) =
{20,28,29,36,37,43,44,45,74,76,77,78,79,80,81,82,83,84,85
,86,87,88,89,90,123,130,249,251,306,307,325,329,342,365,
366,409,411}

w=wNv, =
{20,29,36,45,74,76,77,78,79,80,81,82,83,84,85,86,87,88,8
9,90, 130,249,306,307,325,365,409,411!}

vy = T8, Ng(78) =
{18,20,21,25,28,30,36,37,43,44,45,76,77,78,79,80,81,82,83
,84,86,86,87,88,89,90,130,155,210,247,251,264,302,307,31
3,325,366}

w=wNvg=
{20,36,45,76,77,78,79,80,81,82,83,84,85,86,87,88,89,90,
130,307,325}

vy = 84, Ng(84) =
{21,25,36,74,76,77,78,79,80,81,82,83,84,85,86,87,88,89,90
,92,94,123,125,234,247,249,264,302,307,322,336,342,365,
366,409,411}
w=wNv,={36,76,77,78,79,80,81,82,83,84,
85,86,87,88,89,90,307}




U5 = 86, N, (36) =
{20,21,28,29,36,37,43,44,45,76,77,78,79,80,81,82,83,84,85
,86,87,88, 89 90,92,93,123,125,130,234,247,302,313,336,365}
w=wN v {36,76,77,78,79,80,81,82,
83,84,85, 86<87>88 89,90}

Ui =

{18,28, 29 30,34,36,37,43,74,76,77,78,79,80,81,82,83,84,85
,86,87,88, 89 90,92,173,210,251.306,314,336,365,37 1,409}
w—wﬂv {@,76,77,78,79,80,81,
82,83,84, 85 86,87,88,89,90}

v = 81, N (81) =
{18,21,29,30,34,37,43,45,67,74,76,77,78,79,80,81,82,83,84
,85,86,87,88,89,90,123,234,251,306,313,318,411}
w=wNv, = {76,77,78,79,80,
81,82,83,84,85,86,87,88,89,90}

(PostProcessing)

Rank: {v;s I/} =&
d(171) = 107,d,(99) = 103,d(335) = 101,
d (()6)71()1 dC(17o)f 100

cliqgue = (166,180)
v; =171, N4(171) =
{31,33,35,37,40,43,44,47,48,62,58,92,93,95,97,101,113,
114,116,118,120,121,124,132,140,146,148,151,153,155,159
,160,161,162,163,166,167,168,169,170,171,172,173,174,17
5,176,177,178,179,180,181,184,185,186,188,189,190,197,1
93,194,198,200,201,203,207,209,210,226,227,233,235,237,
240,245,246,249,251,252,253,258,259,260, 263,264, 265,266
,267,268,270,275,278,281,283,285,351,352,360,376,382,38
8,390,408,400,411,414,415,439}
v;= 175, NG(17J) =
{33,34,36,38,39,40,41,42,45,50,66,92,110,111,114,120
124.126,128,135,136,146,147,149.150,164,162,166,167,168

170,171,172,173,174,175,176,177,178,179,180,186,18

169,

9,192,193,194,195,197,199,200,201,205,227,229,239,240,2
44.2477,248,249, 260,251,252, 254,260,261,263,265, 266,267,
268,270,271,272.273,275,276,277,278,279,280,281,283,284
282 349,355,377,381,382,387,408,410,411,416,417,441 44

= 30,

do(177) = 29,(]0(169) = 29,{10(166) =29,d,(179) = 28,
d(176) = 26,d ;(260) = 25

vy =173, No(173) =
{40,120,146,166,167,168,
176,177,178,179,180,189,1
,278,281,285,408}

w= wl"l V=

{40 120 146 166,167,168,169,170,171,172,173,174,175,17

127871178 179, 1}80 189, 193,240,252, 260, 265,267,270,275,278

vy = 172, ]\ o(172) =

(40,92, 114 166,167,168,169,170,171,172,173,174,175,

176.177,178,179,180,186,189,240,251,252,263,265,266,267

,278,281,285}

w=wMv,y=

{40,166,167,168,169,170,171,172,173,174,175,176,177,178
, 179,180,189,240,252,265,267,278,281,285}

vy = 178, N (178) =

{146 166,167,168,169,170,171,172,173,174,175,176,17

7,178,179,180.186,189,193,194,327,249,252,263,265,266,2

67,275,283,408}

w=wNvg=

{166,167,168,169,170,171,172,173,174,175,176,177,178,17

9,180, 189,252,265,267}

vy =174, N (174) =

169,170,171,172,
93,240,252,260,

173,174,175,
265,

267,270,275

{33,40,92,120,146,

174,175,176,177,178,

,283,382, 408}

w*u'ﬂv

é16168(1)6276168 169,170,171,172,173,174,175,176,177,178,17
= 1ﬂT7

166,167,168,169,170,171,172,173,
179.180,193,249,260,265,267,268,275

v
{33,120,124,162,166,167,168,169,170,171,172,173,174,
175,176, 177 178 179 180 189 193,200,240, 251,260,263,267
268 285}

wfu'ﬂv

{166,167, 168 169,170,171,172,173,174,175,176,177,178,17
9, 180, 267}

v = 169, N;(169) =

{92,166, 167 168,169,170,171,172,173,174,175,176,177,
17 12793}1 80, 186 193 194 249 252,263,265 267 268,270,275
u—u’ﬁv

{166,167, 168 169,170,171,172,173,174,175,176,177,178,17
9, 180 267}

Vg = 166~,NG(166):

2,
8,
278

{166,167,168,169,170,171,172,173,174,175,176,177,17
8,179,180,186,193,194,201,240,249,251,252,260,265,266,2
78,285,411}
w=wN vy =

é1616588}67,168,169,170,171,172,173,174,175,176,177,178,17

02! 6. Gy, 2H=ol| CHet MDVA A3 Znt
Fig. 6. Experimental result of MDVA for G5 graph

B =Roa AR 157 2= tis) MDVAR 3t
w(G) =k} 718l 427 & & 30 vlwald AAISA
th. ZkE MDVAE 157] 43 dHolg] BFolx AF7A]
thgt vlElFE] g WP Zlol 4l HA 8 ©A
APAzte s 2L 4 JeS Bt

=
o~
Rl e

E 3. MDVAS| &5
Table 3. Performance of MDVA

_ w(@G) =k
= Zk( ) NVDVA
2 4 4
G, 4 4
2 0 0
a, 5 5
G, 4 4
G 3 3
G- 3 3
2 1 4
G, 3 3
Gy 5 5
Gl 1 4 4
Gy 5 [5)
Gl:l 6 6
Gy 9 9
Gy 15 15
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HAd 29 w(@)=kE APALE P4 ’5‘] e dn

ke dnelEe A(G) BH v AR N (y,)

o QHFR Nylw)l il
=N, (1})ﬂN (1).)7<4

9] A WA= R w=wnNiN,(v,) & AEH 0w A

o2 MCPE $&3l= A3l galge] g8l o7
, U8 tEZEAAMY 1% {L, AFE v A
AExzteo =z
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