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A study about the isomorphism of a special
class of graphs

Mohamad Firas Alhalabi, Alaa Salameh

Department of Mathematics — Faculty of Science — Damascus University

Abstract

Networks are everywhere. We encounter them every day, in the
form of the internet, or the social, transport and utility networks we
depend upon .In Mathematics, a network is an example of a graph
The problem is that the same graph can appear in different guises
which prompts the question of how hard it is difficult to decide
whether two apparently different graphs are actually the same. That
question is known as the graph isomorphism problem. The graph
isomorphism problem has received a great deal of attention on both
theoretical and practical domain. the researchers have worked a lot
in this field, creating multiple algorithms, including general
algorithms that check the isomorphism of any two graph, but they
contain many problems. Some of them focused on testing
isomorphism for special categories of graphs, and we also work in
our research in this direction. In this paper, we focused on the
undirected category of graphs. We propose a new polynomial
efficient algorithm that check the isomorphism of two undirected
graph. We show a simulation of this algorithm was performed using
Matlab.

Keywords: Graph, Undirected Graph, Graph Isomorphism,
Complexity.
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& -[4] Lle 30 ge Y daadly cilaiia) Al Ail) Baaj ol (pe dullad
iy A et Ay lsall ol ailed) e LaszI6 Babai caaldl aals 2017 ale
LS cagaall i€ iy (8 Jasd 3o 4aa))lsa 218l asfin Lagaal) daxie 4ud
Gl o ) Jseagl A L 0afilaie Gagase e Ol O 1Y) Led 38l (g
o S il Aliall Al Glalliadly Caplailly aliall (e sl S
LS .2 sl 4 aall Caong Lpaal st clbLall Jila g ange Al DA
) Al ) mpmin Taal 23 85 8 sdlsay i) Gyl e o

65



Gl (e Aald 4adl Jiladl) LS Jea Al o

o muagy Jle gaje ) AlaYl oleall laaaiy ds el 4pa))lal) el
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V(H)={a,b,c,d}
E(H)={ab,ad,db,bc,cd }

Ansd) e H plall (1) s

(Directed Graph) 4agall ¢l 3.2

Acpall ABUEIL Aasall lall Saps olail aedlal Cig) gl s assall Gl
Ciped ial (e A5l z Y] e degane B ctiadl degane o V.G =(V,E)
Agasall Y  aguL

(Loop) 592 3.3

LolEaie Gllgs adall 6K v e Bgge 8 (et Wl e =(V,V) OIS 1Y)
(Multiple Edge) islaall alall 3.4
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(Simple Graph) luwwd) glal) 3.5
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saially aisal) Ol g3l sae 58 J5¥) (oaanl gpanaS Caad 3aall A of
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(Adjacency Matrix) _glaill ddgiaa 3.7
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Lgadl G=(V,E)olall jslaill dagins i LE={e),e,,...,0,} 4cdll
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e aaad LG gl Ay slan Allg cy saEall J8 P odgaiall A ddladll
Slo Janit M desandll 6 sdie JS Ui pe Y 52kl G A< g DY)
P iganidll 4l y sadall )glas de sene
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A Jal Aiee Al L)yl oda pfed VLS e Gl maaa o
AL any Wt 28l () on aaall e AlSED) o ed Altead) 3
G oY) S 1 7] Alsie Lags dael & kia>1 of s nf<t<a”
30 Il e aaell giald) ail on e Uad JSG gan Ala g danl) o)
o) aEall Can aaat ga ) o328 aal Lobilll Jilo AlSGe aidat s0e
ey Andl Caall Gan a8 Al (gAY JSLE Aipras ccliball Jila Al
ST asalin 3 NP asgio anent a0 HAT sl L legs Bl o asluY1 138
Gl gl saal) adetl) Cisia b ULl Jila ASEe aise dud)ys clasiad
Laay Liuhy Pl clibd) (e dald Gistial La50a Slia))lsa alag) Uglaa s
oS bl e dald Caghoal Baadie el aladl 1salE sl Gy
G g i el Toud 3 A el (e (sS5 Cila)ylsall oda alies
Agasdll ye Sl Bl Gyt dae) s Ll el Al iy b
da ial) dsaj,lsall 4.2
s fald) Glan 4ag ccladaall Ak Leisals bl Jla ASie 5k s
3 daa)lsd = ) andll 13 8 5L bl (e daala Ggiial Gle) A sl
o Al L Al 8 adiai dgasall e bl Bla il e K4
ok el Ja L clall sladll S8 ghias 455lie Sy bl e dagyds 258 (b
Alal agii gye Laag W oalall (8 e sy oo Gag dagiall 4 )lsal)
i Al 328l Janiyy samall 28 g2l o8 (geny (oA pladl ) Baas Baie
Lol G e S (il ol Aasiall Gy yad) L Lasdg 85 yal) (il 5 (e g e
Input: G1(V4,Eq), Go(Vo,E))
1:P=®; //G, ol de )l dgana
2:While(V,(G)>0){
/] e dsal 3 X saie s
3:determine a vertex X of a maximal degree in G;
[ M e gandll 8 aganmi X das (i gl 330 e S 2a 13)

4:if found more than a vertex equal to degree X put in M;
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5:NN=set of vertex non—neighbors of X; // X I3 sladl ;e el de sana
[] X go A8 5ikie sl Ledy X I apslaall yue el de gans
6: Q—X=set of non—-neighbors of X and have common neighbors with X;
/] Q=X e ganall dic Cilays de sane
7: T-X=set of degrees group vertexes Q-X ;
/] Q=X sie yglae cilapal SN ¢ sandll
8: R—X= sum of neighbors vertexes Q-X ;
J] Q=X die s X (s 48 il Cyglaall 2e g sene
9:W-X=sum number of common neighbors of Q-X and X;
/] P1 deidl Laaly k <lyslas
10:ad—k=set vertex neighbors of k Relative to a Py;
J] K Jyslaall siall Cilays g sena
11:gx=sum of degrees of adjacent vertex k;
12:while(INN[>0){ // X go 3584l 8)slaall siall (ya 220 5T ) A 328a)) Lo
13:max Ci=0);
14:for every vertex Z € NN { // X 5Z ;4 suiall cilyslaal) sac
15: Ci=number of common neighbors of Z and X;
16:if(C>max C){ /] X 5Z ae 3 atall 52aeY) (30 230 581 L) il 50ial) Lol
17:Y=Z;
18:max Ci=C;;}}
19:if(max Ci==0){ // X g 31l Cyslaa W NN & Sic sgagpe Jls b
20:Y=vertex of maximal degree in NN;} // N & ,SY) dajall cld el lias
2L:put Y in Py /) Py deaiall Y aua
22:find set elements ad-Y; // Y Jiualad-Y jalic dcgans alay
23:Update the set NN of non—neighbors of X;} // NN ¢y
/] Reaiall X Capas Ul Py 8 Giliad) ye siall JS)5)5lae X canpul
24:put X in Py;

71



Gl (e Aald 4adl Jiladl) LS Jea Al o

/] X 3 il ad=-X jualic degane 330
25:find set elements ad-X;}
26:write adjacency matrix for Py; // Py dgaiall il Gy jslad ddsias
27:Py=®; // Gy gl de)la dgaiia
28:While(V,(G2)>0){
29:adz-k=set neighbors of k relative to a Py; // P, dgaall dully k cilyslas
[] K d8yslanll diall s s g gana

30:M=sum of degrees of adjacent vertex k;
/Gy ) & e Al iy X st s
31:determin a vertex X' of a maximal degree in G,;

[ oblaia s bl (8 Gy lall (A& sl 5 Al X s (gsld ¥ X dapn calS 1)
32:if(degree(X') # degree(X));
33:then G; is not isomorphism G;
34: Stop;
35: else
P2l dally Lgihslae (5% s lgha Jlas N (8 aganiad X' Za)3 (udi gl 33ie (pe ST 25 13)
Ball Glay peene (gl W Bysladll diall Gilagy gsenay Pl dpaly X clyslaal 4ggbe
@b QX die Gilay poanay Q-X' (3 Sl 220 (golay Q=X 3 d8all ae X 135kl

J] QX desenall jualic lewis oo Q-X degenall jualics Q=X sie oy g sene

36:if found more than a vale max equal put in N and choose X'
considering(adz-X'=ad-x and Mx==gx and |Q-X|=|Q-X'| and W-X=W-
X" and T-X=T-X" and R-X=R-X);

[] G 2 Gy 05 Gy b edllie sl ¥ Gy b alaeY) dajall <l diall 2ae oIS 1Y)
37:if(IN|#M][) then G, is not isomorphism Gj;

stop;

116, 2 Gy 05 Py d il X clyglae (gl Py 3 dailly Wilslae N 8 30ie (5l aag o 13)
38:else if (VX'e N adz—-X'zad - X)

then G, is not isomorphism Gy;
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stop;
39:elsef
/X 1aysladl ye Sl de gana
40:MM=set vertex of non—-neighbors of X'
J] X' go A juiial) 5slaall il (e dae ST Ll ) skl lss)
41:While (IMM[>0){
42:max Ci=0;
43:for every vertex Z e MM{
/| X 5Z o aSsad) cyglad) e
44:Ci=number of common neighbors of Z and X';
eislans Lgingd (1585 X' o A8kl dial (o 5SY) a2al ) (S Camy M (g 5 ik
eihslan Glagd goene Liagly Py 340l G (8 )08l Y yslaas A (g5las Py 3 Al
granall sl QY 8 sl gl Clapal JSH gsanalls Yoyl Gila g gsaas (g5l
[[\ere A8 jidie ilyslas Leds Lajlisins Al aall 5glaall e dall l)glae sl S
45:if(Ci>max C; and adz-Z=ad-Y and degree(Y)=degree(Z') and gy=M;
and R-Y=R-Z){
46:Y'=Z";
47:max C=C;;}}
[] X' en 485000 Glpslas LI MM G die s5a5 020 Jla
48:if(max Ci=0){
&8 diad) slae lagal S g sanally MM 8 51 sl cld saiall (3685 Camy Y545
[ Q=Y" 8 aaall clyslae ilayal S ¢ ganall (g9l Q=Y
49:Y'=vertex of maximal degree in MM and R-Y=R-Y";
Gy & plsall Y clyslans dapn (g5l Py I Al Wihslaes gy 065 dumy V' l080
J]Y Shslae lays gsane glass lgislan lays gsane Lny Py 1 duaailly
50: choose Y' consider(adz-Y'=ad-Y and gy=My);
/] Go 2 Gy ool 058 ALl dadaill 8 5) €0l Lo il (3ias MM 338 aagy ol
51: VY'e MM if (adz-Y £ ad-Y or gy=My)

then G, is not isomorphism Gy;
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52:break;}
53:put Y'in Py; /] Py dgaial 3 Y' pas
54:Update the set MM of non—neighbors of X'; }// MM ic seadl Euaas
/] Agiall X' Capas Jally Py 3 ddliad)l ye siall (S0 5)5lae X' sl
55:put X' in Py;}
56:write adjacency matrix for P,; /] P2 ddwall Gy slad ddghine (S
[ Holaia st W5 (Pldia Galall G5Ss Gislaia (8 el culS 1Y)
57:if (adjacency matrix for P,=adjacency matrix for Py)
Then G, is isomorphism G,;
58:else
G; is not isomorphism G»;
Output: G, £ G, or G, = G,
Pk Lo (35 Ay )lsad) Clshad 7 dy o s
Gy(V2,Er) « Gi(V1,E ) olad) sedandll
Gy 5 G ol Bla axe ol Bl rcila il
AV sghille
SV Al @l x saie s Gy gl 8 Taw LAe )l dgate Py Ll ol
L saie e ST agay Jla 8 Ll spsladdl Sal) Cilags psane alagl sl
M de gana 3 agmaal X B28al) Ay (ud
A1) ghaille
Ball NN e U85 NN Ao ganall 3 agraaig X 1 3)glaall ye a8all alagly o8
P e i o Q) Ao ganall (B pgrimig X aa A fidka Byslae e i
Ay pgrenis X e Q (e 38 JS (g AS A Cljslaadl 22e lua =
OSls Q) (e Baie JS Cjglae Clagd paene AL S .S s gaend)
Sy s Qp (B diall Alyglae lapal S g ganal)
X ae 4S5kl Byglaall el (pe 220 ST b Al X Jysaall ye y s
A sghille
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tohy Loy i ssladll oda
P amalhy Glhglase el it &P Yy Capar m
ST altig ) sial) 38T slelie gn Py U NN o (5251 diall Capai =
P Al Siall cyglae aagi X e AS idall Bslaall Mal) (e 22e
day))l) sghadlle
Pyl X lials s Py ) leila) g o) ) il OS yglat X imanal 13
saie JS o Uuly ALl clghaall LSy jains WPy J Ll Lghslas alagls
P el (S Bl i Py ) i) o
Lowalil) sghadlle
o s Ol Q81N Py G sl g 385 Gy gl sladll Adhias (IS
LS die dgatiadl (e 28l oda ada S Al Buaa de ALl iy g
ol asagslelie pae dgatiall danally Hlall A8 gdiaal) (S5 48 hiadl)
L) 5ghadlle
tob leslele o Gy 8 oY) Al cld ' saie s Gy L) Ji
Gy ol b pliaad) X Al dpglee sS85 O s X' Aay s m
X Glslae Glags gsane Gl L Leihyslae Gl gsanae
Jia & M desane b agaai X dapd i Ll saie (ge ST a1 m
s M8 3agasall diall 2ae (ool ¥ M 8 335a0al) 28all 2o cilS
Ol e Gy 5 Gy o)
Py ) Al X' chslae 068 o ana Py () il X' lslae dags
P b sasmgall sall Lually X yglaal 4y5lse
OF cmy NN' Gegendl 8 agruzis X' slas ¥ ) diad) slagly agis
NN 2 S8l dae (gl NN d82ll 22e (6
Jum o) NN 8 sial) sy Lepling NN' 3 siall cilaya alagly st
ofsie NN' 8 (5S of camy 5 Legiags giisie NN 3 sy 13) 1)
(5 Lagin
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X e 4S5 Byslae die i Ally X T 5)laall pe Sl alagly agis ®
(Q) e ganall b agaiaig
asii .Q=Qy 05 of gy Qp 8 sl ae pe Q) A diall s ()lE5 @
Ay aerants X ae Qp (e 33 IS (n ASHA) Mall e les,
S'1=S; s O e .S s gsandl
IS oyl JSH g gendll S5 Qp (g bdie S sl il ggene 3l
saic (gl aag al 13 .8,=8") s o) g S s Qp b kel 55lal) ial)
ol e bl (06 LIS AR Ja gyl (BiaS B (L)
daglud) 3ghaille
A juiiall 3yslaall diall (e dae ST ellig ally X' 3 syslaal) e Y saiall 2k
b b e X aa
2 sshal) 8 laslay) &5 A Y el Ay i Y s o
Y hslae Gilaa gsane uii Ll Y Cislae Cilayd poana s Gl
Nay lgme Aty ¥ dgpslaall e dall Cilslae Gilags poene o5 o)
ae diidis Y slad ¥ (Al dall Gilyslae Gilays gsanal (glie B)5laa
OsS o Py ) Al Y Glslae dag @iy day gyglaa diay
Bagasall aiall daually Y ilglae Jilal 45bise Py () 4l Y lglaa
A sshasll 8 Walay) 5 Al Py b
ofilis 52 Gy s Gy (055 Gy A Al Loy pall (36a3 50 d5mg e Jla A
L33 3ghaille
slele ae asag dla A NN' 3 Siall Caumi 3Py Y Cipai 35ladll 030 b
yall s38al) ol Py ) Cailly Lty daglad) sshasll 8 5yl Aay)¥) Jag
P AN dilad saiall g Py b1 AN ) gl leids
dalil) ghaille
cald) 3eladll agaig Py Y Lgdmis Led5ias «Gy die IS0 3y5lae X' 3l a1
Py Y \gilals Gy gl e IS Ja) sy (i dannll) ) sl e lglad]) ) 5
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5,ilad) 5ghadlle

Gy J slaill ddsiins ciilS 13 WPy (8 sial) (i (385 Gy 1 slaill A8 ghian (IS
Wghiae il 1Y Wbl gilall 05 Gy plall slail) ddghian (g5l
Oilaie g bl 058y Gfigldia e bl il

(2)idaadte

adall (e gl 328l H5lad ¥ Leaie L1 a8y Jad) (e Agaial) 3 aBel) gy fa
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