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Algorithm Graph/somorphismCheck (G, G")
input: G = (V,E),G' = (V',E") // two finite simple connected graphs

output: true // if G is isomorphic to G’
false // else
begin
if |V| # |V'| or |E| # |E'| then
return false;
if ParenthesisCode(G)# ParenthesisCode(G') then
return false;
return true;
end of Algorithm.

function ParenthesisCode (G)

input: ¢ = (V,E) : graph // a finite simple connected graph where
// every vertex v has v.ecc:integer, v.oldcode, v.code:string,
// v.neighbors:set of all adjacent vertices of vertex v

output: GraphCode : string // parenthesis code of G

begin
1: for all vertex v € V do // using BFS on all vertices
2:  compute ecc(v) and assign it to v. ecc;
3: minecc < min{v.ecc};
vEV
4: maxecc « max{v.ecc};
veV
5: for all vertices v € V do
6: wv.code < "()";v.incode « ""; //assign empty string to v.incode
7: for i « maxecc downto minecc do
8: forall vertices v € V in which v.ecc =i do
9: v.oldcode < v.code;

10: for all vertices v € V in which v.ecc =i do
11: L « @; //empty list of string codes

12: add c to L in which v. oldcode = "(C) "; //c is inner code of v. oldcode
13: for all u € v.neighbors do

14: ifu.ecc = i then

15: add u.oldcode to L;

16: sort(L);// sort all elements of list L as lexicographically

17: S « concatenation of all elements of list L;  // S is a string
18: v.code < "("+S5+")"; // concatenate “(“ and “)” outer of S
19: for all vertices v € V in whichv.ecc =i — 1 do

20: v.oldcode « v.code;

21: for all vertices v € V in whichv.ecc =i —1do
22: L « @; //empty list of string codes

23: add c to L in which v. oldcode = "(c)"; //c is inner code of v. oldcode
24: for all u € v.neighbors do

25: ifu.ecc = i then

26: add u.oldcode to L;

27: sort(L);// sort all elements of list L as lexicographically

28: S « concatenation of elements of list L; // S is a string
29: v.code < "("+S+")"; // concatenate “(“ and “)” outer of S

30:L « @ //empty list of sting codes

31:for all verticesv € V do

32: addwv.codetoL;

33:sort(L); //sortall elements of list L as lexicographically
34:GraphCode « concatenation of all elements of list L;
35:return GraphCode;

end of function;
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Abstract

Graph Isomorphism Problem (GIP) is an open problem due to computational complexity that only its
belonging to the NP class is known, but it does not belong to P or NP-Complete. There is no
deterministic polynomial time algorithm proposed yet, therefore, the field is open for research and
ideas. The heuristic and meta heuristic approaches have been the only way to solve it. This paper
discusses ways to determine isomorphism between two finite graphs and proposes a novel heuristic
method. The proposed algorithm converts the input graph into a parenthesized string, and then
compares two generated strings instead of comparing two graphs, in order to determine isomorphic
or non-isomorphic between two given graphs. Time complexity of the proposed algorithm is O(n.e)
where n is the number of vertices of the graph and e is the number of edges of the graph and it is in
the category of canonical labelling algorithms for simple, connected and unlabeled graphs. After the
implementation of the algorithm and checking its results, it was found that with correct performance
of more than 99%, the lack of isomorphic between two non-isomorphic graphs correctly diagnosed.

Keywords: Graph Isomorphism, Polynomial Algorithm, Canonical Labelling, connected simple graph,
heuristic algorithm



