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3. SEMIOTIC MODEL AND ISOMORPHISM PROBLEM 
 
 
Semiotic model constitute a canonical presentation of a graph. The problem of canonical 
presentation was established probably by Lazlo Babai [Babai] in 1977th. It means the presentation 
of graph in a certain form that characterizes its structure, preferably with exactness of isomorphism. 
To isomorphism problem is to design an algorithm that recognized the isomorphism of two objects. 
The graph isomorphism problem first came into prominence in 1857, when Arthur Cayley [Cayley] 
reported his research on organic isomers. We show that the graph of the semiotic model and 
isomorphism problem are closely related. 
 
 

3.1. Semiotic model as canonical form of a graph 
 
The modes of canonical presentations are proposed many. One such example is the 3-cubic-codes 
[74]. Unfortunately, it does not contain almost information on the structure. More deep, to level of 
so-called canonical mapping of the structure can be able to through the semiotic invariants. 
 
Proposition 3.1. Semiotic model SM is a canonical form of the graph with exactness up to pair 
signs, structural attributes, symmetry features (positions) and isomorphism. 
 
Example 3.1. Semiotic model of Boris Weisfeiler’s [Weisfeiler, p. 166 (a)] partially symmetric and 
strongly regular graph WEI: 
 

A:-2.8.20; B:-2.8.19; C:-2.8.18;  
D:+2.7.13; E:+2.7.14; F:+2.7.15 .  

 
|1  1| 2  2|3  3|4  4| 5| 6  6|7  7|8  8| 9  9|10 1 0|11|12|13|14 14|15|       ui     k  
20 24|12 14|1  2|9 19| 6|10 16|8 18|4  7|11 17|13 1 5|23| 3|22|21 25| 5|   i  ABCDEF   *  
| 0  F|  C  C | C  B | F  C |  C |  B  F| C  E| F  C |  E  F |  E   C |  B |  F|  F |  F   C |  F|  20 039039   1 
    0 |  C  C | B  C | C  F|  C |  F  B | E  C | C  F|  F  E |  C  E|  B |  F|  F |  C  F|  F |  24 039039   1 
     |  0  F| F  C | C  C |  B |  F  C | B  F| B  F|  E   C |  F  E |  F |  C |  F|  F   C |  E|  12 039 039   2 
          0 | C  F| C  C |  B |  C  F| F  B | F  B |  C  E|  E   F|  F |  C |  F|  C  F|  E |  14 039 039   2 
           | 0  F| F  C |  E|  F   C | F  B | F  E |  F   C |  F  C |  C |  F|  B |  C  C |  E|   1 039 039   3 
               0 | C  F|  E |  C  F| B  F| E  F |  C  F|  C  F|  C |  F|  B |  C  C |  E|   2 039 039   3 
                | 0  F|  E |  F   C | F  E | F  C |  B  F|  F   C |  F|  B |  E|  C  B |  C |   9 039 039   4 
                    0 |  E|  C  F| E  F | C  F|  F   B |  C  F|  F |  B |  E|  B  C |  C |  19 039 039   4 
                     |  0 |  C  C | B  B | B  B |  E  E |  F  F |  F |  F |  C |  F  F |  C |   6 066 066   5 
                        |  0  B | F  E | F  E |  B  E|  B  E|  B |  B |  C |  E  E |  C |  10 066 066   6 
                             0 | E  F | E  F |  E   B |  E  B |  B |  B |  C |  E  E |  C |  16 066 066   6 
                              | 0  C | F  B |  F  B |  C  C |  E|  C |  B |  C  E|  E |   8 066 066   7 
                                  0 | B  F|  B  F|  C  C |  E|  C |  B |  E  C |  E|  18 066 066   7 
                                   | 0  C |  C  C |  B  E|  C |  E|  E |  E   B |  B |   4 066 066  8  
                                       0 |  C  C |  E  B |  C |  E|  E |  B  E|  B |   7 066 066  8 
                                        |  0  B |  E  F |  C |  B |  B |  E  C |  F|  11 066 066  9  
                                             0 |  F  E |  C |  B |  B |  C  E|  F |  17 066 066  9  
                                              |  0  B |  B |  C |  E|  B  F|  B |  13 066 066 10 
                                                   0|  B |  C |  E|  F   B |  B |  15 066 066 10 
                                                    |  0 |  E|  D|  F  F |  E|  23 066 147 11 
                                                       |  0 |  E|  F  F |  D |   3 066 147 12 
                                                          |  0 |  B  B |  B |  22 093 174 13 
                                                             |  0  E|  A |  21 147 066  14  
                                                                  0 |  A |  25 147 066 14 
                                                                   |  0 |   5 255 174 15 
 
General invariants and measures (values): 
 

Symmetry |V|  |R|  K N SVV SV SRV HR SR 
Partial symmetry  25 300  15 154  15210 0.1723  120212846 2.1576  0.1290  
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Specified invariants and measures of WEI and its complement WEIC: 
 

G |E|  k N+ N -  P  Clique  Girth  DM SEV+ SE TRA BRA  
WEI 150  1 80 74 6 4 3 2 11226741 0.1310  1.000  0 

WEIC 150  1 74 80 6 4 3 2 1826145 0.1494  1.000  0 
 
Comments: 

a) From semiotic model read out that WEI and its complement WEIC are strongly regular, 
triangular, 2-distance- and 12-degree regular. 

b) On the ground of only six pair signs is the 25� 25 semiotic model of WEI decomposed by 
help u- and s-vectors to 15 vertex positions and 115 partial matrices Wki,kj. 

c) 150 “non edges” of WEI form 74 pair(–)positions, where –A form a position with two 
elements, –B form 33 positions, among these 4 with one element and 29 with two elements, 
–C form 40 positions, 4 with one, 31 with two and 5 with four elements. 

d) 150 edges of WEI form 80 pair(+)positions, where +D 2 with one element, +E 32 positions, 
among these 4 with one, 27 with two and one with four elements, and +F form 46 positions, 
6 with one and 40 with two elements. 

 
Recognition the structure in canonical form is nothing more than isomorphism detection. 
 
Consider now a rarefied transitive graph, where its vertex pairs require a deep identification. It is by 
[Graph Atlas] a “connected cubic graph Ct36” where for complete identification can be use sign 
graphs and/or product identification PIA. 
 
Example 3.2. Graph Ct36, its initial pair signs and all other structural attributes: 
 

 
A:-5.18.23; B:-4.9.10; C:-4.8.8; D:-4.7.7; E:-3.8.9 ; F: -3-3-6; G:-3.4.3; 

H:-2.3.2; 
I:+5.10.12; J:+5.12.15; K:+5.14.18. 

 
Sign graphs Ct36p= –F and Ct36p= –A 
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Initial  pair signs dnqij of Ct36, their markings p and ordering numbers n, adjustable pair signs 
dnqij

p=F by sign graph Ct36p= –F, their markings p*, ordering numbers n*  of pair positions, and 
productive pair signs eij

6 and e ij
7 of products E6 and E7, where 6 and 7 is degree of matrix E. 

 
dnq ij  p n dnq ij

p=–F p* n* e ij
6 e ij

7 
–5.10.12 A1 1 0 108 –5.18.23 -A 

 
1 

–5.8.8 A2 2 0 107 
–4.9.10 -B 2 –4.7.7 B 3 42 0 
–4.8.8 -C 3 –2.4.4 C 4 32 0 
–4.7.7 -D 4 –2.3.2 D 5 33 0 
–3.8.9 -E 5 –3.10.12 E 6 0 243 

+3.4.4 F1 7 0 191 
+5.8.10 F2 8 0 201 

 
–3.6.6 

 
-F 

 

 
6 

+3.4.4 F3 9 0 173 
–3.8.10 G1 10 0 150 
–3.6.6 G2 11 0 139 

 
–3.4.3 

 
-G 

 

 
7 

–3.4.3 G3 12 0 130 
–6.20.26 H1 13 65 0 

–4.7.7 H2 14 75 0 
 

–2.3.2 
 

-H 
 

 
8 

–2.3.2 H3 15 84 0 
+5.10.12 I 9 –3.6.6 I 16 0 239 
+5.12.15 J 10 –3.4.3 J 17 0 248 
+5.14.18 K 11 –5.8.8 K 18 0 258 

 
Frequency vector of semiotic model: 
 
-A1 -A2 -B -C -D -E -F1 -F2 -F3 -G1 -G2 -G3 -H1 -H2  -H3 I J K 

1 1 2 1 2 1 1 1 1 1 1 1 2 2 2 1 1 1 

 
Comment: The structure of Ct36 is detectable by pair signs of sign graph Ct36p= –F and/or by 
productive pair signs eij

6 and eij
7. 

 
The complete semiotic model SM of Ct36: 
 

1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16 17 1 8 19 20 21 22 23 24|  i   k  
0  K H3  E H2  I  H1 F1  B G1  D G3  C A2  D A1  B G2 H1 F3 H2 F2 H3   J|   1  1  
   0  J H3 F2 H2 F3 H1 G2  B A1  D A2  C G3  D G1  B F1 H1   I  H2  E H3 |   2  1 
      0  K H3  E H2  I  H1 F1  B G1  D G3  C A2  D A1  B G2 H1 F3 H2 F2 |   3  1 
         0  J H3 F2 H2 F3 H1 G2  B A1  D A2  C G3  D G1  B F1 H1   I  H2 |   4  1 
            0  K H3  E H2  I  H1 F1  B G1  D G3  C A2  D A1  B G2 H1 F3 |   5  1 
               0  J H3 F2 H2 F3 H1 G2  B A1  D A2  C G3  D G1  B F1 H1 |   6  1 
                  0  K H3  E H2  I  H1 F1  B G1  D G3  C A2  D A1  B G2 |   7  1 
                     0  J H3 F2 H2 F3 H1 G2  B A1  D A2  C G3  D G1  B |   8  1 
                        0  K H3  E H2  I  H1 F1  B G1  D G3  C A2  D A1 |   9  1 
                           0  J H3 F2 H2 F3 H1 G2  B A1  D A2  C G3  D |  10  1 
                              0  K H3  E H2  I  H1 F1  B G1  D G3  C A2 |  11  1 
                                 0  J H3 F2 H2 F3 H1 G2  B A1  D A2  C |  12  1 
                                    0  K H3  E H2  I  H1 F1  B G1  D G3 |  13  1 
                                       0  J H3 F2 H2 F3 H1 G2  B A1  D |  14  1 
                                          0  K H3  E H2  I  H1 F1  B G1 |  15  1 
                                             0  J H3 F2 H2 F3 H1 G2  B |  16  1 
                                                0  K H3  E H2  I  H1 F1 |  17  1 
                                                   0  J H3 F2 H2 F3 H1 |  18  1 
                                                      0  K H3  E H2  I i 19  1 
                                                         0  J H3 F2 H2 |  20  1 
                                                            0  K H3  E |  21  1 
                                                               0  J H3 |  22  1 
                                                                  0  K|  23  1 
                                                                     0 |  24  1 
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Common characteristics of Ct36 and its complement: 
 

Symmetry |V|  |R|  K N SVV SV SRV HR SR 
Polysymmetry  24 276  1 18 241 1.000  1213245 1.2308  0.4957  

 
Distinguishing invariants and measures: 
 

G |E|  k N+ N -  P Clique  Girth  DM SEV+ SE + TRA BRA  
TEV 36 1  3 15  18 2 6 5 123 0.6934  0 0 

TEVC 240  1 15 3 18  12 3 2 1210245 0.5166  1.000  0 
 
Structural comments: 

a) Graph Ct36 is polysymmetric (also transitive), 6-girth- and 3-(degree)regular, its 
complement Ct36C is 2-distance-regular, triangular and 20-(degree)regular. 

b) From 6-girth-regularity concludes bipartition, in present case parts with even- and odd-
numbered vertices. 

c) As Ct36 is bipartite, but not bi-clique, then its complement Ct36C consist of two mutually 
connected 12-cliques and is thus 12-clique-regular. These cliques correspond to parts of 
Ct36. 

d) 23x24:2 = 276 vertex pairs of Ct36 form 18 pair positions, where by 240 “non-edges” be 
formed 15 pair(–)positions, where the positions with pair signs –A1, –A2, –C, –E, –F1, –F2, 
–F3, –G1, –G2, –G3 have 12-elements, and with –B, –D, –H1, –H2, –H3 have 24 elements. 

e) 36 adjacent vertex pairs of Ct36 form three pair(+)positions, +I , +J and +K that have 12 
elements. 

f) The number N of pair positions, also position- and adjacent structures is 18, their powers 
coincide in cases Ct36 and Ct36C, but have reversed signs. 

g) Graph Ct36 and its complement Ct36C divide to 18 position-structures. Position structures 
by signs –A1, –A2, –C, –E, –F1, –F2, –F3, –G1, –G2, –G3, I, J, and K have only two pair 
signs, –A:–0.2.0 and +B:+ 1.2.1 and are bisymmetric, 2-clique-regular, and are mutually 
isomorphic. Position structures by –B, –D, –H1, –H2 and –H3 constitutes rings and circlets. 

h) 276 possible adjacent graphs aggregate to 15 adjacent super-structures and to three 
adjacent sub-structures. 

 
It has once again demonstrated the importance of semiotic model in research the graph structure. As 
well the role of position- and sign-structures in this, and importance of mutual treatment the 
structure and its complement. All the hidden sides are expressed by position- and sign structures. 
 
Conclusion 3.1. Time complexity of Structure’s recognition depends only at the number of vertex 
pairs. 
 
 

3.2. The isomorphism problem 
 
Isomorphism (Greek word �����  – same; �����  – form) constitutes a one-to-one correspondence 
between structures of objects [Schmidt][����� ]. Such a one-to-one correspondence can only exist 
between abstract, idealized objects. In mathematics we define isomorphism as a one-to-one 
mapping of one system onto another system, which preserves the structure, i.e. relations, ordering, 
topology etc., of the systems. Isomorphism is an invertible morphism, which has an opposite 
morphism, such that their product is the unity morphism. A topological isomorphism is called a 
homeomorphism. 
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Subsequently, isomorphism problem became a central problem in graph theory. According to the 
“2000 Mathematics Subject Classification” (MSC2000), isomorphism recognition together with the 
reconstruction problem, is a combinatorial phenomenon 05C60, even when graph theory itself is not 
yet classified as a separate subject! 

 
Two graphs are called isomorphic, if they differ only in the labeling of their vertices. An isomorphic 
mapping from graph GA to graph GB is an isomorphic substitution 	 : VA 
  VB, 
 

   v1      v2    …    vi   …    vn 

	 (v1)  	 (v2) … 	 (vi) … 	 (vn) 
 
Example 3.3. Are graphs GA and GB isomorphic? 
 
 3  1    3  1   
 �   �     �   �    
5    6  6    2  
�     �  ����  �     �   
            
 �   �     �   �    
 4  2    4  5   
 
A naïve algorithm for isomorphism recognition obviously exists – try all possible substitutions 
(permutations) of the rows and columns of the adjacency matrix of GB until it coincides with 
adjacency matrix of graph GA. However, this is an impossible task to perform for all practical 
purposes, since the number of permutations that one may need to check can go up to n! (n-
factorial). For example, checking 16! permutations could take up to 40 years of time on the fastest 
computers presently available. 
 

1 0 1 1 1 0 1   4 0 1 1 1 0 1   1
 4 
2 1 0 1 1 0 1   1 1 0 1 1 0 1   2
 1 
3 1 1 0 1 1 0   3 1 1 0 1 1 0   3
 3 
4 1 1 1 0 1 0   6 1 1 1 0 1 0   4
 6 
5 0 0 1 1 0 1   5 0 0 1 1 0 1   5
 5 
6 1 1 0 0 1 0   2 1 1 0 0 1 0   6
 2 

 
Graphs GA and GB turn out to be isomorphic, but transfer the rows and columns of adjacency matrix 
would want here 6! = 720 steps. 

The methods of isomorphism recognition can be divides to: a) sorting or non-sorting methods; and, 
b) methods with using local or global invariants.  

According to F. Harary [Harary], the isomorphism problem is solvable by complete system of 
global invariants (polynomials, spectra) of graphs. S. Locke [Locke] found that 3-cube-codes 
(super-long binary codes) are sometimes useful for isomorphism testing. From A. Zykov’s [Zykov] 
point of view, the isomorphism problem is solvable on the basis of a system of local invariants that 
characterize the compactness, cycles (girths), paths etc., of a graph. 

In structural aspect we take the graphs GA and GA for isomorphic, if and only if they have the same 
structure. It is solvable on the ground of recognition the equivalence of semiotic models. 
 
Semiotic Equivalence Principle (SEP). Let be formed semiotic models SMA and SMB. If the pair 
signs {� d.n.q.ij} A and {� d.n.q.ij} B coincidence and in case of each vertex position SMk 
� SM the 
frequency- {ui} A, {ui} B and position vectors {si} A, {si} B coincide also – then the semiotic models 
SA and SB (and the structures GSA and GSB) are equivalent and the graphs GA and GB are 
isomorphic. 
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Example 3.4. Semiotic models SMA and SMB of graphs GA and GB that are showed on Example 
3.3. 
 

A:-2.5.7; B:+2.3.3; C:+2.4.6; D:+2.5.8; E:+3.6.11. 
 
| 1  1  1  1 |  2  2 |       u i     s i  k  | 1  1  1  1 | 2  2 |      u i     s i  k 
|  1  2  3  4 |  5  6 |  i   ABCDE  12 .   |  1  3  4  6 |  2  5 |  i   A BCDE  12 .  
| 0  D  C  C | -A   B |  1  11210   31 1  | 0  C  D  C |  B -A |  1  11210   31 1 
     0  C  C | -A   B | 2  11210   31 1       0  C  D | -A  B|  3  11210   31 1 
        0  D |  B -A |  3  11210   31 1  ����        0  C|  B -A |  4  1 1210   31 1 
           0|  B -A |  4  11210   31 1             0| -A  B|  6  11210   31 1 
            | 0  E|  5  22001   21 2              | 0  E|  2  22001   21 2 
                 0| 6  22001   21 2                   0|  5  22001   21 2 
 
Comment: Semiotic models are equivalent, SMA �� SMB. 
 
Proposition 3.2. Structural equivalence of semiotic models, SMA �� SMB is one-to-one 
correspondence the vertex positions (��� � Vk)A� (��� � Vk)B, partial models (SMkk’)A� (SMkk’)B, pair 
positions (��� � Rn)A� (��� � Rn)B and their pair signs dnqA� dnqB. 
 
Structural equivalence no needs isomorphism recognition on the aspect of vertex substitutions. 
 
In following we look canonical presentations of the especially for isomorphism testing constructed 
two “very similar” poly-symmetric graphs. For concretization the sign matrices used Product 
Identification Algorithm PIA. 
 
Example 3.5. Poly-symmetric graphs PRAA and PRAB (designed by Ashay Dharwadker), their 
common and adjusted pair signs, semiotic models (canonical presentations) and isomorphism 
testing: 
 

  
 
Common basic pair signs of PRAA and PRAB: 
 

A:-3.8.10; B:-3.6.7; C:-2.4.4; D:-2.3.2; E:+2.4.6 ; F:+3.8.16 . 
 
Adjusted by matrix product En=5 pair signs and complete semiotic model of graph PRAA: 
 

Marking the basic pair signs  0 -A -B -C -D  E F 
Productive pair signs e5   180  125  110  165  160  80 231  233  210  

Adjusted pair signs 0 -A -B -C1  -C2  -D  E1 E2 F 
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| 1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16 17  18 19 20|  i  ABCCDEEF   k  
|  0 E2 E1 E1   F C2 C1 C1  F C2 C1 C1  D  A  B  B  D  A  B  B |  1  24422 212    1 
     0 E1 E1  C2  F C1 C1 C2  F C1 C1  A  D  B  B  A  D  B  B |  2  24422 212    1 
        0 E2 C1 C1  F C2 C1 C1  F C2  B  B  D  A  B  B  D  A |   3  24422 212    1 
           0 C1 C1 C2  F C1 C1 C2  F  B  B  A  D  B  B  A  D |  4  24422 212    1 
              0 E2 E1 E1   D  A  B  B  F C2 C1 C1  A  D  B  B |  5  24422 212    1 
                 0 E1 E1   A  D  B  B C2  F C1 C1  D  A  B  B |  6  24222 212    1 
                    0 E2  B  B  D  A C1 C1  F C2  B  B  A  D |  7  24222 212    1 
                       0  B  B  A  D C1 C1 C2  F  B  B  D  A |  8  24222 212    1 
                          0 E2 E1 E1   A  D  B  B  F C2 C1 C1 |   9  24222 212    1 
                             0 E1 E1   D  A  B  B C2  F C1 C1 |  10  24222 212    1 
                                0 E2  B  B  A  D C1 C1  F C2 | 11  24222 212    1 
                                   0  B  B  D  A C1 C1 C2  F| 12  24222 212    1 
                                      0 E2 E1 E1  C2  F C1 C1 | 13  24222 212    1 
                                         0 E1 E1   F C2 C1 C1 | 14  24222 212    1 
                                            0 E2 C1 C1 C2  F| 15  24222 212    1 
                                               0 C1 C1  F C2 | 16  24222 212    1 
                                                  0 E2 E1 E1 | 17  24222 212    1 
                                                     0 E1 E1 | 18  24222 212    1 
                                                        0 E2| 19  24222 212    1 
                                                           0| 20  24222 212    1 

 
Adjusted by matrix product En=7 pair signs and complete semiotic model of graph PRAB: 
 

Basic pair signs 0 -A -B -C -D E F 
Productive signs e7 4410  3437  3276  3277  4081  4088  4011  3010  4831  4803  4445  
Adjust. pair signs 0 -A -B1 -B2 -C1 -C2 -C3 -D E1 E2 F 

 
|1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16 17 18 19 20|  i  ABBCCCDEEF   k  
| 0 E1 E2 E1  F  C1 C2 C3  F C3 C2 C1  D B2 B1  A  D  A B1 B2 |  1  2222222 212    1 
    0 E1 E2  C3  F C1 C2 C1  F C3 C2  A  D B2 B1 B2  D  A B1 |  2  2222222 212    1 
       0 E1 C2 C3  F C1 C2 C1  F C3 B1  A  D B2 B1 B2  D  A |  3  2222222 212    1 
          0 C1 C2 C3  F C3 C2 C1  F B2 B1  A  D  A B1 B2  D |  4  2222222 212    1 
             0 E1 E2 E1   D  A B1 B2  F C1 C2 C3  A  D B2 B1 |  5  2222222 212    1 
                0 E1 E2  B2  D  A B1 C3  F C1 C2 B1  A  D B2 |  6  2222222 212    1 
                   0 E1 B1 B2  D  A C2 C3  F C1 B2 B1  A  D |  7  2222222 212    1 
                      0  A B1 B2  D C1 C2 C3  F  D B2 B1  A |  8  2222222 212    1 
                         0 E1 E2 E1   A B1 B2  D  F C3 C2 C1 |  9  2222222 212    1 
                            0 E1 E2   D  A B1 B2 C1  F C3 C2 | 10  2222222 212    1 
                               0 E1 B2  D  A B1 C2 C1  F C3 | 11  2222222 212    1 
                                  0 B1 B2  D  A C3 C2 C1  F| 12  2222222 212    1 
                                     0 E1 E2 E1  C3  F C1 C2 | 13  2222222 212    1 
                                        0 E1 E2  C2 C3  F C1 | 14  2222222 212    1 
                                           0 E1 C1 C2 C3  F| 15  2222222 212    1 
                                              0  F C1 C2 C3 | 16  2222222 212    1 
                                                 0 E1 E2 E1 | 17  2222222 212    1 
                                                    0 E1 E2 | 18  2222222 212    1 
                                                       0 E1| 19  2222222 212    1 
                                                          0| 20  2222222 212    1 

 
General and specified invariants and measures (values) of PRAA and PRAB: 
 

Symmetry |V| |R| |E| k N + K Clique Girth DM SVV SV SEV + SE + TRA BRA 
Polysymm. 20 190 50 1 3 1 4 4 3 201 1.000 101202 0.7303 0.250 0 

 
G N P SRV HR SR 

PRAA 8 8 101205402 0.8668  0.6196  
PRAB 10 10 101209 0.9936  0.5640  

 
Comments: 

a) The structures of PRAA and PRAB are non equivalent and graphs non isomorphic. 
b) Graph PRAA differ at graph PRAB by the number of pair(- )positions, but coincide by 

pair(+)symmetric properties. In case of their complements it is in contrariwise. 
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c) Both graphs are 4-clique-, 4-girth-, 3-, 2-distance- and 5-degree regular. 4-clique regularity 
expressed by existence the five 4-cliques, what are in semiotic model showy. 

d) Both graphs have three pair(+)positions E1, E2 and F with power 20. 
e) Graph PRAA has five pair(- )positions by –A, - C2, and - D with power 20 and two pair 

positions by - B and –C1 with power 40. 
f) The complement PRACA of PRAA has pair signs –A:-2.14.68, -B:-2.12.47, C:+2.10.35, 

D:+2.10.36, E:+2.11.44, F:+2.12.48 and is triangular and 14-degree regular. 
g) Graph PRAB has seven pair(- )positions with power 20. 

 
On the graphs PRAA and PRAB give interest also their position structures that are more than 2-
degee-regular. Such are position structures of PRAA by positions - B and –C1. For example, 
position structure PRAA(-B) is (+)symmetric, 5-partite and 4-girth regular, where the parts of 
PRAA(-B) correspond to 4-cliques of PRAA: I  – vertices 1,2,3,4; II  – vertices 5,6,7,8; III  – 
9,10,11,12; IV  – 13,14,15,16; V – 17,18,19,20. 
 
Conclusion 3.2. Time complexity of ascertaining the structural equivalence depends only at the 
number of vertex pairs. 
 
 

3.3. Isomorphism recognition of strongly symmetric graphs 
 
It is possible to construct such bisymmetric and strongly regular graphs that have very small pair 
graphs in case of large number of vertices. We call these strongly symmetric graphs. 
 
Constructed by M. Klin �� etshepurenko]  et al strongly symmetric graphs SIBA and SIBB with 40 
vertices have common pair signs: –A:–2.6.8 (complement has +B:+2.20.142) and +B:+2.4.6 (the 
complement has –A:–2.20.144). From pair signs conclude that SIBA and SIBA are 4-clique-, 2-
distance- and 12-degree regular. From coincidence the pair signs of SIBA and SIBB conclude the 
coincidence of the symmetry properties. 
 
As in case of strongly regular graphs the product identification PIA no works, we must use another 
methods of deep-identification.  By high identification (P1.1.1) the second degree pair signs of 
SIBA and SIBB are –Am=2=–3.18.48 and +Bm=2=+3.20.64, and anew coincide. A pair graph of third 
degree gij

m=3 no arise, it is empty � . 
 
Now must be form by help the local identification method (P1.1.2) local semiotic models SMij

m=2 
for second degree pair graphs gij

m=2 of SIBA and SIBB. For this we open in both graphs a pair graph 
gij

m=2, such that correspond to pair sign +Bm=2. 
 
Example 3.6. Pair signs the local semiotic models of second degree pair graphs gij

m=2 of SIBA and 
SIBB correspondingly: 

Pair signs of second degree pair graph gm=2
� SIBA in local semiotic model SMij
m=2

A: 
–A=–2.6.8; –B=–2.4.4; –C=–2.3.2; D=+2.4.6; E=+3.12.28; F=+3.20.46. 

Pair signs of second degree pair graph gm=2
� SIBB in local semiotic model SMij
m=2

B: 
–A=–2.6.8; –B=–2.4.4; C=+2.4.6; D=+3.12.24; E=+3.20.46. 

Comments: a) From differences of pair signs conclude non-isomorphism of second degree pair 
graphs. b) From non-isomorphism the pair graphs conclude non-isomorphism of graphs SIBA and 
SIBB. 
 
Proposition 3.3. From non-isomorphism the pair graphs gij

A and gij
B of corresponding symmetric 

graphs GA and GB conclude non-isomorphism of GA and GB. 
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For showing the differences of SIBA and SIBB we demostrate second gegree pair graphs. 
Example 3.7. The kernels of second degree pair graphs of very similar structures SIBA and SIBA: 
 

Kernel of g1-6
m=2
  SIBA: 

        � 1=i    
             
    ��� � 10 ��� � 11 ��� � 16 ��� � 23 ��� � 30 ��� � 40 ��� � 34 ��� � 35 ��� � 37 
             
             
             
    ��� � 27 ��� � 33 ��� � 36 ��� � 4 ��� � 21 ��� � 28 ��� � 9 ��� � 10 ��� � 32 
             
       � 6=j   
 

Kernel of g20-22
m=2
  SIBB: 

        � 20=i    
             
    ��� � 7 ��� � 8 ��� � 9 ��� � 15 ��� � 18 ��� � 27 ��� � 29 ��� � 39 ��� � 40 
             
       
             
    ��� � 5 ��� � 2 ��� � 32 ��� � 14 ��� � 33 ��� � 11 ��� � 25 ��� � 1 ��� � 35 
             
       � 22=j   

 
 

3.4. Outputs of two isomorphism algorithms 
 
Only few isomorphism recognition algorithms give a canonical output of processing results. 
Usually be limited laconically with phrase “isomorphic” or “not isomorphic”. We show the 
canonical output of two isomorphism algorithms. 
 
First, Dharwadker-Tevet [Dharwadker] algorithm is polynomial and based on formation of 
incomplete semiotic models, as canonical representations SA and SB. Isomorphism recognition and 
its time complexity are proved in detail. Presentations of results are exemplary designed. 
 
Example 3.8. Canonical outputs of Dharwadker-Tevet isomorphism algorithm: 
 
Canonical output of GA: 
 

Matrix A 4 5 1 2 3 7 8 6 

4 -0.1.0 -2.8.21 +2.5.7 +2.5.7 +2.5.7 +2.5.7 +2.5.7 +2.5.7 

5 -2.8.21 -0.1.0 +2.5.7 +2.5.7 +2.5.7 +2.5.7 +2.5.7 +2.5.7 

1 +2.5.7 +2.5.7 -0.1.0 -2.7.16 -2.7.16 +2.4.5 +2.4.5 +2.4.5 

2 +2.5.7 +2.5.7 -2.7.16 -0.1.0 -2.7.16 +2.4.5 +2.4.5 +2.4.5 

3 +2.5.7 +2.5.7 -2.7.16 -2.7.16 -0.1.0 +2.4.5 +2.4.5 +2.4.5 

7 +2.5.7 +2.5.7 +2.4.5 +2.4.5 +2.4.5 -0.1.0 -2.7.16 -2.7.16 

8 +2.5.7 +2.5.7 +2.4.5 +2.4.5 +2.4.5 -2.7.16 -0.1.0 -2.7.16 

6 +2.5.7 +2.5.7 +2.4.5 +2.4.5 +2.4.5 -2.7.16 -2.7.16 -0.1.0 
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Canonical output of GB: 
 

Matrix B 1 8 7 3 6 4 5 2 

1 -0.1.0 -2.8.21 +2.5.7 +2.5.7 +2.5.7 +2.5.7 +2.5.7 +2.5.7 

8 -2.8.21 -0.1.0 +2.5.7 +2.5.7 +2.5.7 +2.5.7 +2.5.7 +2.5.7 

7 +2.5.7 +2.5.7 -0.1.0 -2.7.16 -2.7.16 +2.4.5 +2.4.5 +2.4.5 

3 +2.5.7 +2.5.7 -2.7.16 -0.1.0 -2.7.16 +2.4.5 +2.4.5 +2.4.5 

6 +2.5.7 +2.5.7 -2.7.16 -2.7.16 -0.1.0 +2.4.5 +2.4.5 +2.4.5 

4 +2.5.7 +2.5.7 +2.4.5 +2.4.5 +2.4.5 -0.1.0 -2.7.16 -2.7.16 

5 +2.5.7 +2.5.7 +2.4.5 +2.4.5 +2.4.5 -2.7.16 -0.1.0 -2.7.16 

2 +2.5.7 +2.5.7 +2.4.5 +2.4.5 +2.4.5 -2.7.16 -2.7.16 -0.1.0 

 
 
Substitutions of graphs GA and GB: 
 

Graph GA Graph GB 

4 1 

5 8 

1 7 

2 3 

3 6 

7 4 

8 5 

6 2 

 
 
Graphs GA and GB are isomorphic: 
 

 
 
In this example are the semiotic models SA and SB complete, because to their decomposition be 
suffice the exactness of frequency vectors. By this algorithm are recognized also canonically hardly 
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recognizable graphs. For example, the non-isomorphism of strongly symmetric graphs SIBA and 
SIBB (see Example 3.6). 
 

* 
 
To canonical output of a graph in isomorphism algorithm of Blazej Podsiadlo �Podsiadlo� is its 
biggest value that no contain data about the graph, but enable to differentiate these, better as for 
example 3-cube-codes. It do no realized up to substitutions. To the canonical output belong the 
biggest value <the biggest value>, the number of paths <paths>, the number of automorphisms 
<automorphisms>, the real time <treal>. 
 
Examples 3.9. Some results of isomorphism algorithm, by Blazej Podsiadlo: 
 
Comment: The biggest values by Blazej Podsiadlo for isomorphism testing and their using for 
measure the isomorphism, rather the similarity of graphs. 
 
<example> <paths> <automorphisms> <treal> <the biggest value> 
 
<1A> <720> <79> <0m0.074s> 
12507790066141064298704970931787602012827179545680434511465325842835586260004765
35653120832518219913637860703695905227100 
<1B> <720> <34> <0m0.074s> 
12507790066141064298704970931787602012827179545680434511465325842835586260004765
35621219280757394118382351094747106378100 
Result: NOT Isomorphic 
It ensues on the rather great coincidence in the beginning of sums 83/121 or 68,60% similar. It is a 
performance with two vertex symmetric graphs PRAA and PRAB  (Example 3.5) that have common 
first degree pair signs and are very similar. 
 
 
<2A> <7464960> <51840> <2m57.011s> 
22225780697500964570965465780943174414148314289373329445279392422428964798469338
21042719405754577875110179721773304399585144313227788979663142023016421504216767
86803877725700271887954588059323245147959799837063854397147649717283678693799805
73103179047818966387304387830423283405591144366704227236711352393085980534919893
92714049494008725024901283676435179374075384660700164314246730083748936847275009
78533365931549076597669812253320077432965869201259728770624981891511746224042212
00 
<2B> <1244160> <51840> <4m43.816s> 
22225780697500964570965465780943174414148314289373329445279392422428964798469338
21042719320881331690050361421236510444929896774705984357922978451371481916997803
74219353382974233990523835794385357692050347712780681876020610457624122754550464
11313074785929077002108862539314258558246216122361441977447436931023241071626921
18737276609400559158153127807996209487334667099023709188011542186468673965530522
21917772479448327901335088290550331691343285639201843291261639337656323940805736
00 
Result: NOT Isomorphic. 
It ensues also on the small coincidence in the beginning of sums 88/482 or 18,25% similar. It is a 
performance with two strongly regular Klin’s  graphs SIB (Example 3.6) [Netshepurenko] that 
have common pair signs and their difference is elusory. 
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<3A> <7200> <47> <0m0.217s> 
68529550488314234072213829872632606950390825315001971666039649567375373877065894
63002605803964759814670962424580757192086313188244219551300422275403305788480722
7857230452232597583140280320 
<3B> <7200> <23> <0m0.199s> 
68529550488314234072213829872632606950390825315001971666039649567375373877065894
63002605803964759814670962424548552518226958640467373781724797655462921343320362
4911285433408634651150440448 
Result: NOT Isomorphic 
It ensues on the partial coincidence in the beginning of sums 110/188 or 58,51% similar. It is a 
performance with two bipartite Mathon’s graphs [Mathon, Table I] that have common first degree 
pair signs and are rather similar. 
 
 
<4A> <138> <135> <0m0.080s> 
49538603572805247777740094585549571942722126801483633069430609557497997929616569
5336056 
<4B> <137> <135> <0m0.086s> 
49538603572805247777740094585549571942722126801483633069430609557497997929616569
5336056 
Result: Isomorphic. 
It ensues on the complete coincidence of sums or 100% similar. It is a performance with two 
Ramsey’s graphs that have the same structure but that are labeled differently. 
 
As we see, the “length” of value depends on the vertex number and coincidence on relation the 
“lengths” of intersection and full value. In original program comparison the sums do not exist. As I 
have experience with these graphs, the results seem logical and acceptable. Naturally, their essence 
needs to research. 
 

Next chapter: 4. Semiotic modelling the reconstructions 
 
 
 


