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Conclusion 
 

The ten conditions of semiotic modelling of the graphs 
 
1. Structure is the attribute of characterizing the relationships or organizing of elements of the discrete 
object. Structure GS is presentable as a graph G. A one-to-one correspondence of graphs G that retain the 
structure GS is isomorphism. Isomorphic graphs have the same structure GS, {G1 … Gq} GS. 
 
About the structure can write the voluminous volumes, on the other hand, the meaning of structure is 
devalued to some kind of vague adjective. In fact, the structure is precisely definable and here presented is 
a concise summary of the many definitions. Associating the structure and graphs is for some unusual, but, 
for example, the structure of an institution or chemical compound should be clearly imagined.  
 
2. Semiotics. Structure GS is something qualitative that only with the known graph-theoretical tools do 
not recognizable. The structure as such is investigated by help semiotics of structure.  
 
The meaning of the structure is mathematically undefined. They talk about the mathematical, algebraic 
and other structures, but the structure itself is not defined. On the structure, as such, are not interested and 
speak only about the specific problem- or object-oriented structures. For studying of the structure is 
necessary to "fall" or "rise up" to the level of semiotics. 
 
3. Binary relation. It is confirmed that the recognition of structure reduces to the deep identification of 
binary relations rij between its elements with exactness up to binary orbits Rn of vertex pairs of the 
group AutG. The binary relations rij are identified with specific binary invariants, that we to binary signs 
call, among these the corresponding elements of products of the adjacency matrices En. 
 
It is important initial condition, on which is based all the activity of structural research. The deep 
identification of binary relations can be seen as a “way of data mining”, or a “mode of structural 
arithmetic”. It can be for some like or not, but the important thing is that it works. 
 
4. Model of structure SM is an ordered system of binary signs what recognizes the structure with 
exactness up to binary orbits and isomorphism.  
 
5. Position. Structure model SM is decomposed with exactness up to the orbits of elements Vk and 
binaries Rn. Orbit  of AutG constitutes an equivalence class, which here should be called to position. 
 
The orbits of AutG and positions of the structure model SM coincide. The number of positions and their 
sizes determine the symmetry properties of the structure and allow classify these. The smaller number of 
positions, and the more their size, the structure is more symmetrical. Pairs of vertices belonging to a 
binary position Rn form the position’s structure. 
 
6. Structural equivalence GSA  GSB and isomorphism of graphs GA  GB : 
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Explanations: 
a) Different graphs GA and GB have equivalent structure models SMA  SMB! This means that the 

graphs are isomorphic GA  GB and structures are equivalent and the. 
b) The element pairs are divided to five binary positions Rn, wherein the adjacent elements or 

“edges” to three binary(+)positions (full line, a dotted, dashed-line) that coincides with binary 
signs C, D, E correspondingly. The structural elements are divided to three positions Vk. 

c) The column ui of model consists of the frequency vectors, which for the element i show its 
relations with other elements. On the basis of vectors ui are arranged the positions Vk in model. 

d) The column si of model consists of the position vectors that represent the connections of element i 
with elements in corresponding positions k. If on the framework of frequency vectors arises 
differences of position vectors, then by latest obtained a complementary partition into positions. 

 
For recognition the equivalence of structural models A and B and isomorphism is sufficient to satisfy the 
three conditions: 1) coincidence the sequences of binary signs {d.n.q.ij}A and {d.n.q.ij}B; 2) coincidence 
of the frequency vectors {ui}A and {ui}B; 3) coincidence the position vectors {si}A ja {si}B.  
 
7. Adjacent structure. With disjunctive removing {G\e1G\e2…G\eq}n, or adding 
{Ge1Ge2…Geq,}n, a connection in the framework of a binary position Rn obtained largest sub-
graphs {G\e1G\e2…G\eq,}n, or smallest supergraphs {Ge1Ge2…Geq,}n, are isomorphic and 
constitute adjacent-substructures GSsub

n or adjacent-superstructures GSsup
n correspondingly. 

 
It is an essential lawfulness that already in 1973 had published a modest but has been ignored for decades. 
The reason for this is probably that orbit, i.e. the position in structural terms, is considered to be so 
specific attribute of the group theory, that them are few who deign to link these to the graphs. Binary 
positions as such no one has previously observed. 
 
8 Morphism. Disjunctive operation Fn= {(eij)1…(eij)q}n in the framework of binary position Rn that 
changes the structure GS to its adjacent structure GSadj

n, called morphism Fn, Fn: GSGSadj
n. Morphism 

is reversible Frev
n: each adjacent structure GSadj

n has a reverse position Rrev
n, where corresponding 

morphism reconstruct Frev
n (restore) the initial structure, Frev

n: GSadj
nGS. 

 
The existence of a morphism ensues directly from the existence of adjacent structures. Binary positions 
Rn of the structure GS are on the aspect of its adjacent structures GSadj

n all reverse positions Rrev
n. 

 
9. Factorability (decomposability) and reconstructing (restorability). If morphisms Fn: GSGSadj

n 
disjunctively F1…Fn…FN are applied to the binary orbits  R1,…,Rn,…,RN, of the structure GS, 
then is structure GS factorized (decomposed) to its adjacent structures GSadj

1,…,GSadj
n,…,GSadj

N. The 
reversibility of the morphism ensures the reconstructing on the base of its adjacent structures (which does 
not mean that obligatory on the same binary operations).  
 
About the problem of recoverability matters should emphasize that it takes place on the base of reverse 
binary position Rrev

n, i.e. on the base of an arbitrary operation in this position. For many decades the 
attempts of proving the restoration on the base the wording of Ulam’s Conjecture were unsuccessful and it 
is proved only for some types of graphs – there not general solution. The considering of recoverability on 
the level of isomorphism classes or structure makes its proving on the ground of wording the Ulam’s 
Conjecture to a meaningless hobby. The proving of recoverability on the level of isomorphism classes has 
recommended by grandmaster W. T. Tutte yet in 1998. Restorability of structure is a reverse operation of 
factorability – whole story! I would hope that my for this conception not accuse in heresy. 
 
10. Sequence and system of adjacent-structures. Sequence of adjacent structures SF changes a 
structure to its some kind sub- or superstructure: SF= F1:GS0 F2:GS1 F3:GS2… Ft:GSt–1GSt,. 
Structural changes may be take place in the form assemblages of sequences. Assemblage of sequences of 
adjacent structures between an empty structure GS and complete structure GS constitutes the system of 
all the structures with n elements. 

The upper side of lattice of the system of all the structures with six elements G|V|=6: 



 46 

 
Explanations: 

a) |R+| denote the structural level m, i.e. the number of connections (i.e. “edges”) in the structures.  
b) Each graph presents there its isomorphism class or structure GS, each link presents morphism F. 
c) Each structure GS in this lattice is an adjacent structure GSadj

n of some other structures. 
d) The complements of structures placed symmetrically in the lower side of lattice. 
e) Essential meanings in the systems G|V| have probability characteristics of morphisms PF and on 

this base obtained existence probabilities PS. 
f) The number of structures with six elements is 156, the number of morphisms is 572. 

 
Summary:  

 The structure is a complete invariant of isomorphic graphs. 
 With deep-identification of binary relations obtained structure model recognizes the structure with 

exactness up to binary positions and isomorphism. 
 The factorability (decomposability) of the structure on the base of its binary positions to adjacent 

structures and reconstructing (restorability) on the base of adjacent structures are equivalent but 
opposite operations. 

 The assemblages of successions of adjacent structures form correct systems of structures with n-
elements. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 47 

References 
 
 
  1. Babai, L. On the isomorphism problem. Unpublished manuscript, 1977. 
  2. Babai, L. Luks, E. Canonical labelling of graphs. – Proc. 15th ACM Symposium on Theory Computing, 

1983, 171-183. 
  3. Berge, C. Graphs and Hypergraphs. Paris, Dunod, 1970 
  4. Cayley, A. On the theory of the analytical forms called trees. – Phil. Mag. (4) 13 (1857), 172-176. 
  5. Collatz, L., Sinagowitz, U. Spektren endlicher Graphen. –Abh. Math. Sem. Univ. Hamburg, 21 (1957), 

63-77. 
  6. Dharwadker, A., Tevet, J.-T. (2009) The Graph Isomorphism Algorithm. ISBN 9781466394377. 

Amazon Books, 2009. 
  7. Eilenberg, S., Mac Lane, S. Relations between homology and homotopy groups of spaces. – Annals of 

Mathematics 51 (1950), 514-533. 
  8. Futuyama, D. J. B. Evolutional Biology. Sinauer Associate, Sunderland, Massauchusetti, 1978. ISBN 

0-87893-199-6. 
  9. Gurevich, Y. From Invariants to Canonization. – The Bull. of Euto. Assoc. for Comp. Sci. No 63, 1997. 
10. Harary, F. Graph Theory. Addison-Wesley, 1969. 
11. Harary, F., Palmer, E. M. Graph Enumeration. Academic Press, 1973. 
12. Hermes, H. Semiotik: eine Theorie der Zeichengestalten als Grundlage für Untersuchungen von 

formalisierte Sprachen. Leipzig: Hirzel, 1938. 
13. Hoffman, C. Group-Theoretic Algorithms and Graph Isomorphism. Springer, 1982. 
14. Kalman, R. E. Topics in Mathematical System Theory. N. Y. 1969. 
15. Locke, S. www.math.fau.edu/locke/isotest. 
16. Martin, J., Tevet, J.-T. On the interelations between structure, dynamics and evolution of lichen 

synusiae. – Proc. Estonian Acad. Sci., Biol., 37 (1988) No 1, 56-66. 
17. Mathon, R. Sample graphs for isomorphism testing. – Proc. 9th S-E. Conf. Combinatorics, Graph 

Theory and Computing, 1980, 499-517. 
18. Mayer. J. Developments recents de la theorie des graphes. – Historia Mathematica 3 (1976) 55-62. 
19. Nechepurenko, M et al. M. Нечепуренко и др. Алгоритмы и программы решение задач для графов 

и сетей. Новосибирск, 1990. 
20. Новая философская энциклопедия, Москва. 2001. 
21. Nöth, W. Handbook of Semiotics. 1995. 
22. Podsiadlo, B. http://web.me.com/blazej.podsiadlo/poudis/Graph_Isomorphism.html 
23. Praust, V. Tevet’s algorithm for graphs recognition. Tallinn, 1995. 
24. Read, R. C., Wilson, R. J. An Atlas of Graphs. Oxford, 1998. 
25. Schmidt, H. Philosophisches Wörterbuch. Stuttgard, 1991. 
26. Strongly regular graphs I. http://poeple.csse.uwa.edu.au/gordon/remote/srgs 
27. Strongly Regular Graphs II. http://mathworld.wolfram.com/StronglyRegularGraph  
28. Tevet, J.-T. (1984) The symmetry phenomenon on the aspect of structural principle (in Estonian). – 

Schola Biotheoretica X, Tartu, 1984, 84-93. 
29. (1990) Interpretations on some Graph Theoretical Problems. Edition of Estonian Acad. Sci., 

Tallinn, 1990. 
30. (1999) Appendix to Structure Semiotics: A System of Graphs, their Characteristics and 

Changes. S.E.R.R., Tallinn, 1999, 95 pp. 
31. (2001) Semiotic Testing of the Graphs. Principles, Using, Developments. S.E.R.R., Tallinn, 

2001. 
32. (2002) Isomorphism and Reconstructions of the graphs. A Constructive Approach and 

Development. S.E.R.R., Tallinn, 2002. 
33. *(2004) Heuristic Algorithms for Structure Processing of the Graphs. S.E.R.R., Tallinn, 2004. 
34. *(2006) Structure-semiotic approach to the graphs. S.E.R.R., Tallinn, 2006.  
35. *(2008) Constructive presentation of the graphs: a selection of examples. S.E.R.R., Tallinn, 

2008.  
36. *(2010) Hidden sides of the graphs. ISBN 9789949213108. S.E.R.R., Tallinn, 2010.  
37. *(2012a) Semiotic Modelling of the Graphs. ISBN 9789949302475, S.E.R.R., Tallinn, 2012.  
38. *(2012b) The story of SERR. ISBN 9789949308774, S.E.R.R., Tallinn, 2012.  



 48 

39. *(2013) Nature of the Structure. ISBN 9789949334650, S.E.R.R., Tallinn, 2013. 
40. *(2014) Some examples and explanations about the structure of graphs. ISBN 9789949336333. 

S.E.R.R., Tallinn,2014. 
41. Titov,V. Титов, В. О симметрии в графах. – Вопросы кибернетики, 15, N2, 1975, 76-109. 
42. Toida, S. Isomorphism of graphs. – Proc. 16th Midwest Symp. Circuit Theory, Waterloo, 1973, 

XVI5.1-5.7.  
43. Tutte, W. T. Graph Theory As I Have Known It. Clarendon Press, Oxford, 1998. 
44. Ulam, S. M. A Collection of Mathematical Problems. Wiley, New York, 1960. 
45. Weisfeiler, B. On Construction and Identification of Graphs. – Springer Lect. Notes Math., 558, 1976.  
46. Zykov, A. Зыков, A. Основы теории графов. «Наука», Москва, 1987. 
 
 
The marked with * publications are attainable by www.ester.ee in digital form. 
 
 


