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Introduction

Hyperstructure theory was founded in 1934 at the 8™ congress of
Scandinavian Mathematicians. Marty introduced the hypergroups as a
generalization of groups in order to study problems in non-commutative
algebra, such as cosets determined by non-invariant subgroups and then he
proved its utility in solving some problems of groups, algebraic functions and
rational fractions. Now this field of modern algebra is widely studied from the
theoretical and applied viewpoints because of their applications can be used
in the following areas: optimization theory, theory of discrete event dynamical
systems, formal language theory, geometry, graphs, fuzzy sets, cryptography,
automata, lattices binary relations, analysis of computer programs, codes and
artificial intelligence have been extensively studied in the literature.
M. Krasner was the first to expand hypercompositional structures via the
creation of structures containing composition and hypercompositions. Thus in
1956, he replaced the additive group of a field with a special hypergroup,
thereby introducing the hyperfield. He then used the hyperfield as the proper
algebraic tool, in order to define a certain approximation of complete valued
fields by sequences of such fields. Later, he introduced a more general
structure, which relates to hyperfields in the same way rings relate to fields.
He called this structure hyperring. Additional hypercompositional structures,
similar to the above, introduced by various researchers, soon followed.
Examples of those are the superring and the superfield, in which both the
addition and the multiplication are hypercompositions. Additionally, the
study of formal languages introduced structures in which the
hypercompositional component is a join hypergroup. Hyperstructures are
much more flexible and varied than classical algebraic structures. For
examples if H is of prime order p , there are a large number of non-
isomorphic hypergroups on H while up to isomorphism, there is only one
group Z,. This becomes clear in this paper, which enumerates the Krasner
and new classes of hyperrings of order less than 4 and their automorphism
groups. An important case in algebraic structures is characterize of them. Our
aim in this paper is characterizing of Krasner hyperrings and new classes of
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hyperrings of order less than 4 and then determine their automorphisms
groups that is useful for researchers, Ph.D. students and et al.

Material and methods

There are only 10 non-isomorphic canonical hypergroups of order 3. For
obtain the all hyperrnigs we need to all permutations of members respect to
multiplications of semigroups with zero of order 3. We obtain 8 semigroups
of order 3 with zero element up to isomorphism.

According to the number of canonical hypergroups and semigroups of order
3, with the help of a computer program, we calculate the types Krasner
hyperrings of order 3 up to isomorphism.

Results
With the notation below, all the hyperrings introduced in definitions 2-2 and
2-3 of the third order are stated in one table.

= Krasner Hyperring

n Weak Distributive Krasner Hyperring

c Left Inclusion Distributive Krasner Hyperring
2 Right Inclusion Distributive Krasner Hyperring
L left Near Krasner Hyperring

R Right Near Krasner Hyperring

We note that the relation “=" imply the relations “”, “2”, “c”, “L” and “R”,
the relation “2” implies the relation “(” and the relation “S” implies the
relation “N”.

R | o1| o3 5| o3 3| o4 4 s "5 *o| *6 *7| *7| *5| *8| *o| *1d *1d °11 *12
+41| =] = = L|L clR|R RI|L
c c
+,| = 2 2 L|L clR|R [ c|RI|L
n n
+3| =| € c L|L clR|R|c [ RI|L
c c
+,| =| = = L|L c|R|R|cg|c clc|c
c c R|c
+|=(NNNN=|{=NfL{NNN|R n RI|L
LN RN
+ol=INNfNNNNN{LINNN|IR <l n c|RI|L
LN RN
+l=NNNN=l={NjfLINNN|RIglgNc|c|c|L
LN RN R | c
+g| =| 2|22 2)=|=|L|L|2/22|R|2/2/22|2|2]|L
2|2 R|2 R| 2
+9| = =|=|L|L R|R R|L
+Hd=/NNNN==NnfLiNnnnNnifrR{NNNN|NIN|L
LN RN RN
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But in general:

The relation “” does not result in the relation “2”, see example (R, +1¢,%11)-
The relation “” does not result in the relation “2”, see example (R, +10,°11)
The relation “S”does not result in the relation “=", see example (R, +,,5).
The relation “2” does not result in the relation “=", see example (R, +5,9,) .
The relation “N” does not result in the relation “=”, see example (R, +1¢,%11)-
The relation “L” does not result in the relation “=", see example (R, +1¢,%12)

“_
«__9

_9

The relation “R” does not result in the relation “=", see example (R, +1¢,%11)-

Conclusion
According to the theorems and results of this article, the following counts for
hyperrings were obtained up to isomorphism:

Table of the number of hyperrings and near yperrin of order 3

Commutative | Non-commutative Total

Krasner Hyperring 19 0 19

Krasner Hyperfield 5 0 19

Weak Distributive Krasner Hyperring 83 13 96

Left Inclusion Distributive Krasner 37 10 47
Hyperring

Right Inclusion Distributive Krasner 27 4 31
Hyperring

left Near Krasner Hyperring 19 25 44

Right Near Krasner Hyperring 19 25 44

For the future works, Krasner hyperrings of order 4 or a special class of them
can be characterized by a similar method. Also, considering that hypervector
spaces are defined on Krasner hyperfields and hypermodules are defined on
Krasner hyperrings, the results stated in this article are useful in counting and
classifying these hyperstructures. Also, it will be possible to characterize
hyperrings made of Krasner and polysymmetric hyperrings using their
automorphism groups in small orders.
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