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In the process of passing from one generation to another, it is desirable to study the class of
quadratic stochastic operators and the group of self-adjustments corresponding to it, that is, one
self-adjustment corresponds to each class of surjective quadratic operators.
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the set is called an n-1-dimensional simplex.

Description.
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the self-transcending reflection of a simplex is called a quadratic stochastic
operator.

We consider the case where n=4 in this problem. In that case
4

3
1 2 3 4

1
( , , , ) : x 0, , 1, 2,3, 4.,  x 1i i

i
S x x x x i

=

= = = An arbitrary stochastic

quadratic operator in the simplex is given by:
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here
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With this operator, the following operator is single-

valued. 4,344,244,234,144,134,124,444,334,224,11

3,343,243,233,143,133,123,443,333,221,11

2,342,242,232,142,132,122,442,332,222,11

1,341,241,231,141,131,121,441,331,221,11
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Here ,0 1;ij kP , , 1,2,3,4i j k = .

We define a class of 24 surjective quadratic stochastic operators, and the operators of this
class can replace all other surjective quadratic operators. To describe this class of operators, we
use the group of self-adjoining polygons [1]. So,

3S consists of a regular tetrahedron (Fig. 1).

4A

1A 2A

Figure 1.

Self-adaptation refers to a metric-preserving substitution.

3R The tetrahedron self-alignment group consists of 12 elements.

We have this issue 4R We have this issue 4R in it consists of complete permutations of
all vertices of the tetrahedron, i.e

24
1{ }i iG p ==
.

An arbitrary surjective quadratic operator is some self match ip we prove that corresponds
to

3A
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Theorem 2:
3S self-adjusting surjective quadratic operator defined in ,ip 1,24i =

corresponds to

Proof. The proof of this theorem follows from the following 3 lemmas;

Lemma 1. Let V be a surjective quadratic operator.

In that case
3S - no internal point of the simplex will pass to the point at the end of the

simplex under the influence of reflection V.

Proof: Assume the reverse

3
1 2 3 4(x , x , x , x )A IntS= va (A) iV A= 1,2,3,4.i =

let it be here iA we consider the simplex for the point at the end (the rest of the cases are

proved in the same way). (A) AiV = the equality follows:
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It turns out that Dan. That is, voluntary
3A S from 1(A) AV = from

3
1(S ) AV =

originates. This contradicts the specificity of the quadratic stochastic operator.

Lemma 2: Let V be a surjective quadratic operator. In that case

3S each internal point of the simplex does not pass to the boundary points of the simplex
under the influence of reflection.

1 2 3 4x 0x x x >
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Proof: We assume the reverse
3

1 2 3 4(x , x , x x ) SA Int= that is 1 2 3 4x 0x x x > let it be.,

i.e. for clarity 3 4(A) [A ,A ]V let it be

In that
case
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will be. It's optional
3A S for the point 3 4(A) [A ,A ]V ,

that is
3

3 4(S ) [A ,A ]V which contradicts the surreactivity of the quadratic stochastic
operator V.

Lemma 3: Let V be a surjective quadratic operator. In that case, no boundary point (other
than the end of the simplex) will move to the point at the end of the simplex under the influence
of reflection.

Proof:
3

1 2 3 4(x ,x ,x x ) SA = ¶ ,iA A 1,2,3,4i = and for clarity
1 2[A ,A ],A V(A) Ai 1,2,3,4i = we need to prove that

Let's assume the opposite, i.e (A) AiV = let it be,

then
2 2 2 2
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2 2 2 2
2 2 2 2 2 2 4 2 1 2 2 1 3 2 1 4 2 3 2 2 4 2 3 40 2 2 2 2 2 2 .a x b x c x d x x x x x x x x x x x xa b g z h d= + + + + + + + + +

2 2 2 2
4 1 4 2 4 3 4 4 4 1 2 4 1 3 4 1 4 4 2 4 4 2 4 4 3 40 2 2 2 2 2 2a x b x c x d x x x x x x x x x x x x xa b g z h d= + + + + + + + + +

from these equations 0i i i i i i i i ia b c d a g z h d= = = = = = = = = 2,3,4i =

Therefore, it is optional 1 2[A ,A ],A 1V(A) A= that is 1 2 1V([A ,A ]) A=

which contradicts the surreactivity of the quadratic operator. Thus, the surjective quadratic
operator transfers the internal point of the simplex to the internal point, and the boundary point
to the boundary points.

Proof of the theorem lemma 1., lemma 2. and lemma 2. comes from .
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The surjective quadratic operator transfers the points at the ends of the simplex to the ends,
and the points on the edges to the edges, that is, the surjective quadratic operator is a self-

adjustment ip - as it corresponds to .
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