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Jlns uMTHpOBaHUA

BO3HUKIIEro B Hauasne 1970-x rr. OHa CTana CHUMBOJIOM T€X I'POMAaHBIX
TPYJIHOCTEH, ¢ KOTOPbIMU HPUXOJUTCS CTAJIKUBATHCS Pa3pabOTUMKaM aj-
TOPUTMOB U IIPOrPaMM, IIOCKOJIBKY CIOXKHOCTb PEHIAEMBbIX 3aJa4 € KaXKAbIM
JHeM pacteT. IIpeanaraemoe 10Ka3aTelbCTBO OCHOBAHO HA JOCTHKEHUSIX
Teopur rpadoB W Teopuu anropuTMoB. OOOCHOBBIBAETCS HEOOXOIMMOE
YCIIOBHE TOTO, YTOOBI MIPOM3BOJILHBIA aJTOPHTM MOT OBITH PElIeH ¢ ITOMO-
IpI0 MaIuHbl THIOPHHTA M MPUBOAATCS HeoOXomuMble TeopeMbl. [lanee
C MOMOIIBIO TEOPHH AITOPUTMOB M TEOPHHU Ipad)oB JOKA3bIBACTCS, YTO HOP-
MaJTM30BaHHbIe rpadbl (BU3yaln3alii alrOPUTMOB) OTHOCHTEIBHO TaKOW
XapaKTEePUCTHKH UX CIOKHOCTH, KaK IMKIOMAaTHYECKOE YHCIIO, PACHIANAIOTCs
Ha TPU HENEePeceKaloIUXCsl MHOXKECTBA, KOTOpbIE 00IaNaloT Pa3IuYHbIMU
cBolicTBaMuU. DTH CBOMCTBA ONPEEISIIOTCS CTPYKTYPHBIMH OCOOCHHOCTAMHU
rpadoB, UX MOXKHO Y4eCTb IpHU pa3pabOTKe aIrOPUTMOB U MPOrpaMM JUIs
pelleHNs MAacCOBBIX 3a/1ay. Jl0Ka3bIBaeTCsl pa3ielicHUE aIrTOPUTMOB MACCOBBIX
3a7a4 Ha HENEPeceKaroluecss MHOXKECTBA, KOTOPble COOTBETCTBYIOT rpad-
cxeMaM (OIIOK-cxeMam) MOMMHOMHATBHBIX (P) umu nepeGopubix (NP) amro-
PUTMOB. DTUM 00OCHOBBIBAETCS IOCTATOYHOE YCIIOBHE, KOTOPOE, COOCTBEHHO,
U TIOATBEpKAaeT, uto P # NP.

Manununa H.JI. Heo0Xxonumble U JOCTaTOYHBIC YCIOBHS pa3ieiCHUsI CTPYKTYp alrOPUTMOB Ha HEMEPECEKAIOIINeCcs MHO-
JKECTBa: MMOJMHOMHUAJIbHBIC U TiepeOopHble anroputMbl // Bectauk Poccuiickoro yHusepcutera npyx0b1 HapoaoB. Cepusi:
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Introduction

The PvsNP problem, or the Cook problem [1;
2], as it is called, ranks first on the list of millennial
problems. This article continues a twelve-year-old
project presented by the author at the International
Mathematical Congress in Hyderabad [3]. The rela-
tionship between the classes P and NP is considered
in the theory of computational complexity (a branch
of the theory of computation), which studies the re-
sources needed to solve a certain problem. Since 1971,
many topologists, algorithm designers, and other scien-
tists have devoted their time and effort in order to
solve it. The most cited author who writes on the topic
is A. Razborov [4]. There is also a website dedica-
ted to this problem." It contains links to 116 articles
on possible solutions of the problem.

Let us dwell only on those articles that were
published in refereed journals. One of them is an arti-
cle by M. Giannakakis [5]. The article does not solve
the problem itself, but only verifies that some par-
ticular approach to the proof does not work. There
are a few more references to papers proving that
P = NP. They are mainly devoted to the successful
attempts to create polynomial algorithms for some
special cases, and thus authors pretended that P = NP.
However, we should not forget that the number of
mass problems that we cannot accurately solve with-

! The P-versus-NP page. Available from:
https://www.win.tue.nl/~gwoegi/P-versus-NP.htm  (accessed:
26.09.2016).

out the use of enumeration algorithms is expanding
every day.

A little less works have been written to prove
that P # NP. It is almost impossible to carefully re-
view all the works (there are more than 50 of them).
A part of the works is based on the fact that there
are models (specific special cases) for which poly-
nomial algorithms cannot be found and, according-
ly, it was concluded that P # NP. In particular,
this is the work of R. Valeyev [6]. An interesting
article was presented by A. Anilla [7], in which
he comes to the proof of P # NP by investigating
computational complexity applying the principle
of increasing entropy. In the work of V. Ivanov [§],
the proof is based on more accurate estimates of
the lower bounds on the time complexity, which are
valid for all algorithms for solving. The most recent
work, which is also devoted to the proof of P # NP
problem [9] is posted on the Internet, and the opi-
nion of the mathematical community is also not yet
known. A number of proofs, in particular, the works
of Anand, Deliokar, Vian, Barbos® and some others,
have got responses and were critisized.

It should be noted that only the proof of the fact
that P # NP will give us nothing for solving problems
from the practical area. It is necessary to divide the tasks
according to some structural features. This will allow

Available from:
(accessed:

2 The P-versus-NP page.
https://www.win.tue.nl/~gwoegi/P-versus-NP.htm
26.09.2016).
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at the first stage to understand how difficult the algo-
rithm for solving a practical problem will be.

What is the most important thing we know and
don’t know about the PvsNP problem [2]?

1. We know that for the mass problems belonging
to the P class, we can create linear or polynomial
algorithms, and obtain exact solutions or solutions
that are of good approximation.

2. We know that for the mass problems from
the NP class, we can get exact solutions if we will
use enumeration algorithms or we can get accept-
able solutions if we will use nonlinear or exponen-
tial algorithms.

3. We do not know whether these areas are divi-
ded into disjoint sets and how to determine the be-
longing of the task (or the algorithm that solves it)
to the concrete area?

It seems that it is possible to approach the solu-
tion of the PvsNP problem from the other side,
from the standpoint of the need to solve practical
problems. This will allow applying the achievements
of the graph theory and the theory of algorithms.

1. The problem of computation

So, in order to search for the solution of the PvsNP
problem, we should be interested in the possibility
of computing, that is, in the possibility to create algo-
rithms and programs that solve some problems. Where-
in it is not only desirable, but it is necessary to obtain
economical algorithms and programs. On the one hand,
it is necessary to reduce the resources of time and
memory needed for the solution of problems from
the NP class. On the other hand, it takes a lot of energy
resources to build and maintain the powerful servers
that are needed to solve such problems. The brute-
force algorithms also need energy. The number of mass
problems from the NP class multiplies every year.
And these are not only obligatory and vital tasks,
such as management of complicated systems in dif-
ferent social and technic areas, but also entertaining
tasks such as games and social media.

We perform calculations using computers.
We know that a computer can process data or solve
only those problems (programs) that correspond to
the Church — Turing thesis [10; 11], that is, algo-
rithms and, accordingly, programs must have the pro-
perty of effective recursiveness.

How can we achieve this magical property?
This property is prescribed by the Markov principle
of normalizing: “an algorithm must be normal in order
to be processed by a Turing machine” [12]. Basical-
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ly, all algorithms are normalizable, this is confirmed
by the practice of developing algorithms and pro-
grams [12].

It is well known that all algorithmic schemes
and their compositions (up to equivalence) lead to
normal algorithms. Operators in algorithms are im-
plemented in a specific order or in the order of their
numbering. In turn, the numbering of operators can
be performed if the set of operators is recursive.
However, none of the algorithmic systems still has
any predetermined way of numbering the opera-
tors [12; 13]. It is also well known that in order to
create the property of recursiveness, it is necessary
to expand the alphabet of the algorithm and it is
possible to be done by adding only one letter [12].
It is also known that algorithms can be visualized
using directed graphs.

The next question arises: how to add this letter
and add it somehow automatically? How to make
an arbitrary algorithm normal or efficiently recursive?
This problem was solved in 1972 in L. Malinin’s
doctoral dissertation, but was published only in 2009
in the book “Graph Isomorphism in Theorems and
Algorithms” [14].

2. Extension of graph theory
and connection with theory of algorithms

Let’s turn to graph theory. Before the publica-
tion of the [14], devoted to the solution of the graph
isomorphism problem, there was no solution to
the problem of a clear definition of the possible
duality of graphs in graph theory.

Everyone knows that an edge graph (algorithm’s
graph-scheme) always has a dual vertex graph (algo-
rithm’s block-scheme). But a vertex graph does not
always have its dual edge graph [15] (Figure 1).

O O unu
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Figure 1. On the non-mandatory duality
between edge and vertex graphs

The extension of graph theory in [14] allows
one to solve this problem. A wide study of the dua-

3 The English variant of the book
may be seen on ResearchGate. Available from:
https://www.researchgate.net/publication/358570634 (accessed:
26.09.2016).
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lity of graphs was carried out in this work, and
the necessary and the sufficient conditions were proved
for the adjacency matrix to be simultaneously the ad-
jacency matrix of both edge and vertex graphs. It is
necessary to present the main theorems, which lead
to the concepts of duality of graphs and show us,
how to achieve this duality.

In the basic, or main, theorem, the conditions
are proved that the adjacency matrix must meet
in order for the graph corresponding to it to have dua-
lity properties.

Theorem 1 “On a quasi-canonical adjacency
matrix.” A theorem on the quasi-canonical adja-
cency matrix determines both necessary and suffi-
cient conditions that the direct path’s L matrix has
a dual nature that is at the same time it might be
both E — adjacency matrix of the G graph’s vertices
and R — adjacency matrix of the H graph’s edges
on condition that they may have not equal cyclo-
matic numbers. Theorem was proved for the case
of the directed graphs.’

It is given: a set Q = {q;} and L =QQ by
the way of q; <gq;, and L = ||lij||? = ||el~j||7ll for
the G(Q,I) graph. Then ||lij||: = ||rij||: = R for
the H(V, Q) graph only if

n n
L= ||lij||1 generates C,, = ||cl-]-||1 = [0].

A minor |ll-j|::_1 of the every [;; = 1 generates
Co1 = [leyll} = 0], (1)
where

cij = Lij(Aj/isij + Digjsij),

Aj/isij = (Sij - n’l]ln sij))
L

Ai/jsij = (Sij - miln Sij)i,

k=nn-1),

K K
Sij = lij( i=1lij + Zj:llij>'
j i

4 The numbers of the theorems in the article correspond to
the numbers of the theorems in the book.

3> The directed graph can be transformed to the undirected
graph by doubling the edges of the graph.

mins;; ] = mins;; € 1s;; # 04,

( j U)i iy { ij }

(mjnsij)' = mins;; € {si]- * 0}.
i j i/j

For the proof of the theorem it must be testified
that the L matrix, which meets the conditions (1)
and is considered as the R matrix — the adjacency
matrix of H graph’s edges, has all the information
for a single-valued representation of the F matrix —
the adjacency matrix of H graph’s vertices. The proof
is presented in [14].

Cyclomatic numbers of graphs always satisfy
the condition

v(G,) = v(Hy). (2)

Condition (2) reflects a certain degeneracy of
the duality (quasi-duality) of the quasi-canonical
adjacency matrix. In addition, this condition reflects
the possibility of the presence of complex vertices
in the H, graph.

Theorem 1 defines the conditions for the exis-
tence of a quasi-canonical adjacency matrix, although
in practical applications such ready-made matrices can
occur only by chance. It becomes very important to
find a way to transform any arbitrary matrix of di-
rect paths, which does not satisfy the requirements
of theorem 1, to the required form. The transfor-
mation of the matrix L must be such that the system
of relations between the initial elements remains
unchanged, that is, the transformation must be con-
servative with respect to the system of binary rela-
tions defined on the Q = {q;} set.

Transformation of the direct path matrix to
a quasi-canonical form. Definitions:

1. By the conservative transformation of the bi-
nary relation between the two g; and q; elements
we’ll denote such a transformation, which will al-
low either to insert the additional elements into
the Q = {q;} set or to exclude them without chang-
ing the relation between the (qi, q j) elements. Such
a transformation may be based on the transitivity pro-
perty of the binary relation. For example, the initial
pair is defined as (qi, q j) € Q. Let the elements be
connected by the relation: q; < q;. Let’s accept two
conditions: both q; < g, and q, < g, and transform
the initial expression. We’ll find that q; < q, < q;.
It is obvious, that two relations both g; < q; and
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q; < q, < q; are equivalent according to the initial
pair of the elements. Therefore, the inserting of
the g, element into the g; < g; relation is the con-
servative operation regarding to this relation in
the initial pair.

2. Let us settle that by the An-transformation
of the L matrix we will comprehend the addition
of one row (both line and column) to the L matrix
at the condition of replacement the g, < g,, relation
with the pair of binary both q,, < qp,11 and g,41 < gy
relations. It is evident, that the An-transformation is
the conservative operation regarding the binary rela-
tion in the initial (qi,qj) pair and does not break
such a structural similarity criterion as the binary
relation’s system.

Theorem 2 “On a quasi-normalization of
the L matrix’s binary relations.” Any direct path’s

n . .
||lij||1 matrix can be transformed to the quasi-

. . +
canonical (quasi-normal) ||ll-j||711 % form, where
Sq < n? — 1, by means of applying the An-trans-
. n .
formation to such s, elements of the ||li j||1 matrix,

which do not satisfy to the conditions of theorem 1.

The convergence of An-transformation and
the proof of the theorem are presented in [14].
If we correlate said above with the theory of
algorithms and Markov’s thesis, then the proved
An-transformation automatically adds the missing
letter to the alphabet of an arbitrary algorithm,
and makes it normal or recursive. It is proved
that the An-transformation (normalizing) of
the algorithm is local, although with the help
of some tweaks it can become linear. In the special
case when V(Gq) = V(Hq), the matrix L; = Ry is
called canonical or normal. For the case of strict
duality (the cyclomatic numbers are equal), the fol-
lowing theorem was proved.

Theorem 4 “On the canonical adjacency
matrix.” Let the G initial graph be specified as
the ||el- j ||;l matrix — an adjacency matrix of vertices,
TL+Sq

1
matrix — an adjacency matrix of edges of the con-

nected edge H, graph. In order that the H, graph’s
cyclomatic v(H,) number might be equal to the ini-
tial G graph’s cyclomatic v(G) number, it is neces-
sary and sufficient for all the H, graph’s vertices
to be simple, or, for every 7y, =1 such condition
must be fulfilled:

which corresponds to the quasi-canonical ||ri ]||
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Tl+Sq n+sq
If Z r;j = 1, then Z rj=1

i=1 j=1

j=y i=x

TL+Sq Tl+Sq - (3)
If z r;; = 1,then 2 rj=1

j:]_ i=1

i=x j=y

As a result of graph normalizing and subsequent
ordering, we get an edge graph in the form of a Koenig
graph. In [14] it is proved that canonical graphs
without contours, obtained as a result of normaliz-
ing, possess the recursive property, which is based
on the partition of canonical adjacency matrices into
mutually non-intersecting submatrices. This allows
us to build recurrent local algorithms for their order-
ing. Such possibility gives the graphs the property
of effective recursiveness (numbering is carried out
in one pass along the set of rows of the matrix as it
is required in [14]) to the graphs (algorithms and
programs with such a structure).

The obtaining of an ordered Koenig graph is a ne-
cessary condition, but not a sufficient one. Theoreti-
cally, we get the opportunity to create a normal al-
gorithm in the form of an ordered Koenig graph.
However, the possible presence of complex vertices
in the original contour graph and in the resulting graph
H, leads to some problems. The cyclomatic number
of some graphs grows under the An-transformation,
that is, it is not entirely clear what happens to graphs
that have contours. So, the possibility of automating
the algorithm normalizing process does not yet solve
the problem of proving PvsNP.

We are faced with another problem — how to
divide mass tasks into classes so that, according to
certain signs of the task graph, it is immediately
clear to which class the task belongs: P or NP. Here
we face the problem of graph complexity. A charac-
teristic of graph complexity is the cyclomatic num-
ber v. Therefore, one should turn to such a charac-
teristic of graph complexity as a cyclomatic number
and figure out whether it is a graph invariant and,
if so, in what cases.

3. Cyclomatic number and isomorphism

Basically, in order to compare graphs we have
a sufficient number of invariants, which can help
to compare graphs with each other. And among
the invariants there is such a characteristic of
the graph as the cyclomatic number v. There are
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works of [15-19], which indicate that the cyclo-
matic number is equal to the maximum number of
independent cycles in the graph and thus becomes
the characteristic of the complexity of the graph.
In order to understand whether the cyclomatic num-
ber is an invariant that we can rely on, we should
turn to the study such a transformation of graphs as
the transformation of a vertex graph into an edge
graph; of the resulting edge graph back to the vertex
graph, and so on [14]. Let’s call this operation as
the graph conversion (Figure 2).

Reverse Convcmng= Matrix

Fy (H)

Matrix Quasi-normalizing or Matrix
L(G) normalizing Ruﬂ (G _or H)

Straight converting

Figure 2. Graph transformation scheme

By straight conversion we’ll call the operation
of constructing a vertex graph from a given edge
graph. An arbitrary directed graph can be subjected
to the operation of the straight conversion if and
only if the adjacency matrix of its vertices has a ca-
nonical (v = const) or quasi-canonical form (v T).

By the reverse conversion we’ll call the opera-
tion of constructing an edge graph from a given ver-
tex graph. A graph can be subjected to the operation
of reverse conversion if and only if the adjacency
matrix of its vertices has a canonical or quasi-
canonical form. Both conversion operations were
thoroughly discussed in [14]. It is necessary to pre-
sent only two theorems.

Theorem 9. 1f the graph H; in the process of its
sequential direct conversion generates only canoni-
cal graphs Hy; (j = 1,2,3 ..., M), then the number
of vertices of these successively obtained graphs is
determined by a linear dependence on the number
of the conversion operation (j — 1), that is

n; =ny + Ang;_yy. (4)

Theorem 10. If the H; graph in the process of
its consecutive straight converting generates both
the canonical and the quasi-canonical graphs or on-
ly the quasi-canonical graphs, then the numbers of
the vertices of these graphs, received step by step,
are determined by the following expression:

Z 4ng, (5)

where
Ang = Ang_qy + AV(H(E—I)' (6)

where§=1,2,..(j—1);j=1,2,3,..M.

It was shown that the increase in the number of
graph vertices obtained by sequential straight con-
version is associated with the cyclomatic number
and the type of conversion (canonical or quasi-
canonical), and the increase in the cyclomatic num-
ber during this conversion depends on the structure
of the graph.

The proved theorems [14] represent that all di-
rected graphs can be divided into two classes:

1) graphs for which the cyclomatic number is
always an invariant of the direct conversion;

2) graphs for which the cyclomatic number is
not an invariant at some steps or at all steps of the
direct conversion.

As a result of a thorough study of converting
operations and determining the properties of graph
structures with respect to combinations of various
types of vertices and edges between them the neces-
sary and sufficient signs of these graphs were identi-
fied. The proved theorems are given in [14]. Also,
the concept of a path and a contour in a directed graph
was considered more precisely. Real processes can
only correspond to such circuits that have at least one
“input” and at least one “output.” The concept of
path and contour were already introduced much ear-
lier [15; 16; 18], but in [14] a function was added
that allows one to distinguish paths in a graph from
one another. This sign was determined using the func-
tion of the sums of the degrees of the vertices through
which the path passes. It turned out that these func-
tions can be divided into two classes, which are de-
scribed in [14]. Accordingly, paths can also be divi-
ded into two classes. The proved theorems are pre-
sented in [14].

The study of various paths in graphs led to
the study of various combinations of intervals be-
tween the vertices of the graph [14]. The vertices of
the graph were determined as the positive (one input
and many outputs) one and the negative (many in-
puts and one output) one. In addition the vertices
of the graph were also divided into the simplest
(one input and one output), the simple (one/several
input and several/one outputs) and complex (several
inputs and several outputs). Particular attention was
drawn to the interval of the l3; type, which has
complex vertices at both ends (Figure 3, a, b).
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The main feature of this interval l3; is that
there is a negative vertex at the input end, and
a positive vertex on the output end. Such an inter-
val, during sequential conversion, first turns into
a complex vertex (Figure 3, ¢). At the next conver-

sion step this complex vertex (one) is converted into
four independent cycles (Figure 3, d). The appea-
rance of new cycles causes an increase in the cy-
clomatic number. Accordingly, the complexity of
the graph also grows.

Figure 3. The transformation of the interval l5, into a complex vertex and the appearance of the independent cycles

As a result of research, it turned out that direc-
ted graphs can be divided into three classes (the dis-
joint sets):

1. Holonomic graphs. For them, the cyclomatic
number is a regular conversion invariant, regardless
of the number of sequential conversion steps. Due
to this, the number of graph vertices obtained from
the original graph as a result of its sequential con-
version depends linearly on the number of conver-
sion steps. These graphs should not contain con-
tours and intervals of type l5;.

2. Bounded heteronomous graphs. Such graphs
have a heteronomy boundary in terms of the number
of sequential conversion steps. Until this limit is
reached, the cyclomatic number is not a regular
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conversion invariant. After reaching this boundary,
as a result of the next conversion step, a holonomic
graph is generated and the cyclomatic number be-
comes a regular conversion invariant regardless of
the number of steps of further sequential conver-
sion. The structure of such graphs may contain in-
tervals of type l31, but should not have contours.

3. Progressive heteronomous graphs do not have
heteronomic boundaries in terms of the number of
steps of sequential conversion. As a result, the cy-
clomatic number of a progressive heteronomous
graph does not become a regular invariant of se-
quential conversion, for any, however large, number
of conversion steps. The structure of such graphs
contains both contours and intervals of the I3, type.
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The comparison of graphs and algorithmic schemes

Initial graph’s view Ordered graph Noin Table 1 [14]

Complete name of algorithm’s scheme

GUD (L) 6 Normal single-channel two-address algorithm’s flow block
ramMnnbLTOHOB rpad G,E,H) (R,((H)) 7 Normal single-channel two-address algorithm’s flowgraph by Kaluznin
H —
G npn Zj lij =2 H(H) (F(H)) 8 Normal ordinary single-channel two-address algorithm’s flowgraph
(J =23,..,(n— 1)) K K 9 Generalized normal single-channel two-address algorithm’s flowgraph
D,({H) (F,gH )) 10 Normal operator single-channel two-address algorithm’s flowgraph
G® (LX) 16 Two-address algorithm’s flow block with arbitrary number of channels
G(I() (R(I()) 17 Normal two-address algorithm’s flowgraph by Kaluznin with arbi-
n . K K trary number of channels
p&v)msoanbM rfad) 18 Normal ordinary two-address algorithm’s flowgraph with arbitrary
G npuy;l; =2 e (F(K)) number of channels
(J =23,..,(n— 1)) K K 19 Generalized normal two-address algorithm’s flowgraph with arbi-
trary number of channels
D(K) (F(K)) 20 Normal operator two-address algorithm’s flowgraph with arbitrary
K K number of channels
G(L) 26 N-address algorithm’s flow block with arbitrary number of channels
Gr(Re) 57 Normal conjugate N-address algorithm’s flowgraph with arbitrary
K\TK number of channels
o8 Normal ordinary N-address algorithm’s flowgraph with arbitrary
Mpown3BonbHbIi rpad G He (F) number of channels
KATK 29 Generalized normal N-address algorithm’s flowgraph with arbitrary
number of channels
De(Fy) 30 Normal operator N-address algorithm’s flowgraph with arbitrary
K\TK number of channels
Go(Lp) 36 Complete algorithm’s flow block
Gou(Row) 37 Normal conjugate complete algorithm’s flowgraph
Monwbini rpad Gg e (F) 38 Normal ordinary complete algorithm’s flowgraph
Out"ou 39 Generalized normal complete algorithm’s flowgraph
D (Fu) 40 Normal operator complete algorithm’s flowgraph
6", 6,65 GUD (L) 41 Normal algorithm’s flow block (single-channel two-address)

The correspondence between graph structures
and various block diagrams and graph diagrams of
various algorithms (Table) is investigated in [14,
chapter 4], where presented in the form of Table 1.

Conclusion

So, we can conclude that the set of all algorithms
is divided into three classes (or three disjoint sets),
according to the above partition of the set of directed
graphs. After the operation of normalizing, the graphs,
and, consequently, the algorithms, that have a similar
structure, acquire the properties of recursiveness.

For the holonomic graphs, the cyclomatic number
becomes an invariant. Algorithms, which after the
operation of normalizing will have a similar structure,
automatically receive the property of effective re-
cursiveness and will belong to the polynomial area.

Bounded-heteronomic graphs must be subjected
to some finite number of direct conversion steps in

order for the cyclomatic number to become an invari-
ant. Algorithms with such a structure can be called
reducible to a set of polynomial algorithms.

Progressively-heteronomic graphs will never have
a cyclomatic number invariant. Therefore, algorithms
with a similar structure will always belong to the non-
polynomial area, although in particular cases the norma-
lization operation can reduce the number of search
options.

And finally, the main thing that can be said in
support of P # NP thesis.

The necessary condition: in order for the arbi-
trary massive task be implemented with the help of
the computer, it must have a form of the ordered
Koenig graph, which can be obtained by the opera-
tion of normalizing an arbitrary graph of the task.

But the sufficient condition is divided into three
parts, because the arbitrary graphs are divided into
three non-intersecting classes according to their structural
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properties. Therefore, the algorithms that correspond
to them also fall into three non-overlapping classes.
There will remain a class of algorithms that cannot
be reduced to the class of polynomials. They will
always remain exhaustive, that is, NP-hard.

All this proves that P + NP.
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