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Abstract. In this article we present the novel model of studying the past problems in present. These
problems are very well handled by many authors; however, the result remains unproved. The problems
are as follows: Nash equilibria in co-operative games and P versus NP theorem by Stephen Cock. We
show that there is a solution for both classical problem in a partial case for “P versus NP”-theorem and
co-operative games equilibria for all cases. Since partial case for P-NP problem could be proved by
showing that Bellman’s dynamic programming (DP) is the most optimal algorithm for composite tasks
and problems. We also show that same equation by Bellman within the pre-defined parameter can be valid
for both P and NP classes of problem according to the ordered sets of arbitrary variables which are
compound to Bellman’s equation, which was studied well in prior works by the same author, who holds
the position of IT-analyst at the present time.
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Introduction

For the past time the Nash equilibria and economical drastically known results for co-
operative games were well studied and, even, honored as a Nobel Prize; in this article we present
the final equation for the past work and show that the equilibria is commonly tied to the meaning
of probability and statistics, which is handled well by Applied Mathematics as one of the most
important scientific disciplines — this fact is well-known by author due to Prof. Vinoo Cameron,
who presently resides and United State of America (USA) and holds Medicine Doctor (MD)
position at the Hope Clinic, Athens.

Meanwhile many researchers see a valuable perspective of the result proposed by John
Forbes Nash [1].

More results are to come for showing that Nash equilibria from the computational point of
view is NP-complete and, thus, cannot be handled by modern era computing technologies — this
fact is due to the recurrently dependent nature of the Nash algorithm for co-operative games with
only two sides as minimal. We prove the result for many players of these economical market
games, which is an extended case and, thus, cannot be omitted. This question was first put in the
science in [2]. Many other attempts were made towards the open question of the Nash equilibria
for the arbitrary size of set of players [3, 4]. From all the above, we define the probability of the
Nash theorem for the common or “full” case — for this purpose we use the statistical probability
for each player.

Since we have worked out our concerns about Nash equilibria, it’s time for another
important question in Computer Science. As to author’s concerns this question is somehow tied
to the mathematics in common and is included as one of the Millennium Problem by the Clay
Institute of Mathematics, along with, for example, Navier-Stocks equation and other most
important problems well-studied and known in the modern age [5]. This problem is originated
from the official theory by the Alan Mathison Turing Award recipient Stephen Cook [6]. We
begin our study of this naturally important question from previous publication [7]. We also give
a notion to the modern works for “P versus NP” theorem by Lance Fortnow [8] and M. Sipser
[9], which are the one of the latest known results to the present time: to the opinion of Dr.
Gennady Fedulov from ResearchGate™, most of the researchers consider the P-NP question
unsolvable due to the poor theoretical background for the definition of the algorithm and NP-
complete problem, however, the author of the past work [7] gives the definition of theory and
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practice for the term “algorithm”. We will use the Bellman algorithm [10] as the starting point
for the successful evaluation of the modern result, described in this work. We will also show
further that according to Bellman results the algorithms can be successfully classified as P and
NP complete.

Nash equilibria in Co-operative Games. The classical description of the co-operative
game in economics and other financial sciences is due to the winning rate in case of getting the
step on the matrix n x n for two players, where at each step the new row or column is taken by
one of the players in periodical order: the values of winning or loosing are given as is by this
matrix.

We state that the composition of the Nash equilibria or problem is NP-complete, since there
are almost factorial number of combinations for the definition of the target function which by the
opinion of John Forbes Nash gives the minimal difference between the score of the game for
both players.

We also state that this opinion, besides the computational complexity of the “task”, was
misinterpreted in past and for now the general case for n-players cannot be omitted.

We present the result according to probability model and the following consequence:

T = ;—;i'zsi, (1)

where R is a set of rational number, V is a set of values and S is a set of measures.

The equation defines the arbitrary function p(x) by the division operator of each value and
sum of all values — this is a generalized case of the co-operative games, where the arbitrary
number of players gain the positive result according to the pre-defined probability.

Thus, the main case holds true and isn’t NP-complete as the initial result obtained by Prof.
John Forbes Nash.

The proof of the NP-completeness of the initial case as described above follows from the
fact that, as it’s known, in the initial circumstances the function p(x) is given by the recurrent
relation between each turn in a series recorded for both, or two, players — thus, the number of
possible combinations to be considered leads to the computational explosion and is almost
exponential and even, as stated before, is of, more preciously, factorial nature.

We propose the novel approach of solving the co-operative games for general case as the
number of players is defined by the dimension of vector V in (1).

The proof of P-completeness of the general case and the similarity of the system of
equations by Nash naturally follows from the re-formulation of problem and the definition of the
statistical probability.

Thus, in this section we have shown the importance of the newly obtained results described
in this work.

In the next section we will learn about the Millennium Problem proposed by Stephen Cook,
which is remains open in the modern age.

P versus NP in Computational Complexity. We state that if there's an order in the target
function for the set of variables, then, P doesn’t equal NP according to the dynamic programming
which is the most optimal way of solving the combinatorial problems using its recurrent function
at each step of the algorithm.

The problem was first stated by Stephen Cook, from that time on now we have no defined
answer if there's the possibility of finding the polynomial solution for NP-complete problems.

We assume that the growing speed of polynomial and non-polynomial functions is

compared to each other:
0N )<0(")y<0 (! <0 (") o

From the equation (2) it also naturally follows the classification of P and NP complete
classes like P-complete nt and exponential and further 2n.
Since there's no known algorithms whose polynomial speed is faster than the speed of
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growth of non-polynomial functions like power-set or factorial, then it naturally follows that if P
and NP are equal, then speed of algorithm steps in P is equal or greater than number of steps
required for the NP-complete task:

t X
X 282
IX X | 3).
The same applies to the factorial function and its equivalent value as function in form xx.
As t is a free parameter then we see that:

t-x"'<dn (2) 2"

(4).

The inequality (4) is true for factorial also.

Thus, from (3) and (4) it naturally follows that the P and NP classes are different as the
speed of growing non-polynomial function is much bigger than the same speed defined by
derivative of polynomial function in P.

The plot of P and NP functions along with their derivatives can be seen on Figure 1.
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Figure 1 - Graphical plot of functions and derivatives

From all the above, it still doesn't follow that P != NP, however, for ordered set there's no
optimal solution in P as the fastest possible algorithm's complexity is O(n) for iterative
methodology, as it's presented at each step before inclusion at the stage set using dynamic
programming, which is the most optimal as it's defined by recurrence relation at each stage.

We have shown that classes P and NP are different over the fact of derivatives defining the
speed of the polynomial and non-polynomial functions respectively. It naturally follows that even
for infinite order of derivative comparison the speed of non-polynomial functions is still
increasing while the speed of polynomial function converges to absolute zero:
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If there exist the ordered set in target function like in Traveling Salesman Problem (TSP),
then P 1= NP according to the obvious statement that dynamic programming cannot cover all the
space of possible cases.

The Bellman function is defined as follows for the set of variables without any order:

U, s y=arg,opt{U,_, ¢, Si—l)-l_lzi(to)}, (6)
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Since, there's no order in the target function Un, the (6) gives the polynomial solution to
the problem. However, when there's an order we cannot use the ordered set for optimization
problem on tape position t on the Turing automaton and, thus, P != NP — this is the final proof of
Millennium theorem.

Conclusion

In this work we have shown the general case of the Nash equilibria in co-operative games
for arbitrary number of players and proposed the ways of proving the correctness of this statement
basing upon the applied mathematics sciences like statistics and theory of probability.

We have also shown the way of considering the partial case for “P versus NP” theorem as
per the dynamic programming algorithm by Bellman.
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Angarna. byn makanaza 013 ©TKeHHIH Kas3ipri Ke3Jeri MaceliesiepiH 3epTTey/IiH jKaHa MOJCIIIH
YCBhIHAMBI3. By Mocernenep i KkenTereH aBTopiap eTe )KaKChl IIelIe li; IeTeHMEH, HOTHXKE JIJelIcHOereH
Ooneim Kamagwsl. Mocenenep kenecifeit: HamTiH koomepaTHB OWBIHAAPBIHIAFBI TETE-TEHMIIT JKOHE
CruBen KoxteiH P-NP katsiHacel Typanel Teopemacel. biz "P vs NP" teopemacs! yuriH ne, 0apibik
JKarJaiiap/ia KoomepaTuB ONBIHIAPBIHBIH TEMe-TeHIr YIIH e KJIaCCUKaIbIK €CenTiH Imerrmi oap
ekeHiH kepcereMi3. P-NP TamncelpMachiHBIH ilTiHapa KarJailblH beuiMaHHBIH —JTWHAMHKAIBIK
barnapiamanaysl (DP) kypzaeni ecentep MEH Macelieep YIUIIH €H OHTAW/Ibl alrOPUTM €KeHIH KOpCeTy
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apKbUIBI Tanenaeyre 0onaspl. bi3 connali-ak aiiblH ajia aHBIKTAJIFaH TapaMeTp meringe oipaeit bemvan
teHaeyl AT MO3WIUACHIH YCTAaHATBHIH COJ aBTOPIBIH AIIBIHFBI JKYMBICTAPBIHIA KAKCHl 3€PTTEITEH
bennvan TeHmeyi ymriH Kypama OOJBINT TaOBIIATHIH PETTENTEH epiKTi aifHBIMANbUIAD JKUBIHTHIFBIHA
coiikec P sxone NP ecentep knactapsl yiiH >kapaMIbl 00JIybl MYMKiH €KeHiH KopceTeMi3-Ka3ipri yakbITTa
TaJayIlbl.

Kinrrik ce3gep: Hom Tteme-temmiri, ecemrtey kypamemimiri, NP-men camsicTeipranga P,
TYKBIPBIMIAMaHBIH JQJICIT.

COBPEMEHHBIH OB30P ITPOILIBIX ITPOBJIEM B TIPUKJIAJTHOM
MATEMATHUKE I UTH®OPMATUKE
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AHHOTanus. B 370l cTaThe MBI IpPEACTaBIIAEM HOBYIO MOJENb M3YUYEHHUS NMPOOJIEM MPOILIOTO B
HACTOSIIEM. DTH NPOOIEeMbl OYEHb XOPOLIO PEIIAIOTCS MHOTMMH aBTOPaMHU; OZHAKO PE3YJIbTaT OCTAeTCs
HeloKa3aHHBIM. [Ipo0ieMbl 3aKiII0UaroTCs B CIIEAYIONIEM: paBHOBecHe Hallra B KooniepaTuBHBIX HTpax U
teopema CtueHa Koka o cootHomenuu P u NP. Mbl nokaspiBaeM, 4TO CYIIECTBYET PELICHUE KaK AJis
KJIACCUYECKOM 3aJayd B 4YacTHOM ciyyae g Teopembl “P mportuB NP”, Tak u A paBHOBecUi
KOOIEPATHBHBIX UTpP U BceX caydaeB. [locKkonbKy yacTHUHBIN citydait s 3amaun P-NP mMoxxHO OBLIO
OBl JOKa3aTh, MOKa3aB, YTO JUHAMHUYECKoe mporpammupoBanue bemimana (DP) sBisiercss HamOomee
ONTUMAJILHBIM AJITOPUTMOM JJIs CJIOKHBIX 3a/1a4 ¥ Mpo6JieM. MBI TakKe MOKa3bIBaEM, YTO OJJHO M TO XK€
ypaBHeHHE beiiMaHa B mpenenax 3apaHee ONpeAeiCHHOrO MapamMeTpa MOXKET ObITh CIIPAaBEAJHBO Kak
i P, tak u g NP knaccoB 3aad B COOTBETCTBUM C YIIOPSIOUYEHHBIME HA0OpPaMU MPOU3BOJIBHBIX
NIEPEMEHHBIX, KOTOpbIE SIBIAIOTCS COCTABHBIMHU Ul ypaBHeHHMs bennmana, kotopoe ObIIO XOpOLIO
M3yUYCHO B IPEABIIYLINX paboTax TOro e aBTopa, KOTOPbIH npuaep xuBaeTcs nouuun M T-ananutuk B
HacTosIIee BpeMsl.

KuarueBsbie cioBa: paBHoBecuss Hboia, BRIYMCIHMTENBHAS CIOXHOCTh, P B cpaBHeHuu ¢ NP,
JIOKa3aTeNbCTBO KOHLEIIVH.

Csedenus 06 agmope:

Amne.: Syzdykov Mirzakhmet - al-Farabi Kazakh National University, Almaty, Kazakhstan

Kas3.: Cuiz0bi506 Muipzaxmem- an-@apadbu amvinoasvl Kazax yimmulx ynueepcumemi,
Anmameol, Kazakcman.

Pyc.: Cuiz0vikoe Muvipzaxmem- Kazaxckuil HAYUOHANbHBIL YHUSEPCUMEM UMEHU allb-
Dapadbu, Armamul, Kazaxcman.


https://orcid.org/XXXX-XXXX-XXXX-XXXX

