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The paper considers a model of a conflict system with N active participants with their
own interests when exposed to an uncertain factor. At the same time, decision-makers do
not have any statistical information about the possible implementation of an uncertain
factor i.e. they only know the many possible realizations of this factor — uncertainties.
Under the assumption that the participants of to the conflict can coordinate their actions
in the decision-making process the model is formalized as a cooperative N-person game
without side payments and under uncertainty. In this paper, we introduce a new principle of
coalitional equilibration (CE). The integration of individual and collective rationality (from
theory of cooperative games without side payments) and this principle allows us to formalize
the corresponding concept of CE for a conflict of NV persons under uncertainty. At the same
time, uncertainty is taken into account along with using the concept of the “analogue of
maximin” proposed earlier in the our works and the “strong guarantees” constracted on its
basis. Next, we establish sufficient conditions for existence of coalitional equilibrium, which
are reduced to saddle point design for the Germeier convolution of guaranteed payoffs.
Following the above-mentioned approach of E. Borel, J. von Neumann and J. Nash, we also
prove existence of coalitional equilibrium in the class of mixed strategies under standard
assumptions of mathematical game theory (compact uncertainties, compact strategy sets,
and continuous payoff functions). At the end of the paper, some directions or further research
are given.
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Introduction

In mathematical modelling of complex socio-economic systems, the problem on
predicting the actions of several decision-makers takes place rather often. As a rule,
interests of the decision-makers do not coincide. At the same time, the incompleteness
and inaccuracy of information about the system should be taken into account in the
mathematical model. Such models are studied in the game theory under uncertainty. The
mathematical model of cooperation studied in this article is described by a cooperative
N-player normal form game under uncertainty without side payments. We assume that
conflicting parties know merely the variation ranges (intervals) of uncertain factors,
without any probabilistic characteristics. A proper consideration of uncertainties in the
models of real conflicts gives more adequate results, which is confirmed by a huge number
of publications (the Google Scholar database contains over 1 million research works with
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keywords “mathematical modelling under uncertainty”). Uncertainty often occurs due to
incomplete (inaccurate) knowledge about the strategies implemented by conflicting parties:
C. Shannon was used to say, “Information is the resolution of uncertainty.”* As mentioned
earlier, an economic system often suffers from sudden ezogenous disturbances (e.g., the
varying number and range of supplies, product price fluctuations caused by demand-
supply dynamics) and also endogenous disturbances (e.g., the breakdowns and failures
of industrial equipment, mistakes in planning and product design); the appearance of new
technologies may affect ecological systems; disturbing factors in mechanical systems are
weather conditions (temperature, pressure, humidity, etc.). Therefore we naturally face the
following question: what are possible ways to take into account the cooperative character
of a conflict and existing uncertainties during strategy choice?

A distinctive feature of each cooperative conflict is a proper consideration of the
interests of any admissible coalition, i.e. a group of players (conflicting parties) with a
coordinated choice of their strategies for achieving as best outcomes as possible. Our
framework will proceed from several assumptions as follows.

First, if the members of a coalition agree about joint actions by negotiations, then their
agreement remains in force during the whole game, i.e., any agreements are compulsory.

Second, the players do not distribute any part of their payoffs to other players (i.e.,
we will be confined to the games without side payoffs, also called the games with non-
transferable payoffs).

Third, the payoff of an empty coalition is zero (personality); in accordance with this
principle, only active players may obtain nonzero payoffs.

1. Game of Guarantees

Consider a mathematical model of a conflict described by a cooperative N-player
normal form game under uncertainty with non-transferable payoffs

I=(N={1,...,N}{Xi}ien, Y, { fi(2,9) }ien)-

In this game, N = {1,..., N} denotes the set of serial numbers (indexes) of players;
each of N conflicting parties chooses his/her/its strategy x; € X; C R™ (i € N), whereby
forming a strategy profile v = (x1,...,2ny) € X = [[ X; C R" (n = > n;); regardless

ieN ieN
of their actions, (an interval) uncertainty y € Y C R™ is realized in I'; a payoff function
fi(z,y) of each i-th player is defined on all pairs (z,y) € X x Y, and its value in a specific
strategy profile gives the payoff of the i-th player. At conceptual level, each i-th player in
the game I seeks for choosing a strategy x; (i € N) that would mazimize his/her /its payoff
under any admissible coalition and any realization of an uncertain factor y(z) : X =Y,
y(-) € YX (in particular, strategic uncertainty).

A well-known English proverb states that “Never cackle till your egg is laid”. This
emphasizes a crucial role of uncertainty, but taking uncertain factors into consideration

makes the payoff functions f;(x,Y) = |J fi(x,y) multi-valued. Such a property inevitably
yey
complicates further analysis of the cooperative games I'. Therefore our idea is to assess the

performance of each i-th player in I' using a lower guarantee f;[z]| of the payoff function
fi(z,y). We suggest the following definition for such guarantees [1].

!Claude Elwood Shannon, (1916-2001), was an American mathematician and electrical engineer who
laid the theoretical foundations for digital circuits and information theory.
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For any y € Y

filz] = Efél;lfz‘(%y).

Really, this formula implies f;[z] < fi(z,y) Vy € Y, and hence the performance of the
i-th player in the game I' can be assigned the lower bound f;[z] under any the strategy
profile x € X. In other words, for any uncertainty y € Y the payoff function f;(x,y)
cannot be smaller than f;[x]. Note that existence of a continuous scalar function f;[z] over
X follows from the compactness (closedness and boundedness) of the sets X; (i € N) and
Y and also from the continuity of f;(x,y) over X x Y.

2. Coalitional Equilibrium

Denote by 2% the set of all coalitions (nonempty subsets of the set N), ie., 2V =
{K]K C QN}. For each coalition K € 2V, let —K be the set N\ K, that is, —K = N\ K;
in particular, —i = N\ {i}. Then the coalitional structure { K, —K} is a partition of the

whole player set N. For this coalitional structure, any strategy profile x = (z1,...,xy) can
be represented as © = (vx,r_k), where xx € X = [[ Xjandv_x € X_x = [] Xj.
JjEK JEN\K

Recall a pair of important properties from theory of cooperative games without side
payments [2]|. For a strategy profile z* € X in the game of guarantees

' = (N, { X, }ien, { fil2] }ien = grél}r} filx,y)),

we say that
(a) the individual rationality condition (IRC) holds if

> F0 e e T — min £ e 1 (i
file'] 2 £ = max min filzg, -] = min filzi,2-] (@ €N),
where © = (z;,2_;) and X_; = [[ Xj; so using the maximin strategy z?, the i-th player
JEN\{i}

obtains a payoff f;[z?, z_;] > fdVx_; € X_; (i € N);

(b) the collective rationality condition (ColRC) holds if the strategy z* is a Pareto
maximal alternative in the N-criteria choice problem I'9 = (X, { fi[x]}ien); in other words,
for all z € X the system of inequalities f;[x] > fi[z*] (: € N) is inconsistent, where at

least one inequality is strict. (If for any = € X we have )" f;[z] < > fi[z*], then z* is a
ieN ieN
Pareto maximal alternative in the problem I'Y).
By modifying the concepts of Nash and Berge equilibria [3-6], we introduce
(c) the coalitional rationality condition (CoalRC) for the game of guarantees I'Y in the

following way:
file*] > filrg, 2" 5] Vrg € Xg, VK € 2V (i € N).

Definition 1. A strategy profile x* € X 1is called a coalitional equilibrium (CE) if x*
simultaneously satisfies IRC, ColRC, and CoalRC in the game of guarantees I'9.

Remark 1. According to IRC, a player benefits from building coalitions with other
players if the resulting payoff is not smaller than his/her /its payoff yielded by the maximin
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strategy. ColRC gives the largest payoff vector to a player (in the vector sense!). Finally,
CoalRC makes his/her/its payoff stable against the deviations of separate players or any
admissible coalitions from x*.

The coalitional equilibrium in 3-person games was introduced in [7, §|.

3. Sufficient Condition

According to Definition 1, a CE x* must satisfy IRC, ColRC, and CoalRC. However,
all these conditions follow from (N? + 1) inequalities of the form

file*] = filef, o] Va_; € Xy (4,5 €N),

S Ll < S filat] Vre X, (1)
1€EN 1€N
where x* = (z7,...,2%).
To formulate sufficient conditions for existence of CE, we will employ the original
approach [9]. For this purpose, introduce an N-dimensional vector z = (z1,...,2xy) € X

and the function ¢(z,z) as the Germeier convolution [10]| of functions ¢,(x,z) (r =
1,...,N+1):
pil,2) = max{ filzj, e—j] = filz]} (7 €N),

on+1(x, 2) = ) file] = X fil], (2)
€N €N
plo.z) =, oy, er(@2) 3)

A saddle point (z°,2*) € X x Y of the scalar function ¢(z, 2) (2) is given by the chain
of inequalities
o(r,2*) < 2%) < p(a°2) Va,z€eX. (4)

Theorem 1. If (2%,2*) € X x X s a saddle point of the function o(x,y), then the
minimax strateqy z* 1is the coalitional equilibrium in the game I'9.

Proof. Really, formula (2) with 2 = 2° gives ¢(z°, 2°) = 0. Then, using transitivity and (3),
lo(a”,2") < 0] = [p(,2") <0 ¥z € X],

and the conclusion follows by (2).
O

Remark 2. According to Theorem 1, CE design is reduced to calculation of a saddle
point (zY; z*) for the Germeier convolution ¢(z,z) (3). Therefore, we have developed a
constructive method of CE design in the game I', which includes the following steps:

first, define the scalar function ¢(z, z) using formulas (2) and (3);

second, find a saddle point (z°, 2*) of the function ¢(x,2) (see the chain of
inequalities (4));

third, calculate the values f;[z*] (i € N).

Then the pair (z*, f[z*] = (fi[z*], ..., fn[z*])) € X x RY is a coalitional equilibrium
in the game I'9: the players should apply their strategies from the profile z*, thereby
obtaining the guaranteed payoffs f;[z*].
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4. Existence of Coalitional Equilibrium in Mixed Strategies

One must be very optimistic to look for a coalitional equilibrium in the class of pure
strategies, even for the two-player games. Adhering to the approach of E. Borel [11],
J. von Neumann [12], J. Nash [3, 4] and their followers, we will establish existence of
mixed strategy CE. Let us begin with a series of auxiliary results laying the foundations
of a corresponding existence theorem.

4.1. Auxiliary Results

Denote by compR"™ the set of all compact (closed and bounded) subsets of the
Euclidean n;-dimensional space R™, and write f;(-) € C(X x Y) if a scalar function
fi(z,y) is continuous over X x Y.

Get back to the cooperative game without side payments I'. Without special mention,
assume that the elements of the ordered quadruple I' satisfy the following requirements.
Condition 1.

X; € compR™ (i € N), Y € compR™, fi(-) € C(X xY). (5)

Pass to the mixed extension of the game I'Y, which includes mixed strategies, mixed
strategy profiles, and expected payoffs.

Suppose that the game I' satisfies inequalities (5); then f;(z,y) is continuous over
the product X x Y of compact sets, where X = [] X;. For each compact set X; C R™

ieN

(1 € N), construct the Borel o-algebra B(X;), i.e., the set of all subsets of X; such that
X; € B(X;), and B(X;) is closed with respect to the complement and union of a countable
number of sets from B(X;); in addition, B(X;) is the minimal o-algebra that contains all
closed subsets of a compact set X;. Within the framework of mathematical game theory,
a mized strategy v;(-) of i-th player is identified with a probability measure over a compact
set X;. A probability measure is a nonnegative scalar function v;(-) defined on the Borel
o-algebra B(X;) of all subsets of a compact set X; C R™ that satisfies the following two
conditions:

(1) v (U Q](;)) =Uw < 5?) for any sequence {Qg)}zozl of pairwise disjoint elements
k k

from B(X;) (countable additivity);
(2) v4(X;) = 1 (normalization), which implies v; (Q®) < 1 for all Q¥ € B(X;).
Denote by {v;} the set of all mixed strategies of the i-th player (i € N). Construct a
mixed strategy profile as the product measure

I/(dl‘) = l/l(dl'l) N l/N(dZEN),

and let {v} be the set of all such profiles. In addition, denote by f;[v] = / filx]v(dx) the

X
expected payoff of the ¢-th player. Then the mixed extension of the game of guarantees I'Y
has the form

B9 — (N = {1,..., N}, {}iews {filV] / filal(da) bicw). (6)

Similarly to Definition 1, introduce
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Definition 2. A mized strategy profile v*(-) € {v} is called a coalitional equilibrium (CE)
in the mized extension (6) (equivalently, a coalitional equilibrium (CE) in mized strategies
in the game fg) if

first, the profile v*(-) is coalitionally rational in game (6), i.e.,

filv, i uw] < filv'] V() €{me} (ReN\{j}; i, j€EN) (7)

(denote by {v*} the set of all coalitional equilibria in game (6));
second, v*(+) is a Pareto maximal alternative in the N-criteria choice problem

19 = ({v"'}, { filv] }ien),

i.e., for all v(-) € {v*} the system of inequalities

filvl 2 filv'] (i € N),
with at least strict inequality, is inconsistent.

It is possible to suggest an obvious sufficient condition of Pareto maximality, see
Remark 3.

Remark 3. A mixed strategy profile v*(-) € {v*} is a Pareto maximal alternative in

L9 = ({*} { filv]hien) it
rréeglc Zfz Zfz[”

iEN
Proposition 1. In the game I'Y with sets X; € compR™ and f;[-] € C(X) (i € N), the
function

oo z) = max  r(z,2) (8)
satisfies the inequality
<
e [ s [ max (e 2n(dondz) o)
XxX XxX

for any u(-) € {v} and v(-) € {v}; recall that the scalar functions @,(x,z) are defined by
(2)-

Inequality (9) was proved in [9)].

Remark 4. In fact, formula (9) generalizes the well-known property of maximization:
the maximum of a sum does not exceed the sum of the maximums.

Proposition 2. If conditions (5) hold in the game 'Y, then the function p(x,z) (8) is
continuous over X x (Z = X).

The proof of a more general result (the maximum of a finite number of continuous
functions is continuous) can be found in many textbooks on operations research, e.g.,
in [13-15].
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4.2. Existence Theorem

The central result of this section, i.e. the existence of a coalitional equilibrium in mixed
strategies, is established in the game I'Y under conditions (5).

Theorem 2. If the sets X; € compR™ and f;[-] € C(X) (i € N) in the game I'Y, then
there exists a coalitional equilibrium in mized strategies in this game.

Proof. Consider an auxiliary zero-sum two-player game

I = <{17 2}7 {X7 Z = X}v (p(f, Z))

In the game T'*, the set X of strategies x chosen by the 1-st player (which seeks to maximize
o(z, z)) coincides with the set of strategy profiles of the game I'Y. A solution of the game
I is a saddle point (2%, 2*) € X x X; for all x € X and each z € X, it satisfies the chain
of inequalities

Now, associate the game I'* with its mixed extension

T = ({1,2}, {u}, {v}, (. 1)),

where {v} and {u} = {v} denote the sets of mixed strategies v(-) and p(-) of the 1-st and
2-nd players, respectively. The payoff function of the 1-st player is the expectation

o1, v) = / o, 2)pu(d)(d2). (10)

XxX

The solution of the game Ie (the mixed extension of the game I'*) is also a saddle point
(u°,v*) defined by the two sequential inequalities

o(p,v*) < e, v) <, v) (11)

for any v(-) € {v} and u(-) € {v}.

Sometimes, this pair (u°,v*) is called a solution of the game T'* in mized strategies.

In 1952, I. Gliksberg [16] established the existence theorem of a mixed strategy Nash
equilibrium for a noncooperative game of N > 2 players. Applying this theorem to the
zero-sum two-player game I'* as a special case, we obtain the following result. In the game
', let the set X CR™ be nonempty and compact and also let the payoff function ¢(x, z) of
the 1-st player be continuous over X x X (note that the continuity of p(z, 2) is assumed in
Proposition 2). Then the game I'* has a solution (1", v*) defined by (11), i.e., there exists
a saddle point in mixed strategies in this game.

Taking into account (10), inequalities (11) can be written as

/ max cpr(x,z)u(dx)l/*(dz)g/ max o (x, 2)p’ (dr)r*(dz) <

r=1,..,.N+1 r=1,...N+1
XxX XxX
< [ max oo ) (dey(dz)
r=1,...N+1
XxX
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for all v(-) € {v} and u(-) € {v}. Using the measure v;(dz;) = p?(dx;) (i € N) (and hence
v(dz) = pu°(dz)) in the expression

pt) = [ _max e nldo(ds),

=1
XxX

-----

we obtain ¢(u°, u°) = 0 by virtue of (11). Similarly, p(v*,v*) = 0, and then it follows
from (11) that

p(u’,v") = 0. (12)

The condition ¢(u°, v*) = 0 and the chain of inequalities (11) by transitivity give

plur) = [ max el uldo) (d2) <O V() € (v}

=1,.., N+
XxX

In accordance with Proposition 1, we have

r=1,..., +1 r=1,...,.N+1
Therefore, for allr=1,..., N + 1,

/ or (0, 2Yplda) v (dz) < 0 Val() € {v}.

XxX

Consider the following two cases.
Case I (r=1,...,N). Here, by (2) and the normalization of v(-), for r = 1 we have

0> / o1(z, 2)p(dx)v*(dz) =

= / rgle%x{fi[zl,xQ,...,xN] — filz]} p(dz)v* (dz) >
> /fi[zl,xg,...,xN],u(dx)l/*(dz)—/fi[z]y*(dz)/u(dx):

= filvi, pas - pn] = filv'] (1 € N).

For r =2,..., N and ¢ € N, the inequalities
0 2 fi[,ulaysa,u& s 7,U/N] - fi[u*]a

O > fi[ﬂl?“‘a/‘bN—lay}i/'] - fZ[V*]

are proved in the same way.
By Definition 2, v*(+) is a coalitionally rational profile in mixed strategies in the game
9.

36 Bulletin of the South Ural State University. Ser. Mathematical Modelling, Programming
& Computer Software (Bulletin SUSU MMCS), 2019, vol. 12, no. 4, pp. 29-40



MATEMATNYECKOE MOJAEJIMPOBAHINE

Case II (r = N + 1). Again, using (2) and the normalization of v(-) and pu(-),

0> / [Zfim—Zfim] p(de)v(dz) =

= /Zfz[x],u(dx)/l/*(dz) —/,u(dx)/Zfz[Z]V*(dz) = Zfz[ﬂ] _Zfz[]/*]

According to Remark 3, the mixed strategy profile v*(-) € {v} of the game I'Y is a Pareto
maximal alternative in the N-criteria choice problem

U9 = ({v} {filvl}iew). N
Thus, we have proved that the mixed strategy profile v*(-) in the game I'Y is a
coalitionally rational profile in mixed strategies that satisfies Pareto maximality. Hence,
by Definition 2, the pair (v*, f[v*]) is a coalitional equilibrium in mixed strategies in the
game I9.
([

Conclusion

Let us summarize the new results on cooperative games obtained in this paper.

First, we have formalized the concept of coalitional equilibrium (CE) considering the
interests of any coalition in a cooperative N-player game.

Second, we have developed a constructive method of CE design which is based on
calculation of the minimax strategy for a special Germeier convolution associated with
the guaranteed payoffs of the players.

Third, we have proved existence of CE in mixed strategies under standard assumptions
of mathematical game theory (continuous payoff functions, compact strategy sets, and
compact uncertainties).

In our view, an important role is also played by qualitative properties that directly
follow from the analysis above.

1. The CE x* € X is stable against the deviations of any admissible coalitions: by
modifying their strategies, the players of a coalition either worsen their guaranteed payoffs
or obtain the same guaranteed payoffs as before.

2. CE is applicable even if the coalitional structures evolve during the cooperative
game (in particular, if all coalitions remain invariable).

3. CE can be used to construct stable unions (alliances) of players;
as well as other advantages of CE!

As a matter of fact, there exists another merit worth mentioning.

The conditions of individual and collective rationality have always been in the focus
of researchers who study cooperative games. But the individual interests of players well
fit the concept of Nash equilibrium with its intrinsic selfish character (“to each his own”),
while the collective interests of players match the concept of Berge equilibrium with its
natural altruism (“help everybody, sometimes neglecting one’s own interests”). However,
such neglect is rather a phenomenon for the players as human beings. This negative feature
of both concepts is eliminated by coalitional rationality.
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MATEMATNYECKOE MOJAEJIMPOBAHINE

YK 519.816+519.83 DOI: 10.14529/mmp190402
KOOIIEPAIINA B KOH®JIUKTE N JIUII ITPV HEOIIPEJIEJIEHHOCTHA

B. 1. Xyxosckuti', K.H. Kydpasues®>, C.A. Illynatinosa?®,

u.c. Cmabyasum?

"Mockosckuit rocynapersennniii yausepeuter uM. M.B. Jlomonocosa, r. Mocksa,
Poccniickas @enepariust

2IOzkH0- Y pasibcKuil rocy1apcTBeHHbIi yHuBepeuTeT, . TensaOunck,

Poccuiickas Pejiepartiust

3Yenabunckuit rocy1apCTBEHHLI YHUBEPCUTET, T. JeIa0nHCK,

Poccuiickas Peepartiust

B pabore paccmarpuBaercsa Moiesb KOHMDINKTHON crucTeMbl ¢ N aKTUBHBIMEA yIaCTHU-
KaMU, UMEIOIIIMI COOCTBEHHBIE HHTEPECHI, U [IPU BO3/IEHCTBUU HEOIIPEIEIEHHOIO (haKTOpa.
IIpu sToM JsMna, TPUHUMAIOIINE PEIEHHUs, He NMEIOT HUKAKON CTATHCTUYECKOH nudopma-
U O BO3MOXKHOU peajin3allii HeOIPeIeIeHHOTO (DAKTOpa, UM M3BECTHO JIUIIh MHOYKECTBO
BO3MOXKHBIX PeaJIn3alluii 3Toro gpakropa — HeompeaeaeHHocTeir. C y4eToM penoioKe st
0 TOM, 9TO B IIPOIIECCe IIPUHSATUSI PENIeHUs] CTOPOHBI KOH(MJIUKTa MOI'YT COIJIACOBBIBATH CBOU
JefCcTBUs, MOIENIb (popMaIn3yeTcst Kak KoomepatuBHast urpa N i 6e3 moO0IHBIX TIaTe-
2Kell U IPU HEeOIPEeIeJIEHHOCTU. B cTaThe BBOAUTCS HOBBIN /It TEOPUN UT'D IIPUHIIAI KOAJIU-
[IMOHHON paBHOBeCcHOCTH. VHTErparus nHIMBUIyaIbHON U KOJJIEKTUBHON PAIIMOHAJILHOCTHI
(13 TeopuM KOOIEPATUBHBIX MIP 0e3 HOGOUHBIX MUIATEXkKeil) M 9TOr0 HMPUHIMIIA TTO3BOJISET
bopMaIM30BaTH COOTBETCTBYIOIIYIO KOHIENIHIO KoajuuorHoro pasHosecus (CE) st mo-
nesin koudaukra N JuI B yCJI0BUsIX HeonpeaesennocTu. IIpu sTom yaer neonpeneieHHOCTH
[IPOBOJUTCS C MTOMOIIHIO KOHIIEIITUN <aHAJIOTa MAKCUMUHA>, [TPEJJIOXKEHHOI0 paHee B pa-
6oTax aBTOPOB, M TIOCTPOEHHBIX HA €r0 OCHOBE <CUJIbHBIX TapanTuit>. /latee B pabore ycra-
HABJINBAIOTCSI JIOCTATOYHbBIE YCJIOBUSI CYIIIECTBOBAHUSI KOAJUIIMOHHOTO PABHOBECHUsI, KOTOPBIE
CBOJISATCS K ITOCTPOEHUIO CEIJIOBOI TOUYKH Jjis cBepTKu [epMmeiiepa rapaHTUPOBAHHBIX BBIUT-
pormeit. Cireyst nogxoy 9. Bopens, x. ®on Heitman un [Ix. Hama, mokaseiBaercs cyiie-
CTBOBAHME KOAJUIIMOHHOI'O PABHOBECHUS B KJIACCE CMENIAHHBIX CTPATErU IPU CTAHIAPTHBIX
UPEIIIOJIOKEHUAX MATEeMATUIeCKOl Teopur urp (KOMOAKTHOCTb MHOYKECTBA HEOIPEJIesIeH-
HOCTEl, KOMIIAKTHOCTH MHOYKECTBA CTPATEruii 1 HEIPEPBIBHOCTD (DyHKIMIl BHIUTPHIIIA). B
KOHIIE CTATBH PACCMATPUBAIOTCS HEKOTOPbIE BO3MOXKHBIE HAIIPABJIEHUS JJIs TaJbHENITNX
HUCCJIEJIOBAHUIA.

Karouesvie caosa: xoonepamustas uzpa; weonpedesernocms; ceepmra I epmetiepa; uepa

2aparmui.
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