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Abstract—The management decisions acceptance with an
individual player is necessary to be selected in accordance with
specific market conditions and long-term targets of the company.
With this problem it is really important to recognize the situation
on the wholesale market and modeling the different strategies of
the players. In each several situation the generating company
should choose theirs own specific strategy.

Index Terms:
competitors.
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I. INTRODUCTION

The market mechanism’s nature is built on the conflict of
participant’s interest. To increase its efficiency the generating
companies (GC) may use different pricing strategies as a
method of competition fight, namely:

1) “Sincere” strategy or bid price submission which reflects
the objective cost of produced electricity and which is close to
the relative increase inputs characteristic;

2) A strategy of price wars means the part of market
aggressive takeover on condition to reduce the product price;

3) A strategy of price leadership, dominates in oligopoly
markets. One of the firms because of their size or position in
the market becomes as a natural leader. This leader takes
pricing decisions, but other attended firms on the market,
declare these decisions and follow them [1].

II. STRATEGIES FORMULATION

One of the most striking examples of calculation-analytical
methods of risk assessment is the use of game theory. The aim
of the game is to choose the strategy which corresponds to
equilibrium point. The equilibrium strategy is the strategy of
reliability. In games theory, however, quit reasonable is also to
choose the strategy, which differs from the equilibrium and
connected with certain risk [2, 3].

In order to consider participants different strategies is need
to draw up the matrix of the game. In the matrix rows mean
possible decisions which is taken by the player, but columns
are possible condition of economic environment. The matrix
element a; means the outcomes of the situation when player
chooses strategy i at the environment condition j. Game matrix

is called as the game solvency matrix (Tab. 1) [2, 4].
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In game theory it is assumed that among "players" is at least
one who acts consciously and purposefully, the rest may be
guided by a random choice, but in that case, it is considered
that they have "chosen" the strategy independently of other
games players.

Companies prices at different strategies presented in Tab.2.

TABLE 2
PARTICIPANTS PRICES IN THE MARKET AT DIFFERENT BEHAVIOR STRATEGIES

Price at sincere \l}’vr;:e atprice Price leadership
strategy, Ls/MW strategy,Ls/MW strategy, Ls/MW

1 participant | 21,00 20,370 22,050

2 participant 18,54 17,984 19,467

3 participant | 22,37 20,129 23,48

4 participant 21,61 20,529 22,69

Different strategies of the generating companies presented
in Fig.1.

25,00 ¢ €% LMW
24,00 4

23,00 4 4'—|7
22,00 4 4'—|7
21,00 |

20,00 -
19,00 A
18,00
17,00

16,00 4 i P, MW
15,00

Fig. 1. Power distribution between participant considering price strategy of
each
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We define for first power producer the optimal behaviour
strategy taking into account the expected strategies of other
participants in the electricity market. The total load is 3000
MW. We assume that in the market is three different prices
strategy. The 1* generating company can produce maximum —
1000 MW, 2™ — 1000 MW, 3™ -1100 MW and 4™ — 1300
MW. For the first instance F1(1,1,1) (power producers adheres
to the sincere strategy) all participants take part with sincere
strategy) respectively prices equal to c¢;;=21 Ls/MW,
c2,1=18,54 Ls/MW, c;,=22,37 Ls/MW and c4;=21,61 Ls/MW.
For the first instance, power distributed as: P,=1000 MW,
P, =1000 MW (so enter to the Tab.l first column value for
first GC) and Py=1000 MW (3" participant dropped out from
market). When the first GC reduces the price (2™ strategy)
then depending on the strategies of other players is changing
their loading. The power distribution for the first GC is shown
in Tab.3.



Power and Electrical Engineering

2012/30

THE POWER DISTRIBUTION FOR THE FIRST GC DEPENDING OF BID PRICES OF

TABLE 3
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Depending on the pricing strategies of other producers are
calculated the profit variants for first company, which
summarizes in the solvency matrix (Tab.4) taking into account
expected value of looses.

III. THE OPTIMAL SOLUTION FINDING

The optimal strategy selection of production and selling
based on the use of games models which based on the
minimax strategies of risk and losses, and 7 - number of lines —
possible strategy selection; j - the column number - politics of

other generating companies; a; - the outcome of the situation.
TABLE 4

THE SOLVENCY MATRIX OF FIRST GENERATING COMPANY

The amount of profit, depending on the different
strategies of competitors, Ls

LL1 (112 12,1 (122 (1,13 [1,23 [1,3.2

1st GC prices

¢,=21,000 Ls/MW | 2990 [ 2090 | 2690 [ -10 | 2990 | 2690 | 2090

¢,=20,370 Ls/MW | 2360 [ 2360 | 2123 | 2123 | 2360 | 2123 | 2360

¢;=22,050 Ls/MW | 2825 [ 2825 | -10 | -10 | 4040 | 3635 | 2825

bi=max aj; 2990 | 2825 2690 | 2123 | 4040 | 3635 | 2825

The amount of profit, depending on the different
Ist GC prices strategies of competitors, Ls

1,33 (1,3,1 |2,1,1 {2,1,2 |2,2,1 ]2,22 (2,13
¢;=21,000 Ls/MW | 2990 | 2990 | 2990 | 2090 | 2690 | -10 2990
¢,=20,370 Ls/MW | 2360 [ 2360 | 2360 | 2360 | 2123 | 2123 | 2360
¢3=22,050 Ls/MW | 4040 | 2825 | 2825 | 2825 | -10 | -10 |4040

bi=max aj; 4040 [ 2990 | 2990 [ 2825 | 2690 | 2123 4040

The amount of profit, depending on the different
1st GC prices strategies of competitors, Ls

223 (2,31 [2.3.2 2,33 [3.1,1 [3,1,3 [3.3.1
¢1=21,000 Ls'MW | 2690 | 2990 | 2090 | 2990 | 2990 | 2990 | 2990

€=20,370 Lss'MW | 2123 | 2360 | 2360 | 2360 | 2360 | 2360 | 2360
¢5=22,050 Ls'MW | 3635 | 2825 | 2825 | 4040 | 2825 | 4040 | 2825

b~=max a; 3635 (2990 | 2825 | 4040 | 2990 | 4040 | 2990
The amount of profit, depending on the a=
1st GC prices different strategies of competitors, Ls min

333 [33.2 [3,1,2 [3.23 [3.21 [3.22 | %
¢=21,000 LsMW | 2990 | 2090 | 2090 | 2690 | 2690 | -10 | _j¢
©=20,370 Ls'MW | 2360 | 2360 | 2360 | 2123 | 2123 | 2123 | 2123
€:=22,050 LsMW | 4040 | 2825 | 2825 3635 | -10 | -10 | _1¢
bFmax ay 4040 | 2825 | 2825 | 3635 | 2690 | 2123

e In order to find the true player strategy in the electricity
market would be considered the maximin criterion, which is
based on fact that decision-maker chooses a strategy which
guarantees him the highest (maximum) of all worst
(minimum) outcomes for each strategy, taking into account the
risks and losses. From Tab.4 are chosen the worst outcomes of
strategies: a; = min @; - The values ay, a,, a; show the security

1

level of each strategy because the receiving of worse variant
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excluded. On this basis, the best solution is one that
guarantees the best of the worst set of outcomes, so:
SoptZ = maxd, :max[mina!/]:2123Ls. )]
J i
The result will be no worse than S, at different competitive
environment. That value is called by lower game price, as well
as the principle of maximum guaranteed result on the basis of
Wald criteria.
For finding the worse result of the best set is made similar
analyses, as:
a'; = max a; = 2990 Ls;
i=1
a'2 = max a2/ =2360 LS;
=2
a's = max ay; = 4040 Ls .
i=3

S, =mina'; = min[maxa, ] = 2360 Ls. 2)
J J i

The value in (2) is called by high games price (or minimax).

e The index of the risk 7; is input for estimation as far as
environment condition affects to the outcome. It is determined
by the difference between maximum possible win for the
selected market condition and win of the chosen strategy [4,
5]:

7 =b; —aij,where r

> .= .
U_O un b] maxay.

J

That index is the basis of Sevage criteria under which is
chosen such strategy R; at which the value of risk takes
minimum in the most unfavorable situation:

R =min7; = min[max7;]. 3)
J J i
TABLE 5
THE INDEX OF THE RISK FOR FIRST GC AT DIFFERENT COMPETITOR’S
STRATEGIES
1st GC
prices L) 1,121,210 | 122 | 1,L1,3 ] 1,23 | 1,32 | 1,3,3
¢;=21,000
Ls/MW 0 735 0 2133 | 1050 | 945 735 1050
=20,370
Ls/MW 630 465 567 0 1680 | 1512 | 465 1680
¢3=22,050
Ls/MW 165 0 2700 | 2133 | O 0 0 0
13,1 | 21,0 | 212 ] 221 [ 222 ] 213|223 | 23,1
¢1=21,000 0
Ls/MW 0 0 735 0 2133 | 1050 | 945
,=20,370 630
Ls/MW 630 630 465 567 0 1680 | 1512
¢3=22,050 165
Ls/MW 165 165 0 2700 | 2133 | 0 0
IS.tGC 232 (233 |31,1 3,13 33,1|333]332] 3,12
prices
¢;=21,000
Ls/MIV 735 1050 | O 1050 | O 1050 | 735 735
,=20,370
Ls/MW 465 1680 | 630 1680 | 630 1680 | 465 465
¢3=22,050
Ls/MWV 0 0 165 0 165 0 0 0
Ist GC .
—— 323 | 3,2,1 | 3,2,2 max(rg,) min[max 7]
¢=21,000
Ls/MWW 945 0 2133 | 2133
=20,370
Ls/MWV 1512 | 567 0 1680 1680
¢3=22,050
Ls/MW 0 2700 | 2133 | 2700
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The amount of risk is minimal value in the worse situation.
In that example the guarantee risk (financial charges) of
second strategy is 1680 Ls.

e When choose the solution from two extremes (from most
optimistic and most pessimistic) it is advisable to stick with
some intermediate position, the border of which is regulated
by the pessimism-optimism index of Hurwitz criteria [6]:

Sopt = mjaxi,i ‘mina; +(1-2)- maxay | )

By varying this parameter can be determined decision-
making strategy at different degree of risk profile of taking
those decisions (from 0 to 1, where 0- better outcome from the
best, 1 — the better outcome from worse):

S, =max{Ss,,S,,S; | = 2241,499 Ls.
J

opt2

According to the Hurwitz criteria should be selected second
Strategy.

e Accordingly the Bayes criterion the optimal strategy is
chosen when the average win is maximizing or average risk
minimizing.

The corresponding selection rule can be interpreted as
follows: solution matrix of [a; ] is supplemented with one
more column which contains the mathematical expectation of
each row values. Is chosen only variants in which lines is the
greatest value of this column

Sopt :mjgle(a[j ~qj). ®)

In our case g; equals to g, = g, =...= ¢; = 1/n=1/27. Multiply
the a,; (from Tab.4) on ¢,
S, 3 = max{S,,S,,8; } = 2554,999367 Ls.
j

opt3 =

According to the Bayes criterion choose 3™ strategy and it
brings around 2555 Ls.

e The maximax criterion (the optimistic criterion).
According to this criterion the best solution is that, which
gives the maximum benefit:

Sop = max[max a; } =4039,999 Ls (6)

op ; i J

The criterion corresponds to the risk of aspiration from the
part who takes decision.

According to the maximax criterion much more profitable is
third strategy.

o Criterion Hodge-Lehmann relies both on the MM-test
and the Bayes-Laplace. With the help of the n parameter
expresses the degree of confidence of used probability
distributions. If confidence is big, then dominate the Bayes-
Laplace criterion, otherwise MM criterion.

Such variant of calculation will be selected, which on
column will be greatest value of line [6].

S, =maxjn-Y(a, -q,)+(1-n)-mina, | %

At n=1 criterion is converted to the Bayes-Laplace criterion,
but at =0 becomes to the Wald criterion. In that way, the n
parameter choice influenced by subjectivism(n=0,5).
Additionally without attention is the number of realizations.
Therefore, this criterion is rarely used in making technical
decisions.
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S, = m?xin-Z(aij +q,)+(1=n)-mina, {= 2202 Ls.

By Hodge-Lehmann criterion should be selected second
variant of decision making.

e Germeier criterion focused on the magnitude of losses
(the negative value of all a;) [3, 5].

Sopt = max[mjn(a 4 )} =78,63 Ls . ®)
j i

y

Germeier criterion as the Wald criterion is extreme
pessimism of player, but unlike the Wald criterion the player
making decision with maximal discretion with taking into
account probabilities of the states of nature.

By Germeier criterion should be chosen the second strategy.

The comparison of results of different criterion is shown in

Table 6.

TABLE 6
COMPARISON OF STRATEGIES SELECTION BASED ON DIFFERENT CRITERIA

Criterion Strategy
Wald A-2
Savage A-2
Hurwitz A-2
Bayes-Laplace A-3
Maximax A-3

Hodge-Lehmann A-2

Germeier A-2

Strategy selection A-2

The optimal strategy of pricing policy selection for first
producer (GC) is A-2 — second strategy, because it brings
minimum risk of looses.

IV. CONCLUSION

The considered results of game theory are used in the
decision making show that most efficient for first company to
follow “price war” strategy, because such variant of the game
bring smallest losses.

Based on the fact that the “price war” strategy leads to
deterioration of financial indexes all market’s entity, but
“price leadership” strategy leads to GC profitability increase at
the expense of pinching of the consumers interests, it follows
that “sincere” strategy is most appropriate for all market
participants. But since in a competitive market, each player
tries to get the maximum profit, then it becomes a question of

the correct strategy choosing of interested person regardless of
the competitors.
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Renata Varfolomejeva, Anatolijs Mahnitko. LEmuma pienems$ana generéjosa uzpémuma konkurentu dazadas uzvedibas stratégijas apstaklos
Raksta tiek apskatita gener&josas kompanijas ekonomiskas efektivitates novertesanas metodika, atkariba no konkurentu reakcijas. Visu analizes rezultata iegiito
caurspidigo un uzskatamigo spriedumu izskatam, balstoties uz genergjosa uznémuma (GU) triju cenu stratégiju. Genergjoso kompaniju konkurences cipai tick

N

pienemtas tiis cenu stratégijas: "patiesa

stratégija, "cenu karu" strat€gija un "cenu lidera" stratégija. "Patiesda" uzvedibas stratégija paredz, ka generéjosais

uznémums, veidojoties cenas pieteikumam, orient&jas uz izmaksu raksturliknes relativu pieaugumu un fiksétu pelnas normu. "Cenu kara" strategijai raksturigs
cenas pieteikuma samazindjums. "Cenu lidera" strat€gijas rezultata elektroenergijas cena tirg pieaug atkariba no uznémuma-lidera pienemta lémuma. Paraditie
aprékinu rezultati, kuri iegiiti, izmantojot spélu teoriju lemumu pienemsanai izvélétas stratégijas iesniegtajiem cenu piedavajumiem, paradija, ka apliikojamam
GU visefektivaka ir ,,cenu kara” stratégija, jo $ads spéles variants rada vismazakos zaudéjumus. Atkariba no cenu piedavajumu mijiedarbibas stratégija var bt
ari citada. Ta ka ,,cenu karu” stratégija izraisa finansiala stavokla pasliktina$anos visiem tirgus dalibniekiem, bet ,,cenu lidera” stratégija noved pie genergjoso
uznémumu pelnas palielina$anas uz patérétaju intere$u rékina, ,,patiesa” strat€gija ir vispiemerotaka visiem tirgus dalibniekiem. Ta ka konkurences tirgus

17
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apstaklos katrs sp€létajs censas iegilit maksimalo pelnu, tad GU optimalas stratégijas izvéle ir pasa uzpémuma prerogativa un nekada méra nav saistita ar
konkurentu uzvedibu.

Penata BapdosiomeeBa, Anarosmmii Maxuutko. IIpuHsiTHe pelleHMsi TeHepHpPYIOLIell KOMIaHUell B Pa3IMYHBIX YCJIOBHSX CTPATerwii MoBeJeHHs
KOHKYPEHTOB.

PaccMaTpuBaeTcst METOIMKA OLEHKH SKOHOMHUYECKON 2()(DEKTHBHOM eATeNbHOCTH IeHepUpYIOell KOMIIAHUM B 3aBHCHMOCTH OT PEaKIMH KOHKYypeHTOB. J{is
HaIJIAHOCTH U MPO3PAYyHOCTH aHAJIM3a IMOJY4YaeMbIX PE3YyJIbTaTOB BCE PACCYKICHMS WILUIIOCTPUPYIOTCS AN ciaydas Tpex LeHOBbIXx crpareruii 'K. B pabore
PacCMOTpEHBI LIGHOBBIE CTPATETHH B KAa4eCTBE METOJAa KOHKYpPEHTHOH OOpbOBI reHepHpYIOIIUX KOMIAHUH - «HCKPEHHSD CTPATErHs, CTPaTeTHs «IIEHOBBIX
BOUH» M CTpaTerHsl «II€HOBOTO JTHACPCTBa». «VICKpeHHSs» CTpaTerus IOBEACHUS IPEAIoNaraeT, YTo0 TeHepHpyIomas KOMIAHUs IpU (OPMHPOBAHUH IIEHOBOU
3asIBKH OPMEHTHPYETCSl Ha XapaKTEePHCTHKY OTHOCHTENIBHOTO HMPHUPOCTa 3aTPaT U (QUKCHPOBaHHYIO HOpMY NpuObUIH. CTpaTerus LEHOBBIX BOWH ONpEENsIeTCs
3aHIDKEHHEM [IeHOBOH 3asBKH. [Ipu cTpaTerun «eHoBOTo JHUAEPCTBAY 3aBhIMIACTCS LIEHOBAs 3asIBKA B 3aBUCUMOCTHU OT NIPUHATHUS PEIeHHs KOMIAHUH Tuepa Ha
PBIHKE.

IIpuBeieHHbIe pe3yNbTaThl pacyeTa C HCIONB30BAHHEM TEOPHH MID UL NPHBEICHHBIX LeH BBHIOPAHHBIX CTpPAaTErHil B NPHHATHUM pELIeHHIl MOKa3ald, 4To
Haubosee apdexTuBHBIM 111 paccmatprBaeMoit ['K siBisiercs: crparerus "LeHOBOH BOWHBI", TOTOMY YTO TaKOH BapHAaHT UIPbI IPHHOCUT HAUMEHBIIHE MOTEPH.
B 3aBHCHMOCTH OT B30MMOOTHOIIECHHUH MEX/Y LIEHOBBIMU 3asIBKAMH, CTPATETUsI MOXKET OBITh APYTOi.

Vcxonst M3 TOro, 4To CTpaTerus "IEeHOBOH BOMHBI" NPHBOIMT K YXYAIICHUIO (PUHAHCOBBIX MOKa3aTeNeH Ul BCEX YYAaCTHHUKOB PHIHKA, a CTpaTerus "IeHOBOro
nuzepeTBa” IPUBOJMT K YBEIMUCHHS MPUOBUTH IeHEPUPYIOIEil KOMIIAHNH 33 CUET YLIEMJICHHE HHTEPECOB IOTPEOUTENIEH, CIIE/IyeT, 4TO «HCKPEHHSI CTPATEerHu
HanOosee MOAXOMUT s BCEX yYAaCTHHKOB PhIHKA. HO Tak Kak B yCIOBHAX KOHKYPEHTHOTO PBIHKA KaX[IbIi HIPOK MbITACTCSA IOIYYUTh MAKCUMAIBHYIO
npuoObLIb, TO pelIeHHe Bolpoca BbiOOpa mpaBmibHON crparernu 'K, sBisiercs mpeporatuBoil camoii 'K, HHKakuM 00pa3oM He CBSI3aHBIM C HOBEAECHHEM
KOHKYPEHTOB.
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