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APE ICATION OF GAME THEORY
CRTTRRION 'OR EXTENSION SERVICES FOR

FRUCTING ECOLOGICAL REGIONS

Tomasz W. Nabzdyk

Agricultural University of Szczecin

rs the 2mand for ecological food has a trend of
caused by the attitude to the consumer and also by
; of ecological protection. There is no possibility to
/or intensify of the agriculture without, taking care
nment. jecause of these two reasons there is a need
new farms as oriented on production of ecological
itructurization of old ones to the same orientation.
'p will allow the creation of ecological regions which
significant and efficient in the environmental pro-
>SS.

ion of the project of ecological food production ne-
:nun - of experts working in the extension area.

of c1  ing a new ecological farm or restructuriza-
ne into an ecological one is a risky process. Because
30 important for the extension adviser to know all






Application of game theory criterion... 159

decision-maker, in which case the value of the objective function
for any one decision-maker depends not only on his own choices
but also on the choices of the others.

The game theory is applied in a wide complex of sciences:
mathematics, economics and mostly in the main ”accelerator”
of this science - in military science.

The main problem of game theory is the contradiction of the
interests of the decision makers. One example could be: farmer
contra nature. A standard form of a game against nature can
look ] e as in the scheme 1.

Scheme 1: Standard game against Nature

States of Nature
(strategies of II player)
Si e S o Sa
Sl Cu ces Clj ces Cln
Instruments |
(strategies of I S; [ Ciy ... Ciy ... Cin
player)
S | Cot e Comj oo Com
The set {S;} where i = 1, ..., m means the values of the

istrume; s variables. This set is similar to analogical set in
»nventional LPM and it depends on the decision maker.

The second component of this game is the set of states of
ature {S j =1, ..., n. The states of nature can mean the state
" weather, plant plagues, price levels and all other states of a
ctor that is connected with uncertainty.
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The third element of the game is the pay-off matrix, built of
the gross profits C;; from a unit of S; in the §; state of nature.

A generalized form of the game theory is constrained games,
that is those in which the mixed strategies of a finite rectangular
game are further limited by linear inequalities. Such games allow
a more realistic and convenient formulation of decision problems.

A model of a limited rectangular game may look like:

not
K(z,y)= Z Z Zj Cik Yk, (0.1)

j=1 k=1
T+ r2+...+T,=1,2; 20, j=1,..,n, (0.2)
nntyet...+ypu=Ly>0, k=1,.,¢ (0.3)
a1z1+ ...t apz, <b;, 1=1,..,m, (0.4)
dpiyn + ... +dpye > en, h=1,..,s. (0.5)

In this model ¢;; are elements of the pay-off matrix, z; and y;
are the mixed strategies of the first (the farmer) and the second
(the nature) players, K(z,y), where z and y are vectors, is the
pay-off function that describes the paymant of the second player
to the first one.

In planning of farm production under uncertainty the added
constraints (4) are very useful for expressing the resource limi-
tations, technical factors and all other that are important in the
agricultural production. The limitations (5) are useful for inclu-
ding all available for the decision-maker information about the
strategies of the nature. Very seldom the farmers are in the state
of total ignorance, which is assumed in the classical models of
games. Some information about the frequency of some state of
nature is almost always available.
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To the generalized constrained games some criteria were in-
troduced three that have the best chances to be incorporated
into practical applications for farming planning are:

e Savage’s criterion,
o Hurwicz’s criterion,
o Wald-Savage’s criterion.

The Wald-Savage’s criterion was introduced as one not having

* » weak sides of Savage’s criterion. Wald-Savage’s criterion ma-
; sure that the gross profits won’t be too small. The decision-
aker, that uses the Wald-Savage’s criterion can choose be-
zen bigger gross profit’s minimum and smaller one and also
ween smaller and bigger regret! maximum. He can choose a
ution that fits the best way his preferences and inclinations
rards risk.

The Application

The spreadsheet EXCEL 5.0 is a very powerful tool that
bles all operations on numbers. The data is provided in a
n of tabulograms, which makes easy providing matrices or
tors as tables. Between numbers placed in such tables one can
relationships. One can also get new numbers as a solution of
‘n rules on provided data.

The EXCEL 5.0 package contains also additional programs
: enable more sophisticated operations on numbers. The most
ortant tools are package of statistical analysis macros and
er of mathematical programming.

he regret or risk is equal to the difference between planned value of a variable and their
>d value.



162 T.W.Nabzdyk

The mathematical programming solver enables mini- maxi-
and stabilization of a choosen variable through changing of other
varables and holding on some constraints.

Because EXCEL is software that works under the WIN-
DOWS operating environment there is a possibility for global
data processing. The input data used for the building of the mo-
del can be not only be inserted into the cells of the spreedsheet
but also imported from a big relational database working in this
environment. The solutions in a form of non-processed numbers
and/or professional generated reports can be exported directly
into a word processing system, and/or back into the database.

The application, which I have prepared, is based on a spread-
sheet EXCEL 5.0 and is supported by a system of management
of relational databases ACCESS 1.2 and a sophisticated word
processor WORD 6.0. All the applications, like the environment,
are products of MICROSOFT.

The application solving model of a farm is started from Pro-
gram Manager window. After a double click on it’s icon EXCEL
and this application starts automatically. The user controls the
application through a menu.

- The left part of a menu screen consists of buttons that start
solvers. Three first are associated with described criteria of game
theory.

The right panel of buttons is for the administrational use.
They allow making charts, printing raports, importing data (thru

MICROSOFT QUERY), closing the application.
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Conclusions

The especially high level of risk in the management of farms
- produce ecological food enforce new approches for farm
ning. The solutions of plans must be multicriterial. A good
of solving such models may be the game theory criterion
can be solved by modern tools. The technology of numerical
:essing enables now a very easy way of solving such criteria
ising very user friendly desktop computers and even more
dly software based on grafic user interface.

The proposed criteria of game theory provide the dicision
er with much more information that simple LP solutions.
use of standard software for WINDOWS environment makes
that the tools may be very common and very close located
1e farmer.
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