

















The system is controlled by the vector function
x(t) = ¢ xl(t),......xn(t) }-» t ef0, Tp] s
Tp - planning interval.
The output
Y = { y (), ey (B0}, t‘e‘ [o, Tp] ,
w - random variable j v
is observed by the decision maker who atfaches an evaluation, i.e.
\ number v , to each particular observation.
Obviously , the relation
/ F(x) =M { vix},
an be regarded as the regression function.
One does not know the exact analytical form of £(x) though it
can be assumed that f{x) is continuous and has a unique (at least
in a certain domain X) maximum paint xeX .

.

The problem boils down to the approximation of * by iterations

b
n .
Xoer = *n + <. [ Vonti = Vzn }] . n=0,1,.... (1)
— i " " ° : . N
where bn » €, given small numberﬁ s while v2n+1(xn+cn)'
v2n(xn—cn) - evaluation of output by the decision maker aof the

disturbed (by b cn) strategy X As shown by Kiefer,Wolfowitz
(1952) and others, the process (1) converges stochastically to x
{under certain regularity assumptions regarding f{x) and the
coefficients bn’ cn). It éhould be observed that wusing (1) one
should generally derive the dicection improving utiiity of the

experts. Such an approximatiun:process cannot be performed in the

case of a real multidimensional economy. However, it 1is possible
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to use the computerized model of the economy, avoiding in that way
experiments on the “living" economy.

The main problem studied in the presented paper is the analysis
of collective decision making, within a group of specialists, who
observe the output y(x), corresponding to a given input strategy
%, and give their evaluations v. The output y({x) is calculated by
the .omputer using the model of the national economy. The model
fhav seen described elsewhere , see e.g. Kulikowski (198B7) , and is
treated only very briefly here. »

The model consists of several aggregated production sectors
which generate the components of the national income. The
sectorial productions are described by the Cobb-Douglas production
functions.

It is convenient to express the dynamic processes, say f(t),‘ in
terms of the so called “rate of growth", defined as

df

&f = —Ezzf(t).

The sectorial praoduction function can be written

&X. = u.

i i + aiéKi + (Iﬂai)éKi s 1 = 1,...0, 2)

where 6Xi, 6Ki, 6Li — the rates of growth for production, capital
and labor respectively, Mg T neutral technical progress, while oy

is a given number (0 < ai< 1). It is assumed that capital is used
o W

by the economy in an optimum way, i.e. K = T:;—;l L , where
’ k
Wi W= pric~~ of labor and capital. The relation (2) can be
written
Yy
6Xi =t z, —ooyw w = 6(—;1 s 3
where
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2z 6Li - rate of growth for labor in i-th sector.

i
The employment rates z; are limited by the démugraphic supply

of growth A(t) , i.e.:

n n

£ oz.1l. =a(t) , 1. =L,/ =L, ,

i=g 1 1 i j=1 7
In planning practice, the n-1 sectorial rates of growth are
i.e.

SX, = a; » ' i = ly0aeaan-1,
while the growth of the last sector is unconstrained.
In equation (3) the parameter w is unknown and can be derived

the capital balance equation

n ) n
Z k. (z.-wW) = &R , k. =K./ ZTK_.,
j=g 101 i i =1 3
where 6R ~ the growth rate of the energy and raw mat

supply, which constitute the capital.

The model operates as fullows. For each strategy of develc
expressed in terms of given parameters a; » i=il,...n—1, the
equations (3)—-(&) are solved for unknown rates of employment
i=1,...n. Then the sectorial produciions (Xi), capital
employments (Li) and related economic variables are derived.
decision maker observes the computed results and changes

preferences (expressed by ai) if necessary.

3. EXPERIMENTS

The experiments dealt with optimization of . develc
strategy by a collective of specialists (experts). In this
they were scientific researchers dealing with modelling of

national economy. Thes H utilised the cc






Table 1. Main input data of the computerized complex development

model used in the experiments.

Starting year : 1985 Flanning interval : 3%3 years = 15 years
Aggregation of national economy : & sectors
e~pulation growth rate : Q.0054 Q.0042 0.0044 (second

variant of MSO prognosis) f¥X

Initial population -~ 37.3 x10°

INITIAL QUANTITIES for sectors :

AGRIC. CONSTR. FUEL-EN. IND. MAT.S. NMAT.S

Ewcs QYMENT (101 S.121  1.282  0.609 4.390 2.840 2.82
TMVESTMENTS  [10°2131 229  31.7  14.4 392 245 459
NET PRODUCTION 107213 928 609 336 2274 1151
ENERGY CONSUMP. £10%tcel 4.4 = 2.6 9.7  53.9  40.0 20.5
TMITTAL GAS POLLUTION CEMISSIOND in FUEL-ENERGY INDUSTRY
total [10°t2 2774.9 T 2157
so,, - 2038 614
co, ‘ (42 - 1210
OF DEBT REPAYMENT 10 15 20 % NI 3
™ GY CONSERV.COEFF. 0.0 1.0 2.0
LABOR FORCE GROWTH RATE 0.0028  0.0064  0.0088 (xx)

ther model parameters were estimated from étatisticai data
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Table 2.Example of information delivered to experts in every round

debt

population labor energy cons.

growth rate growth rate coefficient repayment
1986 — 1990 0.54 0.28 0.00 10.00
1991 - 1995 0.42 0.64 1.00 15.00
1996 ~ 2000 0.44 0.88 2.00 20.00
1986 - 2000 7.16 ?.25

GROWTH RATE OF SECTORIAL . INDICES [Z]

agricult. constr. energy industry mat.serv. nm.serv
production
1986—1990 1.25 3.05 3.22 5.86 2.2
1991-1995 1.25 3.05 3.22 5.86 2.2
1996—-2000 1.25 3.05 3.22 5.86 2.2
1986-2000 28.02 62.57 66.12 128.08
em ment
1986—-19%0 0.70 1.00 1.97 -0.83 1.81 0.15
1991-1995 0.52 1.40 -0.47 —0.43 2.21 0.55
1996—-2000 0.82 1.56 0.07 -0.27 2.37 0.71
1986-2000 ' 7.14 21.13 g.84. -7.46 35.47 7.21
energy consumption
1986—-1990 2.03 2.96 3.93 1.13 3.77 2.11
1991-1995 -0.25 0.63 -0.84 ~1.20 1.44 -0Q.22
1996-2000 -1.42 -0.68 -2.17 -2.51 0.13 -1.53
1986—-2000 1.04 14.44 2.21 -13.11 28.29 1,02
investments
1986—-1990 -2.75 0.44 3.75 -5.83 3.22 -2.47
1991-1995 -3.58 -2.15 -2.07 -5.66 -0.89 ~3.63
1996—-2000 -0.21 .0.18 -1.94 -2.39 1.16 -0.92
1986-2000 -29.91 ~-7.95 —41.41 -55.28 17.38 -31.59







total concumption and consumption as % of national incohe .
investments, energy production and gas ‘pollution. All the
gquantities are calculated in constant prices, the growthvrates in
‘particular S-years periods are yearly average.

The results of the experiment are given in table 3 and on the

figures. The table presents evaluations of particular testing

programs in four consequtive iterations, and directions generated

Table 3. Evaluation of testing programs by experts- and

‘generated directions.

iteration 1 - iteration 2
evaluation direction evaluation direction
-1 0 +1 -1 0 +1
TESTLI | 7. 2 0o -0.40 8 o [o] —-0.50
TEST2 | 0 1 8 0.44 o 1 7 0.44
TEST3 3 3 3 0.00 . 5 1 2 0.20
TEST4 1. 3 S 0.22 1 S 2 0.06
._5TS 2 6 1 ~-0.05 2 5 1 -0.06
iteration 3 iteration 4
evaluation direction evaluation direction
-1 0 +1 -1 0 +1
TEST1 S 3 1 ~0.22 3 4 2 -0.03
TEST2 1 3 S 0.22 4 3 2 -0.05
TEST3 2 2 5 ©0.17 2 3 4 0.05
TESTA 2 4 3 0.06 3 6 [¢) -0.08
TESTS 3 4 2 —0.06 ) 2 1 -0.14







of production in the agriculture, construction, fuel and energy,
industry and material services sectors as well as the total growth
rate of the national income,.consumption and gas pollution in the
period 1985 - 2000 are given. The results show that during the
experiment, the experts trieu rirst of all to increase the tnfal
consumption, construction sector production and to decrease
pollution (all in comparison to the initial, basic program). They
slightly increased production of material services, assumed t

national income and industrial production toc be nearly the same as
given in the basic program. They agreed to decrease the growth of
agricultural production and the growth of production in the fuel
and energy sector to achieve the goals set in construction, total
consumption and pollution. The results should be considered as
subjective fof this particular collective of experts. A different
collective could have different preferences, and the experiment

could give different results.

4.FINAL REMARKS

n experiment has been conducted utilizing an interactive
wedure supporting collective evaluation and modification and
providing a choice of aggregated develoﬁment programs of the
national economy. The experiment made use of a complex development
model. It showed that the proposed procedure can support the
generation and finding of a program "according to aggregated,
collective preferences of the experts. The experts dealt with a

vector of objectives. The utility function of the experts had not
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