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Ulo ENNUSTE

ON PARAMETRICALLY AND STRUCTURALLY STOCHASTIC
OPTIMUM PROBLEMS WITH ADAPTIVE PLANS

The author suggests that the concept of stochasticity of the structural ele-
ments of optimum planning problems be applied in addition to
stochasticity of the parameters of the problems. The concept of the
expected value of structural and parametrical information in such
problems is explained. '

1. So far, stochastic optimum planning problems have been formulated
mainly with the assumptions that the parameters of the problem are
stochastic independent continuous variables, and the structure of  the
problem is fixed. Though their solving and analysis is complicated, such
problems are still oversimplified to satisfactorily model typical planning
problems, above all certain socio-economic problems.

For example, in the latter problems the following phenomena are
quite common. Potential applications of activities are not certain; some
activity may (for technological reasons) in certain cases prove to be
inapplicable. Likewise, some resources may be available within certain
limits only, or not at all. Frequently there exists a strong stochastic
interdependence between the parameters of a planning problem. Moreover,
it often happens that the classes of the interconnections (either linear or
exponential, and the like) of the elements of the problem are not known
for sure, etc.

The modelling of all the above-described phenomena with the. help of
the parameters is either extremely complicated or even impossible;
moreover, such problems would be -extremely complex and- difficult to
solve. The author suggests that the concept of stochasticity of the structur-
al elements of problems be applied for the modelling of the described
phenomena. This means that a method is suggested, where; besides the
stochasticity of the parameters of the problem, the sets of its activities
and resources and the classes of the functions describing it are stochastic.

2. To explain this idea, let us proceed from the following determiinistic
initial problem:

max fo(x, ¢) }fi(x, ai) =bi,
el A R S

(1)
where ¢, a; and b; are the parameters of the problem, and n, m, f; and
fo are structural characterxstlcs of the problem (here J; describes a certain
class of functions). In short, the parameters will be denoted by d, and
structural characteristics by *.

As already mentioned, in case of common stochastic optimum. problems
it is assumed that the parameters are indeterministic and modelled by
random variables, and complete information is given about the structural
characteristics. Presently, an additional assumption is made that complete
information about the characteristics is also lacking, and this phenomenon
is modelied with the help of discrete random variables, In other words,
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k=K, where K is a finite set of probable structural variants; and the
probabilities p(k) =0, Xp(k) =1 are given. It is further assumed that
the parameters d of problem (1) are given continuous random variables 3.

It is not difficult to see that on these assumptions various probable
possibilities of both sets of activities and sets of resources as well as
possible classes of connections can be described with ease, and an
approximate modelling of the dependence of parameters becomes possible.
To describe the latter, the existence of probable characteristic sets of
parameters is assumed. At that, each characteristic set comprises para-
meters connected to each other to a certain extent, and the set of para-
meters stands also for changes in the classes of functions here (to put. it
differently, each set corresponds to the realization of a so-called
significant event [1, 2]).

3. In stochastic optimum problems it is possible to look for optimum
plans independent from as well as dependent (adaptive) on the realiza-
tions of random events, and for combinations of the two [3, 4]. In problems
with a stochastic structure it is possible to adapt optimum plans not only
with respect to parametric information but also with respect to structural
information. Thus, we can describe here the following classes of plans:
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With the modelling technique suggested it seems to be natural to form
three-stage problems: there is complete information and an independent
plan at stage I; at stage II the information about parameters is incomplete
and the plan is parametrically dependent; while at stage III complete
information on parameters as well as the structure is lacking, and the
plan is dependent both parametrically and structurally. By means of such
problems it is possible to describe both dynamic and hierarchic systems [5]
or combinations of the two. ;

4. As a simple example, let us present two one-stage problems in a
general form. Firstly, a problem with a parametrically and structurally
adaptive plan x,(6x), k=K:

m(a'ls‘\; for (x5 (1), V&) } i (X (81, cwin) =P, (2)
%O 3 A
where " 6p="(yr, (o), (Bir)), i=1,...,m are independent stochastic

parameters in case of the structural variant k=K. Thus, here each
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structural variant has its own plan that is adaptive with respect to the
parameters &, of this variant.

Secondly, an expected payoff problem with compensation and an
independent plan x:

max 2 p (k) E[for (¥, ve) — 2 qi (fin (¥, ain) — Ban) ] =
=max 3 p(k)Egr(x, 6r), (3)

where g is a compensation function and E is the operator of the
expectation.

A combination of the two problems would yield a two-stage (stage I
and II) problem with a plan (x1, xmx (6x), k#=K). It may happen that the
dependence of the plan xi (8x) on the structure is significantly stronger
than its dependence on the parameters, thus, in the first approximation
the latter can be abandoned, and the plan xm, sought for at stage II.

5. Consideration of the structural indeterminacy of a problem enables to
assess the value of structural information and differentiate it from the
value of parametric information. Let us describe the expected value of
complete information in case of a one-stage problem as follows:

v=27p (k) E[for (%} (8x), v&) — gr (x°, 6k) ], (4)
R
where x9 (8,) is the adaptive optimum plan of problem (2) and x° is the

optimum plan of problem (3).
The value of complete structural information is described as follows:

b= %’P(k)E[fOk(x‘; (6), vr) — g (x}, 6k) |, (5)

where x9 is the solution to problem
max E[for (6, vr) — 24 G (fin (¥4, @:) — Bir) 1. (6)
Now the value of complete parametric information can be written as

vp=0v—v,= 3 p(k)E[gn (%}, 81)— & (x7, 61) . (7)

k

This shows that the value of the parametric information of the structural
variant k& is taken into account with the weight p(k)<<1. Thus, the
expenditures that are justified for the purpose of specifying the parameters
of the variant £ are lower than those required under the circumstances
where no structural variants exist.

Note also that the consideration of structural indeterminacy increases
the indeterminacy of the whole treatment, thereby apparently shortening
optimal plan horizons and increasing optimal aggregatedness of the
treatment.
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Ulo ENNUSTE

PARAMEETRILIS-STRUKTUURSELT STOHHASTILISTEST
ADAPTIIVPLAANIDEGA OPTIMUMULESANNETEST

Stohhastilisi optimumplaneerimisiilesandeid on siiani piistitatud peamiselt eeldusel, et
iilesande parameetrid on pidevad soltumatud juhuslikud suurused ning iilesande struk-
tuur on fikseeritud. Kuigi nende iilesannete lahendamine ja analiiiisimine on keerukas,
on nad siiski liialt lihtsustatud, et rahuldavalt modelleerida mitmeid planeerimis-, ees-
kitt sotsiaal-majanduslikke probleeme. Niiteks on iisna tavaline, et neis ei ole kindlad
tegevuste potentsiaalsed rakendusvoimalused; mingi tegevus voib (tehnoloogilistel poh-
justel) teatavatel juhtudel osutuda iildse mitte rakendatavaks. Samuti voib mingi res-
surss olla saadaval teatavates kogusevahemikes voi iildse mitte. Sagedane on ka pla-
neerimisiilesande parameetrite tugeva omavahelise stohhastilise soltuvuse olemasolu.
Sellele koigele lisandub veel asjaolu, et sageli ei ole ka kindlalt teada {ilesande elemen-
tide omavaheliste seoste klassid (lineaarsed, eksponentsiaalsed vms.) jne.

Koiki kirjeldatud asjaolusid on kas édarmiselt keerukas voi isegi voimatu modellee-
rida planeerimisiilesande parameetrite abil, pealegi kujuneksid sellised iilesanded iilikee-
rukaiks ja raskesti lahendatavaiks. Artiklis soovitatakse sellistel juhtudel modelleerimi-
seks kasutada iilesannete struktuurikarakteristikute stohhastilisust, seega votet, kus
peale iilesande parameetrite on stohhastilised ka tegevuste ja ressursside hulgad ning
iilesannet kirjeldavate funktsioonide klassid. Ulesande struktuuri indeterminismi arves-
tamine voimaldab iihtlasi selgitada struktuurilise informatsiooni vdirtust ning eristada
seda parameetrilise informatsiooni védirtusest. Ka seda probleemi on artiklis selgitatud.

Eesti NSV Teaduste Akadeemia Toimetusse saabunud
Majanduse Instituut 10. IT 1982

020 SHHYCTE

O CTPYKTYPHO-TAPAMETPHYECKHX CTOXACTHYECKHX
3AJAYAX ONITHMH3AILHH C AJANNTHBHbIMH NMJIAHAMH

[TocraHoBKa CTOXacTHYECKHX 3a4ay ONTHMAJbHOrO MJAHHPOBAHHS A0 CHX MOP OCHOBBIBAETCH
rJIaBHbIM 00pa3oM Ha MpeANOJIOXKEHHH, YTO HapaMeTphl 3aJauH — 3TO HempepbiBHbie He3a-
BHCHMble c/y4afiHble BeJHYHHbl M CTPYKTypa 3ajadd 3aHKcHpoBaHa. XOTs pelleHHe H aHa-
JIH3 3THX 3a/ay CJIOXKHBI, TaKHe 3a/auH BCe e CJAHIIKOM YNPOLLeHHb /s Y/OBJIETBOPHTE/b-
HOrO MOJEJHPOBAHHS. MHOTHX 1npo6JemM NJaHHPOBAHHS, TNpexJe BCEro — HEKOTOPBIX CO-
1lHaJIbHO-3KOHOMHYeCKHX MpoGJieM.

Hanpumep, aas Takux mpoGjeM BecbMa o0OblYHBI Cleayiouiie siBieHHs. Jlomycrumoe
MHOXKECTBO (YHCJIO) TNpHMeHSeMbIX TeXHOJIOrHH He 3aHKCHPOBAHO; B OTAEJbHBIX CJy4asx
Kakasi-iu00 TeXHOJOrHA MOXeT ObiTb B MpPHHIHIE HeMpPUMEHHMOH (IO TeXHHYECKHM
npuuknaM). YeTko He ompejeseHO H MHOXeCTBO (4HCJO) HCMoJb3yeMbix pecypcoB. Hepeako
Ha0JloflaeTcsl B3aMMHAsi CTOXACTHYeCKash 3aBHCHMOCTb MapaMeTPOB 3ajayH MJIaHHPOBAHHS.
Kpome Toro, 3auacryio 4eTko He OmpedesieHbl BHABL B3aHMOCBSI3H 3JIeMEHTOB (JHHeHHbIe
HJIH 3KCMOHeHUHaJbHble, HaH T. Mm.). Takoro poja siBJeHHsi KpaiiHe CJ0XKHO HJH JAaxKe He-
BO3MOXKHO MO/AEJNHPOBAaTh MPH MOMOLIH MapaMeTpoB 3ajay MJIAHHPOBAHHS, K TOMY iKe
noAoGHble 3a/1a4H OKa3aJHCh Obl YPEe3BBIYANHO CJOXKHBIMH M TPYAHO peliaembiMH. B Ha-
CTOsillel cTaThe A/ MO/EJHPOBAHUA OMHCAHHBIX SIBJEHHH DEKOMEHJYeTcsl HCMOJIb30BaTh
MOHSATHE «CTOXACTHYHOCTb CTPYKTYPHBIX XaPAKTEPHCTHK», T. €. MOAXOJA, NMPH KOTOPOM MHO-
AECTBO TEXHOJIOTHH H PecypcoB 3ajauH, a Takie BHAbl QYHKIHI, OMHCBHIBAIOWINX 3ajady, —
CTOXACTHYECKHE TPH YCJIOBHH CTOXAaCTHYHOCTH MapaMeTpPOB 3a/JavH.

Hreruryr skonomuxu [Tocrynuna B peaakuuio
Axademuu nayx Jcronckoii CCP 10/I1 1982
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