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Tn acest studiu, sunt descrise trei modele
decizionale pentru situatiile incerte, in care
decidentul dispune de o infinitate de alternative,
activitatea se determind de factori necontrolabili,
iar numarul de stari ale naturii este considerat
finit. Modelele matematice propuse poseda anu-
mite grade de complexitate, reflectdnd, totodata,
adecvat, aspectele decizionale in conditii de
informare incompletd, nedeterminista etc. Con-
comitent, acestea constituie o viziune actuald
ritmilor de optimizare a diferitelor procese eco-
nomice de productie, de tip piata libera sau
monopoliste si transport (distributie), pentru
cazurile cu decizii continue in jocul cu natura. De
altfel, se admite ca comportamentul consumato-
rului este unul incert, iar cererea nu poate fi
determinata a priori, cunoscdand doar variantele
posibile de realizare a acesteia.

Cuvinte-cheie: incertitudine, decizii, crite-
riul Wald, criteriul Savage, gradient generalizat,
algoritmi numerici.

JEL: C02, C61.

Introducere

Tn general, procesul de luare a unei decizii
presupune ca decidentul se confrunta cu o situatie
decizionald, in care trebuie sid opteze pentru o
singura decizie dintr-un anumit set. Acest proces
este unul destul de dificil, in care, pentru obti-
nerea rezultatelor dorite, decidentul trebuie sa
actioneze in modul urmator: la realizarea favo-
rabild a factorilor necontrolabili externi si interni,
procesul economic trebuie influentat astfel, incat
pierderile sa fie minime sau venitul — maximal.
Insa, aceste situatii sunt extrem de putine. De
aceea, activitatea economicd presupune cd, in
marea majoritate a cazurilor, decidentii trebuie sa
proiecteze deciziile, pornind de la conditiile reale,
cele ale incertitudinii.
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This study describes three decision making
models for uncertain situations, when the deci-
sion maker has infinity of alternatives, the activity
is determined by uncontrollable factors, and the
number of states of nature is considered finite.
The proposed mathematical models have certain
degrees of complexity, while, also, adequately
reflecting the decision-making aspects under
insufficient, non-deterministic information condi-
tions, etc. At the same time, they represent a
current vision for extending the classical possi-
bilities of the optimization algorithms of different
economic processes of production, of free market
or monopolistic type, and transport (distribution),
for the cases with continuous decisions in the
game with nature. Moreover, it is admitted that
the consumer’s behaviour is uncertain, and the
demand cannot be determined a priori, knowing
only the possible variants of its realization.
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Introduction

Generally speaking, the decision-making
process implies that the decision maker is facing
with a decision-making situation, where he or
she has to choose a single option from a parti-
cular set. This process is quite difficult and, in
order to obtain the desired results, the decision
maker must act in the following way: for the
favourable realization of the external and internal
uncontrollable factors, the economic process must
be influenced so that the losses are minimum or
the income — maximum. However, these situa-
tions are extremely rare. That is why the eco-
nomic activity implies that, in the vast majority of
cases, the decision makers have to design their
decisions, based on the real conditions, those of
the uncertainty.
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Incertitudinea se asociazd cu situatiile Tn
care deciziile se proiecteazd si se adoptd in
conditii de minima informare cu privire la factorii
necontrolabili si lipsa de informatii privind rea-
lizarea concretd a starilor naturii. Acesti factori,
la randul lor, se supun ,,controlului” fie din partea
naturii, care, uneori, este destul de loiald fata
de decident, fie din partea unui grup constient si
care urmadreste, preponderent, interese contradic-
torii In raport cu decidentul. Aceste situatii sur-
vin, de regula, In momentul in care nu se cunosc
probabilitatile de realizare a factorilor necontro-
labili, dar nici nu existd oarecare mijloace pentru
a le determina.

Metode de cercetare

Situatiile decizionale, in conditii incerte,
deseori, se trateaza in limbajul teoriei jocurilor, Tn
care se confruntd doi jucdtori A (decidentul) si B
(natura sau un grup constient) si pentru fiecare

pereche (U,w) €U xQ jucitorului A ii cores-
punde o anumiti functie de utilitate (U, ®). In

termeni economici, indicatorul r(u,®) poate
exprima, in unitati monetare, venitul sistemului
economic dat sau costul suportat de acesta, care
este controlat si condus pentru satisfacerea
intereselor decidentului A. Fara a restrange gene-
ralitatea, r(U,) se va interpreta ca o functie-
cost pentru A. Daca a priori s-ar cunoaste starea
concreta @, atunci, ¢ firesc sia se ia decizia

U=U (@) €U , care minimizeaza functia cost:

ru (), w) = min[r(u, )]

Incertitudinea se manifesta prin faptul cé e
dificil sau chiar imposibil de prezis varianta con-
creta, prin care s-ar produce factorul o e, cu
atat e mai dificil cazul in care decizia se cere sa
fie ,,aprobata” si pusa in actiune inainte, sau mult
prea Tnainte de momentul producerii variantei
concrete @ . Daca ambele multimi U si Q sunt
finite: U ={u,u,,..u .}, Q={w,0,,. .0},
atunci situatia decizionald se incadreaza intr-un
joc matriceal, in care elementele matricei de plati
I = r(ui,a)j), I=1m, j=1n. Asemenea
cazuri sunt amplu studiate in lucrarile [1-4].

In continuare, se va admite ci multimea
deciziilor admisibile U este convexi si compacti
in spatiul euclidian E", iar r(u, ), pentru orice
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Uncertainty is associated with the situa-
tions when decisions are designed and taken
under conditions of minimal information about
the uncontrollable factors and the lack of infor-
mation regarding the concrete realization of the
states of nature. These factors, in their turn, are
subject to the “control” either of nature, which is
sometimes quite loyal to the decision maker, or of
a conscious group that pursues, mainly, contra-
dictory interests in relation to the decision maker.
These situations usually occur when the pro-
babilities of achieving the uncontrollable factors
are not known, and there are no means to
determine them.

Research methods

Decision-making situations under uncer-
tain conditions are often dealt with in the
language of game theory, when two players A
(the decision maker) and B (the nature or a
conscious group) confront, and for each pair

(Uu,w) eU xQ, player A has a certain utility
function r(u,®). In economic terms, indicator

r(u,) can express in monetary units, the
income of the given economic system or the cost
incurred by it, which is controlled and meant to
satisfy the interests of the decision maker A.
Without restricting the generality, r(u,®) shall
be interpreted as a cost-function for A. If the
concrete state » would be known a priori, then it

is natural to take the decisionu=Uu"(w)eU
which minimizes the cost function:

M)

Uncertainty is reflected by the fact that it is
difficult or even impossible to predict the
concrete variant when the factor we( can
occur. It is even more difficult the case when
the decision is required to be “approved” and put
into action before, or too much before the
moment the concrete variant «» was produced.
If both sets U and Q are Afinite:

U={u,u,,..u},Q={n, o,,..0}, then the
decision situation becomes part of a matrix game,
where the elements of the payment matrix
L =r(,®;), i=Lm, j=1n. Such cases are

extensively studied in the works [1-4].
Next, it will be admitted that the set of
admissible decisions U is convex and compact in
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element fixat w e, este o functie convexa si
continua pe domeniul U . De aceea, prin analogie
cu situatiile in care U si Q sunt finite, ar fi
firesc de analizat criteriile decizionale cunoscute
si pentru multimi U , care contin o infinitate de
elemente [5].

Criteriul Wald (criteriul pesimist). S-ar
considera, ntr-o formuld mai potrivitd, ca acest
criteriu sa fie numit de suprema prudentd,
deoarece nu e neaparat necesar ca decidentul,
dupd firea sa, sa fie pesimist. Aplicand acest

criteriu, decizia optimda U €U determind costul

optimal R, (U") dupi regula:

the Euclidean space E", and r(u,w) for any

fixed element w e it is a convex and con-
tinuous function in the domain U . That is why,
by analogy with the situations where U and Q
are finite, it would be natural to consider the
decision-making criteria known also for the sets
U , containing an infinity of elements [5].

Wald criterion (pessimist criterion). It
would be considered in a more appropriate
formula that this criterion be called the supreme
prudence, because it is not necessary that the
decision maker, by his/her nature, to be
pessimistic. By applying this criterion, the opti-

mal decision U~ €U determines the optimal cost

R, (U, according to the rule:

Ry (U") = min R, (u) = min max r(u; ). )
Therefore, under this approach, the

Astfel, In aceastd abordare, decidentul,
asteptdndu-se, pentru orice variantd de decizie
ueU, la pierderi maximale maxr(u;w), dar,

weQ)
procedand, totodatd, rational (adica, utilizand
ilitati va incerca sd minimizeze
aceste costuri nedorite. Se cunoaste cd functia
Ry (u) = max r(u;w) (care se va numi functia
we

Wald) este convexa pe domeniul U .

Criteriul Savage (criteriul regretelor).
Conceptul regretului se considera echivalent cu
evaluarea pierderii suportate din neselectarea
celei mai bune alternative, in raport cu realizarea
unei anumite stari a naturii [6]. Savage explica
(ceea ce este logic in conditii reale) ca decidentul,
in mod rational, va urma calea minimizarii celui
mai mare regret posibil. Asadar, in raport cu
fiecare stare a naturii w € Q2, pentru decizia data
ueU , se va calcula valoarea regretului:

r(u, ) =r(u, )

care reprezintd pierderea (sau plata) suplimentara
corespunzitoare perechii (U,®) n raport cu cea
mai buna decizie UeU pentru starea datd @ a
factorului necontrolabil. Deci, dacd decidentul,
pentru starea naturii @, adopta decizia U, atunci
el poate regreta ca, nefolosind cea mai buna

decizie, va pierde suplimentar r(U,®) unititi
monetare.
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decision maker who is expecting for any variant
of decision ueU, at maximum losses

max r(u; @) , but also proceeding rationally (i.e.

weQ)

using his/her possibilities), will try to minimize

these unwanted costs. It is known that the

function R, (u) =maxr(u;®) (which we shall
weQ

call Wald function) is convex on the domain U .

Savage criterion (criterion of regrets).
The concept of regret is considered equivalent to
assessing the loss incurred by not selecting the best
alternative in relation to achieving a certain state of
nature [6]. Savage explains (what is logical in real
conditions), that the decision maker will rationally
follow the path of minimizing the greatest regret
possible. Therefore, in relation to each state of
nature o € 2, for the respective decision u U ,
shall be calculated the value of regret:

®)

and represent the additional loss (or payment)
corresponding to the pair (U, ®) in relation to the
best decision u e U for the given state « of the
uncontrollable factor. So, if the decision maker,
for the state of nature «, makes the decision u,
then he or she may regret that by not using the

—min[r(u, )],

best decision, will lose additional r(U,®) mone-
tary units.

SR
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Definitie. Functia r'(U,®) se va numi
functie a regretelor in raport cu starea naturii
weQ, iar Rg(u)=maxr(u;w)- functia

weQ)
Savage.

Avand functia sau matricea regretelor
r(u,w), conform conceptului Savage, asupra
acesteia se va aplica criteriul Minimax:

R; = min Ry (u) = min max r (u; )

unde valoarea R; reprezintd cea mai mica plata
suplimentara la realizarea celei mai nefavorabile
stari @ din multimea (2. Se poate constata ca, in
cazul unei functii convexe r(U,®), pe domeniul
convex U, pentru orice stare a factorului

necontrolabil, functia regretelor r(U,w), de

asemenea, este o functie convexa pe U pentru
orice ueU [7].

Problema minimizarii functiei
R (u) = max r(u; w) , pe domeniul admisibil U

al factorilor de control, sub aspect general, se
confruntd cu anumite dificultati:

— in primul rénd, pentru fiecare stare a
naturii, este imposibil calculul, cu orice
precizie, al valorilor miUn r(u,m) si, cu

Uel

atdt mai mult, al valorii functiei regretelor

r(u,m);

— in cazul unei multimi € cu un numar
mare, sau cu o infinitate de elemente,
devine problematica evaluarea ,,corectd” a
functiei Rg(U), fard de care e imposibild
solutionarea problemei in Intregime.

In acest context, prezintd un mare interes
determinarea unor instrumente constructive si
eficiente de rezolvare a problemelor, chiar si de
naturd convexda, 1In care participa functia
regretelor Savage. In continuare, se va presupune
cd multimea ) constd dintr-un numar finit de
elemente: Q ={w,,...,®.,...,®,} Tn baza me-

todei proiectiei gradientului generalizat [8], se va
considera o schema numericd, ce ar solutiona

problema minimizarii functiei Savage pe
domeniul U . Pentru aceasta, in paralel, se
construiesc  m+1procese similare metodei
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Definition. The function F(u,a)) shall be
called the function of regrets in relation to the state
of nature weQ, whileRg(u) = maxr(u;w) -

weQ

Savage function.
Having the function or matrix of regrets

F(u,a)), according to the Savage concept, the
Minimax criterion shall be applied:

(4)

uel  weQ

where the value R; represents the smallest

additional payment for the realization of the most
unfavourable state @ of the set Q. One can

find that in case of a convex function r(u,),

for the convex domain U, for any state of the
uncontrollable factor, the function of regrets

F(u,a)), is also a convex function U for any
ueu [7].

The problem of minimization of the
function Rq (u)zmagg(F(u;a)), in the allowed

domain U of control factors, generally faces
certain difficulties:

— first, for each state of nature, it is

impossible to calculate, with any precision,

the values miUn r(u,w) and the value of
ue

the function of regrets F(u, );

— in the case of a set 2 with a larger hum-
ber or an infinity of elements, the “cor-

rect” evaluation of the function Rg(u),

becomes problematic, without which, the

overall settlement of the problem becomes

impossible.
In this context, it is of great interest to determine
constructive and efficient tools for solving
problems, even of a convex nature, with the
participation of the Savage function of re-
grets. Next step, it will be assumed that the set QO
consists of a finite number of elements:

Q={w,...,o,,..,0,}. Based on the generalized
gradient projection method [8], a numerical scheme
is considered to solve the problem of minimizing
the Savage function in the domain U . For this
purpose, and concomitantly, m+1 processes,
similar to the respective method, shall be set up,

Revista / Journal ,,ECONOMICA” nr.4 (110) 2019
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respective. Si anume: pentru fiecare 1 =1,2,...,m

se lanseazd M procese de calcul iterativ, fiecare

dintre care are menirea determindrii aproximative

a valorilor minr(u;m), minr(u;w,), ..
uel uey

minr(u;m,,) -

ueU
k+1 k
Ugy =Ry (Ug) =
Aici, gradr(u(ki),a)i) reprezintd gradientul
generalizat al functiei r(U,®,) pentru U = u("i).
Prin urmare, se va conta pe faptul ca, odatd cu
cresterea valorilor k, valorile I‘(u(ki),a)i), vor fi
aproape  de

din ce n ce mai

r(u:i)la)i) = an ru,@), i=1m. Totodata,
ue

estimatiile r(u(ki),a)i) se vor folosi la construirea

celui de-al (m+1)-lea proces iterativ (acesta din

urma se desfasoard in paralel cu primele m
procese):

=Ry racR, (1),

unde U’ - arbitrar din U, iar

Ry (u) = max{r(u, @) —r (ugy, @)].

La realizarea procesului corespunzator de
calcul, se va presupune indeplinirea conditiilor

necesare cu privire la marimile pasilor, pentru

k k

. .. . k
asigurarea convergentei sirurilor U, U,, ..., Uy

.ok
s1tU:

N 205 Ry =05 > hiye
Rezultatele cercetarii
Abordarea modelului producitorului in

viziunile Wald si Savage
Fie, se considera o situatie de decizie,

exprimata cantitativ in forma:

hay - gradr(ug, @)) , i=1,m.

and namely: for each 1=1,2,...,m processes of

iterative calculation shall be launched, each
having the purpose to approximately determine

the values minr(u;), minr(u;w,), ..,
ueU ueU

minr(u;@,):

ueU

Q)

k
(ON

gradient of the function r(u,®,) for u :u(ki).
Therefore, one shall count on the fact that, the
higher the values k, values r(u(ki),a)i) will

Here, gradr(ug,,®;) represents the generalized

become more and more closer to
r(ug, @) = min r(u,m), 1=1,m. At the same

time, the estimations r(u(ki),a)i) will be used for

the construction of the (m+1)-th iterative

process (the latter develops in parallel with the
first m processes):

(6)

u,
Ry (u) = max{r(u, @) —r (ugy, @)].

where u® - arbitrary of while

For the realization of the appropriate calculation
process, shall be considered the necessary
conditions for the sizes of steps, for the assurance

of the convergence of strings uf, u¥, .., u!
and U":
:oo;i:1,2,...m;hk20;hk—>0;z::0hk:oo (7

Research Results

Approach of the producer’s model in the
views of Wald and Savage

Consider a decision situation expressed
quantitatively in the form:

r(u,w)=> C;(»)-u; (8)
j=1
>a,-u <b,i=1m, ©)
j=
u, <u; <u;, j=1n (10)
Revista / Journal ,,ECONOMICA” nr.4 (110) 2019 S 43 |
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Fie, pentru ilustrare, n=1 si multimea
,starilor naturii”, formatd din doua elemente:

we {a)l, a)z} . I (U, )~ utilitatea exprimati in

unititi monetare pentru perechea (U, ®) .

Conform criteriului Wald, pentru modelele
de productie, scopul decidentului este sa
identifice acea oferta, care i-ar asigura utilitatea
maximald pentru conditiile cele mai nefavorabile.
Varianta optima care determina utilitatea maxi-
mala, dupa Wald, se identifica dupa regula:

R (u") = maxR, (u) =

unde D exprima domeniul determinat de
restrictiile (9)-(10).
Astfel, problema constd In maximizarea

functiei:

Let us consider, for illustration, n=1 and
set of “states of nature” consisting of two ele-

ments: @ € {a)l,a)z}. Here, r(u,w) — the utility

expressed in monetary units for the pair (U, ®) .

According to the Wald criterion, for the
production models, the scope of the decision
maker is to identify that offer that will assure the
maximum utility for the most unfavourable con-
ditions. The optimal variant that determines the
maximal utility, according to Wald, can be
identified under the rule:

max min r(u, ®),

ueD weQ

(11)

where D — domain determined by the restrictions
(9)-(10).

Therefore, the problem lies in the maxi-
mization of the function:

RW(u)zmig r(u;a))—>ma3< (12)
>a,-u, <b, i=1m, (13)
j=1
u;<u, <u;, j=1, (14)
Se vor defini functiile | Functions
n S
Y(u)=>a;-u,—b,i=1 (15)
j=
si multimea U :{u =(u1,...,uj,...,un):ﬁsuj <uy, =1 }
si multimea and set
U ={u=(ul,...,uj,...,un):u <u;<uy, j=1 } u ={u =(u1,...,uj,...,un):uj <u;<u;, j=1n }

Utilizand metoda gradientului generalizat
[5,8], se va construi un algoritm, care urmeaza
sd solutioneze problema maximizérii functiei

Wald pe domeniul U .

Pentru fiecare k =0,1,..., se va lansa un
proces de calcul iterativ, care constd in deter-
minarea elementelor u°,u’,...,u*,u*?*,...eU .
Punctul U® este elementul de start, cunoscut si
care poate fi luat arbitrar din U.

Fiind deja obtinut u , urmatorul element

u** se va calcula in conformitate cu regula:

u“t =P, (uk +h, -nk), k=012,...

144

shall be defined.

By using the method of the generalized
gradient [5,8], an algorithm that will solve the
problem of maximization of the Wald function in

the domain U shall be built.
For each k =0,1,..., an iterative calculation
process meant to determine the elements

u®,ut,...,u*,u**,...eU shall be launched. The
point u’ is the starting known element, which can
be arbitrarily taken from U .

Once the U* is obtained, the next element
u** shall be calculated according to the rule:

(16)

Revista / Journal ,,ECONOMICA” nr.4 (110) 2019
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Aici/ Here:
grad Rw(uk)=(Cl(a)k),...,Cj(a)k),...,Cn(a)k))T, daci/if ¥,(u)<0Vi=1,2, .., m

_ .(17)

n T
—(aikl, ST H- ) , dacalif ¥, (u*)>0.

grad R, (u*)— gradientul generalizat al functici/generalized gradient of the function R, (u*)

pentru/for U = u ,

unde/where: @ e Q:R, (U") = r(uk,a)k)z

in r(uk,co) si/and

€Q

el 2., mp W, (u)= max ¥ (u*).

In cazul decizional Savage, dacd, pentru
starea data, venitul scontat e reprezentat de valoa-

n
rea maxima a functiei r(U,®) :Z;C j(@)-u;,
care s-ar obtine pentru Variantja de decizie
u*(a)):r(u*(a)),w)zm?xr(u,a;), in cele ce
urmeaza, se va construi functia:

r(u,®) =r(u’(o),0)-ru,),

r(u (@), w)—r(U,m) >0 si reprezinti valoarea

unde

regretului, iar u*(a)) — decizia optima pentru
starea naturii @ .

Problema minimizarii functiei-scop Savage,
se va expune n forma:

In the Savage decision-making case, if
for the respective state the expected income
is represented by the maximum value of

the function r(u,) =Y C;(®)-u; , which can
j=1
be obtained for the decision variant
u (@) :r(u’ (w),w) = maxr(u,w), and in the
end, the following function will result:
ru,m)=ru (o), o) -r,o),

r(u”(»),w)—r(U,@)>0 and represents the

where

value of regret, while U*(a)) — the optimal

decision for the state of nature «.
The problem of the minimization of the
Savage scope-function is described in the form:

R, (u):max[r(u,a))]

weQ)

Initial, aplicind metoda Simplex, se vor E
rezolva m probleme liniare de tipul: |

R (u)

pentru  i=1Mcu
(13)-(14).

Fie u” - solutia optima a problemei i. Se va
nota R" =R, (u*i) si F(u,a)i): R -r(uw)-

respectarea  restrictiilor

valoarea regretului in cazul in care se aplica
decizia ueU si nu U". Se poate constata ci
functile r(u,@,) si Rs(u) sunt convexe [5].

Astfel, in abordarea lui Savage, se va rezolva
problema:

Revista / Journal ,,ECONOMICA” nr.4 (110) 2019

r(u;a)i):Zn:Cj(a)i)-uj — max

i1

— min

ue U

(18)

Initially, by applying the Simplex method,
m linear problems of the following type shall be
solved:

(19)

for i :1,_m by observing the restrictions
(13)-(14).

Is considered that U™ — the optimal solution
for the problem i. It will be noticed R” = R, (u*i)

and r(u,®)= R ~r(u,®) - the value of
regret, if the decision ueU is applied and not
u*i
r(u,®) and Rg(u) are not convex [5]. There-

fore, the problem shall be solved in the Savage
approach, as follows:

Can be concluded that the functions

_
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Rs (u) = max

1<i<m

Tn acest scop, se va considera:

unde/where

Reglarea marimii pasului va fi efectuata in
varianta programatd (7). In cazul in care

P (u*) <0, trecerea de la U* catre U*™ se va
realiza utilizdnd gradientul generalizat al functiei
R (u) calculat in punctul u=u*. Tn caz
contrar, dacd cel putin o restrictie se va Incalca,
de exemplu, ¥, (u*) >0, la deplasarea de la u*

catre U™, se va folosi gradientul functiei ‘Pik ,

de abatere maximald 1n punctul U = u [9, 10].

Modelul  transporturilor cu factori
incerti

Problema echilibrata de transport consta in
stabilirea unui plan optim de distributie a unor
produse, aflate in posesia furnizorilor, catre
pietele de desfacere, cu conditia ca cantitatea
oferitd este echivalentd cu cea solicitata de catre
consumatori. Formularea clasicd a unei astfel
de probleme constd n urmatoarele. Se admite ca

m furnizori A, ..., A,..., A, detin un produs

A,y .y A
necesitd a fi livrate spre N centre de consum
B,,..., B.,..., B, in cantititile b, ..., b;,..., b, .

Se va presupune cd pretul C; =C;(®), adica,

omogen in cantitdtile ms C€

jree jr
depinde de starea naturii @[11]. Fie X; -
cantitatea de produs care urmeaza a fi transportata
de la furnizorul A spre consumatorul Bj .

Daca s-ar cunoaste starea naturii @, atunci
s-ar rezolva problema:

146

grad R, (u*) = (C,(@"), ., C;(@"),...
daca/if ¥,(u*)<0Vi=1,2, .., m,

unde/ where o € Q1 (u*,0")

(CHE 1 ...,aikn,)T, daca/if ¥, (u*)>0.

[r(u,a)i)] — min (20)
For this purpose, shall be considered:
"), k=012,.. (1)
C.(@")
_ K. (22)
= maxs (1",

The adjustment of the step size will be
performed in the programmed variant (7). If

¥ (u*) <0, the transition from u* to u*** shall
be done by using the generalized gradient of the
function R (u) calculated in point u=u*.
Otherwise, if at least one restriction is violated,
for example ‘¥ (u*) > 0, when moving from u*

to u*? , the gradient of the function ‘Pik shall be

used, of maximum deviation at the point U= ut
[9, 10].

Transportation model with uncertain
factors

The balanced transportation problem con-
sists in establishing an optimal distribution plan
of products, held by suppliers, to the retail mar-
kets, provided that the quantity offered is equi-
valent to the one requested by consumers. The
classic formulation of such an exercise includes
the following elements. Will be considered that

m suppliers A,.., A,..., A, hold a homo-

genous product in the guantities
A,y Qjy.eny A, which must be delivered to n
consumption centers B,.., B;,.., B, in the

quantities by,..., b;,..., b.. Is assumed that the

oo
price Cij = Cij (@), depends on the state of nature

w [11]. Is noticed X; — quantity of product that

must be delivered from supplier A to consumer
B.

i
If the state of nature « is known, then can
be solved the problem:

Revista / Journal ,,ECONOMICA” nr.4 (110) 2019
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Z(X,w) = iicij (o)

2%

j=1

. <a

= |

m

2% 2by ]

i=1

X; 20

Fie ca factorul a)EQZ{a)l,a)z,...,a)r}.
Tn continuare, se va considera modelul trans-
porturilor Tn viziunea criteriului Savage:

Z,(X)= rrlaé((Z(x,a)) -

Se vor formula rprobleme cu conditiile
(24)-(26):

m

Z (@ )=minZ(x,0)=min > > C, (") %, , k=12,...,r .

i=L ]

Fie Z'«=minZ(x,0"), iar z(x,o*)-2"
— valoarea regretului pentru @ = o*.
Astfel, Z (x)= TkaX(Z(X,a)k)—Z*k) -

valoarea maxima a regretului in conditia ca planul
de transport este reprezentat de setul:

X :{Xij}a
Tn continuare, se va determina varianta X; :
Zs (Xs) =

unde, D reprezinta restrictiile (24)-(26).
Se vor defini functiile:

X —> r{rl!? (23)
=1m (24)
=1n (25)
(26)

Let factor weQ={w", 0%, 0}, be

considered as the transportation model in the
overview of Savage criterion:

Z" (")) - min @7)
r problems will be formulated in the
| conditions (24)-(26):

(28)

=1

Consider Z'« =minZ(X,@"), while

Z(X,0")~Z"« - the value of regret for @ = "

Therefore, Z(x) = rgkzagr((Z(x, o*) - Z*k)

— the maximum value of regret in the condition
that the transportation plan is represented by
the set:

i=Lm; j=1n.

Now, is determined the variant X; :

min Z (x) (29)
where, D — represents the restrictions (24)-(26).
Shall be defined the following functions:

n

D; (X, -

X

h in)

v

i X

o K

(X

Este evident, daca X-— solutie admisibila
=>®d,(e) <0,V i=Lmsi
() <0,V j=1n.

Revista / Journal ,,ECON

DX —a, i=1m;

)=b,

(30)

j=1

X i=1n.

J (31)

i=1
It is obvious, that if x — feasible solution
= ®,(e) <0,V i=1m and
¥.(e) <0,V j=1n.
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Pentru inceput, se va determina o solutie de
start x° = {Xs } : Xi(j) > 0. Fie cd multimea:

X={x={x} i=1m;]

Se va defini urmatorul proces iterativ, care
va consta 1n determinarea succesivd a matricelor

X2, X, X%, ., x5, X L. aplicandu-se metoda
gradientului generalizat intr-o forma modificata
[8] si adaptata structurilor de date utilizate. Aici,
X :{XS}, i=Lm; j =1,n - varianta de
decizie care corespunde iteratiei ‘s’. Urmatoarea
matrice X*"" se calculeazi ca proiectia:

Xs+1 — Px (Xs

unde g® = {gi‘;’},i =1m;j=1,n - determini
directia deplasarii la pasul ‘s+1’.
Tn continuare, cu &, >0 se va nota miri-

=9

mea ,,pragului de tolerantd” asociat iteratiei S.
Astfel, algoritmul de solutionare va avea
forma:

|l> Fie cd toate functiile @, (8)<J; si
¥, (9)<5, In cazul x=X". Atunci g; =C;
iar C°:Z (X)) = rlnEX(Z(Xs,a)k)—Z:). Tn
<K<r
k k
acest caz, Z(x*,w )=ZZC”((0 ) X5
i

|2> Fie cd @, () >0, ®,(*) >0, ...,
@ (0)>J; sifsau Wi (e)>5,, Wip(e)>4,
o Wu(e)>6,; 1<I<m; 1<t<n unde

[ T

I, reprezintd indicii acelor functii ®,,
i=1m, pentru care @, (¢)>0. Respectiv
Jos oo

pentru care ‘¥, (e)>0.

- indicii functilor ¥,, j=1n,

Daca/If Pi (Kivs Xizs o0 X)) > 6

— Dacallf D; (X1s Xizr - Xin) < 6

S
Daca/If \Pj (le'
S

Daca/If \Pj (le’

s
j21

S S
Xigr v Xjn) < O

Xigr v Xjn) > O
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, atunci/then

, atunci/then

First, a start solution must be identified
X0 = {xfj’} : xi? > 0. Consider the set:

:1,_n xijzo}.

The following iterative process must be

defined, which will refer to successive deter-

mination of matrixes X°, X}, X, ..., X%, X*", ...
by applying the method of generalized gradient in
a modified form [6] and adapted to the used data

structures. Here, X ={x;}, i=1Lm; j=1n -
the decision variant which corresponds to the

iteration “s’. The next matrix X*™ is calculated as
the projection:

_hs'gs) ’

(32)

where g° = {g;} N :1,_m; J =1,_n — determines
the direction of movement at the step *s+1’.
Next, o,>0 will refer to the size of

“tolerance threshold” associated to iteration ‘s’.
Therefore, the algorithm for settlement will
have the form:

|1) Consider that all functions ®; (s) <4,

S

ij
while C®:Z(x) = rlgix(Z(xs,wk)—ZE). In

this case, Z(X°,0") = chij(a)k) X
i
|2> Consider that @, (e) > 5,, D;,(%) >,

, @,(e)>5, andior ¥ (e)>5,, V;,(®) >,

. V() >4, 1<l<m; 1<t<n where

P P
functions @, i=1,_m, for which @, (¢)>0.
Therefore, |, J,,..., J; - indicators of functions

¥, j=1,_n,forwhich ¥, (¢)>0.

and ¥, ()<, in the case X = X*. Then g;=C

represents the indicators of those

, atunci/then g; =1.

, atunci/then g; =0.

gi?:_l_
gi?:O_

Revista / Journal ,,ECONOMICA” nr.4 (110) 2019
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_ Daci/lf ©i (Xies Xi2s wos Xig) > 6

si (x?l, X?Z, x?m) > &, , atunci/then

. ] L daca/if ®;(e) =¥ (e)
%7121, dacalir D ()< (o)]

Pentru realizarea schemei prezentate cu
aplicarea ,,pragului de tolerantd”, este necesar ca

sirurile numerice {h.} si {J.} sa respecte urma-

toarele conditii (7)[12,13].

Monopolul si incertitudinea

Monopolurile sunt caracterizate de o ab-
sentd a competitiei economice In producerea
bunurilor sau prestarea serviciilor, precum si de
lipsa altor bunuri substituibile. Astfel, un singur
producétor detine controlul stabilirii pretului
pentru produsele oferite pietei. Un monopolist are
posibilitatea sa fixeze cu cat va comercializa un
produs, iar apoi sd se aprecieze si ce cantitate
urmeaza sa fie comercializatd. Pentru situatiile
cand monopolistul activeazad in conditii de incer-
titudine (iar aceasta este generatad de faptul ca
prognozele unor rezultate nu sunt exacte si pot
varia pe un anumit interval, valoarea riscului nu
poate fi, nicidecum, cuantificata, iar acelasi profit
nu mai poate fi garantat, indiferent de cantitatea
ori pretul ales), se poate constata ci cererea, ca si
componentd a formdrii profitului, reprezintd o
valoare aleatorie, dependenta inclusiv de modul
in care producatorul monopolist stabileste cuan-
tumul comercializarii produsului sau serviciului
[14,15].

Fie cé se considera o situatie decizionalad a
activitdtii de producere in conditii de monopol,
exprimata in forma:

In order to realize the presented scheme
with the application of the “tolerance threshold”,

it is necessary that the numeric strings {h,} and

{0,} comply with the following conditions (7)

[12, 13].

Monopoly and uncertainty

Monopolies are characterized by an ab-
sence of economic competition in the production
of goods or the provision of services, as well as
by the lack of other substitutable goods. There-
fore, a single producer holds the control over the
price setting for products offered to the market. A
monopolist has the opportunity to determine how
much a product will cost, and then to assess the
quantity offered for sale. For situations when the
monopolist carries out activities under conditions
of uncertainty (and this is caused by the fact that
the forecasts of some results are not exact and can
vary on a certain interval, the value of the risk
cannot be quantified at all, and the same profit can
no longer be guaranteed, regardless of the quantity
or price chosen), it can be seen that the demand, as
a component of the formation of the profit,
represents a random value, dependent also on the
way the monopolist producer establishes the
quantum of traded products or services [14,15].

Whether it is considered a decisive situa-
tion of the production activity under monopoly
conditions, expressed in the form:

R(X, y,Y)=j2i;[cj(yj).min{yj,Yj}— p; -max{0, y, —Yj}}—iZ::qi L, (33)
cu respectarea urmatoarelor restrictii: i by observing the following restrictions:
Zn:aijyjsbi+xi, i=1m (34)
=i
Y =(Yyre ¥joen Vo) €D, ={ye E":y; <y, <y, jzl,_n} (35)
Y = (Yo ¥}Y, ) €D, ={Y cE":Y <Y, <Y, j:1,_n} (36)
X = (Xyyo Xy Xy ) € D, :{x cE":x <X <X, i:l,_m} (37)

R(X,Y,Y) exprimi profitul producito-
rului monopolist, care depinde de setul (X,Y,Y);

Revista / Journal ,,ECONOMICA” nr.4 (110) 2019
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X, — cantitatea de resurse i, ce urmeaza sa

fie achizitionata la pretul ¢, i =1,m,
yj—volumul ofertei;
Y, - volumul cererii labunul j, j=1,n;

b. - disponibilul resurselor i, care se afla

in posesia producatorului monopolist.
Se va considera cd pretul la bunul j,
C;(y;) descreste liniar in raport cu y;:

¢, (y)=¢;=(c;=¢))- (¥, =¥/ (¥, - ¥)

Unde: C;si C; indicd limita inferioard,
respectiv, superioara de variatie a pretului bunului
B

Y;si ;- limita inferioara, respectiv, supe-

rioara de variatie a volumului cererii bunului j.

Pentru modelele de productie, conform
criteriului Wald, varianta optima (X, Y,,) se va
identifica conform regulii:

Ry (% Yor) = maxmin R(x,¥,Y) .

Evident, functia
Ry (X, y):inn R(X,y,Y) este concava, in
raport cu setul (X,y) pe domeniul D, xD,.

Conform metodei gradientului generalizat [6,8],
se va construi un algoritm, care va solutiona

problema de maximizare a functiei R, (X,Y) pe
D, x Dy. Pentru aceasta, initial, se vor defini

functiile:

D(X.,Y) :Zaijyj —b =, i=L,m;
=

D(X,y) = max{@,(X;,y),.... @y (X, Y)}

Apoi, pentru fiecare k =0, 1, ..., se va
realiza un proces de calcul iterativ, care va consta

in determinarea a doud siruri de vectori {Xk} si

{yk} , Tn conformitate cu regulile:

150

X; — quantity of resources i, that shall be
purchased at the price ¢, | = 1,_m
Y;— volume of offer;

Yj— volume of offer for the goods j,
j=1n;

b — available i resources held in the

possession of the monopolist producer.
Consider that the price for the goods j,

C; (yj) , decreases linearly in relation to Y;:

(38)

Where: c; and C_j—the inferior and superior
limit of variation of the goods’ price j ;

y;and y_j— the inferior and superior limit of

variation of the volume of goods demand j .
For the production models, according to the

Wald criterion, the optimal variant (X, Y, ) will
be identified according to the rule:

(39)

Obviously, the function
Ry (X, y) = inn R(x,y,Y) is concave with

respect to the set (X,Y) on the domain D, x D, .

According to the generalized gradient method [6,
11], an algorithm will be constructed that will
solve the problem of maximizing the function

Ry(X,y) on DXny. For this purpose, are
defined the functions:

(40)

(41)

Then, for each k = 0, 1, ..., an iterative
calculation process shall be carried out, which

will consist of two strings of vectors {xk}and

{y"} , according to the rule:
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o y“t=P, (y*+h.-g
dacalif @(x*,y")<96, =

(gradRy(xk,yk,Yk)) :Cj(yj)'min{yj;Yj}-i_{

g

Clj(yj)'yj :_(C_j_ﬁ)/(y_j_h),

p;, dacd/if y;>Y,
0, dacd/if y, <Y,

(grade(xk,yk,Yk)) = —q,, unde/where i =1,m.

daca/if @(x*,y*)>o, =
‘ Xt =P, (X =h,

X"t =P, (X“+h -9

y“t=R, (¥ =h,

y), unde/where g = gradrR (x,y",Y"),
), unde/where g¥ = gradr (x*, y*,Y*).

}  (42)

¢;(y;), daca/if y; <Y,

|

0, daca/if y,>Y;

' . (43
c;(vy) yj+e;(y,) -0, daca/if y; <Y,
¢ (y,)-y,+0—p,, dacd/if y,>Y,.

(44)

(49)

-gy), unde/where gj = grad®, (x*, y*),
-9), unde/where g = grad@ (x*, y*).

} , (46)

(gradcby(x",yk))j —a,, i*={123..} .9, (X5, y*) = max{@, (X}, y*),... 2, (x5, Y} . @D

—1, daca/if i=i

rad@, (x*,y*)) = .
(grade,(¢y") {0, daca/if i # i*

Tn acest caz, Y°— un element arbitrar din
D, (de exemplu, generat aleatoriu).

Pentru fiecare k > 1, elementul Y*se va
determina astfel:
Y* {

Aici, qk reprezintd elementul din D,
generat aleatoriu la iteratia k, Th conformitate cu o
oarecare lege de repartitie P(dY)(in particular,

Y*?, daca/if R(x*,y
gk, daca/if R(x,y

ar putea fi repartitie uniforma pe domeniul D, ).

Conform criteriului lui Savage, problema
minimizarii functiei-scop va avea aspectul:

R (X,y) = max(max R
Y (x.y)

Este necesar de mentionat ca functia
R (X, Y) este convexa, in raport cu (X,Y) pe
D, xD,.

Astfel, in abordarea lui Savage, se va con-

sidera urmatoarea schema de solutionare a
modelului monopolist:

(48)

In this case, Y°- an arbitrary element of
D, (for example, generated randomly).

For each k>1, the element Y* shall be
determined as follows:
k’Yk—l) SR(xk’yk,Z?k) )
k’Yk—l) S R(xk,yk’l?k)

Here, gk represents the element from D,
generated randomly in the iteration k, according
to a certain distribution law P(dY) (in particular,
there could be uniform distribution in the field
D, ).

According to Savage criterion, the problem

of minimizing the purpose function will have the
following aspect:

(X, ¥,Y)=R(x, y,Y)) — El;]iyr)]

(50)

It is necessary to mention that the function
R;(X,y)is convex in relation to (X,y) on
D, xD,.

Therefore, in Savage’s approach, the follo-

wing scheme for solving the monopoly model
will be considered:

Revista / Journal ,,ECON
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1) in conformitate cu legea de distributie
uniforma pe domeniul D, , Se va genera un
set de elemente (acestea reprezentand

aleatorii independenti)

YL

vectori
Y'Y LYY fiind privit, in ansamblu,

ca un esantion din multimea D, ;

1) in accordance with the law of uniform
distribution on the domainD,, a set of

elements will be generated (these repre-
senting independent random vectors),

Y'...Y',...,Y" being generally regarded
as a sample from the crowd D, ;

2) L problems of optimization shall be
2) se vor considera L probleme de optimi- considered, called internal problems:
zare, numite probleme interne:

R'(x,y) =R(x, y,Y')—>r(na>)<, 1=1,2,..,L, (51)
X,y

R(x, yaYI) = Z[Cj(yj)'min{yjaYJ‘I}_ P; -max{o, Yj _le}]_zqi "X (52)

=1 i=1
cu respectarea  conditiilor:  @(X,y)<0; | by observing the conditions: @(X,y)<0;

(x,y)eD, xD,.
Fie ca (x*',y*') este solutia optimd a

problemei I(1=1,L) si R" = T(Tlay))( R'(x,Y);

3) se va considera urmatoarea problema
(numita si problema externd), care, la drept
vorbind, reprezintd o aproximare stocastica
a criteriului Savage:

. *| | .
Ry(x,y) =max[R" ~R'(x,y) | > min

4) se vor construi L+1 siruri de forma:
{xk',y"'}, I=1,L, {xk,yk}, k=0,1,2,..,
unde (XO',yO') si (x°,y°)sunt a priori

din D, xD,.

°',y°'), I=1,L, (xo,yo) se

vor numi puncte de start pentru cele L+1
probleme, corespunzator;

determinate multimea

Elementele (X

5) se vor determina doud siruri numerice h,

$i 0 :
H A
h = 10, = :
(k1) (k+1)ﬁ

6) fiind deja determinate punctele {Xk',yk'},

152

(x,y)eD, xD,.

Consider (X", y™) as the optimal solution

of the problem I(1=1,L) and
R" =maxR'(x,Y):
(x.y)

3) the following problem shall be considered
(also called external problem), which
represents a stochastic approximation of the
Savage criterion:

(53)

4) L+1 strings of the form:{xk',yk'}, I=1,L,

{Xk,yk}, k=0,1,2,..., shall be created,
where (x”,y"") and (x°,y°) are apriori
D, xD,. The

elements (XO',yO'), I=1,L, (x°,y°) shall

be called starting points for the L+1
problems;

5) two numerical strings shall be determined h,
and 9, :

determined by the set

; h,o6,>0; h,5, »0; a+p<1; Zhé =00; V—)O (54)

6) when the points are already determined
Xy, 1=LL and  {X*, ¥}, the
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I=1,L si {xk,yk}, urmitoarele elemente | next elements {X(k+l)|,y(k+1)l}, I=1,L,
{x“””,y‘“”'}, I=1,L, {x"”,yk”} se | {xk”,yk*l} shall be calculated as follows

vor calcula astfel [16]: [16]:

x D =P, (x* +h, -g)'), unde/where g; = grad,R'(x", y*), (55)
yterlh = P, (y“+h,-g;), unde/where g}/ = grad R'(x“, y“). '

daca /if @(x",y")<6, :{

(9¥), - =(grad,R'(x*.y")) _=-q,, (56)

i=1,m

(95'),-:5 =(grad,R'(x",y")) = 1=1,2,...L, (57)

j=tn

{C} () -y +¢,(y9), dacaif Y <!
c;(y")-Y! +p,, daca/if y > Y]

¢, (Y1) =—(c;—c) 1 (¥; - ). (58)

x“D = p, (X ~h, -g}'), unde/where g = grad,®(x", y"'),} (59)

daca/if @(x",y")>6 =
' ( g ) ‘ {y(k+l)l = PDy (ykl - hk -gl;'), unde/where g)lf' = grady(p(xkl 1 ykl).

-1, daca/if i=i*
0, daca/if i =i’ , (60)
unde/where i ={1,2,3,...}: @, (x{!, y*) = max{a@, (', y*)..... @, (x5, y*)}

(9¢) . =(grad,@(x*,y")) _ =

i=1,m

(9)), ;. =(grad,@(x*.y"))  =a,. (61)

X<t = P, (x* —h, -g‘;), unde/where gf = gradxzﬁsk(xk, A}

dacd / if @(x*,y*)<06, = )
k yk+1 — PDy (yk _hk g;), unde/where gt - grady%g (Xk, yk).
(05) 1 = (orad RE0¢.y) — =q,, )
aVL k k < /e K I
(98, (orag Reeyy) = 0 n ) R <
o = (y))-Y) o+, dacddif v > Yy . (64)

unde/where I €{1,2,...,.L}: R* (X, y) - R" (x*, y*) = rlgl.?L({R' (x*, y*)=R"(x*, yk)}

Aici/Here: ZI??Sk (X, y*) = rlgla<>L<[R' X, y")—R'(x, yk)] .
(65)

Xt =P, (X —h,-g¥), unde/where g¥ = grad @(x*, y*),
daca /if @(x*,y*)>6, = ' (66)

y“' =P, (y*~h,-gy), unde/where g; = grad, @(x", y*).
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i=1,m

(9v), - =(grad,@(x,y")) ={

—1, daca/if i=i*
0, daca/if i #i*’ ,

(67)

unde/where i* ={1,2,3,..m}: @, (x, y*) = max {®, (X, y*),.... @, (x5, )

(gS)j:fn =(grad, @ (x", yk))j:rn =a,,.

Concluzii

In conditii de incertitudine, decidentul tre-
buie sd aleagd o alternativd oarecare din cele
existente avand doar unele informatii cu privire la
profitabilitatea lor. In aceastd lucrare, se descriu
aspectele teoretice ale aplicabilitatii criteriilor
Wald si Savage, ajustate la problema de maxi-
mizare a profitului producatorului monopolist, cu
utilizarea directd a tehnicii gradientului gene-
ralizat. Algoritmii descrisi posedd un caracter
iterativ, iar particularitatea lor consta in ,,apro-
pierea”, cu o oarecare aproximatie, de vecinatatea
solutiei optime, care sd fie admisibild pentru toate
starile naturii incluse 1n modelul matematic.
Algoritmul descris pentru criteriul de maxima
prudenta este caracterizat prin oferirea unei solu-
tii, care, aplicata ulterior, va garanta decidentu-
lui un anumit profit, in pofida realizarii chiar si
celei mai nefavorabile stari a naturii. Aceastd
abordare asigura producatorul ca o eventuald con-
figuratie a pietei, chiar si aproape de incertitudine
purd, nu ii va genera unele pierderi. Evident ca,
pentru situatiile cand monopolistul tinde sd obtina
un profit maxim, dar cuantumul regretului sa
fie minim, se recomanda sa fie aplicat criteriul
Savage. Acesta se deosebeste de cel al pesimis-
tului, deoarece scopul problemei se considera ca
fiind minimizarea regretului, care, indirect, pre-
supune construirea ofertei optime, care sd maxi-
mizeze profitul pentru toate starile naturii. Paralel
cu solutionarea problemei globale, la fiecare
iteratie, se solutioneaza si asa-numitele ,,probleme
interne”, care descriu starile naturii considerate,
in particular. Aceastd particularitate a algoritmu-
lui, gratie integrarii cu metoda gradientului
generalizat, permite construirea unei noi solutii, la
fiecare iteratie, care sd se incadreze in domeniul
solutiilor admisibile, dar are trendul de a se apro-
pia de proxima vecindtate a solutiei optime exis-
tente. In cazul Savage, rapiditatea generarii unei
solutii optime depinde de numarul maxim de
iteratii, dar si de schema automatd concreta de

modificare a pasului h, si a pragului de toleranta

154

(68)

Conclusions

Under conditions of uncertainty, the deci-
sion maker has to choose any of the existing alter-
natives, having only some information regarding
their profitability. This paper describes the theo-
retical aspects of the applicability of Wald and
Savage criteria, adjusted to the problem of maxi-
mizing the profit of the monopolistic producer,
with the direct use of the generalized gradient
technique. The described algorithms have an
iterative character, and their peculiarity consists
in the “proximity”, with some approximation, to
the vicinity of the optimal solution that is
admissible for all the states of nature included in
the mathematical model. The algorithm described
for the criterion of maximum prudence is charac-
terized by offering a solution which, if subse-
quently applied, will guarantee the decision
maker a certain profit, despite achieving even the
most unfavourable state of nature. This approach
assures the producer that a possible configuration
of the market, even close to pure uncertainty, will
not cause loss. Obviously, for situations where
the monopolist tends to make a maximum profit,
but the amount of regret is minimal, it is
recommended to apply the Savage criterion. This
is different from that of the pessimist, because the
purpose of the problem is the minimization of
regret, which, indirectly, implies the construction
of the optimal offer that maximizes the profit for
all the states of nature. Simultaneously with sol-
ving the global problem, with each iteration, the
so-called “internal problems”, which describe the
states of nature considered, in particular, are also
solved. This particularity of the algorithm, thanks
to the integration with the generalized gradient
method, allows the construction of a new solu-
tion, at each iteration, that falls within the field of
admissible solutions, but has the tendency to
approach the near vicinity of the existing optimal
solution. In the Savage case, the speed of gene-
rating an optimal solution depends on the maxi-
mum number of iterations for which the algo-
rithm will run, but not less important, the autom-
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0, - Pragul de toleranta reprezintd aproximatia, pe

care decidentul o poate neglija, dar are rolul de a
opri algoritmul, Tn momentul in care ea nu depa-
seste o anumita valoare definitd in prealabil.
Acest element al algoritmului contribuie la redu-
cerea timpului de obtinere a unui raspuns si dimi-
nuarea suprasolicitirii subsistemului de calcul,
pentru atingerea solutiei exacte, care, la momen-
tul determinarii, poate sa nu mai fie actuala.

atic scheme of modifying the h, step, and tole-

rance threshold J, . The tolerance threshold repre-

sents the approximation that the decision maker
can neglect, but it has the role of stopping the
algorithm, when it does not exceed a certain
predefined value. This element of the algorithm
contributes to reducing the response time and the
overhead of the computing subsystem, in order to

10.

11.

12.

13.

14.

15.

16.

reach the exact solution, which, when determined,
may no longer be current.
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