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Rezumat. Cercetareai dezvoltarea sunt factori egeli Abstract. Research and development are crucial factors
in supraviguirea unei Tntreprinderi. Intr-o industrie care in the survival of an enterprise. In an industrattis
se schimb rapid, companiile trebuie asrevizuiasé changing fast, companies must continually revisarth

continuu proiectelgi gama de produse. projects and range of products.

Aceasi lucrare prezirt unele posibilidti de This paper presents somessibilities of using game
aplicare a teoriei jocurilor ca metodtilizabila Tn studiul ~ theory as a method used in the study of researdh an
cercelirii si dezvolfrii. development.

Contextul general al aplidi metodei este cel The general context of the application of the métho

schimbarilor rapide de tehnologie, de dezvoltare is the rapid change of technology, continuous
continui, precumsi de a face f@ concurerei si de a  development, and to compete and respond to changing

raispunde preferigelor in schimbare ale cliglor. customer preferences.
Aplicarea metodei este exemplifigat printr-o The method is exemplified by a specific numerical
aplicgie numerié@ concrei. application.
Cuvinte cheie:cercetare-dezvoltare, teoria jocurilor, Key words: research and development, game theory,
dezvoltare durahil sustainable development
1. Introducere 1. Introduction
Cercetarea-dezvoltarea reprezZenin factor Research and development, is a factor that can
intensiv care poate conduce la salturi spectacelloadead to intense leaps in national wealth and nation
in avuia naionak si in ierarhizarea raunilor [1]. ranking [1].
n secolul XXI, cand cunaterea este o resurs In the XXI century, when knowledge is a

strategi@ cu multe implicaéi, guvernele solick  strategic resource with many implications,
restructurarea sistemelor de cercetarimvatamant  governments ask restructuring research and higher

superior pentru a deveni factori eficieai cresterii education systems to become effective factors of
si progresului economic. growth and economic progress.
Institutile de Tnvatamant superior si  de Higher education and research institutions have

cercetare au &@onat mereu intr-un mediu always acted in a competitive environment, but the
competitiv, dar noua economie globalizat creat new globalized economy has created a much more
un mediu mult mai agresiv dataritregulilor si aggressive environment thanks to the new rules and
provoairilor noi. Acest nou mediu are un impact challenges.This new environment has a major
major asupra profilului academic al instilor de  impact on the academic profile of institutions of
Tnvatamant superiosi al celor de cercetare. higher education and research.

Luadnd aceste aspecte Tn considerare, este Considering these issues, it is essential to
esefiald recunogterea importagei existeei unor  recognize the importance of the existence of

metodesi modele utilizabile Tn studiul cercti- methods and models used in the study of research
dezvoldrii. and development
2. Procesul cercetrii stiin tifice 2. The process of scientific research

Crednd cunacgere, cercetarea stiintifica Creating news, scientific research starts from
pornate de la cunoscut spre necunoscut [2]. the known to the unknown, [2].

in funaie de acest scogi de natura activiii According to this purpose and the nature of the

se disting, in mod olmuit, trei forme de cercetare: activity, usually there are distinguished three aray
cercetare fundamen#ial cercetare aplicativ si forms of research: basic research, applied research
dezvoltare tehnologic and technological development.

Scopul unui experiment este de a furniza  The purpose of an experiment is to provide
anumite date spre interpretare, in vedereaome data for interpretation, in order to confirm,
confirmarii, infirmarii sau precizrii unor ipoteze. refute or clarify the assumptions.
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Pentru asgi indeplini scopul, experimentul se To achieve the purpose of the research, the
desfisoaa intr-o Tnkntuire de aguni bine  experiment is carried out in a well-defined chain o
determinate, s cum se arafin figura 1 [2]. actions, as shown in figure 1 [2].

alegerea
obiectului
sugus
experimentari’
prelucrarea alegerea
rezultatelor si metodai si
determinarea mijloace or de
erorilor experimentzre
efectuarea
determinarilor grogramarea si
sau urganizarea
masuratorilor experimertului

propriu-zise

Figura 1. Procesul unei experiment
Figure 1. Process of experiment

3. Modele utilizabile Tn studiul cercedrii- 3. Models used in the study of research and
dezvoltarii development
Prin model se defigke fungia de &spuns The model defines the response function
Yy = [, X2, ..., X, care lead intrarile de igirea y = f(1, X, ..., %), linking the entries with the

sistemului cibernetic reprezentat de problema deutput of the cybernetic system represented by the
optimizare. Deci, d&c intrarile sunt factorii si optimization problemSo if the inputs are factors

iesirea este parametrul de optimizare, modelul estand the output is the optimization parameter, the
0 reprezentare matemadtica Tnsyi obiectului  model is a mathematical representation of the objec

cercefrii [2]. of research itself [2].

Alegerea unui model inseamselecia formei Choosing a model means selecting the response
functiei de Bispunssi scrierea ecugei sale. function’s form and write it's equation.

In procesul de cercetare indicatorii statistici In the process of research the statistical
indeplinesc un rol important in identificarea ftieic  indicators play an important role in identifyingeth
de Espuns. response function.

Statistica face parte din cadrul disciplinelor Statistics is part of discipline that studies the
care studiazfenomenele intr-o viziune sisteriajda phenomena in a systemic vision, at micro, meso-

nivel micro, mezosi macro-economic [3]. and macro- level [3].
Indicatorii  statistici  reprezifit expresia
numerié a unei determiri calitative obiective Statistical indicators are numerical expression

obtinuta Tn urma efectirii unei cercelri statistice, of objective quality measurements obtained by
care este raportatla condiii specifice de timp, performing a statistical survey related to specific
spaiu si organizatorice. Acgi indicatori statistici conditions of time, space and organization. These
se regsesc in statistica oficiaki in publicaiile de  statistical indicators can be found in official

specialitate. statistics and specialized publications.
Indicatorii  statistici pot fi obnuti prin

masuraresi estimare. Statistical indicators can be obtained by
Indicatorii statistici sunt extrem de numgr@i measurement and estimation.

se pot folosi in mod izolat sau sub farahe sistem Statistical indicators are extremely numerous;

de indicatori. they can be used in isolation or as a system of
in procesul de cercetare ei indeplinesc maindicators.

multe fungii: functia de nmisurare, de analiz de In a research they fulfill several functions:
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estimare, de comparare, de siitez function of measurement, analysis, estimation,
Exista un nunar mare de aspecte care trebuiecomparison, synthesis.
avute Tn vedere n létyra cu elaboraresi folosirea There are many issues to be considered in

indicatorilor statistici. Este necesar de a seilsidd  relation to the development and use of statistical
fiecare dat cantitatea de infornie optimg, precum indicators. It is necessary to establish, each, tthee
si condtiile si limitele in care pot fi utilizg, amount of optimal information and the conditions
indicatorii  statistici in raport cu c@nutul and limitations under which statistical indicators
fenomenelor, al surselor de inforneade care se can be used in relation to the contents phenomena
dispunesi scopul cerceitii. of the sources of information and research purposes
Cercetarea opetianali este una dintre ramurile
relativ noi ale matematicii aplicate, care, de Operational research is one of the relatively
asemenea, este utilizabilin studiul cercétii- new branches of applied mathematics, which is also
dezvoltrii. Aparuta la sfasitul primei jumatati a  used in research and development study. Appeared
secolului XX, ea se ocdple problema @sirii unor  at the end of the first half of XX century, dealghwv
soluii optime pentru fenomene din cele mai diversethe problem of finding optimal solutions for
domenii ale naturi§i societitii. phenomena in various fields of nature and society.
Utilizarea metodelor cerceti operaionale in The use of operational research methods in
tehniad si economie a condus la rezultate engineering and economics led to remarkable
remarcabile. Tn prezent nu se poate concepeesults. Currently you can not do effective
conducerea eficieiit a unei activiiti tehnico- management of an important technical-economic
economice importante, deci nici activitatea deactivity, so nor the activity of research and
cercetare-dezvoltarearfi a face apel la metodele development, without using methods of operational

cerceirii opergionale. research.

In studiul origérui proces, indiferent de In studying any process, no matter to which
domeniul @reia i apatine, se deosebesc patru etapefiled it belongs, it is distinguished four basiess
fundamentale [4]: [4]:

e analiza procesului, aotarea si descrierea e analysis of the process, search and descripfion o
mijloacelor de aiune care ar putea duce la the means of action that could lead to the aims of

atingerea scopului acestuia, it;

 construirea unui model matematic al procesuluigs building a mathematical model of the process, to
care 4 dea o descriere matemate scopului; give a mathematical description of purpose;

» estimareasi compararea eficaditi diverselor ¢ estimating and comparing the effectiveness of
strategii pe baza modelului construit; different strategies based on the model built;

e studierea strategiilor optimei a metodelor < to study the optimal strategies and mathematical
matematice cu ajutorubiora pot fi obinute. methods by which they may be obtained.

Cercetarea opegianak studiaz fenomenele Operational research study phenomena through

prin intermediul modelelor matematice, modele caremathematical models that concentrate the essence
concentreaz esemalul si care pot fi prelucrate cu and can be processed using computers. In addition
ajutorul calculatoarelor. Pe 1&nh@ mare varietate to the wide variety of mathematical models,
de modele matematice, cercetarea qmerak  operational research encompasses as well a wide
cuprinde si o mare varietate de procedee variety of mathematical methods to solve them.
matematice de rezolvare a acestora.

Cercetarea opetianali cuprinde numeroase Operational research includes many chapters,
capitole, dintre care face pasideoria jocurilor. of which includes game theory.

Teoria jocurilor ofex o posibilitate de analiza Game theory provides an opportunity to
impactului deciziilor celorlai asupra propriilor analyze the impact of others decisions on their
deciziisi rezultatele aferente. decisions and related results.

4. Utilizarea teoriei jocurilor 4. The use of game theory
Aflandu-se la confluga a trei constituen Located at the confluence of three constituents:

sustenabilitatea de mediu, cea econdmig environmental sustainability, economic and socio-
sustenabilitatea socio-polific dezvoltarea duraliil  political sustainability, sustainable development
implica existema unui echilibru intre agta [5]. De  involves a balance between them [5]. Hence, it

319



RECENT, Vol. 13, no. 3(36), November, 2012

aici rezult ca starea de echilibru pe care o implic follows that the steady state implied by sustai@abl
dezvoltarea duraliil poate fi descris in termenii  development can be described in terms of game

teoriei jocurilor. theory.

Un joc este un concurs care imglic A game is a competition involving minimum
participarea a minimum doi particiggn numii two participants, called players, each wanting to
jucatori, fiecare dintre ei dorindicastige. win.

Teoria jocurilor ardt cum 4 se fad alegerea Game theory shows how to make the choice of

de strategii optime in cazul unei dispute, cardrpen optimal strategy for an argument that for the
rezolvare necesitluarea unor decizii ce privesaito resolution calls for decisions concerning all
participanii. participants.

La Tnceput, se gvea @&, prin particularizare, At first, it seemed that by customizing
totul putea fi analizagtiintific cu ajutorul acestei everything can be scientifically analyzed using thi
teorii: de la comportamentul in trafic gélla decizii  theory: from behavior to traffic and production
de produde si de la aizboiul preurilor la decizia de decisions from price wars to the decision to have

a avea copii. Ulterior problematica a fost niain children. Subsequently the issue was nuanced.
Teoria jocurilor utilizeaz trei ipoteze Game theory wuses three fundamental
fundamentale, care sunt prezentate in figura 2. assumptions, which are presented in figure 2.

fiecare stie
ca ceilalti
sunt

rationali

jucatorii se
comporta

toti jucatorii
cunosc
regulile

jocului

A > L -
- -
——

Teoria jocurilor Dezvoltare durabila

Figura 2. Teoria jocurilor aplicat n studiul cettc@-dezvoltarii
Figure 2. Game theory applied in the study of regeand development

Existena acestor ipoteze fundamentale The existence of these fundamental
sugereax ideea abordtii dezvol@rii durabile prin  assumptions suggests the idea of approaching
teoria jocurilor. Atingerea unui anumit nivel de sustainable development through game theory. To
dezvoltare durahil indica un comportament social achieve a certain level of sustainable development
rational din partea tuturor factorilor de decizie, indicates a rational social behavior, from all
precum si un schimb de inform#e, adi@ un  stakeholders and exchange of information, all in al
comportament reactiv din partea tuturor gacilor". a reactive behavior of all "players".

Echilibrul Nash este o sale concept, sau 0 Nash equilibrium is a solution concept, or a
reguk formak care permite predi@ modului de formal rule, that allows predicting the conduct of
desftisurare a joculugi descrie strategiile care vor fi the game and describe strategies to be adopted by

adoptate de jutori, adia, rezultatul jocului. the players and therefore the result of the game.
Daci n este nurirul de juctori, mukimea If n is the number of players, the set of
strategiilor jocului va fi da@itde formula: strategies of the game will be given by:
S=§xSyx-xG,. (2)
Se poate consideraa matura (hazardul) este It can be considered that the nature (chance) is
jucatorul n + 1, in fundie de situéia concrei. playern + 1, depending on the situation.
Funaia de catig a jocului, prin defirtie, va fi The gain function of the game, by definition,

functia u = (U;, Uy,..., Uy) formaé din fungiile de  will be the functionu = (uy, Uy,..., U,) consisting of
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céstig ale fiedrui jucator.
Notand funda de cétig a fiecrui jucator u; si
functiile de catig ale celorlai jucatori u;, fundia
de cé&tig a jocului va fi:
u:S - Ru=(y
Strategia care maximizeazgtigul jucatorului
i, indiferent de strategiile alese de ceil@catori,
este numit strategie optimail
Multimea de strategii:

(51152

care respeétcondtia:

ul(sI, S -
formeaz Echilibrul Nash.

* *

S, Sp

5. Studiu de caz
Jocul are trei jutori: firma cu activitatea de
cercetare-dezvoltare (CD), investitorii §l)angajaii

)

Jouls, s

gain functions of each player.

Noting the gain function of each playerand
the gain function of the other playeus, the gain
function of the game will be:
.U_i)- (2)

The strategy that maximizes the gain of player
i, regardless of the strategies chosen by other
players, is called optimal strategy.

The multitude of strategies:

3)

fulfilling the condition:

Sv'”vsn)v I=:Ln
forms a Nash equilibrium.

(4)

5. Case study
The game has three players, the company with
research and development (C&D), investors (I) and

poteniali (L). Desfisurarea evenimentelor poate lua local people (L). The events may take the following
urmatoarea formi: firma cu activitatea de cercetare- form: the company with research and development
dezvoltare alege, la niveluldicinii arborelui logic, chooses, at the root of the logical tree, between t
intre dod strategii: de a avea activitate de strategies, to have research and development (B) or
cercetare-dezvoltare (B) sau de a nu avea actvitanot have research and development (NB). The

de cercetare-dezvoltare (NB). Al doilea set desecond set of data (denoted ibypresents the two

informatii (notat cui) prezint doua noduri £ si ny)

si corespunde activitii. Repartizand probabilitatea
X noduluing si probabilitatea 1 x noduluin,, nodul
N, succede strategiei B, iar noduy strategiei NB.
Aceasta Tnseanirca investitorii sunt convii, cu o
probabilitatex, ca firma a decisasaibi o activitate
de cercetare-dezvoltare. Investitorii au de alé®in
dowa strategii: 8 investeast pe termen lung (LI),
cu probabilitateay, sau & investeast pe termen
scurt (SI), cu probabilitatea 1y-

Cel de-al treilea juitor reprezini angajai
poteniali, care au la dispogé dou seturi de
informatii, 1, si I,. Ambele seturi preziatcate doa
noduri: 45 si I3, pentru primul set, respectly; si |,
pentru cel de-al doilea. Decizia LI este prec&diat
nodurilelyssi |55, pe cand Sl este urndade nodurile
l12 5 l2.

Angajgii potertiali au dou strategii pe care le
pot aplicagi anume: & lucreze cu northintread in
activitatea de cercetare-dezvoltare (Fl), cu pridbab
tateaz, sau paral (Pl), cu probabilitatea 1 z

Schema acestui tip de joc este cea din figura 3.

In acest joc, CD decide prima yoare, alegand
intre Bsi NB. Urmatoarea mjcare apame lui I,
care nu cunage opiunea lui CD, fiind prezentat n
figura prin cercurile verzi ce cuprind nodurile.
Beneficiul juctorilor este cuantificat prin vectorii

(0, i, 1).

nodes §; andny) and corresponds to the activity.
Assign probabilityx noden; and node, probability

1 — %, noden; succeeds strategy B and node
strategy NB. This means that the investors are
convinced, with probabilitk, about the company’s
decision to have research and development.
Investors have to choose between two strategies:
long-term investing (LI), with y probability or
invest short term (SI), with 1 y-probability.

The third player represents the potential
employees, which have two sets of informatin,
andl,. Both sets have two componentg: andly,
for the first set,l,; and l,, respectively for the
second. Decision LI is preceded by notesndl,;,
while Sl is followed by nodels, andl,.

The potential employees have two strategies
that can be applied, namely to work full time in
research and development (FI), with probabiityr
partially (PI), with probability 1 z.

The scheme of this type of game is the one in
figure 3.

In this game, CD decides the first move,
choosing between B and NB. The next move
belongs to I, who doesn’t know CD's option, as
shown in the figure by the green circles that
includes nodes. Players benefit is quantified &y th
vectors ¢, i, I).
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CD

Figura 3. Schema studiului de caz
Figure 3. The scheme of the case study

Se presupuneacV = (V1, V,, Vs, V), undeV; It is assumed that = (Vi, V,, Vs, V), whereV,
este alegerea lui Ci V; OO {B, NB}, V, este represents CD’s choice and M {B, NB}, V,is I's
alegerea lui ki V, O {LI, SI}, V;este alegerea luiL choice andV, O {LI, SI}, V;is L's choice and
si V3 O {FI, P}, iar V, este probabilitatea strategiei V; O {FI, PI}, and V, is the probability of the

4 4
in general) V, =1. general strategy 'V, =1.
i=1 i=1
Daax=1sil-x=0,y=0,3i1-y=0,7, fx=1land1lx=0,y=1land1y=0.7,z=1
z=0.2si 1 —z= 0,8, vor exista ur#torii vectori: and 1 -z = 0.8, there will be the fallowing vectors:

(B, LI, FI, xxyxz), — (B, LI, FI, (1x0.3x0.2 = 0.06));
(B, LI, PI, xxyx(1-2)), — (B, LI, FI, (1x0.3x0.8 = 0.24));
(B, SI, Flyx(1-y)xz), — (B, SI, FI, (%0.7%0.2 = 0.14));
(B, SI, PI, xx(1-y)x(1-2)), — (B, SI, PI, (1x0.7x0.8 = 0.56));
(NB, LI, FI, (1-x)xyxz), — (NB, LI, FI, (0x0.3<0.2 = 0));
(NB, LI, PI, (1-x}xyx(1-2)), — (NB, LI, Fl, (0x0.3x0.8 = 0));
(NB, SI, FI, (1-xx(1-y) xx), — (NB, SI, Fl, (x0.7x1 = 0));
(NB, SI, PI, (1-xx(1-y)x(1-2)), — (NB, SI, PI, (0.7%0.8 = 0)).

Strategia optirh este reprezentatde vectorul The optimal strategy is represented by the
(B, SI, PI, xx(1-y)x(1-2)). vector(, SI, Pl, xx(1-y)x(1-2)).
6. Concluzii 6. Conclusions

in baza celor prezentate in lucrare, se poate Based on the presented in the paper, it can be
afirma @ printre metodelsi modele utilizabile in  said that among the methods and models used in the
studiul cerceirii-dezvoltarii se afti si teoria jocurilor.  study of research and development is the game

Starea de echilibru pe care o implic theory as well.
dezvoltarea duraliil poate fi descris in termenii Steady state that sustainable development
acestei teorii. implies can be described in terms of this theory.

Cele trei ipoteze fundamentale ale teoriei Three constituents can replace the three basic
jocurilor pot fi inlocuite cu cei trei constitugn assumptions of game theory: environmental
sustenabilitatea de mediu, cea econdamig sustainability, economic and  socio-political
sustenabilitatea socio-poliic formand astfel un sustainability, forming a sustainable equilibrium.
echilibru in dezvoltarea duraiil
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Utilizdnd modelul teoriei jocurilor, este Using game theory model is constructed and
construitt si rezolvat o aplicaie utilizabili in  solved an application used to model the behavior of
modelarea comportamentului principalilor actori aithe main actors in the research and development
procesului de cercetare-dezvoltare: firmaprocess: the firm (its management), the investors,
(managementul acesteia), investitogii angajaii and the potential employees.
poteniali.
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