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OTxe, MKIyBaHHS IPO O€3MEKy TENepIlHIX Ta MallOyTHIX OKOJIIHb BUMa-
rae, o0 11 MUTaHHSA OyJM 3aKpiIUIEH] B YHIBEPCAIbHOMY HOPMAaTMBHOMY aKT1 —
Exonoriuniit Konctutymii 3emni. ¥ uiit Koncruryii 6axkano chopmyiroBaT po3-
JJ1, TIPUCBSIYEHUI PETryJIIOBaHHIO 3/11MCHEHHS €KOJIOTIYHO HEOE3MeUHOi JisSIbHOC-
Ti, B IKOMY Ma€ BIJIHANTH CBOE MiCIle BU3HAYCHHSI ITOHATTS €KOJIOTTYHO HeOe3neu-
HO1 JISTIBHOCTI, il BUIB, MEXaHi3M 3a0€3MeUCHHS eKOJIOTTYHOI O€3MeKn y KOXKHIN
€KOJIOT1YHO HeOe3neuHil cdepi, skuii Oyae e)eKTUBHUM 1 U1 chepr TPAHCIIOPTY.
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MOJEJIOBAHHA OBME)KEHOi PAIIIOHAJIBHOCTI
Y IPUUHATTI PILIEHD

BucsitneHo TpyaHoIl, 3 SIKUMHU CTHUKalOThCS €KOHOMICTH-TEOPETHKH y HaMaraHHi
pPO3MUPUTH chepy CBOIX IOCHIKEHb B 01K 00MEKEHOT pallioHAIbHOCTi. MeToro € 3podutn
HaroJioC Ha IPOIIeCi MOJIETIOBAHHS Ta 30CEPEIUTHCHh HAa MOOYA0BI MOJeeH, B IKUX IICH-
TpaJbHE MICIIE MTOCIAAI0Th MPOIEAYPHI ACTIEKTH MPOIECy TPUUHATTS pillieHb. Takoro poay
Moeni MOXKYTh CTaTH KOPHCHHUM IHCTPYMEHTOM TOSICHEHHSI €KOHOMIYHHMX Ta 1HCTHTY-
IHHAX npouecua 3rigHo 3 Kenerom Appoy (1987) 'HEMa€ KOAHOTO 3araJibHOTO TPUHIA-
1y, SIKAH TIepelye CTBOPCHHIO €KOHOMIYHOI Teopii, TOOyT0BaHOI HA TiMoTe3i, OKle TIPHH-
Uy pauloHaanocn" Ineero wiei pO6OTI/I € JIOBECTH, III0 >KOPCTKA paI_IIOHaJ'ILHICTL Hac-
IIpaB/ii BUCTYIAa€ OOMEXEHHIM Ui TOoCHigHuKa. Biaxia Big mapaIurMu pauioHaJIbHOT JIto-
JIMHU O3HAYa€ YCYHECHHS TaKOTO OOMEKEHHS 1 TAKUM YHHOM TPOIOHYE HOBUW BUKIUK Ta
MO>KJIMBOCTI I EKOHOMICTIB, SIKI TIPAIIOIOTH HaJl KOHIIEMIIIE0 00MEXKEeHOT parlioHaIbHOCTI.

Kuro4oBi cioBa: mporiec NpuiHATTA pillieHb, 0OMEKEHa pallioHAIbHICTh, TTOBEIIH-
Ka, MOJICITIOBAHHSI.

30ipHNK HAYKOBO-TEeXHIYHUX Npanb 133



HanionanbHnii gicoTexHiunmii yHiBepcuter YKpainn

Maria Nijnik" — Socio-Economic Group, the Macaulay Land Use Research
Institute, Craigiebuckler, Aberdeen, Scotland

Modelling bounded rationality in decision-making

This paper discusses the dilemmas faced by economic theorists attempting to expand
the scope of their research in the direction of bounded rationality. The objective is to
emphasize the modelling process and focus on the construction of models in which proce-
dural aspects of a decision-making process are regarded to be the most important. Such
models can become useful tools in providing explanations of economic and institutional
processes. According to Kenneth Arrow (1987), "there is no general principle that prevents
the creation of an economic theory based on other hypothesis than that of rationality". The
idea of this paper is to argue that substantive rationality is actually a constraint on the mo-
deller. The departure from the rational man paradigm represents an elimination of the exis-
ting constraint and therefore a challenge and an opportunity for economists dealing with
the concept of bounded rationality.

Keywords: decision-making, optimization, bounded rationality, behaviour, modelling.

Introduction

There were certain attempts in the past to model bounded rationality and rep-
lace the basic concept of a rational man and of a fully rational microeconomic beha-
viour with alternative decision models, like those proposed by Herbert Simon in the
mid-1950 s. However, despite the worldwide recognition of the Simon's work, not
much has been achieved in this area until recently. Methodological aspects of the
construction of new models, 1.e. based on the hypotheses other than those of rationa-
lity, were presented in the works of Hogarth Reder (1987), Arrow (1987), Tversky
and Kahneman (1986) et al. The problem was also addressed by Selten (1989) who
proposed an alternative view, i.e. that of bounded rationality, and by Lipman (1995)
who made a brief survey of the topics under discussion. Taking these ideas and tho-
se of Ariel Rubinstein (1997), as a starting point, this paper analyses models in
which policy actors deliberate decisions by applying the procedures that guide their
reasoning about "what to do" and "how" to decide. We provide general overview of
bounded rationality, discuss its modelling in decision making processes, address im-
perfect recall and modelling of bounded rationality in games.

Bounded rationality

The concepts of rationality and optimization strongly affect the behaviour
of agents and thus the outcomes of the decision procedures.

e But what is a rational man paradigm?

e What can we get from the achievements of psychology of what to model (models
of choice and interaction)?

e What are the main directions for the "attack on the traditional approach"?

The concepts of rationality and optimization imply that rational agents can
not agree or disagree, and when the bet is 'common knowledge' they simply can
not bet and any speculation is banished. In this respect the question arises: 'How
much irrationality must be permitted before speculation and agreements to disagree
emerge in equilibrium?' Geanakoplos (1989) has established necessary and suffici-
ent conditions for the information processing errors captured by non-partitional
possibility correspondences to allow for speculation, betting and agreeing to disag-
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ree. He showed a certain hierarchy where agents can be a little irrational and still
not speculate, agree to bet, or agree to disagree. If they are a little more irrational,
they will speculate, but not agree to bet or agree to disagree. If they get a still more
irrational behaviour, they will speculate and agree to bet, but not agree to disagree
about the probability of an event. Finally, if they are still more irrational, they will
speculate, agree to bet, and agree to disagree.

According to the economic theory, rational decision maker is an agent
who has to choose an option after answering the questions:

e What is feasible?
e What is desirable?
e What is the best alternative according to the notion of desirability, given the feasi-

bility constraints? (Rubinstein, 1997, p. 7).

Rational man is a decision maker that takes the action, after some courses
of regulation, 1.e. the definition of what is feasible and what is desirable, which are
independent from each other. Further calculations with finding out an optimal al-
ternative complete the procedure.

A key assumption regarding the decision making is that the operation of
defining feasible alternatives and choosing preferences are completely indepen-
dent. The scheme of the choice procedure of a rational decision maker is to choose
an element x* in a set A, that x*= x for all x €A. The following assumptions are
taken as granted:

Knowledge, i.e. a decision maker is fully aware of the set of alternatives;

Clear preferences, i.e. he has a complete ordering over the set of alternatives;
Ability to optimize that is unlimited and correct;

Indifference to logically equivalent descriptions of the alternatives and choice sets,
which implies that if the sets A and B are equal, then the choice from A is the sa-
me as the choice from B.

The so-called "traditional” economist's position is explained by the fact
that the main interest of economics lies in the behaviour of a decision maker and
not in the process of decision making. Even in cases when the actor does not fol-
low the rational man procedure, his behaviour can be described as if he follows this
procedure. Decision maker's behaviour function satisfies the consistency condition,
and the choice functions that satisfy the condition, even if they are not derived
from a rational man procedure, can be described as if they are derived by a rational
man (Rubinstein, 1997, p. 12).

However, the evidence from psychological experiments and from real life
shows that in reality there exist common procedural actions that are different from
the elements of those of rational man's decision-making procedure. For instance, if
the ordering by which the alternatives are examined is dependent on the set, a
discrepancy with the consistency condition arises. Elements of procedure fit in
systematic phenomena of our reasoning. In life choices are taken from a list, not a
set. In reality, for instance, we pay attention on something not common and then
we choose from that, but not from what is repeated more often. Our choice may be
influenced by the alternatives. Such motives, as "framing effects", "the tendency to
simplification" and "search for reasons" usually appear in real life situations and
conflict with the rational man paradigm.
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Framing effects demonstrate that in our decision making, the procedure of
choosing is very sensitive to the description of choices. This could be explained as
following. In real life, under the circumstances that the set could be described by
various ways, equivalent alternatives are not always treated equally. This poses
challenges to the rational man paradigm and leads to the idea that the alternatives
have to be verbally described in the model. Procedure impacts the decision taking.

The tendency to simplify decision problems is a method of saving delibera-
tion resources. A decision maker does not consider all the elements in A but only
those that are selected by a predetermined rule. The choice then does not satisfy a
consistency condition. The search for reasons means that choices are often made
on the basis of reasons. If they are independent from the choice problem, the fact
that the decision maker is motivated by them does not conflict with rationality. Ho-
wever, the reasons might be the so-called "internal" and dependent on the decision
problem (for instance, the preference of one alternative over another is determined
by the other elements in the set) and then a contradiction with the rational man pa-
radigm appears. The procedure often does not satisfy the consistency condition.

However, the statement that the behaviour is not rational does not mean that it
1s chaotic. Simon (1976) defined the notions of substantive and procedural rationa-
lity. Substantive rationality refers to the behaviour that is appropriate to the achieve-
ments of given goals within the limits imposed by given conditions and constraints.
Behaviour is procedurally rational when it is the outcome of appropriate deliberation,
of a certain strategy of reasoning, thus not an outcome of impulsive responses without
an adequate intervention of thought, as is it with irrational behaviour (Simon, 1976).

In the context of "bounded rationality", the following research questions
therefore come up:

e What are the relations between different kinds of reasoning procedures?

e To what extent are standard economic models sensitive to the existence of ele-
ments of bounded rationality?

e Do procedural elements explain the existence of economic institutions?

Modelling bounded rationality in decision making

This section focuses on modelling procedural decision making. The aim is
to discuss how to model formally procedures of choice that exhibit a certain proce-
dural element, and then to investigate whether or not such procedures are compa-
tible with the rational man paradigm. Preference relations which are consistent
with the procedure and the restrictions on the space of preferences are identified by
analyzing experimental examples.

Preparation of the tools for further investigation includes definition and
explanation of the similarity relations which are taken to be a binary relation on
the set [=[0,1] that satisfies the following properties (Rubinstein, 1997):

(ST) Reflexivity: Forallael,a~a.

(S2) Symmetry: Foralla& b eI, ifa~Db, thenb ~a.

(S3) Continuity: The graph of the relation ~ is closed in I x I.

(S4) Betweenness: Ifa=b=c=danda~d,thenb~c.

(S5) Nondegeneracy 0~1, and for all 0<a<l, there are b and ¢, so that b <a <c
and a~band a~c. Fora=1, there is b<a so that a ~ b.
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(S6) Responsiveness Denote by a* and as the largest and the smallest elements in
the set that are similar to a. Then, a* and ay are strictly
increasing functions (in a) at any point at which they obtain
a value different from 0 or 1.

When the choice is made, for instance, from a set of pairs of lotteries L; =

(x1,p1) and L, = (X,, p2), the following steps of decision procedure are applied:

Step 1 — Check dominations: If both x;> x;and p;> p;, then choose Li;

Step 2 — Check similarities:  If p;~ ypj and not x; ~ X; and X;> x;, then choose Li.

If x; ~ « x; and not p; ~ ,p;, and p; > p;, then choose L
If the first step is not decisive, we move to the second step. If the second
step, in which the similarity relations are invoked is also not decisive, then we mo-
ve to the third step which however is not specified.
e Analysis of the decision procedures includes the following questions:
e Are the steps 1 and 2 of the procedure consistent with the optimization of any pre-
ference relation?
e How is the set of preferences that are consistent with the procedure restricted?
After a broad explanation of the logic of the procedure and presentation of
the proofs of the propositions which provide the answers to the questions, the
conclusion was made that (P-*) does not necessarily conflict with the rational man
paradigm. The assumption that a decision maker uses a procedure with a pair of si-
milarity relations narrows down the consistent preferences to almost a unique pre-
ference whose maximization explains the decision maker's behaviour. Steps 1 and

2 "over determine" the preference and according to Rubinstein (2005), even before

specifying the content of Step 3, we arrive at almost a unique preference that is

consistent with the choices determined by applying only Steps 1 and 2.

Imperfect recall

The discussion of modelling limited memory requires presentation of some
of the major differences between a decision problem with perfect and imperfect re-
call (Rubinstein, 1997 and 2005; Rubinstein and Piccione, 1995). The distinction
between perfect and imperfect recall with the formalization of extensive games fol-
lows the ideas of Kuhn (1953).

Knowledge and interactive knowledge are central elements in economic
theory. People usually act on the basis of incomplete information. If they are rati-
onal they recognize their own ignorance and reflect carefully on what they know
and what they do not know, before choosing how to act. Furthermore, when rati-
onal agents interact, they think about what the others know and do not know, and
what the others know about what they know, before choosing how to act (Geana-
koplos, 1992). Usually when economists use the term "rationality", they require
that the action is the best possible given the decision maker's knowledge, and also
that the knowledge is derived from the coherent inferences. Models with bounded
rationality are intended to allow us to talk about agents who systematically do not
make correct inferences (Rubinstein, 1997).

Imperfect recall is defined as a particular case of imperfection of knowledge
that lies at the heart of human processing of information (appendix, example 1).
When an individual decision maker acts in several steps, having certain memory li-
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mits, or when it is a group of agents that has communication problems between the
individuals, we have examples of imperfect recall. In a decision problem with perfect
recall the decision maker "remembers" the actions taken in the past and the informa-
tion he obtained about chance moves. With imperfect recall it is not the case. In that
case the decision maker perceives some valuable information that might be useful la-
ter, but he will not perceive this information at a later stage. The basic properties that
hold for decision problems with perfect recall, fail to hold with imperfect recall.

The most commonly used framework for analyzing the decision making pro-
cedure with imperfect recall is the model of an extensive decision problem, a con-
ventional extensive game with one player. Several examples of imperfect recall were
presented and explained by Rubinstein (1997), and e.g. the decision problem exhibi-
ting the so-called "absent-mindedness" was perfectly explained on the example with
a driver, where the decision problem has an information set, containing both a his-
tory h and a sub-history of h.

Rubinstein (1997) presented a notion of a pure strategy and turned to its
different notions. He stressed that in game theory there often exist two extensions
of the notion of a strategy, each of which uses random factors: a behavioural stra-
tegy and a mixed strategy. A behavioural strategy i1s defined as a rule of behaviour
that assigns (possibly random) behaviours to each of the information sets in the de-
cision problem. The behavioural strategy is optimal, if no other behavioural stra-
tegy yields a higher expected utility.

The definition of optimality refers to considerations arising before the deci-
sion problem is initiated, when a decision maker develops a plan of what should be
done in each of the possible scenarios (Rubinstein, 2005). The question arises:
what if the decision maker does not make his decisions in advance or what if he
makes his decision in advance, but the decision is — "not to decide" and "to postpo-
ne decisions to the later stage"? Such questions are usually not taken into conside-
ration when analysing conventional decision problems with perfect recall. While
analysing the decision problems with imperfect recall the mentioned above prob-
lems can not be considered as insignificant any longer. Interpretations that are in-
consequential under perfect recall have got important implications in the analysis
of games with imperfect recall.

The most commonly used framework for analyzing the decision making pro-
cedure with imperfect recall is the model of an extensive decision problem, a con-
ventional extensive game with a single player. In extensive decision problems with
imperfect recall games with a single player, care must be taken in interpreting infor-
mation sets and strategies which are the main elements of the model. The distinction
between perfect and imperfect recall for extensive games was introduced by Kuhn
(1953). Since then, traditional game theory has excluded games with imperfect re-
call from its scope. Rubinstein has readdressed this topic and developed it further.
He worked out the issues: consistent beliefs and time consistency of optimal plans;
randomization at information sets and the multi-selves approach to decision making.

Following Rubinstein, a strategy is time-consistent "if at no information set
reached as the decision problem unfolds does reassessing the strategy for the rema-
inder of the decision problem lead to a change in the plan of action" (Rubinstein,
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1997, p.72). Concerning the decision problems with perfect recall, a strategy is op-
timal if it is time-consistent. However, with imperfect recall there are problems for
which time consistency and optimality are not identical properties. For instance,
the strategy may be time-consistent but not optimal and the optimal strategy may
be not time-consistent (appendix, example 2). Regarding decision problems with
absent-mindedness, the inconsistency problem arises without changes in informati-
on of preferences during the execution of the plan, as it usually happens, and the
consistency problem is more severe in this case.

Time inconsistency in this case is not a usual example of this concept (Ru-
binstein, 1997). Usually, it arises as a result of changes either in preferences or in
information during the execution of the plan. In the example with an absent-min-
ded driver (appendix, example 3) preferences over the final outcome are constant
and the only changing factor is the occurrence of the situation. The example exhi-
bits a conflict between two ways of reasoning. The first is based on a quite mini-
mal principle of rationality: having chosen an optimal strategy, one does not have
to verify its optimality at the time of execution unless there is a change in informa-
tion or preferences. The second way of reasoning is based on the principle which
calls at each instance to maximize expected payoffs given the relevant beliefs.

The role of randomization is also worth to be discussed. In standard decisi-
on theory a decision maker applies a strategy without random devices. Even if a
decision maker uses a random device to determine his action, with perfect recall he
would not able to obtain an expected payoff to be higher than that without rando-
mization. It was shown that if the decision maker is an expected utility maximizer,
a mixed strategy cannot induce a payoff strictly higher than at a pure strategy, and
it was proven (Isbell, 1957) that for any decision problem without absent-minded-
ness, no behavioural strategy could be strictly better than a pure one. To conclude,
a decision maker considers the use of random devices to be crucial only while
analysing the decision problems with absent-mindedness.

One more question which is important while analysing problems with im-
perfect recall is the following 'is a decision maker at one history able to control his
actions at another history, or not?' The equivalence of the so-called single-self and
multi-selves approaches for decision problems with perfect recall breaks down
when we analyse decision problems with imperfect recall. With the problems with
absent-mindedness the situations are more complicated. If a decision maker can
not control his behaviour beyond the instance in which he operates, the situation
appears to be a multiplayer game. However, in general, it is important to keep the
definition of a single player to be an entity that considers its present and future ac-
tions to be under control at any one time, but assumes that it does not affect the ac-
tions taken by the other players (Rubinstein, 1997).

The question of the memory of a strategy is also important. When
analysing time consistency, it is predetermined that player's beliefs are consistent
with the strategy and that an actor remembers the changes he makes. The model is
"silent" whether the decision maker can remember the chosen strategy and is able
to recall a change in strategy, in case he makes this change. Another aspect that
narrows down the model could arise from the fear of the decision maker on the
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confusion that motivates him to prefer simplified models to avoid the harm resul-
ting from his doubt on the information he possesses. Modelling confusion and its
effectiveness within an extensive decision problem model remains problematic.

Modelling bounded rationality in games

In standard games each player behaves according to the rational man para-
digm, although in real life it is not always the case. Considering the incorporation
of procedural rationality considerations into models of interactive situations, in ga-
mes, Rubinstein (2005) discusses the models of interaction in which a player fol-
lows a decision procedure which is not consistent with the rational man paradigm.

There may be different interpretations of the solutions regarding the models
of interactive situations. A player could be an actor that operates in the conditions
that are determined by the behaviours of other agents which are known to the pla-
yer. He then takes their behaviours as inputs to his decision making. Another case
could be if a player is not aware of other players' strategies. Under these cir-
cumstances he will take into account the other players' behaviours according to the
model's primitives (preferences and the informational structures). Such two diffe-
rent interpretations of equilibrium do exist due to the theoretical assumptions of
bounded rationality that was put into the model.

An interaction when players have decision-making procedures, the primiti-
ves of which include the players' preferences different from those of a rational man
is discussed in Rubinstein (1997), where games with procedurally rational players
are addressed. The version of such games could be explained, as follows. A decisi-
on maker has to choose from a set of actions A with uncertain outcomes in a set
C. For this purpose he develops a deterministic action-consequence relationship
and undertakes the action with the best attached outcome. Then the chance that a
certain consequence ¢ € C will be attached to a € A is taken to be the frequency
with which c is observed with a. Therefore, the random action-consequence relati-
onship results in random behaviour (Rubinstein, 1997, p. 124).

An example demonstrating these theoretical considerations is given below.
Consider a symmetric two-player game (A, u), in which a player has to choose an
action from a set A. His payoff, if he chooses the option x € A, and his opponent
takes the action y € A, is u(x, y). A candidate for the solution then is a mixed stra-
tegy a* (a lottery on A). Given a* for each x € A, let L(x, a*) be the lottery that
induces the consequence u(x, y) with the probability o*(y). Our equilibrium requi-
rement is, that for all a € A, the number a*(a) is the probability that the action a
gets the highest value from among all independent realizations of {L(x, a*)} x € a,
breaking ties evenly among all actions that yield the maximal payoff.

In this version of a game model, a player does not start by constructing a con-
jecture on the action of his opponent, as does the rational player in a standard game
theory. In our case the player links each of his options to the results, an action to a
consequence. Doing this the player does not take into account any strategic considera-
tions of the other players. The equilibrium notion in this case requires the complete
specification of each player's ranking of all the outcomes, while the standard notion of
a pure Nash equilibrium requires that the player rank the outcomes exclusively for the
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fixed opponent's action. It was shown that for finite games the existence of equilibri-
um is guaranteed. In the symmetric games with more than two actions, the so-called
dominated action could appear in equilibrium with positive probability.

Concerning bounded rationality, limited foresights in extensive games are
among the most interesting modelling issues. This means the case with modelling
players who have limited ability to understand the extensive game they are
confronted with. Playing chess is a good illustration of such a game, although mo-
delling "chess-like" behaviour in games still remains difficult. In general, there
exist two approaches that capture the limited foresight reasoning. The first one is
when a player treats his future behaviour as given, although he can influence it.
The second approach is when he treats the plans of his opponents, though he is not
aware of his own moves. The ideas around limited foresight reasoning are based on
the ideas of Rubinstein and Wolinsky (1990).

Conclusions

The critics of the rational man paradigm have emerged from a comparison
of the assumptions made by economic modellers about perfect rationality with the
observations of scientists about human behaviour. This dissatisfaction with the mo-
dels that adhere to the rational man paradigm was a basic motivation for develo-
ping of models of bounded rationality. Bounded rationality models are based on
the examples from real life and can help us in clarifying a lot of complicated and
problematic questions. With the concept of bounded rationality, an objective of
economic theory has become to deduce interesting relationships between different
ideas that appear in our reasoning on interactive situations. These relationships
explained by models are meant to establish "linkages" between the concepts and
statements that appear in our daily thinking.

Currently, the key objectives of economic and behavioural sciences are to
construct models useful for providing of explanations of economic (or other, e.g. insti-
tutional) phenomena which could not otherwise be explained. Several examples of
institutions which should be properly explained are, as follows (Rubinstein, 1997):

e Advertising, that is an activity which is supposed to influence economics agents'
decisions not only by supplying information and changing preferences, but also by
influencing the way the decisions are taken.

e (apabilities of decision makers are different. They are not equally capable of
analysing the situation even when the information is the same for every agent.
Thus their economic success is different.

e Many social institutions (e.g. standard contracts and legal procedures) that exist to
simplify decision making processes.

The ideas, views and knowledge on bounded rationality are evolving. Pro-
cedural aspects and philosophical issues of decision making processes have been
raised (Rubinstein, 1997) and are challenging and promising for being developed
further on, and especially concerning:

e Construction of pertinent new theories of choice responded to the data from
psychological experiments.

e Refinement of the notion of choice (how to decide and collect information, what
procedure to use etc.).
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e Transformation of the notion of equilibrium (with respect to the environment in
which decision makers operate, concerning their ability to analyze the situation etc.).
e Broadening empirical evidence in support of the notions of bounded rationality.
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Appendices
Source: Rubinstein (1997)

Example 1: The most common example with imperfect recall.

A decision maker has eight pure strategies and six plans of actions. A beha-
vioural strategy is a triple of probabilities, one for each information set, and a mi-
xed strategy is a lottery on the eight pure strategies. The decision maker perceives
some valuable information at a certain stage. The information may be useful at a
later stage, but the decision maker will not perceive this information later. For-
mally histories (L, C) and (R, C) are in d;, but exp (L, C) = (9, {L}, C) while exp
(R, C) = (9, {R}, C). The unique optimal strategy is to choose S at d; and R at ds.
It yields an expected value 3. However, on reaching d, the decision maker, if he is
able to review his strategy, would prefer changing it to C atd; and L at d; Thus the
optimal strategy is not time-consistent.

(0,5 L

Example 2: Examining time consistency

The decision maker has to choose a password L or R then he has to repeat
it in order to achieve a non-zero payoff. If he repeats L twice he gets 1, if he repe-
ats R twice he gets 2. When the time comes to repeat the password, the decision
maker knows that he has chosen a password but he does not recall whether it is L
or R. Formally, the problem is with imperfect recall because exp (L) = (9, L)? exp
(R) = (9, R). When using the mixed strategy, the decision maker does remember
the outcome of the random factor, which determines whether he is playing 'twice L'
or 'twice R'. On the other hand, if at d, he employs a behavioural strategy, in which
chooses L or R with some probabilities, he is not able to recall the outcome of his
randomization at d; once he reaches d,. The model does not allow us to refer to
restriction on the memory of the strategy. The strategy is time-consistent.
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Example 3: Explaining the so-called absent-mindedness

This is a paradox of the absent minded driver exhibiting a conflict between
the two types of reasoning. In this example, the decision maker does not distingu-
ish between the first and the second nodes. Reaching the second nodes, he loses the
information that he had previously made a choice. The decision maker is unable to
distinguish between the two histories on the same path. Despite no new informati-
on and no chance in his preferences, the decision maker would like to change his
initial plan once he reaches an intersection. The optimal strategy is deeply not ti-

me-consistent.
S ™y
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HAIIOHAJIBHI TIPOT'PAMM 3BEPEKEHHS BIOPO3MAITTSA Y
I'VIOBAJIBHOMY EKOHOMIKO-ITPABOBOMY ITPOCTOPI

PosrnsinaeTscst BIuB rinobanizainii Ha MPUPOJHO-PECYpPCHUM MOTEHLIan YKpaiHu.
BcraHoBieHO 4OTHPH OCHOBHI MPHUYMHU 3MEHIIEHHS Oiopo3mairts. B Exonoriuniit Kon-
CTUTYI1 3eMiTi 3alpOTIOHOBAHO TEpeA0aunTH PO3MIIIH, TOB'sI3aHl 13 mMpobiieMoro 30epe-
XKeHHs 06iopo3MaiTTsa. Ha MikKHapogHOMY piBHI MOBUHHI BUPIIIYBAaTUCS SIK MOJITHYHI, CO-
I[iaJbHi, TaK 1 €KOJIOro-eKoHOMIuH1 mpobnemu. [1in yac npuitHATTS pilieHsb y pi3HUX cde-
pax JOACHKOI MisUTPHOCTI Ha HAIIOHATIFHOMY Ta TJI00aJIbHOMY PIiBHSIX TpeOa BpaxoBYBaTH
iXHi} BIUIMB HA HABKOJIMIIHE CEPEOBHUIIIE Ta OOTPYHTOBYBATH HOTO EKOHOMIYHO.

KirouoBi cioBa: HaiioHanabHI MPOTpaMu, KOHBEHIN, 30epexeHHs 010po3MaiTTs,
€KOHOMIKO-EKOJIOT1YHE CHIBPOOITHULITBO, E€KOHOMIKO-IIPAaBOBUN MPOCTIp, I1HTErpariiiti
MPOIIECH, HOPMATUBHO-TIpaBoBe 3a0e3neyeHHs, [ modanpamii @opym 3 biopo3maiTTs, Mixk-
HapOJIHE CITIBPOOITHHUIITBO.
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National programs on conservation of biological diversity in global
economic legislation space

In the paper we discuss the influence of globalization on natural resources potential
of Ukraine. The four main reasons of reducing the biodiversity are investigated. In Ecolo-
gical Constitution of the Earth it is necessary to foresee the chapters related with the biodi-
versity preservation problem. At the international level the political, social, and ecological-
economic problems must to be solved. Decision making in different spheres of human acti-
vities at national and global levels must be grounded on assessment of ecological impacts
and be economically argued.

Keywords: national program, convention, conservation of biodiversity, economic-
ecological collaboration, economic and ecological law, integration processes, legal aspects
and legislative background, Global Biodiversity Forum, international cooperation.
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