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The problem of rational choice by the population of a patch containing energy (nutritive) resources is considered. This
problem belongs to the theory of optimal foraging, which, in turn of, studies issues related to the behavior of the population
when it leaves the patch or chooses the most suitable one. In order to define the optimal patch choice for population, a
variational approach, based on the idea of the Boltzmann distribution is proposed. To construct the probability distribution
the utility functions are used, that take into account factors that can influence the patch choice of a population: available
information about the quality of patches, the energy utility of patches, the cost of moving to the patch, the cost of information
about the quality of patches. The main goal of the paper is to investigate the influence of available information about the
amount of resources, contained in patches, on a decision-making process generated by the foragers while a suitable patch
choosing. The optimal rationality is determined in the cases taking into account the information cost, the average energy
utility of all patches, the rationality depending on the patch. The conditions under which the population, with the lack of
information, select the “poor” patch, in sense of its resources, are obtained. The latter provides a theoretical justification of
experimental observations, according to which a population can choose a patch with worse quality. The obtained results
have a general character and may be used not only in behavioral ecology but when constructing any decision making
processes.
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Pacnpenenenue BoaprMaHa B mpo6JieMe panimioHaJIBHOTO BBIOOpa

MOMYJISIIINEN YYacTKa P HENMOJHONM MH(POPMAIIIN O eTo pecypcax

2

A.H. Kmpmmor;l, H.B. Janunosa DOI: 10.18255/1818-1015-2023-3-234-245

lKapeanKmZ HayuHbII HeHTp Poccuiickoit akamemun Hayk, yi. Ilymkmackas, n.11, r. IlerposaBonck, 185910, Pocenms.
2HeTp03aBO,E[CKI/H71 rocyIapCTBEHHI1 YHUBepcuTeT, IpocIl. Jleanna, a. 33, r. IlerposaBoack, 185910, Poccms.

YK 517.977 ITonyuena 30 urons 2023 r.
Hayunas craTps TTocie mopaborku 25 mionst 2023 .
TlonHBIN TEKCT HA aHTJIUIICKOM S3bIKE Ipuusra k nmy6aukanun 2 aBrycra 2023 r.

PaccmaTpuBaeTcs 3agada parimoHaIbHOTO BEIGOpa IOIyIISLMel! yIacTKa, COgepIKalllero sHepreTuyecke (InIeBble) pe-
cypcebl. PaccmarprBaeMas 3aiaua OTHOCUTCS K TEOPUM ONITUMAIBHOTO GypakMpoBaHus, KOTOPasi B CBOIO OUepeb U3ydaeT
BOIIPOCEI, Kacalolyecs IOBeeHN IOy AN, KOTJa OHa IOKMAAeT Y4aCTOK MJIM BbIOMpaeT Hambosee ITOIXOMAIIINIL.
Jlnst onpeneneHns ONTUMAJIBHOTO IS IOIYJIAIY BBIOOPA yuacTKa IIpe/jiaraeTcs BapMaIIOHHBII TOJX0, OCHOBAaHHBII
Ha upee pacnpepenenns Bospiimana. [[ns mocTpoeHns pacnpepeieHns BoipliiMaHa BBOAATCS (GyHKLMM IIOJIE3HOCTH,
KOTOpbIe YUMTBIBAIOT (aKTOPBI, CIIOCOOHBIE IIOBJIMATH Ha BBIOOp IMONYJIALVIN: MMeIoladcsa MHPOpMaUMa O KauecTBe
YYacTKOB, 9HepreTIUecKas I0JIe3HOCTh YJAaCTKOB, 3aTPaThl Ha IlepeMellleHle K YYacTKy, CTOMMOCTb MHGOpMAIII O Ka-
yecTBe yuacTKoB. OCHOBHAA IieJIb CTaThM — MCCJIENOBATh BIVSIHIE MMeoLelicss MHGOPMAII O KOJIMUeCTBE PECYypPCOB,
coflepKaIMXCcs B y4acTKax, Ha IIPOIiecc MPUHATUA PelIeHNUI, TeHepUPYeMBbIX IIOIyJIALMell IPU BbIOOpe IIOAXOIAIIEr0
ydactka. OnTUMaIbHAasA PAIIOHAIBHOCTD OIPEEeNAeTCa C yUeTOM CTOMMOCTY MH(OpMAaIuy, cpeiHell SHepreTuIecKol
LIEHHOCTM BCEX yUaCTKOB, pPallOHATLHOCTI, 3aBUCAIIEN OT KayecTBa ydyacTKa. [lomyueHs! ycioBus, IpM KOTOPBIX IIOIYy-
JIAIVA OpU HeZoCTaTKe MHpOpManmy BhIOMpaeT «OeqHBI» yJacTOK B CMBICIE SHEPreTMUecKOll LIeHHOCTH (pecypcoB).
ITocnegHee naeT TeopeTmyeckoe 060CHOBaHNE IKCIIEPYMEHTAILHBIM HaOTIOAEHIAM, COTJIACHO KOTOPBIM, ITOITYJIAIVIS MO-
JKeT BBIOpATh YUACTOK Xy/IIero Kauectsa. [loJiyueHHbIE pe3yIbTaThl HOCIT OOIMIT XapaKTep M MOTYT OBITh MCIIOJIb30BaHbI
He TOJIBKO B ITOBEI€HYECKOI 9KOIOTUH, HO U IIPY ITOCTPOEHMI JIIOOBIX IIPOLIECCOB IIPMHATAA PeIIeHNIL.

Kirrouessle cioBa: pacnpeneieHne BoiapliMaHa; paloHaIbHOCTD BHIGOPa; Mepa MHPOPMIPOBAHHOCTI; CTOMMOCTD MH-
¢opmaryy; GyHKIMS [10JI€3HOCTI
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Introduction

The open problem of rationality and rational choice is one of the crucial challenges in artificial intelli-
gence, reinforcement learning, computational neuroscience, behavioral ecology of animals, economics. It
is important to understand the mechanisms of decision-making process under bounded resource, in partic-
ular, available information. R. Aumann, who received the nobel prize (2005) for investigations of conflict
and cooperation, wrote [1] that the problem of rationality “...is perhaps the most challenging conceptual
problem in the area today: to develop a meaningful formal definition of rationality in a situation in which
calculation and analysis themselves are costly and/or limited”. Moreover, the problem of bounded rationality
becomes especially acute in connection with applications mentioned above (see, for example, [2], [3] and
the references therein).

One of the applications of the rational choice theory is in the optimal foraging theory, which studies, in
particular, the patch selection by population, that is most suitable for consumption of the resources contained
in it. As it is generally accepted, the behavior of population aimed at maximizing the amount of consumed
energy [4-8].

Within the framework of this theory, the concept of ideal free distribution (IFD) was proposed [9, 10].
According to the IFD, a population has perfect information about patches quality and is distributed between
patches so as to maximize an energy consumption rate. But empirical observations show that the IFD model
is not adequate to real patch selection processes. A population, under the lack of information about patch
resources, may choose poor patches (see, for example, [11] and the references therein).

In order to overcome the disadvantages of the IFD concept, U. Dieckmann proposed an approach [11],
based on the Boltzmann distribution and utility functions of patches. If p; is the probability for a population

to select the i-th patch, i = 1,.. ., n, then, according to the Boltzmann distribution
eqUi
pi = n P (1)
equ

Jj=1

where U; is the utility function corresponding to the i-th patch, g is non-negative constant, n is the number
of patches.

It is worth to note that the Boltzmann distribution is one of the main notions of statistical physics [12].
Namely, consider a physical system which may be in one of the states 1,...,n with energies Ey,..., E,,
respectively. Then the probability p; for the system to be in the i—th state is given by (1), where U; = Ej,

q = ——, T is the temperature of the “large” external heat source, k > 0 is the constant.

The methods of statistical physics have become ubiquitous in mathematics and mathematical modeling.
Such notions as the entropy, the Gibbs and the Boltzmann distributions, the thermodynamic potential, to
name a few, play a significant role in ergodic theory [13], [14], machine learning (particularly, reinforcement
learning) [15], [16], decision-making theory [17], information theory [18], etc.

This paper deals with a problem of decision making processes, on the basis of the Boltzmann distribution,
in the foraging theory. Asitis noted above, the foraging theory, originally, appeared as a branch of behavioral
ecology. Its goal is to develop a theoretical base for description and explanation of animal behavior while food
searching. Later on, the ideas of optimal foraging theory were used to formalize the processes of choice in
different areas.For example, nowadays, we observe the appearance of such fields as information foraging [19]
and robot foraging [20]. The latter permits us to use, in this paper, an abstract language without binding to
the optimal foraging connected with the behavioral ecology. But, in order to make the presentation more
pictorial, describing the decision-making process, along with the term “agent” we use the term “population”.

In the paper, the authors continue their researches dealing with mathematical modeling in optimal for-
aging theory, namely, [21], [22], [23].
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The main goal of the paper is to investigate the influence of available information about the amount of
resources, contained in patches, on a decision-making process generated by the population while a suitable
patch choosing. As one might expect, when decision makers have a limited amount of information, the
rationality of their behavior is bounded [2, 17]. On the basis of the Boltzmann distribution, we investigate
this problem in optimal foraging, namely, in the selection of suitable patch by population.

The paper is organized as follows. In the Introduction the main applications of the theory of optimal
foraging and methods for studying its problems are presented. Section 1 describes the proposed variational
principle for determination of the optimal choice. In Section 2 the influence of the imperfect information on
the rationality of choice is analyzed. Section 3 deals with the case when the rationality g is not constant but
depends on information. In the Conclusion the results of the study are summarized.

1. Optimal rationality

According to [11], the parameter q in (1) has the sense of “controlling the degree of optimality” in choos-
ing a patch. In other words, q is the rationality of decision-making process, assuming g > 0. In what follows,
we call the parameter g the rationality of patch selecting, or, more simply - the rationality. Such sense of g
is justified by the following proposition.

Proposition 1. Denote U;, = max; {U;, i=1,...,n},s=1,..., k. Then:
1
pi, — — asq — oo;

pi—0asq—> ooifie{l,...,n}\{is, s=1,....,k};
1.
pi=—ifg=0.

n

Proof. We have the following presentation of p; from (1)
1

jh = s (2)

n-1
1+ Y Uil
J=1, j#i

which implies the proof. O

Remark 1. The special case of Proposition 1, namely for i = 1, was formulated in [11].

The sense of Proposition 1 is as follows. The probability of choosing by an agent (population) the patch
with the largest utility tends to its maximum value as g tends to infinity. If k = 1 (k is the number of
maximum utilities, equal each other) then the maximum probability equals 1 and corresponds to the largest
utility. Zero rationality, ¢ = 0, means equiprobability of patch selection, or absolutely random choice. These
facts confirm the sense of g as a measure of rationality.

Denote by V; the amount of resources (energy) in the i-th patch, V* = max {V;, j = 1,...,n}. Obviously,
the patch with the maximum utility U;, may not contain the maximum resource, i. e. V;, # V*, that depends
on the form of the utility function.

Let us consider V;, i = 1,...,n, as the values of a random variable V, and p; = P(V = V;), determined
by (1), is the probability for a population to choose the i—th patch. Denote by E = E(V) and D = D(V) the
mathematical expectation and dispersion, respectively, of V. Let us consider p; as the functions of g : p; =
pi(q), i. e. other parameters in p; are supposed to be fixed. Then

E=E(V,q) = Y Vipilg) = o 3 vietth
i=1

edUj i=1

M

1

J

In what follows, for convenience, E(V, q) will be denoted as E(q).
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Remark 2. In what follows we write E(co) = lim E(q). Moreover, if E(q) < E(co) for all ¢ > 0, we write
q—)OO
that max E(q) = E(c0).
It is easy to show that

k
1

lim E(q) =~ > Vi,

Jim E(q) = 2 ) Vi
s=1

where i is determined in Proposition 1.
IfU; =Viand V; #V},i,j=1,...,n,then lim E(q) = V". In such case
q—)DO

max E(q) = V*.
q

The latter argument and Proposition 1 motivate the following definition.

Definition 1. The rationality g* is called optimal if
E(q") = m;le(q)-
Definition 2. The choice under g = g; is more rational than that under q = g, if

E(q1) > E(q2).

Remark 3. Usually, E(q) is considered as an average income when selecting corresponds to some distribution
pi, i = 1,...,n. The latter justifies Definition 1 and provides one more confirmation of the interpretation of
q as the value of patch selection rationality, given in [11].

Proposition 2.
dE n n n
% = Z ViUipi — Z Vipi - Z Uipi, ®3)
i=1 i=1 i=1

where p; are given by (1).
Proof. We have

n

n n
UieqUi . Z equ _ eqUi . Z Ujequ = Uipi — pi . Z Ujpj’
i=1

Jj=1 Jj=1

dpi(q) _ 1
dq ( n 2

Z equ
j=1

hence

dE(q)  ~dpi(q),,  w - C

i=1

Corollary 1. SupposeU; =V;,i=1,...,n. Then

dE(q)
g D(q),

where D(q) is a dispersion of V.

Hence, if U; = V;, i = 1,.. ., n, then E(q) is monotonically increasing with respect to g, and max, E(q) =
lim E(q) = E(c0) = V*. But if there exists k such that Uy # Vi then the monotone increasing of E(q) cannot
q—)oo

be guaranteed, and g = co may not be the optimal rationality.
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2. Bounded rationality

Let us consider the influence of imperfect information or the lack of it on the rationality of choice. Such
case may be classified as the choice under bounded rationality. In [11] the following utility function Uj,
characterizing the i-th patch from the point of view of population, was proposed

Ui = LVi+ (1 - L)V - T(dy), (4)

where I; is the population measure of the patch i awareness, I; € [0, 1], V; is the amount of food (energy)
resource containing in the i-th patch, V = y; Vi +. . .+y,V, is the average utility of the patches for a population,
Yi+...+yn =17y >0, T(d;) is the cost of moving to the i-th as a function of the distance d; to it.

As it was noted in Introduction, we consider the general problem of rational choice. Therefore, we do not
use the distance parameter d;. The aim of this paper is to give an approach to modeling the optimal rational
choice. Thus we consider the following form of U;

U =LV;+ (1 - L)V - Ci(q), (5)

where C;(q) is the cost of information about the patch i. It is worth to note the dependence of the cost on
rational parameter g, that models the influence of rational behavior on the cost. Detailed description of C;
will be given below. In what follows, we, on the basis of (5), find the optimal rationality ¢* in the sense
of proposed approach ¢* = argmax, E(q) and investigate the influence of the imperfect information on
rationality of choice.

2.1. Free information

Let us consider the following utility functions:
Ui =LV, I € [0;1].

Such form of U; underlines the fact that the utility of the i—th patch depends on available information about
its resources. The latter implies the possibility of the situation when V; > V; but U; < Uj. The following
proposition refines this reasoning for two patches.

Proposition 3. Assumen=2,U; =LV;,i=1,2,V, > V.
If,V, > IVy then maxg E(q) = E(o0) = V5.
Vi+V;
Iflzvz < LV; then manE(q) =E(0) = ¥'
IfL,V, = Vi then E(q) = E(0) for anyq > 0.

The proof directly follows from (2) and (3). The Proposition 3 shows that the optimal rationality depends

on the available information. The lack of information implies that the average income is not the largest:
Vi+V,

< V5 in the second case.

1
Remark 4. 1t is worth to note that in the second case the choice of any patch is equally probable: p; = p, = 3

This result gives an explanation of the fact that in practice a population makes a choice which is not agreeable
with IFD conception. Really, the IFD asserts that the choice of population is optimal if g = co which implies

Vi+V.
that E(o0) = V; < ——2

random choice confirmed by practice [11].

. But our variational approach gives the value E(0) > E(oo) for the absolutely

Remark 5. The result, analogous to Proposition 3, for n > 2, may be easily obtained though without such
clarity as for n = 2.
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2.2. Average utility

Let us consider the utility function taking into account the average utility of the patches V = y; Vi +...+
YnVy about patches

Ui IIiVYi'l‘(l—Ii)(yl‘/] +...+ynVn), (6)

where y; +...+y, = 1, y1 > 0. It follows from (6) that if I; = 1, i.e. an agent (population) has the perfect
(full) information about the resources V; of i-th patch, then the average utility is being removed because of
it uselessness. And vice-versa, if I; = 0, i. e. an agent has no information about V;, utility U; is being replaced
by average utility of patches.

Proposition 4. Assumen =2, V, > Vi, U;,i = 1,2, is determined by (6). Then

dE
ﬁ > 0.

dq
Proof. Consider U, — Uy = (LV; + (1 = L)V) = (IVi(1 = I)V) = (V, = V)L + (V = V))I; > 0. Then, taking
into account that V5 > V; and (2), we finish the proof. m|

Corollary 2. Under the assumptions of Proposition 4, maxy E(q) = E(q") = E(c0) = V5.

Remark 6. 1t is interesting to compare the conclusions of Propositions 3 and 4. The addition of average
income, V, (Proposition 4), strengthens the population in its solution to choice a “rich” patch (V, > V;): it
is chosen always. If U; = I,V; then the rich patch is being chosen only under the condition IV, > LV}
(Proposition 3).

2.3. Information cost

Assume that the utility function of the i-th patch, without information cost, is U; = V;I;, where I; € [0, 1]
is an agent measure of the awareness of the patch i. Suppose an agent has to pay some cost for information
about the amount of resources V; in patches. Denote by ; € [0, V;] the price of the unit of information I;
about V;. Hence, f;I; is the cost of information I;.

Let us assume that an agent’s rational behavior diminishes the information cost to the value §;I; f;(q),
where f;(q) € [0,1] for g > 0.

Therefore, the utility function of the i-th patch has the form

Ui = LV, = Bilifi(q).

Then we can easily obtain that

dE(9) _ x N N ,
d—qq = Z Vipi(Ui + qU;) — Z Vipi - Zpi(Ui +qU;),
i=1 i=1 i=1
du; : L . .
where U/ = i —pilif/ (q). To make an analysis of E(q) more pictorial, let us introduce the following
q

assumptions on f;(q) and consider the case n = 2. Assume that
fi = f2 = f, which means the equality of agent’s possibilities to diminish information cost for all
patches;
f(0) = 1, which means the absence of influence of an “irrational” (¢ = 0) agent on the information
cost;

f(q) € [0,1] for g > 0.
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It is easy to show that

‘/1 - V2
Eq) = 1 + e9(U2-U1) + V2, (7)
and, hence (
dE(q) (V5 — V;)ed(U=Un) o
dg  (1+ed@Uny2 (Uz = Ur = q(U; = UY)).
Denote

A=LV,—LVi, B=DLf—-5Lp.

Then,Uy-Us-(U}~U) = A=Bf (0)+aBf (@) = 5 = (F(0) - of (@) . Denoteg ) = (@)@
Then

dE(q) _ (Vy = Vy)ed Wt (A ) ®

dg = (rentiiy BlpT9@

Hence, we can formulate the following obvious proposition.

Proposition 5. AssumeV, > Vi, f € C'[0, ). Then
A A A
maxy E(q) = E(q") 1f§ > 1 and there exists the unique q* > 0 such that g(q*) = 3’ g9(q) < 3 for
q € (q",);

may E(g) = E() if % ~g(q) > 0 forq > 0;

w+v, A
12 2 ifE—g(q)<0forq>0.

maxg E(q) = E(0) =

The proof directly follows from (8). Proposition 4 shows the influence of f(g), which may be considered
as the rational cost behavior, on the optimal rationality.

Example 1. fi(q) = , a; 2 0, where ¢; is the measure of influence of g on the cost of information I;.

1+ aiq
We have
dE(q) _ (Vg = Vy)ed(Ue=t) A Polo P\ [ el N oy ]y )
dq (1+ eq(UZ_Ul))z l+aq 1+aq (1+a9)? (1+axq)?))

Ty . 1 . .
Assume, for simplicity of transformations, that a; = a, = 1. Denote x = Ta" From the equality above, it
q

is easy to obtain
dE(q) _ (Vo= Wy)et©-t)

A—-B-x%). 9
dgq (1 +eq<Uz—U1>)2 *) ©)

Thus, we can obtain the following result, a special case of Proposition 4.

Proposition 6. AssumeV; > V;. Then

dE B I, - B I
1 % =0forq=q" ifandonlyifz > 1, and with this q" = 1/% -1
2. IfA>0, B>0, A< B, then E(q") = ming E(q), lim E(q) = V%.
q—

3. IfA<0, B<0, B<A,thenE(q") = maxq E(q), lim E(q) = V;.
q—
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B
The proof easily follows from (9), (7) and U, — U; = A — Tia
q

Figures 1 and 2 illustrate cases 2 and 3 of the Proposition 6 respectively. Figures 3 and 4 illustrate be-

haviour of function h(q) = A — > depending on the parameters V, I, fi, i = 1, 2.

B 1
(1+q)
At the same time, figures 1 and 3, as well as 2 and 4, reflect the influence of the function k(q) on the sign

of the derivative (9) and, accordingly, it’s influence on the optimal value of the mathematical expectation (7).

E & E A
401 257
E(q)=V2 201
30H — —
E(q) 154
20
E(q)=V
o LE@=Va >~
10-
>* 4
q=q 3 .
q9=q
[} T T T T T > 0 T T T >
1 2 3 4 5 g 1 2 3 q

Fig. 1. Expected value E(q) with V; =10, V, =30, I; = 0,4,  Fig. 2. Expected value E(q) with V; =10, V, =30, I; = 0,2,

Iz=0,7,ﬂ1=25,ﬁ1=5. Iz=0,8,ﬂ1=20,ﬂ1=8.
h A h A
51 1
h
" . (C)) i R
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Fig.3. h(q), V1 =10,V, =30, = 0,4, 1, = 0,7, f; = 25, 1 = 5. Fig. 4. h(q), V1 =10,V, =30, =0,2, 1, = 0,8, §; = 20, f; = 8.

3. Variable rationality

1. It is naturally to suppose that rationality of selection is the function of information, available to
population, about patches. Hence, in what follows, we set ¢ = q(I1, ..., I).

In order not to complicate transformations below, let us consider the case of two patches, ¢ = q(I;, L)
and Ui = IiVi, i=1,2.
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We have
ed(.I2) Ui
pi= )
3 eqUnI)U;
j=1
and E = E(Il, Iz)
o . . 9q 9 .
Suppose, q is a differentiable function. Denote g = g(I1, ) = q(LV> — [[V1), ¢; = PAlalie ki 1,2.
Then 5E g l l
€°9gi
—=N-V)—,
ol; Vi -V2) (1+ e9)2
where
g1=q(LV2 = I1Vi) —=qV1, g2 = @2(LV2 — 1V1) + qVa.
If (I, Ip) is the stationary point of E(I;, I;) then
{ g1l L) = qi(LV2 —LiVi)) —qVi = 0,
92(I. I2) = q2(LV2 = LiVi) +qV2 = 0.
The necessary condition for solvability of this system with respect to Iy, I, is the following equality
0 0
Vl—q + Vz—q =0.
ol, ol
99  9q : . . L .

Therefore, if — - — > 0 then E(I},I;) has no points of extremum. It is impossible to obtain interesting

2 1
results about optimality of E without specification of ¢ = q(I3, ).

2. Now, consider the following case
equi

pi=— ;
Z equj
J=1

i.e. the rationality of choice depends on the patch. For example, an agent uses different methods of acqui-
sition of information about patch resources. To illustrate the influence of the lack of information on the
rationality of choice, let us consider a special case: n = 2, ¢; = q(I), g2 = q(al), I € [0,1], @ € [0,1),
U =LV, =1V}, Uy =11V5 = alV,. Hence

ed(DIV; ed(aDIVy

P1L= D 4 gatanat P2 i 4 pqlanatv;

We consider E as the function of I : E = E(I). Let us assume that ¢(0) = 0. Really, the rationality of choice,
obviously, equals zero if an agent has no information about a patch. Moreover, if ¢ = 0 then it is equally
probable to choose any patch, as it was noted above.

From (7)
E()= (Vi = V2) - T3 o0® +Va,
where g(I) = q(al)alV; — q(I)IV;. Then
, ed(D) ,
E(I) = (V2 -W1)- -g'(I),

(1+e9(D)2

dq(u)

where ¢'(I) = ——|y=q1@*VoI + q(al)aV; — (¢’ (I)V1I + q(I)V;). We have an obvious proposition.
u
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Proposition 7. AssumeV, > V.
Ifg’(I) > 0, foranyI € (0;1), then max; E(I) = E(1).
Ifg’(I) <0, foranyI € (0;1), then maxy E(I) = E(0).

Let us discuss this result. We see that the maximum of available information, I = 1, does not guarantee
the maximum value of E(I). In particular, an additional, sufficient, condition is required, namely g’(I) > 0.
The second case, g’(I) < 0, provides the sufficient condition of absolutely irrational behavior. An agent is
unable to dispose of available information.

Conclusion

In this paper the problem of rational for population patch choice was considered. The approach based
on the idea of the Boltzmann distribution was proposed to define the optimal patch choice. Utility functions
were used to construct the Boltzmann distribution. The methods for analysis of the rationality of the patch
choice were proposed: analysis of the mathematical expectation as a function depending on the parameter g
(Optimal rationality, Bounded rationality) and as a function depending on the measure of the patch aware-
ness I (Variable rationality). The influence of available information about the amount of resources contained
in the patch on the decision-making process of patch choice was investigated.
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