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8 Abstract: The managers’ strategic behavior of commercial real estate in a competitive environment

9 is discussed. The means of this research are methods of mathematical and experimental game
10 theory. Illustrates an example of a decision-theoretic game problem with two players engaged in
11 the management of competing shopping centers. The strategies of these players are determined by
12 the costs of the development. Since the number of visitors is constantly and changing the quality of
13 shopping centers, managers actually pull visitors from each other, the game-theoretical
14 formulation of the problem of management of shopping centers corresponds to the zero-sum game.
15 The model example shows that with the help of mathematical modeling it is possible to determine
16 the theoretical expected behavior of agents. The model of the software module created specifically
17 for experimental research is described. The experiments are designed to compare the theoretically
18 predicted behavior with the real actions of people. The novelty is that at significant costs of the
19 Manager for the development and promotion of shopping and entertainment centers, the strategies
20 of managers are resistant to each other's actions, in contrast to changes in the external environment
21 is shown.
22 Keywords: experimental economy; mathematical game theory; experimental game theory;
23 behavioral experiment; business game; shopping centers; property management.
24

25 1. Introduction

26 The task of management of shopping and entertainment complexes (SEC) has a high degree of
27  uncertainty associated with the complexity of forecasting the results of management and business
28  activities of management entities, increasing the number of heterogeneous economic entities and the
29  implementation of their business activities autonomously [1-3].

30 The desire of the subjects to make individual decisions only in their favor (egoistic behavior)
31 can lead to a decrease in the overall results of their activities, since the results of the activities of some
32 depend on the actions of others, and vice versa [4]. This phenomenon in experimental and
33 behavioral Economics is referred to as public good problem and free rider problem. Usually the
34 complexity of research and forecasting of economic processes associated with incomplete or
35  asymmetric information of participants of socio-economic systems, however, as the results of studies
36  show, people behave sometimes irrationally, which is an inevitable source of error of any
37  mathematical modeling [5]. Uncertainty is heightened by the fact that even rational people who are
38  prone to strategic behavior do not always follow balanced and/or optimal strategies. In addition,
39  equilibrium strategies are not always sustainable, that is, the erroneous action of one participant (or
40  conscious action to destabilize the equilibrium) can lead to unexpected consequences, for example,
41  due to the cascade effect.

42 This confirms the fact that the key source of uncertainty is the human factor and requires a
43 study of the strategic behavior of SEC management entities. Detailed mathematical formulation of
44 the SEC control problem and its justification are given in the paper [6]. Below are the main
45  provisions used in the organized experiment.
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46 2. An example of a decision theoretic game problem with two players engaged in the
47  management of a competing SEC
48  2.1. Raw data for solving the problem of competing SEC management
49 The internal parameters characterizing the shopping and entertainment complex for the

50  consumer include: x1 — square, x> — range of goods, x3 — transport availability, x+ — aesthetic
51  parameter, x5 — promotions and discounts, xs — quality of goods, x7 — availability of brands and xs —
52 events (here are the data obtained in the course of sociological (marketing) research of the SEC of the
53 city of Perm!, in which respondents were asked to assess how important each of the SEC parameters
54 is to them). Among the above internal parameters describing the SEC, we can distinguish managed
55 (y=4, 6,7, 8) and unmanaged at the tactical and operational level (ny =1, 2, 3, 5).

56 Let there be two competing SEC (je], Y =12), each of them has three pedestrian-transport
57  zones and their intersection forms ten sectors (K). The task of SEC management is formulated as a
58  conditional optimization problem, where profit (1) or profitability (2) can be used as a target
59  function (OF), while limiting the ownership of the costs of SEC development and promotion to a set
60  of acceptable values cyeCy, yeY, where Y — multiple managed parameters.

OF = Pi(c;;¢c. ;)= p-Ar-n, (ij’ —Jy) Z ¢, —TFC,,

61 ey (1)

) _ H 'Ar'n./‘ (C./‘y; C—./‘y) 1
Sl ’

2 ¢ +TFC,

62 yer (2)
63  where TFG - total fixed costs of the Manager of the j-th SEC; y — customer conversion ratio (the
64  percentage of visitors who purchase something); Ar — the average amount of purchases that visitors
65  make; gy — costs of managing j-th SEC for the development of managed parameters of the object; 1; -
66  the number of attracted visitors in the j-th SEC, determined by the expression:

R S

OF = RR(

n. = ZNk yeY nyeNY ,
T ETYTI@ T 0 e T
67 j=1,2 yeY nyeNY (3)

68  where Qj(cy) — quality of managed parameters of object j; Qi(cwy) — quality of unmanaged parameters
69  of object j; Tk — correspondence time to I-th SEC of visitors to I-th sector; & — power parameter that
70 affects the importance of correspondence time for visitors; Nk — number of inhabitants in sector k,
71 k=(1,...,10}; ny — parameters not controlled at the tactical and operational level; gy, g — power
72 parameters. Since the number of visitors is constantly ni+n2=const, and by changing the quality of
73 SEC, managers actually pull visitors from each other, the game-theoretical formulation of the
74  management problem SEC corresponds to the zero-sum game.

75 The solution of the optimization problem is the cost distribution for SEC management, defined
76 by the expression:

77 Cy= mggagi(OF(Cly,C ))’ (4)
78  which corresponds to the game-theoretic formulation of the control problem, taking into account
79  that the result of the Manager's activity depends on the actions of the competitor, and vice versa. The
80  game situation is denoted by a —j according to the theory of games [7]. Accordingly, in the expression
81  (4) cjyis the cost of a competitor to manage his SEC.

82 The data presented below are the initial ones, at which the authors conducted theoretical and
83  experimental research of strategic behavior of SEC managers.

1 Advantages the Results presented in tablet form. Retried from https://goo.gl/enasqb (creation date: 18.09.2013)
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84 Table 1. Evaluation of quality parameters SEC and values their importance, compiled by the authors

85 based on the results of a survey of visitors SEC
i Parameter Q1 Q2 qi
1 Area 0,947 0,740 0,12
2 Range of goods 0,853 0,648 0,15
3 Transport accessibility 0,851 0,887 0,15
4 Aesthetic parameter 0,861 0,842 0,12
5 Promotions, discounts 0,660 0,516 0,11
6 Quality of goods 0,789 0,759 0,15
7 Availability of brands 0,884 0,748 0,12
8 Events, concerts 0,681 0,605 0,08

86

87 Because the only some of the parameters are controlled, it is advisable to group the unmanaged

88  ones and calculate the constant factors used in the expression (3).

89 Table 2. Initial values of quality of unmanaged parameters and their importance for consumers,

90 necessary for the model

Q: Q: q Qu Qs
ny=1 0,947 0,740 0,12 0,993 0,965
ny=2 0,853 0,648 0,15 0,976 0,937
ny=3 0,851 0,887 0,15 0,976 0,982
ny=5 0,660 0,516 0,11 0,951 0,924
Qremaining 0,885 0,803
91 Table 3. The values of the power parameter A, the time correspondence to the SEC and the number of
92 residents, depending on the sectors
Sectors (K) 1 2 3 4 5 6 7 8 9 10
Value of At A2 Az A4 As As Az As A9 Ao
parameter A:
for SECi 0 0 0,5 0,5 0,5 0 1 0,5 1 1
for SEC2 0 0,5 0 0,5 0,5 1 0 1 0,5 1
Nk 5182 8292 8292 6215 6215 20729 20729 31094 31094 50000
T 45 45 80 80 80 45 160 80 160 160
T2 45 80 45 80 80 160 45 160 80 160
93
94 In the discrete case, the total number of control strategies will be determined by the formula:
M
U= Hum,
95 m=1 )
96  where m is the ordinal number of the parameter that can be controlled by the SEC Manager; M — total
= la 2a L] _m i . .

97  number of parameters to be managed; o { ! }, Um _ the maximum number of options

98  for changes to the criterion m.

99 Consider an example where the strategy of SEC managers depends on four cost options for
100  changing four managed criteria. In this case (Vm: Um =U= 4 ) the number of strategies of each
101  manager will be determined by the formula:

102 U=u"=4"=256 ©)


http://dx.doi.org/10.20944/preprints201808.0002.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 August 2018 d0i:10.20944/preprints201808.0002.v1

40f12

103 In a study made an assumption that the function that determines the quality of the private
104  parameter, depending on its content cost, is linear and is given by (7):

c,—c

—, ¢,eC,
Q (Cy ) = gy o Cy

0.001, ecruc =c

105 ro (7)

Cy _

106 where <~ the minimum value of Cy, and the maximum value. Expression (7) is a logic to

107  avoid a situation Qj(cy) = 0, since it is according to the expression (3) will lead to zero attendance
108  facility.

109 Under the above assumptions and the initial data, the set of SEC quality values can be
110 represented in the following form (Figure 1), by ranking in ascending order. The type of the graph
111 depends on the values of the importance factors gy of the controlled parameters. The figure shows 4
112 areas that characterize the importance of these parameters for visitors of the shopping and
113 entertainment complex (on a scale from 0 to 1, where 0 is not an important parameter, 1 is a very
114  important parameter).

1,00
0,80
0,60
0,40
0,20
0,00
115 I i 1 w
116 Figure 1. Schedule Quality SEC values ranked by ascending
117 Let the costs for the development of individual SEC parameters be set as follows (Table 4).
118 Table 4. Example of cost distribution options to manage the four criteria
Variants of advertising / aesthetic quality of
P events
distribution of brands appearance goods
management costs y=7 y=4 y=6 y=8
u=1 40 0 100 25
u=2 60 120 200 40
u=3 90 250 300 55
u=4 120 500 400 70
119
120 In this case, we can construct graph SEC quality depending on costs (Fig. 2). As can be seen, the

121 quality function for given cost functions is non-monotonic.
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The amount of variable costs for the The amount of variable costs for the development of
122 development of the SEC (thousands of rubles) the SEC (thousands of rubles)
123 Figure 2. Graph of quality values shopping and entertainment complexes (SEC): with a full set of cost
124 options for its development (top graph); at changing advertising costs and fixed costs c&=120, cs=300 u
125 cs=25 (lower left graph); at changing costs for the quality of goods and fixed costs c7=60, c+=250 n cs=25
126 (lower right graph).
127 According to expression (4), the optimal solution to the management problem of the SEC is to

128  allocate the management budget to change the controlled parameters, which provides the maximum
129  of their personal profit [6] or profitability. The optimal strategy of the SEC Manager by profit
130  maximization criterion (orange columns) and profitability maximization (gray columns) is shown

131  below (Figure 3).

300 cu.

200 cu.

120 cu. 120cu. 120 cu.
90 cu.

70 cu.
. S5cu.

132 advertising / brands aesthetic appearance quality of goods events

133 Figure 3. The optimal strategy for the first player. Note: at p=0.1, the purchase is made every tenth

134 visitor SEC; AR-0.5 c.u.; competitor's quality SEC (Q) - 0.663, in relative scale [0;1].

135 It is worth noting that these solutions are obtained with a known strategy of the second player

136  and a given level of consumption. The level of consumption is characterized, on the one hand, the
137  share of visitors, making purchases in the SEC (the conversion rate - 1), and, on the other hand, the
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138  average amount of purchases that make visitors SEC (size of the average check - AR). These
139 parameters describe changes of the environment. However, for the purposes of this study, devoted
140  to the study of strategic behavior of competing entities, the impact of the external environment is
141  ignored, and the level of consumption is considered constant. Examples of the dependence of the
142 optimal strategy of the SEC management on the changing environment are given below (Fig. 4, 5).
143 Distribution costs for SEC development shows (Fig. 4, 5) that, when the rate of consumption
144 becomes profitable to invest money in the development and promotion of SEC, which is almost
145  obvious. However, the task of searching for the optimal allocation of resources at the SEC's
146  management is not a trivial task and its solution is quite time-consuming, making the creation of
147  demand management decision-making support system. It should also be noted that the most
148  sensitive strategy is precisely to changes in the external environment.

u advertising/ brands M aestheticappearance  # quality of goods events

)

= 350 s

E o

& 300 l |

o

E [

S 250

Sz

SE 200

s

£EE 150

2= 2

g2 =

2= 100 - e

b = =

bl 50 ~ wy

é o

% 0 g < |

S 0,01 0,05

Conversion ratio (p)
149
150 Figure 4. The optimal strategy distribution of development costs SEC when the target profit function
151 and the average bill is equal to 0.1 c.u. at different conversion ratios. Note: at u=0.01, the purchase is
152 made by every hundredth visitor of SEC; at u=0.05, the purchase is made by every twentieth visitor
153 of SEC; at p=0.1, the purchase is made by every tenth visitor of SEC; at u=0.5, the purchase is made by
154 every second visitor of SEC.
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155
156 Figure 5. The optimal strategy distribution of development costs SEC when the target profit function

157 and the average bill is equal to 0.5 c.u. at different conversion ratios. Note: at p=0.01, the purchase is
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158 made by every hundredth visitor of SEC; at u=0.05, the purchase is made by every twentieth visitor
159 of SEC; at u=0.1, the purchase is made by every tenth visitor of SEC; at u=0.5, the purchase is made by
160 every second visitor of SEC.
161 2.2. An example of solving a game-theoretic problem with two players managing the competing SEC
162 In this paper, we illustrate an example of the solution of the game-theoretic problem in the

163 simplest formulations, where the participants in the game are two entities that manage the
164  competing SECs and their strategies are determined by the costs of their development.

165 In a situation where the player does not know the opponent's strategy, it is suggested to search
166  for strategies according to the concept of the maximum guaranteed result (MGR). This situation is
167  typical for players with the first rank of strategic reflection. The second rank of reflexion means that
168  the player calculates his Best Response (BR), knowing the opponent's strategy. The third rank of
169  reflexion means that the player uses the strategy corresponding to Double Best Response (DBR),
170  with the known Best Response enemy [8]. Comparative analysis strategies obtained based on these
171  concepts is presented in Table 5.

172 The decision game-theoretic formulation of two SEC players-managers shows that with an
173 increase in grade of reflection, the players share the same strategies (Table. 5). It is important to note
174  that the decision depends on the level of consumption, which in this study deliberately not
175  investigated.

176 Table 5. Matrix of strategies of players in the formulation of a game with two managers when using
177 profit as an objective function
) 2nd player
Strategies MGR? HO2 AHO?
MGR1 151 (MGR1) 151 (MGR1) 151 (MGR1)
5 871 (MGR2) 151 (HO2(MGR1)) 151 (AHO2(HO1(MGR?2)))
E’ BRI 1512 (BR1I(MGR2)) 151 (BRIMMGR?2)) 151 (BRIMMGR?2))
g 87 (MGR2) 151 (BR2(MGR1)) 151 (DBR2(BR1(MGR?2)))
= DBRI 151 (DBR1(BR2(MGR1))) 151 (DBR1(BR2(MGR1))) 151 (DBR1(BR2(MGR1)))
87 (MGR2) 151 (BR2(MGR1)) 151 (DBR2(BR1(MGR?2)))
178 The player's choice of strategy 87 corresponds to the following costs: for advertisement 60 c.u., for aesthetic
179 appearance — 120 c.u., for the quality of goods — 200 c.u. and for holding events - 55 c.u.; %strategy 151
180 corresponds to: an increase in advertising costs — 90 c.u., costs for aesthetic appearance — 120 c.u., costs for the
181 quality of goods — 200 c.u. and increase the cost of events up to 70 c.u.. Strategy number is determined according
182 to the expression 1ty = 1) 4 (1) 416 (1, =1) 64 (1, 1)
183 Thus mathematically possible to determine the theoretically predicted behavior of the SEC

184  management subjects and becomes relevant experimental study of strategic behavior through a
185  series of business games. An experimental study of the above problem in the form of a business
186  simulation game will make it possible to find out — to which strategy the players will come.

187 The purpose of the organization of the experiment is to test the reachability people strategies,
188  which provide the balance of the system.
189

190  2.3. A model of the software module created for the implementation of the pilot study

191 To organize the experiment, the authors created a layout of a software module based on MS
192 Excel, which is shown in the figure below (Figure 6).
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194 Figure 6. The display form of the player - Manager SEC.
195 Players act as managers of two SECs competing with each other. The goal of the players is to

196  maximize personal profit or profitability in managing the costs of developing their SEC. It is worth
197  noting that the optimal allocation of costs depends on the objective function, and may be different
198  (see Figure 3).

199 The rules of the game provide for the possibility of scenario modeling, during which the player
200  searches for the optimal, in his opinion, or the so-called acceptable pseudo-optimal solution [2] on
201  the distribution of costs for the management of the SEC (see Figure 6, area 1). When searching, the
202 changes of the resulting parameters are analyzed (see Figure 6, areas 2 and 4).

203 When a player makes a decision on the allocation of costs for the SEC development, he can use
204  the DSS (see Figure 6, area 3, "DSS" checkbox) to compare your solution with the optimal one.
205  During the experiment, the control is carried out so that the DSS is turned on by the player only after
206  the decision he made.

207 When connecting the DSS, players can use the strategy switches that show:

208 «My optimal allocation of development costs» (it is calculated without taking into account the
209  actions of the enemy, with the settings of the game as a competitor); in this case, the optimal
210  distribution is determined by the following expression:

cl*y =cl*y 0, = Arg Max OF| ¢, I_IQ2 (Cy )q'v . H 0, (Cny )q"‘" =0, ||

21 1 Ly="y yeY nyeNY (8)
212 where % thisis the quality of the opponent's SEC given by the game conditions.
213 «The best strategy of the enemy» (is determined under the assumption that the strategy of the

214  player will correspond to the optimal allocation, see the previous strategy; this mode is designed to
215  see what quality SEC competitor it is beneficial); The best strategy of the enemy is described as
c;y = arg max (OF(czy

216  follows:
217 % )) ©)

218 «My best answer at the best answer of the opponent» (determined by the assumption that the
219  opponent walks according to his best answer; this mode is implemented as double best response);
220  the double best response is described as:

ok
Cly —Cly
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DBR, =c|, . =argmax (OF(C,V C,, :c;y)).
221 it a,<C, T (10)
292 According to the authors of the experiment, these switches are necessary to visualize the

223 optimal distribution of costs for the development of SEC, as well as comparing the strategies of
224 players at different levels of reflection (see table 5). When switching, the histogram visualizes the
225  calculated data for the corresponding mode, and in the area 4 the optimal values of the quality of the
226  player and his opponent are displayed. Also in the layout there is a switch showing the optimal
227  distribution of the target function OF (profit maximization (1) or profitability (2)) selected by the
228  rules.

229 At the end of the turn, each player tells the experimenter the serial number of the strategy he
230  selected and the value of the quality of his SEC in the implementation of this strategy. At the
231  beginning of the next turn, each player replaces the quality of the competitor on the value that
232 reached the opponent on the last turn.

233 The end of the game is the situation when a certain number of moves ends in the game or the
234  players do not change their strategies for the second consecutive move. The latter also takes into
235  account the situation in which players would be beneficial (advisable) to change their strategy. This
236  will show the difference between theoretically predicted and actual player behavior.

237 Before starting the experiment, players are informed of all the theoretical information about the
238  essence of the game and methods of solving the SEC management problem. The experimenter must
239 be convinced that each player correctly understood the rules of the game and his role, through
240  feedback.

241 During the preliminary experiments, two aspects were found: with the apparent cognitive
242 complexity of the problem, players were able to find the optimal distribution without using the DSS
243 in afairly short period of time, in other words, players came to a theoretically predicted strategy; the
244  optimal strategy, in turn, was resistant to the actions of the enemy, and therefore the players did not
245  change their strategies, which led to a very rapid completion of the experiments.

246 The stability of the optimal strategy is explained by the experimental assumptions, including
247  the values of the development and promotion costs of the SEC controlled parameters (see table 4)
248  and about the type of expensive functions (see expression (6)). As it turned out, the costs are too
249  large a change step and when the enemy tries to attract additional consumers to itself, the player's
250  costs for their preservation in its SEC exceed the expected economic effect, determined by the
251 product of the average check (AR) on the number of visitors () and the conversion rate (u). This
252  determines the need for additional theoretical study of the SEC control problem with different cost
253 functions.

254 2.4. Change of functions of costs for development and promotion of controlled parameters of SEC in a
255  computational experiment

256 To conduct the experiment in the mathematical model, the ranges of cost functions were
257  increased (table 6). The conversion ratio is changed by 0.05, the average check is assumed to be
258  500c.u.
259 Table 6. Example of allocation of increased cost options to manage four criteria
Variants of advertising / aesthetic quality of
P events
distribution of brands appearance goods
management costs y=7 y=4 y=6 y=8
u=1 100 100 100 100
u=2 200 200 200 200
u=3 300 300 300 300

u=4 400 400 400 400
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260 By increasing the range of costly functions, a stable strategy of player behavior and optimal
261  resource allocation was revealed (optimal strategy — 0, in which y=4, y=6, y=7, y=8 correspond to the
262  level of costs u=1). The resulting optimal strategy can be interpreted as follows: at the maximum cost
263  functions should adhere to the minimum investment in the development and promotion of the SEC.
264 The next step was to reduce the range of cost functions (table 7). The conversion rate and the
265  average check are the same.

266 Table 7. An example of the distribution of reduced variants of the cost of four criteria
Variants of advertising / aesthetic quality of
.. . events
distribution of brands appearance goods
management costs y=7 y=4 y=6 y=8
u=1 5 0 3 8
u=2 10 10 6 16
u=3 15 20 9 24
u=4 20 30 12 32
267
268 When reducing the range of cost functions, it was also revealed a stable strategy of player

269  behavior and optimal allocation of resources (optimal strategy — 255, in which y=4, y=6, y=7, y=8
270  correspond to the level of costs u=4). The resulting optimal strategy can be interpreted as follows:
271  with minimal cost functions should adhere to the maximum investment in the development and
272  promotion of the SEC.

273 The last step was the replacement of the quality evaluation function from geometric to
274  arithmetic in the mathematical model, with the cost functions adopted in section 2.2 (see table 4). As
275  aresult, the optimal strategy (without reflection) was for the first player - 5, for the second (with the
276  first rank of reflection) — 196, for the first (with the second rank of reflection) — 151. As it turned out,
277  the strategies of the players are resistant to the actions of competitors and, accordingly, to the quality
278  of competing secs, that is, the stability of strategies does not depend on the function describing the
279  quality of the object.

280 With the costs that were taken in the computational experiment, it turned out that there is a
281  distribution that shows their optimal value. We can assume that the adopted objective function, the
282  model adopted to assess the consumer attractiveness and quality of the SEC, adopted in the
283  experiment, the cost functions are adequate. Thus, it can be said that if in real practice of
284  management the quality of SEC, which affects the choice of the consumer object to visit, would be
285  described using a geometric weighted model, the strategy of the Manager would be resistant to the
286  action of his competitor, but not resistant to changes in the environment, in the form of conversion
287  ratio and average check. Previously, the authors [1] showed on the number of SEC of Perm city that
288  the geometric model gives more accurate results of forecasting the consumer flow to real data than
289  other recommended weighted models.

290 3. Conclusion

291 In the course of the described experiment it was revealed that the function determining the
292  relationship between the quality of the factor essential for the consumer when choosing SEC and
293  costs does not affect the result of management, in the case of two players managing competing SEC.
294  In this example, the strategy of the players is resistant to changes in the cost functions (decrease or
295  increase values) and to change the function describing the quality of the changed parameters of the
296  SEC.

297 It should also be noted that the described experiment is a game with full awareness, that is, the
298  player knows all the information about his opponent, which allows to determine the optimal
299  distribution both without taking into account the strategic behavior of the enemy according to (8),
300  and taking into account (10). The transition to the game with incomplete awareness is a promising
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301  area of research. In addition, in the future, the authors plan to conduct additional experiments with

302 the possibility of scaling the cost function.
303
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