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WELCOME ADDRESS

We are pleased to welcome you at the �International Meeting on Game Theory�
(ISDG12-GTM2019) as joint meeting of �12th International ISDG Workshop� and
�13th International Conference on Game Theory and Management� which is held
in St. Petersburg State University and organized by the St. Petersburg State
University (SPbSU) in collaboration with the International Society of Dynamic
Games (ISDG).

One of the objectives of the International Society of Dynamic Games is to
promote and foster the development and applications of the theory of dynamic
games. A dynamic game is de�ned as a paradigm for a decision making situation,
competitive or con�ict process that involves several agents or decision makers in
dynamic interaction. This objective is realized by the Society largely through the
organization of regular international ISDG conferences and ISDG workshops, which
alternate with periodicity once every two years.

The International Conference on Game Theory and Management (GTM) is
designed to support further development of dialogue between fundamental game
theory research and advanced studies in management. Such collaboration had
already proved to be very fruitful, and has been manifested in the last two decades
by Nobel Prizes in Economics awarded to John Nash, John Harsanyi, Reinhard
Selten, Robert Aumann, Eric Maskin, Roger Myerson, Finn Kydland, Lloyd Shapley,
Alvin Roth, Jean Tirole and few other leading scholars in game theory. In its
applications to management topics game theory and theory of dynamic games
contributed in very signi�cant way to enhancement of our understanding of the
most complex issues in competitive strategy, industrial organization, �nancial and
operations management, to name a few areas.

Needless to say, that Game Theory, Theory of Dynamic Games and Manage-
ment is very natural area to be developed in the multidisciplinary environment of
St. Petersburg State University which is the oldest (est. 1724) Russian classical
research University. This GTM conference was initiated in 2006 at SPbSU as part
of the strategic partnership of it's the Faculty of Applied Mathematics & Control
Processes and Graduate School of Management, both internationally recognized
centers of research and teaching.

We would like to express our gratitude to the Conference's key speakers �
distinguished scholars with path-breaking contributions to game theory, theory of
dynamic games, economic theory, and management � for accepting our invitations.
We would also like to thank all the participants who have generously provided their
research papers for this event. We are pleased that this Conference has already
become a tradition and wish all the success and solid worldwide recognition.

Leon A. Petrosyan, Co-chair of Program Committee

Nikolay A. Zenkevich, Co-chair of Program Committee

St. Petersburg State University
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A Multistage Hierarchical Non-Zero Sum Game of
Competition on the Telecommunications Market

Petr Ageev1 and Svetlana Tarashnina2

1,2Saint Petersburg State University, Russia
1petyaageev@mail.ru

2tarashnina@gmail.com

Keywords: hierarchical game, non-zero sum game, multistage game, subgame perfect

equilibrium, competition.

The paper investigates the process of competition on the market of telecommu-
nication services between three �rms: the leader, the challenger and the follower. In
this work we construct a model of competition between three players in the form
of a multistage hierarchical non-zero sum game and compare it with the model
of competition between three players in the form of a multistage non-hierarchical
non-zero sum game. As a solution of the game we �nd a subgame perfect equilibri-
um. We illustrate the results with an example for three companies working on the
Saint-Petersburg telecommunications market.
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Game Theoretic Models in Marketing Networks

Movlatkhan Agieva1, Alexey Korolev2 and Guennady
Ougolnitsky3

1Ingush State University, Russia
agieva25@mail.ru

2Higher School of Economics Saint Petersburg, Russia
danitschi@gmail.com

3Southern Federal University, Russia
ougoln@mail.ru

Keywords: social networks models, marketing, game theory.

Models of in�uence in social networks are widely spread in the recent decades.
The main result is that stable �nal opinions of all agents are determined only by
the initial opinions of the members of strong subgroups in the in�uence digraph.
This fact allows for an essential decrease of marketing cost when one or several
competitive �rms try to change the �nal opinions of the target audience. The
respective game theoretic models are considered.
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Several Model of Interaction of Consumers and
Load Serving Entity in Retail Electricity Market

Natalia Aizenberg1 and Nikolai Voropai2

1Melentiev Energy Systems Institute of Siberian Branch of RAS, Russia
ayzenberg.nata@gmail.com

2Energy Systems Institute, Russia
voropai@ieee.org

Keywords: load-controlled consumer, load serving entity, coordination of interaction,

adverse selection model, demand side management.

We consider the coordination of interaction between various types of consumers
and a load serving entity to manage electricity consumption by using several
models: the model of pricetaking, the Nash equilibrium pricing, and the adverse
selection model based on the contract theory. We propose a method to form rate
options for load curve optimization for di�erent types of consumers and a load
serving entity for di�erent market con�gurations. The utility functions describe
the real situation su�ciently well and allow the implementation of a system of
incentives for load curve optimization (load shifting from a peak time of the day).
The rates providing a separating equilibrium are determined. We compare the
e�ectiveness of di�erent retail market models for demand side management. One
of the goals is the peak load reduction with respect to the average value during
daytime. We use the pricing scheme that implies the change of electricity prices
depending on the electricity consumption by all users during every hour, so that all
users are �nancially motivated. We considered three possible models describing the
retail market and compare their e�ciency. Each model has its reasons to be used.
The general equilibrium model realizes an e�ective scheme for all participants who
do not have incentives to change their behavior (stable equilibrium) [1]. However,
this model has high demands for the quality of information. The model with
the individual rationality constraint is less demanding for consumers and every
consumer receives the same pro�t. This model realizes the welfare maximum but
does not provide a stable equilibrium. [2] The last model describes the situation
of a possible arbitrage between users [3]. We consider a situation when some users
switch to the rate of other users, thereby increasing their utility and reducing the
retailer's pro�t. We propose a model that takes this e�ect into consideration, partly
compensating for the loss of the LSE. The models have been tested on the data of
several users from the student campus. Supported by grant N019-010-00183 from
Russian Foundation for Basic Research.

References:
[1] Mohsenian-Rad, A.H., Wong, V.W., Jatskevich, J., Schober, R., Leon-Garcia, A. Autonomous
demand-side management based on game-theoretic energy consumption scheduling for the future
smart grid. IEEE Trans. on Smart Grid, V.1(3), p. 320-331, 2010.
[2] Samadi, P., Mohsenian-Rad, H., Schober, R., Wong, V. W. Advanced demand side management
for the future smart grid using mechanism design. IEEE Transactions on Smart Grid, V.3(3), p.
1170-1180, 2012.

[3] Aizenberg, N., Voropai, N. Price setting in the retail electricity market under the Bertrand

competition. Procedia computer science, V.122, p. 649-656, 2014.
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Coordination Games on Directed Graphs

Krzysztof Apt1, Sunil Simon2 and Dominik Wojtczak3

1Centrum Wiskunde &amp; Informatica (CWI), Netherlands
apt@cwi.nl

2IIT Kanpur, India
simon@cse.iitk.ac.in

3University of Liverpool, United Kingdom
d.wojtczak@liv.ac.uk

Keywords: coordination games, strategic games on graphs, Nash equilibria, strong equilibria.

In [1] we studied natural strategic games on undirected graphs. In these games
the players are nodes in a graph, each with a �nite set of strategies, with the payo�
of each player de�ned as the number of his neighbours who selected the same
strategy. These games capture the idea of coordination in the absence of globally
common strategies. They always have (pure) Nash equilibria and the focus of this
work was on identifying classes of graphs for which strong equilibria exist.

We pursued this work in a number of publications, more recently by considering
directed weighted graphs. For such graphs the payo� is de�ned as the sum of the
weights on the edges from players who chose the same strategy, augmented by a
�xed non-negative bonus for picking a given strategy.

In these games Nash equilibria do not need to exist. However, for several natural
classes of graphs, including cycles, open and closed chains of cycles, DAGs, and
cliques, �nite improvement or coalition-improvement paths of polynomial length
always exist, and, as a consequence, a (pure) Nash equilibria or a strong equilibrium
in them can be found in polynomial time.

For simple cycles these results are optimal in the sense that without the imposed
conditions on the weights and bonuses a Nash equilibrium may not even exist. In
the case of closed chains of simple cycles unweighted edges have to used. In the
restricted case of a DAG or a clique strong equilibria can be found along every
coalition-improvement path.

The problem of determining the existence of a Nash equilibrium or of a strong
equilibrium in these games is NP-complete already for unweighted graphs and no
bonuses.

References:

[1] K. R. Apt, B. de Keijzer, M. Rahn, G. Sch�afer, and S. Simon. Coordination games on graphs.

International Journal of Game Theory, 46(3):851�877, 2017.
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Mean Field Type Di�erential Game

Yurii Averboukh1

1Krasovskii Institute of Mathematics and Mechanics, Russia
averboukh@gmail.com

Keywords: mean �eld type di�erential games, feedback strategy, nonsmooth analysis,

viability properties.

We study the mean �eld type di�erential game with the dynamics of each agent
given by

d

dt
x(t) = f(t, x(t),m(t), u(t), v(t)),

t ∈ [0, T ], m(t) ∈ P2(), u(t) ∈ U, v(t) ∈ V.
(1)

Here m(t) is the distribution of all agents at time t; u(t) (respectively, v(t)) is the
control of the �rst (respectively, second) player acting on the agent; U (respectively,
V ) is the control space for the �rst (respectively, second) player.

We assume that the players in�uence upon dynamics of each player independently.
The purpose of the �rst (respectively, second) player is to minimize (respectively,
maximize) the functional

g(m(T )).

The standard assumptions on the control spaces, dynamics and reward function
are imposed. Notice that they include the Isaacs' condition.

The main results are as follows.

• We introduce the notions of u- and v-stability for this type of di�erential
games. This conditions are close to the viability property in the space of
probability measures on the phase space. It is proved that the upper value of
the game is bounded from above by any u-stable function, whereas the lower
value function is not less then every v-stable function.

• We prove the existence of the value function. This function is simultaneously
u- and v-stable.

• We �nd the in�nitesimal form of u- and v-stability conditions using an analogs
of directional derivative. This provides the characterization of the value function
of the mean �eld type di�erential game in the terms of non-smooth analysis.
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Nash Equilibria in One-Memory Strategies

Artem Baklanov1

1National Research University Higher School of Economics (HSE), Russia
apbaklanov@hse.ru

Keywords: 1-memory strategies, reactive strategies, Nash equilibrium, zero-determinant

strategies.

We study the Nash equilibrium in in�nitely repeated 2x2 games where limit-
of-means payo�s are determined by reactive or by 1-memory strategies. Reactive
strategies are stochastic 1-memory strategies such that a probability of players'
actions depends only on the opponent's preceding move. We provide a characteri-
zation of all Nash equilibria in the class of reactive strategies and suggest a very
intuitive geometric interpretation of them. We then derive a characterization for all
symmetric stage games admitting Nash equilibria in the class of reactive strategies.
We show that all (1-memory) strong mixed equilibria in a discounted game are
generated by equalizer zero-determinant strategies. This allows us to compare our
results with existing results for 1-memory strategies. Namely, we show that payo�
relevant indeterminacy holds true and there is no folk theorem. Then we obtain a
probability for an arbitrary symmetric game to have a Nash equilibrium in the class
of reactive strategies. In contrast to existing results for 1-memory strategies, we
demonstrate that the reverse dominance condition does not in�uence the existence
of Nash equilibria.
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Conditionally Coordinating Contracts in Supply
Chains

Irina Berezinets1, Natalia Nikolchenko2 and Alina Ruchyova3

1,2,3St. Petersburg State University, Russia
1berezinets@gsom.pu.ru

2st057455@student.spbu.ru
3alina_ruch@mail.ru

Keywords: coordination problem, supply chain, coordinating contract, game-theory approach,

sales rebate contract, buyback contract.

Coordination is an essential mechanism of supply chain management. One of
the instruments implemented for the achievement of supply chain coordination is
contracts. This study investigates the problem of supply chain coordination through
two commonly-used types of contracts: sales-rebate and buy-back. The problem
solution is based on the game-theory approach. According to this approach, a
contract is coordinating if it satis�es two conditions: collective and individual
rationality so it should be Pareto-optimal and a Nash equilibrium. It is proved
in the paper that both considering contracts: sales-rebate and buy-back cannot
coordinate the supply chain, since the property of individual rationality is not
ful�lled for the supplier. Nonetheless, the authors argued that a conditional coor-
dination providing the maximum of expected supply chain and retailer's pro�ts and
a higher supplier's expected pro�t in comparison with the wholesale price contract
could be achieved under certain restrictions on the contract's parameters. For
sales-rebate and buy-back contracts, the algorithm for constructing a conditional
coordinating solution was developed, which includes �nding the optimal retailer's
order quantity; identifying the maximum of the supply chain expected pro�t function,
obtaining a coordinating condition for the contracts parameters; and �nding the
restrictions on the parameters which provide the conditional coordination. The
proposed algorithm was considered step in details for both types of contracts
under assumption of uniformly distributed demand. In the paper examples of
the conditionally coordinating contract design problem solving are also presented.
These examples show that the choice of contracts parameters ensuring supply chain
conditional coordination from a set of all possible coordinating parameters obtained
in the optimization problem solving should be a result of the compromise �nding
through players' negotiation process.
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Delegation as a Signal to Sustain Coordination: An
Experimental Study

Swagata Bhattacharjee1

1Ashoka University, India
swagata.bhattacharjee@ashoka.edu.in

Keywords: delegation, Bayesian games, forward induction, experiment.

This paper explores a potentially important role of delegation: as a signal of
trust that is reciprocated by more cooperation. I consider a static principal-agent
model with two tasks, one of which requires cooperation between the principal and
the agent. If there is asymmetric information about the agent's type, the principal
with a private belief that the agent is a good type can delegate the �rst task in order
to signal the agent about his `trust'. This equilibrium is supported by the forward
induction argument. I conduct laboratory experiments to test these theoretical
predictions and to examine the role of information in equilibrium selection. I �nd
that delegation is used only sometimes to facilitate cooperation; however, when the
subjects have information about past sessions, there is a statistically signi�cant
increase in the use of delegation. This evidence suggests that experience matters
in equilibrium selection in Bayesian games.
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Gabasov's Approach for Nash Equilibrium Point in
One Actuarial Problem

Alina Boiko1

1St Petersburg State University, Russia
alina.boyko@mail.ru

Keywords: local Nash equilibrium, Gabasov's adaptive method, Actuarial problem.

In this paper we construct a non-cooperative game-theoretic model describing
the interaction process of insurance companies in the CMTPL business line. As
an optimality principle in the game we use a local Nash equilibrium [1], in order
to de�ne it the method of reduction to the linear programming problem and the
adaptive method by R.Gabasov [2] are used. Corresponding algorithm is implemented
in MATLAB, statistical data is used for a numerical simulation.

Let's consider a game-theoretic model describing the process of direct compen-
sation of losses between insurance companies. Players are the insurance companies
that make decisions on claiming losses during one settlement session, therefore we
consider a static game. The process of exchanging the requirements evolves in the
following way: if an insured event occurs with two participants, the victim can apply
not only to the insurance company where he is a client, but also to the company of
the other participant, in this case the insurance company which the victim turned
directly pays the losses to the victim. Later on, the insurance company should
demand compensation from the company of the culprit. The Belgian system [3]
is used to exchange the requirements. During the settlement session (one week),
insurance companies exchange requirements and based on the settlement session
results, the average is calculated and all claims are refunded according to it. Since
the requirements have di�erent sums, the calculating process of the average sum
of all session requirements can be adjusted, in order to obtain a large pro�t during
the session. For simplicity, we consider one session and two insurance companies or
static two player game.

References:

[1] R. Gabasov., F.M. Kirillova., E.A. Kostina. The method of constructing local Nash equilibri-

um points in a linear game problem (in Russian)// Journal of computational mathematics and

mathematical physics, 1998. Vol. 38, � 6. P. 912�917.

[2] N.V. Balashevich., R. Gabasov., F.M. Kirillova. Numerical methods of program and positional

optimization of linear control systems (in Russian) // Journal of computational mathematics and

mathematical physics, 2000. Vol. 40, � 6. P. 838�859.

[3] Russian association of motor insurers URL:https//www.autoins.ru/en/osago (Application

date: 20.02.2019).
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New Emergent Dynamics and Equilibria Types in
Multi-modal Di�erential Games with Applications.

Anton Bondarev1

1Xi'an Jiaotong Liverpool University, China
anton.bondarev@xjtlu.edu.cn

Keywords: di�erential games, sliding dynamics, piecewise-smooth systems, multi-modality,

asymmetric players.

This paper explores what new types of strategies emerge in game-theoretic
setting with multiple regimes of dynamics of a state of the system. It is demonstrated,
that resulting equilibrium trajectories are an emerging property of multi-modality
of the game and new types of equilibria are studied. I �rst establish minimal
requirements for a game to exhibit such a complex behavior.

In particular it is demonstrated that even the linear-quadratic type game with
one state and two players may result in chaotic dynamics or limit cycles as well as
pseudoequilibrium at the boundary.

These call to the formulation of an emergent secondary game around the switching
manifold with new weaker requirements on the equilibrium.

Such a secondary game is formulated in terms of zero divergence of players'
trajectories and it is shown to be individually and socially improving over the
outcome emerging from the baseline game (i. e. non-deterministic chaos).

This theoretic setting is then applied to several relevant economic problems,
such as resource management, advertising, R&D games and etc.
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Learning under Partial Cooperation and
Uncertainty

Mich�ele Breton1 and Lucia Sbragia2

1HEC Montr�eal, Canada
michele.breton@hec.ca

2Durham, United Kingdom
lucia.sbragia@gmail.com

Keywords: uncertainty, learning, environment, dynamic game.

We study a dynamic game of pollution control in a situation where the e�ects
of greenhouse gases on global warming are not completely known. More precisely,
we assume that there is uncertainty about the impact of accumulated pollution
on the environmental damage cost. Countries are however able to increase their
knowledge by using a Bayesian learning process, on the basis of their observation
of the actual damages they incur. We study the consequences of uncertainty and
learning in terms of pollution emissions and welfare.
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The Operator Approach to Dynamic Strong
Stackelberg Equilibria

V��ctor Bucarey1, Alain Jean-Marie2, Eugenio Della Vecchia3

and Fernando Ord�o�nez4

1D�epartement d'Informatique, Universit�e Libre de Bruxelles, Belgium
vbucarey@gmail.com

2INRIA, France
Alain.Jean-Marie@inria.fr
3Universidad, Argentina
eugenio@fceia.unr.edu.ar

4Departamento de Ingenier��a Industrial, Universidad de Chile, Chile
fordon@dii.uchile.cl

Keywords: game theory, Stackelberg equilibria, value iteration.

The concept of Strong Stackelberg Equilibrium has received a renewed attention
in the recent years, due notably to its application to security questions [1]. In
Stackelberg games, it is assumed that one of the players, called the Leader, commits
to a strategy. The other player, called the Follower, learns or observes this strategy,
and reacts rationally to it. The game being with complete information, the Leader
is able to predict the reaction of the follower, and is then able to optimize her
strategy to maximize her own rewards. It may be that the follower's response is
not unique, in which case this prediction of the leader is not possibly anymore. A
strong Stackelberg Equilibrium (SSE) occurs when the Follower breaks such ties
in favor of the Leader : she chooses the best option to for the Leader among the
best ones for her. Initially de�ned in static games, this concept has been extended
to ini�nite-horizon, discounted dynamic games. Calculating dynamic SSE in such
games within the set of general strategies appears to be very di�cult in general [2],
with the feature that stationary strategies are suboptimal in general [3]. With the
hope of reducing this complexity, as well memory storage for the strategies, many
authors concentrate on stationary feedback policies. Even in this restricted class,
the problem is still NP-Complete to compute in general [2] and several algorithms
based on Mathematical Programming have been proposed in the literature for
solving or approximating this problem [3].

In this paper, we study an alternative approach, inspired from the classical
operator theory for Markov Decision Processes or Zero-Sum Nash Games. Our
contribution is as follows : we �rst de�ne a dynamic programming operator T
corresponding to one-step strong Stackelberg games with a scrap value. Fixed-Point
Equilibria (FPE) are de�ned as �xed points of T. The Value Iteration algorithm is
de�ned as the iterations of T until convergence.

Part of this research was realized during the SticAmSud project 16-STIC-10 DyGaMe.

References: [1] D. Kar, T. Nguyen, F. Fang, M. Brown, A. Sinha, M. Tambe, and A. Jiang.

Trends and applications in Stackelberg security games. In T. Ba�sar and G. Zaccour, editors,

Handbook of Dynamic Game Theory, chapter 28, pages 1223�1269. Springer, 2018.

[2] J. Letchford, L. MacDermed, V. Conitzer, R. Parr, and C. L. Isbell. Computing optimal

strategies to commit to in stochastic games. In 26th AAAI, 2012.

[3] Y. Vorobeychik and S. Singh. Computing Stackelberg equilibria in discounted stochastic games

(corrected version). Retreived online on Oct. 19, 2018, 2012.
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A Di�erential Game of Pricing and Advertising for
National and Store Brands

Alessandra Buratto1 and Sihem Taboubi2

1 University of Padova, Italy
buratto@math.unipd.it

2HEC Montreal and GERAD, Canada
sihem.taboubi@hec.ca

Keywords: di�erential games, marketing, pricing, advertising, private labels, feedback

Stackelberg equilibrium.

This paper deals with the issue of price and non-price marketing decisions for
national and store brands. We use a di�erential game to investigate two scenarios:
(1) a retailer that distributes only a national brand, and (2) a retailer that introduces
a store brand. We compute strategies and pro�ts under both scenarios and provide
answers to the following research questions:
1) what should be the prices and the non-price strategies before and after the
introduction of the store brand?
2) how do strategies and pro�ts compare?
3) under which circumstances is the introduction of a private label?
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International Trade in Monopolistic Competition
framework: Social Optimality Case

Igor Bykadorov1

1Sobolev Institute of Mathematics SB RAS, NSU, NSUEM, Russia
bykadorov.igor@mail.ru

Keywords: monopolistic competition international trade, social optimality, comparative

statics.

We study the homogeneous model of international trade under monopolistic
competition of producers. The utility function assume additive separable. The
transport costs are of �iceberg types�. Usually the equilibrium situations are considered.
Unlike oligopoly, the game goes among in�nitely many players and thereby strategic
interactions are excluded in free-entry Nash equilibrium (each producer chooses her
output, perceiving others' strategies as given). It is known [1, 2] that in the situation
of market equilibrium, under linear production costs, the social welfare as function
of transport costs, decreases near free trade while (counter-intuitively!) increases
near total autarky. Instead, we study the situation of social optimality. It can be
interpreted as the problem of �social planer� who optimize a scalarization of multi-
criteria to �nd Pareto-optimal solution. We show that the total welfare decreases.
We restrict our study by the case of two countries. Moreover, we study two �limited�
situations: near free trade and near total autarky. We show that near free trade,
the welfare in small country decreases; as to the large country, we �nd examples
when the welfare decreases and when the welfare (counter-intuitively!) increases.
Besides, in the autarky case, we describe the situations of decreasing/increasing of
welfare in each country. Supported in part by RFBR, projects 18-010-00728 and
19-010-00910.
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We analyze the interaction between individuals belonging to two di�erent popu-
lations. They choose among the same alternatives (share the same strategy set), but
they get di�erent rewards depending on the population they belong to (di�erent
payo� matrices). In consequence, they face di�erent dilemmas. We analyze a two-
population evolutionary game, although we depart from the standard formulation
as we allow agents in one population to interact with agents both within their own
and also from the other population. Moreover, considering an imitative revision
protocol, a revising agent can be paired with and imitate an agent belonging to
his own population. Similarly, we also allow for the possibility of being paired
with someone from the other population. When this latter is playing an alternative
strategy, he obtains a payo� di�erent from the payo� estimated by the revising
agent. Now, the revising agent is uncertain on the payo� he will obtain by switching
to this alternative strategy. He must assign a probability to the payo� he observes
in his pair versus the payo� he estimates from his payo� matrix. This probability
determines to what extent the revising agent behaves erroneously. Yet, under this
behavior we prove the existence of a unique mixed-strategy asymptotically stable
�xed point of the evolutionary dynamics. We also analyze how the asymptotically
stable equilibrium is a�ected by the probability that agents assign to what they
see when paired to someone from a di�erent population.
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In a context of competition, information � who knows what and before whom �
plays a crucial role. Here, we concentrate on three models (two in game theory, one
in control theory) where the concept of information is present: Kuhn's extensive
tree model (K-model), Alos-Ferrer and Ritzberger in�nite tree model (AFR-model)
and Witsenhausen model (W-model).

The model proposed by Witsenhausen has the following main ingredients: a
set of agents taking decisions in a decision space, Nature taking decisions in a
sample space, con�guration space which is the product of the decision spaces by
the sample space, information �elds that are sigma-�elds on the con�guration space
and strategies that are measurable mappings from con�gurations to actions w.r.t.
information �elds. W-model deals with information in all generality. Thus, it allows
to look at a problem without a priori knowing the order in which decisions were
made by agents. In the subclass of causal systems, there is at least one ordering in
which agents take their decisions consistently with the given information.

The extensive form is the most richly structured way to describe game situations.
In his model, Kuhn uses the language of graph theory to de�ne main ingredients
of the game: players, game tree, information sets and strategies. The in�nite tree
AFR-model generalizes K-model to any possible tree: in�nite (repeated games),
trans�nite (long cheap talk) and even continuous (stochastic games). The authors
develop the re�ned partition approach that proves to be useful for giving a simple
equivalent condition for a player to have perfect recall. To tame the zoo of in�nite
trees, authors use the language of set theory constructing not trees, but posets,
thus elaborating the most general framework to describe tree structures in games
existing up to now.

We study whether AFR and W-models have the same potential to model
games. First, we embed the subclass of causal W-models into the AFR-formalism
by building an AFR-tree and translating de�nitions of information and strategies
from W-formalism to AFR-formalism. Second, we move in the opposite direction.
All along, we provide illustrations of the power and simplicity of the W-model to
handle information in a strategic context.

20



A Note on the Role of Value Heterogeneity in
Two-way Flow Strict Nash Networks with Small

Decay

Banchongsan Charoensook1

1Keimyung University, South Korea
11596@gw.kmu.ac.kr

Keywords: agent heterogeneity, information network, network formation, strict Nash

network.

Nonrival information refers to information that agents do not mind sharing
with each other. Each piece of information that an agent possesses, though, is
likely to vary in terms of value. Such variation in terms of information value can
depend on either the identity of agent who possesses it (i.e., some agents may
own pieces of important information compared to others, or we call this partner
heterogeneity) or the identity of agent who chooses to retrieve it (i.e., the same
information may have less value to some agents compared to others , or we call this
partner heterogeneity) or both (we call this two-way heterogeneity). In this note,
we study how this heterogeneity in the value of nonrival information impacts the
shapes of Strict Nash networks (SNNs, henceforth). We do so by extending the work
of Jaegher and Kamphorst (2015), which is a two-way �ow model of network with
small information decay. By allowing for the presence of value heterogeneity in this
model, we study the changes in terms of shapes and other important properties of
SNNs compared to original result of Jaegher and Kamphorst (2015) (Proposition
1 and 2) in which value heterogeneity is absent. We brie�y review the literature
and point out our contribution here. The literature that studies the game-theoretic
model of the formation of two-way �ow nonrival network originates from the seminal
work of Bala and Goyal (2000). Two unique features of this model are that an
agent can choose to form a link with another agent without mutual con- 1 sent.
Within this literature, extensive the studies on the role of agent heterogeneity in
link formation cost have been done. Little is known, however, about the role of
agent heterogeneity in information value. To the knowledge of the author, the only
fact we know about the role of agent heterogeneity in information value is that it
does not change the shape of SNN although disconnected components can emerge.
This result is established as Proposition 3.1 in the work of Galeotti et al. (2006),
which assumes the absence of information decay. This present paper, therefore,
contribute to this body of literature by studying the roles of agent heterogeneity
in information value in the presence of small information decay rather than being
completely absent in the previous literature, where the term `small' here refers to
the fact that no super�uous link is worth establishing by an agent.
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Market makers choose and design market rules to serve certain objectives,
such as to maximize revenue from the sales in the case of a single seller and
multiple buyers. Given such rules, market participants play against each other
to maximize their utility function values on goods acquired, possibly by hiding or
misrepresenting their information needed in the implementation of market rules.
Today's Internet economy has changed the information collection process and may
make some of the assumptions of market rule implementation obsolete. Here we
make a fresh review of works on this challenge on the Internet where new economic
systems operate.
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A large number of tasks related to the study of operations in a formalized
form have a matrix representation. The most common elements of the payment
matrix are represented as point numbers in di�erent numerical scales. Classical
game theory is based on the assumption that players have complete information
about the payment matrix. However, this assumption is not realized in practice.
The exact de�nition of the elements of the payment matrix is di�cult because of
the inaccuracy of the original information or the inaccuracy of the model of the
system under study. In addition, quite often the elements of the payment matrix are
set by expert. Expert assessments are fundamentally characterized by uncertainty.
In this regard, the situations when the elements of the payment matrix are fuzzy
numbers or linguistic estimates [1-6] are considered more and more often [1-6].
When building a fuzzy payment matrix, the elements of which will be fuzzy numbers
need to decide on the type of membership function of a fuzzy number, and how to
determine the width of its carrier. Taking into account the known requirements for
membership functions of fuzzy numbers can be selected linear-piecewise, Π-shaped
or bell-shaped functions that can be used to simulate di�erent levels of uncertainty
in the evaluation of the elements of the payment matrix. In addition, it is necessary
to decide whether to use one type of membership functions for all elements of the
payment matrix or di�erent. Apparently, the main criterion for solving this problem
should be considered the complexity of the required computational procedures and
the conditions for their correct application[6]. When selecting the width of the fuzzy
number media, there are also options, but the simplest is to determine the width
of the media as a percentage of the modal value. In the future, for simplicity, we
will focus on the triangular membership function of fuzzy numbers for all elements
of the payment matrix.
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In this study, we examine incentives for public and private �rms to cooperate in
information sharing about stochastic market demand. An advantage of cooperation
in information sharing is that all �rms predict environment and market changes
better, which may increase production and allocative e�ciency. On the other side,
there are competitional disadvantages of sharing information with competitors. It
will be easier for companies to monitor each other when they have more detailed
information about their competitors. Speci�cally, we model an environment where
a private and a public �rm competes in quantities (�a la Cournot) and each receives
noisy signals on stochastic demand. Then, we derive Perfect Bayesian Equilibri-
um of the game and analyze at which degree these �rms cooperate and share
their private signals with each other while continuing to compete in quantities.
We establish that �rms completely share their private signals with each other if
the goods are complements. Hence, there is full cooperation in this case. If the
goods are substitutes, while private �rm does not share any information, public
�rm continues to share its private information completely with the private �rm.

This result indicates that for the social welfare maximizing public �rm, bene�t of
reducing demand uncertainty in the market strictly dominates bene�t of competitive
advantage that the private information provides. Although �rms are allowed to
share their private information partially, partial information sharing never arises
as an equilibrium.
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Nonpro�t organizations play an important role in providing goods and services
in all countries. In the �rst part of the paper, we consider one charity and determine
its optimal policies. In the second part, we extend the model to two charities
competing for donations and determine a feedback-Nash equilibrium.

The starting point of our analysis is that the amount of donations received by
a charity are function of its reputation, which is an asset that can be built up over
time, not overnight. To account for this important aspect, we propose a dynamic
model where the charity can allocate its revenues to three main activities, namely,
program expenses (charitable projects), information (promotion of its causes, website,
etc.) and administration (worker/manager salaries and other administrative costs).
We assume that the donors are sensitive to the way in which the charity is managed.
If the administrative expenses are above a socially accepted norm, then the charity's
reputation su�ers. The opposite occurs when the charity is e�cient and keeps its
administrative costs below the norm. We prove that depending on the parameter
values, there exist di�erent optimal policies involving either positive or nil adver-
tising and administrative expenses. We discuss some policy implications for each
case and assess the impact of the norm on the results.

Finally, we compare the cases where the two charities cooperate and compete
in attracting donations.
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The object is characterized by three parameters: change in the bid, change in
the resource allocation, change in the pro�ts. Each object is depicted as a point in
three-dimensional space and forms a cloud of values.

The following hypotheses are put forward:
1) the functional dependence describing the upper boundary of the cloud characterizes
the behavior model of the risk player;
2) the functional dependence describing the lower boundary of the cloud characterizes
the behavior model of a cautious player;
3) the functional dependence describing the cross section of a cloud characterizes
the behavior model of an average player.

Problems identi�ed:
1) a large amount of data is needed;
2) the cloud upper boundary characterizes the behavior of not one person, but the
general situation in the risky players group;
3) the cloud lower boundary characterizes the behavior of not one person, but the
general situation in the cautious players group;

As a research method, functional analysis was used. We used results of games
with mechanisms: Alternating direction method of multipliers (ADMM), Groves�Ledyard
(GL),
Groves�Ledyard reduced (GLR), Uniform mechanism (UNI), Yang and Hajek (YH).
This work is partially supported by the RFBR, grant 17-07-015550 A.
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In the report we will present the mathematical model of ranking of participants
in the educational collective. This model is interesting as from a theoretical point
of view as from a practical point of view.It can be used to determine the degree of
in�uence of principals on any educational group at di�erent levels of education.Another
practical aspect is the de�nition of professional orientation of students.We use the
De Groot model in the modeling process.

The education group consists of students and teachers (pricipals). Principals
are the centers of the educational team.In our model, the principals do not have
in�uence on each other,but they have in�uence on students only. We represent
principals as an association of teachers of various disciplines: natural sciences and
humanities.

Principals have in�uence on students and vice versa. In our model the center of
research is this feedback from students. We have de�ned this e�ect as the degree
of the principal's in�uence.

The in�uence of the participants is described by a stochastic square matrix
n∑
j=1

aij = 1 and A ∈ [0, 1]n×n. In this matrix aij is the degree of in�uence of

participant j to i ;n - is number of members in the team.
In our report we focus on the weight of the team members, which is expressed

by the vector of limiting in�uence At, t→∞.The issue of opinion dynamics will not
be considered. Students have di�erent levels of training. All students can be ranked
from the best to the worst. According to their rating students can be divided into
m subgroups. In each subgroup students have the same rating.

Important parameters are the in�uence of the principal on members of the
group ε ∈ [0, 1], and the in�uence of each member on the principals δ ∈ [0, 1].

In the report we will present the following scenarios:
1.The model with one principal and several subgroups of students.
2.The model with two principals and several subgroups of students.

The limiting in�uence vectors of the participant will be shown for both cases.
For persuasiveness and clarity we give a numerical example. We consider two

real groups of Petrozavodsk state University, Institute of mathematics with di�erent
rating levels. There are two groups of teachers ( natural sciences and humanities).They
are principals. This numerical example demonstrates the process of �nding of the
vector limiting in�uence. We present signi�cant conclusions about the limiting
degree of principals in�uence in groups with di�erent levels of training.
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We focus on the analysis of a re�exive control in the Tullock contest for two
players [1]. The analysis is based on papers [2, 3] and have been already applied to
some games [4]. The Tullock contest could be described by a set of agent N = {1,
2} and with real not negative strategies and utility functions fi = xαi /

∑
j x

α
j − xi.

We consider only games with 0 < α < 1. There is a well-known Nash equilibrium
for this game []: x1∗ = x2∗ = α/4, see [5].

In this paper, we consider α as an uncertain parameter for agents and they have
to make some suggestion about it. Their suggestion could be di�erent. So player 1
could believe that all utility functions are fi = xαii /

∑
j x

αi
j − xi. It coincide with

the Nash equilibrium with certain value of parameter α, if there is α = αi for
any i common knowledge that α = αi. If agents have no communication among
them then they should compose and solve a system of equations. Strategy of each
player is equals her best response and for all other agents agent i make a best
response that is based on his own believe. Thus from the i-th player's point of
view he should compose and solve system for following best responses for each
j. We found that for this case partial derivatives are df1/dα = (αα−11 αα(α(αα2 −
αα1 )log(α1/α2)+αα1 +αα2 ))/(αα1 +αα2 )3. It means that increasing α without changing
epistemic representations of α in the agents' minds will lead to the increase of utility
of that agent who consider α smaller than her opponent does. There could be a
communication between agents but then trust each one only partially and they can
communicate according de Groot model [5]. There is not di�erence if an existence
of such communication is a common knowledge among all agents or it is not. Let
their in�uences are xj then one should compose and solve system of best responses
for each i. If there is a communication with no trust at all, then all agents become
stubborn and other opinion does not change their opinions though they have to be
taking into account. There is not di�erence if an existence of such communication
is a common knowledge among all agents or it is not.
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Many competitive location models attempt to �nd facility locations for competing
�rms with the aim of pro�t maximization. Pro�t depends on both the location of
facilities and the prices o�ered by the �rms in each customer area. If the �rms
enter simultaneously in the market, maximization of their pro�ts can be seen as a
two-stage game. In the �rst stage, the �rms choose their facility locations. In the
second stage, the �rms compete on price. The two stage game can be reduced to a
location game if there exists a unique price equilibrium in the second stage which
depends on the facility locations.

With delivered pricing, customers buy from the �rm that o�ers the lowest price
and there exists a price equilibrium for any set of facility locations. At equilibrium,
each competing �rm monopolizes a group of markets, the ones to which the �rm
deliver the product at a minimum delivered cost. Then the location-price game is
reduced to a single stage location game. Existence of a Nash equilibrium for this
location game has been proved when demand is �xed in each market and it does
not depend on the price. In such a case, a location Nash equilibrium is any set of
facility locations which is a minimizer of the social cost.

When demand is price sensitive, to our knowledge, the existence of a location
Nash equilibrium has not been proved in the location literature. The aim of this
paper is to apply a mathematical programming model to �nd the best facility
locations for one �rm, assuming that the facility location of its competitors have
been �xed. Then, the best response procedure is used to �nd a location Nash
equilibrium, if there exists. An empirical study is presented where both markets
and location candidates are Spanish municipalities. A variety of instances of the
location game are explored to determine if the best response procedure converge,
or not, to a location Nash equilibrium.
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Electronic markets with automation of trading and high speed trading have
transformed the �nancial market landscape. Automated traders have ability to
gather the market information from di�erent sources including the order book,
that represents the list of buy and sell orders for a speci�c security organized
by price level. The development of electronic markets may contribute to market
e�ciency, whereas may also introduce new possibilities of disruptive practices,
when trades make tremendous pro�ts by arti�cially a�ecting market beliefs. The
presence of market manipulation strategies represents an element of price distortion
and creation of arti�cial market conditions. It represents major threat to trust and
market integrity in capital markets through mispricing and market imperfections.
It harms investors' con�dence, resulting in less participation of investors, and
adversely a�ects e�ciency, liquidity, integrity and development of the stock market
[1-3]. These negative practices have increased over the period of time and recently
market fraud is the most serious issue faced by global markets, which constitutes
41% of overall frauds. Therefore, market manipulation is an important issue to
detect and prevent across all of the �nancial markets including the US and the
European and the emerging markets [3-6]. In the research spoo�ng manipulation
is analyzed as one of the manipulative algorithmic trading entity in order to
outperform other market participants by working in the order book. On the commodity
and �nancial markets the order book represent trading mechanism, when both
buyer and seller are submitting bids. Such mechanism is called a double auction,
where both sides are competing, and is analyzed from the perspective of game
theory. The investigation of the e�ect of spoo�ng manipulation strategy on market
performance is done by modeling the order book as �nancial double auction.
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peer in�uence.

We study the optimal advertising and entry timing decisions for a new product
being sold in a segmented market where peer e�ects exist between an elite and a
follower segment, elites may disadopt, and entry is costly. Followers are positively
in�uenced by elites, whereas elites may be either una�ected or repulsed by followers.
We develop a continuous time, optimal control model where the decision variables
are the amount of advertising in each segment and the time of entry into the
follower segment. Our analysis generates two sets of two-point boundary value
problems where one set has an unknown boundary value condition that satis�es
an algebraic equation. A fast solution methodology is proposed. Two main insights
emerge from the analysis. First, in markets where repulsion slows adoption but
does not induce disadoption, delaying entry contributes little to the bottom line if
the �rm already manages dynamic advertising optimally. In contrast, in markets
with repulsion-induced disadoption, managing both advertising and entry timing
leads to markedly higher pro�ts than managing only one of these levers. Second,
with repulsion-induced disadoption, the optimal advertising strategy in the elite
segment is U-shaped, i.e., decreasing at �rst but then increasing again to thwart
the repulsion in�uence of followers.
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Within a non-cooperative transboundary pollution dynamic game, we study the
strategic impact of a region's investment in the adoption of a cleaner technology,
as embodied by a reduction in the emission per output ratio, on the equilibrium
outcomes and regions' welfare. The ratio of emissions to output is endogenous and
is a decreasing function of the level of the stock of clean technology. Each region can
invest in a clean technology in addition to its control of emissions. Clean technology
is assumed to be public knowledge so that both regions bene�t from the investment
in clean technology of an individual region. Pollution damage is modelled as a
strictly convex function in the pollution stock. We analyze the feedback equili-
brium of the non-cooperative game between two regions played over an in�nite
horizon. The formulation of the transboundary pollution dynamic game does not
�t any special structure of analytically treatable games such as linear-state or
linear-quadratic di�erential games. We develop numerical methods to characterize
the feedback equilibrium of the non-cooperative game between two regions. The
equilibrium trajectories of the stock of pollution and stock of clean technology as
well the regions' welfare are compared under di�erent scenarios.
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A Markov Perfect Nash Equilibrium is obtained for a capital accumulation
di�erential game that yields the market equilibria under di�erent sequences of
tax policies given by an institutional framework. The model aims to explain the
e�ect of di�erent institutional frameworks in economic growth under neoclassical
assumptions of the market. The model consists on a set of workers that supply their
work inelastically, a set of entrepreneurs with access to the technology of production
and a set of elites, who may or may not engage in entrepreneural activities. The
participants on the economy play a game in which the entrepreneurs decide the
level of production of the economy considering taxation levels and transferences
made for each group. We �nd that the economic equilibria under inclusive political
institutions provide an increase in total welfare in the long run. This is consistent
with other �ndings in political economy and selectorate theory and can be used
for the design of institutional rules that provide policies that guarantee long run
sustainable economic growth.
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There are many interesting research results in epidemic propagation, see SIS,
SIR models [1], including analytical solutions for the complete graphs. New app-
roaches involve combining two mainstream ideas [2-4] � epidemic propagation
models [5] for static networks [6] and models of network growth [7]. We numerically
compare the statistical properties of epidemic propagation on di�erent types of
static and dynamic networks, including the networks that are growing according to
the model with deactivation of nodes [8]. There are no viruses but one can use the
same models for marketing purposes as propagation of ideas or preferences [9]. The
input data for the algorithm with deactivation of nodes: Z > 0 � the number of new
active nodes on each step, P ∈ (0, 1] � the probability of a new link, for each active
node on each step, G ∈ (0, 1) � the share of the active nodes which are deactivated
on each step. On every step the following procedure is repeated until the desired
number of linked nodes is reached: a) Z new active nodes are added; b) each active
node with the probability P generates an undirected link with randomly selected
another active node; c) a share G of the active nodes are deactivated which are
selected with the probability in inverse proportion to their degree. The links and
nodes are not deleted, only the activity status is changed which in�uences on the
new links generation. For technical reasons when calculating degrees we assume
that each node has a link with itself, so a degree never equals zero. Output data:
an undirected network with statistical properties similar to online social networks.
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The objective of this paper is to analyze the circumstances under which a
country has interest to join -immediately or at some future point in time- an already
signed International Environmental Agreement. For this reason, we consider a
binding International Environmental Agreement (IEA), initially agreed by N countries
(henceforth signatory countries), and a non-signatory country (henceforth defector),
who contemplates when (and whether) it is optimal to join the agreement. With
the IEA, signatory countries commit to choose their emission levels cooperatively.
Signatories punish defectors. The decision problem can be cast as follows: Suppose
that choice to adhere to the IEA is irreversible: once entered, signatory countries
are unable to quit the IEA. Under which circumstances does the defector join
immediately, delay adhesion, or remain defector forever? If the defector delays
adhesion, what are the factor in uencing the delay? What is the impact of the
optimal decision on the signatory countries?
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This paper investigates the impact that Arti�cial Intelligence (AI) has on a
Supply Chain (SC) performance. The research starts by analyzing a traditional
SC with one manufacturer and one retailer. The manufacturer decides the pro-
duction rate to ful�ll the retailer's inventory stock through a Vendor Management
Inventory (VMI) system. The retailer sets the price for the �nal product, which has
a negative impact on sales. The VMI system is governed by a state equation whose
stock increases in the production rate and decreases according to the demand.
The VMI system is in�uenced by a random component characterizing the forecast
errors. In a benchmark scenario, we identify the impact of this error term on the
�rms' pro�ts and strategies by using a dynamic game with feedback strategies. The
outcomes of the benchmark scenario will be compared to another scenario in which
the manufacturer invests in an AI system. One of the main properties of AI is that
it allows the SC to remove the forecast errors through a Watson AI system (e.g.,
Watson Supply Chain Insights from IBM). The bene�ts of removing the forecasting
error term will be compared to the AI investments e�orts and the newsfeed routine
costs. The �ndings aim at highlighting the conditions under which SC members
should engage in the implementation of an AI system and its impact on the SC
relationships and structure.
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The problem of �nding methods to establish trust and reputation in an online
marketplace has attracted many researchers for the last two decades, as the
transactions in online marketplaces are anonymous, geographically sparse, and
sequential in nature. Various forms of feedback system has been designed to ensure
the accuracy of a review, portray the proper reputation, and maintain the balance of
information between various stakeholders in the marketplace in order to maintain a
certain amount of trust within it. Of all these forms of feedback, Reciprocal Review
system, where buyer and seller both rate each other and the aggregate rating is
subsequently used as a proxy for reputation (or 'willingness to buy') in the market,
was thought to be one of the �nest mechanisms to ensure trust and accuracy of
the system for its unique design of cooperation. Companies like eBay, Uber, Lyft,
Airbnb, had adopted the Reciprocal Review system to establish trust among the
buyer and the seller, but it was seen that Reciprocal Review system was not able
to provide an accurate picture of the marketplace in terms of the service quality.
Reciprocity was found to be extremely high in this system of review/rating, and
thus the average ratings were found to be signi�cantly higher than that were found
in other similar marketplaces.

In this paper, for the �rst time in the study of shaping digital reputation,
I have tried to design a system where I have shown that establishing trust and
ensuring reputation can be possible within the domain of Reciprocal Review. I
have developed a game theoretic model of the review/rating mechanism and shown
that the equilibrium of the proposed system weakly ensures accurate review from
both the parties in the marketplace, thus ensuring the level of trust in the market.
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It is common to describe the cooperative game in the form of characteristic
function which shows the �power� of the coalition S. For dynamic games the
method of construction of the characteristic function becomes crucial primarily due
to technical complexity. The new method of characteristic function construction
is introduced which is much more easily technically. The properties of a new
characteristic function are investigated and it is proved that in many applications
it can be used instead of classical Neumann-Morgenstern characteristic function.
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Di�erential games describe a wide class of con�ict problems in which the
controlled by several participants process evolves in continuous time and its dynamics
is described by system of ordinary di�erential equations. The main drawback of
such class of problems is that the results very seldom may be obtained in the
analytical form (and that is why is not applicable). In the presentation we will
present some methods which we collected during solving the problem of common
pollution control, resource extraction, goodwill accumulation etc. This methods
could be applied for solving both for di�erential games with special structure
(linear-quadratic, logarithmic, hybrid) and di�erential games in general form. 1)
We suggest matrix transformation of utility function for linear-quadratic case to the
only quadratic form which simplify the next steps of optimal control calculations.
2) For the case of non-uniqueness of the solution of non-cooperative game ( Nash
equilibrium) we demonstrate 2 methods of selection based on classical LQR analysis
and an economic criterion described by Bass, Krishnamoorthy, Prasad, and Sethi in
2005. 3) For cooperative form of the game we present several methods of characteristic
function values calculations and described approach which will help to obtain
results for n players game ( for any n). 4) Finally we suggest an approach of solving
di�erential games with hybrid structure in which the utility function may change
in the �xed time instants. The results of Pontryagin maximum principle are used.
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Complex networks can be used to describe a large amount of biological, social
and communication systems. As well as biological systems, computer networks
also can be attacked by viruses (malicious software) and the process of di�usion
of malware resembles epidemic process in biological populations. However the
stricture of network provides some restrictions in this di�usion process. In this
work, we examine epidemic process of virus spreading on scale-free networks, where
nodes represent individuals and edges mean interactions between them. We use
Barab�asi�Albert algorithm for generating random scale-free network. It involves
two important general concepts. First, number of nodes in the network are increasing
over time. Second, the more connections node has, the more likely it is to receive
new links. According to classical Susceptible Infected Recovered (SIR) model we
set that each node can be in di�erent states such as Susceptible node has not been
infected yet, Infected node has been attacked by virus and Recovered node has been
recovered. We also suppose that to describe real life process we need to suppose
that several malwares circulate over the network. Hence the main di�erence from
the classical model is the presence of the several competing viruses with di�erent
strength in the network then group of infected nodes splits into several subgroups.

We assume that nodes with higher degree have higher probability to form new
links. Infection rate between nodes depends on its neighbors, which mean that,
the strength of virus is de�ned by a number of captured nodes. In this study we
design series of simulations where we run epidemic process with di�erent variations
of parameters over constructed networks and estimate the trends in di�usion of
viruses and corresponding treatment strategies. We formulate an optimal control
problem that aimed to eliminate the malwares from the network.

40



Two-Step Pricing Game

Vasily Gusev1

1IAMR KarRC RAS, Russia
gusev@krc.karelia.ru

Keywords: price games, Nash equilibrium, pure strategy.

Let G =< V,E > be an undirected graph, V � set of vertices, E � set of edges.
On the graph G consider the pricing game. Let N be a set of players. The player's
strategy is to select a subset of V vertices and set prices at selected vertices.

Introduce the notation: cvi is the cost of the player i, i ∈ N for the implementation
of items in the vertex v, v ∈ V, cvi > 0; pvi is the price at which player i is selling the
item at the vertex v, pvi ≥ cvi ; a

v
i is the quality factor of the product of the player

i at the vertex v, avi > 0; e−a
v
i p

v
i is proportion of consumers at vertex v that are

ready to buy a product of the player i, assuming that player i the only one on the
market.

Let players from the set K,K ⊆ N,K 6= ∅ choose the vertex V. Then the
product ∏

l∈L

e−a
v
l p

v
l ·

∏
j∈K\L

(1− e−a
v
j p

v
j )

is the proportion of consumers at vertex v which prefer products from a variety
of L,L ⊆ K and do not prefer products from a set K \ L. If L = ∅, we de�ne
the product

∏
l∈L e

−avl p
v
l identically equal to one. Similarly, if K \ L = ∅, then∏

j∈K\L(1− e−a
v
j p

v
j ) ≡ 1.

Denote hvi (p
v(K)) the net pro�t of the player I at the top of v, then

hvi (p
v(K)) = (pvi − cvi ) · dvi (pv(K)). (2)

Each player I ∈ N chooses a subset of vertices si ⊆ V, si 6= ∅ in which to trade.
Then the functions of the winnings, players will take on the appearance

Hi(s, p) =
∑
v∈si

hvi (p
v(K)), (4)

Let's denote kv(s) the number of players who chose the vertex V. Then the winning
function of the players in the �rst step at the optimal values of prices will take the
form

Hi(s, p̄) =
∑
v∈si

1− (1−Av)k
v(s)

avi · kv(s)

Theorem. În the �rst step, there is a Nash equilibrium in pure strategies.
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In this paper we build a model of competition between e-commerce platforms.
In the �rst stage of the game, there is an incumbent monopoly service provider, and
it faces competition from an open-source platform in the second stage. Through
model solving and numerical simulation, we �nd the following results: when the
network externality is large, the �rst mover advantage formed from switching cost
and product upgrade will lose e�ect. The �rst-mover platform should set a low price
to attract more users in the �rst stage and choose an open policy in the second
stage in order to compete with the open-source platform.
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Working capital management (WCM) is increasingly recognized as important
means of liquidity and pro�tability improvement (Talonpoika et al., 2016), speci�cally
in terms of globalization and growing competition between supply chains. At the
same time, rising �nancial risk in supply chains (SCs) stimulated management to
recognize that the �nancial side of supply chain management (SCM) is a promising
area for improvements. Nevertheless, companies still focus on their individual SC
issues and take their own interests into account rather than understanding the
whole SC and cooperating with their partners (Wuttke et al., 2016). Authors
address this gap by developing cooperative game of working capital management
aimed at minimizing total �nancial costs associated with each SC stage. The
model is veri�ed on the grounds of the combination of mathematical modeling
and case study of Russian collaborative SC. The suggested model provides �nancial
illustration for the motivation of SC partners to cooperate in order to simultaneously
achieve target levels of working capital investments and improve individual �nancial
performance through collaborative actions. As a result, the whole SC competitiveness
and value is signi�cantly strengthening. We develop a model that analyses working
capital management process for 3-stage supply network. The focal network is a
distributive supply network consists of N suppliers, one distributor and M retailers
connected through material, information and �nancial �ows. The members of the
network can form various coalitions with the distributor. Each member's working
capital position is constrained by liquidity and pro�tability requirements. As such,
they face the need to control and manage �nancial costs associated with each
stage. We construct characteristic function of each coalition as a minimum value
of the sum of �nancial costs associated with working capital allocation. For this
cooperative game with coalitional structure we investigate such optimal imputations
as Shapley, Owen and Aumann-Dreze values and provide their comparative analysis.
Theoretical results are illustrated with the numeric example of a real-life supply
network.
This work is supported by the Russian Foundation for Basic Research, project N
17-07-00371.
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In this work, a game-theoretic approach is used to determine optimal behavior
of the participants of the game show �The Price is Right�. We consider the following
non-cooperative n-person optimal stopping game. A player receives scores by ob-
serving sums of independent and identically distributed random variables. At each
step, each player can decide whether to stop on the current observation or to
continue the game and receive the next value of independent random variable,
which is added to the scores obtained previously. The winner is the player whose
total scores is the closest to, but not exceeding the given upper limit. In case all the
players exceed the given limit, then the winner is the player with the lowest number
of scores. Each player aims to maximize his own winning probability. According to
the information type, the two versions of the game are considered: a version with no
information, where player makes the decision without information about behavior
of other players, and, a full-information version, where each subsequent player is
aware of actions and outcomes of previous players. Moreover, the players can be
given an opportunity to receive their scores not only from two steps, as in TV
show, but also from multiple steps, more than two. The game without informa-
tion was considered in [1, 2]. The problem with full information and two steps
was analyzed in [3] within the framework of probability theory. In this paper, the
optimal threshold strategies and expected payo�s in the multi-step full-information
optimal stopping game are computed for di�erent number of players. The properties
of optimal strategies are proved and results of numerical modelling are presented
for both cases of full information and no information. We compare the games of
di�erent information types. The relations between the optimal thresholds in the
games with full information and in that with no information are shown for two
and in�nite number of steps. We proved that information availability in the game
changes optimal strategies of players.

This work was supported by the Institute of Applied Mathematical Research
KRC of RAS and Russian Foundation for Basic Research (projects no. 16-51-
55006).
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We consider a stochastic economic growth model in the form of an intergenerational
dynamic game. Both paternalistic and non-paternalistic components are present in
the model. Under very general assumptions allowing for unbounded utility functions
and weakly continuous transitions, we establish the existence of Markov perfect
equilibria that consist of a consumption strategy and an indirect utility function.
In the pure paternalistic case, we obtain new results on equilibria. An important
point of our contribution is that we make no separability assumptions on the utility
functions of generations.

45



Dynamic Models, Learning and Water
Management Issues

Alain Jean-Marie1, Tania Jimenez2 and Mabel Tidball3

1,3INRIA, France
1alain.jean-marie@inria.fr

3mabel.tidball@inra.fr
2Universit�e, France

tania.altman@univ-avignon.fr

Keywords: learning, water management, dynamic games.

We consider a groundwater exploitation problem as in Rubio & Casino (2003).
Water extraction is the only input in the production process of the farmers and
the dynamics is given by the evolution of the level of the water table.

There are two levels of interactions: The farmers decide their own strategy (i.e.,
how much water they will extract from the water table) dynamically, taking into
account their beliefs about the other farmer's actions. Interactions depend also on
the pro�t function through the extraction cost that is a decreasing function of the
height of the water table. Several papers solve this problem assuming complete
information. They study and compare social optimum, feedback and open loop
equilibrium with myopic behavior (Rubio & Casino (2003)).

In this work we consider the case where farmers have di�erent kinds of infor-
mation about other farmers' pro�t functions and about pumping cost functions.
Farmers behave more or less myopically.

We analyze two models where we assume that each farmer relies on simple
beliefs about the other farmer' behavior (Qu�erou & Tidball (2010)). In a �rst model,
farmers assume that a variation of their own extraction has a �rst order linear e�ect
on the extractions of others. In a second model, farmers consider that extraction of
the others players is a proportion of the available water. We use a simple learning
procedure where farmers' beliefs are updated through observations of the resource
level over time. We also consider two other models without learning. In the �rst one,
farmers do not know the pro�t function of the other farmers and cost is announced
before extraction. This is the usual case of myopia. In the second one farmers know
the pro�t function of the other player and cost is announced after extraction. In
this last case farmers play a Nash equilibrium. We called this case strategic myopia.
We compare the four behaviors from the economic and environmental point of view.
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Are individuals always better o� with expected utility preferences than with
non-expected utility preferences? In context of a bargaining game, I present a
necessary and su�cient condition for individuals to be better o� with prospect
theory preferences than with expected utility preferences. I decompose the constitu-
ting elements of prospect theory to show that loss-aversion does not have an
e�ect on the bargaining outcome, reference-point dependence is unambiguously
advantageous and probability weighting is unambiguously disadvantageous. This
explains the main result: individuals are better o� with prospect theory preferences
if and only if the e�ect of reference-point dependence is stronger than that of
probability weighting.
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The elevation of sales and marketing performances are dependent upon the
di�erent sales promotional strategies. Cross-franchising or transhipment of products
on the other hand, is a severe concern as it sabotages regional development of
the consumer markets. The transhipment of products from one region to another
greatly a�ects sales and marketing performances of the in�ltrated region. The
respective study tends to unfold di�erent dimensions of trade sales promotions
and measures dimensionally its e�ects on marketing performance. Since cross-
franchising is anticipated to shake the entire working canvas of sales; therefore
its moderating e�ect is being measured. Sample size of 258 respondents using
survey questionnaires were distributed among the retailers and distributors of
FMCG products sellers of Pakistan. Structural Equation Modelling (SEM) on
MPlus software was conducted in order to determine causal relationships among
the constructs. The statistical results attained a�rmed the established theoretical
foundations.
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The equations of motion of a controlled system in the two-step problem under
consideration for a �xed period of time contain controls from one or two or three
players. At the �rst stage of the controlled process (from the initial moment to
a predetermined moment), only the �rst player controls the system, which solves
the problem of optimal control with a given terminal functional. In the second
stage of the process, the �rst player decides whether the second player, or the third
player, or both will participate in the control process for the remaining time or
not. Supposed to that for participation, incoming players must pay a �xed amount
to the �rst player. If �yes�, then a non-antagonistic positional di�erential game is
played, in which Nash equilibrium is taken as a solution. If �no�, then until the end
of the process, the �rst player continues solve the problem of optimal control.
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In neoclassical economics, a rational agent resides within a speci�c system of
institutions, including property rights, monetary relations, and market competition.
Each agent perceives such an �environment� as a given and takes into account to
maximize the bene�t. Purely mathematically, this means the following: choosing
directions and identifying ways of activity that will make it possible in these
circumstances to maximize the bene�t. Rationality of behavior means the subor-
dination of one goal. In this case, the choice can be represented as a mathematical
problem that can be solved within the framework of game theory � when the choice
depends not only on the strategy of one agent but also on the market environment
and strategies chosen by other agents. Systematic study of the con�icts of players
and their strategies is quite a di�cult task. Any generalizations are limited by the
complexity of the �nancial market, the challenges facing its participants, and the
requirements of the researcher. It is quite convenient to describe the randomness
of transactions - successes and failures in the form of probabilities of transitions
from one stock exchange state to another. When moving to a new state, the
system no longer takes into account the circumstances of how it got into this
state. Such development is described by the Markov process, that is, for each time
t, the probability of any state of the exchange in the future depends only on its
present state and does not depend on the past � on how the exchange came to
this state, that is, the process is considered without consequences. The transition
to a new state occurs with each new act of sale and purchase - a sequence of
random transactions corresponds to the transition states of the system. Since the
exchange system changes randomly, it is impossible to predict with certainty its
condition in the future. However, the statistical properties of the future system
can be predicted. In many applications, it is these statistical properties that are
important. The famous Markov chain allows you to make a random ¾walk¿ along
the numerical line, where at each step the position can change by +1 or -1 with
equal probability. From any position two transitions to the next or previous state
are possible. Transition probabilities depend only on the current position, and not
on the way this position was achieved. The author reveals how the technology of
game theory o�ers new ideas for the organization and management of exchange
systems and comparative analysis of strategies.
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I present a new approach � implementation with secrets � to handle situations
where agents have strategically interdependent types. I demonstrate that such
situations can arise in (e.g.) entry auctions for markets, and I consider the possibility
that types depend on cooperative or non-cooperative strategic behavior.

I explore a class of mechanisms that allow agents to have secret informati-
on, which I de�ne as private information that is not reported to the mechanism
designer. It turns out that secrets provide a straightforward way of dealing with
strategically interdependent types. My main contribution is characterizing dominant
strategy incentive compatibility of mechanisms that are robust to secrets in cooperative
and non-cooperative environments. The model allows agents to have multi-dimensional
types and quasi-linear preferences.
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The present study is concerned with a Cournot model with random demand
function. Parameters of this function are considered to be normal random variables
with de�ned mean values and standard deviations. We propose a methodology of
�nding Nash equilibrium under uncertainty conditions with respect to the demand
function. Such methodology includes a formulation of chance constrained opti-
mization problem within stochastic programming theory. The equilibrium of the
stochastic Cournot model is attained with a certain level of probability de�ned
beforehand. The results of numerical experiment for stochastic version of the Cournot
model will be given in this paper.
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We consider a general problem of performance evaluation for some composite
system involving subsystems. This system can produce several kinds of commodities
having di�erent load volumes, so that each kind of commodity (or each kind of
work) may be accomplished with either some �xed collection of the subsystems
or several alternative �xed collections of the subsystems with some pre-de�ned
order and level of load. The subsystems capacity may be changed under in�uence
of some activity both for restriction of their performance and for protection from
this restriction. For a given pro�le of interference/protection levels the problem of
performance evaluation for the whole composite system is determined as the opti-
mization problem. In such a way, we obtain an "attack-defense"type antagonistic
game where calculation of the value of the utility function requires a solution of
the optimization problem.

In the talk we propose to modify the formulation of the above game problem
in order to evaluate guaranteed system performance in the general case. The
problem suggested to be solved by a penalty optimization method. This enables
one to essentially simplify the solution process in comparison with �nding worst
case strategies in the custom zero-sum game and to create rather simple solution
methods. Some examples of applications are also described.
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A typical for the last decades has become such phenomena as proxy con�icts (or
proxy wars). This concept is traditionally understood as such forms of con�ict, in
which don`t participate the immediate entertainer (principals), but their represen-
tatives (or agents). Of course, world history has a huge number of examples in which
the opposing sides tried to act ¾by someone else's hands¿. However, it was precisely
the last half of the 20th century that was marked by the global prevalence of proxy
wars over traditional ¾clear¿ (direct) wars. Studies of the causes of such phenomena
are undoubtedly interesting, since their results allow us to broaden the range of
our ideas about the nature of the modern world political and econom-ic system,
and also to predict the potential trajectories of its evolution. For a mathematical
description of the problems was proposed the next functional dependences

ui(xi, xj , yi, yj) =
xi − yi

xi − yj + h
+ci

yi
yj + h

−ai(xi+xj−yi−yj)1+α−bi(yi+yj)
1+β ,

xi � level (¾depth¿) of involving players-principals in con�ict;
yi � level (¾depth ¿) of involving in con�ict for the agent of the principal i;
ai � coe�cient re�ecting the damage, depending on the selected levels of the direct
confrontation between principals (for player i);
α > 0 � parameter, which are modelling the e�ect non-linear growth of damage in
the expansion of the scale of con�ict;
bi � transformation coe�cient (¾price¿) of expenditures (¾investing¿) in agent;
ci � transformation coe�cient re�ecting the damage, depending on the selected
levels of the confrontation on the agents level (for player i);
β > 0 � parameter, which are modelling the e�ect non-linear growth of damage in
the expansion of the scale of con�ict for agents level (analogue of the coe�.α).

The researches of Nash equilibrium situations, in particular, allow one to �nd
explanations for the objective appropriateness (necessity) of involving agent players
in a con�ict and, accordingly, transforming it into a proxy con�ict. The main
directions of development of the proposed models are:
• complicating the scheme of relationships between principals and agents, considering
asymmetric schemes (for example, ¾two principals - three agents¿);
• consideration of the problems of the ambiguity in the ¾principal-agent bundle¿
(one and the same participant under di�erent conditions may be an agent of
di�erent principals, the problem of the unprincipled ally or so-called ¾myrmidon
problem¿);
• the problem of agent-principal feedback (the so-called problem of North Korea,
the study of the mechanisms of dependence of principals on agents);
• researches of the possibilities of using cooperative game-theoretic approaches for
model-ing possible coalition con�gurations between agents and principals).
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Motivated by research works on Zeuthen-Hicks bargaining which leads to Nash
bargaining solution (Harsanyi, 1956, Vetschera, 2018) we conduct analysis of data
obtained during experimental gaming comparison of resource allocation rules in
case of transferable utilities described in Korgin & Korepanov 2017. In that re-
search several mechanisms were compared in setting with quasi-linear utilities:
mechanism (YH) from the class of proportional allocation mechanisms (see Ba�sar
&Maheswaran, 2003 and Yang & Hajek, 2005), mechanism with balanced payments
(GL) introduced in Korgin 2013 using the Groves�Ledyard rule (Groves & Ledyard,
1977) that gives the e�cient solution of the problem as a Nash equilibrium in
the agents' game, as well as its modi�cation (GLR) reducing the dimension of
the action space of the agents (Korgin & Korepanov 2016) and mechanism on
the basis of distributed optimization algorithm (ADMM) problem (Boyd, Parikh
& Chu, 2011). Analysis conducted over decisions made by participants in games
shows that signi�cant share of all decisions leads to increase of Nash bargaining
value, and it is even higher than share of decisions, which are in agreement with
best-response concept. We discuss how this decision corresponds with other type of
behavior actively exhibited by participants of these experiments � so-called constant
behavior and �nish of negotiation process in games conducted.
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In the paper an approach for dynamic games is developed for the search of
maximum Pareto points which possess special decomposition characteristics, that
inherits the properties of competitive Nash equilibrium. We consider the prototype
of the model on carbon dioxide emissions reduction in the atmosphere, in which
coe�cients of transboundary transfer are the same for all players. It is assumed
that utility functions of players consist of two components: logarithmic ecological
bene�t function and quadratic cost function with heterogeneous coe�cients for the
countries participating in the auction. Formulas are derived for competitive Nash
equilibrium in a dynamic auction game. The set of Pareto points is constructed
for cooperative actions of players. On the set of Pareto there stands out a point
of market equilibrium and the problem is posed to shift players from competitive
Nash equilibrium to this point of market equilibrium. For this shift it is required to
construct an algorithm of auction type. An algorithm includes analytical calculation
of the players' best replies to auction prices. It is worth to note, that surfaces of best
replies connect the point of competitive Nash equilibrium with the point of market
equilibrium, which lies on the set of cooperative Pareto solutions. The algorithm
is implemented as a system of di�erential equations, right sides of which describes
the mechanism of formation of auction prices and players' best replies to these
prices. Trajectories of this dynamic system describe the shift of players from Nash
equilibrium to Pareto maximum and show stable convergence of the algorithm. The
results of the algorithm are demonstrated by the model of the auction game of fast
growing economies.
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In many areas of economic interactions we face with the fact that information is
an essential part of the modern lifestyle. Design of an e�ective �scal system is the
actual trend in the mathematical modeling of economical processes, and tax control
is one of the most important components in this system. We consider a model of
tax control which includes an impact of rumors and o�cial information on the
decisions of economic agents. We consider an evolutionary process of spreading
information over the contact network of economic agents which involves di�erent
stages of decision making process. Recent studies have shown that tax control
over total population is e�cient to stimulate tax collection but very expensive
procedure. Thereby di�usion of information about future tax audit can be used as
an auxiliary tool for tax authority which can improve tax collection. We suppose
that economic agents receive information about future tax audit from di�erent
sources: relatives and friends, media, o�cial organizations. We also assume that
economic agents make decision about their style of behavior (honest, evaders)
according to the authenticity of information. In this model we also take into account
agents propensity to risk, which means that taxpayer can be risk-neutral, risk-loving
and risk-averse. Agents in population are also able to share information over their
own contact network and then the process of information spreading resembles an
epidemic process and changes the behavior of economic agents. We also show that
the decision-making mechanisms of agents on the network can be di�erent and
depend largely on the psychologi- cal characteristics of each agent (propensity to
risk), his/her con�dence level to the information received, and, �nally, the infor-
mation he/she receives by analyzing the behavior of other agents. Therefore, to
analyze the behavior of agents in the network, we did not only take into account
the di�erent propensity to risk of agents, but also considered various dynamics
which based on the rule of proportional imitation, the rule of the most signi�cant
neighbor who has been chosen by the number of connections or by the greatest
pro�t function. In our work we formulate a mathematical model to de�ne a process
of propagation of information and take into account di�erent levels of contact net-
works such as network of close relatives and friends, social networks, etc. For this
framework we analyze behavior of economic agents depending of received informati-
on and estimate aggregated taxes in the cases of presence and absence of circulated
information about possible tax audit in population of economic agents. We support
our model by series of numerical experiments and estimate main behavioral trends.
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This paper describes a strategic behavior players model of limited resource
allocation in business games which used di�erent mechanisms with penalty functions.
The graphical method carried out clustering by groups. It is revealed that there are
3 players' types for any allocation mechanism with penalty. Each group di�ers in
characteristics. The factors that a�ect the result are investigated. We used results
of games with mechanisms: Alternating direction method of multipliers (ADMM),
Groves�Ledyard (GL), Groves�Ledyard reduced (GLR), Uniform mechanism (UNI),
Yang and Hajek (YH).

This work is partially supported by the RFBR, grant 17-07-015550 A.
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The paper focuses on dynamical properties (e�ciency, time consistency, dynamical
compatibility � see, e.g., [2, 3]) of non-cooperative and cooperative solutions in
multicriteria multistage games in extensive form with perfect information [1,2]. We
exploit the A-subgame concept [1], that takes into account only the "active"players,
i.e. the players which have at least one decision node in this subgame. The set o�
all (strong) Pareto equilibriums is proved to satisfy time consistency but does not
satisfy the dynamical compatibility condition [1,4]. The �rst step of cooperation
in dynamic multicriteria game implies choosing an optimal cooperative trajectory
which guarantees the largest (Pareto optimal) total vector payo�. Using an illustrative
example we prove that to design time consistent cooperative agreement one need
to take into account the payo�s of all the players (not only the active players).
However the players can use the concept of A-subgame later, when constructing
the appropriate imputation distribution procedure (IDP) [1, 2] that ensures the
sustainability of a long-term cooperative agreement. In the paper we assume that
the players employ the re�ned leximin algorithm, introduced in [2], to select a
unique Pareto optimal solution for each multicriteria optimization problem they
face. This approach allows to construct time consistent cooperative trajectory and
vector-valued characteristic function. When designing an imputation distribution
procedure for the Shapley value we assume that every active player should recieve
nonzero payment right after her move while the other players should get zero
current payments at corresponding node. We introduce the A-incremental IDP
which satis�es this so-called RIM (Reward Immediately after the Move) assumption
[4], e�ciency and time consistency. We consider the implementation of the A-
incremental imputation distribution procedure for given multicriteria multistage
game.

The research of the �rst and the second author was funded by RFBR under the
research project 18-00-00727 (18-00-00725).
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This paper deals with the dynamical properties of cooperative behavior in n-
person multicriteria multistage games with perfect information [2, 3]. In order to
achieve and implement a long-term cooperative agreement in multicriteria dynamic
games we have to solve the following problems. First, when players seek to achieve
the maximal total vector payo� of the grand coalition, they face the problem
of choosing a unique Pareto optimal payo�s vector. In the dynamic setting it is
necessary that a speci�c method the players agreed to accept in order to select a
particular Pareto optimal solution satis�es time consistency [1, 2], i.e., a fragment
of the optimal cooperative trajectory in the subgame should remain optimal in this
subgame. We use the rule of minimal sum of relative deviations (MSRD) [3] from
the ideal payo�s vector to �nd a unique optimal cooperative trajectory, which is
proved to satisfy time consistency.

After selecting the cooperative trajectory it is necessary to construct a vector-
valued characteristic function. To this end, we use the ζ-characteristic function
introduced in [2] and the MSRD rule in order to select a particular Pareto e�cient
solution for the auxiliary vector optimization problems.

Lastly, to guarantee the sustainability of the achieved long-term cooperative
agreement one needs to design a consistent imputation distribution procedure
(IDP) (see, e.g., [1, 2, 3]) that should satisfy a set of useful properties. We establish
the exact set of properties that an IDP has to satisfy in order to guarantee the
strong time consistency of the core.

The research was funded by RFBR under the research project 18-00-00727 (18-
00-00725).
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In recent years the social media penetration in our daily lives increases continuously
and the advertisement of a new product, as well as the propagation of new ideas,
the raise of social awareness on important issues or the propaganda of a political
party are signi�cantly oriented to the social media platforms. In this work, we will
refer to all the aforementioned activities with the term marketing. A lot of new
challenges arise when marketing is applied in social media, such as the opportunity
for enhancing the indirect or implicit marketing, where the user is engaged in
the procedure of evaluation and propagation of the advertisement. Based on this
strategy, a well studied technique of marketing campaigns is to focus on the most
in�uential users, who are assumed to be persuaded, or paid if needed, to adopt a
positive attitude for the product or the idea advertised and spread it through their
social connections to the rest of the social network.

However, the great technological progress in the �eld of data mining and big
data analysis, alongside with the continuously increasing amount of personal in-
formation that the users provide voluntarily to the social networks, enable the
marketers to perceive the preferences of many more users and to expand considerably
their target set - even to address to each user personally. Nevertheless, there still
exist limitations for the marketers. At �rst, the resources for a campaign are
constrained, so the marketer has no su�cient budget to bribe many users and
mainly to purchase information about the users' personal data from the social
network's provider. Moreover, the access to personal data and the content relevancy
of an advertisement for speci�c audiences are subject to legal restrictions. Finally,
the users, who have the active role of evaluating and spreading an advertisement,
are rational and they have their own criteria which determine their attitude. These
criteria depend on their perceived bene�ts, which are related to the advertisement's
content and to their peer pressure, as well as on their perceived costs, which are
related primarily to their privacy concerns.

We formulate the interaction between the marketer and the social network's
users during an advertising campaign as a Stackelberg game on a graph, where
the marketer is the leader and the users are the followers. The marketer tries to
maximize the average receptivity of the advertisement, throughout estimating the
preferences of each user and designing a proper message for her, while paying a
cost for this procedure, which is constrained by his budget. On the other hand,
the users respond to the received messages in accordance with their criteria, which
depend both on their preferences about content and privacy and on their position
on the graph. The marketer, thus, cares �rstly to �nd the best trade o� between
personalising the content of the advertisement and not violating profoundly the
user's privacy and secondly to distribute properly his e�ort or budget to the
population of the users.

61



Evolutionary Dynamics of Compliance in a
Two-Population Game of Auditors and Auditees

Fabio Lamantia1, Domenico De Giovanni2 and Mario
Pezzino3

1University of Calabria and University of Ostrava, Italy
fabio.lamantia@unical.it

2University of Calabria, Italy
ddegiovanni@unical.it

3 The University of Manchester, United Kingdom
Mario.Pezzino@manchester.ac.uk

Keywords: compliance, tax evasion, auditing, evolutionary dynamics.

The paper studies the dynamics of compliance in a population of agents that
can decide whether to comply with a prescribed behavior or not. These agents are
subject to controls by auditors who might also be honest and truthfully report a
fraudulent behavior of an auditee or be corrupt and get a bribe for not reporting
the unlawful behavior of the auditee. Applied to the example of tax evasion, we
study the case in which the level of evasion by the auditees is obtained by expected
utility maximization. We then investigate the rich dynamic scenarios that may arise
through the interaction of auditors and auditees.
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In this study, we analyze the information announcement strategy for the C2C
Service platform, whereas the platform provides not only a less pro�table standard
service with stochastic stock-out risk, but also a more pro�table guaranteed service
with no stock-out risk (such as the premier service). While the expected stock-out
rate of the standard service is commonly known, customers do not observe the
availability of the standard service when they choose between these two services,
and thus their decision can be in�uenced by the service availability information
announced by the platform. By leveraging the stock-out forecasting technique, we
show that the platform has incentive to manipulate its disclosure policy via a
Bayesian persuasion approach, �rst introduced in Kamenica and Gentzkow (2011).
This implies that the platform will not always truthfully disclose the stock-out rate
of the standard service for pro�t maximization concern. Thus, designing a state-
contingent probabilistic disclosure policy, which allows the platform to announce a
higher stock-out rate of the standard service to persuade customers to adopt the
guaranteed service and hence involves lying under some conditions, will be optimal
for the platform to boost its pro�t.

We solve for the optimal Bayesian persuasion strategy for the platform, and
fully characterize the conditions under which the platform tells the truth, the
platform tells the partial truth (telling the truth with a probability), and the
platform tells all lies (or does not provide any information), respectively. We also
investigate the optimal truth telling probability of the equilibrium outcomes in the
short-run and in the long-run, and conduct analyses on the consequences for the
platform's pro�t, suppliers' pro�t and consumers' surplus. Our study has important
policy implications and provide a better understanding about the information
manipulation incentive of the platform in a two-sided market of di�erentiated
service with information asymmetry between the platform and customers.
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In the paper, a 2-stage minimum cost spanning forest game with perishable
products that has N-person and M-supplier are considered. The cooperative behavior
of players is de�ned. Selecting strategies, players build a minimum cost spanning
forest at each stage. The total cost consists of costs de�ned by minimal cost
spanning forest and the lost values of perishable products. Before the second stage,
the demand of a particular player j, which is from the set N, may change with
probability p that depends on the previous behavior of players. As the optimality
principle, the modi�ed Shapley Value is proposed. Computation of the Shapley
Value along di�erent cooperative path scenarios shows its subgame inconsistency.
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formation.

In many scenarios in either industry and academia, the success of a proposal can
depend upon the person evaluating it. When individuals can develop acquaintances,
friendships and partnerships, how will the desire for a successful project a�ect
link formations? We study social network structures in a game of joint project
endorsement with patrons. Players form links with one another under the possibility
of supporting one another in project endeavors. Each player can also form a project
partnership from among their links. When the partnership is submitted for evaluation,
any individual in the extended network may be asked to serve as evaluator. We
show that in the case of undirected link formation, any pairwise stable friendship
network is a complete bipartite network, while the star network provides maximum
e�ciency. We further establish the stochastically stable equilbrium under mutations
in link formations, and derive further results under the case of directed link formation.

65



Equilibria in Pure Stationary Strategies for
Discounted Stochastic Positional Games

Dmitrii Lozovanu1 and Stefan Pickl2

1Institute of Mathematics and CS, Academy of Sciences of Moldova, Moldova
lozovanu@math.md

2Universit�at der Bundeswehr M�unchen, Germany
stefan.pickl@unibw.de

Keywords: stochastic positional game, discounted payo�, stationary strategy, pure stationary

Nash equilibrium.

A discounted stochastic positional game is determined by the following elements
(see [1,2]): a state space X (which we assume to be �nite); a partition X = X1 ∪
X2 ∪ · · · ∪Xm, where Xi represents the position set of player i ∈ {1, 2, . . . ,m}; a
�nite set A(x) of actions in each state x ∈ X; a step reward f i(x, a) with respect
to each player i ∈ {1, 2, . . . ,m} in each state x ∈ X and for an arbitrary action
a ∈ A(x); a transition probability function p : X×

∏
x∈X

A(x)×X → [0, 1] that gives

the probability transitions pax,y from an arbitrary x ∈ X to an arbitrary y ∈ Y for
a �xed action a ∈ A(x), where

∑
y∈X

pax,y = 1, ∀x ∈ X, a ∈ A(x); a discount factor

λ, 0 < λ < 1, and a starting state x0 ∈ X.
The game starts at the moment of time t = 0 in the state x0 where the player i ∈

{1, 2, . . . ,m} who is the owner of the state position x0 (x0 ∈ Xi) chooses an action
a0 ∈ A(x0) and determines the rewards f1(x0, a0), f2(x0, a0), . . . , fm(x0, a0) for the
corresponding players 1, 2, . . . ,m. After that the game passes to a state y = x1 ∈ X
according to probability distribution {pa0x0,y}. At the moment of time t = 1 the
player k ∈ {1, 2, . . . ,m} who is the owner of the state position x1 (x1 ∈ Xk) chooses
an action a1 ∈ A(x1) and players 1, 2, . . . ,m receive the corresponding rewards
f1(x1, a1), f2(x1, a1), . . . , fm(x1, a1). Then the game passes to a state y = x2 ∈ X
according to probability distribution {pa1x1,y} and so on inde�nitely. Such a play
of the game produces a sequence of states and actions x0, a0, x1, a1, . . . , xt, at, . . .
that de�nes a stream of stage rewards f1(xt, at), f

2(xt, at), . . . , f
m(xt, at), t =

0, 1, 2, . . . . The discounted stochastic positional game is the game with payo�s of the
players F ix0

= E
(∑∞

τ=0 λ
τf i(xτ , aτ )

)
, i = 1, 2, . . . ,m, where each player intends to

maximize the expected discounted sum of his stage rewards. We consider discounted
stochastic positional games when players use stationary strategies of choosing the
actions in the states. A mixed stationary strategy of player i is a mapping si that
provides for every x ∈ Xi a probability distribution over A(x). So, a stationary
strategy of player i is given if for each x ∈ Xi and an arbitrary a ∈ A(x) are given
six,a ≥ 0,∀a ∈ A(x) such that

∑
a∈A(x) s

i
x,a = 1. If these probabilities take only

values 0 and 1 then we have a pure stationary strategy. We show that an arbitrary
discounted stochastic game possesses Nash equilibria in pure stationary strategies.
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In game theory, matrix games are an important and well-designed class of
games. An important task for such games is to �nd their solutions in mixed
strategies. For this purpose, as a rule, linear programming problems are built,
the solutions of which are optimal mixed strategies of players and the value of
the matrix game. Unfortunately, not all such problems are easy to solve, as their
dimension is very large. A similar problem occurs, for example, when solving
statistical games or ¾agent against the center¿ games.
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algorithm.

Modern technologies allow marketers to adapt marketing messages to the in-
dividual preferences of each customer. In response to these practices, there is a
requirement to create a tool that allows marketers to determine optimal adverti-
sing strategies for use in a market that is divided into in�nite segments.

This paper develops the idea of modelling competition in a market with in�nite
segments. Namely, a partial di�erential game of goodwill dynamics is presented that
incorporates some new realistic features. Both companies manage two types of ad-
vertising strategies that are designed to increase goodwill: defensive and o�ensive.
We assume that companies compete for potential consumers through o�ensive ad-
vertising which is directed only at this part of the market. The strength of the
competition depends on the level of the product homogeneity. On the other hand,
the defensive strategies are focused on the maintenance of the existing customers
and are tailored to each consumer. Thus, we are considering personalized adverti-
sing activities.

For the partial di�erential game, we propose, for the �rst time, the su�cient
condition for the existence of the open-loop Nash advertising equilibrium using
the dual approach. Moreover, based on the concept of ε-open-loop equilibrium,
we propose the use of a numerical scheme to obtain an optimal solution in the
�nite steps. The proposed numerical procedure allow us to investigate how the
homogeneity of competing products and customer recommendations a�ect adver-
tising and goodwill.
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overlapping generations.

We analyze the consequences on social security of immigration in a micro
founded parliamentary democracy (with voting, endogenous coalition formation,
legislative bargaining). The underlying economic model is an overlapping-generations
economy, where individuals di�er in preferences over a public good (as well as in
age). Social security, as well as the public good is funded by labour- and capital
taxes. We �nd that in an economy with positive population growth, immigration
increases the social security payment (per old). On the contrary, an economy with
(small) population decline will experience a decline in social security if immigration
is large enough. The reason is that immigration in the latter case alters the political
majority. Common demographic transitions in OECD countries have caused falls
in both birth rates and death rates, in turn implying a higher ratio of old to
young (an "ageing"population). Recent debate has centred on the consequences
for pay-as-you-go pension systems. As these systems rely on taxing the young and
transfer to the old, they are only sustainable if there is population growth. It has
been argued in the policy debate, as well as in academic papers, such as Blake
and Mayhew (2006), that immigration may be one solution. Immigration of young
workers alters the ratio of old to young and works as a (temporary) increase in the
population growth rate.

This argument relies on the assumption that the social security tax remains the
same. However, one would not expect the social security tax to be invariant with
respect to the demographic structure. On one hand, and increase in the size of the
young brings a resource gain, as the young bring a labour endowment that can be
taxed and redistributed. This resource gain can, at least partially, be redistributed
to the old in form of increased social security. On the other hand, an increase in
the size of the young may shift the political powers to the young and since the
young have no interest in social security (as long as they are young) the political-
equilibrium level of social security may be reduced. Razin and Sand (2007) examine
political equilibrium social security in an overlapping generations model. Their
decisive voter is either young or old, implying corners in equilibrium. When the
decisive voter is old, society pays the maximum amount of social security, and
when the decisive voter is young there is no social security. Gonzalez-Eiras and
Niepelt (2007) use a probabilistic voting model, implying a government objective
equivalent to a social welfare function. This formulation avoids the corners of no
or maximum social security. Their result is that an increase in immigration raises
social security payments. The reason is that a utilitarian social welfare function
attains a higher value when the resource gain from immigration is spread across
both young and old (and not just the young).
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We analyse privately provided public goods in a dynamic economy where individuals
accumulate capital over time and where the distributions of income are endogenous.
We characterize equilibria both when the individuals can commit to their future
contributions (open-loop equilibria)and when they cannot (feedback equilibria). In
steady state, larger economies have more contributors. If the public good is normal,
then its quantity increases in population size in the open-loop equilibrium, but not
necessarily in the feedback equilibrium. If both private and public goods are normal,
then the open-loop equilibrium exhibits greater steady-state public provision than
the feedback equilibrium. If private consumption is inferior the opposite is true.
We show that over time income distributions converge and all individuals become
contributors.
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We study a resource extraction site reclamation problem in a di�erential game
setting in which �rms' reclamation cost at the end of their license duration depends
on the damage their activities cause to a common environment. We analyze and
compare individual �rms' choices and extent of disturbed environment under non-
cooperative and cooperative assumptions, by distinguishing between situations in
which �rms are homogeneous and heterogeneous. Heterogeneity allows us to study
the situation in which �rms have di�erent license durations and its consequences
on individual �rms' behavior and environmental outcomes.

Extraction activities severely deteriorate the environment on and near the
extraction �eld in several ways. Reclamation and rehabilitation of the extraction
sites are crucial in order to ensure that the environment remains viable for the
use of future generations. Despite the clear importance of mine reclamation which
has become even more crucial with the increasing number of extraction sites all
over the world due to both increase in demand and improvement in extraction
technologies, the issue has rarely been discussed in the literature. Our paper tries
to make a �rst theoretical contribution on this topic when �rms' decisions and
environmental outcomes are impacted by the presence of reclamation costs. We
develop a theoretical model of extraction site reclamation from the point of view of
two neighboring �rms which plan for their reclamation activities strategically. We
assume that the �rms are liable to clean-up at the end of their extraction license,
and that the reclamation cost depends on the extent of the environmental damage
associated with their joint extraction activities during the entire license duration.
We analyze and compare how individual �rms' behavior and environmental outcomes
change under noncooperation and cooperation scenarios, by distinguishing between
situations in which �rms are homogeneous and heterogeneous. To the best of our
knowledge, this is the �rst paper analyzing the implication of reclamation costs
on �rms' behavior and environmental outcomes, and thus we have maintained our
framework as simple as possible. However, this has precluded us to endogenize
extraction choices. This further task is left for future research.
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cluster.

In this paper, we consider the following problem - what a�ects the Nash equili-
brium amount of investment in knowledge when one of the complete graph enters
another full one. The solution of this problem will allow us to understand exactly
how game agents will behave when deciding whether to enter the other net, what
conditions and externalities a�ect it and how the level of future equilibrium amount
of investments in knowledge can be predicted.
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Several techniques are relevant for formation �ying in swarming applications.
Formation �ying often means reaching an agreement, i.e. a consensus about heading,
location, range spacing. The communication network topology plus controllers
based on Laplacian matrices allow to de�ne negative Laplacian �ows, i.e. dynamic
system evolutions that converge to prescribed network con�guration (to minimize
the network energy, to minimize disagreements in networks between nodes / agents
/ players). Laplacian matrices are also tools that allow creation of potential game
cost matrices, cost matrices that satisfy the convergence properties of potential
games. Then, learning algorithms from game theory can be applied to reach equi-
librium states. The main advantage to use game theory learning algorithms rather
than Laplacian controllers is than the Laplacian matrices lead to averaging algorithms
with �x weights while the game theory approach not. We will mainly focus on the
evolutionary game replicator equation as learning algorithm. We will use the well-
known bug problem as an illustrative example. The so-called bug problem kindly
refers to robot spacing (N robots) along a circle using swarming techniques (N
large, local communication only). Classical approaches lead to cyclic pursuit and
balancing controls with �x gains mitigating distances respect to the previous and to
the next robot (¾bug¿) on the circle. The game theory learning algorithms select
decisions / controls in a di�erent manner that can be re-interpreted as varying
cyclic pursuit / balancing gains, i.e. as adaptive control gains.
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We consider a di�erential simple search game without phase constraints on the
plane. At the initial moment the team of pursuers P̄ = {P1, . . . , Pk} knows that
the initial state of the evader belongs to the disk of radius r centered at the origin.
Henceforth, they does not receive any current information about the disposition of
the opponent.

Each of the pursuer player from P̄ = {P1, . . . , Pk} team chooses initial position
and piecewise constant strategy. As an example, the games a simple search on the
plane is considered and the necessary conditions for detection is found. For cases
with two and three pursuers, comparison of the detection time of the evader E was
made and numerically constructed an approximate information sets.
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nonconvex optimization.

We consider an n-player game with shared constraints, where every payo�
function is a nonconvex quadratic function. The set of feasible game pro�les is
assumed to be convex and compact. Since we do not impose the commonly used
assumption of player-convexity on payo�s, the game may have no equilibrium
points. Our focus is to �nd the so-called normalized Nash equilibrium, which is
a special kind of generalized equilibria. To this end, we suggest to use the Nikaido-
Isoda function in order to reformulate the game as a minmax problem, namely
as an optimization problem with implicit objective function. This function may
be underestimated by explicit nonlinear support minorants. It leads to a global
optimization procedure that either converges to a normalized equilibrium point or
establishes that there are no such points in the game. The results of a computational
experiment are presented.
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We consider problems of "fair"distribution of several di�erent public resourses.
If τ is a partition of a �nite set N , each resourse cj is distributed between points
of Bj ∈ τ . We suppose that either all resourses are goods or all resourses are bads.
There are �nite projects, each project use points from its subset of N (its coalition).
A is the set of such coalitions. We suppose that coalitions of di�erent projects are
di�erent. Coalitions in A can intersect. The gain/loss function GS of a project that
use S ∈ A at an allocation x depends only on the restriction of the allocation on the
coalition of the project, i.e.,GS(x) = GS(xS). We consider the following 4 solutions.
If all resourses are goods, the lexicographically maxmin solution with respect to the
set of the gain functions {GS}S∈A is de�ned. It generalizes the restricted nucleolus
for GS(x) = x(S) − v(S). If all resourses are bads, the lexicographically minmax
solution with respect to the set of the loss functions is de�ned. It generalizes the
restricted antinucleolus. A generalization of Wardrop solution is also considered for
GS(x) = gS(x(S)). The fourth solution depends on an undirected graph Γ, where
A is the set of its nodes. The projects compare their gains/losses at �xed allocation
if their coalitions are adjacent in Γ. For �xed gain/loss functions, an allocation is
envy stable (or envy free) with respect to Γ if for each pair of coalitions that are
adjacent in Γ, either their gains are equal or the coalition with greater gain gets 0 at
the allocation. We describe conditions on A, τ , and Γ that ensure the existence of
envy stable solutions for each collection {GS}S∈A of continuous functions that are
strictly increasing in each variable. For collections of functions {GS}S∈A such that
GS(xS) = gS({x(S ∩B)}B∈τ ), where gS are continuous strictly increasing in each
variable functions, the condition for enclusion of lexicographically maxmin solution
and lexicographically minmax solutions in envy stable solution are obtained. A
condition on A, τ , and Γ that ensure enclusion of Wardrop solution in envy stable
solution is described. We also describe conditions for coincidence the �rst three
solutions. Special cases of the problem were considered at GTM2010, GTM2011,
GTM2012, GTM2018.
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Channel coordination is one of the central concepts of supply chain manage-
ment. The most common de�nition of the supply chain coordination was given
by Malone and Crowston in 1994. It was de�ned as the process of managing
dependencies among activities (Malone and Crowston, 1994). Among di�erent coor-
dination mechanisms which can be implemented in supply networks, coordinating
contract enables to align supply network members' objectives (Cachon, 2003),
maintaining bilateral agreement and decentralized decision-making conditions, and
motivates companies to cooperate for achieving results close to centralized network.
The idea of the research is to explore a distribution network where agents are
connected in some network relationship under revenue-sharing contract. The latter
one was explored in many research (Pasternack, 1985; Cachon, 2003; Cachon and
Lariviere, 2005; Dana and Spier, 2001), but only few of them investigated multi-
echelon supply networks. Most existed models consist one upstream and one or
multi downstream companies, named manufacturer (or supplier) and retailer or
retailers. The study is aimed to show the role of contracting mechanism in achieving
coordination in distribution networks and investigates cooperative multi-echelon
game involving manufacturer, distributor and retailers. For the purpose of the
research the contract is said to coordinate supply network if the individual and
collective rationality properties are ful�lled. This means that such a contract must
be a Nash equilibrium in the considering model, and possesses a Pareto-optimality
property (Cachon, 2003). The game solution is the optimal parameters of the
contract in terms of network coordination. The multi-echelon network model with
revenue-sharing contract is proposed.
This work is supported by the Russian Foundation for Basic Research, project N
17-07-00371
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We relate three solutions for cooperative games, the Shapley value, the nucleolus
and the core. We use a calibrated model of the Eurasian gas network, developed
in Hubert and Orlova (2018) 1. Hubert and Orlova (2018) study the impact of the
liberalization of EU natural gas markets on the balance of power between `local
champions', customers, and outside producers, such as Russian Gazprom, using
the Shapley Value and the nucleolus as indicators for market power. Two solution
concepts yielded di�erent results with respect to the power redistribution.

In this paper, as in Hubert and Orlova (2018), we continue to distinguish
between two steps of the reform: �rst, the opening of access to transit pipes
and second, the opening of access to distribution systems, hence customers. As
a result, we have three access regimes: fragmented market before the onset of
reforms, integrated market after the �rst step of reform, and liberalized market
after implementation of the two steps of reform. As a �rst result, we establish that
for none of the access regimes the core is ever empty, but the Shapley value never
belongs to the respective core. To obtain a di�erentiated picture of the (in)stability
of an allocation, we propose the nε-core which is a generalization of the strong
ε-core, and de�ne three stability measures. In general, the �rst metric is based on
the minimal costs of establishing a coalition for a given upper bound on the size of
coalitions. The second metric refers to the minimal number of players, which are
necessary for setting up a coalition to veto the payo� for a given costs of establishing
a coalition. The third metric is a probabilistic one. It is based on the probability of
picking up a deviating coalition for the given costs and for the given upper bound
on the coalition size. To analyze how the instability of the Shapley value changes
with liberalization, we apply the three measures to our real life model. We �nd
that liberalization increases the degree of instability. Opening of access to pipelines
increases the minimal costs of setting up a coalition that provide the stability of
the Shapley value, decreases the minimal number of players in a deviating coalition
and raises the probability of selecting such a coalition if we select coalitions at
random.

1Hubert and Orlova (2018). Network Access and Market Power. Energy Economics 76, 170-185
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In the paper we consider discounted stochastic games with �nite number of
states. Based on a non-cooperative stochastic game, a cooperative game is constructed
by de�ning a characteristic function. In classical cooperative game theory, the
characteristic function is supposed to be given. But in some problems there is
a need to construct this function if initially the non-cooperative game is de�ned
and players have an incentive to cooperate and realize some cooperative solution
in the game. There are di�erent approaches how to de�ne characteristic function
having a non-cooperative game [1-3,5,7-9]. The new approach of constructing the
characteristic function in stochastic games is proposed. It is based on de�ning
characteristic functions for one-shot stage games [3]. The conditions guaranteeing
subgame consistency and strongly subgame consistency of the cooperative solutions
are obtained (see [4,6,10] to specify the problem of strongly subgame consistency
of cooperative solutions).
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In projects for the development of new products in industrial enterprises, the
e�ect of the learning curve is manifested, which consists in the fact that the time
spent by workers on performing of repetitive production tasks is reduced. The
project for the development of new products is considered as a managed hierarchical
dynamic system consisting of the management of the project (center) and executors
(agents). Production activity in the project for the development of new production
is characterized by the diverging interests of the center and agents, which leads to a
decrease in the economic e�ciency of the entire production system. The dynamics of
a controlled dynamic production system depends only on the actions of the agents,
while the center a�ects the target function of the agents by choosing the material
incentive function. The study formulates the dynamic task of material incentives
in projects for the development of new production with discrete and continuous
time. To solve the formulated dynamic problem of material incentives, the well-
known principle of cost compensation was applied. The original task is divided
into the task of coordinated incentives and the task of coordinated planning. The
task of coordinated incentives is as follows. The center chooses a compensatory
incentive system, which consists in compensating the agent's expenses in case the
center chooses optimal trajectory, or there are no material payments otherwise.
In practice, the compensatory material incentive system can be implemented in
the form of a penalty for deviating from the planned trajectory of the center.
The study showed that the task of coordinated dynamic planning is for the center
to determine the optimal planned production volumes in order to minimize the
labor costs of agents. Thus, the initial dynamic problem of material incentives
was reduced to the optimal control problem. The dynamic task of coordinated
planning was considered in two versions: with discrete and continuous time. For the
numerical solution of the formulated discrete optimal control problem, the Bellman
dynamic programming method was used. The problem of optimal control with
continuous time was solved analytically using the Pontryagin maximum principle.
The results of the numerical and analytical solutions of coordinated dynamic tasks
of planning production volumes for various models of learning curves are obtained.
The dynamic tasks of coordinated planning of production volumes were solved
with and without discounting. As a result of the study, a condition for the optimal
production volumes determining matching the interests of the center and agents was
found: the optimal production volumes for any model of the learning curve at each
point in time should be chosen inversely to the labor intensity of the product and
directly to the discount rate. In the absence of discounting: the optimal production
volumes for any model of the learning curve at each point in time should be chosen
inversely to the labor intensity of the products.
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Location choice in spatial competition often deals with models based on a two
stage game. In the �rst stage, the competing �rms select their facility locations, in
the second stage, they compete for demand with the aim of pro�t maximization. In
this paper, we deal with �rms that locate multiple facilities and o�er the same type
of product to the customer. Competition is performed under delivered quantities
that are sent from the facilities to the customers, which are located at the nodes
of a transportation network. Facility location candidates are all the points on the
network. It is assumed that the competing �rms deliver the Cournot equilibrium
quantities once the �rms have their facilities established. Since such quantities
depend on the facility locations of the competing �rms, the two stage game is
reduced to a single stage location game which is the subject of this research.

The existence of Nash equilibria for the location game has been proved for
a linear price sensitive demand when �rms locate multi-facilities. Although it is
known that Nash equilibria exist, a few number of papers have investigated how to
�nd such equilibria on a network location space. To our knowledge, only illustrative
examples and some methods have been proposed for �rms that compete with
a single facility. We will present a Mixed Integer Linear Programming model to
obtain the best facility locations for any �rm, assuming that the other �rms have
their facility locations already �xed. This formulation allows us to �nd location
Nash equilibria by the best response method when �rms locate multi-facilities.
The proposed formulation can be used to solve real size problems. A study for
di�erent scenarios with 1049 demand nodes and 142 nodes as location candidates
is presented and conclusions are drawn from a sensitivity analysis.

81



On Class of Non-cooperative Di�erential Games
with Continuous Updating

Ovanes Petrosian1 and Ildus Kuchkarov2

1,2Saint-Petersburg State University, Russia
1petrosian.ovanes@yandex.ru

2ildus@mail.ru

Keywords: di�erential games with continuous updating, Nash equilibrium, Hamilton-

Jacobi-Bellman equation, Pontrygin's Maximum Principal.

The work is devoted to a new class of di�erential games with continuous updating.
It is assumed that at each time instant, players have or use information about the
game de�ned on a closed time interval. However, as the time evolves, informati-
on about the game updates, namely, there is a continuous shift of time interval,
which determines the information available to players. Information about the game
is the information about motion equations and payo� functions of players. For this
class of games, direct application of classical approaches to the determination of
optimality principles such as Nash equilibrium is not possible. The subject of the
current paper is construction of solution concept similar to Nash equilibrium for this
class of di�erential games and corresponding optimality conditions, in particular
modernized Hamilton-Jacobi-Bellman equations and Pontryagin's maximum prin-
ciple. Also, the linear quadratic case of di�erential game model with continuous
updating is considered. Linear quadratic case for this class of games is particularly
important for practical problems arising in engineering of human-machine interaction.
The explicit form of Nash equilibrium for linear quadratic case is presented. Also,
the case of dynamic updating for linear quadratic di�erential game is studied and
uniform convergence of Nash equilibrium strategies and corresponding trajectory
for a case of continuous updating and dynamic updating is demonstrated. Till now
only a class of games with dynamic updating was studied in the papers [1], [2], [3],
[4], where authors laid a foundation for further study of the class of games with
dynamic updating.
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We study a coordinated replenishment solution. To address uncertain demand,
historical demand data are used to build and calibrate a forecasting model based
on linear regression and which includes seasonality and trend. Then, we formulate
and solve a stochastic optimization problem which takes as input the forecasted
values, and provides as output the coordinated replenishment strategies. The cost
to minimize includes a major �xed cost associated with each replenishment and a
minor cost associated with an item involved in the replenishment. To quantify the
bene�t from coordination, a coalitional game with transferable utilities is developed
in which the retailers who agree on joint replenishment can be seen as a coalition.
Finally, we address issues related to the stability of the coalition in response to
speci�c allocation policies.
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The Prisoners' Dilemma is a near-perfect textbook example that plays out in
the reality way too often. In the classic game format, the Nash equilibrium is
when the prisoners �nk or `back-stab' the partner-n-crime. While it is perfectly
acceptable for the prisoners (criminals) to �nk and help the police, the backstabbing
raises ethical dilemmas while teaching the same in a classroom setup. There are
two game setups used for classroom teaching and examination respectively, both
of which reward handsomely the �backstabber�. In the �rst classroom simulation,
multiple teams compete for the highest returns on business decisions taken. Their
decision is in the form of Strategy X vs Strategy Y, which fetch similar yet disguised
returns like that in the classic game of prisoners' dilemma. The team gets to choose
in isolation �rst and in later rounds, get to negotiate a joint strategy. However,
invariably, they renege on the negotiated strategy and, �guratively, �backstab� the
team comprising their classmates. This leaves the trusting team much worse-o�
while rewarding the backstabbing team handsomely. In the second simulation, a
group assignment is given. Hypothetically, some participants cheat on the group
assignment. The individual has a choice now to remain silent and score a lower grade
or to cooperate and score a better grade than before. An even better possibility
might exist where the cheating takes place but one among the cheaters `�nks'.
Again, a similar set of moral dilemma emerges, which is modeled with a detailed
decision tree. While MBA participants have been genuinely �abbergasted at the
moral depravity of the winners, a real risk is that of sending the wrong message for
perpetuity � i.e., ethical misconduct (backstabbing) is an essential step for winning
in the competitive setups.
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We derive necessary and su�cient conditions for a point to be Berge equilibri-
um [1-3] in two person matrix game. Based on optimality conditions, we reduce
a problem of �nding Berge equilibrium to a nonconvex optimization problem. For
solving the optimization problem, we propose a global search heuristic method.
Some numerical results are provided.
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Consider a bicriteria dynamic game with n participants in discrete time. The
players exploit a common resource and wish to optimize two di�erent criteria. The
state dynamics is in the form

xt+1 = f(xt, u1t, . . . , unt) , x0 = x , (2)

where xt ≥ 0 is the resource size at time t ≥ 0, f(xt, u1t, . . . , unt) denotes the
natural growth function, and uit ≥ 0 gives the exploitation rate of player i at time t,
i ∈ N = {1, . . . , n}. We explore a model in which the players possess heterogeneous
planning horizons. By assumption, players harvest the �sh stock duringm1, . . . ,mn

steps, respectively, m1 < . . . < mn and m1 > m0 = 1. Therefore, during the time
period [mi,mi+1] n− i players harvest the same stock, and the problem consists in
evaluating their optimal strategies. The payo� functions of the players are de�ned
by

Ji =


J1
i =

i∑
k=1

mk∑
t=mk−1

δtg1i (xkt, ukt, . . . , unt)

J2
i =

i∑
k=1

mk∑
t=mk−1

δtg2i (xkt, ukt, . . . , unt)

 , i ∈ N , (3)

where gji (·) ≥ 0 gives the instantaneous utility, j = 1, 2, i ∈ N , δ ∈ (0, 1) denotes
a common discount factor, and xit, i = 1, . . . , n, possess the dynamics

xit+1 = f(xit, uit, . . . , unt) , xit(mi−1) = xi−1t(mi−1) .

We design the noncooperative equilibrium in dynamic multicriteria game applying
the Nash bargaining products [2]. Then, we �nd a multicriteria cooperative equili-
brium as a solution of a Nash bargaining scheme with the multicriteria Nash equi-
librium playing the role of status quo points [3]. A discrete-time game-theoretic
bioresource management model (�shery problem) with di�erent planning horizons
is treated to show how the presented concepts work. The research was supported
by the Russian Science Foundation, proj.no.17-11-01079.
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In this talk, we examine a model of the coordinated in�uence in a social network
in which several its members, called players, can jointly in�uence the beliefs of other
members, called agents, during a �nite number of periods. The model is considered
as a cooperative dynamic game. The in�uence of players is expressed by declaring
their beliefs which are then considered and weighted by the agents to form their own
beliefs. Our goal is to �nd the declared beliefs of players focusing only on associated
costs as well as on the average deviation of agents beliefs from the desired ones.
Under coordination, the total costs of players are allocated using the Shapley value.
When we have no information regarding the levels of trust for agents to each other,
we estimate these values by means of a centrality measure. Numerical simulation
is carried out for a well-known social network of a university karate club and for a
lattice often used for modeling spatial networks.
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We consider a game where manager's (leader's) aim is to maximize the gain of
a large corporation by the distribution of funds between m producers (followers).
To each follower the leader reports a non-negative stimulating (incentive) function
ci(x, a), depending on the state of the system x (e.g., the market price of the
produced good) and the actions a = (ai, . . . , am) of the producers (e.g., the pro-
duction levels). At each stage of the game the producers select their actions ait
independently and get the rewards ri(xt, at) = ci(xt, at) − gi(xt, at), where gi are
the production costs. The manager, or the corporation, one-stage gain equals to
f(xt, at) −

∑m
i=1 ci(xt, at), where f can be regarded as the sales revenue. The

stochastic �law of motion� of the state variable xt is governed by a transition kernel
q: informally, P(xt+1 ∈ B|xt, at) = q(B|xt, at).

Each player's gain is estimated over the in�nite horizon with the common
discount factor β. So, E

∑∞
t=0 β

t (f(xt, at)−
∑m
i=1 ci(xt, at)) is the objective func-

tional of the leader, and E
∞∑
t=0

βt (ci(xt, at)− gi(xt, at)) are the objective functionals

of the followers. For each tuple (c1, . . . , cm) the pool of producers responds by
a Nash equilibrium in the corresponding discounted stochastic game. The leader
performs the optimization over the functions ci from an appropriate class. From
the previous work [?, ?] it is known that it is optimal for the leader to economically
motivate the followers to implement the strategies ait = ui(xt), where u = (u1, . . . , un)
is an optimal stationary deterministic strategy in the Markov decision problem

E
∞∑
t=0

βt (f(xt, at)−
∑m
i=1 gi(xt, at))→ max .

Passing to the case of multiple followers draw some technical di�culties related
to the existence of a stationary Markov equilibrium. We use a general formalism
of discounted stochastic games to precisely describe an ε-optimal strategy of the
leader and her value function in our model, formulated as a Stackelberg game.
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Cooperative control systems aim at creating synergies by combining the strengths
of humans (creativity) and machines (power) and hence being more economical
compared to fully automated systems. This work aims at modeling cooperative
control systems on a decision level going beyond approaches in the context of
Haptic Shared Control. The latter model cooperative tasks with a shared, common
or at least similar goal and close physical interaction between the partners e.g. by
means of di�erential games [1]. The scope of the decision level is to handle scenarios
without a common goal. Usually, the leader-follower paradigm is implemented
forcing the automation into the follower's role. However, there are situations in
which this paradigm is unsuitable, e.g. if the automation receives more comprehen-
sive information about the situation than the human does. Hence, an emancipated
cooperative behavior of the automation is essential. Furthermore, cooperative de-
cision making is in�uenced by the cooperating but individually rational partners
and the system they control. We therefore propose to treat also cooperative decisi-
on making as a game and apply game-theoretic models and approaches. However,
state-of-the-art game theory models lack either the consideration of a dynamical
system that is usually present in human-machine cooperation [2, 3] or the deci-
sion process itself [1]. Therefore, we propose two modeling approaches: First, we
introduce an event-based game that explicitly models the communication between
players and also considers the system dynamics in a complete information setting.
Second, we focus on the incomplete information setting that is more realistic if
humans are involved. Here we adapt the war-of-attrition model w.r.t. its cost-
structure to model the system dynamics and its e�ects on decision making in a
more abstract way.
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We study games played between unknown rivals. We �rst present results for two,
symmetric known rivals: symmetric Markov perfect equilibria always exist; we �nd
a parameter condition for which multiple asymmetric equilibria exist, in which one
agent bene�ts from the other's exertions; we identify three, independent conditions
for these multiple equilibria. For multiple, symmetric known rivals, the equilibri-
um set grows, but retains the feature from the two-agent game: one set of agents
exerts less e�ort, bene�ting from the other's exertions. Finally, we use Markov
strategies to consider unknown rivals, by assuming agents can only condition on
the state variable, and are unaware of the other agents in the game. With unknown
rivals, agents almost certainly learn an ine�cient equilibrium relative to the set of
equilibria.
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Acceptable point concept is an important generalization of the equilibrium point
concept. Acceptable points in general cooperative -person games was introduced
by Aumann. We consider the acceptable point concept for antagonistic games with
ordered outcomes. This report is a continuation of the author's work (see Rozen,
2018). The main problem can be presented as a description of properties for games
that do not have acceptable outcomes and also a �nding some su�cient conditions
for such a game in the class of antagonistic games with ordered outcomes.
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By browsing the path from theoretical applications of Viability Theory to the
study of concrete problems we will see how it has been possible to give relevant
answers to a problem whose complexity precisely re�ects a reality that is delicate
to apprehend. Through the lens of an agro-ecological problem presented in the
paper: "Agroecological transition: A viability model to assess soil restoration"and
published in the Natural Resource Modeling journal in 2017, we rely on the
mathematical viability theory and it's extentions to dynamical games against nature
to study the sustainability of agricultural systems subject to climate uncertainty.
Our objective is to determine farming practices and activity sequences that allow to
restore soil quality and valuate the natural capital and the services provided by this
ecosystems in the presence of risk of major climatic disasters. This is an on-going
joint work with Anya D�esilles, A��chouche Oubraham and Georges Zaccour. In this
context we will see why it is necessary, when considering real problems like those
inferring coviability of social and ecological Systems, to consider discrete games for
which evolution is no more govern by ¾time¿ but by ¾events¿.
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The standard Bargaining problem can be summarized as follows: two players
have to reach an agreement on the partition of a pie of size 1. John Nash [2] has
proposed to axiomatize the desirable properties of such an agreement, in order
to obtain one unique solution, called the Nash solution. Then, many researchers
have tried to give a strategic (non cooperative) foundation of this concept (see,
for example, Walter Trockel [4]), most of them using extensive form games (see
Rubinstein [3]). In parallel, many concepts of solutions have been proposed to
extend or modify Nash solution concept (e.g., Kalai-Smorodinsky solution concept).

In this paper, we propose a new foundation for the Nash bargaining solution,
using prudent games, introduced by Philippe Bich [1]. The idea is to introduce
a new feature in the bargaining environment, strategic uncertainty, together with
some "prudent"behavior of the players with respect to this strategic uncertainty.
We prove that in the standard Nash demand game, this prudent behavior induces
a unique equilibrium, which corresponds to di�erent kind of cooperative solution
concept (Nash's one or Kalai-Smorodinsky), depending on the kind of prudence
introduced in the model.
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I consider a model in which two opinion leaders share their signals with the
society that faces a collective choice. The model features two environments: one in
which both opinion leaders communicate with the whole society and one where each
opinion leader communicates only with players who have the same preferences as
she does. The �rst scenario provides higher welfare but the conditions for truthful
communication are more restrictive.
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Distribution of �scal resources among the sub-national units is one of the most
contentious issue in the federal countries. The federal government collects taxes
from all sub-national units, generally following a common tax code across the
nation. However, federal tax revenues form a common �scal pool, with incentives
for the sub-national units to compete for bringing more of it in their territory.
Constitutional design of intergovernmental transfers in India recognized the need
to address regional disparities in the �scal resources of sub-national governments,
which arises from underlying regional income inequalities. For this, the constitution
created provision for an expert body, namely the Finance Commission, to determine
the quantum of resources to be shared between federal and sub-national governments.
However, the federal government have used its discretionary powers to channel
most of the expenditures relevant for regional welfare, through channels bypassing
the Finance Commission. Use of discretionary channels by the federal government
has created space for redistributive politics to in�uence the share of sub-national
units in the federal �scal resources. Recent literature highlights role of political
forces in determining share of sub-national units in the federal resources. However,
available literature in Indian context has focused on the role of redistributive
politics in in�uencing intergovernmental transfers only. Much larger component of
federal expenditures �ows outside the channels of intergovernmental �scal transfers.
Present paper addresses this speci�c gap by using panel dataset of regional allocation
of federal �scal resources relevant for regional welfare. Analysis suggests that while
discretionary federal transfers are driven by concerns for regional inequalities,
bargaining power of the states through representation in ruling coalition at the
federal level also in�uences disbursement of federal funds. Similarly, coalition part-
ners at the federal government are able to attract more resources to sub-national
units ruled by them. The paper also �nds some evidence on role of median voter
theorem in in�uencing sub-national distribution of federal �scal resources.
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The paper analyzes the relationship between the nature of competition and
incentive and level of corporate social responsibility standards certi�ed by various
agencies (government, non-governmental organizations (NGO)). We consider the
choice of price or quantity contracts by �rms and its impact on optimal and desired
standards chosen by the �rms. We show that in Bertrand as well as Cournot
competition level of standard set by NGO would be below optimal level and
bene�cial to both �rms and consumers. In a price-quantity game, either only price
setting �rm would take the certi�cation or both �rms will and the Cournot �rm
would have higher pro�ts than Bertrand �rm.
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Di�erential game Γ(x0, ẋ0) of two players is considered in the space Rk(k > 2)
and described by next system of di�erential equations

ẍ = f(x, u) + g(x, v), u ∈ U, v ∈ V, x(0) = x0, ẋ(0) = ẋ0,

where U = {u1, . . . , um} ⊂ Rl � value set of the pursuer control, V ⊂ Rs �
compact � value set of the evader control. The pursuer's purpose is a system
translation in �nite time to any given neighborhood of zero. Pursuer use piecewise
open-loop strategies constructed only by using information on state coordinates
and velocity in partition points of time interval. Su�cient conditions of capture
problem solvability in the piecewise open-loop strategies class is obtained. Also, it
is proved that the capture time tends to zero with the approach the initial position
to zero. It happens independent of the evader's actions. The solution of this problem
based on the positive basis notion [1].

The following theorem is true.
Theorem 1. Let f(0, u1), . . . , f(0, um) is a positive basis

−g(0, V ) ⊂ Int(co{f(0,u1), . . . , f(0,um)}). Then, there exist values ε > 0, θ > 0 and

T > 0 such that for any initial positions x0, ẋ0 that inequality ‖x(0)‖+θ‖ẋ(0)‖ 6 ε
holds, capture occurs in the game Γ(x0, ẋ0, T ).
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Setups of �classical� two-person (P and E) zero-sum pursuit-evasion games
include state-control equations for system dynamics, constraints for the state and
control variables, descriptions of terminal manifolds and optimality principles that
allow to decide which of admissible strategies is the best for P and E (if any). There
is no uni�ed formalization where all the components were rigorously described in
full detail; see, e.g., [1]. And it doesn't seem possible that such kind of formalization
will appear one day. Moreover, in spite of all developments in the theory of di�erential
games, it's quite di�cult to apply any existing formalization for modeling even
basic con�ict situations. For example, if E controls a group of separate evaders
{E1, . . . , En}, n ≥ 2, and P strives to approach them in some succession in minimal
time, one can try to build a model as a di�erential game where P may accomplish
the mission by a �nite number of variants for approaching {E1, . . . , En} as an
additional part of a pursuit strategy (there exist n! alternatives). However, there
is no known formalization where a strategy may include combined continuous and
discrete parts. In this paper we discuss how to combine known guaranteed feedback
pursuit strategies for a number of alternatives into non-optimal but featured pursuit
strategies with memory; see, e.g., [2-3].
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hypothesis.

When �rms are su�ciently large, they face demands, which are in�uenced by the
income level, depending in turn on their pro�ts. As a result, �rms must anticipate
accurately what the total income will be. In addition, �rms should be aware that
they can manipulate the income level, whence their �true� demands, through their
own strategies with the aim of maximizing pro�ts. This feedback e�ect is known as
the Ford e�ect. In what follows, we shall assume that wage is given. This includes
the way proposed by O.Hart, in which the workers �x the nominal wage through
their union. This assumption implies that only the pro�t Ford e�ect is possible,
moreover, �rms maximize their pro�t anyway, thus being price-makers but not
wage-makers. The presented paper uses an additive separable utility function of
general type. The main focus of this research is on the welfare aspects, e.g., how
many oligopolies are needed to foster the Social Welfare? The common wisdom
tell us that, ceteris paribus, the tougher is competition (or, the more �rms enter
to industry), the higher will be consumers' well-being. In monopolistic competitive
models the only condition to cease the enter is Zero-Pro�t condition, which is quite
natural for case of myriads small �rms seeking the way to earn even very small
pro�t. It would be very expensive for government to control the enter of these
myriads. The case of relatively small number of �rms (oligopolies) is quite di�erent.
Some types of enterprise activity require a governmental license, which may be given
or withdrawn by various reasons. Typical examples of such industrial branches are
cellular connection, television/radio broadcasting, air tra�c, etc. This paper shows
that in most cases the limitation of enter may be bene�cial for social welfare, in
other words, the socially optimum number of competing large �rms (oligopolies)
is strictly less than number determined by Zero-pro�t condition under free entry.
As a natural policy implication of this result is a governmental limitation of �rms'
entrance at proper level. Our results are not so counter-intuitive as they may seem.
It is common wisdom that large �rms (oligopolies) gathered more market power
than perfect\monopolistic competitive �rms, which allows them to operate with
positive pro�ts, and taking into account the Ford e�ect increase the market power
and the pro�ts even further. Joseph Schumpeter argued that oligopolies spend their
pro�ts to R&D activity, to �nance various social programs, etc., and the positive
externalities of such activity o�set social losses from oligopolization. Moreover, to
be able to invest into R&D �rm needs to be su�ciently large. In our model we
don't use any speci�c mechanism of the R&D investments, the only assumption is
that all oligopolistic pro�ts are eventually redistributed across consumers.
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We investigate upon a coopetition agreement between a leader (A), being
considered as oil re�ning giant, a niche player (B), being considered as specialized
chemicals producer, and their joint venture (C) within the market of petrochemicals
and other chemicals consumers (D). A and B are realizing cooperative strategies
in technological competences, while they are acting competitively on the market.
Thus, C is considered to be a cooperative manufacturing venture of A and B.
Strategies: both players are sharing their manufacturing between their individu-
al core business and joint venture, according to the expected prices' estimates of
the products. Then, they are selling �nal products on the market (D) which is
considered to be oligopolistic. The products are non-homogenous.

Assumption 1: such alliance implies both horizontal and vertical integration, so
as to the petrochemical segment development is achieved by vertical integration,
whereas, more distracted from the core oil re�ning, other chemicals business is
considered to be horizontal conglomerate integration.

Assumption 2: A and B join parts of their capital expenditures within the C
in order to proceed with both petrochemicals and other chemicals products. They
are shared between the product range, according to the expected price estimate
of each of the products. Assumption 3: A and B compete on the market, which is
considered to be oligopolistic.

Recently, there has not been yet provided an explicit theoretical solution and an
empirical evidence for the conglomerate alliances in oil re�ning to be e�ective. In
this research we propose a formal solution and a numerical example. We consider
e�ectiveness here to be an external stability in the long-run (Zenkevich, Reusova,
2017). We derive the Nash bargaining solution for several players. The expected
gain is considered to be a di�erence between the total revenue from both individual
and cooperative production and �xed/variable costs with the investments in the
foundation of a joint venture.

We consider a major oil re�ning company to conceivably coopete with chemicals
producers in order to develop further its petrochemicals business-segment. Thus, we
are looking for a theoretical justi�cation on such kind of alliances to be long-term
e�ective.
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In this paper, we analyse the simplest linear quadratic Stackelberg dynamic
game with myopic Follower and state dependent constraints on strategies.

We consider the feedback information structure of both players, while the
Follower also knows the current decision of the Leader, who is the �rst mover.

This game model e.g. of extraction of a �shery by two players the Owner and
a Poacher. The Owner of the lake is far-sighted and he is the Leader and the
Poacher is myopic and he is the Follower. The linear constraint are inherent in this
framework�each of the player cannot �sh out more than currently available in his
�shing area.

If the game is one stage only, the informational advantage of the Leader, results
in the fact that his strategy and payo� are larger than the Follower's.

If the game has two stages, the far-sightedness of the Leader becomes costly�for
certain levels of the initial values of the state variable, his �rst-stage decision, payo�
and value function are substantially lower than Follower's. Besides, the equilibrium
strategies are discontinuous for both players and the Leader's optimal strategy is
nonunique, although the value function of the Leader is continuous and unique.

Moreover, the value function of the Leader is not monotone in the initial state
even in one stage.

By this example, we illustrate di�culties which appear in calculation of Stackel-
berg equilibria in presence of contraints which may be active at the optimum.

We also compare these myopic-follower-Stackelberg equilibria to the symmetric
Nash equilibria in the same game.
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In this paper, we study the Lanchester model of advertising competition where
the attraction rates are taken from the economic theory of contest. Our model
has an application in the duopoly of the Bitcoin market where two bitcoin mining
pools (leader and follower) compete for the Bitcoin Market share. We solve the
game for Stackelberg competition between leader and follower. We compare our
results with already known Nash equilibrium case. We obtain that the leader has
the advantage to move �rst and he has substantially larger pro�t compared to
Nash equilibrium. We analysed di�erent scenarios of leader and follower with their
graphical interpretation.
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We consider a two-period tournament in which agents exert e�ort in each period
and their e�orts and productivities are complementary. We study ex-ante optimal
feedback policies when the principal privately observes relative performance at the
end of the �rst period. Our model has two key features: (i) at the beginning of the
second period, given available information, each agent decides whether to continue
working with the same method or to switch to a new one, and (ii) the �rst-period
e�ort can increase the �nal outcome if the agent works with the same method
in both periods. Without any feedback, whenever agents exert e�ort in the �rst
period, they have no incentive to try a new method; thus, they keep working with
the same method. However, with the performance feedback, they may try a new
method when inferring that the productivity with the current method should be
too low, which can disincentivize agents from exerting e�ort in the �rst period. We
show how incorporating this competing e�ects of feedback a�ects ex-ante optimal
feedback policies that have been identi�ed in the existing studies.
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This paper proposes a simple framework to model contextual in�uences on
procedural decision making. In terms of utility, we di�erentiate between monetary
and contextual, psychological payo�s, e.g. deriving from the subjects' normative
frame of reference. Monetary payo�s are treated as common knowledge while
psychological payo�s are treated as partly unforeseeable. Using this framework,
we demonstrate how various common inconsistencies in decision making can be
gathered under one abstract pattern. More speci�cally, we show how several standard
models from behavioural economics, such as various forms of social preferences
or a present bias, are nested in the proposed framework. Over the last decades
experimental economics has convincingly demonstrated that monetary incentives
are not all what counts for individual decision making � especially once decisions are
related to some form of prominent social context (see Camerer, 2003, for a review).
As a consequence, a variety of behavioural models have been proposed to account
for e�ects of fairness and reciprocity (e.g. Rabin, 1993; Charness and Rabin, 2002),
other-regarding preferences (e.g. Levine, 1998; Fehr and Schmidt, 1999), regret
(Loomes and Sugden, 1982), identity (Akerlof and Kranton, 2000) or a warm glow
of giving (Andreoni, 1990). Eventually, all these models add some form of non-
monetary component to the utility function and they show how certain e�ects
can be accounted for that way. We propose a simple, more abstract framework to
model such contextual in�uences on procedural decision making. The idea behind
this is that a more abstract setting will allow to identify more generally what types
of e�ects may arise and where modelling problems may exist. For our model, we
di�erentiate between monetary and psychological payo�s: Monetary payo�s are
treated as common knowledge, while psychological payo�s, which are thought of as
integrating various kinds of contextual factors (like e.g. emotions, feelings, social
norms and cravings), may be unforeseeable even for the respective decision maker
herself. Formally, we use extensive form games as the general basis and introduce an
extension which we call context games. In doing so, we keep the common structure
of histories but assume that the terminal payo�s as perceived by the players may
vary as play moves on in order to account for the context created, for example, by a
particular history. We introduce a notion of subgame perfection for context games
with perfect foresight. In case of limited foresight regarding psychological e�ects,
however, a di�erent concept is needed as inconsistencies between expected and
realised play may arise without being irrational (in the sense of `crazy'). For these
cases we de�ne the notion of procedurally justi�able strategies. These strategies
are the result of a procedural decision making process in which the decision maker
tries to maximise his payo�s given his information at each stage.
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Dynamic controlled processes are widely found in the surrounding life: manage-
ment in technology, business, economics, medicine, social change, tra�c, education,
etc. Investigations of the processes lead to the need to study and solve not only
direct problems aimed at constructing controls that optimize quality criteria, but
also solving inverse problems on the control reconstruction for inaccurate measure-
ments realized motions. We suggest and discuss a new approach to solving of control
reconstruction problems in real time. The suggested solution based on necessary
optimality conditions to auxiliary calculus of variation problems with concave-
convex discrepancy functional. We discuss connections of the new approach with
other ones. Results of simulations of the control reconstruction are presenting for
a management problem of macroeconomics.
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The paper deals with a game version of the cardinal pay-o� no-information
secretary problem (known also as the Best Choice Problem (cf. Hill(2009)) formu-
lated by Bearden (2006 and reformulated in Szajowski (2009)). There are various
experimental studies concerning unilateral sequential choice models. Some of them
stimulate the theoretical investigation. It is obvious that modeling competitive
selection needs to take into account much more factors than the one person case.
The discussion of the issue will be given.
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Social media advertising has a number of characteristics that distinguish it
from other types of advertising, and which may be of key importance in answering
the question about its ability to serve as a signal of quality. User participation in
content creation and co-creation, as well as emergence and in�uence of opinion
leaders allows this type of advertising to be unpaid for or paid indirectly. On
the other hand, the study highlights that the majority of products and services
advertised online are experience goods, which means their quality levels cannot be
estimated before purchase and consumption. This creates incentives for businesses
to use deceptive advertising � thus, understanding the conditions in which social
media advertising is a credible signal of quality is crucial to protect consumers.
In the game-theoretic model presented in this paper, the monopolist sends an ad-
vertising signal to bloggers - opinion leaders in a social network. The latter, in
turn, make decisions about placing an advertising message in their blog, taking
into account the impact that this action may have on their reputation. The study
investigates the question of when advertising can serve as a signal of quality in a
separating equilibrium.
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The McKean-Vlasov equations are in the center of modern research in the theory
of mean �eld games (MFGs). On the other hand, the analysis of the stochastic
games with memory leads naturally to the necessity to analyze such games via the
time-fractional di�erential equations. The link between these two modelling tools
represents the time-fractional McKean-Vlasov equation.

In this work, we are going to present some basic well-posedness and regularity
results for this equation, which can be considered as the starting point for the
development of the fractional MFGs.
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Zero-determinant (ZD) strategy, which was discovered by Press and Dyson in
2012, is a strategy that unilaterally assigns a linear relation between average payo�s
of all players in repeated games [1]. ZD strategies include equalizer strategy that
unilaterally sets average payo� of one player, and extortionate strategy in which
the player can get more average payo� than his opponent. While ZD strategies
were originally found in two-player two-action games, ZD strategies were extended
to multi-player multi-action games [2]. A natural question is "What happens when
more than one players employ ZD strategies?". There are two possibilities: linear
payo� relations assigned by ZD players have solutions, or they do not have any
solutions.

We theoretically prove that linear payo� relations assigned by ZD players always
have solutions. Furthermore, under a general condition, we prove that linear payo�
relations assigned by players with ZD strategies are independent, which means
that there does not exist a ZD player whose ZD strategy adds no linear constraints
other than those already imposed by other ZD players. These results hold in general
multi-player multi-action repeated incomplete-information games [3].
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The paper is devoted to the study of the approach problem for a nonlinear
control system with a compact target set in a �nite-dimensional phase space of
the system. A special feature of the problem considered in the present paper is the
presence of an unknown constant parameter in the system. It can be treated as a
game-theoretic approach problem, where the �rst player aims to bring the system
closer to the target set, while the second player, who can choose the value of the
parameter, seeks to keep the �rst player from achieving this aim. Taking this view
of the problem, we can extend the class of program controls of the �rst player to the
class of positional controls and can embed the class of second player's strategies in a
wider class, for example, the class of positional strategies of the second player, and
then we can treat the approach problem as a positional game-theoretic approach
problem. Solving the problem in the framework of positional formalization gives
back the set of positional absorption as the resolvability set of initial positions, and
for all initial positions in this set the extremal positional strategy can be taken for
a solution strategy. This extremal strategy would also guarantee a solution of our
original approach problem, in which the value of the parameter remains constant
up until the terminal time. Using this approach, we would not need to turn to the
procedure for identifying the parameter as one of the main steps in solving the
problem. However, we would not obtain a full solution of the original approach
problem with this method, because in general the set of positional absorption is
narrower than the solvability set of the original problem. As we want to obtain a
full solution in our paper, we will not use a reduction of the approach problem:
we will construct an (approximate) solution of the problem based on its special
features. On our way we have to recover the value of the parameter on some small
initial interval of time [1].
The study was supported by the Russian Science Foundation (project no. 19-11-
00105).
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The paper presents a duopoly model with two �rms producing a good with
network externalities in consumption. Consumers cannot easily learn prices and
thus they are not able to correctly form their expectations about the potential
clientele size. Consumers may either search to observe the prices or learn them
from �rms if there is price advertising. At �rst the duopolists decide whether
to advertise and then compete in prices. Advertising �rm commits to its price
with public announcement. Consumers possess random utility which actual value
depends on the horizontal match of the goods. Therefore consumers must visit
the stores to inspect the goods, realize their horizontal matches, and learn the
prices if there was no price announcements. Each searching consumer incurs one-
time search cost. There are three possible outcomes: both �rms remain silent; both
�rms advertise their prices; only one �rm advertises. Each outcome implies di�erent
pricing strategies and market sharing. Since, in general, the model predicts multiple
equilibria, after re�nements a few equilibria are selected. In these equilibria, a
decision to advertise prices crucially depends on the type of the consumption
externality and the value of the search cost. Particularly, at least one �rm must
advertise for a negative externality, as it lowers the minimum threshold level of
search costs and increases the pro�ts of the advertising �rm compared to the case
with no disclosure. Further, both negative and weakly positive externalities lead
to equilibria with interior solutions where both �rms have positive market shares
and neither �rm is able to capture a whole market. When consumption externality
exceeds the degree of product di�erentiation, the demand function of each �rm
becomes upward-sloping; a strong positive network externality dominates the price
e�ects and therefore a higher price is necessarily associated with a greater market
share. Finally, the only equilibria with a strong positive consumption externality
are those in which only one �rm supplies the entire market.
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In the paper, we consider conditions providing coincidence of the core and super-
di�erential of fuzzy cooperative game v with side payments [1]. It turned out that
one of the most simple su�cient conditions consists of local homogeneity of v.
Moreover, by applying so-called S∗-representation of fuzzy game [2] we show that
for any v with C(v) 6= ∅ there exists some game u such that the core of v coincides
with the super-di�erential of u. By applying sub-di�erential calculus [1] we describe
a structure of the core for both classic fuzzy extensions of the ordinary cooperative
game (e.g., Aubin [1] and Owen [3] extensions) and for some new extensions, like
Harsanyi extension and generalized Airport game.

To give more details, remind �rst that vector x ∈ RN is said to be a super-

gradient of a fuzzy TU cooperative game v at the center of gravity e∗N = (1/n, . . . , 1/n)
of the simplex σ∗F = {τ ∈ RN

+ |
∑
N τi = 1} if for any fuzzy coalition τ it holds

x · (τ − e∗N ) ≥ v(τ)− v(e∗N ).

De�nition 1: Super-di�erential ∂̂v(e∗N ) of a fuzzy game v at the coalition e∗N is
the set of all super-gradients of v at the point e∗N (below, as usual, σF = [0, 1]N \0)

∂̂v(e∗N ) := {x ∈ RN | x · (τ − e∗N ) ≥ v(τ)− v(e∗N ), τ ∈ σF }.

De�nition 2: Cooperative game v is said to be locally homogeneous at e∗N if
there exists δ > 0 such that v(te∗N ) = tv(e∗N ) for any t ∈ [1− δ, 1 + δ].

It can easily be checked that for any locally homogeneous at e∗N game v with

C(v) 6= ∅ we get C(v) = ∂̂v(e∗N ). To obtain more valuable result consider an
arbitrary fuzzy game v. Take its S∗-representation v∗ [2] and by v̂ denote homogene-

ous extension of v∗ de�ned by the formula v̂(tτ∗) := tv∗(τ∗), τ∗ ∈ σ∗F , tτ∗ ∈ σF .
Theorem 1: For any V -balanced fuzzy TU cooperative game v it holds

C(v) = ∂̂v̂(e∗N ).

References:

[1] J.-P. Aubin, Optima and Equilibria, Springer-Verlag: Berlin-Heidelberg (1993).
[2] V.A. Vasil'ev, ¾An analog of Bondareva-Shapley theorem I. Non-emptyness of the core of fuzzy
game¿, Automation and Remote Control, 79, 345�358 (2018).

[3] G. Owen, ¾Multilinear extensions of games¿, Journal of Management Sciences, 18(5), 64�79

(1972).

112



Super-Di�erentials for Some Classes of Fuzzy TU
Cooperative Games

Alexander Vasin1 and Anastasiia Divtsova2

1Lomonosov Moscow State University, Russia
vasin@cs.msu.su

2Moscow State University, Russia
nastyakislaeva@gmail.com

Keywords: repeated game, variable discounting, subgame perfect equilibrium, Pareto

optimal outcome.

We consider a class of repeated games with side payments, complete informa-
tion on prehistory and variable discounting, in particular, with sliding planning
horizons. This class of supergames is of general interest because in many real
repeated con�ict situations the relative weights of future payo�s in individual
utility functions change with the time. In particular, in many countries decisi-
on making persons regularily are changed or stay the same depending on the
election results. Then indicators of the socio-economic situation related to the time
before the closest election are often much more important for persons in power
than subsequent indicators. Moreover, many people, when planning their future
activities, consider the consequencies only till some �nite planning horisons. As the
time passes, these horizons also move. So the repeated games under consideration
re�ect incomplete rationality of participants, typical for many real con�icts. Below
we aim to examine how discounting coe�cients (in particular, planning horizons)
in�uence the set of Pareto-optimal subgame perfect equilibria. The initial game
includes two stages. The �rst stage is a game that generalizes the known model
�The Tragedy of the Commons� (Hardin, 1968) . At the second stage the players
redistribute the payo�s by means of side payments. Our purpose is to �nd conditions
for existance of a subgame perfect equilibrium (SPE) realizing in the repeated game
some Pareto-optimal outcome, that is, an outcome that maximizes the total payo�
in the one-short game. Note that in the one-shot game there is a �bad� Nash equili-
brium in dominant strategies corresponding to a high pollution level. We examine
two types of SPE realizing some Pareto-optimal outcome: 1) after any deviation,
all players start playing dominant strategies; 2) if one player deviates, the rest
continue cooperation maximizing their total payo� under the dominant strategy of
the disturber; after the second deviation everybody plays his dominant strategy.
For each type, we determine the set of Pareto-optimal SPE outcomes. Variant b
seems to induce more rational behavior of the players since, after the �rst deviation,
the rest players continue cooperation and maximize the total welfare. However, the
conditions for existence of the SPE are more strict for this case and do not hold in
general even under long planning horizons (in contrast to variant a). The problem
is of interest in context of the study of international ageements on limitation
of environmental pollution (see Petrosjan, Zaccour, 2003, Breton et al, 2018).
Existance of the SPE means the possibility for a stable and e�cient agreement
of such sort. This concept takes into account a possibility of unexpected breaking
the agreement by some country and assumes that only endogeneous economic
mechanisms in frame of the agreement prevent such breaking. Side payments re�ect
possibilities for redistribution of the welfare among the players.

This research is supported by RFBR 19-01-00533a.
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Electoral legislation varies across countries and within countries over time as
well as across di�erent types of elections with respect to its stance to making
intermediate election results such as turnout and candidates' vote shares public
knowledge during election days. In some countries, electoral authorities every few
hours announce cumulative turnout but do not allow for disclosure exit polls
results until all polling station are closed. Some countries allow for disclosure of
any relevant information including results of exit polls at any moment, even when
polling stations are still open. In others, any information disclosure until the end
of election day is illegal.

In this paper, using a pivotal costly voting model of elections where voters have
privately observed preferences over two candidates and act sequentially, I study how
di�erent information regimes (no information disclosure, turnout only disclosure,
votes disclosure) a�ect voters' decisions to cast votes and what impact they have
on voter and candidate welfare, depending on candidates' ex-ante support. I �nd
that �rst, full (votes) disclosure dominates the other two regimes in terms of voter
welfare. Second, partial (turnout) and no disclosure quickly converge with larger
number of voters in terms of both voter and candidate welfare. Third, ex-ante
majority candidate has the highest chance to win under full disclosure, minority
candidate with relatively high support - under partial disclosure, and minority
candidate with low support - under no disclosure.

114



Multiple-Population Discrete-Time Mean Field
Games

Piotr Wie�cek1

1Wroc law University of Science and Technology, Poland
Piotr.Wiecek@pwr.wroc.pl

Keywords: mean-�eld game, discrete time, discounted reward, total reward, multiple

populations, stationary mean-�eld equilibrium.

In the paper we present a model of a discrete-time mean-�eld game with several
populations of players. Games of this type have been studied in literature only in
continuous-time setting. We consider two payo� criteria: discounted reward and
total reward. For both, we present the results about the existence of a stationary
mean-�eld equilibrium in this type of games. We also provide some results linking
equilibria in the mean-�eld models with approximate equilibria in �nite-player
games de�ned with the same primitives.
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A wellknown egalitarian solution for convex transferable utility games was
de�ned in the seminal paper of Dutta and Ray (1989). This solution can be
considered as a compromise between egalitarianism and sel�sh behavior, where
egalitarianism is formalized by Lorenz domination and sel�sh behavior is modeled
by core-like participation constraints. As a consequence, the Dutta and Ray (1989)
assigns to any convex game the unique Lorenz dominating core allocation. Hougaard
et al. (2001), Arin and I narra (2001), and Arin et al. (2008) extended this approach
to balanced games and analyzed Lorenz undominated core allocations. Branzei
et al.(2006) introduced the equal split-o set (ESOS) as an extension of the DR
solution to all transferable utility games by the extension of the algorithm of Dutta�
Ray to arbitrary games. This algorithm recursively assigns the maximal average
worth to the members of one of the corresponding coalitions, and subsequently
considers a reduced game for the other players. It turnes ot that the ESOS is
nonempty and e�cient solution, but, in general, it is set-valued. Nevertheless it
keeps some egalitarian properties even for unbalanced games. Sanchez-Soriano
et al. (2010) showed that all equal split-o� set allocations Lorenz dominate all
(other) core allocations. Axiomatic characterizations of the ESOS are connected
with the consistency properties of the TU game solutions and with the solutions
of two-person games. For the super-additive two-person games the DR solution
coincides with the solution of the constrained egalitarianism (CE). We extend th
CE solution to sub-additive two-person games with the help of the Dutta�Ray
algorithm that can be applied to sub-additive games as well. Consistency properties
of the DR solution for convex games (Davis-Mashler, complement consistencies and
some other ones) are not satis�ed for arbitrary TU games. However, the ESOS
satis�es some restrictions of these properties that turn out to be su�cient for
characterizations. This presentation axiomatically studies the ESOS on multiple
classes of non-convex games. We obtain several new characterizations by exploring
the relation of the equal split-o� set with various consistency notions in di�erent
forms.

International Laboratory of Game Theory and Decision Making, National Re-
search University Higher School of Economics, St. Petersburg, Russian Federation.
Support from the Basic Research Program of the National Research University
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The after-services are a set of activities dedicate to provide support to the buyer
when he buys a product or a service, meaning an insurance of the item purchased.
For this kind of environment, there are at least two players; the consumer and the
original manufacturer equipment (OEM), where both have di�erent points of view
about this extra service (may be con�icting in some cases). Thus, this paper aims
to show a game theory model applied to after-sale services when there are two
players; a consumer, the owner of the piece of equipment and receiver of after-sale
services and the OEM who is responsible for producing, selling, and providing the
after-sale services. Moreover, there is an important variable that a�ects players'
payo�, the customer's maintenance e�ort. The model is solved by the Stackelberg
solution, through an optimization system divided into two steps whose the leader is
the OEM who de�nes the prices of device and insurance level. Finally, an example
illustrates how the model works, emphasizing the key elements and the decision
variables of the players.
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This article explores a pricing model for cloud resources, based on the use of
two di�erent payment schemes - reservation and pay-as-you-go, each of which is
controlled by its administrator. Interests of administrators and customers are both
in the scope. Scheme administrators select prices in order to maximize their own
revenues. At the same time, the task of clients is to choose the payment scheme
with the least possible expected costs. The process of prices determination has a
form of a two-stage game. First stage is a static non-cooperative game between
the administrators for the opportunity to sell resources, where each administrator
assigns the price in order to maximize his expected revenue. We use M/M/∞ and
M/M/1 queues to take into account the correlation between service times and the
�ow rates of requests for the reservation and pay-as-you-go schemes, respectively.
As a result, we derive su�cient conditions for the existence of a Nash equilibri-
um. In the second stage, competition among customers who wish to purchase
cloud resources is studied. When the prices are set, we analyze clients choices
of schemes. Making a choice they seek to minimize their expected costs, which
consist of �nancial component and waiting costs. Wardrop principle is used in
order to describe user behaviour and optimality conditions. At the end of the
work, it is shown that implementation of the additional reservation scheme has
positive e�ect for the provider and the clients compared to a single pay-as-you-
go-scheme. A numerical simulation of pricing is carried out for various values of
parameters in order to determine the degree of in�uence of various factors on the
equilibrium values of prices and utilities. The remainder of the article is organized
as follows. Firstly, a review of the subject area is made. Secondly, an overview
of the scienti�c literature on cloud resources pricing is provided. Then pay-as-
you-go and reservation schemes model is described. Further goes examination of
price competition among scheme administrators, as well as resource procurement
competition between customers when choosing a payment scheme; a comparison of
the case of one and two schemes in equilibrium is carried out, an analysis of the
results of numerical simulation is given. Conclusion and perspective ways for future
research are given in the end.
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In organization studies and strategic management, particularly in a supply
network context, the investigation of roles, the importance of players (organizations)
and their relationships have attracted the interest of many scholars with respect to
their in�uences on such issues as a performance enhancement, innovation adoption,
etc. The result of these studies can be applicable for supply network managers to
take into account in their network design and modi�cation tasks. It is a critical
practice that a�ects the performance of both players and the network. There
is a dearth of research and empirical studies, which have paid attention to the
concept of key players and key leaders as an organization at the network level of
analysis, especially in the logistics network context. It is due to the complexity
of both disciplines, which should be considered in a dynamic situation. Also, the
term of power which is most popular as an interrelated feature with leadership
to describe how an industry dominates over other agents in the network can be
de�ned di�erently based on the de�nition of performance and network objective
in each problem. Identifying the key players and key leaders in a network are one
of the primary uses of network analysis. There are some metrics to show how the
networks were organized such as network density, centralization, and complexity.
The concept of centrality is a fundamental criterion for measuring the importance
of players based on the theory of power from a network perspective. In recent
studies related to key players and key leaders in social networks (Zhou and Chen,
2015; Zhou and Chen, 2016; Ballester et al., 2006) the weighted Katz�Bonacich
Centrality (Bonacich, 1987; Katz and Shapiro, 1985; Bonacich and Lloyd, 2001;
Bloch et al., 2017) have been the main criteria, which also in this research will be
considered for measuring key players and key leaders with the implementation of
Stackelberg leadership model (Von Stackelberg, 1952) and the Nash equilibrium
concept (Nash, 1951). In this paper, a distribution network, which is intermediary
level in supply networks and facilitates the physical �ows of merchandises between
suppliers, manufacturers, distribution centers, and retailers, is under investigation
based on the investment of each player (DC) in vehicles as a strategic decision
to increase their pro�ts in a non-cooperative interaction. The importance of this
decision to decrease transit time, inventory costs, security and availability enhance-
ment, and environmental impact can be studied in the literature (e.g., Coyle et al.,
2016; Gubbins, 2003). Therefore, the total pro�t is the measurement of the payo�
function. A well-known online store in Iran has decided to extend its market and
scope of work among all 31 provinces throughout the country.
This work is supported by the Russian Foundation for Basic Research, project N
17-07-00371
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