
Research Statement
Stefanos Leonardos

Mathematics Department, National & Kapodistrian University of Athens
Division of Statistics & Operations Research

October 29, 2017

My graduate studies are in Operations Research. As a PhD student, I worked both on theoretical and ap-
plied problems in the ield of Game Theory, advised by Professor Costis Melolidakis. My research focused on
two subjects. In the irst, I studied an Extended Cournot Oligopoly, where retailers’ cost is determined strate-
gically by a third party supplier under incomplete information about the market demand. Our research led
to a twofold contribution. From a technical perspective, we formulated a novel unimodality condition for
stochastic revenue functions and derived a ixed point characterization of the supplier’s optimal policy. This
rendered our model mathematically tractable and fostered its analysis from an economic perspective. Our
results are summarized in two papers that are currently published on arxiv.org. In the second, I studied Solu-
tion Concepts in Bimatrix Games. Motivated by certain shortcomings of the prevailing equilibrium approach,
we examined properties of solutions that stem from an optimization rather than an equilibrium point of
view. Our indings are presented in a forthcoming article of the International Game Theory Review.

Recently, I engaged into an 18-month research project on the Strategic Behavior of Customers in a Queue-
ing Systems under the supervision of Professor A. Economou, member of my PhD committee. In summer
2017, I visited Koç University to collaborate with Ass. Professor A. Manou in a project on Dynamic Pricing of
Capacitated Systems. Additionally, I am studying Axiomatic Decision Theory with Assoc. Professor E. Tsakas.
In September 2017, I attended with a scholarship the Summer School in “Game Theory and Voting Systems”,
organized by the Lake Como School of Advanced Studies.

1. Operations Research: Unimodality conditions for stochastic revenue functions

[1] JobMarket Paper. S. Leonardos and C.Melolidakis. Selling to Cournot oligopolists: demand uncertainty
& generalized mean residual life. under revision, 2017. https://arxiv.org/abs/1709.09618.

[2] S. Leonardos and C. Melolidakis. Endogenizing the cost parameter in Cournot oligopoly. under revision,
2016. https://arxiv.org/abs/1601.07365.

1.1. Results: In prevailing economic practice, retailers’ costs represent purchases from third party suppli-
ers, who often operate at an international scale. Suppliers may price-differentiate between separate mar-
kets to maximize their revenues; however, they often make decisions under incomplete information about
the retailers’ willingness to pay for their supplies. We address these issues through an extended Cournot
model, which we extend to a two-stage game with endogenous cost formation: the retailers’ marginal cost
represents purchases from a price-setting, revenue-maximizing supplier. Any demand uncertainty falls to
the supplier, who acts irst (Stackelberg leader) and sets the wholesale price under incomplete information
concerning the retailers’ willingness-to-pay for ordering the product. We introduce the generalized mean
residual life (GMRL) function of the supplier’s belief distribution F and show that his revenue function is
unimodal, if the GMRL function is decreasing – (DGMRL) property – and F has inite second moment. In this
case, we characterize the supplier’s optimal price as a ixed point of his MRL function. Under the additional
assumption that F has a density, we compare the DGMRL class with the widely used increasing generalized
failure rate (IGFR) class, see [8, 9]. If a random variable is IGFR, then it is DGMRL. We provide a suf icient
condition for the converse to be true and show that the limiting behavior of the GMRL and GFR functions is
closely linked under a reciprocal relationship.
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1.2. Agenda: There are two directions for future research. Firstly, the formal introduction of the mean
residual life (MRL) and generalized mean residual life (GMRL) functions in revenue-management applica-
tions, establishes a novel tool for analysis of such problems. Properties of the MRL and GMRL may be uti-
lized to derive new insights and formulate more compact unimodality conditions. Equally important is the
purely mathematical work that can be done in this respect: while the MRL function has been extensively
studied in the applied probability literature, there are only scarce results about the GMRL function. The
second direction concerns the sensitivity analysis of the parameters of the two-stage Cournot model. The
characterization of the optimal price as a ixed point of the MRL function, renders the model mathematically
tractable even under increased complexity. The tool of stochastic ordering plays here a pivotal role. What
happens if the distribution of the source of uncertainty becomes larger in the usual stochastic/ hazard rate/
mean residual life order? How do these changes affect the supplier’s optimal pricing policy and what do we
learn from this analysis about real markets?

1.3. Collaborations/Engagement: This areaprovides a fruitful ground for collaborationswith experts and
student engagement fromseveral ields. Skills ranging frommathematics, appliedprobability andoperations
research to programming and economics may be utilized to study separately the aforementioned questions.
Students with mathematical background may focus on the study of the GMRL function, while students with
programming skills and economic understandingmay conduct sensitivity analysis of themodel-parameters.
Students coming from Operations Research programms and who exhibit adequate knowledge in all these
areas, constitute undoubtedly the ideal candidates for research in this subject.

2. Solution Concepts in Bimatrix Games

[1] S. Leonardos and C. Melolidakis. On the commitment value and commitment optimal strategies in bima-
trix games. International Game Theory Review forthcoming, 2017. https://arxiv.org/abs/1612.08888.

2.1. Results: Given a bimatrix game, the associated leadership or commitment games are de ined as the
games at which one player, the leader, commits to a (possibly mixed) strategy and the other player, the fol-
lower, chooses his strategy after being informed of the irrevocable commitment of the leader (but not of its
realization in case it ismixed). Based on a result by [10], we study the notions of commitment value and com-
mitment optimal strategies for each player as possible solution concepts. We show that in non-degenerate
bimatrix games (a) pure commitment optimal strategies together with the follower’s best response consti-
tute Nash equilibria, and (b) strategies that participate in a completely mixed Nash equilibrium are strictly
worse than commitment optimal strategies, provided they are not matrix game optimal. For classes of bima-
trix games that generalize zero sum games, we discuss the relationship between the maximin value of the
leader’s payoff matrix, the Nash equilibrium payoff and the commitment optimal value. Contrary to many
other classes, we show that three quantities remain equal in weakly unilaterally competitive games.

2.2. Agenda: Questions that I would like to answer in my ongoing and future research are the following.
First, assume that we are given a two-player game but we do not know whether it is going to be played
sequentially or simultaneously. Whenwould our prediction for the outcomebe/not be theNash equilibrium?
To endogenously determine the order of play, we may utilize players’ beliefs to ind out whether they think
that some other player will act as a leader or not. However, the dif iculty is to establish the proper epistemic
framework that will reveal this information. Second, leader-follower games are the means to place each
player in an advantageous and a disadvantageous – compared to the simultaneous move game – situtation
in 0-sum games. Can one ind other auxiliary games that work in the same manner – i.e. provide bounds for
the solution – in other classes of games? Finally, further study and understanding of bimatrix games remains
a challenge. Can we reduce the “degrees of freedom” in payoff spaces to obtainmeaningful characterizations
for speci ic, but widely applicable classes of bimatrix games?

2.3. Collaborations/Engagement: This topic provides a great opportunity for graduate students to famil-
iarizewith all themain solution concepts that are currently used in the analysis of game theoreticmodels and
understand their advantages and shortcomings. As a research ield, it poses certain dif iculties. However, its
study may be optimally combined with research in game theoretic applications. When one considers collab-
orations with experts from other ields, the prospects are great. Apart from game theorists, research in this
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area is undoubtably connected with the advances in Computer Science, as computer scientists are increas-
ingly focusing on the algorithmic implementation in “fast computational time” of solution methods. Due to
the computational intractability of the Nash equilibria in large games, the study of solutions that stem from
optimization methods – and ideally coincide with the Nash equilibria – is becoming an increasingly active
research area.

3. Other areas of ongoing work

3.1. Strategic Behavior in queues

[1] Y. Dimitrakopoulos, A. Economou and S. Leonardos. Strategic customer behavior in a queueing system
alternating between peak and off-peak periods, working paper (pdf available on my website), 2017.

The study of the strategic behavior of customers in service systems is a particularly active research area of
Operations Research and combines elements from Queueing Theory, Game Theory, Mathematical Program-
ming and Compturer Simulations,. In the current work, we are studying a model with varrying arrival rates
and different levels of information. Speci ically, we are interested in the equilibrium behavior of a queue
with a single server, exponential service times, unlimited capacity and First-Come-First-Served discipline, at
which customers arrive with a Markov modulated Poisson process that alternates between two states: peak
periodswith high intensity of arrivals and off-peak periodswith low intensity of arrivals. The customers and
themanager of the systemare viewed as strategic entities. In one of the alternatives thatwe study, customers
may observe the system (length of the queue in front of them) only when the system is in peak periods. In
this case, if a customer arrives at an observable system, he has the additional decision of reneging (or not)
at the time that the system becomes observable, see Figure 1. The situation is modeled as a 2-stage game
and we are interested in determining its equilibria, studying their properties and comparing them with the
socially optimal outcome of fully observable or fully unobservable models, see [5].
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Figure 1: The 1-observable system with reneging

3.2. Pricing

[1] S. Leonardos, A. Manou, O. Kanavetas. Pricing, capacity allocation & learning in a set of capacitated
systems, ongoing work, 2017.

Contemporary enterprises, such as airlines, entertainment facilities, hotels, rental car companies or con-
ference/event organizers, face the problem of restricted capacity and unevenly distributed demand between
peak and off-peak periods. These irms sell a “perishable” product and cannot keep inventory to satisfy the
demand on peak periods. Moreover, customer willingness-to-pay for the service varies according to the pe-
riod of service. It is common that these irms try to manipulate the demand through differentiated pricing
between peak and off-peak periods. However, customers’ decision on which service system to join, is based
on their –possiblyheterogeneous –willingness topay for each service and their expectationabout the service
quality of each system. In turn, since service quality depends on the decision of other customers – congestion
level may be high or low – the situation in the system should be described as a game among customers.
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We address the non-trivial economic design issues in these service systems, while studying customer be-
havior at a micro-level. To facilitate the analysis, we adapt customer utility to re lect both the probability
of receiving service when choosing between the service systems (peak and peak-off) and the satisfaction
of receiving this service under different congestion levels. As in [7], the model is studied with non-linear
optimization and game theoretical tools. In the proposed approach, demand re lects the Nash equilibrium
behavior of customers in the second stage and we are focusing in determining customer behavior and op-
timal strategies – price and capacity allocation policy – for the provider, as well as socially optimal sets of
parameters and mechanisms to implement them.

3.3. Decision Theory

[1] S. Leonardos and E. Tsakas. Subjective probabilities with state-dependent preferences, ongoing work,
2017.

Increasingly skeptical about the predictive power of equilibrium models in terms of human behavior,
economists are reconsidering the decision theoretic approach – one agent compared to several opposing
agents – in the analysis of economic interactions. As [6] argue, the standard formulation of subjective ex-
pected utility theory assumes that preferences on alternative courses of actions are state independent. How-
ever, they continue, the imposition of state-independent utility is irreconcilable with some applications in-
cluding the choice of life insurance, certain aspects of health and disability insurance a.o. In these cases, the
evaluation of pecuniary outcomes depends on the state of nature. The still open challenge is to form a satis-
factory set of such axioms that will uniquely recover beliefs and utility representation of preferences, when
preferences are state-dependent. Notably, the comprehensive work of Karni, has shed light onmany aspects
of this problem, however it eloquently highlights that a widely accepted model is yet to be proposed.

The proposed research project aspires to enhance our understanding of the behavior of decision makers
under the dif icult to model, but realistic assumption of state dependent preferences. Yet, our axiomatic
approach is structured in a way that evaluates the risks of this task and promises to provide satisfactory
results even if the ultimate target exhibits insurmountable dif iculties. Applications in real life situations are
ample. For example, opinion polls perform poorly in the prediction of important electoral events, while they
performwell in the prediction of less in luential events (like sports or consumption preferences). Insurance
buyers – or customers in general – do not respond as expected in various pricing policies. These and many
other problems can be studied under the assumption of state dependent preferences, where DMs’ behavior
is still not fully understood.
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