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The main purpose of this dissertation is to tackle several topics in cooperative game theory and its applications. In this
sense, this manuscript is composed by three independent parts, each of one devoted to the analysis of different situations.
Part I. On cooperative inventory models. A multi-agent inventory problem is a situation in which several agents face
individual inventory problems and agree to coordinate their orders with the objective of reducing their costs. This part of
the manuscript is composed of two independent chapters, each of them dealing with a new multi-agent inventory problem.
Chapter 1. A multi-agent inventory problem with two acquisition costs. Fiestras-Janeiro, García-Jurado, Meca, and
Mosquera (2015) analyse a multi-agent inventory problem in which several farmers cooperate to make joint orders
of animal feed, the cost of a usual feeding ration being equal to the cost of a shortage feeding ration. However, this
equality assumption is not acceptable in some cases. Thus, along this chapter, we analyse the corresponding multiagent inventory problem with two acquisition costs.
This chapter is mainly based on Saavedra-Nieves, García-Jurado, and Fiestras-Janeiro (2018b).
Chapter 2. A multi-agent inventory problem with general transportation costs. Fiestras-Janeiro, García-Jurado, Meca,
and Mosquera (2014) study a multi-agent inventory system where each agent has a deterministic demand and a capacitated warehouse with constant holding costs. Besides, shortages are not allowed and lead-time is constant. A key
assumption is that agents are located in a line route in such way that the transportation costs depend on the maximum
distance to the supplier. In this chapter, we take the case in which the variable cost is given by a general function.
Under these assumptions, each agent faces a continuous-review inventory problem, with a deterministic and linear
demand, without holding costs, with a limited capacity warehouse and with general transportation costs. We analyse
the case of the cooperation of the agents when they agree to place joint orders.
This chapter is mainly based on Saavedra-Nieves, García-Jurado, and Fiestras-Janeiro (2018c).
Part II. On sequencing situations with non-linear costs. Sequencing problems describe those situations where a set of
jobs has to be processed in a collection of available machines. In this class of problems, an initial order for processing the
jobs is assumed and each of them has associated a specific cost function which generally depends on the time in the machine.
This second part is composed of a single-chapter, which describes sequencing situations with exponential and logarithmic
costs.
Chapter 3. A sequencing problem with exponential and logarithmic costs. Curiel, Pederzoli, and Tijs (1989) firstly
analyse from a game-theoretic approach the standard case of Smith (1956), where the costs of processing the jobs are
given by linear functions of the time in the machine. Borm, Fiestras-Janeiro, Hamers, Sánchez, and Voorneveld (2002)
additionally provide a condition for the convexity of the saving games associated with these situations. The aim of this
chapter is to analyse sequencing problems with exponential and logarithmic costs by processing the jobs in a singlemachine. Under these new considerations, we obtain results about the optimal order and we analyse the savings
obtained by rearranging the jobs using cooperative game theory.
This chapter is mainly based on Saavedra-Nieves, Schouten, and Borm (2018).
Part III. On sampling methods and coalitional values. Cooperative game theory focuses on the definition of allocation
procedures of the costs/profits by the collaboration of the players. Among others, coalitional values take relevance in this
setting. However, their exact determination becomes a difficult task when the number of involved players enlarges. Due to
the interpretation of some coalitional values as the average of the marginal contributions, approximation methods based on
sampling techniques may reduce considerably these efforts. The third part of the manuscript is organized in two chapters,
each of them, including new sampling proposals for estimating coalitional values.

Chapter 4. Estimation of the Owen value based on sampling. Fernández-García and Puerto-Albandoz (2006) and
Castro, Gómez, and Tejada (2009) provide a procedure based on simple random sampling with replacement to estimate
the Shapley value (Shapley, 1953). Along this chapter, we introduce a variation of the above-mentioned procedure to
approximate the Owen value of general TU-games (Owen, 1977). We analyse our proposal from a statistical perspective
and we check how it performs on some examples extracted from the literature.
This chapter is mainly based on Saavedra-Nieves, García-Jurado, and Fiestras-Janeiro (2018a).
Chapter 5. Estimation of the Banzhaf-Owen value based on sampling. Bachrach et al. (2010) also provide an estimating procedure to approach the Banzhaf value (Banzhaf, 1965) of simple games. In this chapter, we propose some
variations of Bachrach et al.’s procedure to estimate the Banzhaf-Owen value of general TU-games (Owen, 1982). First,
we propose an approximation procedure based on simple random sampling without replacement. Secondly, we introduce an alternative estimation method to approximate the Banzhaf-Owen value, based on a two-stage sampling
procedure. Both methodologies are theoretically analysed and their performance on several examples in the literature
is also evaluated, with positive results.

References
Bachrach, Y., Markakis, E., Resnick, E., Procaccia, A. D., Rosenschein, J. S., and Saberi, A. (2010). Approximating power
indices: theoretical and empirical analysis. Autonomous Agents and Multi-Agent Systems, 20(2), 105–122.
Banzhaf, J. F. (1965). Weighted voting doesn’t work: A mathematical analysis. Rutgers Law Review, 19, 317–343.
Borm, P., Fiestras-Janeiro, G., Hamers, H., Sánchez, E., and Voorneveld, M. (2002). On the convexity of games corresponding
to sequencing situations with due dates. European Journal of Operational Research, 136, 616–634.
Castro, J., Gómez, D., and Tejada, J. (2009). Polynomial calculation of the Shapley value based on sampling. Computers &
Operations Research, 36(5), 1726–1730.
Curiel, I., Pederzoli, G., and Tijs, S. (1989). Sequencing games. European Journal of Operational Research, 40, 344–351.
Fernández-García, F., and Puerto-Albandoz, J. (2006). Teoría de juegos multiobjetivo. Imagraf Impresores SA, Sevilla.
Fiestras-Janeiro, M. G., García-Jurado, I., Meca, A., and Mosquera, M. A. (2014). Centralized inventory in a farming community. Journal of Business Economics, 84(7), 983–997.
Fiestras-Janeiro, M. G., García-Jurado, I., Meca, A., and Mosquera, M. A. (2015). Cooperation on capacitated inventory
situations with fixed holding costs. European Journal of Operational Research, 241(3), 719–726.
Owen, G. (1977). Values of games with a priori unions. In R. Henn and O. Moeschlin (Eds.), Mathematical economics and game
theory (pp. 76–88). Springer.
Owen, G. (1982). Modification of the Banzhaf-Coleman index for games with a priori unions. In M. J. Holler (Ed.), Power,
voting, and voting power (pp. 232–238). Physica-Verlag HD.
Saavedra-Nieves, A., García-Jurado, I., and Fiestras-Janeiro, M. G. (2018a). Estimation of the Owen value based on sampling.
In E. Gil, E. Gil, J. Gil, and M. Á. Gil (Eds.), The Mathematics of the Uncertain: A Tribute to Pedro Gil (pp. 347–356). Springer.
Saavedra-Nieves, A., García-Jurado, I., and Fiestras-Janeiro, M. G. (2018b). On coalition formation in a non-convex multiagent inventory problem. Annals of Operations Research, 261(1-2), 255–273.
Saavedra-Nieves, A., García-Jurado, I., and Fiestras-Janeiro, M. G. (2018c). Placing joint orders when holding costs are
negligible and shortages are not allowed. In D. Mueller and R. Trost (Eds.), Game Theory in Management Accounting (pp.
349–360). Springer.
Saavedra-Nieves, A., Schouten, J., and Borm, P. (2018). On interactive sequencing situations with exponential cost functions.
Center Discussion Paper, Tilburg University, 2018-020.
Shapley, L. S. (1953). A value for n-person games. Contributions to the Theory of Games, 2(28), 307–317.
Smith, W. (1956). Various optimizers for single-stage production. Naval Research Logistics, 3, 59–66.

