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This thesis is concerned with investigating elements of computational
social choice in the light of real-world applications. We contribute to a



better understanding of the areas of fair allocation and multiwinner
voting. For both areas, inspired by real-world scenarios, we propose
several new notions and extensions of existing models. Then, we
analyze the complexity of answering the computational questions
raised by the introduced concepts. To this end, we look through the
lens of parameterized complexity. We identify different parameters
which describe natural features specific to the computational problems
we investigate. Exploiting the parameters, we successfully develop
efficient algorithms for spe- cific cases of the studied problems. We
complement our analysis by showing which parameters presumably
cannot be utilized for seeking efficient algorithms. Thereby, we provide
comprehensive pictures of the computational complexity of the studied
problems. Specifically, we concentrate on four topics that we present
below, grouped by our two areas of interest. For all but one topic, we
present experimental studies based on implementations of newly
developed algorithms. We first focus on fair allocation of indivisible
resources. In this setting, we consider a collection of indivisible
resources and a group of agents. Each agent reports its utility
evaluation of every resource and the task is to "fairly" allocate the
resources such that each resource is allocated to at most one agent. We
concentrate on the two following issues regarding this scenario. The
social context in fair allocation of indivisible resources. In many fair
allocation settings, it is unlikely that every agent knows all other
agents. For example, consider a scenario where the agents represent
employees of a large corporation. It is highly unlikely that every
employee knows every other employee. Motivated by such settings, we
come up with a new model of graph envy-freeness by adapting the
classical envy-freeness notion to account for social relations of agents
modeled as social networks. We show that if the given social network of
agents is simple (for example, if it is a directed acyclic graph), then
indeed we can sometimes find fair allocations efficiently. However, we
contrast tractability results with showing NP-hardness for several
cases, including those in which the given social network has a constant
degree. Fair allocations among few agents with bounded rationality.
Bounded rationality is the idea that humans, due to cognitive
limitations, tend to simplify problems that they face. One of its
emanations is that human agents usually tend to report simple utilities
over the resources that they want to allocate; for example, agents may
categorize the available resources only into two groups of desirable
and undesirable ones. Applying techniques for solving integer linear
programs, we show that exploiting bounded rationality leads to
efficient algorithms for finding envy-free and Pareto-efficient
allocations, assuming a small number of agents. Further, we
demonstrate that our result actually forms a framework that can be
applied to a number of different fairness concepts like envy-freeness
up to one good or envy-freeness up to any good. This way, we obtain
efficient algorithms for a number of fair allocation problems (assuming
few agents with bounded rationality). We also empirically show that our
technique is applicable in practice. Further, we study multiwinner
voting, where we are given a collection of voters and their preferences
over a set of candidates. The outcome of a multiwinner voting rule is a
group (or a set of groups in case of ties) of candidates that reflect the
voters' preferences best according to some objective. In this context,
we investigate the following themes. The robustness of election
outcomes. We study how robust outcomes of multiwinner elections are
against possible mistakes made by voters. Assuming that each voter
casts a ballot in a form of a ranking of candidates, we represent a
mistake by a swap of adjacent candidates in a ballot. We find that for
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rules such as SNTV, k-Approval, and k-Borda, it is computationally
easy to find the minimum number of swaps resulting in a change of an
outcome. This task is, however, NP-hard for STV and the Chamberlin-
Courant rule. We conclude our study of robustness with experimentally
studying the average number of random swaps leading to a change of
an outcome for several rules. Strategic voting in multiwinner elections.
We ask whether a given group of cooperating voters can manipulate an
election outcome in a favorable way. We focus on the k-Approval voting
rule and we show that the computational complexity of answering the
posed guestion has a rich structure. We spot several cases for which
our problem is polynomial-time solvable. However, we also identify
NP-hard cases. For several of them, we show how to circumvent the
hardness by fixed-parameter tractability. We also present experimental
studies indicating that our algorithms are applicable in practice.
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Background material -- Theory of complex-valued matrix derivatives
-- Development of complex-valued derivative formulas -- Complex
Hessian matrices for scalar, vector, and matrix functions --
Generalized complex-valued matrix derivatives -- Applications in
signal processing and communications.

In this complete introduction to the theory of finding derivatives of
scalar-, vector- and matrix-valued functions with respect to complex
matrix variables, Hjgrungnes describes an essential set of mathematical
tools for solving research problems where unknown parameters are
contained in complex-valued matrices. The first book examining
complex-valued matrix derivatives from an engineering perspective, it
uses numerous practical examples from signal processing and
communications to demonstrate how these tools can be used to
analyze and optimize the performance of engineering systems.
Covering un-patterned and certain patterned matrices, this self-
contained and easy-to-follow reference deals with applications in a
range of areas including wireless communications, control theory,
adaptive filtering, resource management and digital signal processing.
Over 80 end-of-chapter exercises are provided, with a complete
solutions manual available online.



