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WFIER R OMEEE (330) : The problem definition and characterization stage of intelligent
routing of first workpackage has been absolved. The work continued on the provision of
meta-heuristic methods, including the Multi-Attribute Secretary Problem (MASP) search
algorithm. New formal concepts of fairness, extending proportional fairness have been
presented. The concept for validation experiments has been developed. An open accessible
benchmark on wireless channel allocation problems was introduced. An experimental
prototype was installed for an available network simulation platform.
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4. WFFER R

(1) The  problem  definition  and
characterization stage of 1intelligent
routing of first work package has been
absolved. Main result was that the primary
focus should be given on the realized
concepts of optimality and the needed
exact or heuristic algorithms. The work
continued on the provision of suitable
meta—heuristic methods. A multi—objective
optimization procedure inspired by the
famous secretary problem from optimal
stopping theory was developed. The
proposed algorithm is designed to be
applied to multi—attribute decision
making problems that require fair
solutions. Two fairness relations were
considered, namely maxmin fairness and
proportional fairness, and the evaluation
was performed for the problem of wireless
channel allocation. The performance was
compared to random search, and the quality
of the solution is measured with respect
to the distance to the results obtained
with brute—force in the whole space search.
Results showed that the proposed algorithm,
compared to random search, could cover a
much larger portion of the search space for

the same number of pairwise comparisons

(2) New formal concepts of fairness,
extending proportional fairness, have
been presented. Proportional fairness is
a concept from resource sharing tasks
among n users, where each user receives at
least 1/n of her or his total value of the
infinitely divisible  resource. An
approach to proportional fairness was
provided that allows its extension to
discrete domains, as well as for the direct
application of evolutionary computation
to approximate proportional fair states

The concept of relational optimization was
employed, where the optimization task
becomes the finding of extreme elements of
a binary relation, and defines a
proportional fairness relation
correspondingly. By using a rank—ordered
version of proportional fairness, the
so—called ordered proportional fairness,
the active finding of maximal proportional
fair elements by evolutionary
meta-heuristic algorithms could be
improved. This was demonstrated by using
modified versions of the Strength Pareto
Evolutionary Algorithm (version 2, SPEA2)

and Multi-Objective Particle  Swarm
Optimization (MOPSO). In comparison
between proportional and ordered
proportional fairness, and by using

relational SPEA2, the evolved maximum sets
of ordered proportional fairness achieved
10% more dominance cases against a set of
random vectors than proportional
fairness.

(3) In the relational approach to fairness,
fairness is considered as a social choice
that coincides with the maximum set of a
fairness relation. The further
application of this approach to achieve
general fairness in collaborative systems
was studied. The approach was based on
posing additional conditions on the
fairness relation based on representation
of collaboration among agents by a social
graph, and various social types of agents.

Such relation can be used for the formal
analysis of collaboration
scenarios by justifying tractable sizes of
maximum sets of corresponding

various

collaborative fairness relations. As an
example result, the introduction of
cliques of larger size appears to be in
favor of achievability of collaborate



fairness.

(4) The concept for validation experiments
has been developed. An open accessible
benchmark for the performance evaluation
of heuristic and meta—heuristic
approaches to fair distribution of
indivisible goods was developed. The
specific problem reflected by the
benchmark data sets is Wireless Channel
Allocation (WCA), and the approach to fair
distribution is to choose from feasible
allocations by the maximum set of a
fairness relation between their
corresponding allocation performances.
The effort for exhaustive search for such
maximum sets 1is rapidly increasing and
even problems with 10 users may already be
beyond todays computing capabilities. The
results for up to 7 users were calculated
including a discussion of some general
aspects of using fairness relations in the
prescribed manner, also indicating the
efficiency of the approach in terms of
establishing rather small maximum sets
with much overlap of maximal elements
among different fairness relations.

(5) An experimental prototype of a network
simulation platform for approximating
resource requests was installed. The
purpose was to study the efficiency of
procedures to map a demand vector to a
feasible resource allocation in a fair
manner. The maximality concept of a
relation was applied to the approximation
problem by separating it 1into two
independent sub—problems. The first
sub—problem is to gather a set of efficient
system allocations by maximizing
majorities. Due to computational
complexity, an online meta—heuristic
search algorithm handled the task. At each
timeframe the system exposes a number of
candidate allocations for mapping user
demands. The second sub—problem, given a
current demand vector, is a fair selection
among the currently exposed candidate
allocations. Among the per—user
demand—degradation vectors for all
candidates, maximal vectors according to
a fairness relation were selected. This
approach was studied in the low mobility
core of a wireless broadband architecture.
The approach allows comparing among
different fairness models. Actual demand
that was not fulfilled reappeared in the

next timeframe of the simulation, thus the
related uplink traffic would stay longer
in the system. Then, by delay minimization
a specific fairness model for system
operation could be chosen.
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