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Abstract

This paper introduces a bi-objective winner-determination problem and presents a multiobjective
genetic algorithm to solve it. The problem examined arises in the procurement of transportation contracts
via combinatorial auctions. It is modeled as an extension to the set-covering problem and considers
the minimization of the total procurement costs and the maximization of the service-quality level of
the execution of all transportation contracts tendered. To solve the problem, a multiobjective genetic
algorithm is used. Different operators for population initialization, mutation and repair are applied.
Eight variants of the algorithm are tested using a set of 30 new benchmark instances. The results indicate
that the quality of a solution depends largely on the initialization heuristic and suggest also that a well-

balanced combination of different operators is crucial to obtain good solutions.
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A Genetic Algorithm for a Bi-Objective Winner-Determination
Problem in a Transportation-Procurement Auction

Tobias Buer and Giselher Pankratz

1 Procurement of Transportation Contracts

Retailers as well as industrial enterprises often procure the transportation services they require via reverse
auctions, where the objects under auction are transportation contracts. Usually, such contracts are designed
as framework agreements lasting for a period of one to three years, and defining a pick-up location, a
delivery location, and the type and volume of goods that are to be transported between both locations.
Additionally, further details such as a contract-execution frequency, e.g. delivery twice a week, and the
required quality of service, e.g. an on-time delivery quota, are specified in a transportation contract. A
carrier can bid for one or more contracts. In each bid, the carrier states how much he wants to be paid for
accepting the contract.

In the scenario presented here there are a number of interesting problems on the carrier’s as well as on
the shipper’s side. This paper focuses on the allocation problem that has to be solved by the shipper after
all bids are submitted.

In particular, two characteristics of the given scenario are of interest. First, from a carrier’s point of view,
there are complementarities between some of the contracts. That is, the costs for executing some contracts
simultaneously are lower than the sum of the costs of executing each of these contracts in isolation.

Second, allocation of contracts to carriers has to be done taking into account multiple, often conflicting
decision criteria. While some of the criteria (e.g. limiting the total number of carriers employed) may
be naturally expressed as side constraints, other criteria should be considered explicitly as objectives. In
particular, there is usually a trade-off between the classical cost-minimization goal on the one hand and
the desire for high service-quality on the other. Both objectives are of almost equal importance to most
shippers, cf. Caplice and Sheffi [3] and Sheffi [14].

In order to exploit potential synergies between contracts in the bidding process, the use of so-called
combinatorial auctions is increasingly recommended [1], [2], [14]. Combinatorial auctions allow carriers
to submit bids on any subset of all tendered contracts (bundle bids”). Through this, carriers can express

their preferences more extensively than in classical auction formats. However, bundle bidding complicates
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the selection of winning bids. This problem is known as the winner-determination problem (WDP) of
combinatorial auctions. In the procurement context, the WDP is usually modeled as a variant of a set-
partitioning or set-covering problem, both of which are NP-hard combinatorial optimization problems. For
a survey see e.g. [1].

As to the multiple-criteria property of the allocation problem, there are two ways by which most shippers
solve the conflict between cost and quality goals:

One way is to restrict participation in the auction to those carriers that comply with the minimum quality
standard required to meet the quality demands of any of the contracts. Thus, the quality performance of
all remaining carriers is considered equal, and the only objective is to minimize total procurement costs.
Unfortunately, unless the contract requirements are fairly homogenous, this approach leads to the quality re-
quirements of many contracts beeing exceeded. The second way is to take into account quality-performance
differences between carriers by applying penalties or bonuses to the bundle-bid prices, depending on a car-
rier’s quality performance in previous periods.

This paper focuses on a third alternative, which integrates quality and cost criteria by explicitly modeling
the WDP as a bi-objective optimization problem. This model extends a previous model presented in [2],
which can be seen as a special case of the model presented in this paper.

Previous work does not generally focus on modeling and solving winner-determination problems under
explicit consideration of multiple objectives. Different kinds of winner-determination problems in com-
binatorial auctions for transportation contracts are treated in [4], [6], [10], [14], [15]. All these studies
focus on bundle bidding to exploit complementarities between contracts and consider minimization of total
procurement costs to be the only objective.

The structure of the remaining paper is as follows: section two defines the bi-objective winner-determination
model that is being studied. To solve instances of this model, a bi-objective evolutionary algorithm based
on the algorithm SPEA?2 developed by Zitzler et al. [16], [17] is introduced in chapter three and tested on

new benchmark instances in chapter four. Finally, section five gives an outlook on planned future work.

2 A Bi-Objective Winner-Determination Problem 2WDP-SC)

The Winner-Determination Problem (WDP) of a combinatorial procurement auction with two objectives

is a generalization of the well-known Set-Covering Problem (SC). Hence the problem at hand is called
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2WDP-SC. It is formulated as follows:

Given are a set of transport contracts 7. Let ¢ denote a transport contract with ¢ € T'; a set of bundle bids
B where a bundle bid b € B is defined as 3-tuple b := (c, T, p). This means a carrier ¢ is willing to execute
the subset of transport contracts 7 at a price of p. Given is furthermore a set Q := {gy|Vc € CAVt € T}

where ¢.; indicates the quality level by which carrier c fulfills the transport contract ¢.

The task is to find a set of winning bids W C B, such that every transport contract ¢ is covered by at least
one bid b. Furthermore the total procurement costs, expressed in objective function fi, are to be minimized
and the total service quality, expressed in objective function f;, is to be maximized. The 2WDP-SC is

modelled as follows:

minfiW) = Y. p(®) m
beWw
maxf(W) =Y max{qe|c € {c(b)|b € W At € T(b)}} (2)
=
st. | Jt(b)=T 3)
beW

Each transport contract ¢ has to be chosen at least once (3). Accordingly, some contracts may be covered
by two or more winning bids. In the scenario at hand this is possible, as it appears reasonable to assume
free disposal [13]. In the transportation-procurement context, free disposal means that a carrier has no

disadvantage if he is asked by the shipper to execute fewer contracts than he was paid for.

The first objective function (1) minimizes the total cost of the winning bids. The second objective
function (2) maximizes the total service-quality level of all transport contracts. Note that {c(b)|b € W At €
7(D)} is the set of carriers who have won a bid on transport contract 7. Since contracts need to be executed
only once, but may be part of more than one winning bid, it is not appropriate to simply add up the respective
qualification values of all b € W. Instead, it appears reasonable to assume that the shipper will break ties in
favor of the bidder who offers the highest service level for a given contract. Hence, by assumption, for each
transport contract ¢ only the maximum qualification values g, with ¢ € {c(b)|b € W At € 7(b)} are added
up. Note that this rule might introduce an incentive for the carriers towards undesired strategic-bidding
behavior. As this paper does not focus on auction-mechanism design, we leave this issue to forthcoming

research.

To solve the 2WDP-SC, the next section presents a genetic algorithm.
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3 A Bi-Objective Algorithm based on SPEA2

The algorithm introduced follows a Pareto optimization approach, i.e., both objectives are optimized simul-
taneously and thus there is no need to weight the two objectives. So the shipper does not have to quantify his
preferences for both objectives, which can be a challenge [14]. The algorithm finds a set of non-dominated
solutions; the shipper finally has to choose a solution from this set according to his subjective preferences.
The latter is outside the scope of this study. In the following, for notational convenience, the 2WDP-SC is

treated as a pure minimization problem.

To solve the 2WDP-SC a multiobjective genetic algorithm (MOGA) is applied. This approach has been
proven suitable for solving hard combinatorial optimization problems. The proposed MOGA follows the
Pareto approach and searches for a set of non- dominated solutions. Finally, the shipper has to choose a

solution from this set according to his subjective preferences.

At first, the underlying terminology is defined (cf. e.g. [18]): The set of all feasible solutions of an
optimization problem is denoted by X, the set of all objective vectors of these solutions is denoted as Z.
A solution x! € X dominates a solution x* € X, if the objective vector z! = f(xl) dominates the objective
vector z* = f(Xz). z! dominates z?> (written z! < z2 ), if and only if no component of z! is larger and at
least one component of z! is smaller than the corresponding component of z2. A solution x* is called pareto
optimal if there is no x € X that dominates x*. The set of all pareto optimal solutions is called pareto set
Q*. The goal of a MOGA is to find a close approximation of Q* and therefore a set of solutions € is called

a (pareto) approximation set, if every solution in Q is not dominated by any other solution in Q.

To find a pareto approximation set, a MOGA controls a set of core heuristics. The core heuristics of a
MOGA can be divided into problem-specific and problem-unspecific operators. For the problem-unspecific
operators (fitness-assignment strategy, selection of parents and insertion of children in the population),
the methods proposed by Zitzler et al. in their Strength Pareto Evolutionary Algorithm 2 (SPEA2) are
applied. The decision to use SPEA2 relies on its competitive performance particularly for solving bi-

objective combinatorial optimization problems, which is the case for the 2WDP-SC in question [16], [17].

As problem-specific operators, three core heuristics are introduced: Remove If Feasible, Simple Insert
and Greedy Randomized Construction. Remove If Feasible is applied as mutation operator, whereas Simple
Insert and Greedy Randomized Construction are both used to initialize a population as well as to repair an

infeasible solution.



Since all three core heuristics operate on encoded individuals, the chosen encoding is presented first.
A binary encoding of a solution seems suitable for set-covering-based problems like the 2WDP-SC. Every
gene represents a bundle bid b. If b € W the gene value is 1, and if b ¢ W the gene value is 0.

Simple Insert (SI) randomly determines in each iteration a bundle bid b on a till-now uncovered trans-
portation contract as a winning bid. The transport contracts 7, in bid b are marked as covered. These steps
are repeated until all contracts T are covered and SI terminates.

Greedy Randomized Construction (GRC) is inspired by the construction phase of the metaheuristic
GRASP [8] and is slightly adapted for the bi-objective case (see Algorithm 1). During each iteration, a

winning bid is selected randomly from the restricted-candidate list (RCL).

Algorithm 1 GreedyRandomizedConstruction (GRC)
1: input: infeasible solution W
2: while W infeasible do

3:  best bundle approximation set RCL < {}
4.  forall b € B\W do

5: if b not dominated by any 5’ € RCL then
6: RCL — RCLU{b}

7: end if

8:  end for

9:  randomly chose a b from RCL

10: W—WuU{b}
11: end while
12: output: feasible solution W

Note that the RCL is an approximation set of best bundles, which holds only non-dominated bundles

with respect to the rating function g := (g”,g?) with

g"(b,W) = p(b)/|t(b) \ T(W)]| for [(b) \ 7(W)| > O, else g" (b, W) := oo,

gl(b.W) = (L(W)~LWUb))/ }, [c(®)].

b'ewWub

Both functions assign smaller values to better bundles. g” divides the costs p(b) of bundle bid b by the
number of new contracts in b. g9 divides the decrease of f, with an additional bid by the total number of

procured contracts.

Remove If Feasible (RIF) randomly chooses a winning bid b’ € W, labels &' as visited and removes b’
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from W. If after this the solution W is still feasible, then another randomly chosen winning bid (which is
also labeled as visited) is removed etc. If W becomes infeasible by removing &', then &’ is reinserted in W.

RIF terminates if all winning bids are labeled as visited.

Initialize Population Sl GRC

Mutation
Repair GRC
Variant 4, A, A, A, A A, A, A, A

Figure 1: Eight possible combinations of core heuristics to form an algorithm .7

Via combination of the core heuristics a set of different algorithms .o is obtained (see Fig. 1). Each
algorithm o7; € &7 ,i = 1...8 is denoted as a 3-tuple, e.g. 7% is represented by (SI/BF/GRC) which reads as
follows: .25 uses SI to construct solutions, BF as mutation operator and GRC as repair operator. In order to
refer to a set of algorithms, the wildcard * is used at one or more positions, e.g. (*/BF/GRC) identifies <%

and <7%.

4 Evaluation

The eight proposed MOGA variants are tested on a set of 30 benchmark instances. Before the results are

presented, the generation of these instances is described.

4.1 Generating Test Instances

To the best of our knowledge, no benchmark instances exist for a multiobjective WDP like the proposed
2WDP-SC. However, there are several approaches for generating problem instances for single-objective
winner-determination problems with various economical backgrounds, e.g. the combinatorial auction test
suite "CATS” of Leyton-Brown and Shoham [11] or the bidgraph algorithm introduced by Hudson and
Sandholm [9]. To generate test instances for the 2WDP-SC, some ideas of the literatur are extended to

incorporate features specific to the procurement of transportation contracts.
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First of all, it is assumed that carriers reveal their true preferences. Then no strategic bidding behaviour
has to be taken into account and the terms “price” and “valuation” of a contract combination can be used
synonymical. General requirements of artificial instances for combinatorial auctions are stated by Leyton-
Brown and Shoham. Both postulations seem self-evident, but have not allways be accounted for in the past

[11]:

e Some combinations of contracts are more frequently bid on than other combinations. This is due to

usually different synergies between contracts.

e The charged price of a bundle-bid depends on the contracts in this bundle-bid. Simple random prices,

e.g. drawn from [0,1] are unrealistic and can lead to computational easy instances.

In addtion to those general requirements, it seems reasonable to demand that the following assumptions

specific to transportation procurement auctions are valid:

e All submitted bids are mandatory and exhibit additive valuations (OR-bids, cf. [12]). Hence, a carrier
is supposed to be able to execute any combination of his submitted bids at expenses which do not
exceed the sum of the corresponding bid prices. Extra costs do not arise. Due to the medium-term
contract period of one to three years in the scenario at hand capacity adjustments are possible in order
to avoid capacity bottlenecks. Furthermore, the carrier has the opportunity to resell some contracts to

other carriers who guarantee the same quality of service.

e From the previous assumption it follows that a rational carrier ¢ does only bid on combinations of
contracts which exhibit a strictly subadditive valuation. The valuation of a set of contracts 7 is called
strictly subadditive, if for each partition of set 7 the valuation of 7 is strictly lower than the sum of the
valuations of all parts of the respective set partition. Formally this is expressed in (4), in which P(7)

denotes the powerset of 7:

VZCP(1): | 7=t () 7=0Ap(r) < Y pO(T). 4)

veT e e
Strict subadditivity of a single bid is due to synergies between contracts. Bids composed of contracts
which exhibit strict subadditive valuations are refered to as essential bids. Since all submitted bids are
supposed to be OR-bids, any non-essential bid could always be replaced by an equivalent combination

of two or more essential bids. Therefore, bidding on non-essential bids is redundant.
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e The 2WDP-SC was modelled as a set covering problem, as it appeared reasonable to assume free
disposal. Free disposal means, that the price charged by carrier ¢ for a set of contracts 7 is at least
as high as the price carrier ¢ would charge for any subset of 7. Formally this is expressed in (5), in

which B¢ denotes the set of bundle-bids submited by carrier c:

p(b') < p(b) | VT(b') C t(b) Ab,b € B (5)

To be an appropriate instance of the 2WDP-SC, the bundle-bids of each carrier should also feature

the free disposal property.

e Finally, it is assumed that the carrier-specific costs of a transport contract depend on both the con-
tract’s resource requirements and the service quality level at which the carrier is able to perform the

contract.

The bids are generated using Algorithm 2, which takes four values as input: the number of bids to
generate, b_max, the index sets C and T which represent carriers and transport contracts respectively, and
the density of a synergy matrix p. The synergy matrix indicates the pairwise synergies between contracts.
Synergies between contracts imply, that the respective contract combination is cost subadditive. A higher

density tends to result in more and larger contract combinations a carrier has to consider.

Algorithm 2 BidGeneration
1. input: bmax, T = {1,...,t_max}, C = {1,...,c_max}, density of synergy matrix p

2: Ve € C: randomly set relevant contracts 7¢ C T, such that JT¢=T
3: Ve € C and Vt € T: randomly set resource demand r; € [0.1,0.5]
4: for all carriers ¢ € C do
5.Vt € T°: randomly set contract quality ¢, € {1,2,3,4,5}
6:  Vi,jeT*: sets;; < 1 with probability p, indicating that between contracts i and j exist synergies
7.  determine essential contract combinations IT
8:  subadditiveBidGraphAlgorithm(IT) to calculate prices p(7),t € II.
9: B¢« select(I)
10: end for

—
—_—

: output: all carrier bids B = J.c B¢

First of all, BidGeneration (Algorithm 2) initializes and calculates some variables. For each carrier a
subset of contracts 7¢ is determined as the set of contracts which the carrier is supposed to be willing to

bid for. The service quality g.; at which carrier c is able to execute contract ¢ is chosen randomly from the
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integer values one to five, with higher values indicating a higher service level. Furthermore, to each contract
a resource demand r; is assigned. This is an abstract indicator for the resources required by a carrier ¢ to
execute the contract f. The resource demand of a given contract may vary from carrier to carrier, as carriers
might have, e.g. different locations of their depots, different types of vehicles or existing transportation
commitments which influence the required ressources. The values r,; are chosen randomly between 0.1 and
0.5. It is assumed that any number of contracts can be combined in a single bid, as long as the sum of the

corresponding resource demands does not exceed a maximum total resource demand of 1.

To obtain the set of essential contract combinations in line 7, assume for each carrier ¢ a synergy
graph SG° = (T¢,E€). Let the vertices be the contracts T¢ carrier ¢ is interested in. If two contracts
i€ T and j € T feature synergies, that is s;; = I, then both contracts are connected via an edge, that is
EC={(i,j)|s;; = 1L Ai, j € T°}. The resource demand of each contract € T is given by r¢. Then the set
of feasible essential combinations of contracts equals the set of all possible induced subgraphs of SG¢ with

Yorea < 1.

In the next step, a price for each combination of contracts is determined using the SubadditiveBidGraph
algorithm, which is explained below. After that the select operator choses among all feasible contract com-
binations those combinations on which each carrier is supposed to place his bids. For this, all contract
combinations in IT are rated according to two criteria: cost per contract p(b)/|7(b)| and quality per contract
Yret(b) e(v)/1T(P)|. Then, the best contract combinations with respect to these criteria are selected accord-
ing to the dominance concept. In doing so, select makes sure that on the one hand, the total number of bids
submitted by all bidders is b_max, and on the other hand, each ¢ € T, is covered by at least one bundle bid

to obtain a solvable instance.

The SubadditiveBidGraph algorithm (cf. Algoirthms 3, 5 and 6) is applied to determine prices for the
essential contract combinations which comply with the assumptions of free disposal and strict subadditivity.
The SubadditiveBidGraph algorithm applied here is based on the approach of Hudson and Sandholm [9]
which generates bids with free disposal. The approach is extended, so that it generates bids with strictly

subadditive valuations, too.

The idea of the original bidgraph algorithm as proposed by Hudson and Sandholm is to define lower
bounds LB(7) and upper bounds UB(7) for each considered contract combination T such that free disposal
holds. Then the procedure successively draws a price for each contract combination between its lower and

upper bounds; this price is propagated through the bidgraph to sharp the lower and upper bounds of the
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Algorithm 3 SubadditiveBidGraph
1: input: set of essential contract combinations I, service quality Q
AP — {(i,j)]i,jeMandi C j}
A (i, j)|i,j€Mand i D j}
initialize bidgraph BG « (IT, A*?, A%?)
vVt € I with |t| > 1: UB(7) < LB(1) <« p(7) < 0
vVt € Il with || = 1: UB(7) < LB(7) « p(t) < RandomBasePrice(t, Q)
initialize lower bounds: V't € IT with |t| = 1: UpdateLowerBounds(BG, 7)
initialize upper bounds: V7 € IT with |7| > 1: UB(7) = ¥, p(t)
k<2
while k& < |TT| do
forall T € {t €Il|p(7) =0 and |7| =k} do
set price randomly LB(7)«UB(7)«< p(7) € ]LB(7), UB(7)[
UpdateLowerBounds(BG, 7)
UpdateUpperBounds(BG, 7)
end for
k—k+1
: end while
. output: prices p(7) for each 7 € IT consistent to the free disposal and the subadditivity assumption

e RN AR

e e e e e
XN ERY 72

remaining contract combinations.

In order to extend this approach to support contract combinations which exhibit free disposal as well
as strictly subadditive valuations, the bidgraph is initialized as follows. The vertices of the bidgraph BG
represent all essential contract combinations IT. There are two sets of arcs, A and A*“?. The arcs in A™?
indicate a superset relation, i.e., an arc from vertex i to j means that the contracts in j are a superset of the

contracts in i. Similarly, the arcs in A% represent all subset relationships.

In line 5 through 8 of Algorithm 3, the lower and upper bounds of all k-combinations of contracts are
initialized. For a given k € IN, let the set of all k-combinations of contracts be defined as {7 € I1: |7| = k}.
The lower bounds LB of the 1-combinations of contracts are initialized by Algorithm 4. The price p(z)of a
single contract 7 is a random variable which is normal distributed with mean my and variance sigma®. The
values of p(t) are forced into the intervall [minPrice, maxPrice] with minPrice = 0.5 and maxPrice = 1.5.
As stated above, higher resource requirements and a higher service level should tend to result in a higher
price. Thus, mu depends on the resource demand r.; and the service quality g of contract t. Sigma is

defined as 1.0.

After RandomBasePrice (Algorithm 4) has initilized the LB of a 1-combination, Algorithm 5 propagates

this price recursively through the bidgraph and updates the lower bounds of all superset contract combina-
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Algorithm 4 RandomBasePrice
1: input: #,7.,qct
minPrice < 0.5
maxPrice — 1.5
ressources_multiplier < r. /0.3
qualification_multiplier < g /3
my «— 1.0 * ressources_multiplier * qualification_multiplier
sigma «— 1.0
p(t) < normal distributed random variable with mean my and variance sigma
if p(t) > maxPrice OR p(t) < minPrice then
RandomBasePrice(t, r.s, qcr)
: end if
: output: p

2

R A U T ol

—_— = =

tions, if necesseray. By now, the upper bounds for the k-combinations, k > 1, can be calculated as the sum
of the prices of all respective 1-combination contracts.

Now the bidgraph is initialzied properly. The drawing of random prices between the upper and lower
bounds as well as the price propagation can start. To ensure strictly subadditive valuations, the while-loop of
Algorithm 3 processes in each iteration the k-combinations of contracts starting with k = 2 and increasing
k in each iteration. For all k-combinations with an LB(t) # UB(7) a price is drawn randomly between
LB(7) and UB(7). The price is propagated through the bidgraph to adjust the lower and upper bounds
of the other contract combinations. To ensure the stict subadditivy property and to find a tighter upper
bound, Algorithm 6 has to solve a set partioining problem to optimality. Without this, the UB(7) might be
higher than the costs of the optimal set partitioning solution which may lead to inconsistency of the prices
according to the assumption of strictly subadditive valuations. The instance of the set partitioning problem

is given by the sets {j|(7,j) € A*} and the associated costs UB( ).

Algorithm S UpdateLowerBounds
1: input: BG, ©
2: for all T’ € BG.I1|(7,7") € BG.A**P do

3:  ifLB(7') < p(7) then

4: LB(7") « p(1)

5 UpdateLowerBounds(BG, 1')
6: endif

7: end for

The BidGraphAlgorithm continues until all prices of all contract combinations are initialized. After that,

the select-Operator of Algorithm 2 is applied as described above. The procedure keeps generating bids for
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Algorithm 6 UpdateUpperBounds
1: input: BG, T
2: for all 7 € BG.I1|(7,7') € BG.A" do
3.  p* « price of optimal set partitioning solution to {7’|(7,7’) € BG.A***} and associated UB(7')

4:  if p* <UB(7’) then

5 UB(7') « p*

6: UpdateUpperBounds(BG, ')
7:  endif

8: end for

for all carriers, until the test instance is complete.

The size of an instance depends on the number of bids (500 to 2000), the number of contracts (125 to
500) and the number of carriers (25 to 100). In addition, the density p of the synergy matrix was varied
(25% to 75%). With respect to the observation that auctions with fewer transport contracts usually tend
to attract fewer bidders, it appeared reasonable to restrict the combinations of instance parameter values to

those shown in Tab. 2.

4.2 Results and Discussion

The algorithms were tested on an Intel Pentium 4 650 (3,4 GHz). The problem-specific heuristics were
coded in Java 6; for the problem-independent parts the SPEA2 distribution coded in C was used [7].

The parameter-values were derived by some preliminary testing. Two to five alternative values for
each parameter were tested on three randomly selected instances. The values that gave the best results in

manageable time are those presented in Tab. 1. These values were constant for all runs on all test instances.

Table 1: Chosen parametervalues for the test

Parameter Value

size of population 50 individuals
uniform crossover-probability 15%
bit-exchange-probability in uniform-crossover  50%
mutation-probability 100%
bitflip-probability 10%

runtime 300 seconds
no. of parents u for creating A offsprings 4

no. of offsprings A generated by u parents 4

To evaluate the solution quality of the algorithms, the respective approximation sets are compared.

Often there are no clear dominance relations between approximation sets, see e.g. Fig. 2. Therefore the
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quality of an approximation set Q is measured by the hypervolume indicator Iyy (cf. [18] for an intensive
discussion of /gy and other quality indicators). /gy measures the dominated subspace of an approximation
set, bounded by a reference point RP. RP must be chosen such that it is dominated by all solutions of the
approximation sets. For each instance, RP is defined as (f"*; f5"**) = (f1(B);0) (note: —f> has to be
minimized). Furthermore, the objective values of all solutions in the approximation sets are normalized
according to f; = (f; — f™")/(fM* — fmin) with i = 1,2, £ = fi(B), fy" = fo(B) — 1, f"* = 0. Thus
values of Iyy range from zero to one, and larger values indicate better approximation sets. However, as RP
can be chosen freely to a large degree, Iyy is a interval-based measure.

2
f, RP
|

\hyper volume

min

(a) Solutions of two approximation sets (b) The shaded areas of each algorithm depict the

found by two algorithms. dominated subspace respectively. Note that the
light-shaded area is overlapping the dark-shaded
area in part.

Figure 2: Illustration of hypervolume indicator /gy

The results for the hypervolume indicator are presented in Tab. 2. The last column indicates the best
value of the reference approximation set Q = |J, ., Q* found in each of five runs.

The results in Tab. 2 and Tab. 3 were statistically evaluated with the Kruskal-Wallis and the Mann-
Whitney test. All statistical conclusions are stated at a significance level of 5%. With respect to the given
test instances, the compared heuristics and the applied quality indicator, the following conclusions may be

drawn.

— The probability distributions of the /gy values of the eight algorithms differ significantly. The ranks
given in Tab. 2 are derived by a systematic pairwise comparison of the hypervolume values using the

the Kruskal-Wallis rank test.

— Ag performs very well, as could be expected, since it incorporates three problem-specific heuristics.
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Table 2: Comparison of /gy for eight MOGA variants applied to the set of all 30 test instances (specified
by columns 1 to 4). Stated is the best /gy value obtained in five runs for each of the eight MOGA variants
Aj to Ag. All runs were terminated after 5 minutes (300 seconds).

‘B| |T| |C| P A4 Az A3 A4 A5 A6 A7 Ag Q
500 125 25 25| 8477 .8475 8394 8241 8622 .8622 .8886 .8886 | .9479
50 | 8622 8617. .8636 .8573 .8777 8777 .9032 9018 | .9519
5| .8607 .8607 .8609 .8669 .8802 .8802 .8915 .8937 | .9546

1000 125 25 25| 9170 9170 .8768 .8660 .9401 .9401 .9459 .9462 | 9479
S0 | .9220 9214 8742 8779 9493 9493 9519 9519 | .9519
7519339 9340 .9203 9117 9441 9441 9518 .9546 | .9546

250 25 .25 | .8631 .8634 .8633 .8631 .8855 .8855 .8967 .8961 | .8967
S50 | 8631 .8630 .8633 .8573 .8748 .8748 .8960 .8966 | .8966
75 | 8555 .8553 .8569 .8557 .8754 8754 .8961 .8964 | .8964

50 .25 | .8453 8469 .8214 8137 .8868 .8848 .8914 .8914 | .8934
S0 | 8473 8484 .8397 .8351 .8781 .8781 .8935 .8940 | .8940
5 | 8487 .8489 8441 .8476 .8783 8783 .8922 .8949 | .8949

2000 125 25 .25 | 9534 9538 .8750 .8653 9714 9714 9488 .9488 | .9742
S0 | 9582 9579 8985 8775 9761 9761 9781 .9781 | 9781
7519614 9613 9310 .9334 9755 9754 9707 .9707 | .9761

250 25 25| .9265 .9263 .9091 .8970 9493 9493 9534 .9538 | .9538
S0 | .9276 9275 9133 9136 9466 9466 9523 .9524 | .9524
J5 1 .9261 9261 9278 9288 9417 9417 .9490 9513 | .9513

50 25| 9126 9139 .8419 8413 .9457 .9442 9319 .9320 | .9494
S0 | .9219 9216 .8864 .8722 9476 9483 9477 .9484 | 9531
J5 1 .9218 9212 8987 .8927 9454 9447 9505 .9504 | .9512

500 25 .25 .8700 .8700 .8913 .8960 .8919 .8919 .9000 .9000 | .9000
S50 | .8601 .8601 .8783 .8863 .8822 .8822 .8924 .8924 | .8924
5 | 8587 .8587 .8802 .8851 .8774 8774 .8884 .8917 | .8917

50 .25 | .8496 .8496 .8464 8515 .8784 .8784 .8886 .8886 | .8886
S50 | 8595 8594 8587 .8646 .8801 .8801 .8923 .8940 | .8940
J5 | 8523 8528 .8576 .8714 8732 8732 .8874 .8891 | .8907

100 .25 | .8336 .8319 .8166 .8164 .8707 .8707 .8805 .8805 | .8805
S0 | 8395 .8394 8232 8205 .8787 .8776 .8814 .8813 | .8893
75 | 8455 8445 8423 .8381 .8780 .8772 .8892 .8891 | .8900

rank 5.5 5.5 7.5 7.5 35 35 1.5 1.5

mean | .8848 .8848 .8699 .8676 .9081 .9079 9160 .9166
standard dev. | .0405 .0405 .0308 .0310 .0378 .0378 .0311 .0311
10% quantile | .8455 .8466 .8372 .8237 8747 .8747 .8883 .8886
25% quantile | .8496 .8496 .8441 8476 .8780 .8776 .8914 8917
75% quantile | 9219 9216 8913 .8863 .9457 .9447 9490 .9504
90% quantile | .9359 .9360 .9138 9117 9515 9515 .9524 9539
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Table 3: Statistical comparision of selected sets of algorithms. The null hypothesis Hg says that the hy-
pervolume indicators of the approximation sets obtained by A; and A; have the same distribution. The
significance level a of all rejections is 0.05. The Power is the probability of rejecting Hy when H; is true.

No. A; vs.A; Hy Power(%)
1 (GRC/ * /%) vs. (SI/ * /%) reject <0.01
2 (%/RIF /%) vs. (x/BF /%) - 50.55
3 (%/% /GRC) vs. (x/ x /SI) - 90.99
4 (SI/BF /) vs. (SI/RIF /%) reject <0.01
5 (GRC/RIF /) vs. (GRC/BF /x)  reject  <0.01
6 (%/RIF /SI) vs. (x/BF /SI) - 60.13
7 (x/RIF/GRC) vs. (x/BF /GRC) - 64.02
8  (SI/*/GRC)vs. (SI/* /SI)) - 85.63
9 (GRC/x*/GRC) vs. (GRC/ « /SI) - 84.34

10 (*/BF /GRC) vs. (x/BF /SI) - 84.32
11 (x/RIF /SI) vs. (+/RIF /GRC) - 96.73

Ag dominates all other algorithms but A;7. Ag computes the best results for 18 out of 30 test instances,
followed by A7 which achieves the highest value 9 times (A5 and Ag score two and one best value,

respectively).

— The variants A1, As, Az, A4 which belong to the class (SI/*/*), never achieve a best value in any one

of the instances (cf. Tab. 2).

— The impression that a weak initial population significantly compromises final solution quality even if
more elaborate mutation and repair operators are used intensifies by considering test no. 1 in Tab. 3.
The approximation sets derived by the class of algorithms which use GRC as initialization heuristic
clearly outperform the class of algorithms which use SI as initialization heuristic. This is true even

on a significance level of 0.001.

— From the fact that the overall performance strongly depends on the initialization heuristic, one can

assume that any effort invested here will be rewared.

— Tests 2 and 3 give no hints that the more intelligent operators RIF and GRC (applied in the repair

phase) promise better results than BF and SI in the general case. On the contrary, in some cases the
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intelligent operator RIF even shows inferior results to BF (test 4). However, the performance of RIF

significantly improves if it is applied to an intelligently initialized population (test 5).

Tests 6 and 7 give evidence that the mutation operators BF and RIF do not show different behavior,
even if the repair operator is changed. However, if RIF is applied successfully to an individual,
then there is no need to apply any repair operator, as the operator leaves the individual feasible by

definition.

Interestingly, an influence of the repair heuristic on the performance of all algorithms is not observable
(test 8-11). This result gets emphasized as we could not prove a significant performance advantage of
Ag over A7 (both differ only in the applied repair operator). This followed from the Kruskal-Wallis-
Test, which takes into account all 1200 observations (30 instances, 8 algo-rithms, 5 runs). However,
statistics paint a different picture if only the 300 observations resulting from A7 and Ag are compared
with a sign test. Then, Ag clearly outperforms A;. Hence, in well-balanced algorithms the repair

operator may be of importance.

5 Conclusions and Outlook

A model for a bi-objective winner-determination problem based on a set-covering problem (2WDP-SC)

was presented. To solve this model, the evolutionary algorithm SPEA?2 was extended by a set of problem-

specific evolutionary operators. The performance of these operators was evaluated on a set of new test

instances. The results show a strong dependence on the performance of the algorithm to the quality of the

initial population, the intelligent operators do not result in better solutions, in all cases: a well balanced

composition of operators is crucial. As the performance depends strongly on a well-initialized population,

we intend to test other evolutionary operators and compare the evolutionary approach for solving the 2WDP-

SC to a neighborhood search approach.

References

[1] Abrache J, Crainic T, Rekik MGM (2007) Combinatorial auctions. Annals of Operations Research

153(34):131-164

[2] Buer T, Pankratz G (2008) Ein pareto-optimierungsverfahren fiir ein mehrkriterielles gewinnerermit-

tlungsproblem in einer kombinatorischen transportausschreibung. In: Bortfeldt A, Homberger J,

16



Kopfer H, Pankratz G, Strangmeier R (eds) Intelligente Entscheidungsunterstiitzung, Gabler Verlag,
Wiesbaden, pp 113 — 135

[3] Caplice C, Sheffi Y (2003) Optimization-based procurement for transportation services. Journal of
Business Logistics 24(2):109-128

[4] Caplice C, Sheffi Y (2006) Combinatorial auctions for truckload transportation. In: [5], pp 539-571
[5] Cramton P, Shoaham Y, Steinberg R (eds) (2006) MIT Press, Cambridge, MA

[6] Elmaghraby W, Keskinocak P (2004) Combinatorial auctions in procurement. In: Harrison T, Lee H,
Neale J (eds) The Practice of Supply Chain Management: Where Theory and Application Converge,
Springer, New York, pp 245-258

[7] ETH Zurich (2009) ETH Zurich, System Optimization, Pisa. ETH Zurich, System Optimization, URL
http://www.tik.ee.ethz.ch/sop/pisa/, last accessed 2009-01-30

[8] Feo T, Resende M (2005) Greedy randomized adaptive search procedures. Journal of Global Opti-
mization 6:109—-133

[9] Hudson T B Sandholm (2004) Effectiveness of query types and policies for preference elicitation in
combinatorial auctions. In: 3rd International Joint Conference on Autonomous Agents and Multiagent
Systems (AAMAS 2004), IEEE Computer Society, Washington, DC, pp 386393

[10] Ledyard JO, Olson M, Porter D, Swanson JA, Torma DP (2002) The first use of a combined value
auction for transportation services. Interfaces pp 4—12

[11] Leyton-Brown K, Shoham Y (2006) A test suite for combinatorial auctions. In: [S], pp 451 — 478

[12] Nisan N (2000) Bidding and allocation in combinatorial auctions. In: EC *00: Proceedings of the 2nd
ACM conference on Electronic commerce, pp 1-12

[13] Sandholm T, Suri S, Gilpin A, Levine D (2002) Winner determination in combinatorial auctions gener-
alizations. In: International Conference on Autonomous Agents and Multi-Agent Systems (AAMAS),
Bologna, Italy (2002), pp 69-76

[14] Sheffi Y (2004) Combinatorial auctions in the procurement of transportation services. Interfaces
34(4):245-252

[15] Song J, Regan A (2004) Combinatorial auctions for transportation service procurement: The carrier
perspective. Transportation Research Record pp 4046

[16] Zitzler E, Laumanns M, Thiele L (2001) Spea2: Improving the strength pareto evolutionary algorithm.
Tik-report 103, Federal Institute of Technology (ETH) Zurich, Zurich (2001)

[17] Zitzler E, Laumanns M, Thiele L (2002) Spea2: Improving the strength pareto evolutionary algorithm
for multiobjective optimization. In: Giannakoglou K, Tsahalis D, Periaux J, Papailiou K, Fogarty T
(eds) Proceedings of the EUROGEN2001 Conference, CIMNE, Barcelona (2002), pp 95-100

[18] Zitzler E, Thiele L, Laumanns M, Fonseca CM, da Fonseca VG (2003) Performance assessment of
multiobjective optimizers: An analysis and review. IEEE Transactons on Evolutionary Computation
7:117-132

17



Die Diskussionspapiere ab Nr. 183 (1992) bis heute, kénnen Sie im Internet unter
http://www.fernuni-hagen.de/EBWIW!I/ einsehen und zum Teil downloaden.

Die Titel der Diskussionspapiere von Nr 1 (1975) bis 182 (1991) kdnnen bei Bedarf in der Fakultét fir
Wirtschaftswissenschaft angefordert werden:

FernUniversitét, z. Hd. Frau Huber oder Frau Mette, Postfach 940, 58084 Hagen
Die Diskussionspapiere selber erhalten Sie nur in den Bibliotheken.

Nr |Jahr |Titel Autor/en

322 |2001 |Spreading Currency Crises: The Role of Economic Berger, Wolfram
Interdependence Wagner, Helmut

323 2002 |Planung des Fahrzeugumschlags in einem Seehafen- Fischer, Torsten
Automobilterminal mittels eines Multi-Agenten-Systems Gehring, Hermann

324 | 2002 | A parallel tabu search algorithm for solving the container loading | Bortfeldt, Andreas
problem Gehring, Hermann

Mack, Daniel

325 |2002 |Die Wahrheit entscheidungstheoretischer Maximen zur Lésung Mus, Gerold
von Individualkonflikten - Unsicherheitssituationen -

326 | 2002 |Zur Abbildungsgenauigkeit des Gini-Koeffizienten bei relativer Steinrticke, Martin
wirtschaftlicher Konzentration

327 2002 | Entscheidungsunterstiitzung bilateraler Verhandlungen tber Steinrilicke, Martin
Auftragsproduktionen - eine Analyse aus Anbietersicht

328 |2002 |Die Relevanz von Marktzinssatzen fiir die Investitionsbeurteilung | Terstege, Udo
—zugleich eine Einordnung der Diskussion um die
Marktzinsmethode

329 |2002 |Evaluating representatives, parliament-like, and cabinet-like Tangian, Andranik S.
representative bodies with application to German parliament
elections 2002

330 |2002 |Konzernabschluss und Ausschittungsregelung im Konzern. Ein Hinz, Michael
Beitrag zur Frage der Eignung des Konzernabschlusses als
Ausschittungsbemessungsinstrument

331 |2002 |Theoretische Grundlagen der Griindungsfinanzierung Bitz, Michael

332 |2003 |Historical background of the mathematical theory of democracy Tangian, Andranik S.

333 |2003 | MCDM-applications of the mathematical theory of democracy: Tangian, Andranik S.
choosing travel destinations, preventing traffic jams, and predicting
stock exchange trends

334 2003 | Sprachregelungen fiir Kundenkontaktmitarbeiter — Mdglichkeiten | Fliel, Sabine

und Grenzen

Moller, Sabine
Momma, Sabine Beate



http://fernuni-hagen.de/FBWIWI/

335 [2003 | A Non-cooperative Foundation of Core-Stability in Positive Finus, Michael
Externality NTU-Coalition Games Rundshagen, Bianca
336 | 2003 |Combinatorial and Probabilistic Investigation of Arrow’s dictator | Tangian, Andranik
337 | 2003 |A Grouping Genetic Algorithm for the Pickup and Delivery Pankratz, Giselher
Problem with Time Windows
338 |2003 |Planen, Lernen, Optimieren: Beitrage zu Logistik und E-Learning. | Bortfeldt, Andreas
Festschrift zum 60 Geburtstag von Hermann Gehring Fischer, Torsten
Homberger, Jorg
Pankratz, Giselher
Strangmeier, Reinhard
339a |2003 | Erinnerung und Abruf aus dem Gedachtnis Radder, Wilhelm
Ein informationstheoretisches Modell kognitiver Prozesse Kuhlmann, Friedhelm
339b | 2003 | Zweck und Inhalt des Jahresabschlusses nach HGB, IAS/IFRS und | Hinz, Michael
US-GAAP
340 | 2003 |Voraussetzungen, Alternativen und Interpretationen einer Terstege, Udo
zielkonformen Transformation von Periodenerfolgsrechnungen —
ein Diskussionsbeitrag zum LUCKE-Theorem
341 | 2003 |Equalizing regional unemployment indices in West and East Tangian, Andranik
Germany
342 |2003 |Coalition Formation in a Global Warming Game: How the Design | Eyckmans, Johan
of Protocols Affects the Success of Environmental Treaty-Making | Finus, Michael
343 2003 | Stability of Climate Coalitions in a Cartel Formation Game Finus, Michael
van lerland, Ekko
Dellink, Rob
344 12003 | The Effect of Membership Rules and Voting Schemes on the Finus, Michael
Success of International Climate Agreements J.-C., Altamirano-Cabrera
van lerland, Ekko
345 |2003 |Equalizing structural disproportions between East and West Tangian, Andranik
German labour market regions
346 |2003 | Auf dem Prifstand: Die geldpolitische Strategie der EZB Kiflmer, Friedrich
Wagner, Helmut
347 | 2003 |Globalization and Financial Instability: Challenges for Exchange | Wagner, Helmut

Rate and Monetary Policy




348 |2003 | Anreizsystem Frauenférderung — Informationssystem FlieR, Sabine
Gleichstellung am Fachbereich Wirtschaftswissenschaft der Nonnenmacher, Dirk
FernUniversitét in Hagen

349 |2003 |Legitimation und Controller Pietsch, Gotthard

Scherm, Ewald

350 |2003 |Controlling im Stadtmarketing — Ergebnisse einer Primarerhebung | Fliel3, Sabine
zum Hagener Schaufenster-Wettbewerb Nonnenmacher, Dirk

351 |2003 |Zweiseitige kombinatorische Auktionen in elektronischen Pankratz, Giselher
Transportmarkten — Potenziale und Probleme

352 |2003 | Methodisierung und E-Learning Strangmeier, Reinhard

Bankwitz, Johannes

353 a|2003 | A parallel hybrid local search algorithm for the container loading | Mack, Daniel

problem Bortfeldt, Andreas
Gehring, Hermann

353 b | 2004 | Ubernahmeangebote und sonstige 6ffentliche Angebote zum Wirtz, Harald
Erwerb von Aktien — Ausgestaltungsmaglichkeiten und deren
Beschrankung durch das Wertpapiererwerbs- und
Ubernahmegesetz

354 | 2004 |Open Source, Netzeffekte und Standardisierung Maal3, Christian

Scherm, Ewald

355 | 2004 | Modesty Pays: Sometimes! Finus, Michael

356 |2004 |Nachhaltigkeit und Biodiversitat Endres, Alfred

Bertram, Regina
357 |2004 |Eine Heuristik fiir das dreidimensionale Strip-Packing-Problem Bortfeldt, Andreas
Mack, Daniel

358 |2004 | Netzwerkokonomik Martiensen, Jorn

359 |2004 |Competitive versus cooperative Federalism: Is a fiscal equalization | Arnold, VVolker
scheme necessary from an allocative point of view?

360 |2004 |Gefangenendilemma bei Ubernahmeangeboten? Wirtz, Harald
Eine entscheidungs- und spieltheoretische Analyse unter
Einbeziehung der verlangerten Annahmefrist gem. § 16 Abs. 2
WpUG

361 | 2004 |Dynamic Planning of Pickup and Delivery Operations by means of | Pankratz, Giselher

Genetic Algorithms




362 [2004 |Mdoglichkeiten der Integration eines Zeitmanagements in das FlieR, Sabine
Blueprinting von Dienstleistungsprozessen Lasshof, Britta
Meckel, Monika
363 |2004 |Controlling im Stadtmarketing - Eine Analyse des Hagener FlieR, Sabine
Schaufensterwettbewerbs 2003 Wittko, Ole
364 |2004 |Ein Tabu Search-Verfahren zur Losung des Timetabling-Problems | Desef, Thorsten
an deutschen Grundschulen Bortf_e lt, Andreas
Gehring, Hermann
365 |2004 |Die Bedeutung von Informationen, Garantien und Reputation | Prechtl, Anja
bei integrativer Leistungserstellung Volker-Albert, Jan-
Hendrik
366 |2004 |The Influence of Control Systems on Innovation: An Littkemann, Jorn
empirical Investigation DerfuR, Klaus
367 |2004 |Permit Trading and Stability of International Climate Altamirano-Cabrera,
Agreements Juan-Carlos
Finus, Michael
368 |2004 |Zeitdiskrete vs. zeitstetige Modellierung von Mazzoni, Thomas
Preismechanismen zur Regulierung von Angebots- und
Nachfragemengen
369 |2004 |Marktversagen auf dem Softwaremarkt? Zur Forderung der | Christian Maal3
quelloffenen Softwareentwicklung Ewald Scherm
370 [2004 |Die Konzentration der Forschung als Weg in die Sackgasse? | SR, Stefan
Neo-Institutionalistische Uberlegungen zu 10 Jahren Muth, Insa
Anreizsystemforschung in der deutschsprachigen
Betriebswirtschaftslehre
371 |2004 |Economic Analysis of Cross-Border Legal Uncertainty: the | Wagner, Helmut
Example of the European Union
372 |2004 |Pension Reforms in the New EU Member States Wagner, Helmut
373 |2005 |Die Bundestrainer-Scorecard Eisenberg, David
Zur Anwendbarkeit des Balanced Scorecard Konzepts in Schulte, Klaus
nicht-6konomischen Fragestellungen
374 |2005 |Monetary Policy and Asset Prices: More Bad News for Berger, Wolfram
,Benign Neglect” Kimer, Friedrich
Wagner, Helmut
375 |2005 |Zeitstetige Modellbildung am Beispiel einer Mazzoni, Thomas

volkswirtschaftlichen Produktionsstruktur




376 [2005 |Economic Valuation of the Environment Endres, Alfred
377 [2005 |Netzwerkékonomik — Eine vernachléssigte theoretische Maal, Christian
Perspektive in der Strategie-/Marketingforschung? Scherm, Ewald
378 |2005 |Diversity management's diffusion and design: a study of SR, Stefan
German DAX-companies and Top-50-U.S.-companies in Kleiner, Markus
Germany
379 |2005 |Fiscal Issues in the New EU Member Countries — Prospects | Wagner, Helmut
and Challenges
380 [2005 |Mobile Learning — Modetrend oder wesentlicher Bestandteil | Kuszpa, Maciej
lebenslangen Lernens? Scherm, Ewald
381 |2005 |Zur Bericksichtigung von Unsicherheit in der Theorie der Wagner, Helmut
Zentralbankpolitik
382 (2006 |Effort, Trade, and Unemployment Altenburg, Lutz
Brenken, Anke
383 |2006 |Do Abatement Quotas Lead to More Successful Climate Altamirano-Cabrera,
Coalitions? Juan-Carlos
Finus, Michael
Dellink, Rob
384 |2006 |Continuous-Discrete Unscented Kalman Filtering Singer, Hermann
385 (2006 |Informationsbewertung im Spannungsfeld zwischen der Reucher, Elmar
Informationstheorie und der Betriebswirtschaftslehre
386 [2006 |The Rate Structure Pattern: PleR, Volker
An Analysis Pattern for the Flexible Parameterization of Pankratz, Giselher
Charges, Fees and Prices Bortfeldt, Andreas
387a [2006 |On the Relevance of Technical Inefficiencies Fandel, Giinter
Lorth, Michael
387b [2006 |Open Source und Wettbewerbsstrategie - Theoretische Maal, Christian
Fundierung und Gestaltung
388 |2006 |Induktives Lernen bei unvollstdndigen Daten unter Wahrung | Rgdder, Wilhelm
des Entropieprinzips
389 |2006 |Banken als Einrichtungen zur Risikotransformation Bitz, Michael
390 [2006 |Kapitalerhdhungen borsennotierter Gesellschaften ohne Terstege, Udo
borslichen Bezugsrechtshandel Stark, Gunnar
391 |[2006 |Generalized Gauss-Hermite Filtering Singer, Hermann




392 |2006 |Das Goteborg Protokoll zur Bekdampfung Ansel, Wolfgang
grenzliberschreitender Luftschadstoffe in Europa: Finus, Michael
Eine 6konomische und spieltheoretische Evaluierung
393 |2006 |Why do monetary policymakers lean with the wind during Berger, Wolfram
asset price booms? KiBmer, Friedrich
394 |2006 |On Supply Functions of Multi-product Firms Steinrlicke, Martin
with Linear Technologies
395 |2006 |Ein Uberblick zur Theorie der Produktionsplanung Steinriicke, Martin
396 |2006 |Parallel greedy algorithms for packing unequal circles intoa | Timo Kubach,
strip or a rectangle Bortfeldt, Andreas
Gehring, Hermann
397 |2006 |C&P Software for a cutting problem of a German wood panel | Papke, Tracy
manufacturer — a case study Bortfeldt, Andreas
Gehring, Hermann
398 |2006 |Nonlinear Continuous Time Modeling Approaches in Panel | Singer, Hermann
Research
399 |2006 |Auftragsterminierung und Materialflussplanung bei Steinriicke, Martin
Werkstattfertigung
400 |2006 |Import-Penetration und der Kollaps der Phillips-Kurve Mazzoni, Thomas
401 |2006 |Bayesian Estimation of Volatility with Moment-Based Grothe, Oliver
Nonlinear Stochastic Filters Singer, Hermann
402 |2006 |Generalized Gauss-H ermite Filtering for Multivariate Singer, Hermann
Diffusion Processes
403 |2007 |A Note on Nash Equilibrium in Soccer Sonnabend, Hendrik
Schleputz, Volker
404 |2007 |Der Einfluss von Schaufenstern auf die Erwartungen der FlieR, Sabine
Konsumenten - eine explorative Studie Kudermann, Sarah
Trell, Esther
405 (2007 |Die psychologische Beziehung zwischen Unternehmen und | S{iR, Stefan
freien Mitarbeitern: Eine empirische Untersuchung des
Commitments und der arbeitsbezogenen Erwartungen von
IT-Freelancern
406 |2007 |An Alternative Derivation of the Black-Scholes Formula Zucker, Max
Singer, Hermann
407 |2007 |Computational Aspects of Continuous-Discrete Extended Mazzoni, Thomas
Kalman-Filtering
408 |2007 |Web 2.0 als Mythos, Symbol und Erwartung Maal3, Christian
Pietsch, Gotthard
409 |2007 |,.Beyond Balanced Growth*: Some Further Results Stijepic, Denis

Wagner, Helmut




410 |2007 |Herausforderungen der Globalisierung fur die Wagner, Helmut
Entwicklungslander: Unsicherheit und geldpolitisches
Risikomanagement
411 |2007 |Graphical Analysis in the New Neoclassical Synthesis Giese, Guido
Wagner, Helmut
412 |2007 | Monetary Policy and Asset Prices: The Impact of Berger, Wolfram
Globalization on Monetary Policy Trade-Offs Kimer, Friedrich
Knutter, Rolf
413 |2007 |Entropiebasiertes Data Mining im Produktdesign Rudolph, Sandra
Rodder, Wilhelm
414 |2007 |Game Theoretic Research on the Design of International Finus, Michael
Environmental Agreements: Insights, Critical Remarks and
Future Challenges
415 |2007 | Qualitatsmanagement in Unternehmenskooperationen - Meschke, Martina
Steuerungsmaoglichkeiten und Datenintegrationsprobleme
416 |2007 | Modernisierung im Bund: Akteursanalyse hat VVorrang Pietsch, Gotthard
Jamin, Leander
417 |2007 |Inducing Technical Change by Standard Oriented Endres, Alfred
Evirnonmental Bertram, Regina
Policy: The Role of Information Rundshagen, Bianca
418 |2007 |Der Einfluss des Kontextes auf die Phasen einer SAP- Littkemann, Jorn
Systemimplementierung Eisenberg, David
Kuboth, Meike
419 |2007 |Endogenous in Uncertainty and optimal Monetary Policy Giese, Guido
Wagner, Helmut
420 |2008 |Stockkeeping and controlling under game theoretic aspects | Fandel, Glinter
Trockel, Jan
421 |2008 |On Overdissipation of Rents in Contests with Endogenous Schlepitz, Volker
Intrinsic Motivation
422 12008 | Maximum Entropy Inference for Mixed Continuous-Discrete | Singer, Hermann
Variables
423 |2008 |Eine Heuristik fir das mehrdimensionale Bin Packing Mack, Daniel
Problem Bortfeldt, Andreas
424 12008 |Expected A Posteriori Estimation in Financial Applications | Mazzoni, Thomas
425 |2008 |A Genetic Algorithm for the Two-Dimensional Knapsack Bortfeldt, Andreas
Problem with Rectangular Pieces Winter, Tobias
426 |2008 |A Tree Search Algorithm for Solving the Container Loading | Fanslau, Tobias
Problem Bortfeldt, Andreas
427 |2008 |Dynamic Effects of Offshoring Stijepic, Denis
Wagner, Helmut
428 |2008 |Der Einfluss von Kostenabweichungen auf das Nash- Fandel, Gunter
Gleichgewicht in einem nicht-kooperativen Disponenten- Trockel, Jan
Controller-Spiel
429 |2008 |Fast Analytic Option Valuation with GARCH Mazzoni, Thomas
430 |2008 |Conditional Gauss-Hermite Filtering with Application to Singer, Hermann
Volatility Estimation
431 |2008 |Web 2.0 auf dem Prifstand: Zur Bewertung von Internet- Christian Maal3

Unternehmen

Gotthard Pietsch




432 |2008 |Zentralbank-Kommunikation und Finanzstabilitat — Eine Kndtter, Rolf
Bestandsaufnahme Mohr, Benjamin
433 |2008 | Globalization and Asset Prices: Which Trade-Offs Do Kndtter, Rolf
Central Banks Face in Small Open Economies? Wagner, Helmut
434 12008 | International Policy Coordination and Simple Monetary Berger, Wolfram
Policy Rules Wagner, Helmut
435 |2009 |Matchingprozesse auf beruflichen Teilarbeitsmarkten Stops, Michael
Mazzoni, Thomas
436 |2009 |Wayfindingprozesse in Parksituationen - eine empirische FlieR, Sabine
Analyse Tetzner, Stefan
437 (2009 |ENTROPY-DRIVEN PORTFOLIO SELECTION Rédder, Wilhelm
a downside and upside risk framework Gartner, lvan Ricardo
Rudolph, Sandra
438 |2009 |Consulting Incentives in Contests Schlepitz, Volker




	Titelblatt
	A Genetic Algorithm for a Bi-Objective Winner
	Übersicht aller Diskussionbeiträge


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




