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Preface

Grid computing has emerged as one of the most promising computing para-
digms of the new millennium! This paradigm can be seen as a main facet of
Sun’s lemma “The internet is the computer”: Grid computing systems are about
sharing computational resources, software and data at a large scale. Grid com-
puting, although recent, is attracting each time more large masses of researchers,
projects, applications and investment from academia and industry. We are wit-
nessing thus an explosion in Grid research projects (Google web search returns
about 2,810,000 entries for “Grid project”!) To make the Grid computing fully
beneficial to researchers, practitioners, academia and industry, there are still
plenty of issues to deal with and currently researchers are very actively inves-
tigating. One such issue is the performance requirement on the resulting Grid
system or the Virtual Grid-enabled Supercomputer. Achieving high performance
Grid computing requires techniques to efficiently and adaptively allocate jobs
and applications to available resources in a large scale, highly heterogenous and
dynamic environment.

This volume presents meta-heuristics approaches for Grid scheduling prob-
lems. Due to the complex nature of the problem, meta-heuristics are primary
techniques for the design and implementation of efficient Grid schedulers. The
volume brings new ideas, analysis, implementations and evaluation of meta-
heuristic techniques for Grid scheduling, which make this volume novel in several
aspects. First, Grid scheduling is tackled as a family of problems, it takes dif-
ferent forms depending on system requirement, application requirements, user
requirements, etc. The chapters of this volume have identified several impor-
tant formulations of the problem, which we believe will serve as a reference for
the researchers in the Grid computing community. Second, the selected chap-
ters for this volume comprise a variety of successful meta-heuristic approaches
including: (a) Local Search based meta-heuristics (Local search, Simulated An-
nealing, Variable Neighborhood Search, ...); (b) Population-based approaches
(Genetic Algorithms, Memetic Algorithms, Ant Colony Optimization, Particle
Swarm Optimization, ...); (¢) Fuzzy, QoS, dynamic programming and optimiza-
tion approaches; and, (d) Hybridization of meta-heuristics among them as well
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as with other approaches. All these approaches aim to explore the capabilities
of the meta-heuristics in dealing with many facets of the Grid scheduling. This
is actually the best way to deal with the complexity of the problem, in particu-
lar with its multi-objective nature. Third, the contributed chapters in the book
include formal definitions and theoretical results, implementation and experi-
mental studies as well as practical insights on how to approach Grid scheduling.

All in all, Grid scheduling and novel meta-heuristics approaches for its resolu-
tion are presented in a comprehensive way, which we believe, makes this volume
an important contribution to Grid computing, meta-heuristics and optimization
research areas.

Chapters were selected after a careful review process by at least three re-
viewers on the basis of the originality, soundness and their contribution to both
meta-heuristics and Grid scheduling. The volume consists of 13 chapters, which
are organized as follows.

In Chapter 1, Xhafa and Abraham present Grid scheduling problems by
first introducing different types of current Grid systems. Several computational
models for the problem and multi-objective optimization criteria that arise in
Grid scheduling are presented. An in depth analysis in the chapter shows why
meta-heuristics are a defacto approach for this problem.

Montana and Zinky in Chapter 2 address the problem of optimizing the flow
of compute jobs in a distributed system of compute servers through a hybrid
approach of dynamic programming and a Genetic Algorithm.

In Chapter 3, Gu and Welch study task allocation and scheduling approach for
dynamic, distributed real-time systems. The authors present an approach that
offers systems explicit real-time guarantees as well as maximized robustness of
unpredictable changes in computing environment.

LaTorre et al. in the fourth Chapter propose a theoretical framework to com-
bine multi evolutionary algorithms and use it to combine multiple codings and
genetic operators for Supercomputer scheduling.

In the fifth Chapter Kaya et al. consider the problem of scheduling an appli-
cation on a computing system consisting of heterogeneous processors and one
or more file repositories. The authors present iterative-improve-based heuris-
tics by exploring complex neighborhood structures for the considered scheduling
problem.

Byun et al. in the sixth Chapter report an advanced job scheduler based on
Markov model in desktop Grid computing environment. The authors propose
and analyze several advanced resource selection schemes in order to satisfy time
requirements to complete job allocation and adapt to the needs of the user and
the application on the fly.

In the seventh Chapter Yu et al. present workflow scheduling algorithms for
Grid computing. Several heuristic methods and meta-heuristics including Simu-
lated Annealing and Genetic Algorithms for Grid workflow scheduling are consid-
ered. Examples of experimental comparisons for workflow scheduling algorithms
are also given.
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Tordache et al. in the eighth Chapter address a Genetic Algorithms approach
for decentralized Grid scheduling. GAs are combined with lookup services for
obtaining a scalable and highly reliable Grid scheduler. The authors experimen-
tally analyze their approach and compare it with other scheduling approaches
using a monitoring environment.

Abraham et al. in the ninth Chapter introduce several nature inspired meta-
heuristics for Grid scheduling including Simulated Annealing, Genetic Algo-
rithms, Ant Colony optimization and Particle Swarm Optimization. Also, the
authors illustrate the usage of Multi-objective Evolutionary Algorithm for two
scheduling problems.

In the tenth Chapter Xhafa et al. exploit the capabilities of a new class of
population-based meta-heuristics, namely the Cellular Memetic Algorithms aim-
ing, at minimizing the makespan and flowtime simultaneously using a weighted
sum method. The approach is analyzed under a simulation model and showed
to be effective for batch scheduling problem in Grids.

Bendjoudi et al. in the eleventh Chapter present a P2P hybrid approach that
combines B&B and GA for the Flow-Shop Scheduling Problem. The authors aim
at distributing at large scale the computation, using Peer-to-Peer computing to
reach high computing performance. To this end, the authors propose P2P-based
parallelization of the B&B and GA algorithms for the computational Grid.

In the eleventh Chapter, Liu et al. introduce the Peer-to-Peer neighbor se-
lection problem for which single and multi-objective population-based meta-
heuristics are presented. Specifically, the authors address the Particle Swarm
Optimization and Genetic Algorithms for the problem. The performance and
effectiveness of the proposed approach is also illustrated with computational
examples.

Khoo and Veeravalli in the last Chapter propose an approach for resource-
scheduling strategy capable of handling multiple resource requirements for jobs
that arrive in a Grid Computing Environment. The authors include in their
method the resource availabilities in the Grid environment. The performance of
the proposed approach is experimentally analyzed.

We are very much grateful to the authors of this volume and to the reviewers
for their great efforts by reviewing and providing interesting feedback to authors
of the chapter. The editors would like to thank Dr. Thomas Ditzinger (Springer
Engineering Inhouse Editor, Studies in Computational Intelligence Series), Pro-
fessor Janusz Kacprzyk (Editor-in-Chief, Springer Studies in Computational In-
telligence Series) and Ms. Heather King (Editorial Assistant, Springer Verlag,
Heidelberg) for the editorial assistance and excellent cooperative collaboration
to produce this important scientific work. We hope that the reader will share
our joy and will find it useful!

Fatos Xhafa acknowledges partial support by Projects ASCE TIN2005-09198-
C02-02, FP6-2004-ISO-FETPI (AEOLUS) and MEC TIN2005-25859-E and
FORMALISM TIN2007-66523. Ajith Abraham acknowledges the support by the
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Centre for Quantifiable Quality of Service in Communication Systems, Norwe-
gian Centre of Excellence, appointed by The Research Council of Norway, and
funded by the Research Council, Norwegian University of Science and Technol-
ogy and UNINETT.
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