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The Computer Communications and Networks series is a range of textbooks,
monographs and handbooks. It sets out to provide students, researchers and non-
specialists alike with a sure grounding in current knowledge, together with compre-
hensible access to the latest developments in computer communications and
networking.

Emphasis is placed on clear and explanatory styles that support a tutorial approach, so
that even the most complex of topics is presented in a lucid and intelligible manner.



Foreword

The way we carry out scientific research is undergoing a series of radical changes
as a result of the digital revolution. Traditional scientific approaches are finding it
increasingly difficult to solve complex problems and grand challenges without
broadening horizons to exploit the use of new digital technologies that support col-
laborative working on one hand, and facilitate clever approaches to working with
the huge quantities of data that can now be generated through modern experimental
systems and computer simulations performed on supercomputers and grid comput-
ing facilities. We can throw into the mix of new emphasis on data sharing and open
data, with access provided by web service technologies, new approaches to con-
structing and sharing workflow methods, and Web 2.0 technologies that enable
communities, large and small, to document and share research outcomes and new
knowledge. Simultaneously we are seeing greater emphasis on researchers sharing
their primary data and analysis tools to accompany publication, enabling other
researchers to reproduce and re-use their results. We are already past the point
where researchers can analyse data by hand in the point-by-point that used to char-
acterise research, which means that automated computational and data analysis
systems need to be robust and flawlessly accurate. These requirements call for a
comprehensive supporting cyberinfrastructure for modern scientific research, and
e-Science will play an important role in addressing this challenge.

At the outset of the UK e-Science programme, the Director General of the
Research Councils, John Taylor, wrote, “e-Science is about global collaboration in
key areas of science and the next generation computing infrastructure that will
enable it.” This definition recognised that challenging scientific problems will increas-
ingly be addressed by large teams working in different institutes — even in different
countries — who will need access to a comprehensive cyberinfrastructure that
should not only give access to massive computing capabilities, but also enable easy
sharing of data and information in an era where huge quantities of data can be
generated, and facilitate personal and team interactions required for genuine
collaborative working.

This edited book comprises chapters authored by international e-Science experts
and practitioners, presenting readers with e-Science practices and applications of
how various technologies and tools can be employed to build essential infrastructures



vi Foreword

to support a new generation of scientific research. The book is organised by
grouping the features of modern scientific research into five themes: (1) Sharing
and Open Research; (2) Data-intensive e-Science; (3) Collaborative Research;
(4) Automated Research, Reusability, Reproducibility and Repeatability; and
(5) e-Science: easy Science. The different chapters within each topic provide intro-
ductions, descriptions and discussions of relevant e-Science methodologies,
architectures, tools, systems, services and frameworks that are designed to address
a range of different requirements. The expert authors also share their experiences
and lessons learned in their e-Science work.

The book is a timely contribution to e-Science communities. I believe readers,
especially researchers and developers of successive generations of e-infrastructure,
will find this book useful.

Department of Earth Sciences Professor Martin Dove
University of Cambridge
UK



Preface

Next generation scientific research has radically changed the way in which science
is carried out. With the assistance of modern e-infrastructure as part of science, or
experiments including high-performance computing capabilities, large-capacity
data storage facilities and high-speed network infrastructure, the exploration of
previously unknown problems can now be solved via simulation, generation and
analysis of large amount of data, sharing of geographically distributed resources
(e.g. computing facilities, data, script, experiment plan, workflow) and global
research collaboration.

A term “science 2.0” or “research 2.0” is now emerging which has outlined the
features of next generation scientific research: large-scale, team-based global
research collaboration; open research and open data; collective intelligence; knowl-
edge and resources sharing; etc. This needs an advanced environment and e-Science
infrastructure which can meet the new features and requirements. For example, in
collaborative research that involves diversity of participants, security, trust and
privacy are becoming increasingly essential; faced with the deluge of scientific
data, diverse data integration, heterogeneous data interoperability, domain informa-
tion and knowledge representation and retrieval, linked data and structured data
presents critical challenges; resource sharing involves the exchange, selection and
aggregation of geographically distributed resources and the development of innova-
tive and high-performance oriented applications; automatic, reproducible, reusable
and repeatable research concerns the auto-coordination of various tasks involved in
a research study, and provenance of the research result.

According to the features and requirements for next generation scientific
research, this book is structured into five themes, which demonstrate how e-Science
methods and techniques can be employed to facilitate next generation scientific
research and discovery from the following aspects:

* PartI: Sharing and Open Research

e Part [I: Data-Intensive e-Science

 Part III: Collaborative Research

» Part IV: Research Automation, Reusability, Reproducibility and Repeatability
* Part V: e-Science, Easy Science

vii
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Part I: Sharing and Open Research

“Science has always been a social process.” Next generation scientific research
promotes the open research and sharing of resources and knowledge. Grid computing
technology is one of the key enabling technologies in resource sharing which aims
at the synergy of the distributed high computing resources. Grid middleware, such
as Globus Toolkit, gLite and UNICORE, provides an effective approach to share
usually the high-performance computing resources (e.g. super computers, clusters).
This formulates the mainstream of grid computing in e-Science. However, high-
performance computing is not always available in many institutions; on the other
hand, there exists much idle computing power. In order to address this need, we can
also use peer-to-peer (P2P) grid computing technology to build a P2P Grid for the
sharing of idle computing resources. For example, in the P2P Grid, labs can donate
their idle computational resources in exchange for accessing other labs’ idle
resources when necessary. Part I contains four chapters which discuss the use of
mainstream grid computing and the P2P Grid in e-Science.

Chapter 1 describes the development of an e-infrastructure which integrates the
data grid and computing grid to facilitate the hydrology environmental science. It
allows a wide range of hydrological problems to be investigated and is particularly
suitable for either computationally intensive or multiple scenario applications. The
chapter discusses the grid infrastructure system integration and development, visu-
alisation of geographic information from grid outputs and implementation of
hydrological simulations based on the infrastructure. Also, the chapter investigates
the adaption of cloud computing into scientific research by extending the comput-
ing grid to utilise the Amazon EC2 cloud computing resources. Users can carry out
a complete simulation job from job submission to data management and metadata
management based on the tools available in the infrastructure.

Chapter 2 discusses the current state and future perspective of the German
National Grid Initiative (NGI), namely, D-Grid. It describes the current D-Grid
e-Infrastructure in detail, and provides a discussion on how D-Grid’s future may
look like with virtualisation and cloud computing striding ahead. Particularly, it
discusses the incorporation of service level agreements (SLA) to allow D-Grid
service providers to deliver the service level objectives (SLO) assured services to
service customers.

In Chap. 3, the authors share their experience in developing a P2P grid middle-
ware called OurGrid and deploying it to build the OurGrid Community. The chapter
describes the mechanisms that effectively promote collaboration and allow the
assemblage of large P2P Grids from the contributions of thousands of small sites.
The authors present a successful case study of using OurGrid, and summarise their
lessons learned and experience.

Chapter 4 introduces an approach to grid and overlay network research for the
sharing of computing resources to enable the simulation of increased complexity
and speed. It presents a Peer4Peer platform that provides the main infrastructure for
efficient peer-to-peer simulation over the Internet.
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Part II: Data-Intensive e-Science

Scientific research can be regarded in some sense as activities around a data lifecycle
(i.e. acquisition, transfer, storage, analysis/data mining, visualisation). It is now
increasingly facing the challenges of data explosion. For example, the high-energy
physics experiment of the large hardon collider (LHC) at CERN in 2007 produced
a stream of data at 300 MB/s, which is equivalent to a stack of CDs as high as the
Eiffel Tower every week. Modern sciences have stronger demands for effective data
curation and management than ever before. In Part II, we include three chapters,
which present different methods for data management in e-Science.

Chapter 5 discussed how the NASA Jet Propulsion Laboratory in California,
USA, developed successful science data systems for highly distributed communi-
ties in physical and life sciences that require extensive sharing of distributed
services and common information models based on common architectures. It dem-
onstrated that a well-defined architecture and set of accompanied software can
vastly improve the ability to develop roadmaps for the construction of virtual
science environments.

In Chap. 6, the authors develop a tool integration framework, namely, Galaxy,
which enables advanced data analysis that requires no informatics expertise. The
Galaxy tool has also been deployed as Amazon Web Service in the Amazon Cloud
for open access.

Large-scale cross-disciplinary scientific collaborations usually involve diverse
data integration, heterogeneous data interoperability and domain information and
knowledge representation and retrieval. Chapter 7 proposes an integrated ontology
management and data sharing framework which builds upon the advancements in
object-oriented database design, semantic web and service-oriented architecture to
form the key data-sharing backbone. The framework is implemented to cater data-
sharing needs for large-scale sensor deployment from disparate scientific domains.
This enables each participating scientific virtual organisation (VO) to publish,
search and access data across the e-infrastructure in a service-oriented manner,
accompanied by domain-specific knowledge.

Part II1: Collaborative Research

Collaborative research is a distinct feature in modern scientific research.
Interoperability, security, trust and privacy are key elements in collaborative
research. Part III contains four chapters that discuss the aspect of collaborative
environment, e-infrastructure interoperability and security, trust and privacy.
Chapter 8 proposes a collaborative environment to support the scientific pro-
cesses of a solar-enabled water production and recycling application. This environ-
ment can perform complex tasks such as distributed instrument control, data
collection from heterogeneous sources, data archival, data analysis and mining,
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data visualisation and decision support. It aims to address the issues of archival and
management of multidimensional data from heterogeneous sensors and instru-
ments, allowing efficient data sharing among different groups of scientists who are
not computer experts, allowing different parties involved to publish and consume
data and process, real-time decision support with control, etc.

Chapter 9 investigates challenges and provides proven solutions in the context
of e-Science infrastructure interoperability. The chapter illustrates how an increas-
ing amount of e-Scientists can take advantage of using different types of e-Science
infrastructures jointly together for their e-research activities, and proposes seven
steps towards interoperability for e-Science.

e-Infrastructure based on distributed computing could result in malicious inter-
vention resulting in theft of the models and data that have significant commercial
value. In order to tackle this problem, Chap. 10 proposes two distributed systems,
one applicable for a computational system and the other for a distributed data sys-
tem. A configuration resolver is used to maintain a list of trustworthy participants
available in the virtual organisation. Users can then submit their jobs to the configu-
ration resolver, knowing that their jobs will be dispatched to trustworthy partici-
pants and executed in protected environments. This security model was tested in the
UK National Grid Service (NGS), and the performance overhead was measured.

Cloud computing has become a new computing paradigm as it can provide scal-
able IT infrastructures, QoS-assured services and customisable computing environ-
ments. As a new computing paradigm, cloud computing provides new methods and
techniques for e-Science. However, cloud computing introduces new challenges
with respect to security mainly caused by the unique characteristics inherited via
virtual machine technology. Chapter 11 focuses on the challenges imposed on
intrusion diagnosis for clouds. This chapter identifies the importance of intrusion
diagnosis problem for clouds and the new challenges for this intrusion diagnosis.
An appropriate solution is proposed to address these challenges and is demon-
strated to be effective by empirical evaluation.

Part I'V: Research Automation, Reusability, Reproducibility
and Repeatability ‘

A research study usually involves a series of tasks. For example, even a simple
research study may involve three tasks which are data acquisition, data analysis and
visualisation. In modern scientific research involving global collaboration, resource
sharing and data deluge, a research study may include multiple complex tasks. For
example, a computational experiment that spans multiple geographically distrib-
uted computation resources and analytical models involves sequences of tasks such
as resource discovery, job submission, file staging, simulation, data harvesting and
visualisation. Research process automation with less direct human control and
research traceability are vital in scientific research. In order to address this need,
workflow technology can be employed for the automation of a process where
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documents, information or tasks are passed from one participant to another to be
processed, according to a set of procedural rules. A scientific workflow integrating
all tasks required for a research study can be reusable, and the output from a scien-
tific workflow can be reproducible and repeatable. This part includes four chapters
discussing the scientific workflow, which will give you a guide of how workflow
technologies are used in e-Science. .

Chapter 12 discusses the requirements on scientific workflows, the state of the
art of scientific workflow management systems as well as the ability of conven-
tional workflow technology to fulfil requirements of scientists and scientific appli-
cations. In order to overcome the disadvantages of the conventional workflow,
authors proposed a conceptual architecture for scientific workflow management
systems based on the business workflow technology as well as extensions of existing
workflow concepts. This can improve the ability of established workflow technology
in scientific simulations.

Chapter 13 discusses the integration of Kepler workflow system into the
University of California Grid. This architecture is being applied to a computational
enzyme design process. The implementation and experiments validated how the
Kepler workflow system can make the scientific computation process automated,
pipelined, efficient, extensible, stable and easy to use.

Chapter 14 concerns the quality of a scientific workflow by service level agree-
ment (SLA). This chapter describes related concepts and mapping algorithms to
facilitate the resource reservation at each grid site and the user providing the esti-
mated runtime of each sub-job correlated with a resource configuration. In particu-
lar, it describes several sub-optimisation algorithms to map sub-jobs of the
workflow to the grid resources within an SLA context.

Considering the differences of using workflow in scientific research and the
business world, where scientific workflows need to consider specific characteristics
and make corresponding changes to accommodate those characteristics, Chap. 15
proposes a task-based scientific workflow modelling and performing approach for
orchestrating e-Science with the workflow paradigm.

Part V: e-Science, Easy Science

This part mainly focuses on the application of e-Science in certain science
domains.

Chapter 16 presents a robust face recognition technique based on the extraction
of scale invariant feature transform (SIFT) features from the face areas. This tech-
nique has the potential to be employed in an e-infrastructure of a face recognition
system with ATM cash machines.

Chapter 17 presents a framework for the metamodel-driven development of open
erid services architecture (OGSA) based service-oriented architecture (SOA) for
collaborative cancer research in the CancerGrid project. The authors extend the
existing Z model and the generation technology to support OGSA in a distributed
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collaborative environment. They built a generic SOA model combining the semantics
of the standard domain metamodel and metadata, and the Web services resource
framework (WSRF) standard. This model can then employed to automate the gen-
eration of the trial management systems used in cancer clinical trials.

The last chapter, Chap. 18 the introduces e-Science practice and application in
the Computer Network Information Centre (CNIC), Chinese Academy of Science
(CAS). This chapter introduces the information infrastructures supporting scientific
research from five aspects, which include digital network and communication infra-
structure, high-performance computing environment, scientific data environment,
digital library and virtual laboratory. CAS proposed an e-Science model, and stated
that e-infrastructure should apply information infrastructure and digital technology
in every aspect of research activity to enable better research and advanced research
patterns. The chapter also presents a collaborative, environmental and biological
e-Science application conducted in the Qinghai Lake region, Tibetan Plateau, to
show how various information and communication technologies can be employed
to facilitate scientific research, providing a cyberinfrastructure for protecting wild-
life and ecological environment and decision making. €NIC realised that e-Science
is the way leading to next generation scientific research, and has been promoting
e-Science practice and application systematically: by e-Science, to easy Science.

Reading e-Science Centre Dr. Xiaoyu Yang
University of Reading,
UK
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