Longbing Cao

I Metasynthetic
Computing and
Engineering
of Complex
Systems

N Springer



Advanced Information and Knowledge
Processing

Series Editors
Lakhmi C. Jain

University of Canberra and University of South Australia

Xindong Wu
University of Vermont



Information systems and intelligent knowledge processing are playing an increasing
role in business, science and technology. Recently, advanced information systems
have evolved to facilitate the co-evolution of human and information networks
within communities. These advanced information systems use various paradigms
including artificial intelligence, knowledge management, and neural science as well
as conventional information processing paradigms. The aim of this series is to
publish books on new designs and applications of advanced information and
knowledge processing paradigms in areas including but not limited to aviation,
business, security, education, engineering, health, management, and science. Books
in the series should have a strong focus on information processing - preferably
combined with, or extended by, new results from adjacent sciences. Proposals for
research monographs, reference books, coherently integrated multi-author edited
books, and handbooks will be considered for the series and each proposal will be
reviewed by the Series Editors, with additional reviews from the editorial board and
independent reviewers where appropriate. Titles published within the Advanced
Information and Knowledge Processing series are included in Thomson Reuters’
Book Citation Index.

More information about this series at http://www.springer.com/series/4738



Longbing Cao

Metasynthetic Computing
and Engineering of Complex
Systems

@ Springer



Longbing Cao

Advanced Analytics Institute
University of Technology, Sydney
Sydney, New South Wales
Australia

ISSN 1610-3947

Advanced Information and Knowledge Processing

ISBN 978-1-4471-6550-7 ISBN 978-1-4471-6551-4 (eBook)
DOI 10.1007/978-1-4471-6551-4

Library of Congress Control Number: 2015941316

Springer London Heidelberg New York Dordrecht

© Springer-Verlag London 2015

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission
or information storage and retrieval, electronic adaptation, computer software, or by similar or
dissimilar methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt
from the relevant protective laws and regulations and therefore free for general use.

The publisher, the authors and the editors are safe to assume that the advice and information in this
book are believed to be true and accurate at the date of publication. Neither the publisher nor the
authors or the editors give a warranty, express or implied, with respect to the material contained
herein or for any errors or omissions that may have been made.

Printed on acid-free paper

Springer-Verlag London Ltd. is part of Springer Science+Business Media (www.springer.com)



Preface

We are in the era of complex systems.

An increasingly critical research issue facing researchers in different disciplines
is how to compute and engineer complex systems and how to build corresponding
problem-solving systems.

Various system metaphors have accordingly been proposed to address the
intricacies of complex systems. This effort has become increasingly focused in
recent decades as complex systems have become omnipresent in our everyday,
social, business, and web worlds.

Reductionism has proved to be a very effective philosophy for tackling
complexities in physical and chemical systems, in particular by dedicating priority
to the parts of a system rather than the whole. Its principal ideas have widely
influenced the research and engineering of complex scientific problems in many
domains and business applications.

In recent decades, holism has emerged, bringing with it a focus on systems
thinking and an emphasis on understanding complexities in the whole rather than
merely in part. System sciences and cognitive sciences have a particular interest in
holism. The science of complexity urges the exploration of holism for understand-
ing complex natural and social systems.

Complementing the challenges of applying reductionism and holism for
complex systems, systematology combines top-down holistic methodologies with
bottom-up reductionistic approaches to consider the complexities in the whole
system and its parts, as well as their respective connections. Systematology appears
to be really important for addressing the complexities of open complex giant
systems, in which it may not be effective to apply only reductionism or holism.

Faced with open complex giant systems like the Internet, we often do not know
what we do not know. A qualitative-to-quantitative metasynthesis which explores
the synergy of human intelligence and machine intelligence in a human-centered,
human-machine-cooperative way may be helpful in understanding system
complexities and building problem-solving systems.



vi Preface

Metasynthetic computing and engineering take human-centered, human-machine-
cooperative, qualitative-to-quantitative metasynthesis as the main guide for under-
standing open complex systems. In this book, we outline the corresponding aspects:
Chap. 1 presents an overview of complex systems, Chap. 2 considers ubiquitous
intelligence in complex systems, Chap. 3 examines system methodologies, Chap. 4
explores computing paradigms, Chap. 5 focuses on metasynthesis, Chap. 6 looks at
organization- and service-oriented methodology for engineering complex systems,
Chaps. 7, 8, and 9 investigate visual modeling, formal modeling, and integrative
modeling of complex systems, Chaps. 10 and 11 discuss the architecture and
detailed design of complex problem-solving systems, Chap. 12 addresses ontological
engineering, and Chaps. 13, 14, and 15 detail several case studies in building problem-
solving systems for actionable knowledge discovery and understanding complex
behavior and social data.

The overarching goal of compiling this book is to encourage and inspire discus-
sion and reflection, and the implementation of effective methodologies and tools for
computing and engineering open complex systems and problems, while synergizing
ubiquitous intelligence, including human, domain, social, network, data, and
machine intelligence, during the respective problem-solving processes and in
problem-solving systems.

Sydney, Australia Longbing Cao
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