Systems Evaluation, Prediction and Decision-Making Series

SYSTEMS
EVALUATION

Methods, Models, and Applications

Sifeng Liu = Naiming Xie
Chaoging Yuan * Zhigeng Fang

@ Taylor & Francis Group

AN AUERBACH BOOK



Systems
Evaluation

Methods, Models, and Applications

Sifeng Liu |
Chaoqing Yuan * Zhigeng Fang

cﬁc CRC Press

Taylor & Francis Group
Boca Raton London New York

CRC Press is an imprint of the
Taylor & Francis Group, an informa business



CRC Press

Taylor & Francis Group

6000 Broken Sound Parkway N'W, Suite 300
Boca Raton, FL 33487-2742

© 2012 by Taylor & Francis Group, LLC
CRC Press is an imprint of Taylor & Francis Group, an Informa business

No claim to original U.S. Government works

Printed in the United States of America on acid-free paper
Version Date: 20111102

International Standard Book Number: 978-1-4200-8846-5 (Hardback)

This book contains information obtained from authentic and highly regarded sources. Reasonable efforts
have been made to publish reliable data and information, but the author and publisher cannot assume
responsibility for the validity of all materials or the consequences of their use. The authors and publishers
have attempted to trace the copyright holders of all material reproduced in this publication and apologize to
copyright holders if permission to publish in this form has not been obtained. If any copyright material has
not been acknowledged please write and let us know so we may rectify in any future reprint.

Except as permitted under U.S. Copyright Law, no part of this book may be reprinted, reproduced, transmit-
ted, or utilized in any form by any electronic, mechanical, or other means, now known or hereafter invented,
including photocopying, microfilming, and recording, or in any information storage or retrieval system,
without written permission from the publishers.

For permission to photocopy or use material electronically from this work, please access www.copyright.
com (http://www.copyright.com/) or contact the Copyright Clearance Center, Inc. (CCC), 222 Rosewood
Drive, Danvers, MA 01923, 978-750-8400. CCC is a not-for-profit organization that provides licenses and
registration for a variety of users. For organizations that have been granted a photocopy license by the CCC,
a separate system of payment has been arranged.

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are used
only for identification and explanation without intent to infringe.

Library of Congress Cataloging-in-Publication Data

Systems evaluation : methods, models, and applications / Sifeng Liu ... [et al].
p. cm. -- (Systems evaluation, prediction, and decision-making series)
Includes bibliographical references and index.
ISBN 978-1-4200-8846-5 (hbk. : alk. paper)
1. System analysis. 2. Decision making. I. Liu, Sifeng.

QA402.5975 2012
003--dc23 2011039594

Visit the Taylor & Francis Web site at
http://www.taylorandfrancis.com

and the CRC Press Web site at
http://www.crcpress.com



Systems
Evaluation

Methods, Models, and Applications



Systems Evaluation, Prediction, and Decision-Making Series

Series Editor

Yi Lin, PhD
Professor of Systems Science and Economics
School of Economics and Management
Nanjing University of Aeronautics and Astronautics

Editorial Board
Dr. Antonio Caselles, University of Valencia, Spain
Dr. Lei Guo, Chinese Academy of Sciences, China
Dr. Tadeusz Kaczorek, Bialystok Technical University, Poland
Dr. Salvatore Santoli, International Nanobiological Testbed Ltd., Italy
Dr. Vladimir Tsurkov, Russian Academy of Sciences, Russia
Dr. Robert Vallee, Organisation of Cybernetics and Systems, France
Dr. Dongyun Yi, National University of Defense Technology, China
Dr. Elias Zafiris, University of Athens, Greece

Systems Evaluation: Methods, Models, and Applications
Sifeng Liu, Naiming Xie, Chaoging Yuan, and Zhigeng Fang
Nanjing University of Aeronautics & Astronautics

ISBN: 978-1-4200-8846-5

Measurement Data Modeling and Parameter Estimation
Zhengming Wang, Dongyun Yi, Xiaojun Duan, Jing Yao, Defeng Gu
National University of Defense Technology, Changsha, PR of China
ISBN: 978-1-4398-5378-8

Optimization of Regional Industrial Structures and Applications

Yaoguo Dang, Sifeng Liu, and Yuhong Wang, Nanjing University of Aeronautics
and Astronautics

ISBN: 978-1-4200-8747-5

Hybrid Rough Sets and Applications in Uncertain Decision-Making
Lirong Jian, Sifeng Liu, and Yi Lin, Nanjing University of Aeronautics and Astronautics
ISBN: 978-1-4200-8748-2

Irregularities and Prediction of Major Disasters
Yi Lin, Nanjing University of Aeronautics and Astronautics
ISBN: 978-1-4200-8745-1

Theory and Approaches of Unascertained Group Decision-Making
Jianjun Zhu, Nanjing University of Aeronautics and Astronautics
ISBN: 978-1-4200-8750-5

Theory of Science and Technology Transfer and Applications
Sifeng Liu, Zhigeng Fang, Hongxing Shi, and Benhai Guo,
Nanjing University of Aeronautics and Astronautics

ISBN: 978-1-4200-8741-3

Grey Game Theory and Its Applications in Economic Decision-Making
Zhigeng Fang, Nanjing University of Aeronautics and Astronautics
ISBN: 978-1-4200-8739-0



Preface

Evaluation is a practical activity by which people judge the value of an object
or process. The need for socioeconomic development and scientific decision
making led to a wide range of evaluation activities such as engineering project
evaluation, science project evaluation, industrial development assessment, envi-
ronmental assessment, evaluation of university subject construction, enterprise
competitiveness assessment, personnel quality evaluation related to technology
and economic development evaluation, and even evaluation of comprehensive
national strength and government policies. Evaluation is related to all aspects of
production and life.

This book outlines various systems evaluation methods and models. The evolu-
tion of systems evaluation is presented in a clear, logical way, starting with quali-
tative assessment and proceeding to a description of the process and methods to
building an index system of evaluation, and again with some common evaluation
methods and models of comparative evaluation methods, the logical framework
approach, analytic hierarchy process (AHP), and data envelopment analysis (DEA)
methods. Several new evaluation models of grey systems including the general grey
incidence model, grey incidence models based on similarity and closeness, grey
cluster evaluation based on triangular whitenization functions, and multi-attribute
grey target decision models are introduced. Empirical studies based on reality are
introduced and cover evaluation of road-bridge construction projects, the effi-
ciency evaluation of science and technology activities, assessment of energy saving
in China, and the evaluation and selection of international cooperation projects.

This book is unique in its emphasis on the practical applications of systems
evaluation methods and models. The methods and models are introduced briefly
and we attempt to explain intricate concepts in an easily understandable way. In
addition, practical examples illustrate the practical application, analysis, and com-
putation of systems evaluation methods and models.

Chapters 1 and 2 are written by Sifeng Liu, Chapter 3 by Zhigeng Fang,
Chapters 4 and 6 by Naiming Xie, and Chapter 5 by Chaoqing Yuan. Lirong Jian,
Hongzhuan Chen, Jeffrey Forrest, Yaoguo Dang, Hecheng Wu, Chuanmin Mi,
Shawei He, Yong Liu, Yaping Li, Zhaowen Shi, Jianfei Xiao, Lifang He, Ying Cao,

xii



xiv W Preface

Liang Yu, Yugiang Guo, Xiao Tang, Mei Wang, Tong Yin, Hongchang Ren, Pengtao
Lin, Dufang Fan, Fei Wang and Xin Jin participated in related studies. Professor
Sifeng Liu took charge of the draft summarization and the final approval.

This book is intended to serve as a textbook for postgraduates and senior under-
graduate students specializing in economics and management and as a reference
text for those engaged in management, scientific research, engineering technology,
and other disciplines.

Any errors or omissions that may be pointed out by readers will be appreciated.
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Introduction

This book outlines systems evaluation methods and models. The qualitative assess-
ment methods of nominal group technique, brainstorming, and Delphi are pre-
sented. The methods for building an evaluation index system, common evaluation
methods and models of comparative evaluation, the logical framework approach,
the analytic hierarchy process (AHP), and data envelopment analysis (DEA) for
evaluating relative efficiency are presented as well. Several new grey systems evalu-
ation models including the generalized grey incidence model, models based on dif-
ferent visual angles of similarity and/or closeness, cluster evaluation models based
on end point and center point triangular whitenization functions, and multi-attri-
bute target decision models are introduced. We cover empirical studies based on
reality including postevaluation of road-bridge construction projects, efficiency
evaluations of scientific and technological activities, the evaluation of energy sav-
ing efforts in China, and the evaluation and selection of international cooperation
projects for Jiangsu Province.

This book is unique in its emphasis on the practical application of systems eval-
uation methods and models. We attempt to explain intricate concepts in an easily
understandable way utilize step-by-step explanations of methods and models. The
book is suitable as a text for postgraduates and senior undergraduate students spe-
cializing in economics and management. It is also intended as a reference for those
interested in the methods and technology of complex assessments.
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