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Preface

Being the sole national institution in the field of industrial engineering recognized
by China Association of Science and Technology, Chinese Industrial Engineering
Institution, CMES (CIEI), affiliated to the Management School of Tianjin Univer-
sity, was established in June 1990. Along with the development of CIEI, the research
on industrial engineering is promoted on a large scale.

Adhering to the policy of “letting a hundred flowers blossom and a hundred
schools of thought contend”, CIEI takes its mission to build an international
academic and business exchange platform in regard to industrial engineering or
other related fields, and pursues fully developing democracy and free discussion on
learning. Now CIEI grows into more than 20 local Institution of Industrial Engineer-
ing, possessing over 6,000 individual members and 136 corporate members, and it
has established a cooperative relationship with the United States, Britain, Russia,
Japan, Korea, Hong Kong, Taiwan and other countries or areas. An enormous
number of experts, scholars and sub-societies from USA, England, Russia, Japan,
Korea, Hong Kong, Macao and cross-Strait are attracted to attend its typical
Academic Activities of The International Conference on Industrial Engineering and
Engineering Management. The international academic conference is held annually;
till now it has been held for 19 times with significant research results in theoretical
and practical application.

The 20th International Conference on Industrial Engineering and Engineering
Management (IEEM 2013) is sponsored by CIEI and organized by Inner Mongolia
University of Science and Technology. Held in Baotou, one of the ten civilized cities
in China, the academic conference aims to serve as a platform to share and discuss
the latest researches about Industrial Engineering and Engineering Management,
theoretically and practically, for experts, scholars, entrepreneurs, and industrial
engineering practitioners from home and abroad. Some authorized experts from
USA, Japan, India, and Hong Kong have been invited as Keynote Speakers to
address their presentation. Additionally, some parallel sessions are set up for the
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authors to share their ideas or achievements in Industrial Engineering discipline. We
hope the conference attendance could make a full use of the opportunity to learn, to
exchange, and to promote the development of Industrial Engineering.

Finally, we would like to extend my sincerest thanks to Inner Mongolia Univer-
sity of Science and Technology for holding such an excellent event.

Chinese Industrial Engineering Institution, CMES
Tianjin, People’s Republic of China
August 2013
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Information Fusion Model Based
on Multi-sensor Array and Its Anti-jamming
Capability

Jiang Shen, Zhi-fang Liu, and Man Xu

Abstract For solving the problem of multi-information fusion of perceptual
processes, the information perception based fusion model was built based on
four behavior layers and bi-level optimization mechanism. The mean-variance
normalization method was adopted to preprocess the data set with zero mean
and unit variance. Electronic nose was applied for information processing in fire
emergency management. The applications of this research increased the level of
the system intelligence and its anti-jamming capability, and were parallel to the
state-of-art technology in domestic level.

Keywords Anti-jamming capability ¢ Information fusion ¢ Multi-sensor array

1 Introduction

A category of complex systems characterized with heterogeneous, multi-
dimensional multivariate structural characteristics, complex internal structure and
behavior, high degree of open system, scale-free networks, systematic learning and
adaptive features (Barabasi 2009; Yingluo Wang 2007), etc. Situational perception
and information fusion technology was first introduced in military systems, and
were widely applied in areas of aerospace (Wang 2008), intelligent medical
solutions, industrial control (Zadeh 1972), supply chain management, financial
engineering and other complex systems.
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1.1 Information Perception with Data Association

Information and knowledge in the system was mainly acquired with the process-
aware information systems, data mining techniques and rough set method. Maslov
and Gertner (2006) adopted a fuzzy algorithm with self-organizing capacity to
obtain the multi-dimensional multivariate information of the complex system. Dong
and He (2007) presented a Hidden semi-Markov model-based integrated system
for acquiring multi-dimensional information on the probability event. Based on
the process-aware information systems, Weber et al. (2008) proposed the ProCycle
method to capture the dynamic information of the entire process life cycle. Leung
et al. (2006) measured the incomplete certainty of the information system with
Rough set, which was applied to mine useful knowledge in incomplete decision-
making platform.

In the literature, several methods on multiple seamless information integration
and data association were proposed, including probabilistic data association (PDA)
(Neira and Tardos 2001), the multi-mode filter (Hong and Cui 2002) associated with
interactions, joint probabilistic data association (JPDA) (Musicki and Evans 2004),
extracting association rules from the interval data set (Winarko and Roddick 2007),
Markov — Monte Carlo based data association (MMCDA) (Oh et al. 2009), etc. The
state-of-the-art research results were common in military applications, for example,
NNDA, PDA and JPDA were used to analyzed the information in environment of
sparse target, high density and big data (Reshef et al. 2011).

1.2  Multi-sensor Networks

Centralized framework and distributed framework are the two common frameworks
for multi-sensor networks. The distributed framework has obvious advantages than
the other on the overall and real-time performance. However, information of the
distributed sensor network was transmitted with a random delay in multi-sensor
fusion system during the information gathering and processing periods, due to
the limits of the bandwidth, node energy, dynamic network topology and routing
protocols. To enhance the quality of data acquisition, scholars in Harvard University
proposed an information fusion method for wireless sensor networks (Gaynor et al.
2004), which integrated wearable vital sign sensors and hand-held computers with
specific common protocols and software framework, and developed the CodeBlue
system (Lorincz et al. 2004) for wireless monitoring and tracking in medical first
aid and emergency relief operations.

For the delay target tracking system based on two sensors, the optimal out-
of-sequence measurement (OOSM) was presented to update artificial intelligence
(AI) algorithm, such as the energy efficiency of large-scale sensor networks and
its scalability was enhanced with the clustering method (Aslam et al. 2011). To
obtain the optimal and high real-time tracking estimation, the use of noise solution
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related technology solved optimal recursive updating estimation for the multi-sensor
step OOSM sensor target tracking system. However, applications of measurement
based fusion method are extremely limited, due to the lack of information estimation
accuracy, efficiency and real-time performance of the multi-sensor network-aware
algorithm.

1.3 Efficiency and Robustness of Information Transmission

From the information theory point of view, the system characteristics of the
information structure are multi-dimensional, dynamic and uncertainty for the
information generated in the running process of the complex system (Xu et al. 2013).
Furthermore, MIT scholars (Venkatesh and Dahleh 2001) studied the causes of the
errors in the health care system from the perspectives of the information loss caused
by outside interference in process of multitasking information transmission and by
the high memory load due to multi-task interleaving in medical emergency. And
the workflow analysis of the medical emergency department shows that multi-task
conversion process is the key to the poor convergence of information flow. WANG
Huan-chen (2006) studied the mechanisms of effective communication in the quality
management of medical procedures through the distance of information transition.
Robustness co-exists with vulnerability of complex systems (Carlson and Doyle
2002), which is an important evaluation criteria of the system performance (Hazon
and Kaminka 2008; Xu et al. 2012). Robust design of the system (Carlson and
Doyle 2000) is a path to achieve robustness of the complex system. The current
researches of this theory focus on the non-linear system control problem. Robust
control theory is not only used in industrial control, but also has been widely used
in many areas of economic control, social management, etc. Intelligent control
(Luengo and Herrera 2010) is a ¢ application-oriented combination technology of
artificial intelligence, automatic control, operations research and information theory,
which characterized with unstructured, uncertainty and autonomy and was capable
of learning, adaptation and organizational functions (Franois et al. 2007). In United
States, the researches on fault accident, human factors and human reliability, system
reliability and the like problems were mainly for the applications of manufacturing
systems, aerospace systems, nuclear reaction system (Baker et al. 2008), etc.

2 Data Processing for Multi-sensor Perception
and Anti-jamming Capability

To reduce the impact of the interference signal to multi-sensor sensing information,
a multi-sensor sensing data processing model (MSDP) was built. The probability
density function of accurate perception was quasi-Gaussian processed with the
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statistically independent and state-independent clutter of Gaussian sensor. Multi-
target prediction integral and multi-objective Bayesian normalization constant was
calculated in closure form. The posterior distribution probability of multi-objective
decision was constructed to decrease its errors with the fuzzy data.

To identify and process the multi-information in a unified framework, the multi-
sensor information was pre-processed, including data filtering for this information,
normalizating the uncertainty parameters of the perception data and its sub-space
features, etc. The mean-variance normalization method and the non-linear function
normalization method were commonly used as normalization methods.

The mean — variance normalization method was adopted to preprocess the data
set with zero mean and unit variance. For the k-th feature of the data set with size
of, the linear processing was executed by

<
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In addition to the linear method, non-linear methods were adopted to normalize
the data which was unevenly distributed around the mean. Characteristic values
were limited in the range of [0, 1] or [—1, 1] with appropriate ratios, namely, the
data was mapped to the specified range with Nonlinear Function Transformation.
Ratio is a generic method, which consists of two steps

Vik — Vi ~ 1

V= ik = 2
roy " Vik 1 +exp(=V) @

When V is a small real number, the above equation can be regarded as
an approximation of a linear function of vy, through a series expansion as an
approximation. The linear region of the range depends on the standard deviation
and the coefficient r. The data value is reduced exponentially when away from the
mean.

Take the perceptual management system of fire emergency for example. In order
to avoid the false alarm and the miss alarm of fire, the multi-sensor detection
system composed of commonly-used fire sensors (thermal sensors, smoke sensors
and differential/fixed temperature sensors) brings about the effective detection of the
fire information. The information processing flow of the electronic nose application
system of fire emergency is shown in Fig. 1.

The electronic nose system in the multiple sensor detection of fire linkage system
is composed by Teflon pipes, two electro-magnetic valves, sensor units, pressure
buffers, suction pumps, Interface cards(include CPU, A/D and D/A) and computers.
After going into the electronic nose system, fire gases are transferred to the sensor
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Fig. 1 Electronic nose was applied for information processing in fire emergency management

array and processed by the pressure stamping. After the connection of Teflon pipes,
interface cards control the suction pump and adjust the gas output of the flow meter.
Intelligent fire photoelectric smoke sensor can detect the smoke concentration in
the fire environment through scatter infrared theory. And fire alarm signal is issued
when the concentration exceeds the set threshold.

3 Information Perception Based Fusion Model
and Optimization

To solve the problem of multi-information fusion of perceptual processes, the
information perception based fusion model was built based on four behavior layers
and bi-level optimization as shown in Fig. 2.

The four pivotal behavior layers are as follows: building the information fusion
model for multi-sensor array and control data base, building the robust threshold
based CBR/RBR information fusion model, modeling the composite overlay of the
reasoning process with random terms, and establishing the reasoning confidence
judgment and strategy optimization algorithm. The bi-level optimization mechanism
consisted of D-S fusion based evidence confidence optimization and information
perception based decision strategy optimization.

Layer 1: Access to the multi-dimensional signal source which is perceived through
complex systems information perception of integration mechanism and model.
Use the state space represent these multi-task sensor perception heterogeneous
information and determine multi-objective planning constraints and objective
function. Completing letter filtering model processing, information fusion of
multi-sensor array can be realized by using Bayesian tracking to identify the
target and normalization coefficient table.

Layer 2: In order to improve CBR/RBR-based information fusion efficiency, multi-
ple heterogeneous information data base needs to refine the core attributes and the
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Fig. 2 Information perception based fusion mechanism and its model of the complex system

elimination of redundant data sets. Eigenvalues and refined information fusion
space, constitute a case similarity rule confidence posed by robust threshold

criteria of information fusion.

Layer 3: Build the superposition model based on the CBR/RBR information fusion
steady-state model and the consideration of the uncertainties of information per-
ception as well as the use of quantitative analysis of the randomness. Sentencing
guidelines expert assessment, confidence building dynamic information fusion

system.
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Layer 4: Embodied criteria based on information fusion, decision-making behavior
and operation of complex systems to optimize the combination of massive data
repository and a sensor family of data by means of reasoning and sharing,
increase the use of information value in the case of human disturbance to enhance
the level of intelligence of the system of decision-making.

4 Discussion and Conclusion

The theoretical model of information perception, its control method and informa-
tion fusion mechanism were studied for the operation of complex systems. The
state space of the information perception and the structural characteristics of the
information chain were analyzed to reveal the information perceived status and
the mapping rules of complex systems. The robust threshold based fusion model
and algorithm was proposed for the process of the information perception and
information transmission, completing the task of system identification of valid
information perception and fusion. Multi-layer behavioral process on the dynamic
data was refined to enhance the anti-interference capability and the performance
of intelligent decision-making based on the parameter management of multi-sensor
perception.

Three typical applications were conducted mainly based on these calculation
model, the control system and application platform, including upgrading the
intelligent medical diagnostic system and the embedded systems of its intelligent
network system for clinical teaching, providing the network system for intelligent
diagnosis of heart disease and its occupational training of emergency control; and
achieving the transformation of the Tianjin city fire emergency decision support
system and fire protection management; and contributing to the construction of
intelligent control systems of green campus of Tianjin university, which upgraded
the existing system and reduced the maintenance and operating costs, increased
the level of the system intelligence and its intensification, and was parallel to the
state-of-art technology in domestic level. Therefore, the results of this research have
high promotion values, broad application prospects and sustainable economic and
potential social benefits.

Acknowledgment This project is supported by National Natural Science Foundation of China
(Grant No. 71171143), and National Natural Science Foundation of China Youth Project (Grant
No. 71201087).
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Analyzing Dynamic Capabilities
from the Routine-Based Perspective:
An Agent-Based Simulation Research

De-hua Gao, Xiu-quan Deng, Shao-long Kuang, Shun-tang Zhang,
and Bing Bai

Abstract For dealing with the complexity and dynamics inherited in dynamic
capabilities area, we try to introduce the agent-based simulation method into our
study. By taking operating routines as basic units of analysis, a micro- interpretation
of dynamic capabilities is given from the routine-based perspective. The relation-
ships among operating routines, dynamic capabilities as well as organizational
learning mechanisms — including both internal innovation and external imitation
activities are discussed in detail. And an agent-based simulation model is provided
via Swarm package. The results show that: agent-based simulation can be used as
one of effective tools in coping with dynamic capabilities problems.

Keywords Agent-based simulation ¢ Dynamic capabilities ¢ Imitation e
Innovation  Operating routines ¢ Organizational learning

1 Introduction

According to Teece et al. (1997), dynamic capabilities is defined as the firm’s
abilities “to integrate, build, and reconfigure internal and external competences
to address rapidly changing environments” (Teece et al. 1997). It is in fact some
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learned and stable patterns of collective activities through which the organization
systematically generates and modifies its operating routines in pursuit of improved
effectiveness (Nelson and Winter 1982; Zollo and Winter 2002; Winter 2003).
Here, the “learning” behavior can be considered as a routine-based activity (Zollo
and Winter 2002; Saka-Helmhout 2010) that consists of two aspects, i.e., the
internal innovation activities of the firm itself (e.g., product developing routines in
(Rothaermel and Hess 2007; Chen and Jaw 2009)) and coordination activities from
the outside (e.g., alliances in (Wever et al. 2005)).

In this paper, we take routines as units of analysis, and introduce the agent-
based simulation method into our study. The structure of the paper is as follows:
Sect. 2 analyzes the micro-foundations of dynamic capabilities from a routine-
based perspective; Sect. 2 investigates some factors that impact dynamic capabilities
through reinforcements and changes of or changes in routines; Sect. 3 builds up an
agent-based simulation model for the problem and gives the results and discussions;
and Sect. 4 are the conclusions.

2 Theoretical Foundations

2.1 Routines as Units of Analysis

The term “routines” refers to “skills of an organization” and “repetitive patterns” of
organizational activities (Nelson and Winter 1982). They are critical components of
organizational behaviors that play an important role in understanding how firms and
the economy work, and hold one of the keys for understanding how organizational
capabilities are accumulated, transferred and applied (Becker 2004; Pentland and
Feldman 2005; Becker et al. 2005).

From a routine-based perspective, the organizational capabilities can be mainly
divided into two levels, i.e. the “0O-order” capabilities and the “high-order” capa-
bilities (Collis 1994), which Winter (2003) called as operational capabilities and
dynamic capabilities separately. The former — i.e., the operational capabilities — are
indeed some various sets of operating routines. With the organizational managers’
decision choices, they transform inputs (resources) into special types of outputs
(Nelson and Winter 1982; Winter 2003). While the later — i.e., the dynamic
capabilities — are the abilities to build, integrate and reconfigure these operational
capabilities (operating routines) (Teece et al. 1997). They can be seen here as
some rules of modification of operating routines that enable high-adaptive behavior
(Galunic and Eisenhardt 2001). That is, dynamic capabilities are indeed the
organizational and strategic “routines” by which the firm generates and modifies its
operating routines and achieve some ‘“new source configurations as markets emerge,
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collide, spit, evolve, and die” (Zollo and Winter 2002; Eisenhardt and Martin 2000).
They govern the rate of changes of the operating routines and influence the firm’s
outputs indirectly via the operational capabilities (Nelson and Winter 1982; Winter
2003; Collis 1994; Abell et al. 2008).

We suppose that there are [ operating routines R = (ry,rp,--- )T for a firm
A, and each routine consist of s; programs r; = (q1,4¢2, - ,qs,.)T. Operational
capabilities of the firm — i.e., the routines R — are in fact collections of all of the
programs that managers should conform to during their decision making processes,
R = (91,92, qs;»qs,+1>qs; 425" * ,qsl.)T. Thus, the genotype of this firm can be
denoted as:

GT = (21,82, »8m)" (1)

Where m in the vector GT represents the total number of programs existed in the
firm, and the element g; represents the program j, g;€eR(j=1,2, ..., m).

2.2 The Measurement of Dynamic Capabilities

In order to evaluate the performance of dynamic capabilities, Helfat et al. (2007)
proposed the concept “evolutionary fitness” from the resource-based view referring
to how well a dynamic capability enables a firm to “make a living by creat-
ing, extending or modifying its resource base (sets of routines)” (Helfat et al.
2007). When measuring dynamic capabilities, there are two sides that should be
considered— i.e., the “dynamic” characteristics of the environments’ side — denoted
as the preferences of customers PC — and the “capabilities” side of the firms to
generate and modify their operating routines — denoted as the improvements of the
phenotype of the organization PT (Hodgson 2003). We suppose that there are n
elements included in the vector PC as well as the vector PT, and let:

PC = (c1,¢2,+- ,cn)" 2
PT = (p1, pa.-++ > pa)" 3)

While,
PT =GT" - TM “4)

Where, the function TM represents a genotype-phenotype map (Ma and Nakamori
2005), i.e., a transfer matrix of the firm, which transfers the genotype GT into the
phenotype PT.
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And we have the fitness value Fit as that:

Fit = PCT - PT = (c1,¢2,- »¢) - (P1opas -+ spw)” )

2.3 Organizational Learning and the Evolution of Dynamic
Capabilities

Dynamic capabilities that constitute the firm’s systematic methods for modifying
operating routines arise from organizational learning (Zollo and Winter 2002;
Ambrosini et al. 2009). Eisenhardt and Martin (2000) pointed that for the high-
velocity markets especially, it is the “well-known learning mechanisms” that
guide the evolution of dynamic capabilities (Eisenhardt and Martin 2000; Zott
2003). So, we can regard organizational learning mechanisms as some of the
“second-order” dynamic capabilities (Zollo and Winter 2002; Collis 1994), i.e., the
“routines” by which the firm generates and modifies its dynamic capabilities — and
ultimately, changes operational capabilities (the operating routines). That is, they
“shape operating routines directly as well as by the intermediate step of dynamic
capabilities”, while the operating routines are indeed “the outcome of trial-and-error
learning and the selection and retention of past behaviors” (Zollo and Winter 2002;
Gavetti and Levinthal 2000).

Here, we adopt the “variation—selection—retention (VSR)” model in accordance
with the Darwin’s classic evolutionary theory to represent the evolutionary algo-
rithm of genotypes GT among all of the firms in our study as follows (Nelson and
Winter 1982; Zollo and Winter 2002; Aldrich and Ruef 2006):

Variation: In the first stage, the firm gets changes from current operating routines
intentionally and/or blindly, formulating some alternatives for its new genotype.

Selection: Variations help the firm acquire much more possibilities for choices.
And in this second stage, the firm should evaluate its multiple alternatives
and identify a preferred one. For example, it can pick out from many of its
alternative genotypes the fittest one — the one with the highest value of the fitness
parameter Fit.

Retention: Finally, the firm decides whether or not to retain and implement its “new
genotype” obtained from the “selection” stage actually. In this stage, the firm may
accumulate its experiences by holding operating routines repetitively.
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2.4 Internal Innovation or External Imitation

The variation stage mentioned above can be realized through internal innovation and
external imitation activities, efc. (Zott 2003; Aldrich and Ruef 2006). Both of these
two kinds of activities consist of the key parts of the variation process and form the
basis of the firm’s learning mechanisms, and they cause changes of the operating
routines, and as a result, modify the genotype GT of the firm.

However, the differences between them are that: the internal innovation activities
mainly refer to “internally focused search”, while the external imitation activities
refer to “externally focused search” (Zott 2003). That is, by internal innovation,
the firm generates or modifies routines itself, while by external imitation, it
accomplishes these through learning from others.

In our model, we denote these two kinds of activities as follows:

Firstly, for internal innovation, the firm chooses an operating routine and changes
some of its programs randomly, i.e., gives a certain increment Ag; to the element
gi of the genotype vector GT (i=1, 2, m).

Secondly, for external imitation, the firm should firstly searches for another firm that
performs better, and then chooses a routine randomly and replaces some of its
programs by those of the target firm, i.e., substitutes a g (from another genotype
vector GT*) for the element g; of the genotype vector GT (i=1, 2, ..., m).

3 An Agent-Based Simulation of Dynamic Capabilities

3.1 Design of the Agent-Based Simulation Model

Our simulation model is mainly composed of two types of agents:

Firms: Firms are agents with certain genotypes as some of their important attributes.
These firms are connected with some others as their neighborhood. At each
simulation tick, they can variate their own genotypes through internal innovation
and/or external imitation activities, and compute the average of their customer
perceived values from their potential customers as their fitness values. And the
variation of the genotypes — i.e., variation of their operating routines — may
cause the evolution of their dynamic capabilities, and as a result, influences their
performances.

Customers: Customers are some other types of agents with different preference
parameters. They are linked with some firms as their alternative suppliers. At
each simulation tick, they evaluate their perceived values about their alternative
suppliers; choose the firm with the highest perceived value, and do transactions
with it one unit product each time.
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For simplification, we hypothesize that:

1. Both firms and customers are living in some specific space “defined as a social
network” (Lamieri 2006). That is, each firm owns a certain number of firms as
its neighborhood (partners for organizational learning), ffRelationNum; and each
customer owns a certain number of firms as its alternative suppliers, cfRelation-
Num. Besides, there are three types of relationships, namely, the customer-firm
linkages, the firm-firm linkages and the customer-customer linkages. Here, we
only consider the dynamics of the customer-firm linkages, suppose the firm-firm
linkages to be fixed during the simulation process, and ignore the customer-
customer linkages — i.e., customers do their transaction behaviors separately, but
not have influences with each other.

2. The dynamics of the customer-firm linkages can be depicted as that: at each
simulation tick, the existing edges that represent customer-firm linkages are
destroyed, and some of other new edges are created randomly with a given
probability cfUpdateProbability.

3. The internal innovation and external imitation activities of firms are succeed
with the given probability parameter innovProbability and imitaProbability,
respectively. And the costs of these activities are treated as some negative effects
of their fitness values during the computation processes.

4. The elements values of the transfer matrix TM of a firm are 0—1 ones, which are
determined by a given probability oneProbability. That is, let rnd be a random
number subject to a uniform distribution U (0, 1), we have that:

__ | L,if rnd < oneProbability
"1 0, otherwise (6)
i=12...m;j=12...n)

i

5. We use the total sales of a firm simply as a parameter to represent its perfor-
mances.

3.2 Simulation Results and Discussion

In this section, we realize agent-based simulation model via the Swarm package
(Swarm Development Group (SDG) 2000), and adopt the unit testing method
discussed in (North and Macal 2007) for verification of the program. With a given
scenario below:

The firm number firmNum = 9;

The customer number customerNum = 500;

The neighborhood firms’ number of a firm 2 < ffRelationNum < 5;

The alternative suppliers’ number of a customer 5 < cfRelationNum <7,

The customer-firm network updating probability cfUpdateProbability = 0.05;
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Fig. 1 The simulation results of a given scenario. (a) Alternative customer numbers of firms. (b)
Learning (innovation and imitation) times. (c) Fitness values of firms. (d) Total sales of firms

The success probability of innovation activities innovProbability = 0.3;
The success probability of imitation activities imitaProbability = 0.9;
The genotype length genoTypeLength =9;

And the phenotype length phenoTypeLength = 12.

We execute a simulation with 150 ticks, and get the results as shown in Fig. 1.

Firstly, the alternative customer numbers of firms changes randomly with time
because of the environmental dynamics. As shown in Fig. 1a.

Secondly, the organizational learning processes lead to variations of the geno-
types of firms — i.e., the operating routines — through internal innovation and/or
external imitation activities, which then have impacts on dynamic capabilities — e.g.,
improve the fitness values — of firms indirectly. As shown in Fig. 1b, c.

Thirdly, there are positive correlations between organizational learning and
dynamic capabilities. Take the simulation results in Fig. 1b, ¢ for example, firm 7 has
a higher internal innovation capability, and thus gains a higher fitness value; while
firm O with a higher external imitation capability but a lower internal innovation
capability also achieves a higher fitness value.

And forth, there are not direct relationships between capabilities and the firm
performances. Just as Eisenhardt and Martin (2000) pinpointed that dynamic
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capabilities are only “necessary, but not sufficient, conditions” for competitive
advantage (Eisenhardt and Martin 2000), we can see from Fig. lc, d that: firms
with higher fitness values may be, but not always, owning higher total sales in a
given period- e.g., firm 1 with the highest fitness value has a rapid growth of total
sale during the simulation tick between 45 and 55, but its performance (the total sale
account) still less than firm 0 and 7.

Then, for investigating the impacts of organizational learning (internal innovation
and/or external imitation activities) as well as the environmental dynamics (the
network structure) to operating routines, and thus to dynamic capabilities, we
execute the simulation at various different combinations of input parameters, and
obtain the results as shown in Fig. 2.

In a moderately dynamic market (cfUpdateProbability = 0.05), external imita-
tion can improve the firm’s dynamic capabilities significantly. As shown in Fig. 2a, it
is firm O with a higher external imitation capability that gains a higher fitness value,
and as a result, a higher performance — e.g., a higher total sales quantity. However,
it is the imitation that may lead to the diffusion of optimal genotypes among the
network, and thus causes some of the firms losing their competitive advantages.
On the other hand, while in a high-velocity market (cfUpdateProbability = 0.85),
internal innovation is critical to the evolution of dynamic capabilities. Through inno-
vation activities, firms can generate some newly genotypes with core competences.
As shown in Fig. 2f, take firm 7 for example, a much higher internal innovation
capabilities can result in a higher level of dynamic capabilities, and thus, lead to a
higher performance.

4 Conclusions

From a routine-based perspective, we take the operating routine as a basic unit of
analysis, and depict a micro-interpretation of dynamic capabilities. By considering
the linkages between operating routines, dynamic capabilities, and organizational
learning (including both internal innovation and external imitation activities), we
put forward an agent-based simulation model via Swarm package. We conclude
that: Firstly, as the basic units of analysis, operating routines build up the foundation
of dynamic capabilities. Secondly, organizational learning plays an important
role during the evolution of dynamic capabilities. It determines the evolutionary
mechanisms of operating routines, and thus shapes the evolutionary trajectories of
dynamic capabilities. And thirdly, network structure plays an important role during
the evolution of dynamic capabilities via its influences on organizational learning
activities.
The contributions of our work are that:

1. We investigate dynamic capabilities from a routine-based perspective, and
discussed the relationships among operating routines, dynamic capabilities and
organizational learning as well.
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Fig. 2 Comparing the simulation results of different scenarios. (a) innovProbability =0
immitaProbability = 0.9 cfUpdateProbability = 0.05. (b) innovProbability =0 immitaProb-
ability=0.9 cfUpdateProbability = 0.85. (c¢) innovProbability =0.3 immitaProbability = 0.9
cfUpdateProbability = 0.05. (d) innovProbability = 0.3 immitaProbability = 0.9 cfUpdateProb-
ability =0.85. (e) innovProbability = 0.3 immitaProbability =0 cfUpdateProbability = 0.05.
(f) innovProbability = 0.3 immitaProbability = 0 cfUpdateProbability = 0.85

2. Via the computer tools, we try to introduce the agent-based simulation method
into the analysis of dynamic capabilities problems. From the agent-based simu-
lation model of dynamic capabilities, we can develop experimental simulation
researches conveniently, manage and design operating routines as well as
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dynamical capabilities through a much more effective approach. And these, may
shed some light on studying complex and dynamic social phenomena through
artificial experiments.

However, there are still some further problems to solve, such as the details of
organizational learning impacts on dynamic capabilities and operating routines,
the inter-relationships between dynamic capabilities and firm performances, and so
forth. Besides, we should also expand the model to compassing more modules like
the information base and knowledge management, efc. All of these may hint some
directions of our future work.
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Valuation of Sustainable Development
in Mudanjiang City Based on the Method
of Genuine Saving

Ying Zhang and Hai-xin Huang

Abstract Scientific development concept is important for China now. How to
measure the sustainable development extent of a specific area is a question we
should pay most attention to. Genuine saving is one of the most nature methods
based on green GDP. After collecting data we need in different ways, we calculate
the genuine saving in Mudanjiang. With the analysis, we draw a conclusion that the
genuine saving rate of Mudanjiang is higher, so far not negative. But there is a trend
of gradual decline in recent years.

Keywords Genuine saving * Mudanjiang * Sustainable development

1 The Present Situation of Sustainable Development
Theories and Measurement Methods

Sustainable development is a new mode of development proposed by mankind after
summarizes its development process. To sum up, the measurement methods roughly
include the following three kinds:

The sustainable development index system established on the basis of the
ecological perspective. Most of this kind of indexes is based on the theory of
environmental carrying capacity, such as the “ecological footprint” (EF) proposed
by Wackernagel, “net primary productivity (NPP)” and “Environmental space”
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proposed by Vitousek. Moreover, the energy value analysis method to evaluate the
impact of a regional and national sustainable development, such as ECCO model
(Zhang and Wen 2003).

The composite indexes of sustainable development established on basis of the
value accounting. Using the method of Economics, the index measures depletion of
natural resources and environmental loss caused by the stock of natural resources
and human activities through evaluation and applying the economic cost benefits
analysis methods evaluates the effects of human activities and consolidates these
effects into a comprehensive development index on currency unit (World Bank
1995). This kind of index thus is called monetary indicators of sustainable devel-
opment.

2 The Basic Principle of Genuine Saving

Genuine saving is an index which broadly measures the national wealth. It is
the savings rate taking a country’s natural resources depletion and environmental
pollution damages into consideration (Ye 1997). Genuine saving comes directly
from the general savings concept in macro-economic analysis. Initially, the World
Bank applied the indicator to measuring a country’s national wealth and economic
development status and potential, but the practice proves that the method is
applicable in the city’s measurement.

Genuine saving acts a link which ties directly the different functions of resources,
environment, finance, planning and others. Its policy implications are that the
continued negative genuine saving will eventually to a decline in social welfare,
which reflects the unsustainability of the existing policy. In addition, another factor
that influences the genuine saving scale of a country of a region is the value of
the natural resources depletion, which shows that if the resources were utilized and
managed reasonably, the sustainable revenue stream of city would increase (Bolund
and Hunhannar 1999). Therefore, the policy issue we face is that how to utilize and
conserve the natural resources reasonably and effectively.

3 The Calculation of Genuine Saving

Calculation program is shown in Table 1. This method counts the environmental
externalities of economic activity itself and the loss of natural capital which
excluded in the GDP. It can reflect the relationship between the genuine savings
and GDP and policy implication (Ton et al. 1998).
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Table 1 The calculation of genuine saving
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Economic indicator
code and

Economic indicator
code and

Economic mathematical Economic mathematical
indicators relationship indicators relationship
GDP (1) Depreciation of fixed (10)
assets

Total consumption ) Net saving (11)=(9)—(10)
The exports of goods 3) Depletion of natural (12)

and services resources
Total Effective (4) = Effective Genuine savings 13)=11)—(12)

domestic investment

investment coefficient

Regular education
investment

Generalized total
domestic
investment

Foreign borrowing

Foreign borrowing

Total saving
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&)

©®=DH+06)

)

(8) = (7) x Exchange
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9=0©6)—(@®)

Extraterritorial effects
of CO,
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Genuine savingy;

Genuine savingy,

(14)

(15)

16)
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—(14)—(15)

a7=d1)—12)
—(14)—(16)

Note: (1), (2), (3), (7), (10) come from the years of city statistical yearbook, (5) come from the
City Board of education, (12), (14), (15), (16) come from calculation

4 Data Collection and Calculation

4.1 Mudanjiang Overview

Mudanjiang city is located in the southeast of Heilongjiang Province. It riches in
water resources, also it is one of three forest district in Heilongjiang. Coal is the
main energy in Mudanjiang city. Due to the harsh geographical environment, poor
weather condition, limited economic condition, pollution debts, the atmospheric
environmental quality does not meet the grade two standard of national environment
air quality.

4.2 Selected Indicators

When we select the index, in addition to the calculation of genuine savings
necessary GDP, the total consumption of goods, services and import factor, we
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Table 2 Mudanjiang 2005-2010 natural resources loss calculation results

Cumulative loss area

Forest volume  Value of farmland (million =~ Cumulative damage
Year (X10m) (million)  hectares) value (million)
2007 188 19,338 2 7.13
2008 192 22,854 3.5 12.47
2009 196 26,370 4 14.26
2010 206 35,160 4 14.26
2011 209 37,797 4 14.26
2012 212 40,434 5 17.82

Note: The area of cultivated land change to 2004 as the base, 170,000 ha 2004. The
wetland area without access to data

must select resources and environment factor. In the selection process, we must
consider comprehensively the natural and social conditions in Mudanjing city
under the guidance of principles of comprehensive, leading, data accessibility,
operability. In the aspect of the natural resources, we select the internationally
recognized, environmental factors which have significant impact on the city’s
industrial production and people’s lives and they are forest stock volume, selected
area of wetland and farmland area. In the environmental loss, the selected indexes
are SO, and soot, dust, water and noise pollution. Considering the extraterritorial
effect of the environmental pollution, we must also select the CO, indicator. These
data come from sources in Mudanjiang City Statistical Yearbook and conversion
price factor derives from literature (Zhang and Wen 2003).

4.3 Calculation on Depletion of Natural Resources

According to the research results of the China Council for international cooperation
on environment and Development, considering the value of timber, forest ecological
benefit and environment factors. Calculation results are shown in Table 2.

4.4 Environmental Pollution Loss Estimation

In this paper, the loss of environmental pollution includes the loss of air pollution,
water pollution and noise pollution. The loss calculation of air pollution, water
pollution and noise pollution is based on the City Health Bureau and other research
data of related departments. The cost price of pollutants is based on literature (World
Bank 1995). Calculation results are shown in Tables 3 and 4.
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Table 3 2005-2010 Mudanjiang city air pollution loss calculation results

The GDP ratio Upper limit The GDP ratio Lower limit
Year of upper limit (%) (million) of lower limit (%) (million)
2007 3.97 69,028 1.74 31,691
2008 2.17 45,063 0.34 7,061
2009 3.47 79,321 0.41 9,372
2010 2.10 50,931 0 0
2011 2.03 55,634 0 0
2012 1.94 58,550 0 0

Table 4 Mudanjiang 2005-2010 water pollution, noise pollution loss calculation results

Waste water Water pollution Water pollution Noise pollution
emissions loss lower limit loss upper limit loss value

Year (million tons) (million) (million) (million)

2007 8,327 13,114 127,675 200

2008 8,799 13,913 132,489 187

2009 9,306 18,516 165,042 137

2010 9,172 17,705 171,953 170

2011 9,093 21,651 195,403 137

2012 9,133 21,730 211,867 151

Note: Here we adopt results reference method and convert Dalian’s city noise pollution loss

4.5 Calculation Results and Analysis of Mudanjiang
City’s Genuine Savings

According to the calculation results of loss caused by the depletion of natural
resources and pollution and above calculation process of genuine savings, we can
get the value of genuine savings and other related indexes. The using data and
calculation results are shown in Table 5:

From the Fig. 1, we can draw that the genuine savings rate of Mudanjiang is
higher, so far not negative. But there is a trend of gradual decline in recent years.
One of important causes of Mudanjiang city’s higher savings is that the total social
consumption growth rate is lower than the growth of GDP in recent years, while
the total investment is higher. This fact suggests that the economic revenues of
the residents in Mudanjiang city have been improved obviously, but the resources
and environment foundation on which the people dependent are destroyed, physical
health is damaged and the material conditions of long-term social development was
destroyed to some extent. Especially the lower limit of genuine savings in GDP
has reached 4.1 % in 2009. Mudanjiang city is now still in the state of sustainable
development, but it more likely transformed into the unsustainable state. At the same
time, its foreign debt is accumulating, while the non-renewable energy consumption
is increasing. As an open city, chemical industry occupying an important position,
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Table 5 The calculation process and results of Mudanjiang genuine saving rate (Unit: 10,000

Yuan)

Year 2007 2008 2009 2010 2011 2012

GDP(current 1,821,328 2,076,635 2,285,904 2,425,292 2,740,580 3,018,052
prices)

Total 726,720 798,665 922,574 1,004,683 1,001,132 1,239,875
consumption

Savings 1,094,598 1,277,970 1,363,330 1,420,609 1,639,448 1,778,177

Services and 110,328 126,372 161,055 186,663 216,342 251,174
cargo net
export

Total investment 488,993 515,398 521,082 590,371 612,623 79,982

Investment in 35,936 47,257 56,047 84,036 99,832 107,736
education

Generalized 524,929 562,655 577,129 674,407 712,455 787,718
gross
domestic
investment

Cumulative total 1,914 1,825 1,500 1,397 1,108 1,124
external debt

Total savings 523,015 560,830 575,629 673,010 711,347 786,594

Depreciation of 107,024 139,864 183,093 206,101 217,478 231,511
fixed assets

Net savings 415,991 420,906 392,536 466,909 493,869 555,083

Total resource 19,395.13  22,866.47 26,384.26 35,174.26 37,811.26 40,451.82
consumption

Genuine 396,595.8 398,099.5 366,151.7 431,734.7 456,057.7 514,631.1
savings 1

Air pollution loss 31,691 7,061 9,372 0 0 0
lower limit

Air pollution loss 69,028 45,063 79,321 50,931 55,634 58,550
upper limit

Water pollution 13,114 13,913 18,516 17,705 21,651 21,730
loss lower
limit

Water pollution 127,675 132,489 165,042 171,953 195,403 211,867
loss upper
limit

Noise pollution 200 187 142 121 106 110
loss value

Genuine 351,590.9 376,938.9 338,121.7 413,908.7 434,300.7 492,791.1
savings;|

(upper)

Genuine sav- 11.3 % 18.2 % 14.8 % 17.1 % 15.8 % 16.3 %
ings,/GDP

Genuine 154,687.9 199,199.5 93,616.7 190,903.7 183,157.7 222,264.1
savingsy,

(lower)

Genuine 8.5% 9.6 % 4.1 % 7.9 % 6.7 % 7.4 %

savingsy,

(lower)/GDP
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Fig. 1 The genuine savings rate of Mudanjiang from 2007 to 2012

the status of air pollutants TSP in this city is not optimistic. If this trend continues,
the genuine savings ratio will go on decline and it may be close to zero or even
negative.

5 The Sustainable Development Strategies
and Recommendations of Mudanjiang City

1. Reduce the dependence on non-renewable resources and improve energy effi-
ciency. The development of Mudanjiang city has no natural resource advantages.
Improving energy utilization efficiency, developing low energy consumption
and pollution industry, enhancing the use of renewable energy and vigorously
developing new energy sources are effective ways of reducing the use of the
renewable resources, increasing genuine savings so as to promote the city’s
sustainable developments (Feng-zhong Cao and Guomei Zhou 2001; Ru-song
Wang 2001; Yong Chang et al. 2001).

2. Increase environment pollution management, particular in improving the wors-
ening water pollution. Over the past few years the government of Mudanjiang
city strengthened the administration of water environment and drinking water,
surface water and related watershed quality have improved. However, due to the
historic accumulation, water pollution loss showed in the people’s health is still
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increasing. It suggests that the government need to increase the sewage treatment
investment, reduce environment pollution, which will gradually decrease the
future water pollution loss of the city and enhance the city’s sustainable
development capacity.

3. Contain the decrease of farmland and wet area, strengthen the ecological
planning of the city and reduce the erosion and destruction to ecological
system due to the city expansion In order to further promote the sustainable
development strategy of the city and make the city move toward eco-city, the
urban environment capacity (land, water and environment) should be analyzed,
the constraints of urban development should be made clear, and the size of the
city should be reasonably, scientifically predicted. In particular, the development
direction of urban land and spatial layout structure should be planned well.
At the same time, urban transportation facilities should be examined and the
infrastructure construction should be arranged and planed as a whole (Zhao-yi
Huang and Dong-yuan Yang 2001).

4. Vigorously develop tourism and Strengthen the spiritual civilization construction.
Tourism may gradually become the Mudanjiang City’s economic growth point
and pillar industry. Reasonable use of the ecological environment of the mountain
area not only helps to accelerate the city’s economic development, but also
protects the source waters, such as lake and ecological sensitive area. In
addition, disseminate the healthy culture, form good social climate, promote
the harmonious development of mankind and nature, create a favorable urban
cultural atmosphere, integrate the modern civilization and traditional culture,
all of these actions are consistent with the principle of public participation of
sustainable development (Lin Liu et al. 2000).
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General Aviation Flight Service Station
Architecture Designing Based on Arena

Su-ling Jia and Fei Guo

Abstract Airlines spend enormous amount of effort and time developing flight
schedules for each of their fleets. For General Aviation Flight, in China nowadays
the low-altitude flight is not permitted and there is no service system to serve the
general aviation flight. Due to the operations of airlines, the schedules always get
cancelled or are caused delays because of some policy or environmental problems.
In this paper firstly we create a 3-level General Aviation Flight Service System due
to Chinese airline service condition, according to which we organize the process
of flight schedule from applying for the flight plan to the end of the whole flight.
Then we discuss the advantages of the new general aviation service system. Finally
we simulate the whole service operation process. As a test case, we use ARENA
simulation package to model the operations in the flight plan approval process. The
service approach was found to be very effective in reducing the delay costs and
maximize the profit.

Keywords Arena ¢ Flight service * General aviation * Simulation optimize

1 Introduction

There are so many simulation papers about airline system, but most of them are
simulating the flight plan in the hubs and paying more attention to the resource
allocation like SIMMOD (Xia Qiangwei 2008). For the low altitude are not permit-
ted in China, there is almost no article to discuss the flight plan about the general
aviation flight plan approval process. Recent years the Aviation Administration
continues carrying out new polices to imply the operational flight in low altitude,
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which means the existing general aviation service system is not enough to fulfill
the requirement in the future. So designing a general aviation service system is
an urgent requirement. After building a suitable general aviation service system,
how to better operate the system and what is the responsibility of each department
are the main problems to be discussed. The integration of management of aviation
service will help to improve the efficiency of approval plan and the profit of the
whole general aviation system. Using the simulation method will definitely help to
optimize the model and give the required results, however, the OptQuest for Arena
uses the variable and resource as the controlling parameters but cannot optimize
multiple targets (Pan Yanchun et al. 2006). So we use the Visual Basic method to
optimize and control the simulation model. In this paper, we focus the comparison
between the different service mechanisms and the feasibility of the new general
aviation service system.

2 Flight Service Station Description

2.1 The Service Station Architecture

Flight Service Station (FSS) (Federal Aviation Administration 2013) which stems
from America is very important in the civil and general aviation. In America
the FAA (Federal Aviation Administration) is responsible for the general aviation
service including providing weather reports, flight plans, flight assistances and other
services. This system not only helps the general aviation but also simplify the FAA’s
work. For China, because of the forbidden of the low altitude, we still don’t have
our own general aviation service system. With our country’s rapid development we
have more than hundreds of general airplanes, but we still use the old mechanism to
apply the flight plan that the general aviation corporations need to send their flight
documents to the civil aviation administration and army aviation administration
firstly and wait for the results. For that the aviation administrations have too much
work to do and need more time to deal with them, in the end the efficiency is very
low. Besides general aviation firms have to communicate with the airports and book
the environment and geology information from other administrations, so the existing
approval system is not suitable. In this paper we first design a general aviation
service station system in China and analyze each part of it.

In the beginning we will introduce our 3-level (Jin Shanzhou 2012) service
system architecture as Fig. 1 shows. This picture shows the main parts of our service
system including center station (CS), service station (SS), and the communication
station (CMS). The center station is the head of all which is responsible for the
integration of all activities, and through the center station all service station can
operate smoothly. It coordinates all the activities and there is only one center station.
The service station is the core of service system, because general aviation firms
need to directly book the flight service such as flight plan approval, weather reports,
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Fig. 1 3-level architecture

flight information and urgent assistance from it. The service station is the main
part of the whole network. The lowest level is the communication station which is
an auto station and its mission is to monitor the flight states and to communicate
with both the aircraft commanders and the service stations. Communication stations
are needed to do the 24-h work which requires powerful post and technology
management systems.

As the interviews, General aviation firms have some problems. They said the
approval cycle is their main problem and they have to apply for the airline to the
army administration aviation for a long time such as the regular flight plan for 15 h.
How to better schedule and get the effect weather and location information is still
an unsolved problem. On one hand they don’t have their own airport so sometimes
they have to communicate with civil aviation airports. On the other hand, they have
to give the priorities to civil planes. All these things make general aviation firms
difficult to make plans. So the general aviation service system is warmly welcomed
by all the general aviation firms. The Fig. 2 shows the relationship between different
departments in the eco-system. In the general aviation service system architecture,
every element has to build communication with the service station. The weather
bureaus send weather reports to the center station and service station. In the new
system only the service station and the center station need to order the weather
report, and other firms only need to get information from them, at the same time
kinds of service are booked together which will reduce the cost. For this system,
general aviation firms first make their flight plan including the time, flight line, pilot
etc. With the help from the service station, they don’t have to go to the army and
civil aviation administration departments and don’t need to book weather reports,
local information and flight information. All these service the can book from service
stations. When the plans cross out the jurisdictional reach, the service stations
should send them to the center station which will arrange all plans and together
send to the right army and civil aviation firms. Though the integration, the service
management efficiently reduces the cycle of approval process. When the plans are
permitted, the general aviation firms have the communication service to from service
station through all the flight process.
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2.2 Advantages of FSS Architecture

The new FFS Architecture must help our national general Aviation field much
better in many ways. For the administration, time consumption, cost, technology
and process part not only the general aviation firms but also the civil aviation
administration both get profit, which will also stimulate our country’s general
aviation industry. Table 1 will concisely show the advantages.

2.3 Service Process Description

Under the general aviation service system, the flight procedure meets a new process.
The mission is to combine the business process, information process and the service
process to improve the flight service efficiency. General aviation flight operation
lifecycle from the plan approval to the flight landing is the main line. Figure 3
describes all the processes. This process includes four departments such as general
aviation firm, service station, center station and communication station. For the
flight lifecycle we divide it into two parts, which are flight plan approval as the
first part and the flight procedure as the second part.

In the first part, the communication station is not considered. In the beginning,
the general aviation firms accept the flight tasks and make their flight plans. Then
they send the plan to the service station which the precondition is they have book
the flight services. When the service station has received the plan they check the
time, destinations, weather reports and other required information, then arrange



General Aviation Flight Service Station Architecture Designing Based on Arena 37

Table 1 Difference between architecture

Attribute

FSS

Non-FSS

Administration

Time consumption

Cost

Technology

Process

One master. The center station

is the head master and it
just need to help the
general aviation firms to
communicate with army
and civil aviation
administration.

Save more time. General

aviation firms don’t need
to send information to
different places, and they
just send them to service
station and wait for the
result. All the process they
just have one service
provider if they book the
service.

Less. FSS have to book all the

information for all the
general aviation firms, so
the total cost is very low.

High. FSS need a very high

information system to help
all the process. The
communication station
also need both
communication and
computer technology.
Radar and satellite should
be better.

Simplified. For the general

aviation firms they just
authorize the task to
service station. And for
other department they get
the information once and
batch deal with them
effectively.

No master. General aviation

firms have to
communication with every
department and get
approval information.
There is no core
management center and if
one of them doesn’t permit
the plans they cannot fly.

Time waste more. General

aviation firms have to
firstly send plans to army
and civil aviation
administrator firstly. If
they agree the planes they
have to get the weather,
geology and flight
intelligence information
from different places.

High. General aviation firms

spend money for every
part, so the cost is high.

Not high. All the processes are

independent, so they not
integrate all the material.
Communication
technology is worse than
beidou satellite.

Complicated. For the general

aviation firms they have
many processes from
different approval
departments. And for other
department they have to
deal with all countries’
plans several times.

the plans in the computer system. If the flight is out the jurisdictional reach they
should send the flight information to the center station and wait for their reply.
After receiving the information from the service stations the center commend its
role to get the weather, geology, intelligence sky and airport information from
weather report center, geology monitoring center, army aviation department and
civil aviation administration. With the information they make sure whether the plan
can be agreed and send the results back to the service stations. At the same time if
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General Aviation Flight Life Cycle

Fig. 3 General aviation flight life cycle

the plans are permitted, some airports will get the flight plan and start to arrange
the flight schedules. Whether the plans are permitted the general aviation firms can
get their service reports. If there is something wrong they will remedy their plans
and send the updated plans to the service again. All the participants should save
the documents. In this new service architecture, the application process definitely
changed and simplified. Before the system one plan may be examined and approved
15 h at least except some urgent cases such as putting out a fire in the forest. And
the previous preparations also cost some time, so the whole time and cost may be
large. But the new system can deal with a plan at least 4 h. Therefore this service
system constitutionally will help the whole general aviation chain.

In the second part, we focus on the flight services. Before the second part, all
flight information such as flight line, task, destination and pilots are determined.
What they need to do is to schedule the flight services from the service stations.
When the plane flies, the communication stations will monitor the flight conditions
and laugh sign to the service systems, then the information will be notified to the
pilots, at the same time, the weather reports and the warning signal will be sent
together. If there is some dangerous the center station will coordinate with the
nearest service station to assist the general aviation plane. To land the airport the
planes should get the agreement from the airport and the runway number. These are
also for service station, they will help to arrange almost everything.

3 Simulation

3.1 Discrete Simulation System

The operation of the general aviation service process is a discrete simulation system,
for which the changes only happened on the time spot and the time spots are



General Aviation Flight Service Station Architecture Designing Based on Arena 39

not fixed. There are several researches about the aviation activities. Teodorvic and
Guberinic (1984), Teodorovic (1988) firstly created the model to minimize the total
delay for passengers, and optimized the flight tasks in the flight network with jam.
Then he summarized the decide strategies in the disturbed stochastic problems
including (1) canceling some of the flight plans to make the flight plans remain
stable; (2) putting more flight plans; (3) importing some prepared flight plan tasks.
Pushkar Kanitkar used the reinforcement leaning approach to reduce air carrier
delay cost (Kanitkar 2008). Fang Shaoqiang et al. (2008) used the Arena to build
the architecture of flight safeguard system in the airport. Yu Xiulan simulated the
integrated scheduling policy for aircraft arrivals and optimized it (Yu Xiulan and
Cheng Peng 2010). Pablo Cortes (2007) used Arena Simulate the freight traffic in
the Seville inland port considering all types of cargo existing.

In this paper, we choose Arena (Rockwell Software 2006 Inc. Arena basic edition
user’s guide; Rockwell Software 2006 Inc. Arena Training Guide) as the simulation
tool which is created by Ro Corporation. For Arena the optimization method is
to use its OptQuest in the toolkit. However, the OptQuest uses the variable and
resource as the controlling parameters and cannot optimize multiple targets. So
we use the VBA with tabu search method to optimize and control the simulation
model.

3.2  Simulation Optimization Principle

Simulation Optimization Problems (Pan Yanchun et al. 2006) are based on the target
optimization problems and the principles showed as Fig. 4. It can be described that
the output is decided by the input data and though optimizing we will get the best
solution. It can be described as follows (April et al. 2003; Fu 2002):

max p (0) = E[L(6,0)] (1

p(0) is the target property, in our paper we use as the average daily profit. 6 € ®
is the decision variable. 8 = {04,0p,0 ¢} are presented for applications per day, the
most applications station can deal with, the number that customer to wait. L(6,{) is
the evaluation of total operational profit. ¢ is the stochastic sound standing for the
stochastic and undecided elements. Figure 4 shows the principle of simulation-based
optimization.

The main features can be concluded as follows: (1) The solution of performance
function can be got from simulation process. (2) There are undecided elements in
the simulation process, in case of the errors, and we simulate more times to get
the solutions. (3) The time of optimizing wastes more in the repeating simulation
processes. (4) We use multiple targets.
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3.3 Simulation Architectures

The simulation architecture is composed of four submodules: Flight Plan Arrive,
Simulation Strategy, Approval Process and Update Performance. Figure 5 shows
the sub-module relations in the model.

1. Flight Plan Arrive submodule is used for creating and receiving the flight plans
and in this process we need to make sure the Plan types and send them to the next
module.

2. Simulation Strategy submodule is the choosing process, in which we can choose
the best process to deal with the flight plan approval. Firstly it can judge the types
of plans and know whether there are some finished processes and the unfinished
processes. If the plan need to be scheduled, in this module it will comes to the
next module approval process.
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3. Approval Process submodule is accordance with the simulation strategy module
to schedule the plan approval. When all the processes are finished it sends the
plan to the simulation strategy module.

4. Update Performance submodule is the updating module, which rebuild the
attributes when all the plans are finished.

When all these four processes are operating we use the control Logic sub-module
to control the system.

3.4 Simulation Case

There is a general aviation flight service station system, and the GA firms can
apply for the flight plan to the service station in their flight field. However each
station has its own administration boundary. There are about 10-50 flight service
requirements every day, obeying the Poisson distribution, which are divided for
three types. The first one is unscheduled flight within the boundary which should
be applied to the service station beyond TRIA (39, 41, 43) hours. The second one
is unscheduled flight without the boundary which should be applied to the service
station beyond TRIA (72, 74, 76) hours. The third one is scheduled flight which
should just be approved once and then they just need to apply to the service station
beyond TRIA (4, 5, 6) hours. The proportion is 2:2:1. We assume the Book time is
the operation time which obeys DISC (0.4, 4, 0.8, 8, 1, 12). However the actual time
obeys GAMM (Book time/1.05, 1.05) distribution. The Service Station works 12 h
a day and 7 days per week, and we assume three departments to do the job together.
In the case when the service can’t finish on time, 70 % general firms will wait for
the service, and the first type of application will not wait extent for 2 days and the
third type must be finished in 1 day. The daily cost is 60 yuan/h, overtime cost is
150 yuan/h, and the income per hour is 90 yuan/h. Our target is to maximize the
daily profit. In order to let less wait time, we make the constrains as Daily Late Wait
Jobs <=0.5 and Daily Overtime <=3.
The equation as follows:

Max p (0)
10 <= Calls per day <= 50
s.t.§ 20 <= Max Load <= 36
1 <= Max Wait <= 3(Discrete)

2)

The result shows as Fig. 6: Every service station can receive about 29 flight
applications, 25.56 h book time and three customers to wait. The highest profit is
about 1,614 yuan per day. Table 2 shows the optimization results.
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Table 2 Optimization results No. Daily profit  Calls per day = Max load Max wait

252 1,613.8971  29.0823 25.555 3
200 1,606.6228  29.0823 25.5497 2
213 1,560.8448  17.1758 27.3189 3
247 1,560.8447  17.1712 25.5965 2
119 1,546.8862  17.1983 27.8186 3
223 1,481.4488  17.1820 26.716342 3

4 Conclusion

In this paper we have created a general aviation flight service system, at the same
time, and we have list the whole process. Besides we analysis the advantages of
the new system and with Arena simulation tool we simulate the process of flight
approval process. At list we give an example to show how we do this. The system
has highly intelligent and effective abilities than the existing system. The next step
we will focus on the flight process on different conditions. However, there are more
to improve such as the cost and the price is not determined but we can change the
characters to get the result. Therefore we need more data to support the simulation
model. At the same time, we need more professional suggestions about how to
optimize the models.
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Application of 3D Scene Building Technology
in Crane Simulation Platform Based on OSG

Qian-wang Deng and Xiao-lai Liu

Abstract For more predictable and secure crane in operation process, with senior
rendering engine OSG and visual development tool Visual C++ as development
infrastructure, database principle and the ADO technology have been applied
to establish real-time parametric model library, meanwhile, the all-terrain crane
hoisting 3D simulation platform is developed. Therefore, user could observe crane
operation of the whole simulation process in 3D virtual scene from a different
perspective, and the lifting program generated by collision-free path planning can
guide the user’s actual operation. This paper introduces the real-time parametric
model library, virtual 3D scene building processes and specific methods. The
example of all-terrain crane hoisting 3D simulation platform application indicates
that the 3D virtual scene building technology based on OSG can be widely used in
engineering simulation to solve existing problems.

Keywords All-terrain crane * OSG e Parameterized model library ¢ Scene
building ¢ Simulation platform

1 Introduction

Crane plays an important role in the construction and the security in the operation
of crane has been a concern due to its nature with a special operating environment
and process (Wang et al. 2010). In fact, in addition to the high reliability of parts,
the operator proficiency and technical level are also important to ensure safety in the

Q. Deng (<) » X. Liu

State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body,
University of Hunan, Changsha, China

e-mail: deng_arbeit@163.com

E. Qi et al. (eds.), Proceedings of 20th International Conference on Industrial 45
Engineering and Engineering Management, DOI 10.1007/978-3-642-40072-8_5,
© Springer-Verlag Berlin Heidelberg 2013


mailto:deng_arbeit@163.com

46 Q. Deng and X. Liu

operating process (Dong et al. 2009). Since the dangerous and destructive process
of crane operation is irreversible, large hoisting operations should be conducted
through a crane 3D simulation platform. Currently, most crane 3D simulation
platforms are carried out by means of 2D graphical visualization of simulation
data, which cannot show real operation scene vividly. Considering that, a few
crane manufacturers have developed 3D simulation platform, where only a simple
demonstration of crane operating procedure and scene roaming is achieved (Gao
et al. 2010; Guo and Zhou 2009).

With senior rendering engine OSG and visualization tool Visual C++ as its
development basis, the paper developed the all-terrain crane hoisting 3D simulation
platform by using 3D scene building technology based on OSG. This simulation
platform has been realized with engineering management, virtual 3D scene building,
crane operating mode selection, motion simulation, program outputting and real-
time scene roaming.

2 The Overall Structure of the 3D Simulation Platform

The all-terrain crane hoisting 3D simulation platform consists of five modules:
engineering management module, crane operating mode selection module, lifting
scene to build module, the crane motion simulation module as well as lifting
program output module, as shown in Fig. 1.

Among the modules, lifting scene to build module is the core and basic module
of the platform. It includes human-computer interaction, view switching, scene
building, internal model library management and external models import, as shown
in Fig. 2.

3 Virtual Scene Building Technology

Without actual physical product or support process, virtual scene building tech-
nology is based on digital design and physical implementation. It adopts the
digital virtual model, visualization and data expression means to provide a virtual
environment with immersion, interactivity and imagination (Wang and Zhao 2010;
Hubbard 1995).

3.1 Scene Building Technology Based on OSG

OSG is a high-performance 3D graphics engine, based on the modified LGPL
agreement (OSGPL), which is published free of charge (Wang and Qian 2009).
It is widely used in digital simulation, scientific visualization and engineering field
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Fig. 1 System structure
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including computer-aided design CAD, digital content creation DCC and virtual

reality (Cao and Zhu 2007).

To build a lifelike virtual scene, a large number of model objects needs to be
created and maintained. It will be an extremely complex and difficult task to manage
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Fig. 3 Node tree structure
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the scene model better (Xiang and Li 2012). This platform uses a surrounded
hierarchy (Bounding Volume Hierarchy, BVH) to achieve the management of the
three-dimensional scene model, using the scene tree to save the information. A scene
tree includes a root node and multi-level internal minor node as well as the end of
the leaf nodes, as shown in Fig. 3.

The method of transformation nodes in OSG is divided into two kinds. The first
is to set the value of the transformation matrix directly. The second is to set the value
of the location pointer directly to control node translation, rotation and scaling. The
latter has been used in the actual process, proves more convenient in usage and
easier to comprehend (Yan 2008; Guo et al. 2010). It’s necessary to modify the
model in 3D virtual scene because different order of operations will directly lead to a
completely different result during the implementation of object translation, rotation
and scaling operation.

Space transform node will usually be in accordance with the sequence of
operation of the SRT (Scale/Rotate/Translate) to complete the transformation of the
composite matrix. Its formula, as in (1):

M =Ms*Mr*Mt. ey

Where, Ms, Mr, Mt respectively represent scaling matrix, rotation matrix and
translation matrix respectively, according to mathematical knowledge, the following
matrix expression is available:

(a) Scaling matrix
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(b) Translation matrix

1 000
0100
Mt =
0010
oty tz 1
(c) About the X-axis rotation matrix
1 0 0 0
0 cosf —sinf 0
Mrx =
™ 0 sinf cosf O
0 0 0 1
(d) About the Y-axis rotation matrix
cosf 0 sinf 0O
0 1 0 O
Mry =
o —sinf 0 cosf 0
0 0 0 1

(e) About the Z-axis rotation matrix

cosf —sinf 0 0O

sinf cosf® 0 0
Mz=1"%9" "0 10
1

0 0 0

They often take scale(), rotate() and translate() function to express, namely:
osg:Matrix srt =

osg::Matrixd::scale(osg:: Vec3d(sx,sy,sz))
*0sg::Matrixd::rotate(osg::Quat(angle,axis))
*0sg::Matrixd::translate(osg:: Vec3d(x,1y,tz))

The physical meaning of the various parameters is shown in Fig. 4.

3.2 Real-Time Parametric Model Library

As realistic environment is very complex and ever-changing, the real-time paramet-
ric model library needs to be built in order to build the virtual scene quickly and
conveniently, which is consistent with the lifting scene (Shi et al. 2009).
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Fig. 4 Physical meaning
of the transform values
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Real-time parametric model library building design is different from the tradi-
tional design for it stores the mode which is required in scene building process,
and is able to design similar models in shape and function (Wang et al. 2008;
Carson 2005). Based on the characteristics mentioned above, this system applied the
principles of relational database Access and ADO connection technology to build
the real-time parametric model library.

Crane lifting scene model library mainly includes crane model library, lifting
object model library, obstacle model library, sling model library as well as back-
ground model library. All 3D information models are stored in a relational database
management system Access table.

First of all, use the external modeling software to create 3D digital model and
apply the relational database management system Access to build 3D model of
attribute information and information table structure.

Secondly, apply the principles of database and ADO technology, in order to read
the model size table in the database model information.

Finally, the application of high-performance 3D graphics engine based on
OSG and MFC framework calls for the corresponding function of OSG to cre-
ate and modify 3D model in real time. Its specific build process is shown in
Fig. 5.

4 All-Terrain Crane Hoisting 3D Simulation Platform
Application Example

All-terrain crane hoisting 3D simulation platform is geared to the needs of crane
industry, applying to hoist designers to develop the lifting scheme and the lifting
process visual simulation. Crane operation of the entire simulation process is
observed in the 3D virtual scene based on the collision-free path planning and lifting
program to obtain the simulation report for lifting scheme and to guide the user’s
actual operation.
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Fig. 5 Model library build process

4.1 Build a Virtual Lifting Scene

The simulation platform provides eight initial scenes according to the actual
working conditions (wind power scene, thermal power scene, nuclear power scene,
building scene). The complexity of the actual working conditions is beyond the
situation of system development, which requires users to add the 3D model of each
scene category to the scene, detailed 3D virtual scene building process is shown in
Fig. 6.



52 Q. Deng and X. Liu

Fig. 6 Scene building
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Crane selection, simulation, and follow-up operations

The process of building a crane operation scene will involve a series of human-
computer interactions (such as add model, modify attributes, delete model, add
sling, parallel move and so on), one of the most critical interaction is the model
of the picking up and real-time updating of data in the information table (Wu et al.
2008). Now take the all-terrain crane hoisting 3D simulation platform for example,
the specific implementation steps are given.

Step 1: Create the intersection sets pointer intersections by OSG class.

Step 2: Issue a ray from the point of the screen position, when the mouse is released.

Step 3: Judge whether the ray intersects with the objects, if so, the coordinate
information of intersection points will be stored in the intersection pointer.

Step 4: Observe the intersection of the sets pointer value to determine whether
the model has been picked up, if not empty, the model picked up will become
highlighted, and the name of the model identification will be obtained. Utilizing
the node-visitor to identify the name of the corresponding node in the node tree.

Step 5: Control node, the interaction scenario is shown in Fig. 7.
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4.2 Scene Roaming

Scene roaming can be roughly divided into stationary scene roaming and interactive
scene roaming (Lu 2010). The all-terrain crane hoisting 3D simulation platform is
interactive scene roaming, whose viewpoint is self-defined by the user. There is a
lot of flexibility with the mouse and keyboard to control its forward, backward and
steering process.

This simulation platform provides users with the eight kinds of roaming opera-
tions (including the back, the left, the right, left rotation, right rotation, move up,
move down) and five view modes (including the main view, left view, right view,
top view, split view). The split view is shown in Fig. 8.

5 Conclusion

It is successful to apply the scene building technology based on OSG and develop
the all-terrain crane hoisting 3D simulation platform. This simulation platform
has realized virtual scene construction, crane motion simulation, human-computer
interaction and scene roaming, which fully shows the 3D virtual scene building
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Fig. 8 Split view

technology based on OSG can be used in the field of engineering simulation and is
able to solve practical problems in engineering, making the project more predictable
and secure and provide a feasible basis for large-scale projects.
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Multivariate Statistical Process Monitoring
Scheme with PLS and SVDD

Jia Liu and Yan-guang Sun

Abstract In order to adaptably monitor product qualities during real industrial
process, a new multivariate statistical process monitoring scheme combining pro-
jection to latent spaces (PLS) and Support Vector Domain Description (SVDD) is
proposed. PLS can establish the monitoring space, which maximizes the correlation
between process variables and quality variables and enable product qualities
monitoring through process variables. SVDD can define the admissible domain by
normal operation data without constraints about data distribution. Moreover, with
kernel functions it can even provide a tight admissible domain for the operation
data. Such characteristics make it suitable for practical production processes. This
scheme is then applied to Tennessee Eastman process, and its efficiency for fault
detection is proved by introducing simulated process faults. Analysis about its limits
in fault detection is also presented.

Keywords Kernel functions ¢ Multivariate statistical process monitoring
Projection to latent spaces (PLS) ¢ Support vector domain description (SVDD) «
Tennessee Eastman process

1 Introduction

Multivariate statistical process monitoring (MSPM), which normally combines
multivariate statistical tools and control charts to detect process faults or abnormal
operating situations, is successfully applied in many industrial processes (Chiang
et al. 2001; Yin et al. 2012; Kourti and MacGregor 1995).
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The multivariate statistical tools, including principal component analysis (PCA),
independent component analysis (ICA), and projection to latent spaces (PLS),
are used to handle the large number of highly correlated variables and to reduce
the dimension of the monitoring spaces. Control charts are then used for process
monitoring by constructing statistical index for operation data and comparing with
the threshold calculated with normal operation data.

Such monitoring methods have limitation. Assumption about process data
distribution is needed, e.g. Gaussian distribution for PCA and PLS, which is not
necessarily satisfied in practical industrial environment. Thus process monitoring
based on statistical index may lead to misdetection.

After Support Vector Domain Description (SVDD) has been brought up by Tax
and Duin (1999, 2004), monitoring schemes by combining multivariate statistical
tools with SVDD successfully bypass this limitation and are used in several practical
industrial applications, such as machine fault detection (Tax et al. 1999; Ypma et al.
1999; Liu et al. 2012; Widodo et al. 2007). As a method for data domain description,
SVDD calculates a sphere shaped decision boundary with minimal volume around a
set of objects. If new measured samples locate outside the boundary during process
monitoring, these samples are categorized as abnormal.

PLS can monitor and predict final product quality (Y) by decomposing process
variables (X) according to their influence on quality variables and by monitoring the
variations in X. Since quality data Y are difficult to measure, and often come very
infrequently with significant delays, monitoring method by PLS could be a useful
and direct indication to monitor and predict products quality in real production
scenario (Chiang et al. 2001).

In the article, we propose a useful and practical process monitoring methods
combining PLS and SVDD, not only avoiding assumption about process data
distribution, but predicting the final product qualities which cannot be acquired by
other statistical monitoring scheme.

The rest of the paper is organized as following. Section 2 introduces the
methodologies used in this multivariate process monitoring scheme, including PLS,
SVDD, and the procedures of the monitoring scheme. The method is applied
in Tennessee Eastman process, and both its effects and limitations in process
monitoring are analyzed in Sect. 3. Finally the conclusions are presented in the
last section.

2 Methodology

2.1 Projection to Latent Spaces (PLS)

PLS is a multivariate statistical tool which emphasizes the correlation between
process variables (X) and quality variables (Y). After decomposition on X, it can
form a low-dimensional latent space and residual space. By monitoring variations
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in the process variables that are most relevant to Y, PLS can be used to monitor and
to predict quality variables Y (Chiang et al. 2001; Li et al. 2010).

Given an input matrix X € R including n samples with m process variables,
and an output matrix Y € R"? with p quality variables, scale them to unit variance
and zero mean. PLS projects (X, Y) to a low dimensional space defined by a small
number of latent variables (ti,..., ty):

X=TPT +E 0
Y=TQT +F
In (1), T=[t;, ..., t4] is called score matrix, P=[py,..., pa] and

Q=I[qy,-.., qa] are loading matrices of X and Y. E and F are the residual of
Xand Y.

In PLS, the score matrix maximizes the variance of the quality variables
explained by the process variables. For new sample sets, PLS uses their calculated
scores to represent the data and estimate the final quality.

Nonlinear iterative partial least-squares algorithm (NIPALS) introduced by
H. Wold (1975) is commonly used to perform PLS by finding the solution
of (2):

maxw; X'Y;q;

(2)
st will =1,]q] =1

where w; belonging to W =[w;...wu] is weight vector that calculates
t;=X,;w;, but T cannot be calculated from X directly using W. So arrange

ry = wjp;
i—1
r= [T (L -wpl)w, i>0 3)
j=1
and R={ry,..., ra]. Then, the score matrix T can be computed from the process

variables X as in (4):
T = XR “)
Moreover, P, R and W have the following relation (De Jong 1993):
R=W(P'W)" 5)

PR=RP=WW=1, (6)
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2.2 Support Vector Data Description (SVDD)

SVDD inspired by the Support Vector Machine is to describe an admissible domain
with a class of a dataset (Tax and Duin 1999, 2004). It contains support vectors
describing the sphere boundary. By using the different kernel functions in SVDD,
it could get higher order boundary descriptions without much extra computational
cost.

To start with the normal data description, a sphere to encircle the data with a
closed boundary is defined with center a and radius R. We minimize the volume of
the sphere by minimizing R?, and the sphere must include all training objects x;.

To consider the possibility of outliers in the training set, the distance from x;
to the center a need not be strictly less than R?, but bigger distances should be
penalized. So slack variables £; > 0 are introduced and minimizing R’ changes to:

Min F(R,a) = R+ C)_§
: )
st.xi—all, <R*+&, &>0

The parameter C in (7) controls the compromise between the volume and the
errors. Constraint can be added to (7) by using Lagrange multipliers:

L(R,a,ai,yi.6) = R2+CY_ &=, v

i ()
S (M A B ]
with the Lagrange multipliers «¢; > 0 and y; > 0.

Only object x; with «; > 0 is used in the data description and they are called the
support vectors (SVs) of the description. Support vectors with «; = C fall outside
the boundary and are excluded from the description.

So in the sphere, the center a is a linear combination of all the objects. R? is the
distance from center a to any of the support vectors on the boundary. So:

a= - = wx )

Rzz(xk«xk)—ZZa,- (x,--xk)—i-Za,«aj (x,--xj) (10)
i i
for any x; € SVs, where 0 < oy, < C.

To test a new sample z, the distance to the center a need to be calculated. z is
considered normal if the distance is no larger than the radius:
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Fig. 1 Data boundaries with different SVDD

lz—al, = (z~z)—22ai (xi-x;) + Zaiaj (xi -x;) < R? (11)
i i

Process monitoring scheme is established based on (11). If the test samples locate
out of the sphere, the operation deviate its normal condition.

In order to get a more flexible data description, substitute the inner product
(x;-x;) with a kernel function K(x;, x;) = (®(x;) - ®(x;)), where @ is an implicit
nonlinear mapping of the data into another feature space, possibly high dimensional
hypersphere. An ideal kernel function would project the target data onto a bounded,
spherically shaped area in the feature space and outliers outside this area. Then
the hypersphere model would fit the data. One of the common kernel functions is
Gaussian kernel:

K(xi,xj) = exp (—”xi—xj”z/sz) (12)

Figure 1 shows different data boundaries drawn by SVDD with inner product and
with Gaussian kernel using different parameter s.
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Two phenomena are observed from Fig. 1: Firstly, the descriptions with Gaussian
kernel are much tighter than the one with inner product; secondly, with the
increasing of parameter s in Gaussian kernel, the number of support vectors
decreases, and the boundary become loser. However, the generalization ability of
the description is enhanced. Therefore, when kernel function is applied in SVDD, it
is advised to choose suitable parameters to get the balance between generalization
and tightness.

2.3 Process Monitoring With PLS-SVDD

If PLS and SVDD are combined for process monitoring, then the scheme will
possess the advantages of both techniques, i.e. monitoring the quality variables and
circumventing the presupposition about data distribution. Therefore, such process
monitoring scheme would be very suitable for real industrial environment, where
the distribution of process data is unknown and prediction for quality is difficult.

There are three major steps for establishing process monitoring scheme with
PLS-SVDD.

First, use PLS to extract latent variables and construct the monitoring space from
selected normal operation data.

Second, use SVDD to define the admissible domain for the normal process data in
the monitoring space.

Third, project the test data into the monitoring space.

In the monitoring space, normal operation data are always clustered together,
which could be circumscribed by a tight boundary defined by SVDD as shown in
Fig. 2.

The test data are mapped into the monitoring space by PLS and represented by
latent variables. If the data are observed out of the admissible domain as in Fig. 3,
it means faults affecting product qualities happen in process.

From the above theoretic analysis about the process monitoring scheme with
PLS and SVDD, if such process monitoring scheme is applied to practical industrial
process, the process faults which influence product qualities could be detected in a
demonstrative way.

3 Application and Results

The process monitoring scheme with PLS and SVDD is applied in Tennessee
Eastman process for analysis.
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3.1 Tennessee Eastman Process

The Tennessee Eastman (TE) process is a hypothetical chemical plant described
by Downs and Vogel (1993), which has been used as an industrial benchmark to
illustrate the efficiency of different algorithms.

The process produces two products, G and H, from four reactants A, C, D and E.
F is byproduct.

A(g) +C(g) + D(g) — G(lig), product 1,
A(g) + C(g) + E(g) — H(liq), product 2,
A(g) + E(g) — F(lig), byproduct,
3D (g) - 2 F(lig), byproduct.

The process allows total 52 measurements out of which 41 are of process
variables and 11 are manipulated variables. Twenty process faults are defined as
in Table 1. According to the original TE code, a Simulink code provided by the
Lawrence Ricker (1996) is available to simulate the plant’s closed-loop behav-
ior. It can be downloaded from http://depts.washington.edu/control/LARRY/TE/
download.html.

3.2 Monitoring Scheme Application in TE

TE process is employed to illustrate the effects of process monitoring scheme with
PLS and SVDD. As mentioned in Sect. 2, monitoring space is established by PLS
using normal operation data and boundary is defined by SVDD with Gaussian
kernel. Test data with process faults are then projected into the monitoring space
to illustrate the effects of the scheme.

In the simulation, 22 process variables (XMEAS(1-22)) and 11 manipulated
variables (XMV(1-11)) are included in PLS as input variables, the indicator for
component G (XMEAS(35)) is treated as product quality variable.

Collect 24 operation hours’ normal operation data with sampling time of 3 min.
So there are total 480 training sets recorded. PLS algorithm is applied to the training
data to reduce data dimension and establish monitoring space. The number of LVs
is selected as 2 according to cross validation based on PRESS statistics (Wold 1975;
De Jong 1993). Then SVDD with Gaussian kernel is used to define a boundary for
the normal data as shown in Fig. 4.

Among the thirteen independent faults in Table 1, the fault IDV (1), a step
disturbance to A/C feed ratio, is first introduced to the process for 10 h and 200
test sets with the same sampling frequency are recorded. These abnormal data are
then projected into the monitoring space and displayed in Fig. 5 as blue spots. We
notice that except a few spots in the boundary, most of the abnormal data locate far
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Table 1 The process faults

. Variable No.  Process variable Type
in TE process

IDV (1) A/C feed ratio, B composition Step
constant

IDV (2) B composition, A/C feed ratio Step
constant

IDV (3) D feed temperature Step

IDV 4) Reactor cooling water inlet Step
temperature

IDV (5) Condenser cooling water inlet Step
temperature

IDV (6) A feed loss Step

IDV (7) C header pressure loss-reduced Step
availability

IDV (8) A, B, C feed composition Random

IDV (9) D feed temperature Random

IDV (10) C feed temperature Random

IDV (11) Reactor cooling water inlet Random
temperature

IDV (12) Condenser cooling water inlet Slow drift
temperature

IDV (13) Reaction kinetics Sticking

IDV (14) Reactor cooling water valve Sticking

IDV (15) Condenser cooling water valve Unknown

IDV (16) Unknown Unknown

IDV (17) Unknown Unknown

IDV (18) Unknown Unknown

IDV (19) Unknown Unknown

IDV (20) Unknown Unknown

Disturbance 14-20 should be used in conjunction with another
disturbance from the table or a setpoint change

away from the admissible domain and can be easily distinguished from the normal
data.

If we zoom in the admissible domain in Fig. 6, it shows that only the first 10
spots are in the domain with the trend of gradually moving near to the boundary;
from the 11th spot, the test data are all out of the boundary.

The delayed fault detection can be explained by the fact that the effect caused by
fault IDV (1) on product quality is not immediately shown. Still, the data displayed
the trend of diverging from normal operation until the deviation is big enough to
transgress the boundary.

When fault IDV (5), disturbance of condenser cooling water inlet temperature,
is introduced to the process, the abnormal data, shown in Fig. 7 as blue spots, mix
with normal data in the admissible domain and cannot be distinguished from one
another. It seems that unfortunately not all the faults can be detected by monitoring
scheme with PLS-SVDD.
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Table 2 Fault detection

Directly related  Detected  Detected
results by different schemes wrecty relate etecte etecte

# to quality by PLS by PCA
DV(1) Y Y Y
IDV (2) Y Y Y
IDV(3) N N N
IDV@) N N Y
IDV (5) N N N
IDV(©) Y Y Y
IDV((7) Y Y Y
IDV (8) Y Y Y
IDV(®) N N N
IDV (10) N N Y
IDV (11) N N Y
DV (12) N N Y
IDV(13) Y Y Y

3.3 Monitoring Results Analysis

When all the 13 independent faults are introduced into the TE process, it is indicated
in Table 2 that the process monitoring scheme with PLS-SVDD can only detect the
fault IDV (1-2), IDV (6-8) and IDV (13), while it is blind to IDV (3-5) and IDV
(9-12).

After analyzing the different faults provided in Table 1, we find the fact that
the 13 faults can be further divided into two groups based on their correlation with
product quality variables, i.e. IDV (1-2), IDV (6-8) and IDV (13), which are closely
related to the reaction, have direct influence on product quality G and thus could
be identified by monitoring scheme. Yet IDV (3-5) and IDV (9-12), which are
merely related to temperatures, have relatively low relationship with product quality
and hence cannot be easily differentiated from normal operation data. So it could
conclude that since PLS is extracting data information based on correlation between
process variables and quality variables, it may less sensitive to process variation
unrelated to quality variables.

In order for comparison, process monitoring scheme with PCA-SVDD is applied
in TE process, since PCA extracts process variance, no matter whether the variation
is related to product qualities. The comparison results are also shown in Table 2.

From Table 2, we know faults IDV (3), IDV (5) and IDV (9) cannot be detected
by either method, which means such faults neither affect the quality variables,
nor violate the monitoring space, thus may not use statistical tools for process
monitoring.

Process monitoring with PCA-SVDD can detect the faults as long as there is
variation in the process, even if such variation may not affect product qualities, like
fault IDV (4) and IDV (10-12).

Although process monitoring with PLS-SVDD cannot detect the faults which
have no direct effects to qualities, it can effectively detect the faults which have
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direct relation with the product qualities. Such characteristic builds an indispensable
foundation in its application in various practical industries.

4 Conclusions

Multivariate statistical process monitoring scheme combining projection to latent
spaces (PLS) and Support Vector Domain Description (SVDD) is able to directly
monitor product qualities through process variables during industrial process regard-
less of data distribution. It is very advantageous in real industrial production where
predicting product qualities remains highest consideration.

Meanwhile, such advantage is compromised due to its decomposition in quality
variables, so this scheme is less sensitive to the fault which has no correlation with
final quality variables. Thus, careful consideration and analysis about applicability
of this method would be necessary.

Still, with its advantages of refraining from data distribution assumption and
predicting the product qualities, process monitoring scheme with PLS-SVDD would
be a very competitive process monitoring scheme in real industrial environment.

Acknowledgment This work is supported by National Key Basic Research Program (973
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The Signal Processing of Wharf Structure
Health Monitoring Based on Wavelet Analysis

Xiao-bo Wang, Jue-long Li, Jian-chun Xing, and Li-qgiang Xie

Abstract The importance of harbor wharf determines that we must grasp its health
state in real time. First of all, this paper analyzes various harbor wharf damage
forms, and builds its structure health monitoring system, then it points out the
importance of signal processing in structural health monitoring. Wavelet analysis,
as a new tool to data processing, with its advantages now is widely used in
many fields. In this paper, the application of wavelet analysis in the harbor wharf
structure is introduced, including signal denoising, signal compression and damage
identification. Finally, this paper puts forward the research direction of wavelet
analysis in structural health monitoring.

Keywords Harbor wharf ¢ Signal processing ¢ Structure health monitoring e
Wavelet analysis

1 Introduction

Harbor wharf is an important water structure used for shipping dock, loading and
unloading operations, and there are usually three forms: gravity wharf, sheet pile
wharf and high pile wharf, respectively. Harbor wharf lies in the complicated
external environment for a long time, and often bears great load, as time passes,
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this will lead to its durability deterioration, and its structure aging damaged,
which greatly affect its life and safety. In addition, naval port wharf shoulders
the responsibility of the logistics, and then their health state should be taken more
seriously, so providing real time wharf health information has become a necessity.

When sheet pile wharf is under excess load, it is easy to produce large lever
force, resulting in the fracture of the gusset plate pile rod. High pile wharf often
uses cancelled structure, is also more sensitive to overloading, and it can cause large
cracks and plastic deformation to steel structure. Bearing capacity of various wharfs
is greatly weakened due to concrete corrosion caused by complex environmental
factors, and above factors all can affect the safety of the structure (Huang Chang-
hong and Wei Zhuo-bin 2009).

The rest of this paper is organized as follows: Sect. 2 constitutes the wharf
structural health monitoring system and analyzes the importance of the data
processing. Section 3 introduces the basic principles of the wavelet transform and
singular analysis. Section 4 presents the application of wavelet analysis in wharf
structure health monitoring. Section 5 concludes the paper.

2 The Constitution of Wharf Structure Health
Monitoring System

2.1 Wharf Structure Health Monitoring System

Wharf structure health monitoring refers to the use of nondestructive sensing
technology and structure characteristics of the system to achieve the purpose of
monitoring the structural damage or degradation (Housner et al. 1997). The ideal
health monitoring and damage detection technology should be able to find structural
damage in the earlier time that damage appeared, and determine the time and
location of the damage occurrence within the permission of sensor precision, in
order to estimate the extent of damage and predict the remaining useful life of the
structure. The ideal damage identification methods should have another important
performance that the ability to distinguish the difference between the deviation
caused by structure modeling and the deviation caused by the structural damage.

The long term health monitoring of the wharf structure is a kind of on line
monitoring technology, which mainly includes the following aspects: sensing
system, data acquisition and processing equipment, communication system, the
monitoring center and alarm equipment.

The sensing system consists of the selection of perception component and the
optimization of the sensor layout; data acquisition and processing equipment is
in charge of data collection and preliminary processing; communication system is
responsible for transmitting the collected data to the monitoring center for analysis
and judgment, in order to assess the health status of the structure. If there is structural
damage, the monitoring center will issue a warning signal, which drives alarm
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Fig. 1 Wharf structure health monitoring system

equipment to alarm, and at the same time provide maintenance recommendations
(Li Hong-nan and Gao Dong-wei 2008).
Wharf structure health monitoring system is shown in Fig. 1:

2.2 The Importance of Data Analysis

Wharf structure health monitoring is to extract useful information from the detection
signal, then know and analyze the structure. In structural health monitoring system,
the signals collected from the scene, including displacement, strain, acceleration
and environmental incentives.etc., which are collected from the different measuring
points of the structure. When there is damage to structure, structure performance
will change, and also the corresponding signal will change. Structural health
monitoring system is to analyze the real time data which can characterize the
changes of the structure, with which it can determine the injury time and damage
location and analyze damage degree, so as to correctly evaluate the wharf structure
health status.

As can be seen, the advantages and disadvantage of a wharf health monitoring
system is mainly determined by the following three factors (Guo Jian and Sun Bing-
nan 2005):

(a) The sensitivity and accuracy of the sensor, along with the optimized arrange-
ment of sensor;

(b) The collection devices and the performance of data transmission;

(c) The ability to analyze and process test data.

From the current development perspective, the accuracy and sensitivity of the
sensor is more and more high, intelligent sensor component with high performance
and signal acquisition equipment is more and more widely applied in engineering
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field (Ou Jin-ping 2004). So signal access is not a major problem. That whether we
can use fewer sensors but get more information about the structure is determined
by the optimized arrangement of sensor, which also determines the sensitivity of
the test data to changes in the structural damage. The optimization problem is one
of the major problems that need to be solved. Currently there are many researches
in this field (Lim 1992). The assignment of analysis and processing of test data
is to identify structural damage and assess wharf overall health condition, so the
key problem in wharf health monitoring remains to be analysis and processing of
test data.

In the process of signal analysis and processing, first of all, denoise the signal,
eliminating the noise interference from various aspects in signal, and then analyze
the signal, combined with damage identification algorithm to identify damage
classification and determine the current wharf health status. At last, combined with
expert system to accomplish the assessment of wharf health state and save valuable
test data, and then establish wharf health files.

The process is shown as Fig. 2, which involves the signal denoising, signal detec-
tion, feature extraction and signal compression technology, the wavelet analysis
theory mentioned below has its unique advantages in the above signal processing.

3 The Basic Principles of the Wavelet Transform
and Singular Analysis

The traditional Fourier transform is a kind of pure frequency analysis, which has
no local characteristics in the time domain, to some extent, the later short time
Fourier transform overcomes the flaw that traditional Fourier has no ability for the
local analysis, but it has its own insurmountable shortage, that is, once the window
function is determined, the time frequency width is unchanged, so the short time
Fourier transformation is a method of single resolution in essence, if you want
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to alter resolution, you must reselect the window function. In 1984, the French
geophysicist J. Morlet introduced the concept of Wavelet transform to decompose
Wavelet, and along with the French theoretical physicist A. Grassmann put forward
a system theory that a signal is expanded according to a stretch shift system which is
composed of a certain function, which is the continuous wavelet transform. Wavelet
analysis provides a flexible time frequency window, and the window can widen at
low frequencies and the window can narrow at high frequencies. It is also known
as mathematical microscope of analysis signal, especially suitable for the time
frequency analysis to the signal containing unsteady components, widely applied
in the engineering field (Cheng Li-zhi et al. 2004).

The realization of wavelet transform includes two kinds: the continuous wavelet
transform and the discrete wavelet transform.

3.1 The Principle of Continuous Wavelet Transform

For any signal function meeting f(x) € L*(R), its continuous wavelet transform is
defined as

1 [Fe x—>b
Wy @) = () = 5= [ rew (S )a

where a and b equal dilation and translation parameters, respectively, both are
real numbers and a must be positive. ¥ (x) is a square integrable and piece wise
continuous function, called the mother wavelet; the mother wavelet should satisfy an
admissibility condition to ensure existence of the inverse wavelet transform such as
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where Fy (w) is the Fourier transformation of v/ (x).
¥ a.»(x) is wavelet function family which is produced by the scale extension and
time shifting of the mother wavelet ¥ (x), defined as
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The signal f(x) may be reconstructed by inverse wavelet transform of W(a,b) as
defined by
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The information of continuous wavelet transform coefficient Wy(a,b) is redun-
dant. However, discrete wavelet transform is usually used in engineering field.

3.2 The Principle of Discrete Wavelet Transform

In practical signal processing a discrete version of wavelet transform is often
employed by discretizing the dilation parameter a and the translation parameter b. In
fact, the procedure becomes high efficiency if dyadic values of a and b are used, i.e.,

a=2,b=k2 jkeZ

For any signal function f(x) € L*(R), its corresponding discrete wavelet function
is defined as,

+o00
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where j is scale factor and k is shift factor.
For some special v (x), its corresponding discrete wavelets v;(x) is given,

Vi (x) =25y (27 x — k) ©)

which constitutes an orthonormal basis of L2(R).
The original signal function can be reconstructed by the formula below:
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Theory can be proved that when continuous wavelet transform converts to
discrete wavelet transform, the basic information of the signal will not be lost.
On the contrary, because of the orthogonality of the wavelet base function, it
makes the association hard to eliminate caused by redundancy between two points
in the wavelet space. At the same time, because of the orthogonality, it makes the
calculated error smaller, and the time frequency function of transform result can
better reflect the nature of the signal itself, so the discrete wavelet transform is
widely used in engineering field (Zhang De-feng 2012).
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3.3 The Singular Analysis

The mutation point of the transient signals often contains very important fault
information, such as structural damage, reinforced fracture, mechanical failure,
ECG abnormalities and so on. Although their background is different, they cor-
respond to some kind of mutant forms of detecting signal; this is the singularity
analysis of signal. Wavelet transform has local characteristic in time domain and
frequency domain, and it has “zoom” characteristics, so it is very effective to
determine the position of signal singularity (Mallat and Hwang 1992). Signal
mutation points in wavelet analysis often correspond to the extreme points of the
wavelet transform modulus, and the size of the signal singularity is corresponding
to wavelet transform modulus size (Mallat 1991). Therefore, it is very meaningful
that wavelet transform is applied to describe the transient characteristics of the
signal.

4 The Application of Wavelet Analysis in Wharf Structure
Health Monitoring

4.1 Signal Noise Reduction

Measurement noise is ubiquitous in the signal data acquisition, noise is mainly
caused by thermal electromagnetic effect of signal acquisition instrument and signal
transmission device, the noise mostly belong to random white noise. When the
degree of noise pollution is too large, it will increase the difficulty in identifying
structural damage, so we should denoise the collected signal first. The traditional
noise reduction methods mainly include linear filtering method and nonlinear filter-
ing method. But after signal conversion, the entropy increases, the nonstationary
characteristics of the signal cannot be characterized and the signal correlation
cannot be got. The wavelet analysis brings new time frequency analysis technology
to signal noise reduction, with the characteristics of multiscale resolution to
correlation, compared with traditional filtering techniques, it has better effect in
signal noise reduction (Zhang De-feng 2012; Smith et al. 2004).

The effect of wavelet analysis used for signal noise reduction is illustrated by
damage displacement signal, Fig. 3a shows the damage identification original signal,
adding white noise into the signal, then we get containing noise signal shown in
Fig. 3b, using wavelet threshold noise reduction method to cope with the noisy
signal, get the signal shown in Fig. 3c. Obviously, what we can see is the white
noise lessens by a large margin, so it is effective to denoise signal with the wavelet.
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4.2 Signal Compression

In wharf structural health monitoring system, amounts of test data is sent to the
data processing center constantly. The wireless sensor network develops so rapidly
that it is widely applied to the structural health monitoring communication system.
The data is so massive that it is not suitable for wireless sensor networks to transfer
data, and it is inconvenient for data processing center to store and manage data. It
can not only largely relieve the pressure of wireless sensor network transmission
by using efficient signal compression technology, but also reduce the requirements
of data storage device. At the same time, it can be conducive to the processing and
management of data signal, and establish the wharf healthy record expediently. The
basic requirement of signal compression is without loss information of the original
signal. There are many signal compression methods, the wavelet method is one
of them.
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The effect of wavelet analysis used for signal compression is illustrated by
acceleration signal. Figure 4a shows a collected displacement signal, compress the
signal using wavelet method and get the signal shown in Fig. 4b, what we can see is
the mainly information of the original signal is reserved, and respond the changing
trends of original signal well, so it is also effective to compress signal with the
wavelet.

4.3 The Engineering Application of Wavelet Analysis in Wharf
Structure Health Monitoring

Harbor wharf structural damage includes flat slab cracks due to overload, plastic
deformation of the steel bar, fracture sheet pile wharf lever, etc. Wavelet analysis can
be used to detect small changes of the vibration signal caused by structural damage,
so as to realize the early warning of damage (Mallat and Hwang 1992). By wavelet
analysis for time acceleration signal of damaged structure, the time of structural
damage occurrence can be got. Papers (Guo Jian et al. 2006) have described in
detail, here we mainly carry on location analysis of structural damage.

Cantilever beam structure can be seen everywhere in the harbor wharf, numerical
simulation of cantilever beam structural damage is built to illustrate warning effect
of applying wavelet analysis to structural damage detection. The reduced model of
cantilever in proportion is shown in Fig. 5.

The length, width and height of simplified cantilever beam is 6.0 m, 0.3 m and
0.6 m, respectively, evenly take 300 nodes in cantilever beam, cracks occur at node
60, and F =3.0 kN is placed at the structural free end. Its deformation simulation
is shown in Fig. 6, compared with the vertical displacement without damage, the
result is shown as Fig. 7. We found that the displacement of the two curves almost
coincide, so displacement curve alone cannot identify the damage location.
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Fig. 5 The cantilever beam
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Biorthogonal wavelet is used for discrete wavelet transform of the displacement
curve with damage, its detailed signals at 1 scale is shown in Fig. 8. As can be seen
from the figure, when the structure is damaged, detailed signals in structural damage
appears obvious mutation, which can be used to identify the location of the damage.
Fluctuations in the tail of the detailed signals is due to not taking smooth processing
to signal, Gibbs phenomenon happened (Zhang Xian-da 2001), so damage location
can be located by using wavelet transform.

5 Conclusion and Prospect

Since the French geophysicist put forward the true meaningful wavelet transform in
1984, wavelet analysis has been widely applied to many subjects, and shows a strong
advantage in signal processing. Considering operation and maintenance of harbor
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wharf, obtaining its real time health information has become a necessity. Combining
wharf own characteristics, wavelet analysis is applied into the structural health
monitoring, including signal noise reduction, signal compression, signal detection
and feature extraction. The good results displays that wavelet analysis can be widely
used in wharf structural health monitoring.

Wavelet analysis has a great advantage in processing the test data of the structure,
nevertheless, the wavelet analysis method has some imperfections, which need us to
continue to study:

1. The premise of the wavelet analysis is to obtain a sufficient number of valuable
structural signal, the issue of sensors optimal placement involved is still a focus
of our research;
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2. With ambient excitation structural damage identification based on wavelet
analysis is a research direction of further development of wavelet in structural
health monitoring;

3. Research the effect of external interference to structural vibration signals, and
separate the signal change caused by environmental changes correctly is a
challenge to wavelet analysis;

4. Most studies focus on sample model examples, and there is no such a good
example of large structure test or actual structure validation.
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Studies of Balance and Simulation of Gearbox
Assembly Line Based on Flexsim Software

Hong-ying Shan, Li-bin Zhang, Xin-zhao Gao, and Xiang-bo Li

Abstract The balance of production line would definitely help the workers and
facilities increase the operational efficiency. Computer modeling and simulation can
shorten the R&D cycle, predict and optimize the layout of production line. After
analyzing the gearbox assembly line and drawing flow charts, we can work out a
simulation model and then use Flexsim software and heuristic balancing algorithm
to make gearbox assembly line more reasonable. By comparing the balance of
gearbox assembly line. From the comparison of the indicators before and after
simulation and the utilization of the station, we can firmly draw the conclusion that
the transmission efficiency of assembly line production is significantly improved.

Keywords Balance ¢ Flexsim ¢ Gearbox assembly line * Simulation

1 Introduction

Obviously, the inconsistency of takt time in each station on the assembly line could
lead to a bottleneck which will waste labor hours waiting for workpieces and cause
the accumulation of WIP (Zhang Zheng-chao and Liu Yu 2010). By measuring
the operating time of each process, analyzing the process of the assembly line as
well as rescheduling the process flow on the basis of specific process priorities,
we can balance the work load and increase the utilization of equipment and staff
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(Yu Zhao-qin 2008; Liu Guang-fu and Li Miao 2008). When the station of the
assembly line generate idle station and line idle duo to the differences between
operation time, we can change the content of process activity, combine some
processes or change the number of workers.

Flexsim, the first simulation software in the world, which integrates C++ IDE
and compiler in the graphical modeling environment, is now being widely used
because of its simple model, high visibility and clarity (Bao Si-qgintana et al. 2008).
Based on OpenGL, the 3D animation effects of Flexsim are so vivid that they
can provide visual demonstration effects of the model to users. While the early
developed simulation softwares such as Arena, Promodel and Witness do not eqiup
the function of 3D virtual simulation. Automap has wire-frame model based on
3D virtual technology, but it fails to reflect the effects of 3D simulation (Hu Jing
et al. 2009). In addition, date can be easily called and storage which is conducive
to the unity of modeling data formats. Therefore, Flexsim software can be widely
used among the fields of line balancing, selection of distribution center and the
distribution between inventory and logistics (Li Gang et al. 2008).

2 Methodology

2.1 Balancing Analysis and the Improvement of Gearbox
Assembly Line

Gearbox assembly line includes manual gearbox assembly line and automatic
transmission assembly line. It consists of convey roller, tray, flip machine, gasket
selection measuring machine, push mounting, seal leak testing machine, torque
measuring machine, noise measuring machine, fixture, aids, etc. The common
assembly line forms are linear assembly line, U-type line loop-type and L-type line.
In this paper, take the 14-station U-transmission assembly line as an example and
the overall layout is shown in Fig. 1:

This transmission assembly line had three main problems: First, a large number
of WIP was backlogged because the operating time of Press-fit two-axis is longer
than other processes. Second, assembly operations cover a longer time lead to
clutch-packing appeared idle. Third, the buffer area is so large that forklifts cannot
be able to move normally and the normal operations of the following processes were
delayed. By measuring the operating time, we drew the time-speed graphic of each
station (As it shows in Fig. 2) (Zhou Xiao-li and Cao Zhen-xi 2008; Zhu Tao and
Guo Liang 2011).

Accord to the analysis of speed chart and the balance of the production line,
we can get the conclusion that the tenth station (cover assembly) used the longest
time. So it was the bottleneck. Meanwhile, the second position (hang to the island)
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Fig. 2 Each station’s operating time before balance

used the shortest time (only 8 min). Therefore, we can lighten the workload of the
workers who press-fit two-axis, add the number of workers who take part in covering
assembly, eliminate the cache area to improve the assembly line (Su Chun and Sun
Yu 2009; Xia Xiu-fang et al. 2009).
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Table 1 Correspondence between entities and the system of assembly plant

No. System name Name of entity No. System name Name of entity
1 Generator Sourcel 11 8 Station Processorl 1

2 1 Station Processor2 12 9 Station Processor12

3 Buffer Queue3 13 Buffer Queuel3

4 2 Station Processor4d 14 10 Station Processorl4

5 Buffer Queue5 15 11 Station Processorl5

6 3 Station Processor6 16 12 Station Processor16

7 4 Station Processor7 17 13 Station Processorl7

8 5 Station Processor8 18 14 Station Processor18

9 6 Station Processor9 19 Absorber Sink19

10 7 Station Processor10

[z ow -~ 1 - S

Fig. 3 Modeling and simulation figure of gearbox assembly line

2.2 Modeling and Simulation of Gearbox Assembly Line
Based on Flexsim Software

We used the station of assembly line as the basic unit to build the model and
analyzed the relationship between entities and the transmission assembly line
system. As it shows in Table 1:

We established a basic model after setting the processing time of each station,
the number of operators, operating rules and handling conditions after processing
(Jiang Yan et al. 2011) (As it shows in Fig. 3).

By analyzing the utilization of the processing time and the idle time of each
station, we drew the map of each station processor’s utilization (As it shows in
Fig. 4).

Comparing to the utilization of each station processor, we can clearly saw from
the figure that the tenth station’s processing time accounted for the ratio of the total
time 98.7 %, which reached the highest point of the graphic. However, the second
station’s processing time only accounted for 9.2 % of total time and won the lowest
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point of the figure. Most other stations’ processing time accounted for 17-55 %
of the total time and lower than 60 %. From the viewpoint of idleness, the tenth
station’s free rate was 1.3 %, while the second station’s free rate was 90.8 %, and
most other stations’ free rates were 44 % or more. Therefore, we can conclude that
the load of each station was far less than balance (Gao Huan-ming et al. 2010).

2.3 Simulation of the Assembly Line After Improvement

According to heuristic balancing algorithm, we should assign key stations and those
have more subsequent operations first. Then we listed the table of the leading
elements of operations. Starting from the first operational element of the assembly
precedence graph, we could allocate operational elements to this station as many
as possible on the premise of satisfying the order of precedence graph. First, we
calculated the remaining time of this station. If it had remained time, we should not
stop allocating until there were no operating elements. The distribution of the station
finished. Then we did the same work as we had done in the first station and then the
third, the fourth till all working elements were distributed. Lastly, we compared the
processing time with the takt time to even or approximate each station’s operating
time and idle time so that we could eliminate the imbalance as much as possible
(Zheng Geng-zao et al. 2010; Hu Luo-ke et al. 2012).



88 H. Shan et al.

Time

100
90 Speed
80 Time
70
60
50
40
30
20
10
Name 1 2 3 4 5 6 7 8 9 10 | 11 | Total
Personnel | 1 1 1 1 1 2 2 1 1 1 1 |13 A
Time 56 56 57 58 | 48 | 45 50 36 | 43 47 | 23 535

Fig. 5 The speed chart of gearbox assembly line after balance

We resettled the work time after balance and parameters of each processor and
then compiled and run the simulation model. We now get the new speed chart as it
shows in Fig. 5 (He Hai-tao 2009):

From the analysis of speed chart and the assembly line, we can point out that
the time of each station was more balance than before. Therefore, we can firmly
draw the conclusion that the assembly line is improved effectively and efficiently.
Median work is now reduced from 14 to 11. The second station’s processing time
accounts for 94.6 % of the total time ratio, the idle time accounts for 5.4 % of the
total time ratio. Therefore, the number of the stations and idle time are reduced,
human resources are saved and the efficiency is improved.

2.4 Comparison of Simulation Before and After Balancing

After optimization, the number of assembly stations is reduced three which would
contribute to increase the areas of assembly workshop. Cycle time is decreased from
90 to 58 s, so the outputs and the productivity of the assembly workshop are greatly
enhanced and the production costs are cut down dramatically. The workshop’s
balance rate increases from 48.73 to 83.86 % and balance delay rate declines from
51.27 to 16.14 %, which mean that the stations’ idle time and work time succeed to
achieve a high balance.

The following is the utilization graph of each station after balance (As it shows
in Fig. 6).

We can assert from the Fig. 6 that broken line represent each station’s utilization
do not hold a too high or too low position, which indicates that each station’s load
in the assembly line reaches balance.
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Fig. 6 Utilization graph of each station after balance

3 Conclusion

1. We applied Flexsim software to model and simulate U-gearbox assembly line,
run the model, got the results and compared the differences before and after
simulation. It shows that this method is convenient, simple and practical for
modeling and can be used in the area of optimization and adjustment of the layout
of the assembly line station.

2. Using heuristic and balancing algorithm to balance gearbox assembly line, we
reduced the number of station, made the uneven load balanced and improved
efficiency.
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The Maturity Evaluation of Technology
Application for Guilin National Tourism
Comprehensive Reforming Zone

Fu-xing Zhang, Jun Li, Wen-zhong Du, and Meng-yi Qiu

Abstract This article views science and technology support for Guilin national
tourism comprehensive reforming zone as the core. According to the law of tourism
development stages and based on literature study and field research, it builds an
index evaluation system for the technology need of reforming zone, evaluates the
current development stage of Guilin tourism by the means of grey comprehensive
evaluation method, analysis the stages of development and competitive elements gap
of Guilin tourism based on the evaluation result, and provides strategies to improve
the corresponding strategy, which is used for relevant departments to implement the
strategy of “Building a world-class tourist destination of Guilin, building beautiful
Guilin”.

Keywords Comprehensive reform ¢ Guilin tourism ¢ Maturity evaluation
Pilot zone ¢ Tech requirements

1 Introduction

With the rise of the domestic mass tourism, tourism popularity of information
technology and tourism consumer requirements continue to increase, China’s
tourism industry facing institutional mechanism is not perfect, tourism product
similarity, alternative high and low value-added multiple pressures, making the
tourism industry transformation and upgrading imminent (Haemoon et al. 2009).
Guilin is known for its unique cultural advantages of natural resources and landscape
enjoys brand reputation, the first to be classified as National Tourism comprehensive
reform pilot area, the effectiveness of its construction will be the national tourism
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industry to upgrade direct and lasting impact. The development of tourism with the
progress of science and technology and tourism increasing consumer demand and
is sustainable development, to analyze and identify the law of development of the
tourism industry from the impact of technology on the tourism industry, not only can
improve the development of tourism in this region understanding of the law, but also
be able to evaluate, predict the development of other parts of the tourism industry,
tourism management decision-making reference for the relevant departments.

2 The Guilin Tourism Development Maturity Assessment
Index System

2.1 Tourism Development Stages

The development of modern tourism with the constant discovery, invention and
application of science and technology open and integrated evolutionary process
(Wang Chao-Hung 2004). In accordance with the different levels of integration of
science and technology in the tourism development process content and application
level, tourism development stage is divided into: single stores decentralized,
diversified business, organizational form of large-scale, wisdom travel as cloud
computing integration and Innovation globalization five stages, as shown in Fig. 1:
the development of the tourism industry is a step-by-step progression, and the
process is rising.

2.2 Tourism Development Maturity Evaluation Index System
Analysis

This paper argues that, with the support of science and technology as the core
of tourism development maturity evaluation index system is a multi-factor and a
complex system of multi-level (Zhang Ya-ming et al. 2009). According to the basic
principles and methods of system evaluation, combined with the actual construction
of pilot area of scientific and technological needs, we build tourism investment in
science and technology — achievements transformation — output use the main line.
Through university employment, introduction of talents growing travel technology
services team, to increase government finance and corporate income invested in
R&D funding efforts, we continue to promote the construction of the test area the
context of increased tourism and increased tourism revenue and regional economic
coordinated development of comprehensive evaluation index system.
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Fig. 1 Stage division of tourism development

2.3 The Development of Tourism Maturity Evaluation Model

Based on the above analysis, the use of critical success factors method to identify the
key factors that affect the Guilin tourism development maturity, and then use AHP
Analytic Hierarchy Process hierarchical division of the key factors and determine
the weight of each factor (Zeng Qi Jie and Lu Li 2012). The specific results are
shown in Table 1 shows.

3 Guilin Tourism Stage of Development Maturity Evaluation

Tourism development is moving in the direction of the wisdom of tourism in the
smart city development mode, to meet the needs of tourism consumers increasingly
novelty ANGEL divergent travel consumer demand. The development of tourism
stage maturity refers to the tourism industry with respecting to the state of
development of the tourist consumer demand, reflecting the degree of experience
brought about by the development of the tourism industry to meet the target with
respect to tourism consumers. Based on the requirements of gray multi-level index
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Table 1 Maturity evaluation model of tourism development system

One level indicators Two level indicators Three level indicators Weight
A Tourism economic B, Urban population and C; Total population of 0.0039
system (0.1205) economy (0.0311) Guilin
C, Annual population 0.0115
increase
B, Tourism economic C; Year total number of 0.0202
(0.0768) tourism
Cg Year increase of 0.0089
Tourists
A, Tourism infrastructure B4 Tourist reception Cj9 Reception capacity 0.0586
construction (0.2349) capacity (0.1513)
Cyo Increase in capacity 0.0256
Bs Construction of Cy, Investment in tourism 0.0039
tourism investment facilities
(0.0635)
C,3 Rate of tourism 0.0071
facilities investment
B¢ Tourism promotion Cy7 Advertising 0.0019
investment (0.0200) investment
C28 Rate of advertising 0.0032
investment
A; Tourism industry B7 Per capita indicators of ~ Cs; Per capita GDP 0.0051
competitiveness competitiveness
(0.0408)
Cj, Per capita tourist 0.0051
spending
Bg Competitiveness Cj33 Residents of tourism 0.0050
indicators
C34 Tourism ratio of 0.0091
revenue to GDP
A4 Tourism technology By Researcher indicators Cs6 Fully employed 0.0509
I-0 (0.5253) (0.2330) researchers
C37 Number of graduate 0.0443
researchers
B¢ Research funding C4; Government funding 0.0124
indicator (0.2035) for R&D
C4, The rate of 0.0114

government funding
for R&D

(continued)
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Table 1 (continued)
One level indicators Two level indicators Three level indicators Weight
B Scientific research C49 R&D total investment 0.0183
indicators (0.0889)
Cs0 R&D ratio of 0.0084
investment to GDP
As Tourism ecology Bj, Urban garden Cs4 Urban green area 0.0013
environmental greening (0.0082)
protection (0.0785)
Css Annual gardening 0.0023
area increased
B3 Tourism ecological Csg Tourism ecology 0.0168
environment (0.0500) environmental capacity
Cs9 Annual environmental ~ 0.0045
capacity increased
B4 Tourist destinations of
pollutants (0.0203)
Cg7 Pollutant processing 0.0013
rate
Cgg Units visitor volume 0.0024

of pollutants

comprehensive evaluation method, Guilin tourism in which tourism development

stage models evaluation, the results are as follows.

3.1 Guilin Tourism Stage Evaluation Determining the Weights

In this paper, Guilin tourism stage of development as the research object (denoted
by X), gray multi-level analysis to determine the index weight, combined with the
previous list of indicators for sorting (Fig. 2). Results can be obtained:

1. an assessment of the set of indicators and relative weight vector:

(a) indicators collection: Ux = {A1,A7,A3,A4,A5}
(b) weight vector: W, = [0.1205,0.2349,0.0408,0.5253,0.0785]

2. two assessment indicators of collection and relative weight vectors:

(a) the collection of indicators:Us; = {B1,B2,B3};Ua; = {B4,B5,B¢};Un; =
{B7,.Bs};Ua1 ={B9,Bi0,B11};Ua1 = {B12,B13,B14}

(b) weight

vector:

Wa1 =1[0.2583,0.6370,0.1047];

War =1[0.6442,0.2706,

0.0852]; Wu3 =1[0.2500,0.7500]; W a4 =1[0.4434,0.3874,0.1692]; Wus =
[0.1047,0.6370,0.2583]
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Fig. 2 Whitenization weight function diagram

3. three assessment index set and the relative weight vectors:

(a) the collection of indicators:Ug; = {C;,C,,C3,C4,C5,Cs};Ups = {C7,Cs,Co,
C10,Ci1,C12}; . . . ;UB1s = {Cs5,Ce6,Cs7,Ces }

(b) weight vector: Wg1 =1[0.1259,0.3705,0.0771,0.1144,0.2719,0.04017;
Wg2 =1[0.2636,0.1164,0.0371,0.3911,0.1245,0.0673]; . ..; Wg1s4 =[0.3814,
0.1829,0.0624,0.1179]
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3.2 Evaluation Sample Matrix Is Determined According
to the Rating Scale Standard

The Guilin tourism development stage for evaluation, I invited eight long been
engaged in tourism management, research, familiar with the course of develop-
ment of Tourism and the Tourism Development and Reform deeper theoretical
attainments and practical experience of experts according to the stage of tourism
development indicators evaluation criteria and Likert scale of each index assign-
ment: tourism development stage of evaluation from low to high divided into five
grades, respectively, a value of 1, 2, 3, 4, 5, between adjacent two the index level
between the level of the corresponding rating 1.5,2.5,3.5,4.5 (Gong Weiling 2004).

3.3 The Evaluation Gray Determine

Determining the evaluation gray class requirements and phased evaluation criteria
and indicators corresponding to this paper, the five evaluation gray class, gray class
level determine u,u =1, 2, 3, 4, 5, it denote a single stores dispersed phase, business
diversification phase, the organizational form of large-scale stage, the cloud of
wisdom tourism operator stage, the integration of innovative phase of globalization.
Corresponds to the evaluation gray value vector for © =(0;,02,03,04,05),
Whiten weight function fu(dik) as follows:

the first gray class: the single stores decentralized stage(u=1), Gray number
©1 €[0,1,2], Whitening weight function in mindf1.

Second gray type: Business diversification stage(u = 2), Gray number ©; € [0,2,4],
Whitening weight function in mindf2,

Third gray categories: organizational form of large-scale stage(u = 3), Gray number
©3 €[0,3,6], Whitening weight function in mindf3

Fourth gray type: travel wisdom as cloud computing stage(u =4), Gray number
©4 €[0,4,8], Whitening weight function in mindf4

the fifth gray class: Integration and Innovation phase of globalization(u = 5), Gray
number ©s € [0,5,10], Whitening weight function in mindf5

3.4 Gray Evaluation Coefficient of Determination

Whitening weight function, according to the various stages of the expert scoring, it
results into the three indicators gray evaluation coefficient. To the indicators C; and
Ces, for example, the development of tourism in Guilin is the u-th evaluation gray
evaluation coefficient npj, the calculation of the total number of gray evaluation
NRjku results shown.
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3.5 Gray Evaluation Weight Vector and Weight Matrix

1. calculation of the weight vector of gray evaluation

Gray evaluation coefficient based on three indicators ng;x, total gray evaluation
Npjky calculation results and formulas rgj, = npik/npix get its belonging to the
u-evaluation gray evaluation weight vector (to rgiy).

2. calculation of the weight matrix of the gray evaluation

According to the subject being evaluated three indicators C; X belongs evaluation
gray class gray evaluation weight vector based on the comprehensive, all three
indicators C; gray evaluation matrix Rg;; results are as follows:

[ 0.0000 0.2249 0.3298 0.2474 0.1979
0.0000 0.2376 0.3244 0.2433 0.1946
0.0000 0.1780 0.3412 0.2671 0.2137
0.0000 0.1561 0.3420 0.2788 0.2230
0.0000 0.1684 0.3367 0.2750 0.2200

| 0.0000 0.1462 0.3375 0.2868 0.2295

[ 0.0000 0.1362 0.3328 0.2950 0.2360
0.0000 0.1462 0.3375 0.2868 0.2295
0.0000 0.2029 0.3306 0.2592 0.2074
0.0000 0.1362 0.3328 0.2950 0.2360
0.0000 0.1807 0.3313 0.2711 0.2169

| 0.0000 0.1634 0.3367 0.2750 0.2200

LN ]

[ 0.0000 0.1155 0.3233 0.3118 0.2494
0.0000 0.2249 0.3298 0.2474 0.1979
0.0000 0.1155 0.3233 0.3118 0.2494

| 0.0000 0.1561 0.3420 0.2788 0.2230

Rppp =

Rps3 =

3.6 Index Comprehensive Evaluation

1. for comprehensive evaluation the three index set Up;

According to the obtained above three-index grey evaluation matrix Rap;j,
three-level assessment of the relative weighting vector Wp;j and formulas
Z3; = Wi - Rpj = (ZB1¢,2B2¢.ZB3g; - - - -ZBig)> the comprehensive evaluated result of
level III indicators collection for the object X is got, namely the grey evaluation of
secondary indicators weight vector zg;y.
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2. for comprehensive evaluation the second index set Uy;

According to the obtained above three indicators set Ug; comprehensive evalu-
ation (of the two indicators gray evaluation weight the vector zg;,) to get the two
indicators of the evaluation object X collection U,; the evaluation gray evaluation
weight matrix Ry; results as follows:

[ 0.0000 0.1996 0.3322 0.2601 0.2080 ]
R4 = 0.0000 0.1475 0.3333 0.2884 0.2307
| 0.0000 0.2271 0.3256 0.2485 0.1988 |

[ 0.0000 0.2114 0.3303 0.2546 0.2037

R4 =] 0.0000 0.3039 0.3237 0.2075 0.1650

| 0.0000 0.2235 0.3304 0.2478 0.1982 |
LN ]

[ 0.0000 0.1999 0.3325 0.2598 0.2078

Rys = 0.0000 0.2367 0.3136 0.2499 0.1999

| 0.0000 0.1108 0.2441 0.2165 0.1732 |

Obtained according to the above two indicators gray evaluation matrix Ra;, two
assessment yuan relative weight vector Wy; and formula Za; = Wi - Ra; = (za1g,
ZA2g,ZA3g, - - - +ZAig)> 1O get the two indicators of the subject being evaluated X the
collection Uy, evaluation results, that is an indicator of the gray evaluation weight
VECLOr Zajy-

3. comprehensive evaluation of a set of indicators U

According to the above-obtained two set of indicators Up,; results of the
evaluation (i.e., an indicator of the gray evaluation weight vector z;,) X is a subject
being evaluated index set U, gray evaluation weight matrix R4 for each evaluation
gray class results as follows:

0.0000 0.1693 0.3322 0.2769 0.2215
0.0000 0.2375 0.3285 0.2413 0.1928
R4 =] 0.0000 0.2058 0.3269 0.2596 0.2077
0.0000 0.2498 0.3186 0.2398 0.1918
0.0000 0.2003 0.2976 0.2423 0.1938

Level indicators obtained above gray evaluation matrix first-level R, the yuan
relative weight vector Wy and formulas Zs = Wy - Ra = (zA1,2A2,243, - - - »ZAg), an
index subject being evaluated X collection U, comprehensive evaluation of the
results of the index comprehensive evaluation weight vector zay.
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3.7 Calculate the Value of Comprehensive Evaluation

According to the evaluation results obtained above, a set of indicators U, (indicators
evaluation weight vector za,) the assessment object X comprehensive set of
indicators for the evaluation gray evaluation weight matrix Za results are as follows:

Z 4 =[0.0000 0.2315 0.3213 0.2456 0.1964 |

According to the above-obtained composite indicator gray evaluation matrix
Za evaluation gray class (five stages) the value of the vector H= (1,2,3,4,5)T
and formula Z =Zx - H' = (zA1,242,ZA3, . - - Zag) - (hihoshs, .o ,hg)T, to obtain the
Guilin current stage of development of the evaluation value Z:

Z =Z, e H" =[0.0000 0.2315 0.3213 0.2456 0.1964 | =3.3913

[ O S

Based on the above evaluation methods, evaluation experts play each indicator.
The overall ratings of tourism develop stage value Z; = 2.1900; evaluation experts
to each target hit 2 points, the tourism development stage rating value and was
Z, =3.1165;Z3 = 3.5088, Z4 = 4.0540, Zs = 5.6843. As usual gray comprehensive
evaluation results will not be any full stage, the results of the evaluation must be
between a value between the two phases. We consider taking the median as a cut-off
point between the two stages, so we get Z; s = 2.6533, Z, s = 3.3127, 735 = 3.7814,
Z45=4.8692, the five stages of the tourist development stage indicator-based
evaluation criteria evaluation system correspond to the range as follows: (1)
Z €(2.1900,2.6533], phase 1, single stores dispersed phase; (2) Z € (2.6533,3.3127]
phase 2 diversified stage of a business combination; (3) Z € (3.3127,3.7814], phase
3, the organizational form of large-scale stage; (4) Z € (3.7814,4.8692], phase 4,
cloud of wisdom tourism operators stage; (5) Z € (4.8692,5.6843], phase 5, the
integration of the innovation phase of globalization.

4 Guilin Tourism Gap Analysis

4.1 Stage of Development Gap Analysis

According to the current stage of development maturity stage of tourism develop-
ment maturity 5 phasing standard and Guilin tourism rate value Z =3.3913. We
can see that the Guilin tourism is still in the middle level of the third stage of the
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Fig. 3 Guilin tourism development maturity gap identification

Tour stage development maturity, through the next period of development time can
basically achieve the large-scale requirements of the organizational form, but as
cloud computing requires of tourism and wisdom, there is still a gap A4” integration
and Innovation globalization requires greater gap As", as shown in Fig. 3.

Guilin tourism development mainly bid farewell to the diversified development
of the situation with a single store in the past, which are now in the business
diversified organizational form of large-scale overlap Jiecha of stages, and the
latter showed a good momentum of development. And strong market, demand
in the near future, will become the Guilin tourism development mainstream, and
it will also be a transitional platform of Guilin tourism towards the network
technologies of information technology. Based on the current level of development
of tourism in Guilin tourism stage of development maturity corresponding to the
third, fourth, five-stage optimal value gap analysis to find weaknesses and constraint
of development indicators for continuous improvement, which is developed along
the travel phase the degree of development path continues to a higher stage of
progression.

4.2 The Competitive Factors Gap Analysis

Figure 3 can be seen that the Guilin tourism stage has developed the critical
period by the organizational form of large-scale tourism to the wisdom of the
cloud operator transformation and upgrading. As the final indicator of evalu-
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ation results is determined jointly by the tourist population economy, tourism
facilities, tourism industry competitiveness, tourism investment in science and
technology. Tourism ecological environment have five subsystems, each subsys-
tem is also designed several sub-factors, radar chart analysis, which is able to
find the imbalance in the development of structure that is conducive to the
weak indicators of restricting the development of tourism in Guilin. Thus these
constraints improve the analysis and the development of effective measures to help
enhance the Guilin tourism industry stage of development maturity. Indicators Grey
Comprehensive Evaluation Method Guilin tourism evaluation system, two indica-
tors rating value: Zx; = 3.5503, Zar =3.3897, ..., Zas =3.2316; Zg| = 3.4762,
Zp12 =3.6020, ..., Zgs3 =2.6859.

The above result was drawn to a radar chart, shown in Fig. 3, dashed poly
line for of Tourism. This stage has the level evaluation index value and the
secondary evaluation index value. As it can be seen in Fig. 3, currently affecting
the development of tourism in Guilin level indicators As tourism ecological and
environmental protection, the two indicators B,, tourism construction investment,
the three indicators of the Bs; travel to pollutants, according to in the third stage
of the stage of tourism development maturity below the lower limit, constraining
the development of tourism in Guilin key the weak indicators; tourism practitioners
level indicators A, tourism construction investment, A4 tourism investment in sci-
ence and technology and two indicators of B3, B3 tourism promotion investment,
indicators By scientific research personnel, B4, indicators of research funding, B4z
research overall indicators, Bs, travel eight indicators of the ecological environment
rating value did not exceed 3.45, restricting the development of tourism in Guilin
secondary weak key indicators, especially tourism investment in science and
technology and their respective personnel, funding integrated indicators of overall
deficiencies, which shall be paid special attention; each of the other indicators are
relatively good. But from the tourist stage of development of the maturity of the
fourth, fifth stage there is still a certain distance, the need to continue to maintain
its advantage, while tapping the potential synergies, Guilin tourism development
maturity smooth transition to the fourth stage, and strive to achieve the fifth stage as
soon as possible to continue to play a key role (Liao Yanli and Tang Feihong 2011).

5 Conclusion

Based on the above evaluation results, this paper considers the Guilin National
Tourism comprehensive reform pilot area construction, which should take the
following measures:

The construction of the pilot area as an opportunity focus on science and
technology guidance and support role in the development of tourism and related
industries, through travel technology developers, the travel technology policy
support, tourism, science and technology intermediary services, tourism industry
and other means to achieve the transformation and upgrading of the tourism industry
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further maintain the good momentum of the development of tourism in Guilin,
Guilin tourism development maturity is possible to a higher stage of transformation.

It strengthen tourism management departments, research institutes, colleges
and universities in the introduction of scientific and technological personnel and
R&D funding efforts to promote scientific research achievements into practical
productive forces; further strengthen the scientific and technological integration in
the tourism industry, tourism development, the construction of tourist facilities, the
tourism ecological and environmental protection and tourism industry to enhance
the competitiveness and other aspects of support role.

Establish and improve the Guilin tourism and the World Tourism Organization,
tourism counterparts outside the region, major colleges and universities in the
region exchanges and cooperation mechanisms, in particular, to strengthen the
organic integration of the “official, production, learning and research”, to encourage
scientific and technological innovation, industrial innovation, product innovation,
service innovation, and actively promote scientific research achievements into the
development of the tourism industry and the practical application.
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A Forecasting Model for the Detection Demand
of Automobiles

Gang Xie, Guang-chao Wang, and Shou-feng Ma

Abstract The paper proposes a GM (1, N) model for urban automobile detection
demand forecast, which lays the foundation for the planning of detection site
capability as well as the site network. The paper considers the automobile detection
regulation, and takes the vehicle ownership in each class basing on the detection
rule as the input variables. The grey incidence analysis is applied to determine the
variables to employ, and then build up the GM (1, N) model for vehicle detection
demand forecast. The efficiency of model is validated with the data of the City of
Tianjin.

Keywords Automobile detection * Demand forecast « Multinomial grey model

1 Introduction

The soaring of automobile ownership in large urban cities brings special burden
to the public transit safety, energy consumption and the environment protection.
The legislation-enforced automobile detections, which incorporate the inspection
of the vehicle safety performance, the composite properties and the environmental
protection performances, play a vital role in maintaining the general performance
of the running vehicles (Loeb 1990, 1985; Peltzman 1975). Therefore, an accurate
forecast of the vehicle detection demand lays the foundation of a well-designed
detection site network as well as the capacity allocations. However, the forecast of
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auto-detection demand does not equal that of the vehicle population (Wang 2005;
Abu-Eisheh and Mannering 2002; Dagsvik and Liu 2009), since the forecasts of
the two objectives differ in contributing factors. The legislation-enforced detection
of automobile differs in detection cycles. The detection cycles of automobile vary
for vehicles of different types (heavy, large, small, mini et al.) and commerciality
(commercial or non-commercial), and adjust as the age of vehicle increases. Take
the regulation for the automobile safety detection for example (Regulation on the
implementation of the Road Traffic Safety Law of the People’s Republic of China.
State Council of the People’s Republic of China 2004):

For the detection of the automobiles, ever since the day of registration, (1) for the
commercial passenger vehicles (including bus, taxi and car-for-rental et al.) once a
year in the first 5 years, and twice a year after that; (2) for motor truck and large
non-commercial passenger buses, once a year in the first 10 years, and twice a year
after that; (3) for small and mini non-commercial passenger vehicles, once every
2 years in the first 6 years, twice a year from the seventh year to the fifteenth, and
twice a year after 15 years; (4) for the motorcycles, once every 2 years in the first
4 years, and once a year after that; (5) for the tractors and the else once a year.

Thus, the vehicle detection demand largely depends on the type-based vehicle
ownership, vehicle age distribution as well as type-based detection rule and so on.
This makes it necessary to classify the vehicles and consider independently the
impact pattern of each classification on the total detection demand. An intuitive
approach is to take the ownership of vehicles in each class as an independent
variable, and build up the regression model to reach the goal of detection demand
forecast. The multinomial based forecasting models include the two-BP neural net-
work model (Zhou and Yang 2001) which considered the socio-economic indexes;
the econometric forecasting model (Gong and Jin 2005) and the scenario analyses
based multivariate forecasting model (Ma and Gao 2007), and so on. Considering
the composition of the end-of-life vehicles, Liu et al. (2011) estimated the regional
distribution of the amount and the composition of the end-of-life vehicles.

However, with the fact that the legislation system of the urban automobile
detection was set up some a little late and still in improvement, it’s hard to obtain
the complete statistic data of the classified vehicles. What’s more, the available
statistic year is quite small. Apart, the urban automobile detection demand exhibits
large volatility and certain greyness and uncertainty, as a result of the mobility of
the automobiles and the flexibility in detection execution times. The traditional
statistic based prediction approaches, like the single-factor regression based on
the overall vehicle holdings, which in most neglect the inspection rules and the
impact of vehicle classifications, thus may not work well. Hence, the grey system
theory (Deng 1982, 1989) is considered in this paper. The grey system theory suits
well for the analysis of data in small-sample and of large fluctuations; it may
keep the consistency between the quantitative results and the qualitative analyses
and enjoys wide applications (Tien and Chen 2002; Meng 1993; Erdal et al.
2010). This paper considers the legislation requirements in the automobile detection
cycles, takes the classified auto holdings based on the vehicle inspection regulation,
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and the due-to-inspect vehicles! as the input variables, and builds up a GM (1,
N) forecasting model. Grey incidence analysis and the qualitative analysis are
employed to determine the effective input variables. Then the classified automobile
holdings as well as the detection statistics in the City of Tianjin are examined, to
validate the effectiveness of the proposed prediction model.

The rest of the paper is proceeds as follows, the GM (1, N) forecasting model
is built up in Sect. 2, which contains the variable selection and the modeling.
Three demand forecasting models are constructed in Sect. 3, and are examined with
the data from the City of Tianjin during the year 2003-2012 (Sect. 4). Section 5
concludes the paper with brief comments.

2 The GM (1, N) Model

2.1 Determination of the Effective Factors in the GM (1, N)
Model

In the GM (1, N) model, the classified automobile ownerships based on the detection
regulations and the due-to-inspect vehicles are taken as the independent variables,
while the annual recorded vehicle detection data is regarded as the dependent
variable. However, some independent variables contribute little to the overall
detection demand in fact, due to some practical reasons, thus need to eliminate.
The grey incidence analysis is applied to specify the effective factors that correlate
closely to the dependent variables.

Grey incidence analysis is a method to determine the correlation between
variables, based on the variable geometrical distances, either in the micro or macro
level (Liu and Xie 2008). In the formulation of the model, the independent variables
are ranked according to their incidence degrees to the dependent variable. At the
same time, the regression coefficients of each independent variable are determined
(as will be discussed in the following), and then determine if the polarity of variable
coordination is consistent with the qualitative analysis. Then the reverse elimination
approach (Chen et al. 2012) is adopted to delete the non-correlate factors according
to the incidence ranking, until all the reserved variables are consistent in polarities
with the qualitative analyses.

2.2 The GM (1, N) Model

GM (1, N) model is the first-order multi-dimension grey model consists of N
variables, among which one is the dependent variable (i.e., the vehicle detection

"The number of vehicles which should have been inspected according to the regulation of the
inspection cycle.
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demand y(j) j=1,2, ...,M) in this paper), the other N—1 are the independent
variables x;(j) i=1,2, ...,N—1;j=1,2, ...,M), i.e., the classified vehicle own-
ership statistics, the corresponding variable vectors are X and Y.

Assume the original data columns are:

1

x© = (x§°’(1),x§°’(2),.-. ,x}‘”(M)) (i=1,2..N-1) 1)
and

Y =(y(1),y(2), -+ y(M)) ()

Do the first order accumulating generator operator upon the original data, we
have the 1-AGO data columns as X" and Y,

k
k) =6 (b
= (3)

k
yOh) =Y " yOk). (=12--nmk=12--M).
j=I

Let Z( be the mean generation of consecutive neighbors sequence of the 1-AGO
detection demand YV, which is computed as,

2D (k) = 1/2 (y(”(k) vy k- 1)). (k =2,3,---,M). @)

n
Based on the differential equation % +ay = Zbixi, we have the grey-
i=1
difference GM (1, N) model for the detection demand forecast as

y(k) +azV k) =Y bix!" k), 5)

i=1

the corresponding whitening differential equation is

dyW (k
y ()Jr

ot ayV k) =3 b k), ©6)

i=1

in which — a is the systematic development coefficient, b,-xgl)(k) is the system drive
factor (b; is the correlation coefficient). Let T = [a, by, b, - - -, b,] be the associated
parameter vector, whose least square estimation satisfies



A Forecasting Model for the Detection Demand of Automobiles 109

T —1
= (B B) BTY,

02 "2 ...
(1) (1)
. -z03) X3 ... PO , (7)
—Z0m) Ky Do)

Substitute the parameters in Eq. (6) with the estimated parameters in 7, we obtain
the discrete response function of the GM (1, N) as

b b bn o
y(k) = |:y(1) - jxl(l)(k) - fxél)(k) e —x,ﬁ”(k):| )
a

b b by
+ ;'x}”(k) + ;Zx;“(k) +ot ;x,ﬁ”(k), k=12....M. (8

Do the inverse accumulating generator operator, we get the r-IAGO equation of
the GM (1, N) demand forecasting model as

Yy =3V -7 k= 1)

=—azV(k)+ > bix"(k), k=12...M ©)

i=1

in which we assume that y(1) = y(1).

3 Numerical Examples

In this paper, we take the City of Tianjin as an example to examine the model.
In the GM (1, N) demand forecasting model, the classified automobile ownership
and the annual due-to-inspect vehicles are taken as the input variables, the annual
vehicle detection quantity is taken as the output variable (the data from the year
2003 to 2012 are listed in Table 1). At the same time, we also construct the single-
factor regression model which considers the annual total vehicle ownership and the
multinomial linear regression model as control set. The results are compared and
analyzed.

3.1 The GM (1, N) Forecasting Model

Based on the analysis of degree of grey incidence in Sect. 2.1, we have the degree
of grey incidences between the six input variables x; (i =1, 2, ..., 6) and the annual
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vehicle detection number y as C = [0.7705 0.7979 0.8993 0.6369 0.6658 0.8106] the
corresponding ranking is C3 > Cg > C, > C| > Cs > C4, the respective coefficient
vector for the grey forecast model is A =1[0.9931 43.3960 — 1.5488 0.5375 —
1.2409 — 4.4254 — 4.2257]. It’s observed that, the coefficient for the variable of the
minimal degree of grey incidence, i.e., x4 (Motorcycle + Three-wheeler) is negative,
which is inconsistent with qualitative analysis (which we believe should contribute
to the increase of total detection number), thus should be eliminated.

Similarly, we eliminate the variable x5 (Tractor and others), for which the cor-
responding degree of grey incidence is C = [0.7705 0.7979 0.8993 0.6658 0.8106],
the respective regression coefficient vector is A = [2.0666 24.0080 0.6804 1.5523 —
3.9633 —4.9587]. So, the variables reserved in the final model are (x;,x2,x3,%5),
the respective degree of grey incidence and the regression coefficients are
C=1[0.6202 0.6571 0.8135 0.6821] and A=[1.7177 2.8553 4.2143 1.2715—
3.9401] respectively.

This result is consistent with the actual observations, along with the increase in
overall automobile ownership, the number of motorcycles + three-wheelers, tractors
and other special vehicles decreases at the same time. What’s more, the coverage
of these two vehicle types adjusted as a result of the detection regulation changes,
which adds to the fluctuation in statistic records (see the italic data item in Table 1
in column x4 and xs). Apart, the detections of these special automobiles in practice
are conducted by other special-vehicle inspection organization, which is not covered
in the above record, and thus contribute less to the annual detection demand. The
grey incidence analysis can correctly recognize the effective determinants, further
validates the effectiveness of the grey model.

Based on the above grey incidence analysis, we construct the GM (1, 5)
forecasting model including x;, x,, x3 and x¢ as input variables. The corresponding
whitenization equation is

28553 1y 42143 )00 12715

y(k) = | 323,469 —
(k) [ 17177 17177 17177 3 ()
3.9401 2.8553 4.2143
(1)(k) e~ 1 7177(k=1) (1)( k) + ;1)( )
1 7177 1 7177 1 7177
1.2715 (1) 3.9401 )
— k 10
MR () 171776() (10)

the respective grey forecasting model is
Fk) =y k) =y (k — 1)
= 171770 (k) + 2.8553x " (k) + 4.2143x" (k)
+1.2715x" (k) — 3.9401x" (k) (11)
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3.2 The GM (1, 1) Forecasting Model

Based on the overall annual automobile ownerships, the paper builds up the single-
factor regression model forecasting model without considering the classified vehicle
ownerships,

P(k) = —459,690 + 0.5696y? (k) (12)

3.3 The Multivariable Linear Regression Model

Apart from the two models mentioned above, we also build a multivariable linear
regression model. It takes the five categories of vehicle ownerships and also the
due-to-inspect vehicle quantity as the input variables, and takes the annual vehicle
detection number as dependent variable. The statistical analysis software SPSS is
utilized to build up the model, the variables reserved in the model is selected by
applying the step-in method. The multivariable linear regression model is

F(k) = —866,902 + 6.9707x;, (13)

with only one variable reserved (x,, the motor-truck + towed vehicle 4+ Large non-
commercial passenger buses).

4 Results and Analysis

The results of the three models are presented in Table 2. In each model, we collect
the forecast of annual detection number ¥, the residual error (y — ) and the relative
errors (absolute value |y — ¥ /y).

It shows that, without considering the impact of the classified automobile
ownership on the annual detection demand, the single-factor based GM (1, 1)
forecasting model generates the highest residual errors as well as the relative errors
(absolute value) with the mean value of 64,983 and 16.34 % respectively. While on
the other side, the multinomial models that take into consideration of the classified
vehicle ownerships, which based on the detection legislation, produce much lower
residual errors and relative errors generally. In detail, the GM (1, N) model obtain
generally higher accuracy than the multinomial linear regression model does, the
average residual error and relative absolute error is (10,422, 0.0807) to (10,810,
0.1025). It’s observed from the results that, (1) the negligence of the impact of
automobile detection regulations on the detection demand will result in higher
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estimation errors, thus it is necessary to allow for the impact of the detection
legislations and classify the automobiles accordingly; (2) the GM (1, N) model
perform better than the linear regression model does in handling data with large
variability.

5 Conclusion

This paper builds up a GM (1, N) forecasting model for the detection demand of
urban automobile, in which we consider the effect of legislation regulation on the
vehicle detection cycles, and classified the vehicle ownerships accordingly. Then
the classified vehicle ownerships are taken as multiple independent variables. Since
the classified vehicle ownership exhibits large variability and degree of greyness
as a result of detection legislation improvement, the GM (1, N) model is adopted.
Then the statistic data in the City of Tianjin from the year 2003-2012 is taken
as an example to examine the proposed model. Two other models are constructed
including the single —factor regression model which allows for the overall annual
vehicle ownership, and the multinomial linear regression model. The GM (1, N)
forecasting model attain lower forecast errors than the other two models, which
validates the effectiveness of the GM (1, N) model in urban automobile detection
demand forecast, and the necessity to consider the impact of automobile detection
legislations on the annual detection demand.
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Application of Fuzzy Matter Element Model
in Evaluation of Traffic Noise in Residential
Area Using Euclid Approach Degree

Xue Xiao, Wen-zhou Jin, Lu-ou Shen, and Jian Wei

Abstract Based on the fuzzy matter element analysis and the combination of the
concept of Euclid approach degree, this paper suggests a new model for evaluating
traffic noise. The model takes into account both the objective measurements like
the traffic noise and the acoustic environment, and the subjective reaction caused by
noise. Case studies of evaluating impact of traffic noise on residents confirmed the
feasibility of the model.

Keywords Euclid approach degree ¢ Fuzzy matter element * Traffic noise

1 Introduction

Traffic noise is an important factor influencing the residential acoustic environment.
The impact of traffic noise for residents is not only associated with the road
traffic situation near the residential community but also associated with residential
community planning (Yao 2006; Yong-sheng Jiang and Qiu-ping Wang 2009;
Plakhotnik et al. 2005). In addition, the discomfort caused by traffic noise varies
due to personal physical and psychological characteristics (Peng Zhang et al. 2011;
Xi Cheng et al. 2009; Fei Shao et al. 2009). So the evaluation of traffic noise in
residential community should consider three influencing factors, including objective
actual measurement of the traffic noise, the acoustic environment and the subjective
reaction caused by noise.
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2 Evaluating Model of Fuzzy Matter Element

2.1 Fuzzy Matter Element Model

Fuzzy matter-element uses “matter, character, fuzzy value” as the primary elements
to describe a matter. Suppose that N is a matter, C is the character of N, and v is
fuzzy value of C, then there exists an ordered fuzzy matter element: R = {N,C,V}.
If the value of the matter element has fuzziness, the matter-element is called fuzzy
matter element (Liu et al. 2007).

If N has n characters C, C», . ..,C, and their corresponding values vy, v,. .. ,,,
R is called an n-dimensional fuzzy matter-element. If n-dimensional fuzzy matter-
elements of m matters combine, they form R,, x ,, which is defined as:

M M, --- M,
Ci vit v 0 Vm

Ryxn = Cy, vio v ot V2 . (D
Co Vin Vau Vi

Where R, x, is a compound fuzzy matter-element of m things with n fuzzy
characters, M; (i=1,2,...,m) is the ith thing, C; (j = 1,2,...,n) is the jth character,
vjj is fuzzy value of the ith thing against the jth character (Yong-xia Wei et al. 2010;
Xiao-ping Wu and Xiu-fang Chen 2003).

2.2 Preference Subordinate Degree Principle

The subjection degree of the fuzzy value which is corresponding to every evaluation
index with the fuzzy value of single evaluation index in the standard sample is called
preference subordinate degree. The principle established according to the degree and
is called the preference subordinate degree principle. Generally, there are two types
of indexes.

For the index which is the bigger the better:

Ujj = v,-j/max Vij (2)
For the index which is the smaller the better:
l/t,'j =minvij/vij (3)

Where: max v;; and minv;; are the maximum value and the minimum value of
each evaluation index in each scheme respectively, according to this, the preference
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subordinate degree fuzzy matter-element can be established as follow (Jun-long
Zhou 2010; Xiao-lu Yuan et al. 2010):

M M, --- M,
Ci uiy up o Uy

Rysn = | Co uin uzn -+ up “4)
Cy uin Uy - Unmn

2.3 Standard Fuzzy Matter-Element and Difference Square
Fuzzy Matter Element

Standard fuzzy matter-element Ry, is determined according to the maximum value
or the minimum value of the preference subordinate degree of every evaluation
index in R,,x,. If we use A[jz(uoj—u,-j)2, i=12,....mj=1,2,...,n) to
express the difference square of every corresponding element in Ry, and R,,x,, then
the composite fuzzy matter-element of difference square Rx can be established as
follow:
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2.4 Euclid Approach Degree

Approach degree represents the degree of that the evaluated sample is close to the
standard one. If the value is bigger, the two samples are closer. So the approach
degree can be used to sort the schemes by the superior. The Euclid Approach degree
PH; is considered as the evaluation criterion in this paper. PH; is calculated by
M(-,+) method.

(6)

Here w; denotes the weight coefficient of the jth evaluation index, and PH; is the
approach degree of matter i and the standard matter (Yan Nie et al. 2008).
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Then the compound fuzzy matter-element Rpy of Euclid Approach degree is

constituted as follow:
M 1 M2 e Mm

Rpy = 7

PH [PH,» PH, PH, --- PH,, )

At last, the result of traffic noise evaluation can be sorted by Rpy, the bigger the

Rpy is, the better the environment of the residential community is (Na Liu et al.

2007).

3 Application of the Evaluation Model

3.1 Selection of Samples

Considering the influence of different roads, it is better to have samples located on
the different sides of the same road. Taking into account the layout of residential
areas, the samples should contain different arrangement of community, including
residential area parallel to the road, residential area perpendicular to the road layout,
as well as hybrid arrangement.

The samples this paper chose are as follow:

Sample 1: the north residential community of South China University of Technol-
ogy, of which the layout is parallel to the road, is located on the west side of the
intersection between Dongwanzhuang Road and South Yangtze River Road.

Sample 2: the community of weather station in Guangzhou, of which the layout is
perpendicular to the road, is located on the east side of the intersection between
Dongwanzhuang Road and South Yangtze River Road.

Sample 3: the community of Huijing, of which the layout is of hybrid type, is located
to the north of Huijing Road.

3.2 Establishing Evaluation Model

With reference to the existing various traffic noise evaluation indexes, combining
with the availability of data, considering the objective actual measurement of
the traffic noise, the acoustic environment and the subjective reaction caused by
noise, the writer sets up evaluation index system as follow, respectively from three
influencing factor level, including the objective actual measurement of the traffic
noise (A1), the residential acoustic environment (A2) and the residents’ subjective
reflection (A3), a total of 12 indicators.
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Table 1 Evaluation indexes of traffic noise in residential community

Influencing factor level Evaluation Indexes Sample 1 Sample 2 Sample 3
Objective actual LA value by roadside in the 81 78 73
measurement of the daytime (dB)
traffic noise LA value of 30 m distance from the 75 70 70
roadside in daytime (dB)
LA value of 90 m distance from the 73 64 65
roadside in the daytime (dB)
LA value by roadside in the 72 64 62
nighttime (dB)
LA value of 30 m distance from the 68 58 55
roadside in nighttime (dB)
LA value of 90 m distance from the 62 56 51
roadside in nighttime (dB)
The acoustic environment Residential community is far away 2 9 7
in residential from commercial parking lot,
community deceleration zone and other
facilities
Traffic arteries throughout the 3 8 10
community
The road is flat 4 8 7
Subjective reaction Subjective annoyance degree 5.525 4.3875 3.6
caused by noise
The degree of impact on sleep 4.5875 44375 4.55
The degree of impact on 3.075 3 2.8

communication

The objective actual measurement of the traffic noise is a quantitative index, mea-
sured by the LA value through field measurements. In this level, the paper chose six
indexes, three of which are measured in the daytime (9:30) and others are measured
in the nighttime (23:00). In the level of the residential acoustic environment, the
paper chose three indexes, including whether residential community is far away
from commercial parking lot, deceleration zone and other facilities, whether traffic
arteries throughout the community, and whether the road is flat. In the level of the
residents’ subjective reflection, the paper chose three indexes, including subjective
annoyance degree, the degree of impact on sleep and the degree of impact on
communication. The evaluation set of indexes in these two levels is [0, 10], 0 means
poor and 10 means good.

Using the above evaluation set to evaluate the traffic noise in three samples
communities, the writer obtained the survey data and field measured values as shown
in Table 1.

1. Construct the composite fuzzy matter element

Considering the objective actual measurement of the traffic noise, the acoustic
environment and the subjective reaction caused by noise, the writer sets up
evaluation index system as shown in Table 1.
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2. Calculate the preference subordinate degree R, x,

According to formula (2), (3) and (4), R,,x, was constructed as follow:

[ 0.9012 0.9359 1]
0.9333 1 1
0.8767 1 0.9846
0.8611 0.9688 1
0.8088 0.9483 1

e 0.8226 0.9107 1
0.2222 1 0.7778
0.3000 0.8000 1
0.5000 1 0.7778
0.6516 0.8205 1
0.9673 1 09753
| 09106 0.9333 1]

3. Determine the standard fuzzy matter element and difference square fuzzy matter
element R

According to formula (5), Ry was constructed as follow:

0.009755 0.004109 0
0.004444 0 0
0.015200 0 0.000237
0.019290 0.000977 0
0.036548 0.002675 0
Ry = 0.031478 0.007972 0
0.604938 0 0.049383
0.490000 0.040000 0
0.250000 0 0.049383
0.121394 0.032216 0
0.001069 0 0.000611
| 0.007998 0.004444 0 |

3.3 Index Weight Determination

3.3.1 Calculate the Weight of Each Index

Referencing literatures at home and abroad for the weight coefficient of evaluation
index and combining with expert evaluation method (Na Shao et al. 2011; Marchand
and Whitehead 2002), the paper choose the W as follow:
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W =(0.1,0.05,0.05,0.1,0.05,0.05,0.1,0.1,0.15,0.075,0.1,0.075)T

Similarly, calculate the weight of each index at the influencing factor level as
follow:

W(A1) =(0.25,0.125,0.125,0.25,0.125,0.125)T;
W(A2) = (0.28571,0.285714,0.428571)T,
W(A3)=(0.3,0.4,0.3)T

3.3.2 Calculate Euclid Approach Degree

Calculate Rpy according to (7), and we can see the results from Fig. 1.

Ry = [ Samplel Sample2 Sample3 |
| 0.309024 0.841795 0.854811 |
Ropt = [ Samplel Sample2 Sample3 |
| 0.865019 0.948987 0.994561 |
Ross = [ Samplel Sample2 Sample3 ]|
L 0.351940 0.893096 0.855758 |
Rpps = [ Samplel Sample2 Sample3 ]|
| 0.801896 0.895129 0.984362 |

3.4 Analysis of Result

Figure 1 shows the Euclid approach degree of the total level and the level of three
influencing factors. According to the calculated result, the traffic noise levels of
three samples from low to high are sample 1, sample 2 and sample 3. The analyses
of the influencing factor level are as follow:

On the level of the objective measurement of the traffic noise, the three samples
are similar, because the sample communities the paper chosen are located near
traffic arteries and are greatly influenced by traffic noise. There is little difference
of Euclid approach degree among samples.
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On the level of the acoustic environment, sample 1 is best while sample 2 is poorest.
The result presents there is a big difference of acoustic environment among
samples, set of parking lot and road layout of residential community have a great
influence for the residential acoustic environment.

On the level of the subjective reaction caused by noise, the results vary from
the population composition in samples. Aging population accounts for large
proportion in sample 1 while population composition in sample 2 and sample
3 are similar. According to the study of the influence of the layout of residential
community on traffic noise, the effect to prevent traffic noise of hybrid layout
community is better than that of parallel type, and parallel type is better than that
of vertical type and the paper confirms this conclusion.

4 Conclusion

Through the establishment of the fuzzy matter-element model based on Euclid
approach degree, this paper aims to improve the recognition of residential traffic
noise for people, reveal the various problems in the course of the construction of
residential areas and provide scientific basis for the perfection of the residential
environment gradually.

1. In this paper, a new fuzzy matter-element model is applied to evaluate traffic
noise of listed residential community. First, we calculate membership degree
with membership function to constitute the fuzzy matter-element, calculate the
Euclid approach degree between each sample community to be evaluated and the
standard fuzzy matter-element and establish Euclid approach degree compound
fuzzy matter-element finally. The results are intuitive and clear, so it is feasible
to use fuzzy matter-element model to evaluate the traffic noise in residential
communities.

2. Fuzzy matter-element model for evaluation of traffic noise in residential commu-
nity can compare the situation of traffic noise in various residential areas at the
same time, it also can compare the situation of traffic noise in the same residential
area in different years. However, due to space constraints, only various residential
areas at the same time can be explored here. In the case of enough data, readers
can undertake follow-up studies, compare the situation of traffic noise in the same
residential area in different periods.
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Evaluation Research on the Portfolio Pricing
Model of Convertible Bonds

Ding-yue Kan, Chang Liu, Li Qian, Lu-yao Huang, and Hong-ye Wang

Abstract This paper first reviews the development of convertible bonds in the
world, and studies relevant research domestically and internationally. Then, after the
analysis of the characteristics, value composition, and detailed terms of convertible
bonds, this paper has a specific analysis and quantitative research on bonds, options
and value portfolio included in convertible bonds. In addition, this paper also
amends the corresponding model and increases the quantitative analysis of many
term values such as the dividend factors, put provisions, and call provisions included
in convertible bonds.

Keywords Convertible bonds ¢ Evaluation ¢ Portfolio * Pricing model

1 Introduction

The convertible bond market in China started in the early 1990s. At that time, there
were no formal rules and regulations of convertible bond in the country. But all types
of enterprises had already begun to try to issue convertible bonds to raise funds.
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During this period, the overseas-listed Chinese companies had salutary attempts
on convertible bonds. For example, Zhenhai Oil Refining and Chemical Company
in London and Hong Kong, Qingling Motor in Luxembourg and Hong Kong,
Huaneng Power International in New York and Luxembourg, issued convertible
bonds successively, accumulating rich international experience for the convertible
bond market in China. On March 25, 1997, the Securities Commission of the
State Council issued the “Interim Measures for the Administration of Convertible
Bonds”. At the same time, the State Council also carried out the experimental
work of convertible bonds in the key state-owned unlisted companies, and the
total size of the issue was four billion RMB. In this context, there were three
non-listed companies issuing convertible bonds, Nanhua convertible bonds, Silk
convertible bonds and Maoming Petrochemical convertible bonds. This is the first
standardized action of convertible bonds in China, which not only has a lot of
innovations in terms of timing, issuance provisions compared to those in the past,
but also many shortcomings that cannot be overcome. In 2001, the convertible bond
market had great changes. Introduced in April 2001, four supporting documents,
“Implementing Method of Listed Companies Issuing Convertible Bonds”, “The
Application Documents for Convertible Bonds of Listed Companies”, “Convertible
Bonds Prospectus” and “Convertible Bonds Listing Announcement”, make listed
companies have a legitimate market to issue convertible bonds. And China’s
convertible bond market steps to the comprehensive development stage. Split share
structure reform began in 2005 has new requirements for a new understanding
of convertible bonds. After the share reform, the company is still happy to
raise funds through the issuance of convertible bonds. The cumulative amount of
convertible bonds of more than 65 listed companies preparing to issue is over
55 billion RMB. 1t is visible that the role of convertible bonds in financing is
being strengthened. Convertible bonds have become one of the important tools
of corporate financing, and it also has an important influence on the bond market
(Yang Ruyan et al. 2002).

Chinese capital market always has the following problems such as overhigh
proportion of equity financing, lack of investment products, difficulty of
financial innovation and other issues. It is in urgent need of launching financial
products such as bonds and warrants and improving the relevant market.
Convertible bonds are one of the few Western innovative financial products
introduced in China in recent years. Compared with the well-known stocks,
corporate bonds and government bonds, it has richer content in theory, and
requires higher technology in practice. In particular, the pricing and design
of convertible bonds are very complex. It needs certain amendments to the
classical theory model, a serious issue placed in front of the theoretical
cycle.
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2 Influence Factor Analysis of Convertible Bonds Pricing

2.1 Analysis of the Basic Elements of Convertible Bonds

2.1.1 Underlying Stocks

Convertible bonds have subject matter, which is usually the common stocks of listed
companies and includes ordinary shares of other companies. The call option of the
underlying stock is included in the price of convertible bonds, so the change of the
price depends on the price movement of the underlying stock, and goes the same
way with it.

2.1.2 Coupon Rate

Convertible bonds’ coupon rate is generally lower than that of ordinary bonds.
Convertible bonds issued in China shall not be higher than bank deposit rates over
the same period. It is because the value of convertible bonds includes not only
interest, but also the calls of stocks, the value of which is enough to make up for
the spreads of interest rate generally, which is also the main reason for attracting
investors (Wang Chengwei and Wu Chongfeng 2007).

2.1.3 Conversion Price

Conversion price is the price paid by convertible bonds for the conversion of
per ordinary share. The conversion price of convertible bonds issued by listed
companies in China should be prescribed in the prospectus. Price should be
determined based on the average closing price of 13 corporate stocks of 30 trades
before the publication of the prospectus, and float upward a certain level. The two
concepts closely related to conversion price are conversion ratio and conversion
premium ratio.

2.1.4 Conversion Period

The conversion period is the period of the conversion of convertible bonds into
ordinary shares from the start date to the end date. The conversion period of
convertible bonds can be same as the maturity of the bonds. But in most cases, the
issuers all prescribe a specific period. Within the period of validity, it is allowed that
the convertible bond holders convert convertible bonds into the issuer’s shares at the



130 D. Kan et al.

conversion ratio or conversion price. In many cases, the company also provides that
the conversion ratio during the period of validity decreases gradually or is subsidiary
to call provisions. The progressive decrease of the conversion ratio is to reduce
certain ordinary shares convertible in every certain number of years. That subsidiary
to call provisions is that the company has the right to redeem such bonds at a certain
price within a certain period. The redemption price prescribed by the company is
generally slightly higher than the nominal value of the securities. When market price
of the securities is higher than their redemption price, companies tend to exercise
the right to redeem. At this time, if investors do not want to sell their bonds at
the redemption price to the company, they can only convert them into common
stocks. So redemption provisions play a role of forcing investors to implement the
conversion or sell their bonds (Zhou Lin 2003). Depending on the circumstances,
conversion period is usually divided into the following four kinds:

. From 1 day after issued for a period to 1 day before the maturity date;
. From 1 day after issued for a period to the maturity date;

. From the issue date to 1 day before the maturity date;

. From the issue date to the maturity date

AW N =

In the first two cases, after the issuance of convertible bonds, the issuing company
locks a specific period, within which the company will not accept the conversion
matters, with the purpose of not wanting to prematurely convert liabilities into
capital so that diluting the original shareholders’ equity; in the latter two cases,
the issuing company does not lock a period for convertible bonds before converting
them into shares, in order to attract more investors. Normally, the conversion price
is higher than the market price of the underlying stock at that time, so investors
generally do not exercise the debt-for-equity swap immediately after the issuance
of the convertible bonds. After 6 months from the issue date, convertible bonds in
China can be converted into corporate stocks. The specific conversion period of
convertible bonds should be determined by issuers in accordance with the duration
of convertible bonds and the company’s financial condition.

2.1.5 Call Provisions

The redemption of convertible bonds is that under certain conditions, the company
buys convertible bonds which are not converted into stocks back at a pre-agreed
price. Once the company issued the notice of redemption, the holders of convertible
bonds must make a choice between conversion and the sale of convertible bonds.
Under normal circumstances, the holders of convertible bonds will choose conver-
sion (Hu Huaibang 2000). It is thus clear that the main function of call provisions
is to force convertible bond holders to exercise their debt-for-equity swap, thus
speeding up the conversion, so it is called acceleration clauses.

1. The main purpose of setting call provisions
2. The main content of call provisions
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2.1.6 Put Provisions

If setting call provisions is mainly to protect the interests of the issuers, then setting
put provisions is to protect the interests of bondholders. Put-back refers to the action
when the company stock price is less than the conversion price continuously over a
period of time, and when it reaches a certain level, holders of convertible bonds sell
the bonds to the issuers at the pre-agreed price. In order to reduce the investment
risk, and attract more investors, the issuing company usually sets the provisions. To
some extent, it protects investors, and acts a form of investors transferring risk to
the issuing company. Put-back is essentially a put option. The put provisions mainly
consist of put-back date, put-back conditions, put-back price, put-back application
and so on.

2.1.7 Conversion Adjustment Conditions and Protection Clause

After the issuance of convertible bonds, the asset reorganization or financing
behavior will sometimes happen in the company. Sometimes these behaviors cause
the conversion price higher than the current share price, making the conversion
impossible. At that time it needs to adjust the conversion price in order to protect the
interests of investors. Conversion adjustment conditions are sometimes referred to
reset clauses. When stock performs poor, these clauses allow the issuing company
to lower the conversion price to 70-80 % of the original conversion price at
the appointed time. Article 27 of “Implementing Method of Listed Companies
Issuing Convertible Bonds” in China provides that after the issuance of convertible
bonds, when allotment, refinance, stock dividend, separation or other causes lead to
changes in the shares of the issuers, it should adjust conversion price and make an
announcement at the same time (He Chengfeng 2001).

2.1.8 The Duration Period of Convertible Bonds

The duration period of convertible bonds directly determines the discounted present
value of the bond portion of convertible bonds. “Implementing Method of Listed
Companies Issuing Convertible Bonds” in China provides that: The period of
convertible bonds is 3 years at minimum, up to a maximum of 5 years, which is
agreed by the issuer and lead underwriter according to the specific circumstances of
the issuer.

2.1.9 The Repayment Method of Convertible Bonds

The factors such as whether the principal of convertible bonds is repayable in
installments or is repayable in full at maturity and whether convertible bonds
are repaid with cash or the underlying stock at maturity will affect the value
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of convertible bonds. Article 24 of “Implementing Method of Listed Companies
Issuing Convertible Bonds™ in China provides that: convertible bonds should pay
the interests every 6 months or a year; within five working days after the expiration,
it should pay the principal of convertible bonds which not converted into stocks and
the interest of the last installment. The specific payment date and interest accrual
rules should be stipulated by the issuer.

2.2 Characteristic Analysis of Convertible Bonds

2.2.1 The Property of Debt and Stock of Convertible Bonds

Convertible bonds are a hybrid financial instrument with both fixed income and
equity characteristics. In the classification of financial instruments, convertible
bonds are between pure equity and pure debt instruments. So it has the property of
both debt and stocks. The factors having a decisive impact on the property of debt
and stocks: the company scale, the company’s profitability, the company’s growth,
the use of raising funds, the asset liability ratio of the company and the company’s
dividend policy (Cai Dianchun and Zhang Xin 2002).

The Company Scale

Western security analysis theory holds that the company scale can be used as a
proxy variable for information asymmetry. In general, the larger the company is,
the greater the degree of external information asymmetry will be and the more
cautious investors are, and thus influencing the secondary market. In our country,
the mechanism of the company scale playing a role is realized by the number
of tradable shares, the greater the size of the tradable shares the company has,
the stronger the liquidity of the company’s equity will be and the property of
stocks.

The Company’s Profitability

This is a relatively important factor influencing the property of stocks and bonds.
It is the performance support for the company’s fundamentals, and is also the basic
protection for the stability and rising of existing stocks in the secondary market. If
the company’s profitability declines, it is bound to affect the trend of the secondary
market, thus affecting the company’s property of stocks (Wang Xiaoxia 2005).
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The Company’s Growth

Mature security analysis theory usually measures the company’s growth by Tobin Q,
or R & D ratio. Tobin Q is the ratio of the company’s market value and book value,
where the book value was calculated using the replacement cost of the company first
and later became the evaluation got through the future discounted cash flow. Tobin
Q expects the company’s growth by market evaluation. Another indicator is R &
D ratio, namely the ratio of research and development expenses in the company’s
total sales. When calculating it, we should pay attention to using the previous year’s
research and development expenses of the issuance of convertible bonds to divide
the issuer’s sales for the present year. The higher the R & D ratio is, the greater
the company’s growth space will be, because technological progress can always
improve production efficiency and capacity (Wang Jing 2005).

The Use of Raising Funds by the Company

Standard security analysis techniques hold that a company’s market value must
contain the information on investment opportunities owned by the company. The
investment of convertible bonds raising funds is usually divided into capital
investment, the investment of the acquisition of other companies or projects, the
investment of repayment of old debts as well as a variety of uses.

The Asset Liability Ratio of the Company

When designing the provisions of convertible bonds, the liability structure of the
company usually affects the orientation of the property of stocks and debt. If the
company’s asset-liability ratio is too high, in order to optimize the capital structure,
on the one hand, the company expects stronger property of stocks when designing
the issuance provisions of convertible bonds; on the other hand, the use of the
company’s rights after the issuance of convertible bonds, such as the right of
redemption, reset clause, and the rights implied by the conversion price will tend
to promote the success of conversion (Wang Li 2005).

The Company’s Dividend Policy

The company’s dividend policy is another important factor affecting the property
of stocks and debt of convertible bonds. If the obtained dividends by investors after
conversion are more than the interest when they hold, they are more enthusiastic at
conversion, thus convertible bonds shows greater property of stocks. But in China,
the dividend payout has become the mainstream, and the calculation of dividend
yield is difficult.
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2.2.2 Convertible Bonds Have a Lower Interest Rate

The interest rate of convertible bonds is lower than that of the average corporate
bonds. It may not exceed the level of the bank deposit interest rate for the
corresponding period, so the issuing company can reduce interest expense, and
save financing costs. Investors temporarily give up part of the interest income while
obtaining a conversion option (Li Li 2005).

2.2.3 The Conversion Price of Convertible Bonds Is Higher than
the Average Price Level of Corporate Stock When Issued

The conversion price of convertible bonds is the price that the holders subscribe
the stocks of the issuer. The price is also known as the conversion premium. The
conversion price set when issuing convertible bonds is generally determined by
floating upward 6-30 % based on the average stock price of the issuing company
1 month before. It is usually higher than the stock price of the issue date. The
“conversion premium” is higher than 5-15 % of the stock value, reflecting that
people expect the stock price to rise. For investors, they get the ideal income before
the final redemption date, when the issuer’s listed stock price has risen above the
stipulated conversion price of convertible bonds. To enable the stock price of the
issuing company to rise higher than the conversion price during the conversion
period so that promote the successes of the conversion, the issuing company
must create the best operation performance and accelerate the development of the
company. When the shares change due to the issuance of new shares, stock dividend
and other reasons, the issuing company shall timely adjust the conversion price, in
order to protect the interests of investors from being affected (Fan Jing 2004).

2.2.4 The Redeemable and Put Table Nature of Convertible Bonds

The issuing company can provide in the contract the additional provisions of
redeeming the bonds before the maturity date at the agreed price higher than the
face value of the bonds, namely when market interest rate of the bonds declines,
the issuing company redeems the old bonds at premium, and then issues new bonds
at a lower interest rate. The redeemable nature of convertible bonds increases the
flexibility of the issuing company’s financing, helping further reduce financing
costs. In the contract, it can also provide additional provision that the investors may
request the issuing company to buy the bonds at a certain rate of return before the
maturity date, namely when the issuing company’s stock price continues lower than
the conversion price in a period of time and reaches a certain amplitude, investors
can return the bonds they hold at a pre-agreed price to the issuing company. The
put table nature provides additional protection for the interests of investors (Wang
Tiefeng 2005).
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3 The Pricing Model of Convertible Bonds

3.1 The Pricing of the Bond Portion of Convertible Bonds

3.1.1 The Pricing Formula of the Bond Portion of Convertible Bonds

The pure bond price of convertible bonds can be calculated using the discounted
cash flow formula. Set C;, Cs,...,C, as the cash flow of n times for a period of
time, #;,t; . . . ,t, as the time from cash flow occurring to the time now, the discount
rate as R, then the present value Cy of the cash flow can be determined by the
following formula:

N
Cy = Cle—Rn + Cze—th 4t Cne—Rt,, — Z Cne_Rt" 1)

n=1

Equation (1), in China’s current circulation, the face values of convertible bonds
are all 100 RMB, the interest is paid annually, and the principal and interest of the
last year are paid at maturity. Let r;,r, . .. ,r, be coupon rate of convertible bonds,
t1,t; .. . t, be the time from the time now to when convertible bonds pay the principal
and interest. For interest payments, levy interest tax of 2005 with discount rate of R
(continuous interest rate), then the pure bond value PV of convertible bonds can be
determined as follows:

PV =100 x (1 —20%) rie % 4+ ..
+ 100 x (1 —20%) rye RN 4+ 100e™ Rin

N
=80 rye R 100e )

n=1

3.1.2 The Determination of the Discount Rate

There are many methods to determine the discount rate:

1. Directly use the bonds’ yield to maturity or bank fixed deposit interest rate of the
similar maturity as the discount rate;

2. On the basis of the bonds’ yield to maturity of the similar maturity, add a certain
level of credit risk premium;

3. Based on the average yield to maturity of corporate bonds of the similar maturity
listed on the Shanghai and Shenzhen Stock Exchange, make the appropriate
floating. In China’s current circulation, the face values of the ordinary corporate
bonds are all 100 RMB. Set the current price of the ordinary corporate bonds as
Py, ry,ry ..., as the coupon rate of ordinary corporate bonds, #;,, .. . ,t,, as the
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time from the time now to when ordinary corporate bonds pay the principal and
interest. Levy 20 % interest tax on the interest paid, then the yield, namely the
discount rate (continuous interest rate), of ordinary corporate bonds is determined
by Eq. (2).

This paper adopts the first method, and selects the 5-year bank deposit rate of
3.6 % of similar maturity for the discount rate.

3.1.3 The Pricing Formula of the Option Portion of Convertible Bonds

The assumptions of B-S option pricing model:

¢ The stock price follows the lognormal distribution

¢ There are no transaction costs and tax, options and stocks can be split unlimited

* At short options or stock, there is no market imperfection

* Risk-free interest rate r is constant and the same for any maturity date

e There are no dividend payments in the period of validity of the derivative
securities

» Securities transactions are continuous

In the above premise, the valuation formula of European call option is:
Ci = SN (dy) = Xe "IN (do) 3)
where:

d = In(S/X)+ (r+02/2) (T —1)
b oNvT —t

“4)

_ In(S/X) + (r—02/2) (T —1)
B oNT —1t
=d —ovT —t ®)

d>

C — the price of call option

T - the expiration date of the option

t — the time of observation period

S — the market price of the underlying stock

X — the agreed price specified in the option contract, namely the strike price (the
conversion price)

r — risk-free rate (continuous interest rate)

o — the volatility of the underlying stock price

N(x) — the cumulative probability distribution function for standard normal variable
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Table 1 The value of convertible bond calculation results

Item BOl’.ld . A put Dividends
portion Redemption : id onti
. lue option paid option
Name of the option va value value
value
1
West stee 103.38 22 13 10.36
bond
Huadian debt 104.96 -3.38 2.52 46.89
The
DianZhuan 108.15 -2.34 2.13 42.44
debt

Given in Table 1 according to the formula to calculate the calculation results of
convertible bonds.

4 Conclusion

With convertible bonds as the research object, this paper mainly uses the theory of
option pricing to study convertible bond pricing, and explores and uses the modified
B-S option pricing models to give a more accurate and reasonable pricing of
convertible bonds. The study results show that the B-S option pricing model satisfies
the condition of dividend payments. Meanwhile, after call and put provisions are
brought into the pricing of convertible bonds, the calculated value of convertible
bonds is closer to their real value.
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Linkage Effects of Trade Openness
and Financial Openness on Technological
Progress

Feng-wu Han and Ling-xue Zhu

Abstract In an open economic entity, trade openness and financial openness have
both formed an interactive relationship with technology. Based on the existing
research, this paper intends to establish a unified composite model and to prove in a
quantitative way that in the OECD countries, technical level is mainly promoted
by their investment in research and development. Although trade openness and
financial openness also play positive roles in promoting technical level, their
influence is relatively weak, and the promotion effect of the financial opening will
delay for 1 week.

Keywords Financial openness ¢ Technological progress ¢ Trade openness

1 Introduction and Theoretical Analysis

Trade openness will affect technology, either for the exporters or importers. Gross-
man and Helpman (1991a) separately did the analysis using technology transfer
brought by the international trade. They first assumes that technology transfer in
international trade will bring no cost for analysis, then they divert their attention
to the technology transfer which will biting cost. The conclusion they draw is that
north-south trade has a profound effect on southern technology progress. But to the
advances of northern technology the effect is uncertain. Ethier and Markusen (1991)
believes that international trade has increased the number of intermediate products
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which include science and technology, and, as a result, the increase of the production
technology level of the trading countries brings the promotion of total factor
productivity. Connolly analyses the quality ladder model and points out that the
entry of new invention of high quality products into the international trade system
can more effectively improve the productivity level of importers. Grossman and
Helpman (1991a) believe that trade openness makes importers dismantle imported
products through reverse engineering method, and then the importers imitate and
learn the techniques of imported products to improve their domestic technology
level and, as a result, reduce the risk and uncertainty of active development. In an
open economy, the productivity level of importers can improve rapidly at a low cost
through more contacting with, using and dismantling products of new technology.

Study on the promoting effect of financial openness on technology mainly
has the following several aspects. First, financial openness makes capital flow
transnationally which can make up for the research funds demand of teams in
financial opening countries (Kumar et al. 1998; UNCTAD 1999). Research and
development needs a lot of funds, financial openness makes the enterprises in
opening countries have more space to seek funds, which can meet the continuous
need of a great sum of money.

Secondly, financial openness makes the entry of the foreign financial ser-
vice mode possible, and these financial services include advanced organizational
knowledge.

The capital inflows, such as venture capital funds, investment trusts funds, seed
funds and angel funds which have the ability of risk identification and management,
play a positive inspiring and leading role in the formations of domestic fund
management and use concept. And, as a result, they have more opportunities to
obtain funds to make technical innovation and thus improving the efficiency of
research and development funds.

Nowadays, fierce market competition and great technological changes force all
the companies to innovate constantly or look for available advanced technology.
Because of financial openness, funds can search in the world for various potential
of technology, talents, companies and a variety of available information and results
(Pietrobelli and Samper 1997; Lucas 1990; Grossman and Helpman 1991b) to speed
up their development and immediately be used of globally.

Financial openness makes transnational corporations invest transnationally,
bringing the advanced technology and research and development activities in
order to adapt to the local production. These technologies hire local staff and
cooperate with local companies to form a complete set of production and then
compete with local companies, which makes the associated economic institutions,
other companies and institutions, competitive firms, the employees in the host
countries absorb and digest the advanced technology (Nadiri 1991) when working,
cooperating and competing with multinational corporations and thus forming
the technology diffusion effect and technology transfer channel, promoting the
related technology of the host countries, and this phenomenon is called technology
spillovers (Kokko 1994; Sjoholm 1999).
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As we can see from the above analysis, openness of trade and financial have
both formed an interactive relationship with technology. But none of the existing
literature has synthesized the three and this section will build a simple model to put
the three together in order to quantify the relationship between them.

Assuming that the technology level of a country can be represented by the stock
of intermediate products of its production M, and the corresponding technical level
abroad can also be represented by its stock of intermediate products M.

At the same time, assuming that the technology level can be represented by the
number of intermediate products, and it coincides with the cost of technological
innovation (r*) into a reverse correlation function, then its function is:

1
Tec=My={—.0<a<10<w<l (1)
r

¢4 > 0 is the coefficient for technology development;

Assuming that the higher the trade openness is the more foreign intermediate
products we can receive. And through learning and competing with domestic
enterprise products innovations are stimulated, and so {; = 7.T0O%, here {7, >0,
TO is the trade, thus Tec = §T6L.Tr—aw.

The foregoing analysis pointed out that trade openness is affected by the level of
technology both at home and abroad. The technical differences between them form
the intra-industry and inter-industry trade comparative advantages, which plays a
positive role in promoting the development of international trade. At the same time,
trade openness is also influenced by internal and external GDP (denoted respectively
as Yy, Yr) and also the distance between the two sides of the impacts, so:

By
Qﬂzfl—Y71V0<ﬂ<10<y<1 )
Dis
{10 is a comprehensive coefficient representing other factors that affect trade
openness.

Financial openness is affected by two technological factors, on the one hand,
it is affected by the decrease in operating costs of the financial system brought
by technological progress and it makes the low-cost implementation of financial
opening possible. Assuming that other factors are constant, then:

FO = troM? 3)

0 < ¢ < 1,Fp is a comprehensive coefficient representing other factors.

From the above three equations, we can see that technology stock can promote
the openness of trade, and technology innovation is affected by the financing cost.
Finance is a kind of service and with the opening up of it, all financial institutions are
facing more competitors, and as market suppliers increase, their monopoly profits
will be gradually reduced, then r={_,F 0~ * 0<i<l, {ro 1s a comprehensive
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coefficient representing other factors. Put r into formula (2), then Tec = ¢y ZL” FO*,
and as we can see, financial opening can promote technological progress. ,

If we plug it in the formula (3), then the relationship between trade Openness and
financial openness can be described as:

croM | *
10 = D—isfydy Y ' Tech = e sroTec”
B 1-p
otk 10"
Dis d°f pap
B 1-B 1/(1-w)
Sroln.M ¢ _
w10 [ grf/ef’CD.f Ydefl‘ "FoXP = Cros10 FOMPI=0) (4
r A ’
_ - (1-o)
oM™ i R
Where {re—10 = %YJY} Y Lrost0 = mgiﬁ—Di;YJY} ’

As can be seen from the above equation, after technical intermediary, financial
openness is to play a positive role in promoting trade openness. The importance of
the role is not only influenced by the above coefficient { o — 70, but also affected by
AaB/(1 —w).

Then look at the way how trade opening influences financial openness. Financial
openness is affected by the technical level, and technical level can be influenced by
trade openness, so, the function describing the influence changes as follows:

FO = tpoM] = CpesroTec?

TO¢ TO“%
_ ¢ _ _
= LroMy = Lrolre’ prraie Erolre” (P F Oy
{FOZT ) 1/(04+Aag)
N FO[ {1ec } TOweIIHia9) _ g0 pes/itiey)  (5)

1/(1+Aap)
Where {r0-sr0 = [Ifaggﬂ]

openness. “

As can be seen from the equation, after technical intermediary, financial openness
is affecting trade openness. And the degree of the effect is not only influenced by
the above coefficient {ro — 10, but also affected by we/(1 + Aag).

We can draw the conclusion from the above theoretical analysis of trade
openness, technology, financial openness that trade openness can introduce new
technology and competition, promoting the domestic technological progress. The
improvement of the bilateral technology level will enlarge the differences between
the two country’s development directions, thus promoting the inter-industry trade.
Through improving the operating efficiency of the financial system, spreading
risks and seeking for product innovations, technology progresses, changing of the

,Cre—sro = CFo, and FO is the financial
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financial structure, grasping the comparative advantage and forming the condition
for financial opening. Through optimizing the allocation of resources, financial
opening encourages technological innovation and reduces the opportunity cost, thus
promoting technological progress and then improving the production efficiency. The
enrichment of product category, or to say, the strengthening of the comparative
advantages increases trade opportunities.

2 The Index Selection and Empirical Analysis

This article only analyze the economic entity belonging to the Organization for
Economic Cooperation and Development (OECD), mainly because these entities are
mostly economically developed countries and they have experienced more complete
economic development stages than developing countries, so these countries can
better reflect the law of economic development. In order to meet the characteristics
of industrial transfer, in this paper, some developing countries are added when
studying industrial transfer. Developing countries have yet experienced the trans-
ferring process of development, maturity, fading of the manufacturing industry and,
at the same time, their high technology industry is still in its infancy, so they can’t
absolutely response the complete process today’s world economy has experienced.

2.1 The Trade Openness Indicator

Trade openness measure indexes are mainly used for measuring the degree of trade
openness. In this section, as to the trade openness, we still use the common practice,
that’s to say, we use the ratio of import and export volume to the country’s gross
domestic product (GDP) as the trade openness, and the data come from the OECD.
From the graph, we can see that there exists great differences among the OECD
countries as to trade openness, and this can explain two questions.

That is, on the one hand, the share of the total import and export trade volume in
GDP can vary greatly in different countries and direct comparison of trade openness
has some problems. This agrees with S. Kuznets’s (1989) discoveries in his study,
that’s to say, there is a negative correlation relationship between the ratio of the
international trade volume to GDP and the national income. And this also agrees
with the conclusion that the share of the international trade volume in GDP has a
u-shaped correlation relationship with the country’s gross domestic product.

On the other hand, the trade openness calculated using this algorithm grows
slowly with time and this suggests the value of using this indicator. And the
term “Average” represents the annual average of the trade openness of all OECD
countries.
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2.2 The Financial Openness Indicator

The degree of opening to the outside world is described as the “breadth” or as
the “depth”. In this paper, we make some partial adjustments about the financial
openness indicator used by Jiang Boke (1999).

The computation formula is as follows:

FO = (DDI + FDI)/GDP + SI/GDP + OI/GDP + NACB/TACB (6)

Where, FO: Financial openness; DDI, FDI: foreign direct investment and the
foreign direct investment on domestic; GDP: The gross national product; SI:
Securities investment, including the country holding foreign securities and foreign
securities held for their; OI: In addition to total other investment securities and
foreign direct investment, including native to other investment and foreign to
domestic investment; NACB: The central bank net foreign assets; TACB: The central
bank total assets.

2.3 The Technical Effect Indicator

The technical effects will be divided into two parts in this paper, namely the
technical effects of objects and technical effects of knowledge. In this paper, from
the perspective of data availability, we select per thousand per capita authorized
patent number as the materialized technology and use the share of people who have
been highly educated in the labor force as the knowledge technology. The patent
number is determined according to the statistical data of the European Patent Office
(EPO) in the OECD, and the ratio of highly educated labor is taken from the WDI
database.

The technical effects are expressed by the per thousand per capita authorized
patent number(patent); the human capital is expressed by the ratio of the labor force
who have received the tertiary education(edu); the industrial transfer(transfer) is
represented by the ratio of service sector output and the industrial output of the
country in related years; the scale effects(scale) are expressed by the ratio of the
formation value of the fixed capital and the total sum of added value of the three
industries. Financial openness and trade openness will be respectively described
in Sects. 4.1.1 and 4.1.2. The level of research and development (research) is
measured by the share of the country’s R&D investment in GDP. patent;;, research,,
eduy, financey, trade;,, transfer;, scale;; represent the technological level, the R&D
level, the human capital level, financial openness, trade openness, the industrial
transfer and the scale effects. Where,i=1,2,...,N, the letter ‘I’ represents different
countries, and “N” is the individual number of the panel data; t=1,2,...,T, ‘t
represents different years and ‘T’ is the maximum length of the time series. In this
section, the empirical data last from the year 1985 to 2008.
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Table 1 Unit root test

Value Cross

Variables Order Test method of statistics P sections Observations
Research 0 IPS-W-STAT 0.83503 0.7982 28 274

ADF 52.8672 0.5942 28 274

PP 79.3743 0.0217 28 281
Research 1 IPS-W-STAT —6.762 0 26 241

ADF 136.119 0 28 247

PP 162.05 0 28 252

According to the previous assumptions, we can establish the following regression
model:

T T
patent;, = a; + Z ﬂo,,_jpatenti’,_j + Z B1—jresearch;;_;
j=1 j=0

T T T
+ Z Boi—jedu; —; + Z B3i—jfinance; ,_; + Z Pas—jtrade; ,—;

j=0 j=0 j=0
T T
+ Z ﬂS,l—jtransferi,t—j + Z Bo.—jscale; —; + eir @)
j=0 J=0

a is a constant, Bo, B1, B2, B3, B4, Bs respectively for the coefficients
corresponding item, e;; residuals. Numerical 31 countries from 1985 to 2008, the
numerical OECD. The variables in the previous chapters have a unit root test, for
a smooth, establish panel model. Unit root test corresponding variables has pasted.
Unit root tests found that all regression variables for a smooth as shown in Table 1,
has conducted a panel regression, excluding some insignificant variable results
obtained as shown in Table 1.

After using the unit root test we find that all the regression variables are first-
order stationary, so we use the panel regression method to get rid of some variables
whose effects are not significant and the result is shown in Table 2.

Similarly, test the model with Hausman method and we found it refuses the
original assumption, that is, the random utility model is not suitable for this model,
so here we select the fixed-effects regression model for empirical analysis, the
detailed data will be shown in the last line of Table 2.

As can be seen from the empirical analysis, technological level is mainly
promoted by their investment in research and development. Although trade openness
and financial opening also have a positive role in promoting technological level,
their effects are relatively weak. We didn’t find that the scale effect and industry
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Table 2 The fixed effects model of technical effects

Dependent variable: scale effect

Controlled variable Value Standard deviation T Statistic Value P
Constant coefficient —0.00019 0.013945 —0.01393 0.9889
Patent(—1) 0.715405 0.037339 19.15993 0
Research 0.016843 0.00707 2.382218 0.0181
Research(—1) —0.00984 0.007042 —1.39735 0.1637
Finance(—1) 0.000283 9.42E—05 3.006302 0.003
Trade 0.000231 0.000109 2.121752 0.035
Trade(—1) —0.00014 0.000117 —1.23102 0.2197
Transfer 0.001391 0.004019 0.346008 0.7297
Scale 0.017178 0.027332 0.628509 0.5303
R-Squared 0.993942 F-statistic 1,102.262

AD]J. R-squared 0.99304 PROB(F-STAT.) 0

Durbin-Watson stat 1.880807

Hausman test CHI-SQ. statistic 99.3014 0

Note: The table is omitted in the constant coefficient value of each country

transfer have significant influences on the technical level. This can be interpreted as
follows: the scale effect has formed R&D advantage, thus promoting the progress
of technology level.

The uncertainty how industry transfer influences technical progress is mainly
because in this study phase the OECD countries are mainly industrial exporters,
and they have no effect on domestic technological progress but significant impact
on the countries concerned. Specifically, once the investment in R&D increases by
one unit, the technology level will increase by 0.017 units. And each unit of financial
openness growth in the last phase will lead to 0.03 % units’ increase in technological
level. Also, each unit of increase in trade openness will also lead technological level
to increase by 0.02 % units. The effect of other variables on the technical level is
not significant.

3 Conclusions

The technical effect has positive influences on trade openness, and the effect caused
by the technological progress is more obvious. The level of technology has positive
influences on financial openness, and the effect caused by the technical effect
is greater. In OECD countries, technological level is mainly promoted by their
investment in research and development. Although trade openness and financial
opening also have a positive role in promoting technological level, their effects are
relatively weak and the promotion effect caused by financial opening will delay for
1 week.
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And then the interactional relationships of trade openness, financial openness and
technological progress in developing countries and developed countries. The leading
level and the accumulation of experience in the high technology and financial
industry grant them absolute advantages in the international market and in the
high-end fields. What’s more, the roll-out of the manufacturing industry provides
low-cost labor for high technology industry and the financial services further.

As to developing countries, it is a different story. On the one hand, developing
countries have to accept the manufacturing industry left by the developed countries,
but on the other hand, they can develop their own technology during the industry
transfer by means of learning. But because of their backwardness of the financial
and trade level, it is difficult to surpass the developed countries in a short period of
time.
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The Whole Interaction of Trade Openness,
Financial Openness and Scale Effect

Feng-wu Han and Xiang-song Meng

Abstract Based on classic model (Do and Levchenko, J Financ Econ 86(3):796—
834, 2007), the single factor is adjusted to the two model, and the mechanisms
of interaction between trade openness, financial openness and the scale effect
are proved by theory. Through the empirical analysis of the OECD and major
developing countries, the paper explains the different effect of the interaction
between different stages of economic development and open economy.

Keywords Financial openness ¢ Trade openness * Scale effect

1 Introduction

The scale effect in theory can be divided into three types, namely economies of
scale, diseconomies of scale, scale invariant. The economies of scale (Economics of
Scale), may go by the name of “scale benefit”.

Study on the interaction between the reduced scale effect and financial openness
about trade liberalization of the financing cost of production, the article from
the Kletzer and Bardhan (1987) and Beck (2002) model and Do and Levchenko
(2007) elements of the original model into the open after a simple expansion.
Do and Levchenko (2007) model that international trade makes a particular industry
because of the existence of economies of scale, so it increases the demand of funds,
high quality financial system and requirements can reduce the financing cost and
liquidity shocks exist, the introduction of external competitors in an economic body
of existing financial system in order to achieve a more the market demand will
produce. Kletzer and Bardhan (1987) model for illustrating the liquidity shocks
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and efficient financial market can help enterprises to reduce transaction costs,
coping with capital market, thus the effect of economy of scale to establish relative
advantage.

2 Theoretical Analysis

Based on the original model of Do and Levchenko (2007), the original single
elements is adjusted to the two model, the remaining unchanged. Assume that there
is an economic body, it has the elements of land and Labor. The production of
a kind of capital depends on the type of two goods of product F and a simple
commodity A.

Time interval is made up by successive time intervals of ,Consumption takes
place at the end of time interval time ¢ € [0,1]. The utility function using two
commercial Cobb-Douglas form:

U(cr,ca) = cgel™ (D

Now with A as the numeraire commodity, then the relative price of the commod-
ity Fis pp. According to the utility maximization principle, the relationship between
relative prices directly we can draw a conclusion that consumption and products:

o Cy

PF = 2

Cl—oacr

Suppose that the market is perfectly competitive, free access to the production of
F or any one industry. Entrepreneurs make decisions at the time of starting point.
The production of these two sectors take place in the continuous period ¢ € [0,1]. To
simplify the calculation, it is assumed that the element of land and labor factor can
completely replace or invest in fixed proportions, the combination of elements of L,
called the combination of elements. Set A as linear technology output function, so
according to the profit maximization theory, p4 = w = 1 can be obtained. If a unit of
labor wages is w.

F is a kind of dependence on external financing products, assuming that the unit
of output also need comprehensive elements of L unit. So the product F industry
project continuous rate of return is (R;); e 0,17, In each time period, the project by the

A w/prob.(1/2)
— A w/prob.(1/2)"

In the formula A is a positive constant. The assumption here in time for all
companies shocks are independent and identically distributed. If at the time of [z,
t + dr], liquidity shock is positive, or liquidity needs to be realized, then the project
proceeds Rdt. Otherwise, at that time the income is 0.

There is demand for liquidity providers need to borrow to meet liquidity. There
is a spot credit market in each time [¢, 7+ dt], the excess capital entrepreneurs

liquidity shock A,, the expression for the: A=
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need to borrow on the current market interest rates to the shortage of liquidity
manufacturers. The period of the debt contract will be at the end of time interval
and return. The assumption here, market liquidity is determined by the supply and
demand of liquidity. If the liquidity shock is positive, then there is a transition of
financial supply, interest rate will be 0. On the other hand, if the liquidity shock
is negative, the lenders receive all the income to the F production project, that is
r:Adt = ppRdt. In the latter case, in order to obtain the liquidity in the enterprise is a
time of return rate of 0.

Now assume that 7 is used in the industry of integrated elements of the proportion
of F. Then the number of the industry’s total company is nL, i € {1, ...,nL}. And
for the time period y, are clearing out a project in [¢, 7 4 df] ratio, its value is:

nL nL
1 oo 1i
Yy = q AL ; A lf; A A3)
0 otherwise

At time t, the liquidity impact of the economies of all industry company in F

nL
is Z 5&; If the value is positive, said no project by liquidity shock and collapse,
if ileglgative, indicating a certain amount of company due to impact, depends on
the size of aggregate shocks. The possibility that project impact probability and
failure is random, then F accumulated output to R[1—y(nL)], y(nL)= [ (l)y,dt.
F industry enterprises to maximize profits, product F price equal to its unit cost:
prRI1 —y(mL)]=w=1and ¢, = (1 —n)L.

The model shows that the equilibrium value, y(nL) refers to the liquidity
shock is not external financing caused the loss of output of the proportion of
enterprises, 1 — y(nL) is to obtain external liquidity enterprises. While the financial
system’s quality and engaged in F industry production enterprises the proportion
of W positive correlation. When the quantity is engaged in F industry enterprises
increased, in a given range of the negative impact of the probability is small, the
enterprise liquidation is less. The function y(nL) can be used as the function of
quality of the financial system, from its definition can be obtained as a decreasing
function, and the presence of y(1) = 1/2, lim,; - 0oy (nL) = 0.

In a closed economy, is a measure of the economic structure of the index, the
market clearing conditions mean that consumption equals output:

cr=R[l—y(®L)]nL 4)

Thus, we conclude that the form of product distribution: 7 = a.

In each time period ¢ € [0,1], assumption for received positive impact of the
number of enterprises, then nL —k is a negative number to the impact of the
enterprise. If k > nL —k, then the period of the loan amount to A(nL — k). On the
contrary, it can borrow a total of A(k), economy has been hit by a liquidity constraint:
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nL/2 nL
PrivateCredit = A | » " kP(k)+ »_ (L —k) P(k) 5)
1 nL/2+1

K is a binomial random variable probability by 50 %, total amount is 1L, so the
equation can be simplified as:

1
PrivateCredit = E/lr)L (6)

It can be seen from the above equation is proportional to the external dependence
on external finance industry.

Now suppose that two countries N and S. Endowment integrated elements of
their respectively for L and L, existence of productivity differences is Ricardo in
F industry between them is RV > R5. And assuming that N is the only production of
F products in the trade equilibrium state. So as long as the determined N country
into comprehensive elements industry F, the proportion of " can product structure
determine the equilibrium. At this time, the market conditions for the:

cr =RY[1—y (" LV)] " LY (7
and
ca=(1—-n")LVN +L° (8)

From the above two equations can be obtained when the resource allocation
scheme for equilibrium:

N s

nN = aLL;NL,when V<1 ®
Clearly, if W is large enough, or the K is small enough, the above condition is
very easy to meet. For example, two kinds of products for the Consumer basket
accounted for the same o = 1/2, factor endowments and the two countries of the
same LV = LS. There will be n¥ = 1. At this moment there is not the credit in the S.
From the above four equations can be seen, after the trade opening n" > 5,
the N has more credit, this also means that the product of the financial system
supply effectively increase, because y(nVLV) < y(nLN). The increase in supply
in two ways: one is the gradual development of the accumulation of capital in the
domestic financial industry and raise capital for conversion to solve; second, through
the financial opening for the supply in market. A short period of time, the latter is
far more potential and effects, though probably because of mismanagement caused
the financial crisis. Baltagi et al. (2009) pointed out that the financial opening is
one effective way of financial development. So the two ways can be satisfied by
the financial openness, because financial development and direct financing also
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constitute the financial opening demand. When more and more manufacturing
companies to enter the F industry, the formation of scale economy, external
financing needs cannot be achieved enterprises declined, financial development has
deepened, financial openness has also expanded.

So from the above conclusion shows, trade openness makes economy of scale
industry to play, this time need higher quality financial system to meet the needs of
financial openness will emerge as the times require, in this condition.

If a country’s financial openness makes the country’s financial product com-
petition is more intense, improves the relative efficiency of financial system, the
country’s more dependent on capital has the scale effect of the industry will get
faster development, because its comparative advantage, and then changed the size
and structure of the current international trade, and promote the trade openness. For
those developed countries and financial development has been particularly useful for
a certain level of developing countries. Financial liberalization makes the domestic
financial intermediaries and financial system and development driven by market
competition mechanism, this mechanism allows all industry benefit, but for those
with economies of scale enterprises benefit more.

3 Empirical Analysis

The empirical analysis of the organization for economic cooperation and devel-
opment (OECD) of the economies in this paper. The main reason is the OECD
countries are mostly developed countries, experience the stage of economic devel-
opment than the developing countries must be complete, can reflect the law of
economic development. In this paper, on the research of the transfer of industry also
joined in some developing countries, in order to meet the characteristics of industrial
transfer itself. Developing countries have not experienced the development of
manufacturing industry, mature, rate come to transfer process, at the same time,
the development of high-tech industry is in the primary stage, the complete process
cannot complete reaction of the world economy experienced.

Index of trade liberalization is mainly used to measure the degree of trade
openness. Trade openness in this section is still used in practice, namely the choice
of the total import and export volume accounted for the country’s gross domestic
product, data from the OECD organization, the results in Fig. 4.1. As can be seen
from the graph, OECD is the same country, trade openness can vary greatly, and
this shows that two issues. On the one hand, with import and export trade volume
accounted for the proportion of GDP, the difference value of different countries can
be very large, direct comparison between trade openness has some problems, this
and S. Kuznets (1989) study found, namely the rate of international trade and GDP
and press between national income measure country size has a negative correlation
relationship, consistent relationship also exist some similar to the U type and the
country’s gross domestic product. On the other hand, computing the same countries
trade with the calculation method of openness in along with the time growth was
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Fig. 1 The degree of trade openness

slow growth [detailed data can refer to Fig. 1], indicating that the index value. The
Average term represents the mean of all OECD countries trade openness of year.
The Average term represents the mean of all OECD countries trade openness of
year.

The degree of opening up, one is the “breadth”, another is “depth”. In this paper,
Jiang Boke (1999) defines the financial openness index adjustment, then the volume
again. The calculation formula is as follows:

FO = (DDI + FDI) /GDP + SI/GDP + OI/GDP + NACB/TACB  (10)

Where, FO: Financial openness; DDI, FDI: foreign direct investment and the
foreign direct investment on domestic; GDP: The gross national product; SI:
Securities investment, including the country holding foreign securities and foreign
securities held for their; OI: In addition to total other investment securities and
foreign direct investment, including native to other investment and foreign to
domestic investment; NACB: The central bank net foreign assets; TACB: The central
bank total assets.

Index scale effect from Michael Thorpe and Zhaoyang Zhang (2005), the total
assets and the first (Agriculture), second (industry), the tertiary industry (service
industry) the increase in the ratio of value as a proxy measure of effect size. Seen
from Fig. 4.6 can also, the period since 1970 to 2008, from a part of the OECD
national [because of the economic data of some OECD countries early no statistics.]
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Table 1 Relationship between transverse industry scale economy and industry, internal, vertical
intra-industry trade

Intra-industry Horizontal intra-industry Vertical intra-industry
Variable quantity trade trade trade
Production capacity ~ 0.0161 (1.8941)* 0.0374 (4.9867)*** —0.0147 (2.0704)**

Note:

1. *, ** and * * * in the table, are significant at the 10 level, 5 and 1 % level. The rest of the original
variable regression. The amount saved. The brackets data bit numerical line regression, the data in
brackets for the t statistic value

2. The data in this table are picked from Michael Thorpe and Zhaoyang Zhang (2005) in Table 2

Production scale gradually improved, although the growth rate is relatively small.
From Table 1, from the angle of statistics confirmed, 39 years production scale
sequence first-order stationary, indicating the presence of increasing with time
significant trend of the sequence. Due to the macro variables reflect the change of
scale economies slow, so that it can only in a relatively long time to reflect. This
stage, if the use of political economics point of view, it is the so-called by the free
competition capitalism to monopoly as the main characteristics of the imperialist
transition. At the same time, this paper gives the trend chart scale effect of different
types of countries around the world, due to lack of statistical data, complete can be
used for comparison only from 2000 to 2006 data period. From the graph we can
see, with the development of global economy, the scale economy effect of various
types of countries are on the rise, although there are repeated, but the overall trend in
growth. Findings from some types of national longer data, the 1997 financial crisis,
and economies of scale countries all have relatively obvious decline, due to limited
space not to be shown in this paper.

Very difficult to choose the size effect of macroeconomic indicators. The
selection of the index of two main factors, one is based on the existing literature,
Marx is the two labor twoness doctrine based on.

Michael Thorpe and Zhaoyang Zhang (2005) found on East Asia economies of
scale in the region can effectively promote the increase of horizontal intra-industry
trade in the empirical data from 1971 to 1996, the vertical intra-industry trade is
inhibited, but relatively small amounts, from an overall perspective is still positive
correlation, the limited when measuring the industrial scale data availability, the
total fixed capital formation by industrial added value ratio as a proxy to represent,
the empirical results in Table 1.

Labor twoness doctrine based on, Marx quotes from Chinese version of “capital”,
Marx have seen the reference entry. He pointed out that, with the development of
capitalism, will result in the increase of the capital organic composition, especially
in the industrial field. This increases the product of constant capital return on
investment and human capital returns ratio. The relative increase in constant capital
investment, means to produce more surplus value and more capital accumulation,
thus improving the economic scale of industry.



156 F. Han and X. Meng

The above two factors based on the index, with assets and the amount of the first
(Agriculture), second (industry), the tertiary industry (service industry) the increase
in the ratio of value as a proxy measure of effect size.

According to the theory, this section with trade openness, financial openness, the
effects of technology and industry transfer four explanatory variables to explain the
size effect.

The number of technical effect per thousand per capita patent technology (patent)
and human capital are chosen to accept third grade education labor population ratio
(edu) said. Industrial transfer (transfer) is the ratio of the corresponding service
industry output value of industrial output each year and said. The scale effect (scale)
is used to form the corresponding fixed assets each year and increase three industry
ratio and said. Financial openness are described in the formula (10).

Trade openness measure indexes are mainly used for measuring the degree of
trade openness. In this section, as to the trade openness, we still use the common
practice, that’s to say, we use the ratio of import and export volume to the country’s
gross domestic product (GDP) as the trade openness, and the data come from the
OECD. The result is shown in Fig. 1. From the graph, we can see that there exists
great differences among the OECD countries as to trade openness, and this can
explain two questions.

That is, on the one hand, the share of the total import and export trade volume in
GDP can vary greatly in different countries and direct comparison of trade openness
has some problems. This agrees with S. Kuznets’s (1989) discoveries in his study,
that’s to say, there is a negative correlation relationship between the ratio of the
international trade volume to GDP and the national income. And this also agrees
with the conclusion that the share of the international trade volume in GDP has a
u-shaped correlation relationship with the country’s gross domestic product.

Using patent;,, edu;, finance;, trade;,, transfer;,, scale;, identifier representation
technology, human capital, financial openness, trade openness, industrial transfer,
scale effect. Among them, i = 1,2, ..., N, i indicate different countries, N indicates
the number of individuals contained in panel data; t =1, 2, ..., T, t indicate different
years, t indicate the maximum length of time series. The empirical data of this
section of the choice from the beginning of 1985 to 2008 at the end of the year.

According to the previous assumption, the following regression model:

T T T
scale;; = a; + E ﬂo,t_jscale,»,,_j + E ﬁlgt_jpatent,»’,_j + E ﬁz,,_jedui,,_j
Jj=1 Jj=0 Jj=0

T T
+ Z B3.—jfinance;,_; + Z,B4,t—j trade; ,—;

Jj=0 Jj=0

T
+ Z Bs.—jtransfer; ,_; + eir an
j=0
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Table 2 The fixed effect model scale effect

Dependent variable: scale effect

Controlled variable Value Standard deviation t Statistic Value p
Constant coefficient 0.030227 0.00937 3.226057 0.0013
Scale(—1) 0.808613 0.02428 33.30332 0
Patent(—1) —0.01527 0.024601 —0.62078 0.535
Finance 0.000194 0.000147 1.313303 0.1896
Finance(—1) 1.93E-05 0.000151 0.128129 0.8981
Trade —0.00029 0.000162 —1.80007 0.0724
Trade(—1) 0.000343 0.000163 2.099995 0.0362
Transfer —0.03571 0.008746 —4.08351 0.0001
Transfer(—1) 0.042147 0.009071 4.646202 0
R-Squared 0.897505 f-statistic 138.1029

Adj. R-squared 0.891006 Prob(f-stat.) 0

Durbin-Watson stat 1.684152

Hausman test Chi-sq. statistic 34.78589 0

Note: Table omitted in each section countries often coefficient

« is a constant, Bo, B1, B2, B3, Ba, Bs respectively for the coefficients cor-
responding item, e; residuals. Numerical 31 countries from 1985 to 2008, the
numerical OECD. The variables in the previous chapters have a unit root test, for
a smooth, establish panel model. Unit root test corresponding variables has pasted.
Unit root tests found that all regression variables for a smooth, has conducted a
panel regression, excluding some insignificant variable results obtained as shown in
Table 2.

The same Hausman test was performed on the model, the reject the null
hypothesis, that the model is not suitable for the random utility model, so the
empirical choice is the fixed effects model.

From the empirical research can be seen, the scale effect is mainly affected
by itself and trade openness, industrial transfer and positive effect, effect of other
factors on it were not. Impact of trade openness in the scale effect is negative,
although its role is only 3/10,000, but is the positive influence on the next stage,
the effect of slightly more than 3/10,000 point four, larger than a role, namely
comprehensive effect is positive. Industrial transfer on the scale of the role of the
same trade openness. Industrial transfer a unit of each growth period, the scale effect
will be reduced by 0.04 units, but a positive effect on the next stage, the size of
0.42 units, the comprehensive effect is positive. Effect of financial openness on
the scale effect is not significant, mainly because of financial opening to provide
financial support for the expansion of the scale, member of OECD organization,
in the financial opening before the majority belongs to domestic capital abundant
country, they mainly through the financial opening the capital output instead of
attracting funds, hence the empirical results. Effect of technology effect on the
scale effect should also not significant, this is mainly because of the country’s
technology progress to provide a higher rate of return on capital, reduce power
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enterprises pursue profits through scale effect. Technology innovation, will form
a new industry and growing, while existing industry with the development of new
industry is gradually squeezed out, the formation of industrial transfer phenomenon.

4 Conclusions

Trade openness is the scale of the positive role. Financial openness is also affected
by the economy of scale and positive effect. The scale effect on financial openness
promotes strong. The scale effect is mainly affected by itself and trade openness,
industrial transfer and positive effect, the impact of financial openness on it is not
significant. The impact of trade openness in the scale effect is negative, a period of
lag influence is positive, the comprehensive effect is positive.

Then the relationship between trade openness, financial opening, the scale
effect between developing and developed countries. Because the recipient country
manufacturing industry financial openness makes the developed countries can go
to the transfer of funds, low cost, but the scale economic benefit from the industry
rapidly from domestic to foreign.

For the developing countries is another story. In the developed country manufac-
turing industry transfer out at the same time, temporary sacrifice future opportunities
promising high-end technology and financial industry, this is the general law of
development, is also with trepidation.
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Study on Measurement of Eco-efficiency
of Beijing-Tianjin-Hebei Metropolitan Region

Wen-bao Sun and Jing Peng

Abstract Eco-efficiency is an important index on measuring sustainability status
and circular economy development. As an important growth-pole of China’s
economy in the twenty-first century, Beijing-Tianjin-Hebei Metropolitan Region
has been facing the increasingly serious resources and environment problems
with industrialization. Based on the related data from 2006 to 2008, the paper
measures the eco-efficiency and input surplus of ten cities in Beijing-Tianjin-
Hebei Metropolitan Region by DEA method, and then points out the improvement
direction for the invalid cities. By the research, the paper aims at promoting
ecological construction of the region and the country.

Keywords Beijing-Tianjin-Hebei Metropolitan Region ¢ Data envelopment
analysis ¢ Eco-efficiency

1 Introduction

World economic history shows that there is a strong correlation between the
economic growth and the change of economic structural, and the economy develops
with the constant change of economic structure. With the 30 years of China’s reform
and opening up, China experienced the rapid development of industrialization and
urbanization, and the problem on the resource and environment constraints to the
economic development is more and more serious. Statistics showed that China’s
GDP growth rate in 2006 was 10.5 %, while the GDP energy consumption at that
year was 1.21 millions tons of standard coal, which was 3—11 times of that in
developed countries. Moreover, according to the measure and calculation of the
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World Bank and the domestic sector, in the mid-1990s of last century, the 2/3
economic growth in China lied in the overdraft to the entironment. It has been
recognized that the extensive economic growth model of high energy consumption
and high pollution has come to the end. In the age of ecological constraints with
relatively scare natural capital, it has become the important issue of economic
growth transformation and circular economy development to seek for the effective
compatibility and harmonious development of industrial system and environment
(Zhou Guomei et al. 2003; Zhu Dajian and Zhu Yuan 2005).

Beijing-Tianjin-Hebei Metropolitan Region is becoming the third growth pole
of China economy by natural geographical advantage and good economic foun-
dation. In accordance with the concept of the National Development and Reform,
“Beijing-Tianjin-Hebei Metropolitan Regional Planning”, Beijing-Tianjin-Hebei
Metropolitan Region includes two municipalities, which are Beijing and Tianjin,
and eight cities from Hebei Province, which are Qinhuangdao, Tangshan, Langfang,
Baoding, Shijiazhuang, Cangzhou, Zhangjiakou and Chengde. Such region is not
only the most important political and cultural center in China, but also the biggest
and highest level economic core area in north China, which is the important hub and
gateway for China’s participation in international economic exchanges and coop-
eration as well. However, the region takes the manufacturing development model
and lakes of adequate understanding on the coordinated development relationship
between the industrial system and the environment. All of these make the resource
and environment have become the more and more serious issue for the area’s
development, and how to achieve industrial upgrading and sustainable development
also is becoming the key to obtain new growth momentum in the region. Taking
into account the difficulties being faced by the region is universal in China, the
study on the region’s eco-efficiency between different cities has important reference
value not only for such region but also the whole nation. Accordingly, this paper
evaluated and analyzed eco-efficiency among the cities of Beijing-Tianjin-Hebei
Metropolitan Region by DEA models to understand the effect of industrial growth
to the ecological environment in the region.

The second part mainly introduced the concept of eco-efficiency and briefly
described DEA model, which also explained the index design. The third part is the
specific empirical analysis. Finally the paper made a brief conclusion.

2 Methodology

The concept of eco-efficiency (Stigson 1999) is from ecological economics, which
was first proposed by Schaltegger and Sturm in 1990. Later OECDE (economic
Cooperation and Development Organization) and the WBCSD (World Business
Council for Sustainable Development) began to promote and implement this concept
in their project, which makes the concept of eco-efficiency widely recognized and
accepted. The reason why eco-efficiency become more and more popular on the
one hand is due to increasingly stringent environment legislation, and on the other
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hand is due to enterprises environment behaviours’ affect to their Public image
and financial performance (Konar and Cohen 1997). Therefore, eco-efficiency has
become an important part of the competitive strategy.

In general, eco-efficiency means the ability to bring the least environmental
impact during producing goods and services (Yoshinori Kobayashi et al. 2005).
From the empirical point of view, eco-efficiency usually can be described as: the
increase in economic value divides by the level of environmental damage. While
eco-efficiency definition is clear and intuitive, its actual quantitative assessment is
still often vague. On the one hand, many evaluating indicators are often alternative;
on the other hand, the purpose of evaluating eco-efficiency is to provide the
necessary information for decision-making, and therefore it must ultimately form
a single standard for decision-making on the different dimensions assessment
of eco-efficiency (Timo Kuosmanen and Mika Kortelainen 2005). Based on this
consideration, many scholars take DEA (Data Envelopment Analysis) method to
evaluate eco-efficiency.

DEA method was first used to evaluate performance when there are multiple
performance standards, which is widely used in the public sectors and non-profit
organizations (Dyckhoff and Allen 2001; Lv Bin and Yang Jianxin 2006). There are
two reasons why the method is very suitable for eco-efficiency evaluation. The first
one is that is could well explain the alternative possibilities of different performance
standards. The second one is that such method is automatically empowered with
statistical methods, which could avoid the impact of subjective empowerment.

The basic principle of DEA methods is below: the multiple inputs and outputs’
project data of decision-making is projected in the coordinate space, find the
maximum outputs or minimum inputs as efficiency border to measure the efficiency
of each DMU (decision-making unit). If the observed number of DMU falls on the
efficiency boundary, then it is considered that the DMU is relatively efficient, and
its efficiency value is 1. Or it is considered relatively inefficient, and its efficiency
value is between 0 and 1, the gap represents the inefficient extent of such DMU.

Based on this principle, Charnes, Cooper and Rhodes proposed C’R model by
linear programming in 1978 (Charnes et al. 1978; Sheng Zhaohan 1996). Suppose
there are n DMU; s, and each DMU; has m inputs types and s outputs types, then the
C?R model with non-Archimedean infinitesimal can be expressed as:

min [0 —e (@"s™ +e"sT)] =V (e)

ik,‘xj‘ + 57 = 0xp

Jj=1
n

S.t. Z,‘\iyj—s"':yo
Jj=1
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Table 1 Eco-efficiency evaluation index of Beijing-Tianjin-Hebei metropolitan region

Index Meaning

Input index Industry power consumption Resource consumption indicators
Industrial Energy Consumption
Industrial Water consumption
Industrial waste water Environmental impact indicators
Industrial SO, emissions
Industrial soot emissions

Output index Total industrial output value Industrial output

Where, x; means input variables, y; means output variable. ¢ is non-Archimedean
infinitesimal, which is an abstract mathematical concept, is a number less

than any positive number and larger than zero. @/ = (1,1,---,1)" e R™,
el =(1,1,---,)T €R*, s~ and st are respectively surplus variable and slack

variable, which ; is coefficient vector and 6 is parameter.
Let the optimal solutions of the planning problems are A*,s" ~,s*+, 9% and

If 6* = 1, then DMU; is weak DEA efficient;
If*=1,ands"~ =0,s =0 then DMU; is DEA efficient.

Furthermore, it can also carry on the analysis of investment redundancy rate and
output underemployment rate for the non-DEA efficient DMU to improve DMU.
Investment redundancy rate is defined as the ratio of ;" and x; of DMU, which
means proportion to be saved for the investing component indicator. And the ratio
of sj+ and y; is called inadequate rate of output.

Among the studies on calculating eco-efficiency by using DEA method, the
main difference is that the undesirable output regarded as the input indicator or the
negative output indicator, which will lead to different DEA models. In this study,
we will regard the environmental impact as the inevitable cost to obtain economic
value, and therefore undesirable outputs will be considered as the input indicator
(Table 1). In the specific indicators design and selection, input indicators are divided
into two categories: resource consumption and environmental impact. Based on
the availability of the data, resource consumption indicators include industrial
electricity, industrial enterprises’ energy consumption and industrial enterprises’
water consumption; environmental impact indicators include industrial wastewater
emission, industrial SO, emission and industrial soot emission. Qutput indicators
are used by the total industrial output value of the cities to reflect industrial output.

3 Empirical Analysis

Use either SI (MKS) or CGS as primary units. (SI units are strongly encouraged.)
English units may be used as secondary units (in parentheses). This applies to
papers in data storage. For example, write “15 Gb/cm? (100 Gb/in?).” An exception
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Table 2 Eco-efficiency

evaluation result of City 2006 2007 2008

Beijing-Tianjin-Hebei Beijing 1 1 1

metropolitan region from Tianjin 1 1 1

2006 to 2008 Qinhuangdao  0.3225 0.3706  0.3945
Tangshan 02782 0.2797  0.3409
Langfang 1 1 1
Baoding 0.6639 0.7221  0.7475
Shijiazhuang  0.5055 0.4576  0.5695
Cangzhou 1 1 1
Zhangjiakou ~ 0.2120  0.2337  0.2298
Chengde 03167 03513  0.4380

is when English units are used as identifiers in trade, such as “3.5-in. disk
drive.”

According to “China City Statistical Yearbook”, “Beijing Statistical Yearbook”,
“Tianjin Statistical Yearbook” and “Hebei Economic Yearbook”, the relative datum
of the ten cities in Metropolitan Areas from 2006 to 2008 were selected, and
evaluating every city’s eco-efficiency by DEA method. The analysis software is
Lingo, and the result is shown in Table 2.

Table 2 shows that, during the period from 2006 to 2008, the eco-efficiency of
Beijing, Tianjin, Langfang and Cangzhou is relatively effective, and it is relatively
ineffective in Qinhuangdao, Tangshan, Baoding, Shijiazhuang, Zhangjiakou and
Chengde. Among them, the value of Zhangjiakou region is the lowest, which the
3-year average is only 0.2252, and the amplitude of fluctuation is low in the 3 years.
In fact, statistics show that, in addition to the amount of industrial wastewater
discharge from Zhangjiakou slightly less than that from Beijing, the amount of
industrial SO, emissions and industrial soot emissions from Zhangjiakou area is
higher than that from Beijing area, while its total industrial output value is less
than one-tenth of Beijing total industrial output. This indicates that its industrial
output is still limited to rely on serious ecological overdraft due to economic
underdevelopment in this region. According to the vertical comparison to the rest
five relatively ineffective cities, although all the cities’ eco-efficiency is invalid, it
tends to increase gradually in addition to Shijiazhuang, where its eco-efficiency
declined in 2007.

In order to further analyse the deep-rooted reason and clarify their eco-efficiency
improvements direction, the study analyzed the input redundancy rate of productiv-
ity input factors in these cities in 2008. The results are shown in Table 3.

Respectively, the main problem in Qinghuangdao is that the efficiency of
industrial water is relatively low, and the input redundancy rate is highest among ten
cities, which is 29.87 %, indicating that there may exist serious waste on industrial
water use. On the environmental impact, industrial SO, emission and industrial soot
emission all have the higher input redundancy rate, and thus the reduction focal
point is industrial gas emission abatement in the future.
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Table 3 The analysis of eco-efficiency input redundancy rate in 2008 (%)

City Industrial electricity Energy consumption Industrial use of water
Beijing

Tianjin

Qinhuangdao 29.87
Tangshan 8.00 23.88
Langfang

Baoding

Shijiazhuang 14.01 19.17
Cangzhou

Zhangjiakou 3.97

Chengde 16.39
City Wastewater discharge SO, discharge Soot discharge
Beijing

Tianjin

Qinhuangdao 3.20 22.78 10.74
Tangshan 16.98 20.96
Langfang

Baoding 50.45 47.62 39.19
Shijiazhuang 30.06 16.80
Cangzhou

Zhangjiakou 17.72 11.64
Chengde 10.32 30.89 31.03

The main problem in Tangshan is that there exists waste in both industrial enter-
prises energy consumption and water consumption, which the input redundancy rate
are respectively 8 % and 23.88 %. On the environmental impact, the main problem
is that the industrial soot emission and industrial SO, emission are too high, and
thus the future work should focus on the industrial waste gas emission reduction.

There does not exist input redundancy issue on resource consumption in Baoding,
but its input redundancy of the environmental impact input factors is serious. The
input redundancy rates of industrial wastewater, industrial SO, and industrial soot
are as high as 50.45 %, 47.62 % and 39.19 % respectively, which are the highest
among the ten cities, indicating that it is important to emphasize reducing emission
which is the major direction to develop economy and improve ecological efficiency.

Shijiazhuang is similar with Tangshan, and its main problems are higher
industrial enterprises’ energy consumption and water input redundancy rate. And
the industrial SO, emission and industrial soot emission are higher as well on
environmental impact.

It is not serious on input redundancy problem of resource consumption in
Zhangjiakou, and it is just 3.97 % for industrial enterprises energy consumption. The
main problems lie in the higher input redundancy rate of industrial SO, emission and
industrial soot emission, and thus the main point in the future is on the industrial
waste gas emission reduction.
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The input redundancy rate of industrial water is a bit high in Chengde, indicating
there is a certain degree of waste. And the input redundancy rates of its industrial
wastewater, industrial SO, and industrial soot are lower than that of Baoding,
indicating the further work should focus on the industrial waste gas emissions
reduction.

4 Conclusion

Since the beginning of this century, some contradictions and problems impacting
social and economic development have become increasingly prominent, and rapid
consumption of resources and environmental degradation has become the important
factors affecting the sustainable, stable and healthy development of society and
economy. As the third of China’s economic growth pole, the advantage of Beijing-
Tianjin-Hebei Metropolitan Region is obvious, and the economic growth rate is
significantly higher than that of the national average. But for a long time, due
to the limitation of subjective understanding, the symbiotic relationship between
the ecological environment and sustainable development is ignored, and ecological
issues such as environmental pollution, scarcity of resources etc. is increasingly
restricting the development of the region. Such phenomenon is universal in the
country, thus the paper will have the important reference value for industrial
ecological construction in China. According to the paper, we got the conclusions
below.

1. The eco-efficiency of Beijing, Tianjin, Langfang and Cangzhou is relatively
effective; and that of Qinhuangdao, Tangshan, Baoding, Shijiazhuang, Zhangji-
akou, Chengde is relatively ineffective.

2. For the six cities where eco-efficiency is relatively ineffective, the common
problem is that there is a higher input redundancy rate on industrial SO, emission
and industrial soot emission, suggesting that the reduction of industrial waste gas
emission will be the common focus of these cities in the future. In addition, there
are still serious industrial water profligacy in Qinhuangdao and Chengde. Energy
and water conservation should be strengthened in Tangshan and Shijiazhuang,
and it should pay more attention to reduce emission of industrial waste water in
Baoding.
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Food Regional Economic Regulation
and Control Policy Research

Zhi-qiang Feng

Abstract This paper based on the grain security, the grain the macroeconomic
regulation and control of the operation mechanism of the general theory, focus on
the China’s grain macroeconomic regulation and control mechanism, the concept
of grain macroeconomic regulation and control mechanism, the grain circulation
macroeconomic regulation and control tool application, grain circulation macroe-
conomic regulation and control system, the problem of grain circulation system,
grain price formation mechanism. Through the research set up grain macroeconomic
regulation and control of the operation mechanism of general theory.

Keywords Grain economy ¢ Grain macro-control mechanism ¢ Macroeconomic
management

1 Introduction

China’s grain macro-control mechanism is: follow the grain economic law, with the
national grain security as the foundation, the grain economy structure adjustment
as power, based on production and supply balance, trade and consumption balance,
price and social grain total cost balance, grain reserves and degree of self sufficiency
balance as the key point, establish and perfect the grain security is the core of
the production, processing, trade, reserve, consumption for control system, the
government on grain market effectively in macroeconomic regulation and control,
urbanization and agricultural modernization, industrialization process, improve the
grain farmers enthusiasm, protect grain producers and consumers’ vital interests,
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early warning and solving the international and domestic grain crisis and risk,
maintain grain markets continue to stability and promote national economic security
mechanism (Zhigiang Feng 2002).

Grain macro-control operation mechanism is the regulation of the target, the main
body of the control, regulation and control tools and control system composed of
four parts. Grain macro-control operation mechanism is the direct subsidy, price
support, income security, infrastructure and public service five policy formation.

Grain circulation macroeconomic regulation and control system to regulate the
construction of China’s grain market order, and improve the efficiency of grain
circulation, ensure grain supply, achieve grain security and promote the coordinated
development of the economy and society has a very important role. The market
mechanism is to promote the efficient allocation of resources mechanism, but the
lack of necessary to control the simple market regulation is caused extremely easily
grain supply and demand fluctuation and the market is not stable, thus affecting
grain security. According to the market economic operation rules and the WTO
rules in order to attach importance to the role of market mechanism, and at the same
time try to construct the grain macroeconomic regulation and control mechanism,
and the effect to the international market competition, to ensure that grain security
and social harmony and stability (The State Council 2004).

2 Methodology

Grain problem involves groups of different interests, different interest groups have
different goals. China’s grain macro-control mechanism basic goal seven levels,
seven big goal: the first level of target is grain economic security; The second level
is the goal of the grain market; The third level is the goal of grain stability; The
fourth level goal is to minimize the government financial burden. The fifth level of
objective is to protect the farmer benefit, The sixth level goal is to grain industry
development; The seventh level of target is the effective operating of the grain
enterprises (The United Nations Grain and Agriculture Organization 2010).

3 Results

3.1 Grain Regulation Mechanism of the General Requirements
of Main Body

Regulation mechanism to transcendental subject position, ensure the maximization
of total social welfare. Regulation mechanism subject to independent decision-
making rights, not affected by checks and balances. Regulation mechanism subject
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should have authority, according to the grain economic law and grain laws and
regulations on work. Regulation mechanism subject to necessary control tools,
such as grain risk fund, grain special reserve, price intervention economic tool.
Regulation mechanism subject to have a more complete information, the use of
grain early warning mechanism collect information (Agriculture 2008).

3.2 The Central Government Macroeconomic Regulation
and Control Mechanism of Grain Is the Only Subject

Theoretically, grain as a national public product with special properties of the goods,
the control rights and responsibility should belong to the central government, which
is the main body of the regulation in the government. The central government on
grain for the macroeconomic regulation and control, can play the enthusiasm of the
local government (Agriculture 2008).

3.3 Grain Macro-control Mechanism Can’t Make
“Decentralized”

From the control mechanism of the main requirements and control principle to see,
grain control rights must be unified, control rights can only focus on the central
government, the central government is the only main body of the decision-making
and the regulation of the main body of responsibility for. “Decentralized” because
regulation subject interests are not consistent, and offset control effect, can appear
even reverse regulation. Grain control can only lead by the state council, the grain
experts mainly comprised of grain macro-control committee to perform (China’s
National Development and Reform Commission 2008).

4 Discussion

4.1 The Grain Safety Stock

Grain reserves are essentially a “minimum grain inventory” concept. The interna-
tional recognized reserves of grain concept are put forward by FAO, called “carry
forward reserve” or “buffer stock”. Although the grain supply and demand situation
changed, but grain reserves for the present, the control of market tool cannot be
changed, but also play a more active role (Zhenbang Nie 2009).
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4.2 Grain Import and Export Trade

Grain import and export trade macroeconomic regulation and control is an important
tool, is through the grain import and export trade to ensure that the domestic grain
market stability and the control of grain price fluctuations, make full use of the
advantage of international division of labor.

4.3 Grain Financial Subsidies

Grain subsidy way and direction from the past to the circulation link subsidies
subsidies production link, from indirect subsidies direct subsidies to change.
Actively use the “yellow box policy”, to solve the problems of the protection of
the negative.

4.4 Financial Insurance

Financial insurance is incentive farmers grow grain of a kind of indirect control
measures, the tools use low cost, less to market intervention, guiding role is stronger.
Financial insurance guidance, support and help grain producers (Zhigiang Feng
2010).

4.5 Other Tools

Some basic support the use of policy plays a control tool. Such as the commodity
grain base infrastructure support, major grain producing areas production and
operation of the tax concessions, grain production technology support, application
technology promotion, major grain producing areas of farmland water source
protection, etc. (Henan Provincial People’s Government 2011).

5 Conclusion

5.1 The Unified Grain Control Command System

Grain macro-control is a matter of national economic security, the establishment
of unified grain macro-control command system, unified leadership and guidance
of the grain production and operation activities. Grain regulation is also a regular
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work, by full-time national grain macro-control committee to implement (The State
Council 2011a).

5.2 Efficient Grain Reserve System

Grain reserves is the important tool of macroeconomic regulation and control of
grain, is to ensure grain safety of the important means. Our country known as the
“present storage” fine tradition. In order to improve the grain macro-control system,
the central grain reserve “feng regret swallowed up” and the control of grain, basic to
achieve the purpose of macroeconomic regulation and control. State grain reserve
scale, structure, management mode and reserve system cannot fully adapt to the
needs of the national macroeconomic regulation and control of the contradiction.
One is, reserve management; The second is, reserve scale; The third is, reserve
mechanism; The fourth is, reserves supervision (The State Council 2011b).

5.3 Agile Grain Import and Export Trade System

China’s grain import and export mechanism not agile, resulting in the domestic
trade and foreign trade disrupted, grain trade to domestic and international market
changes do not have enough elastic, we must make a thorough reform. One is,
unified grain import and export management mechanism. The second is, the unified
organization of the grain import and export trade. The third is, determined the best
grain imports, help improve the total social welfare grain economy (The National
Development and Reform Commission 2011).

5.4 Sensitive Grain Early Warning and Emergency Treatment
System

Grain’s macroeconomic regulation and control of timeliness depends on grain
forecast and warning of the accuracy and timeliness, grain macro-control effect
depends on emergency effectiveness. Grain safety forecast warning and emergency
mechanism is to establish grain information system as the foundation, on grain
market dynamic monitoring and study the change rule and development trend,
when the market supply and demand imbalance, appear a warning signal, take some
emergency measures to control the market properly, otherwise the opposite aspects
regulation. Establish grain early warning and emergency mechanism must grasp
the following several aspects: one is that the composition of the early warning and
emergency response mechanism. The second is, warning the emergency treatment
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mechanism operation procedure. The third is, the management of early warning and
emergency response mechanism (Affairs Office of the State Council 2012).

5.5 A Full Range of Grain Support Protection System

Grain to this definition, the inferiority, public welfare and benefits of externalities,
determine the grain producers personal yields less than the social rate of return.
If there is no external support to improve grain producers personal rate of return,
producers will give up grow grain, which endanger grain economic security.
Therefore, the new grain circulation system should be grain support protection
system construction in the important position. One is, grain direct subsidy system.
The second is, the major grain producing areas of infrastructure construction.
Three is that grain production technology, grain quality transformation technology
support. The fourth is to major grain producing areas and grain producers to provide
policy financial support and policy insurance support for grain production to provide
the necessary funds, spread the risk of grain production and operation.

5.6 The Grain Circulation System

China’s grain circulation system is the main problems: no sound grain circulation
law system; Don’t improve the grain circulation of administrative management
system; Not a sound grain circulation market system, Not a sound grain circulation
control system; Not a sound grain circulation service system; Not a sound grain
resource allocation system; Not a sound grain comparative income system; Not
a sound producing benefit compensation mechanism system; Not a sound grain
logistics system (Zhiqgiang Feng 2012a).

5.7 Grain Price Formation Mechanism

Under the condition of market economy, the formation of the grain prices to the
market as the basis, this is the objective requirement of the rules of market economy,
the practice shows that its inevitability (Zhigiang Feng 2012b).

1. The market regulation grain prices can promote grain production technology
progress.

2. Market regulation grain prices, price fluctuates up and down, to regulate the
market supply and demand to relative balance of supply and demand.

3. Market regulation grain prices is helpful to guide the production, planting
structure adjustment.
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4. Market regulation grain prices to guide consumption, avoid the waste of
resources.
5. Establish and improve China’s grain price belt system.

References

Affairs Office of the State Council (2012) Food law (draft). Instructions, p9 (Government
Documents)

Agriculture (2008) The new 100 billion jins grain production capacity planning (2009-2020), p4
(Government Documents)

China’s National Development and Reform Commission (2008) The national grain security plan
for long-term, p 5 (Government Documents)

Henan Provincial People’s Government (2011) The central plains economic zone construction
outline (try out), p 8 (Government Documents)

The National Development and Reform Commission (2011) The state grain administration The
Grain Industry “12-5” development plan outline, p 3 (Government Documents)

The State Council (2004) Grain circulation management regulations, p 3 (Government Documents)

The State Council (2011a) About support in Henan Province, speed up the construction of the
central plains economic zone’s instruction opinion

The State Council (2011b) Modern agricultural development plan (2011-2015) notice, p 4
(Government Documents)

The United Nations Grain and Agriculture Organization (2010) The sustainability of the crisis to
deal with grain safety problem [M]. The United Nations Grain and Agriculture Organization,
pp 112-114

Zhenbang Nie (2009) Improve the macroeconomic regulation and control to ensure that grain
safety [J]. J Truth Facts 5:34

Zhigiang Feng (2002) Chinese grain economic problems of world civilization [M]. Hong Kong
Publishing Co., Ltd., Hong Kong, China, pp 345-348

Zhigiang Feng (2010) The innovation strategy [M]. The Chinese Market Press, Beijing, China,
pp 328-329

Zhiqgiang Feng (2012a) Innovation strategy [M]. China Publishing House, Beijing, China, pp 88-90

Zhigiang Feng (2012b) Modern enterprise management [M]. The Yellow River Water Conservancy
Press, Henan, China, pp 114-119



An Incentive Model for University Teachers
Based on Knowledge

Li-shuan Qin

Abstract Institutions of Higher Learning are typical knowledge-focused organiza-
tions. How to motivate the teaching faculty is one of the core contents of modern
university system. In this paper, the features of university teaching staff are explored
from the perspective of knowledge, and based on this an incentive model has been
constructed. As for the content and structure, three parts are involved. Firstly, the
concepts and distinctions involved in university teaching faculty are presented and
analyzed. Secondly, through case studies, the incentive factors playing key roles in
motivating teachers are explored. Most importantly, an incentive model based on
knowledge has been creatively attempted and constructed.

Keywords Factor analysis * Incentive model ¢ Incentive system ¢ Perspective of
knowledge * University teachers

Institutions of Higher Learning are typical knowledge-focused organizations in
which teaching resources are very important knowledge assets. How to motivate
the teaching faculty is one of the core contents of modern university system. In the
era of knowledge economy, in order to cut an edge in the increasingly competitive
environment, universities are adopting different measures in recruiting, training and
retaining the required talents.
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1 University Teachers from the Perspective of Knowledge

In the era of knowledge economy, universities not only transfer and diffuse inherent
knowledge, but also cultivate innovative talents for society, and directly serving
community through fruits of scientific research by teachers and students.

University teachers are knowledge-based employees of the university organi-
zation specializing in teaching, research, social service, management and other
academic work. Teachers and students, who are the primary resource in knowledge
economy, jointly form the main body of colleges and universities. In other words, it
is the university teachers and students who share the main responsibility of serving
the public (Tingcao Zhou 2007).

University teachers specially engage in knowledge work. As knowledge workers,
they have the following five characteristics:

1. Asis known to all, the professional level of university teachers is the determining
factor for quality teaching. In recent years in China, the current trend of teaching
staff getting doctoral degree appears irresistible. However, to them the initial
investment cost is huge. Estimated in accordance with our current economic
level of consumption, 240,000 yuan is required to get a master’s degree and
360,000 yuan for a doctorate (Bajun Fu 2009). Therefore, the high remuneration
expectation of university teachers is not unexpected.

2. Research work is the signified and dominant element for university teachers.
In 1810, the principle of “teaching and research unity” was presented by the
University of Berlin in Germany, imposing a revolutionary impact on higher
education worldwide. Henceforth, it has grown to be the second largest function
of colleges and universities (Wenzi Ye 2006). First of all, research capacity and
scientific fruits can actively contribute to teaching. Teaching activities based on
knowledge dissemination and diffusion are forms of academic activities highly
involved in creative efforts of both sides. With high academic proficiency, a
more thorough understanding of knowledge can be achieved, thus shortening
the distance between the receivers and the teachers more effectively. In addition,
academic research has become a relatively independent function of universities.
As the “engine” of knowledge economy, it also plays a vital role in promoting
social progress and development (Buunk and Carmona 2011).

3. Teaching and guiding are the two basic responsibilities of university teachers.
Classrooms are the usual places for teaching activities, through which teachers
try to lead students to their professional field, and trigger their desire for more
knowledge. After class teachers are also expected to give appropriate assistance
to students, especially give guidance on their research papers (Hearn 2001).

4. Serving the community. At the beginning of the twentieth century, Hayes, the
president of the University of Wisconsin, appealed that the teaching and research
activities of universities should take social needs into consideration. Thereafter,
“social service” has grown to become the third important function of universities
(Varghese 2004). Apparently, these responsibilities are assumed to be taken
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by university teachers, to be specific, through their research project (Velu and
Nordin 2011).

5. Being creative and free. Innovation is a fundamental property of the academic
work, the important foundation of the university itself, and also the necessary
condition for academic development. Through identification and integration of
effective knowledge, university teachers work with complexity and creativity.
With the high-risk and unpredictable nature, the smooth progress of knowledge
work needs a free academic environment (Klinker and Agnello 2010).

2 An Empirical Analysis of Teacher Incentive Management

Incentive management process is very complicated, which emphasizes not only the
strengthening process, but also the integrated dynamic system as a whole. To get
a clear picture of the career incentive situation of university teachers in China, an
empirical analysis is presented here as follows.

2.1 Questionnaire Design and Sample Selection

2.1.1 Questionnaire Design

By the survey of questionnaire, an empirical analysis is to be done to the current
situation of teacher incentive in China. Questions are designed mainly with close
options, scoring from 1 to 9. The main variables include the following:

For Q1 the occupational attractive factors, the alternative options are: Q11 remu-
neration, Q12 insurance and welfare, Q13 stability, Q14 personal career devel-
opment, Q15 working environment and conditions, Q16 working content, Q17
working time, Q18 social status, and Q19 other factors.

For Q2 factors of active working, the alternative options are: Q21 performance
appraisal system, Q22 remuneration, Q23 insurance and benefits, Q24 personal
career development, Q25 work environment and conditions, Q26 social status,
and Q27 other factors.

For Q3 occupational characteristics, the alternative options are: Q31 income
competitiveness in the human resources market, Q32 fair remuneration within
university, Q33 insurance level and condition, Q34 welfare and benefits, Q35
employee relations within the organization, Q36 work environment and working
conditions, Q37 work intensity and pressure, Q38 tasks and challenges, Q39 self
promotion through work, Q310 job promotion and opportunities.

As for the academic outcomes, three perspectives are involved: teaching, research
and social services. Four aspects are examined concerning the performances
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of teaching evaluation/self-assessment, published papers, published books and
research funding (Stembridge 1989).

2.1.2 Sample Selection

In this study, university teachers in Beijing are selected randomly for survey. To
obtain first-hand information, three ways of investigation are involved: question-
naire, telephone consultation and interview.

In this survey, 300 questionnaires are distributed, 277 copies are collected. After
preliminary sorting, 270 questionnaires are valid, the validity rate being 90 %.

In this study, to test the questionnaire reliability, internal consistency

2
reliability Cronbach a is calculated, & = ( k )(1 — ZS") = 0.605. Here,

k=1 s?
§? = var(>_X)), Si2 = Var(X;). Hence, the results can be trusted.

2.2 Statistical Analysis Description

2.2.1 Career Attraction Factors

Statistical analysis report shows that the career appealing factors of being university
teachers were listed from strong to weak as follows: Q13 stability, Q14 personal
career development, Q17 work time, Q16 job content, Q11 remuneration, Q15
working environment and conditions, Q18 social status, Q12 insurance and welfare,
and Q19 other factors.

2.2.2 Influential Factors for Active Work

The influential factors for active work are successively listed as follows: Q21 perfor-
mance appraisal system, Q24 personal career development, Q22 remuneration, Q26
social status, Q23 insurance and welfare, Q25 working environment and conditions,
Q27 other factors.

2.2.3 Professional Feature Index of University Teachers

University teachers in Beijing generally agree that Q31 the external competitiveness
of pay levels is not enough; Q32 the internal fairness of remuneration is also
relatively weak; Q35 the employee relationship within organization is not ideal.
Respondents generally feel that Q37 the intensity and pressure of work are strong;
Q38 the tasks are challenging. However, Q33 the insurance level and condition, Q34
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the welfare and benefits are comparatively satisfactory; Q36 the work environment
and working conditions are ideal; Q39 their abilities can be improved; Q310 work
has job promotion opportunities.

2.3 Output Factor Analysis

As for the work output, based on the factor analysis of professional characteristics
of university teachers, report shows:

1. Based on the ten indicators of occupational characteristics that affect aca-
demic output, common factor is extracted by principal component method:
KMO = 0.598, Sig=0.000, thus the consistency test is passed. The ten indi-
cators include: Q31 the external competitiveness of pay levels, Q32 the internal
fairness of remuneration, Q33 the insurance level and condition, Q34 the welfare
and benefits, Q35 the employee relationship within organization, Q36 the work
environment and working conditions, Q37 the intensity and pressure of work,
Q38 task challenge, Q39 self improvement through work; Q310 job promotion
opportunities.

2. In this study, four common factors are extracted by the principal component
method, which can explain 49.99 % of the overall variance. In other words, the
explanation is effective.

3. The four common factors

The first common factor F1 includes the following indicators: Q33 the insur-
ance level and condition, Q34 the welfare and benefits, Q35 the employee
relationship within organization, Q37 the intensity and pressure of work.

The second common factor F2 involves: Q31 the external competitiveness
of pay levels, Q33 the insurance level and condition, Q34 the welfare and
benefits, Q39 self improvement through work.

The third common factor F3 contains: Q37 the intensity and pressure of work,
Q38 task challenge.

The fourth common factor F4 mainly includes: Q310 job promotion opportuni-
ties, Q35 the employee relationship within organization.

The contribution rate of each indicator, see Table 1.
3 An Incentive Model for University Teachers
from the Perspective of Knowledge

Based on theory of motivation and conclusions of the above empirical analysis, an
incentive model is attempted (see Fig. 1).



180 L. Qin

Table 1 Ingredient matrix Ingredient
1 2 3 4
Q31 616 —436 —.033 .072
Q32 —.261 —.159 —.020 .661
Q33 590 —.313 .036 —.040
Q34 500 —.113 323 —.148
Q35 —-276 —.072 452 =532
Q36 —.225 =316 223 296
Q37 102 605 —216 —.145
Q38 251 .565 140 295
Q39 .657 275 .027 141

Q310 —.029 222 .802 .203

Note: The extraction method — the main
ingredient; the four extracted ingredients
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Fig. 1 Incentive model for university teachers

3.1 Model Structure

Teacher’s work behavior is closely related to their various personal needs, university
organization, work contract, psychological contract and so on. Teacher’s job satis-
faction is subject to compensation management system, performance management
system, job setting, organizational innovation, organizational culture, etc. (Davis
and Wilson 2000). Moreover, teacher’s job satisfaction and attitudes to work are also
influenced by the innovation and the development of the outside social environment
(Menges 1997).
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In this incentive model, the basic needs of university teachers include:

1. The needs of personal career development. Personal career development is
the most important need of university teachers. Given opportunities for job
promotion and progress in knowledge and capabilities, university teachers can
work out their potential and chase their dreams. In addition, their personal career
development is also determined by the organizations and social environment for
innovation and development (Menges 1997).

2. Constructing and maintaining contract. The work of university teachers is based
on the physical contract and psychological contract between the teachers and
their universities, bound and guided by the contractual relationship between
people and organizations. The incentive role of contract is achieved by teacher’s
commitment to his or her organization as well as the maintenance of knowledge
innovation. Maintenance to innovation and knowledge work is reflected in the
following aspects: challenging work for university teachers, moderate work
intensity and pressure, innovative working environment and good working
conditions. Universities also work out proper performance management systems,
and cultivate honest, innovative organizational culture to ensure the consistency
of innovative work of teachers. In fact, the construction and maintenance of
the contract between universities and their teachers is also influenced by social
innovation, development and culture of integrity (Sveiby and Lloyd 1987).

3. Demand for sense of belonging. University teachers, either working or living,
are in social network and need certain sense of belonging. On one hand,
university teachers need good employee relations within the organization; on
the other hand, outside the organization, whether it is in the family, or in wider
professional circle, in other social interactions, well-maintained family and social
relationships are their great expectations (Drucker 1988). Therefore, university
organizations should provide their teachers with conditions for maintaining
such social relations, including good relations of organization staff, reasonable
working hours, holiday arrangements, and professional reputation, etc.

4. Demand for security. Generally speaking, occupational insurances for university
teachers are important ways to meet their security needs. As effective measures,
a variety of insurance funds are provided such as pension insurance, medical
insurance, unemployment insurance, maternity insurance, injury insurance and
so on. With the accelerated social change and unsteady market, teachers’ demand
for career stability is increasingly felt. The high level expert knowledge needs
long time to accumulate. In addition, knowledge innovation also involves a high
degree of risk and an unpredictable nature, which has intensified the demand for
teachers to care about their job stability. The degree of satisfaction in this aspect
is connected with the salary management system as well as the conditions of
outside human resource market (Skinner 1938).

5. Economic needs. Economic need is the basic need in economic society, which
is also a premise for other needs. The creative work of university teachers
requires a certain amount of economic compensation for their labor and cost
as encouragement. Keeping pay levels with external competitiveness can attract
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and retain brilliant teachers. Keeping fairness in internal remuneration can meet
their psychological needs. Keeping an attractive welfare system can effectively
compensate for their creative work and help to work out their potential.

3.2 Feature Analysis of the System

The model system is a dynamic, open and organic system.

1.

The incentive model system is an open system, in which the components are
inevitably influenced by factors outside the system. Firstly, social innovation,
development and culture have impact on higher educational institutes and
university teachers. Changes of human resource market are also related to the
pay levels, stability and working pressure of the teachers. Moreover, the strategic
development, the rules and regulations, and the innovation culture all have a
direct or indirect impact on motivation of teachers as well.

. The internal structure of the system carries at three levels. The most peripheral

of the system includes social innovation, development, culture and other factors.
On the organizational level, the incentive measures involve such aspects as orga-
nization strategy, salary management, performance management, innovation,
development and other organizational culture, which are the important compo-
nents of incentive system. On the individual level, according to the professional
characteristics and the conclusions of empirical analysis, their needs are divided
into the following five aspects: personal career development, contract construc-
tion and maintenance, sense of belongings, security needs, and economic needs.

The incentive model is a dynamic organic system with varying degrees of

interaction between elements. The five major subsystems depend on each other and
support each other. In the era of knowledge economy, with rapid development of
knowledge innovation and social change, the changes in any factor may bring about
influence to the entire system and may produce a “butterfly effect”. In fact, all factors
of the system exist in a dynamic development process during which a dynamic and
orderly balance is achieved and maintained.

4 The Incentive System of University Teachers Based

on the Perspective of Knowledge

4.1 The Purposes and Principles of the System

1.

Design Purpose: Since the direct purpose is to motivate the work of the
teachers, the starting point and destination should meet the diverse needs of
teachers. While the primary purpose is to achieve the strategic objectives of
university development, therefore how to promote the optimal allocation of
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human resources is the main consideration to achieve the goals of university
development.

2. Design principles: scientific and systematic. Try to keep the balance of both
fairness and efficiency, both timeliness and appropriateness, both differences and
competition, both humanity and institutionalization (Yongming Wang 2008).

4.2 The Construction of Incentive System Based
on the Perspective of Knowledge

4.2.1 The Establishment of Scientific Management System and Incentive
System of Distribution

1. Evaluate the quality and quantity of teachers’ knowledge work. The evaluation is
expected to be measured against the education goals of the school and the tasks
assigned. By evaluation feedback, further motivate and improve the behavior of
teachers, thus mobilizing their work enthusiasm and creativity.

2. Raising salary, bonuses, benefits, welfare, funding and others are the major
material incentive ways to build an effective incentive-supporting system.

3. The organizational culture environment consists of theories, values, rules and
regulations that have an impact on its members. Organizational culture can actu-
ally guide, regulate and motivate the knowledge behavior of university teachers.

4.2.2 The Construction of a Guiding-Oriented Incentive System

1. Target incentive. The purpose of arousing teachers’ enthusiasm, initiative and
creativity could be achieved by converging the goals of both individual teachers
and the university.

2. Career development incentive. Giving full consideration to teachers’ expectations
is essential. If appropriate opportunities and timely help in various stages of
growth are provided, then teachers’ potential can be brought up.

3. Training incentive. Training is a means of career management. Enhancing
teacher’s own consciousness of self-motivation is also one of the important ways
to modify their values, attitudes and behavior, thus improving their teaching
ability.
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The Private Listed Company Executive
Compensation and Company Performance:
Based on Moderation Effect of Stock Rights

Yong-dong Wang and Lie-jin Lu

Abstract This paper is study on executive compensation and company perfor-
mance in Chinese private listed company. We use panel data multiple regression
to analysis the data, which is from 2006 to 2010. The results indicate the number of
man getting salaries in board of directors and board of supervisors is uncorrelated
to company performance. Compensation of board of directors is positive correlation
to revenue, net income and total assets. Compensation of executive is negative
correlation to operation revenue and total assets, but is not significant to net income.
In addition, the relationship between executive compensation and performance is
non-liner. Further this study found that voting right of controlling stockholder
and the quantity of CEO’s stocks had moderation effect to the compensation and
performance.

Keywords Executive compensation * Moderation effect ¢ Non-linear relation
* Private company

1 Introduction

All listed companies have to confront the problem of principal-agent, include
Chinese private companies. With China’s economic development, in capital market,
Chinese listed private companies increased. The diversity of ownership structure
prompted the measures of incentive and constraint agent. But the equity relative
concentration is still outstanding feature of Chinese listed private companies.
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In these companies, what is the effect of the salary incentive. Generally, the salary
incentive of senior executives is effective to company performance. Is there any
other person whose salary incentive is effect to the company performance? Which
are the moderators of the relationship between salary and performance? That is a
valuable problem to research.

2 Review of Related Literature

In theoretical research, Jensen and Meckling’s (1976) classical research, about the
agency problem is the most cited literature. They think agency cost is in everywhere.
The agent will deviate from the principal’s interest. In order to control the agent,
the principal have to properly incentives the agent, and undertake the monitoring
cost caused by it. They conclude giving managers stock rights and payment will
contribute to reduce the managers’ opportunism which including company-paid
consumption, robbing shareholder wealth. For solving the agent problem, the direct
effect is giving senior executive salary and stock incentive has long effect.

In the Empirical research, the topics on payment, stock rights and corporate
performance are emphasis of corporate governance. Most of the researches are focus
on senior executive (especially CEO) and they consider that it is positive correlation
between CEQ’s salary and company performance (Bin Liu et al. 2003; Murphy
1985; Jackson et al. 2008). Jensen and Murphy (1990) have already research the
payment form on the sensitivity of the performance, which include cash payment,
the internal shareholding etc. They find it is positive correlation between salary and
performance, but the function is limited of the incentive.

In view of the American company samples, Morck et al. (1988) find it is inverse
U type between managerial ownership and corporate value. When manager have
low quantity of holding stock, stock incentive mechanism is effective to increase
the value of company. When manager have high quantity of holding stock, manager
can more optional to draw water to one’s own mill and is harmful to the company
value. With empirical study, Claessens et al. (2000) find that the value of listed
company increase along with cash flow rights owned by the largest shareholder.
Certainly, part of post research finds it is not correlation between payment and
performance (Hirschey and Pappas 1981; Carroll and Ciscel 1982; Sigler and Haley
1995; Junxiong Fang 2009).

In China, early studies do not find it is not notable correlation between senior
executive payment and company performance. With the development of Chinese
company, the markets are more mature. Xingqiang Du and Wang Lihua (2007),
Xiangyi Xu et al. (2007) found that it is notable correlation between senior executive
payment and company performance. The further study find there is viscidity charac-
teristics of executive compensation performance sensibility. When the performance
increased, the range of the increasing payment is notable more than the range of
performance decreased. Honglin Yu (2006) considered that, in China, the level of
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listed company managers is positive correlation to the company value, but it is not
notable. There is few study on private company about this topics, scholars often look
private company as complement of stated owned company. There is still less study
about private listed company’s stock, payment and performance. We do not seek
any paper about the moderator of relationship between payment and performance in
private listed company.

3 Hypothesis and Sample Selection

In this research, payment is defined as monetary compensation. Due to data
availability, this research did not consider the effect of non-monetary compensation.
Company performance include: operating revenue, net income, total assets, basic
EPS (earnings per share). Senior managers include: chairman of the board, CEO
etc. managers, director and supervisory of the board. All of the data is from CCER
data base. This paper use STATA soft to analysis and test the theory. The range
of the data is from 2006 to 2010 and the data is not balance panel data, we
transform the data into balance panel data. The result is that there are 403 companies
and 2,015 records according to research need. We select 14 variables including
dependent variables, independent variable and control variables. The summery of
the 14 variables can be read in Table 1.

According to research need, we divide all variables into four kinds, which
including dependent variable, independent variable, control variables and moderator
variable. L11, L12, L13, L14 are dependents; L2, L3, L5 are control variable;
L4, L6, L9, L10 are independent variables; L1, L8, L7 are alternative moderators.
According to the related theory, we make the following hypothesis:

HI: senior executive compensation is correlation to the listed private company
performance.

Hla: the number of senior executives receiving compensation is positive corre-
lated to company performance

H1b: senior executives compensation is non-liner correlated to company perfor-
mance.

H2: the stock right is the moderator of the relationship between senior executives
payment and company performance.

H?2a: the stock right of control stock holder moderate to the relationship between
senior executives payment and company performance.

H2b: the quantity of CEO stock holding moderate to the relationship between
senior executives’ payment and company performance.
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Table 1 Variables summer

Var Mean Std. dev. Min Max

L1 32.77575 14.89805 2.06 87.85

L2 5.688834 1.570884 0 19

L3 3.336973 0.9241856 0 10

L4 3.940943 1.916838 0 12

L5 3.653598 1.120853 0 11

L6 2.637221 1.256129 0 8

L7 0.0307897 0.0990799 0 271

L8 3,550,256 2.90E4-07 0 1.12E4-09
L9 804,840 1,036,967 0 1.54E4-07
L10 764,743.4 1,197,376 0 4.33E+07
L11 1.85E+09 4.53E4-09 0.0001 7.55E+10
LI12 1.13E4-08 3.23E4-08 —2.81E409 5.62E+09
L13 2.57E4-09 3.98E4-09 222,849.1 4.83E410
L14 —0.2705816 22.2714 0 5.8932
Notes:

L1: the right to vote of control stockholder

L2:
L3:
L4:
L5:
Lé6:
L7:
LS:
L9:

L11
L12
L13

L14: basic EPS (earnings per share)

4

the board of directors scale

the numbers of independent directors
the numbers of directors receiving payment

supervisor scale of board

the numbers of supervisors receiving payment
the stockholder ratio of chairman of the board
the quantity of stock holding of CEO

the payment sum of the three directors whose payment is top
L10: the payment sum of the three managers whose payment is top

: operating revenue
: net income
: total assets

Results

We choose panel data multiple linear regressions (MLR) to analysis the data. The
results are below:

We use L11, L12, L13, and L14 as independent variables and separately from
four models: M1, M2, M3, M4. Firstly, we distinguish the four models with fixed
effect or random effect, though Hausman Test, if P value of Hausman Test is notable,
we strongly refuse null hypothesis, adopt fixed effect model, abandon random effect.
The test results of four models are M1, M3, M4 is random, and M2 is fixed effect
(Table 2).
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Table 2 Linear relationship validation

Var Ml M2 M3 M4
FE/RE RE FE RE RE
L2 2.76E+07 1,289,571 —8,300,122 4.74E—01
—0.634 —0.849 —0.887 —0.295
L3 2.75E+07 6,681,640 2.86E+07 4.13E—01
—0.689 —0.396 —0.682 —0.507
L5 3.09E+07 9,009,872 4.86E4-07 —3.38E—01
—0.738 —0.418 —0.594 —0.576
L4 —3.86E4-07 953,232.7 2.37E4+07 6.60E—04
—0.477 —0.882 —0.661 —0.999
L6 —3.62E+4-07 —749,068.7 5.46E+07 5.84E—01
—0.649 —0.936 —0.494 —0.327
L9 705.4978 56.78413 1,317.873 2.17E—07
(0.000)** (0.000)** (0.000)** —0.762
L10 —147.5612 —7.270933 —332.1699 2.70E—08
(0.022)** —0.324 (0.000)** —0.964
Cons 1.28E+09 8,629,047 1.30E+09 —4.85E+-00
(0.001)** —0.821 (0.000)** (0.043)**
R? 0.1316 0.1908 0.2392 0.0029
F test P value - 5.14 - -
0
Wald chi? 77.31 - 255.96 5.89
Hausman P 0.3741 - 0.3123 0.8048
Notes:

1. «x7 «**” respectively 10 % and 10 % significant level
2. FE and RE respectively stand for fixed effect and random effect

4.1 Monetary Compensation Incentive and Performance

Though the results (Table 2), we find: first, earnings per share model (M4), no
variables is notable, so we do not consider it in next analysis. Second, L9 (the
payment sum of the three directors whose payment is top) is notable positive
correlation in M1, M2, M3. L10 (the payment sum of the three managers whose
payment is top) is negative correlation correlative in M1, M2, M3, and is not
notable in M2, this is inconformity with null hypothesis (H1b). Third, the correlation
coefficient of L4, L6 are not notable in M1, M2, M3, M4, this is inconformity with
null hypothesis (H1a).

4.2 Test Non-Linear Relationship

In order to test non-linear relationship, we select L11, L12, L13 as dependent
variables, respectively regress to payment variables square. Though observing the
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Table 3 Nonlinear

relationship validation Var L13 L12 LIl

FE/RE RE RE RE

L2 10,700,000 6,495,628 17,700,000
0.824 0.188 0.712

L3 1.69E+07 6.20E+06 2.10E+07
0.808 0.4 0.757

L5 8.02E+07 4.98E4-06 1.28E+4-07
0.294 0.499 0.870

(L9)? 3.24E—05 8.43E—07 2.46E—05
0.036%* 0.606 0.106

(L10)? —2.13E—05 —1.08E—06 —1.79E—05
0.000%* 0.013** 0.000%**

L9 643.2213 77.11909 136.059
0.001%* 0.000%3* 0.496

L10 570.1783 25.25392 623.6721
0.002%:* 0.182 0.001%:*

Cons 1.2E+09 —4.3E+07 1.044-09
0.001%** 0.203 0.005%**

R? 0.2396 0.2007 0.1219

F test P value - - -

Wald chi? 288.99 190.63 98.75

Hausman P value  0.0617 0.5692 0.1207

Notes:

1. 7, k%> respectively 10 % and 5 % significant level
2. FE and RE respectively stand for fixed effect and random effect

coefficient and significance, we can judge that is U type or adverse U type. In the
same method, we judge the FE or RE. The results are in the Table 3. In M5 (L13), the
coefficient of L10 square is notable negative, the coefficient of L9 square is notable
positive, other independent variables coefficient is also notable. So it is adverse U
type relationship between L10 and L13. It is U type relationship between L9 and
L13. The model of L11, it is adverse U type relationship between L10 and L11, L9
is not notable. In model L12, it is adverse U type between L10 and dependents.

4.3 Test Moderate Effect

We need to deal the continuous variables with centralization, using the value of
variables to subtract the mean (Aiken and West 1991; Smith and Watts 1992; Jensen
1998). In this method, we can decrease the multicollinearity between independents.
Then making product term, put the independents, dependents, control variable and
product term without centralization into the models. Though testing if the coefficient
is notable, we can judge whether the moderate is notable.
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Table 4 L1 moderate effect

L13
(L13) Var Ml M2 M3
L2 —3.93E407 5,328,655 4,820,131
(—0.436) (—0.912) (—0.920)
L3 8.54E+07 3.65E+07  3.52E+07
(—0.235) (—0.599) (—0.610)
L5 6.19E+07 9.23E4+07  8.35E+07
(—0.447) (—0.227) (—0.272)
L9 - 1,339.543 1,556.361
(0.000)** (0.000)**
L10 - —342.5909 —679.6084
(0.000)%** (0.000)**
L1 - 3.09E4+07  3.26E+07
(0.000)** (0.000)**
L1*L9 - - —18.03752
(0.005)**
L1*L10 - - 38.1739
(0.000)**
Model R>  0.0014 0.2624 0.2905
AR? 0.0014 0.261%#* 0.0281%*
Note: “*7, “**” respectively 10 % and 5 % significant
level

We select L12 and L13 as dependent variables and L1, L8 as moderators. Test
procedure: first, put control variables into the model; second, put independents
variables and moderate variables into the model; finally, put product term into the
model.

The results in Tables 4 and 5 shows that as dependent variables are L.13 (total
assets) and L12 (net income), L1 (the right to vote of control stockholder) variable’s
product term are notable at 5 % significant level, and AR? are also notable. That
means in model (L13) and model (L12), L1 is the moderator, which moderate the
relationship between independents L9, L10 to L12, L13. This is according to H2a.

The results in Table 6 shows that as dependent variable is L13 (total assets), L8
(the quantity of stock holding of CEO) variable’s product term are notable at 5 %
significant level, and AR? are also notable. That means in model (L13, Table 6), L8
is the moderator, which moderate the relationship between independents L9, L10 to
L13. This is fit H2b.

But in Table 7, we find that as L12 is dependent variable, L8’s moderator effect
is not notable, both p value and ARZ. That means L8 is not the moderator of the
relationship between L.12 and L9, L10.
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Table 5 L1 moderate effect
(L12)

Table 6 L8 moderate effect
(L13)

Y. Wang and L. Lu

L12
Var Ml M2 M3
L2 4,034,716 6,450,057 6,797,859
(—0.431) (—0.190) (—0.166)
L3 1.23E4-07 7,157,663 6,021,266
(—0.100) (—0.331) (—0.414)
L5 3,808,145 6,048,238 6,300,943
(—0.630) (—0.410) (—0.390)
L9 - 107.131 120.1149
(0.000)** (0.000)**
L10 - —22.60258 —36.55971
(0.001)** (0.000)**
L1 - 2,098,750 2,118,224
(0.000)** (0.000)**
L1*L9 - - —2.003319
(0.003)**
L1*L10 - - 1.76907
(0.039)**
Model R? 0.0095 0.2192 0.2491
AR? 0.0095 0.2097%*%* 0.0301%**

Note: “*”, “**” respectively
level

10 % and 10 % significant

L13
Var Ml M2 M3
L2 —3.93E+07 —5242,535  —811,289
(0.436) (0.913) (0.987)
L3 8.54E+07 3.45E+07 3.81E+07
(0.235) (0.620) (0.584)
L5 6.19E+07 8.06E+07 7.79E407
(0.447) (0.293) (0.309)
L9 - 1,304.524 1,286.87
(0.000)%* (0.000y**
L10 - —329E+02  —351.046
(0.000)** (0.000)**
L8 - 6.17E+00 6.904564
(0.000)%* (0.004)%*
L8*L9 - - —1.5E—05
(0.003)%*
L8*L10 - - 1.6