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Preface

Established in June 1990, the Chinese Industrial Engineering Institution (CIEI),
CMES, is the first and unique national institution in the field of industrial engi-
neering recognized by China Association of Science and Technology.

At present, CIEI announces an enormous number of experts, scholars and sub-
societies. During the past 20 years, CIEI held dozens of domestic and international
academic conferences, including quite a number of Hong Kong, Macao and cross-
Strait industrial engineering forums and seminars. Sticking to the philosophy of
“serving the country, serving the society, and serving the members”, CIEI has
established profound cooperation with institutes and organizations from USA,
England, Russia, Japan, Korea, Hong Kong, Taiwan and other countries or areas.
CIEI currently possesses more than 20 local Institutions of Industrial Engineering,
over 6,000 individual members and 136 corporate members.

The most distinguished characteristic of Academic Activities is The International
Conference on Industrial Engineering and Engineering Management annually
sponsored by CIEL Being the most important international academic conference,
it proves to be an advantageous platform for experts, scholars and business people
in this area to exchange their theoretical and practical research views and results.
Another second distinguished characteristic is The Enterprise Summit on the Appli-
cation and Practice of Industrial Engineering held yearly. It aims to boost practical
application of industrial engineering in production and to speed up the enterprise
growth. Additionally, the Industrial Engineer Certification Working Group has been
established to help novices to better and quicker adapt to the practice of industrial
engineering; 24 training centers have also been authorized so that thousands of
candidates are granted the license of “Qualified Industrial Engineer”.

The 4th International Asia Conference on Industrial Engineering and Man-
agement Innovation, held in Taiwan University, is another major international
conference sponsored by CIEIL In the conference, some excellent scholars and
specialists, both from home and abroad, as Keynote Speakers are to share their
glory of achievement on scientific research and application in Industrial Engineering
and Management Innovation. In the meanwhile, some parallel sessions are held
in order that the authors can offer their opinions on the Theory and Technology
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of Industrial Engineering, Assistive Technology of Industrial Engineering and
Management System Innovation. In a word, this conference aims to establish a
platform for exchanging their theoretical research, achievement exhibition and
practical exploration, to promote the development and application of theory and
technology of this area in colleges and industries. We hope to promote the extensive
cooperation and exchanges among the authors on the conference.

Finally, we would like to extend our sincerest thanks to the Department of
Industrial Engineering, Taiwan University, for holding such an excellent event.

Chinese Industrial Engineering Institution, CMES
Tianjin, People’s Republic of China
July 2013
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Preparation of a Kind of Honey Effervescent
Tablets

Ya-hui Zhang and Ze-yuan Huang

Abstract The aim of the research is to develop a kind of honey effervescent tablets.
With honey power and pregelatinized starch as main raw materials, the matching
accessories are chosen by the orthogonal test to select the production technology of
the honey effervescent tablets. The optimized formula of the honey effervescent
tablets is honey power 60 %, pregelatinized starch 15.5 %, citric acid 11.7 %,
sodium bicarbonate 8.3 %, sodium cyclamate 2.0 %, PEG6000 2.5 %. The honey
effervescent tablets prepared by this method which is simple and feasible, have
stable quality and good taste, meet pharmacopeia standards, disintegrate rapidly and
are easy to take.

Keywords Disintegrate » Effervescent tablets « Honey

1 Introduction

Since ancient times, honey is considered as a kind of very good food and drug and
there are a lot of records in the ancient literature. Honey is composed of fructose
and glucose and other sugars, easily absorbed by the body. In addition to containing
sugar, honey also contains a variety of nutrients beneficial in normal function of
cells and tissues, and organs. Honey has rich nutrition and great heat, with per kg
mature heat yield about 12,560 joule. Honey has no fat, is perfect health tonic and
is very suitable for the elderly, children, maternity and the sickness [1].

As anew dosage form in recent years, effervescent tablets are convenient to carry,
distribute quickly in the water, with effective components easy to absorption and
high bioavailability advantages. Effervescent tablets have the characteristics of both
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the solid preparation and the liquid preparation, have broad market prospects in
pharmaceuticals and food industry. First of all, in addition to the main agents and
excipients in the production of effervescent tablets, you can also add flavorings,
sweeteners, coloring agents and excipients, etc., to improve the food flavor and
develop a series of different flavors of effervescence food. Secondly, the effervescent
has special disintegrants—effervescent disintegrants, disintegrate rapidly in cold
water, help absorption and easier to take and carry than other formulations. The
effervescent tablets form the food with delicious flavor and taste, instant ready to
drink, especially to cater to the young people who love the new, extraordinary and
special, has obvious advantages in the field of children and adolescents [2]. The
honey effervescent tablets using honey as raw material made by this paper retain
the nutrients and flavor of honey, rapid disintegration, good taste, convenient use
and convenient carrying, long shelf life, become hot and cold can of carbonated
beverage after dissolving, greatly increase the drinking interest.

2 Materials and Methods

2.1 Materials

Honey power (Hubei wuhan small bee food company), sodium cyclamate
(Guangdong huasheng food chemical company in guangzhou branch), sodium
bicarbonate (Beijing the odd century chemical trading company), citric acid (Hubei
galactic chemical manufacturing company), pregelatinized starch (Tianjin peak
starch development company), etc., are consumption level; absolute ethyl alcohol
is of analytical grade, PEG6000 (Suzhou beautiful alum chemical industry trade
company) is for medicinal level.

2.2 Instruments

TDP model sheet stamping machine (Shanghai tensho health station pharmaceutical
machinery company), FA2104N analytical balance (Beijing ze xiang yongxing
technology company), GZX-9070 mbe digital display blast drying oven (GZX-
9070 mbe digital display blast drying oven), 78X-Z type tablet four eyes with meter
(Shanghai yellow sea drug test instrument factory), YK-60 type granulator (Hunan
ensure pharmaceutical machinery factory), WF130-30 universal mill (Changzhou
music star drying equipment company).
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2.3 Preparation of Effervescent Tablets

2.3.1 Technological Process

The Preparation of Alkali Particle

sodium bicarbonate
1)
honey power—mix—make soft material »dry—pelletize
T 1)
pregelatinized starch alkali particle

The Preparation of Acid Particle

citric acid
i)
honey power—mix—make soft material »dry—pelletize
) !
pregelatinized starch, sweetener acid particle

The Preparation of Effervescent Tablets

lubricant
alkali particl !
j — mix— tablet — pack
acid particle 1

pregelatinized starch, sweetener

The operation points. Take honey power, sodium bicarbonate, pregelatinized starch,
sodium cyclamate and mix. Mixed with anhydrous ethanol spray, make the mixture
can be molded into clusters, and can spread out, 20 mesh sieve, make soft material.
In 50 °C drying box for drying, so that water is below 3 %. Twenty mesh to pelletize.
Take honey power, citric acid, pregelatinized starch, sodium cyclamate and mix.
Mixed with anhydrous ethanol spray, make the mixture can be molded into clusters,
and can spread out, 20 mesh sieve, make soft material. In 50 °C drying box for
drying, so that water is below 3 %. Twenty mesh to pelletize. Weigh the alkali, acid,
PEG6000 and mix. Tablet in the tableting machine [3].

The formula design. The main factors affecting the effervescent tablets include
sweetness, flavor, acidity of honey powder content, sweetener content etc. In order to
meet consumer tastes, the content of sugar and acid in the effervescent tablets should
be deployed. Sensory evaluation contains the color, smell, taste, shape, according to
the results, determine the optimal formula [4].



Table 1 Honey effervescent beverage scoring reference standard
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Color (20 score)

Smell (30 score)

Taste (30 score)

Posture (20 score)

Lvory without
impurities (18-20)

Pale ivory without
impurities (16-18)

Pale white, slightly
impurity
(below 16)

Honey unique
fragrance, rich
(20-30)

Have fragrance, rich

(24-27)

Have fragrance, light
(below 24)

Has the unique taste
of honey (27-30)

Has the unique taste
of honey, suitable
sweet and sour
(24-27)

Honey taste is light,
not palatable
(below 24)

Clear, without
impurities, no
separation
(18-20)

Without impurities,
no separation
(16-18)

Light turbidity,
impurity
(below 16)

Determination of the quality indicators. Weight determination [5], according to
inspection in accordance with the Chinese Pharmacopoeia 2005 edition an appendix
I tablet weight difference. The disintegration test [5], check according to the Chinese
Pharmacopoeia 2005 version of under disintegration effervescent tablets according
to law. The measurement of pH [5], take three samples, plus 50 °C 100 mL water
to dissolve, after 1 min, measure pH value according to the determination method
of Chinese Pharmacopoeia 2005 version of an appendix VII. The amount of CO,
in the effervescent [6], weigh the conical flask and 100 mL water and ten pieces of
sample using weight precision loss method, record the total. The sample is added
to the water, shaking with 20 min again precisionly weigh the conical flask until no
bubbles emerge, record weight, the reducing weight is the amount of CO,.

Sensory evaluation method. Using sensory evaluation method, use respectively
by color, smell, taste, posture as the target of sensory evaluation [7] (Table 1).

3 Results and Discussions

3.1 Single Factor Experiment Done to Achieve Primary
Influencing Factors of the Preparation Process

The determination of adhesive. Using absolute ethyl alcohol as adhesive, particle is
not easy to agglomerate and dry quickly, products dissolve rapidly. Therefore, using
absolute ethyl alcohol as adhesive, its effect is induced by the viscous and wetting
tablet.

The determination of lubricant. Particles must be added lubricants before tablet-
ing with the purpose of avoiding weight variation, the sticking difficulties during
the industrialized production of tablet, and maintaining tablets’s smooth appearance
which is convenient to tablet smoothly [8]. The referenceshows that the lubricant
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Table 2 Test factors level

table Factors
Levels A@%) B(%) C(@%) D (%)
1 15 55 1.5 2.0
2 20 60 2.0 2.5
3 25 65 2.5 3.0

PEG6000 has good lubricity, viscous resistance and water solubility [9]. So we
choose PEG6000 as the lubricant, the single factor experiment was conducted to
determine the amount of polyethylene glycol 2 %.

The determination of sweeteners. In order to improve the taste of honey effer-
vescent tablets, we should choose the appropriate sweetener to eliminate pungent
taste sour and to reach the appropriate sweet-sour ratio [10]. In the choice of
the sweetener cyclamate, sodium cyclamate is a kind of common sweeteners, the
sweetness is 50 times of sucrose. Sodium cyclamate belongs to the non-nutritive
sweeteners, is generally not involved in glucose metabolism, but also can not be
biodegraded, is suitable for patients with diabetes and obesity. It does not produce
dental caries, its sweetener tastes better than the general sweeteners, and the single
factor experiment was conducted to determine the adding amount is 2.5 %.

The determination of effervescent agent. Effervescent disintegrating agent is a
kind of acid-base system that will produce carbon dioxide gas disintegration when
mixed with water. Since citric acid taste mellow, soft, refreshing, delicious, we
use citric acid as acid source. All things taken into consideration, choose citric
acid and sodium bicarbonate as effervescent disintegrating agent [11]. In practical
applications, the acid dosage should be larger than the amount of chemical reaction
theory to ensure carbonate reaction completely and weak acid of the effervescent
tablets, so as to change the effervescent tablets taste sense [10]. Using single factor
test, the pH value and taste for evaluation, results show that, when the citric acid and
sodium bicarbonate mass ratio was 1.4:1, the pH value is 4.5, the taste is best.

Orthogonal test to optimize the preparation process. According to the results
of single factor test, screen factor A (effervescent disintegrating agent), B (honey
powder dosage), C (PEG6000 content), D (sodium cyclamate content) and carry
out orthogonal test, anhydrous ethanol added according to requirements, filler
pregelatinized starch to maintain weight [12], evaluate the quality according to the
sensory index score of finished products (Table 2).

The optimal level combination of flavor is A;B,C3D;, Factor D (sodium
cyclamate content) as the least significant factors, its impact on flavor is small.
Through calculation, the main formula for honey effervescents is honey power 60 %,
pregelatinized starch 15.5 %, citric acid 11.7 %, sodium bicarbonate 8.3 %, sodium
cyclamate 2.0 %, PEG6000 2.5 %. The weight of single tablet prepared by this
recipe is about 1.50 g and the tablet releases a large amount of gas when solubling in
100 mL water, form transparent and white milky drinks which has honey fragrance,
tasty sour and sweet (Table 3).
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Table 3 Orthogonal test results and analysis

Serial A effervescent B honey D sodium Sensory
number disintegrants (%)  power (%) C PEG6000 (%) cyclamate (%) score
1 1 1 1 1 60

2 1 2 2 2 73

3 1 3 3 3 75

4 2 1 2 3 72

5 2 2 3 1 86

6 2 3 1 2 79

7 3 1 3 2 74

8 3 2 1 3 76

9 3 3 2 1 78
K, 208 206 215 224

K, 237 235 223 226

K3 228 232 235 223

k; 69.33 68.67 71.37 74.67

ko 79.00 78.33 74.33 75.33

ks 76.00 77.33 78.33 74.33

R 9.67 9.67 6.67 1.00

3.2 Verification Test

Select three batches preferably by orthogonal test results, the tablet disintegration
time were 120, 130, 140s. The effervescent tablet has sweet and sour taste,
refreshing and aromatic taste, blister fast, has smooth appearance, uniform color
and honey flavor. The experiment results show that this technological process is
stable and feasible.

3.3 The Quality of Finished Products

Product color is white; morphology is round, the surface is smooth and appearance
is neat; the aroma and taste has a little honey aroma, sweet and sour, soft taste;
moderate hardness.

4 Conclusion

Through the above research obtained, the best formula of honey effervescent tablets
is honey power 60 %, pregelatinized starch 15.5 %, citric acid 11.7 %, sodium
bicarbonate 8.3 %, sodium cyclamate 2.0 %, PEG6000 2.5 %. The effervescent
tablets prepared disintegrate rapidly, its hardness and foaming capacity are in line
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with the effervescent requirements, they have good appearance, uniform color,
moderate hardness, disintegrate rapidly in cold water, good taste, suitable for all
types of people, especially children and sickness.
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The Design and Research of a Kind of Timing
Charging Controller

Li Ping and Jin-gang Xu

Abstract This paper is describing a kind of method which is based on SCM (model
STC89C52) to design the software and hardware of a timing charging controller. It
shows the working principle of the controller, and also focuses on the ways that
read, write and operate the LCD module, clock chip, and the principle of turning a
relay on or off, and it gives some pictures of the circuit principle diagram and the C
language program code of the SCM.

Keywords Controller « SCM ¢ Timing charging

1 Introduction

Since Chinese economic is developing steady and rapidly, the problem of the energy
supply has appeared. The concept of green, low carbon, and saving energy has
become more and more popular [1]. The rechargeable electric bicycle has entered
into many ordinary families, the research and application of the electric cars has
also gradually advanced.

People start to concern the problem of charging the storage battery and battery
safely, overcharging is the most important thing that affect the life of the battery and
storage battery. The controller designed in this paper can control the charging time
accurately and prevent the overcharging [2].
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2 The Working Principle of the Controller

The SCM got the time information by reading the clock chip, the user can press the
key to set an appointment charging time and the charging duration, the LCD display
the setting time. After Setting, press the start key to charge. When the charging time
is up, the single-chip microcomputer send a high frequency signal to the control end
of the relay, then the control relay cut off the charging circuit, stop charging.

3 Design the Hardware

3.1 The Diagram and Picture of the System Hardware

As Fig. 1 shows the diagram and picture of the system hardware, it mainly includes
the STC89C52 single-chip microcomputer, clock chip (DS12C887), the liquid
crystal display module of Model 12864, buttons, relay, buzzer, and the master plate
power [3].

A brief introduction of the Chip and electronic components:

1. The SCM of model STC89CS52 is a kind of 8-bit microcontroller that has a high
performance and low power consumption, it has 8 k chip program memory and
256 bytes chip data memory, the model of the kernel is 8051.

2. The clock chip of model DS12C887 can generate the time information such as
century, year, month, day, minute and second automatically. It brings the lithium
battery, when the external power cuts off, the internal time information can still
maintain 10 years, and it has two different system modes: the 12 and 24 h system.
AM and PM were used to distinguish the morning and afternoon; There are two
ways to express the time, one is a binary number representation, and the other
one is the BCD code.

Charging
Time

Keypress [—) STC89 [—) Screen display

C52

Single-
Clockchip =) chip — Replay =) The charging circuit

Time
Information

Fig. 1 The diagram and picture of the system hardware
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Fig. 2 The interface circuit of the Clock chip

3. The model of the liquid crystal display module is 12864, it contains g simplified
Chinese word stock, with 128 16 * 8 points ASCII character sets and 8192 16 *
16 point Chinese characters, there are four lines and each line shows 8 Chinese
characters or 16 English characters. The interface is simple, and quite easy to
operate, it constitutes the interface of the human-computer interaction system [4].

4. The relay using the dc control exchange model, the limited terminal voltage is
5 V dc high level signal, connected the output end with a 220 V mains ac circuit,
both the control and output end have the protection of the light coupling isolation,
and the noise to switch on and off is very low, it will not affect the normal work
of the SCM weak current control system [5].

3.2 The Interface Circuit Design of the Single-Chip
Microcomputer and Clock Chip DS12C887

Figure 2 has shown the principle of the clock chip interface circuit. Inside the
DS12C887 there is a crystal oscillator which eliminates the need of the external
crystal oscillator. The ADO-AD?7 is a signal wire. Through a 10 k pull-up resistor,
each can be connected to the ports P0.0-P0.7 of the SCM. MOT tube feet up has
decided the Intel work mode system of the clock chip, and the DS pin can be read
when the input end is using it.

R/W pin allowed to be used as write in the Intel work mode. AS is the inputting
foot of the address gate, when reading and writing, the rising edge of AS will latched
the address information which appeared on ADO~AD7 on to DS12C887. CS is a
piece-selected input end, when this pin is at a low electric frequency, DS12C887
works [6].
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Fig. 3 The interface circuit :
interface
of the 12864 LCD module LCD
P2 LCDI12864

— NN <t W) O~ 00 O\ e e —

L

m
l7e]
[a W

dllelelelzlalz el
=|=|E|alalalal2lalala

RES_ADI

_5_—,_{“.

When welding and drawing the circuit diagram, we should pay attention to the
following aspects: capacitance C4, C5 and crystal oscillator XTAL should near to
the XTAL1 and XTAL2 end as close as possible, and apply copper surround it,
minimum the leading of the electromagnetic interference by the wire, and get the
system operating frequency of higher precision as far as possible [7].

3.3 Single-Chip Microcomputer and the Interface Circuit
Design of the 12864 LCD Module

There is a single-chip microcomputer and the interface circuit principle diagram
of the 12864 LCD module in Fig. 3. In this picture the “D0-D7” is the data port
of the LCD module. It respectively connect to the P0.0-P0.7 of the single-chip
microcomputer through a 10 k pull-up resistors for passing the signal data of the
LCD module and the order data. RS end is the choosing end of the “data/orders”.
When the electric frequency is high, DO-D7 passes the signal data; when the electric
frequency is low, DO-D7 passes the signal data [8].

RW is a choosing end for “read/write”. When the electric frequency is high,
the single-chip microcomputer read the LCD data; when the electric frequency
is low, the single-chip microcomputer will write the data into the LCD. EN is
a possible end, when the electric frequency is high, the LCD module and the
single-chip microcomputer exchange the information. PSB is a selection end for the
serial/parallel working mode, the system adopts the parallel way to pass the data,
so PSB should be fixed to join the high electric frequency. The pin jumper 2 and 3
connect to a precise adjustable resistance of 10 k ohm. It can adjust the brightness
of the LCD module display through changing its resistance [9].
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4 The Design of the Program

The program of the timing charging controller is mainly includes three parts: the
reading and writing program of the DS12C887 clock chip, the on-off procedures of
the relay, the interactive program (that is the liquid crystal display and the key input
program) [10].

4.1 The Procedure Chart

After the electric is connected to the system, the microcontroller reset initialization
register and the peripheral devices will read the clock chip, and displayed the time
information on the LCD. At the same time, the system is waiting for the key
operation from the user. And the users can adjust the time through pressing the
key, set the charging time and charging duration in advance, then after pressing the
ok key, the system will start to count down (Fig. 4).

Power system liquid-crystal
initialise display

}

Through the clock chip, read
time information

| |

Y

Button to set the The button to set an
charge time appointment
A 4 A
Start
charging
Time,
automaticall

Fig. 4 The procedure chart
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When the appointment time is up, the will send a high frequency signal to the
control end of the relay, the relay will close the charging circuit and start to charge
[11]. When the charging time is up, the single chip microcomputer will send a low
frequency signal to the control end of the relay, and the relay will cut off the charging
circuit, then the charging is over [12].

4.2 The Reading and Writing Program of the DS12C887
Clock Chip

The rule of reading and writing operation of DS12C887 is to send the address first,
and then read the data. The following is the complete code and note to read the clock
data:

Unsigned char read DS12C887 (unsigned char add) / /
read the clock data
Unsigned char ds date; / / defined variables, it is
used to store the clock data
dsas=1;
dsds=1;
dsrw=1;
dscs = 0; / / DS12C887 temporarily stop to interact
with the single-chip microcomputer
PO = add; / / send the address of the data will be read
into DS12C887
dsas = 0; / / clean the address be sent
DSDS = 0; / / prohibited the reading operation
PO = 0 XFF; / / initialize all the clock signal wire to
a high frequency
Ds_date = PO;
DSDS = 1; / / start to the reading operation
Dsas = 1; / / set high, allow to receive the next
address information
DSCS = 1; / / allow DS12C887 to send the information
to the single chip microcomputer
Return (ds _date); / / return to the reading clock data
[13]



The Design and Research of a Kind of Timing Charging Controller 17

4.3 The Reading and Writing Program of Model 12864
LCD Module

The reading and writing rule of the Model 12864 LCD module is: write a command
first, then write the data. The following is the complete code and note of the data
son function [14]:

Void write lcd date (unsigned char date) / / write the
son function of the LCD data

Lcd RS = 1; / / chose the operating way to write

Lcd RW = 0; / / open the function of writing LCD

Lcd EN = 0; / / liquid crystal break-off

PO = date; / / will wait for sending into the display
data

Delay (5); / / delay for 5 millisecond, and wait for the
data delivering completely

EN = 1;/ / liquid crystal start to work, display

delay (5);

EN = 0; }

void Lcd display(unsigned char shi, fen,miao)

Then establish the liquid crystal display subfunction, and complete the displaying
function:

Void Lcd display (unsigned char shi, fen, miao)
{write shifenmiao (6, miao); / / write the second to
the second-line second position of the liquid crystal
Write shifenmiao (4, fen); / / write the minute to
the second-line minute position of the liquid crystal
Write shifenmiao (2, shi); / / write the hour to the
second-line hour position of the liquid crystal}

4.4 The Action Program of the Relay

When the control end of the relay get the high electric frequency, the output end
closed, or the output end off.

Void jidiangi ctrl () / / The on and off of the relay
control the sub-procedure [15]
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{If (shi = = dian) and & (xiaoshi! = 0) / / the
reservation time is up
{Jidiangi = 1; / / the circuit of the relay is on,
start to charge
If (shi = = (dian + xiaoshi) | | (shi = = (dian +

xiaoshi - 24))) / / the charging time is up, stop

to charge

{Jidiangi = 0; / / the circuit of the relay is

disconnected, stop charging}}

else {Jidiangi = 0; / / other time periods, prohibit

5

to charge}}

Conclusion

This paper studies the software and hardware problems of the timing charging
controller in design by using the devices of the single-chip microcomputer, the clock
chip, the relay and the liquid crystal display module. It also designed the hardware
circuit of the controller completely, detailed explained the key program code, and
has received the expected effect by building the hardware system through the all
purpose circuit and the testing experiment.
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Models and Algorithms for Locating Facilities
with Hybrid Demand for Service

Rui-ling Shen, Jia-zhen Huo, and Xu-fang Li

Abstract We developed a new model for locating facilities with demand that
are originated from both residential areas and from passing by flows. A mixed
integer program is proposed with the objective function of maximum the total
profit gained by serving both types of customers. Since the problem is NP-hard,
greedy heuristic and improved greedy heuristic are proposed. The improved greedy
heuristic presented solves the computational experiments with competitive results,
while the run time is much less than that of the optimal method. The sensitivity of
the optimal locations to the input parameters is analyzed with an example network
and the results are reported.

Keywords Facility location ¢ Flow-interception ¢ Greedy heuristic ¢ Hybrid
demand

1 Introduction

The study on facility location problems has made great progress in recent years,
the classical location models and the flow interception models are the most
common models for optimal facility location problems. The classical location
models assume that the demand for service are all originated from nodes of the
network [1], customers should make a special purpose trip to the facility if they
want to get the service, are mainly with the objective function of minimizing the
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total weighted travelling distance (p-median problem), minimizing the maximum
traveling distance (p-center problem), and maximizing the total demand covered
by location facilities (maximal covering problem). The flow interception problem
assumes that the customers are traveling on a pre-planned trip between origin-
destination (O-D) nodes, customers may obtain service if they pass through a
facility, is mainly with the objective function of maximizing the flows that can be
intercepted.

Most of the facility location models assume that the demand for service are
exactly one type, customers are exclusively from passing by flows in flow intercep-
tion models, while they are exclusively from residential areas in classical location
models. But in reality, the demand for many retail facilities are of “hybrid” type,
partially from special trip purchases and partially from by-passing customer flows
[2]. Fox example, gasoline stations, convenience stores et al., serve customers from
both residential areas and passing by customers. A web-based survey on driver’s
behavior shows that 69.6 % of drivers select to refuel near home or workplace,
while the other 30.4 % drivers randomly select station during their driving. So,
it’s necessary to take both types of customers into consideration in retail facilities
location problems.

Few of precious facility location literatures considered the two types of demand
simultaneously. Goodchild and Noronha [3] first recognized the problem, they
formulated a multi-objective programming model to site a finite number of gasoline
outlets after merger with another company, used the p-median objective of rational-
izing stations from existing station networks, and the second objective of locating
stations on high-traffic lines to maximize the sum of traffic flows passing by all
stations. The traffic-count methods they used, however, may count the same trip
multiple times, even if the drivers only refuel once, and thus they could recommend
locating stations on consecutive links of a busy highway [4, 5, 6]. Hodgson [7]
and Berman et al. [8] independently developed flow based facility location models,
known as “flow capturing location model (FCLM)” and “flow interception location
model (FILM)”. The models eliminate the double counting by using path flows
instead of link flows. Hodgson and Rosing [9] combined the FCLM and p-median
model together, presented a hybrid model with two conflicting objectives, namely
minimum the aggregate weighted demand distance and maximum flows to be
captured. They found that the p-median model is more easily be influenced by the
flow capturing objective than the reverse. Berman [10] classified customers into
two types: those whose demand for service originates from nodes as “neighborhood
customers”, and customers from travelling on the network as “flow customers”,
and formulate four coverage location models considering both of the flow demand
and the nodal-demand, in the first two problems, the focus is on the coverage of
potential customers, while the other two models emphasis on the expected number
of potential customers who actually become users. Erdemir et al. [11] developed two
coverage models that allows for both nodal and path coverage, the first one (explicit
model) is formulated as a Quadratic Maximal Covering Model (QMCM) and the
other one (implicit model) is a geometric approach, and then illustrate the models
on cellular base stations location in Erie County, New York city, USA. Erdemir [12]
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then use the explicit model to find optimal aeromedical base locations for the state of
New Mexico, in which crash nodes correspond to a set of points at which accidents
occur frequently, while crash paths correspond to roads on which occur not only at
a specific point, but also at some location along the path.

Melaina [13] summarized the history of the US gasoline retail infrastructure,
suggested some general criteria for identifying effective locations for early hydrogen
stations: located close to high traffic volumes, in high profile areas to increase public
awareness, near the potential first fuel-cell vehicle buyers, in places to provide
fuel for customers with long distance trips. Two types of initial hydrogen stations
fulfill these criteria: stations located in metropolitan (satisfying 1-3) areas serve
residential customers and stations located along interstate highways (satisfying 1, 3,
4) serve passing by customers. Wang and Wang [14] developed the idea, proposed
a two objective mixed integer program (minimum total location cost and maximum
population coverage), and applied the model to the case of fast-refueling station
planning on Taiwan’s road network.

In this paper, we intend to develop a location model for facilities of which serving
customers partially from residential areas (node-based demand), and partially
from by-passing flows (flow-based demand). The paper is organized as follows:
a mathematical model deals with the problem is presented in Sect. 2, Sect. 3 gives
greedy heuristic and improved greedy heuristic designed to solve the model, the
results of a series of computational experiments aimed at assessing the performance
of heuristic algorithms are given in Sect. 4, the sensitivity analysis are given in
Sect. 5, and Sect. 6 contains the conclusions of the study.

2 Mathematical Model

G (N, A) N, set of nodes, A, set of arcs
P Set of paths with non-zero flows, p e P
N, Set of nodes on path p
f, Flow onpathp,peP
A The average profit by serving per flow-based customer
i The average profit by serving per residential customer
w;j Demand at node j
~_ } Lif we locate a station atnode j j € N;
N= % 0 otherwise

_ | 1if the flow on path p is intercepted p € P;
Po otherwise

In this paper, we assume: (1) the node-based demand customers and the path-
based demand customers represent different types of customers, they are additive
and there is no double counting; (2) the demand at node j can be satisfied only if
there is a station located at j; (3) the flow on path p can be intercepted only if there
is at least one facility located on the nodes of path p; (4) all nodes are available to
locate new stations; (5) only one facility can be located at each node.
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We can formulate the problem as follows:

Max Zpepfp‘xp.)\-'_zjerj Y@ (D
s.t. jENYj =m 2)

D iz PEP 3)
yj€{0,1} jeN 4)

x, €{0,1} peP 5

The objective function (1) is to maximize the total profit, the first part of it
represents the profit by serving flow-based customers, the second part represents
profit by serving residential customers; constraint (2) assures that there are m
new facilities to be located; constraint (3) ensures that the flow on path p can be
intercepted only if there is at least one facility located on path p; constraint (4) and
(5) are binary requirements.

3 Heuristic Algorithm

Greedy heuristic is a step-by-step method to solve a problem, it adds the node that
maximum the objective function at each stage and makes the best choice at each
iteration. The disadvantage of the algorithm is that it may ultimately yield local
optimal solution other than global optimal solution, but it fails to produce the global
optimal solution in many cases. In decent heuristic, the neighborhood of a set S
is defined as adding a node to S and removing another node from it. Borrow the
concept of ‘neighborhood’ in decent heuristic; we propose the algorithm to improve
the solution gained by greedy heuristic. The algorithm is divided into two stages:

Stage 1: Greedy heuristic

Step 1: k=1; let E be the set of nodes obtained by greedy algorithm, M be the
nodes that not be obtained, obviously, E = ®, M = N in the initial state;

Step 2: Choose one node at every turn from set M sequentially, and with the node
in set E, calculate the objective function (1), let j* be the node that maximum
the objective function (1);

Step3: E=EU{j*}, M=M—{j*},k=k+1;

Step 4: stop the algorithm if k =m or E = N, otherwise go to step 2.
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Stage 2: ty,x denotes the maximum iterating times, and the steps are as follows:

Step 1: t=0; E denote the set of nodes obtained from Greedy Algorithm,
M=N-E;

Step 2: t=t+ 1;VaeE,beM, substitute a for b and recalculate the objective
function (1);

Step 3: if the objective function value is improved, E=(E—{a})U {b},
M= M—{b})U{a};

Step 4: if t = tyax, Stop; otherwise go to step 2.

4 Computational Experiments

We conduct series of computational experiments in this section. The experiments
were designed to test the performance of the algorithms described in Sect. 2. All
algorithms were coded using Matlab 7.0 [15], and all experiments were run on an
Intel Core 13-350 personal computer.

The test examples were generated as follows: given the input parameters n, the
number of network nodes, equals to 10, 20, 25, ||p||, the number of path with non-
zeros flows, equals to n, and m, the number of new facilities to be located, equals to
2,3,4,5.1,is randomly generated in [0, 100], w; is randomly generated in [0, 300],
let A =p = 1, tpy = 500. We randomly generate 10 test examples for every input
parameter, altogether, 100 different cases were solved.

The results are shown in Table 1. The first two columns are the values of the
input variables, the column ‘GOs’ contains the times of getting the optimal solution
by greedy heuristic in ten test examples, ‘G_mean’ contains the mean relative error
between the greedy heuristic solution and the optimal solution, in the same way,
the comparisons between the improved greedy heuristic solution and the optimal
solution are given in columns of ‘IGOs’, ‘IG_mean’, ‘GRT’ contains the average run
time of the greedy algorithm, ‘IGRT’ contains the average run time of the improved
greedy heuristic and ‘ORT’ contains the average run time of the optimal solution.
Here, we denote relative error = optimal 50lutlogl;il:izln:(l)lﬁl;i)gnomhm solution )

As we can see from Table 1, the probability of greedy heuristic yields to global
optimal solution decrease quickly with the increase of the number of new facilities
to be located, the improved greedy heuristic, although cannot guarantee to get the
optimal solutions, obviously get better results than that of greedy heuristic. Both
heuristic algorithms have shorter run time, while the run time of optimal solution
increasing quickly with the values of input variables increase. Overall, the operation
of improved greedy heuristic is the best.
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Table 1 Comparisons between heuristic algorithm solutions and optimal solution

m n GOs G_mean 1GOs 1G_Mean GRT IGRT ORT

2 10 8 0.0063 10 0 0.182 2.944 3.019
3 10 7 0.0186 9 0.0027 0.183 2.977 3.099
2 20 9 1.6e-004 9 1.6e-004 0.295 3.072 6.263
3 20 8 0.0075 10 0 0.281 3.106 6.485
4 20 8 0.0014 9 7.8e-004 0.301 3.090 7.909
5 20 6 0.0206 9 0.0036 0.312 3.118 27.937
2 25 10 0 10 0 0.379 3.089 103.275
3 25 10 0 10 0 0.372 3.170 104.031
4 25 7 0.0124 10 0 0.383 3.183 119.937
5 25 7 0.0111 10 0 0.394 3.179 401.648

Fig. 1 Example network

Table 2 The flow on each

No Paths Flows No Paths Flows
path

1 1,6 49 9 4,10 91
2 6,10 69 10 4,12 62
3 1,7 82 11 7,12 14
4 1,3 73 12 11,12 55
5 3.4 37 13 12,15 84
6 4,6 34 14 10,15 24
7 3,7 58 15 11,15 27
8 7,11 60

5 Sensitivity Analysis

Two factors that might affect the computational results of the problem are studied,
namely the respective demand fp, wj, and the respective average profit by serving
per demand A . We refer to an example of a network with 15 paths depicted in
Fig. 1. The corresponding flow values are shown in Table 2 and the demand of each
node are shown in Table 3.
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Table 3 The demand
on each nodes

Nodes Demands Nodes Demands

1 48 9 168
2 69 10 45
3 180 11 99
4 198 12 69
5 225 13 282
6 144 14 66
7 213 15 102
8 201
Table 4 The results of fix =1
m A IGR OAR m A IGR OAR
1 0 13 13 2 0 5,13 5,13
02 13 13 02 7,13 7,13
0.8 7 7 0.8 7,13 7,13
1 7 7 1 4,7 4,7
2 7 7 2 6,7 6,7
5 7 7 5 6,7 6,7
10 7 7 10 6,7 6,7
3 0 5,7,13 57,13 4 0 57,813 5/7,8,13
02 4,7,13 4,7,13 02 4,57,13 4,5,7,13
0.8 4,7,13 4,7,13 0.8 4,57,13 4,5,7,13
1 4,6,7 4,6,7 1 4,6,7,13  4,6,7,13
2 4,6,7 4,6,7 2 4,6,7,15 4,6,7,15
5 6,7,15 6,7,15 5 4,6,7,15 4,6,7,15
10 6,7,15 6,7,15 10 4,6,7,15 4,6,7,15

As we set A= =1 in the last section, from function (1) we can see that the
computational results of A (or ) varies from 1 to o (or f) is exactly the same as
that of the values of f;, (or w;) changes to a-f, (or B-wj). So we just analyze the
sensitivity of the optimal locations to the values of A and L.

Fix =1, values of \: 0, 0.2, 0.8, 1, 2, 5, 10, respectively, are tested over the
network depicted above. The results of optimal and the improved greedy heuristic
are shown in Table 4, the results of fix A = 1, values of u: 0,0.2,0.8, 1, 2, 5, 10, are
shown in Table 5. In Tables 4 and 5, the column ‘IGR’ contains the optimal location
nodes gained by improved greedy heuristic, the column ‘OAR’ contains the optimal
location nodes gained by the optimal solution. From Tables 4 and 5, the following
observation can be made:

1. The results of A varies from 0 to 10 and the results when | changes from 10 to 0
are proportional. Mathematically, this is a certain result. When A =, =1, the
objective function (1) = pepfp Xp-a+ D jenw;-yj-1 = a- (O pepfp-Xp- 1+
Zj eNw;-y;j- 1/a ), from the equation we can see that, the location decision of
A =a, L = 1 must be identical to the decision when A = 1, u = 1/a, and the total
profit gained by the latter case is 1/a of that of the former. So next we only need
to analyze the computational results in Table 4.
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Table 5 The results of fix A =1

m IGR OAR m IGR OAR

T 7 2 0 67 6.7
02 7 7 02 67 6.7
08 7 7 08 67 6.7
17 7 1 47 4,7
2 7 7 2 7,13 7,13
5 13 13 5 7,13 7,13
0 13 13 10 513 5,13

30 6715 67,15 4 0 46715 1,7,10,12
02 67,15 6,7,15 02 4,6,7,15 4,6,7,15
08 4,67 4,67 08 4,6,7,15 4,6,7,15
1 46,7 4,67 1 4,6,7,13 4,67, 13
2 47,13 47,13 2 46,713 4,6,7,13
5 47,13 4,7,13 5 4,6,7.13 4,6,7,13
10 5713 5713 10 57813 57,813

2. The optimal location decisions remain unchanged when A € (0,1) or A > 1. When
the values of A is much smaller than that of |, the profit gained by intercepting
path flows provide only a tiny proportion of the total profit, location decisions
are made mainly from the condition of the residential demand of each node; with
the increase of values of A, the profit gained by intercepting path flows increases
sharply, the flow-based demand cannot be ignored, and we should take the both
types into consideration when make decisions, the optimal solutions changed
several times, finally, with the continuing increase of the value of A, opposite to
the situation of the beginning, the profit gained from serving residential areas can
be ignored, location decision stopped change.

3. When A =0, the first part of function (1) equals to zero, the problem is
transformed into a p-median problem, similarly, the problem is transformed into
a flow interception problem when p = 0. We can inquire the location decisions
of the two cases in Tables 4 and 5. And from Tables 4 and 5, we can see that
the model formulated only considering one type of demand is unilateral if the
demands are hybrid, this may lead to locally optimal solution.

The solutions of improved greedy heuristic are the same as the optimal solutions,
while the improved greedy heuristic is much faster than that of the optimal
algorithm, so we recommend the improved greedy heuristic for medium- or large-
sized network solutions.

6 Conclusion

In reality, the demand for many retail facilities may originate from both residential
area customers and from intercepting customers passing by the facility. Gasoline
stations, convenience stores, fast food outlets, ATMs et al., fall into this category.
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The enterprise should take both types of customers into consideration during the
site selection process. In this paper, we developed a mixed integer program for
facilities with this two types of demand customers, the objective is to maximize
the total profit from serving both types of customers, greedy heuristic and improved
greedy heuristic are proposed to solve the problem. The improved greedy heuristic
presented solves the computational experiments with competitive results obtained,
especially with CPU times consumed being much less than those of the optimal
approach. We also analyze the sensitivity of the optimal locations to the input
parameters with an example network.
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The Complexity Conceptual Model of Lean
Construction

Chun-ping Huang, Pu Liu, and Pei Zhang

Abstract Nowadays the construction industry is one of the largest and most
important industries. The paper firstly reviews the history of Lean construction, two
main theory- TFV and LPDS. Then it analyzes the complexity of construction that it
differs from manufacture. Finally, combining with stimulus-response model of CAS
theory, conceptual model of Lean construction is proposed.

Keywords CAS theory * Conceptual model ¢ Lean construction * Complexity

1 Introduction

Nowadays, China’s economy is in rapid development period. With the regulation of
national economic policy and investment structure, particularly in the background
of expanding domestic demand and increasing investment in infrastructure to
promote economic development, it provides good opportunities for the construction
industry. As a pillar industry in national economy, the construction industry has
strengthened increasingly. However, the increase in China’s construction industry
output value mainly relies on cheap labor (such as migrant workers). Its labor
productivity is much lower than that of the United States, Japan and other countries.
The growth mode is extensive [1]. In addition, modern projects involves a large
scale, new technologies, multi-units and fine divisions, it requires us to apply the
appropriate theory, method and means to the construction site management. The
management personnel should be specialization and the management work should
be standardized with Chinese characteristics. Lean construction is put forward under
such background. Lean construction is an adaptation and a supplementary of the
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Japanese lean production principles in the construction process [2]. In this paper,
based on the adaptability of the CAS theory, it presents a theoretical framework of
lean construction, attempts to provide a theoretical basis for improving productivity
in the construction industry.

2 Review of Lean Construction

2.1 History of Lean Construction

Lean construction comes from lean production developed in the 1950s by engineer
Ohno at Toyota. Lean production’ aim is to shorten the cycle time to get products
to market by minimizing waste. According to engineer Ohno, this new production
philosophy should provide [3]:

* A uniquely custom product
* Instant delivery with minimum inventory
* Production with zero waste

Generally, Manufacturing plants and construction sites are different in many
ways that might explain why lean production theories and practices do not fully
fit the construction industry [4]. Therefore, the construction industry has rejected
many ideas from manufacturing because of the belief that construction is different.
Manufacturers make parts that go into products, but the design and construction of
unique and complex projects in highly uncertain environments under great time and
schedule pressure is fundamentally different.

The movement to apply the concepts of LPS to the construction industry was
started by several researchers. Koskela claimed that the traditional conversion
production system would be required to change to the new lean concept of the flow
production system, and this would improve efficiency in the construction industry
[5]. Since then, much research on lean construction has been conducted. Womack
and Jones use of ‘lean thinking’ as the generic term to describe application beyond
manufacturing [6]. Lean thinking comprises a complex bundle of ideas including
continuous improvement, flattened organization structures, the elimination of waste,
teamwork, the efficient use of resources and cooperative supply chain management.
The current institutes focusing on the lean ideas are the International Group of Lean
Construction (IGLC) founded in 1993 and the Lean Construction Institute (LCI)
founded in 1997. Lean construction is a production management-based project
delivery system emphasizing the reliable and speedy delivery of value. It challenges
the generally accepted belief of a trade-off between time, cost and quality [7].

Since 1993, two major lines of thinking have governed the work on lean
construction [8].

One is Koskela’s Transformation-Flow-Value (TFV) concept and the other is
Ballard and Howell’s Last Planner methods of production control. To date most



The Complexity Conceptual Model of Lean Construction 33

U.S. construction companies have followed the Last Planner methods to improve
performance. In addition to the Last Planner methods, the Lean Construction
Institute has developed another way to design and build capital facilities by
reforming the management of production. The LCI calls that new way the Lean
Project Delivery System, LPDS. The detail interpretations about Koskela’ TFV and
LPDS will be shown as follows.

2.2 Transformation-Flow-Value Generations (TFV)

Koskela introduced a new unified theory of production, termed as the Transformation-
Flow-Value Generation (TFV) [5]. This theory is an integrated theory developed
from the three main production paradigms namely; Craft production, Mass
production, and Lean production. The TFV theory can be defined as follows [9]:

* Transformation view-Concept of transforming inputs to outputs.

* Flow view-Materials and information flow in a production process.

* Value generation view-Process where the value for customer is created through
fulfillment of his/her requirements.

2.3 The Lean Project Delivery System (LPDS)

LPDS applies principles pioneered in manufacturing to construction. LPDS tools
facilitate planning and control, maximizing value and minimizing waste throughout
the construction process. Its model consists of 11 modules, organized into five
interconnecting triads or phases extending from project definition to design to
supply, then assembly and use. The LPDS also has a production control module
and a work structuring module, both conceived to extend through all project phases,
and learning loops, which is a post-occupancy evaluation module that links the end
of one project to the beginning of the next. Learning is a process that occurs in
cycles, thus the learning loop is incorporated at every level, and dedicated to rapid
system adjustment. Figure 1 presents the diagram of LPDS developed by the LCI.
The LCI also defined the concepts and principles of lean construction as follows:

Lean construction is a new way to design and build capital facilities. Lean theory,
principles and techniques, taken together, provide the foundation for a new form of
project management.

Furthermore, several studies even argue that Lean shows a impact on con-
struction. For example, Thomas et al. investigates the lean principle and using
data from three projects covering 137 workdays, this paper has shown that there
is validity to the lean construction principle that effective flow management can
improve construction labor performance [10]. Halpin and Kueckmann explore the
relationship between simulation and the emerging topics of Lean Thinking and lean
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Fig. 1 Lean Project Delivery System [8]

construction. Then they discussed the use of simulation as a means of evaluating the
benefit of using lean construction techniques [11]. Stuart and Susan animadverts
the existing literature on lean construction is overwhelmingly prescriptive with
little recognition of the social and politicized nature of the diffusion process, and
conducted 25 interviews with construction sector policy-makers between May 2001
and April 2003 [12]. And then he considers that ‘leanness’ can be conceptualized in
terms of a quest for structural flexibility involving restructuring, downsizing and
outsourcing. Jin-Woo Bae and Yong-Woo Kim argue lean construction methods
impact the sustainability of high performance facilities and to suggest how these
Lean construction methods evolve to contribute to green construction [13].

3 The Characters of Construction

The construction industry has three other features that distinguish it from manufac-
turing: On-site production, one-of-a-kind projects, and complexity (i.e., temporary
multi-organization and regulatory intervention) [14].

On-site production: Construction is site-position manufacturing. In construction,
installation and erection are the activities that most increase the value of the product.
The contractor must ensure that all components assembled on site meet high-quality
standards that are greatly influenced by specific site conditions.

One-of-a-kind production: Firstly, the production is unique. Any two products
are different. Normally manufacturing takes advantage of specialized equipment to
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make standardized units, allowing only a limited level of customization by retailers.
In construction, customers play a key role throughout the project cycle. Under
guidance from the designer, customers define their product explicitly through the
bid package or contract. The owner or the owner’s representative can modify the
requirements and details of the contract by addenda (before bids are opened) or
change orders (once the bid is closed).

Complexity: In manufacturing, many components from different subassemblies
can be easily managed because suppliers are selected early in the design phase.
Specialized facilities with suitable technology and layout ensure the reliable flow of
the product. With repetition, this supply network eventually becomes manageable
and optimized. In contrast, in construction, the completion of activities is highly
interrelated and complicated. Construction projects are characteristically complex,
unique, dynamic systems that must rely on an initial design that involves a number
of subassemblies with variable specifications [15]. Being an on-site production, the
installation of those subassemblies is constrained by the interacting and overlapping
activities of different contractors, making it more difficult to meet a fixed schedule.

Construction process is complex. This will give emphasis on flow function when
researching on transferring single construction activity to how to link the activities.

The combined effect of on-site, one-of-a-kind, and complex production is
uncertainty.

Additionally, this paper considers hierarchy is also one of the key features.
Randolph Thomas et al. provided a model of construction hierarchy and focus on
the Workflow in Construction [16]. As Fig. 2 shows, there are three cycle times that
can be discussed depending on the level of one’s interest. Three cycle times include
total process level (craft), activity or task level (crew) and subtask or method level
(group or individual).

Because of above mentioned four features, the construction process is particular
and cooperative. It needs all the members to cooperate and study adaptively, and
then their common goal will be achieved [17, 18].
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4 The Conceptual Model of Lean Construction Based
on CAS Theory

4.1 Brief Introduction to CAS Theory

The term complex adaptive systems is often used to describe the adaptive and active
system, such as the economics, ecology, immune system, embryo, nervous system,
the computer network and so on. Complex Adaptive System (CAS), which is based
on John H. Holland’s research on complex system, was put forward in 1994 [19].

The kernel concept of CAS is “Adaptation Builds Complexity”. CAS puts
emphasis on agent’s initiative. The agent changes its behavior in response to its
environment. The adaptive change that occurs is often relevant to achieving a goal
or objective.

The most significant contribution of CAS theory is it connects the Stimulus-
response model. The interaction of agent and environment makes the change of the
agent become the foundation of system’s change, and then the two changes can be
studied together.

Based on the above mentioned two models, CAS includes the detection system,
the performance system and the response system (as shown in Fig. 2). The lean
construction’s detection system is a sensor system to detect the environment
inputs which consists of information, labor resources, equipment, technology, etc.
According to its own marketing environment (i.e. customer) and macro-environment
(i.e. Economic, Legal and Social reasons), the performance system plays the
function of transformation and processing, and then outputs the lean construction’s
services, products and profits. This is a process that the response system acts
upon the environment system. The stimulus-response process not only gains the
competitive advantages and creates social value for the construction industry, but
also achieves the goals of the construction system and its benefit related parties
(such as supply chain enterprises).

This is a process that the response system acts upon the environment system.

The aforementioned Koskela” TFV is just an idea. LPDS plans construction
projects in the system view, it neglects the environments’ affects to the projects
and their adaptability.

Therefore, based on stimulus-reresponse model in CAS and lean idea, the paper
presents a conceptual model of lean construction which takes into consideration the
environment’s interaction and effect.

4.2 The Conceptual Model of Lean Construction

Lean production is defined as a flow which contains five steps: defining cus-
tomer value, defining value stream, building uninterruptible operation flow, pulling
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production mechanism and perfect. Therefore, the paper pays more attention on the
flow concept (involving information, material and value) in the system. Then based
on the stimulus-response model of CAS, it treats customer value and environment
as the stimulus of lean construction. Its response is the pulling mechanism. The
conceptual model of lean construction is formed as shown in Fig. 3.

Firstly, when inputting the materials and labors, at the same time, the model
detects the external stimulus from customer value and environments. According to
such stimulus, performance system will choose the appropriate translation rules to
process then output the products and service to meet the customers’ demand.

Translation — Koskela believes that production activity consists of four consecutive
processes: moving, waiting, processing and inspection [5, 20]. He categorized
all construction production processes into these four stages, and furthermore
determined if each stage created value.
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The paper argues that the translation of lean construction contains three hier-
archies, namely, three cycles. There are three cycle times that can be discussed
depending on the level of one’s interest similarly. As Fig. 3 shows, Three cycle
times include total process level (craft), activity or task level (crew) and subtask or
method level (group or individual), and which is from internal to external. The first
cycle includes project definition, lean design, lean supply, lean assembly, use and
continuous improvement. The second one includes design criteria, process design,
detailed engineering, installation, operations & maintenance and maintenance &
improvement. The last one includes Design Concept, Product Design, Fabrication
& Logistics, Commissioning, Alternation & Decommissioning and Purposes.

Flow — In lean systems, workflow refers to the movement of materials, information,
and equipment through a system [6]. Smooth movement, as in better workflow,
refers to avoiding the circumstances of continually changing, from being in a state
of movement to being stationary.

Value — To optimize the construction production process, non-value adding stages
such as moving, waiting and inspection had to be reduced, while the efficiency of
the value adding stage was maximized.

However, it was only with the publication of Rethinking Construction (Depart-
ment of Environment, Transport and the Regions, 1998).

Rule — it absorbs the core idea of lean production. The highest cycle rule of lean
construction is as follows:

* The customer’s demand is the most important.

* Lean construction pursuits zero waste, zero inventory, zero failures and zero
defect;

* To increase project value by transferring tasks with no added value, then to
maximize interest and minimize waste.

Adaptive learning loop — Implementation requires a substantial amount of learning.
First, learning should be directed at principles, tools and techniques of process
improvement. In the next phase, the focus turns to empirical learning from manip-
ulating the processes. For this reason, formal reviews of progress and experiences
are useful. One form of learning consists of pilot projects for testing new ideas on a
limited scale. A third source of learning is made up by external information, which
can be tapped through benchmarking [5].

Lean construction’s environment — The lean construction’s environment includes
the flowing three aspects:

e Economic aspects, both direct (consumption of raw materials, reduction of
disposal costs, recovery of the added value of used products, etc.) and indirect
(an environmentally friendly image and compliance with current and future
legislation).
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* Legal aspects, because current legislation in many countries (including, for
example, members of the European Union) holds companies responsible for
recovering or properly disposing of the construction products they put on the
market.

* Social aspects, because society is aware of environmental issues and demands
that companies behave more respectfully towards the natural environment,
especially with regard to issues like emissions and the generation of waste [21].

5 Conclusions

Integrated with CAS theory, the paper presents a conceptual model of lean
construction by referring the related scholars’ researches. The model follows the
core idea of lean production. It bases on the customer’s value and pays attention to
value flow and building uninterruptible operation flow, then to study and adapt to
environment. However, the shortcoming of the paper only discusses on conceptual
model, the practical argumentation is not implemented. This will be improved in the
future research work.
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Research on Feature-Based Data Exchange
Between Tribon and UG

Wei Liu, Xiong-hui Zhou, and Xue-yu Ruan

Abstract For shipbuilding and auto industry, using different CAD platform to
fulfill one project is very popular. Engineers have to deal with so many data
exchange works. While the main problem is that many raw modeling features have
been lost during this process and could not be inherited by another system. So from
this point of view, how to realize the modeling data exchange or called geometry
data seamless integration between heterogeneous CAD systems is very important.
In this paper, we propose a new method to realize such function. We trace ship hull
modeling history in Tribon and then via the XML neutral file, a same 3d model will
be regenerated in another system UG. The experiments show that this data exchange
method is fairly high efficiency and all modeling features have been inherited. This
method can also be widely used in other feature-based CAD platforms such as
Solidworks, CADDS5 and CATIA.

Keywords 3d model regeneration * Data exchange ¢ Feature-based modeling °
XML

1 Introduction

With the development of computer science, more and more modern CAD systems
have the ability to create parametric models. In a parametric model, each entity, such
as a line or circle in a wireframe, or an extrude operation, has parameters associated
with it. These parameters control the various geometric properties of the entity, such
as the length, radius or height of a cylinder. In order to create the desired part, these
parameters may be changed by the operator if necessary. Parametric modelers that
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use a history-based method keep a record of how the model was built. When the
operator changes parameters in the model and regenerates the part, the program
repeats the operations from the history, using the new parameters, to create the new
solid [1].

However, different CAD systems have different modeling ways even for the
feature definition. A parametric model that was generated in one CAD system will
not be recognized or called feature inherited in another CAD platform. In fact, this
is very popular in shipbuilding and auto industry [1]. As you know, shipbuilding
is an extremely complex business. The time between order and delivery is very
short, which means that a huge amount of tasks must be performed in parallel, or
in some other cooperation ways [2]. This due to the whole ship model may come
from different platform such as Tribon, CADDSS5 and UG. How to realize ship data
exchange between those heterogeneous systems has become a main problem that
engineer have to face. At present, the common way is to use standard file style, such
as STEP, IGES that was provided by most CAD systems. While this traditional data
exchange method did not took feature parameter and modeling history into account
[3]. That means after such exchanging, the original modeling features have been
lost and model could not be regenerated in the destination CAD system. To edit or
change the model parameters will become impossible.

The objective of this research is to fulfill the data exchange of modeling data of
hull between Tribon and UG systems, two important CAD systems in shipbuilding
and auto industry, via the XML neutral file.

2 Feature-Based Data Exchanging

By analyzing the modeling framework of Tribon and UG systems, we got to know
that the traditional data exchange method by STEP or IGES is useless for feature
inherited. Se we define a special neutral file style of our own base on XM. This
neutral file can be used to save the ship hull data exported from Tribon. On the
other hand, it can be also read by the destination CAD platform after customized
development. In this method, any feature-based model can be trace back to its
modeling history, so we can realize data exchanging process by rebuilding modeling
history tree in different CAD system.

2.1 Frame Structure

Feature-based data exchanging aims at feature information sharing between differ-
ent CAD systems. The whole exchanging process can be divided into two parts as
shown as follows Fig. 1.

There are two steps for this exchanging process. One is pre-processor and another
is post-processor. Pre-processor mainly used to read modeling data from local
system as far as Tribon is concerned. During this process, these extracted data will
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Fig. 1 Feature-based data exchanging framework

be organized according to a mapping module and then exported in a neutral XML
file. By contraries, post-processor mainly used to translate these neutral files and
fulfill the model regeneration in the target system.

2.2 Development Tool

Like many modern CAD systems, Tribon provide user a built-in programming tool
Vitesse [1]. Tribon Vitesse is a productive way to create customized, user-developed
macros or programs in an object-oriented language. These macros are then available
within the interactive Tribon application through a special function on the menu. A
customized interface that we developed by this tool can be shown as follows Fig. 2.

Tribon Vitesse incorporates the programming language Python [1]. This syntax
includes all normal features in a programming language such as branching, loops,
functions, etc., as well as full support for the object-oriented programming. The
Python language itself gives the use the full freedom to work in a traditional
function-oriented fashion. Its implementation in Vitesse, however, requires the
programmer to gain also the basic skills in the object—oriented approach, because the
Tribon entities and activities have been modeled in the Python language as classes
as its methods.

By calling the corresponding utility functions that was encapsulated by Vitesse,
the programmer can easy access Tribon product information model and its database.

2.3 Ship Hull Exchanging Objects

Tribon product information model can be regarded as a ship database containing
all information about a specific project. The database is object-oriented in the sense
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that all design and production data is stored as “objects”. These “objects” are all the
types of physical items found in shipbuilding, e.g. [4] (Fig. 3).

There is a hierarchy within the product information model, which helps the user
keep track of the information and produces production information more efficiently
[5]. An example of this hierarchy is shown in the following diagram.

2.4 XML Neutral Files

Extensible Markup Language (XML) is a markup language that defines a set of
rules for encoding documents in a certain tag format that is both human-readable
and machine-readable. It is a data format used extensively to describe structured

data [6].
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Since the XML documents are standard test files, it is virtually possible to handle
them, using standard Python abilities of handling files. This becomes, however
extremely difficult with the growing complexity of the document [7]. Therefore,
we have to develop a translation module to facilitate the handling of the XML. For
example, we can use the following code to obtain an existing XML document in
TRIBON development circumstance [8].

From xml.dom.minidom import parse

try:
doc=parse (“D:\\test.xml”) #Build XML document
try:
#Work on the document
finally:
doc.unlink () #Prepare for cleanup
except:

kecs ui.message confirm(“Error reading file!”) [1]

In this paper, we use a kind of XML neutral file to record ship hull modeling
history data. These neutral files are composed by some well-regulated macro unites
[9]. In this method, Modeling data are described by modeling macro (modeling
history tree) instead of geometry element, such as point, line and surface. Macros
unite is a data structure with two-dimensional characteristic. Each macro unites will
give expression to a certain hull structure: parallel unites describe the structure that
lies in the same class, while longitudinal unites describe the structure that lies in
different class [10]. We put the ship hull data into five classes: Ship, Hull, Block,
Panel, Tran matrix. This can be shown in the following Table 1.
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2.5 Co-ordinate Translation

In the ship hull creation process, we adopt a variety of positioning ways. For
example, we work with three kinds of co-ordinate systems in Tribon platform.
Drawing co-ordinate system will be used under screech circumstance, global co-
ordinate system and panel co-ordinate system will be used when we need to create
a solid feature [11]. The coordinate variables shown as follows:

* drawing co-ordinate system (U, V)
» global co-ordinate system (X, Y, Z)
* panel co-ordinate system (U, V, W)

In addition, Tribon and UG NX differ from the definition of the relative
coordinate system. So, during the model regeneration process in the destination
platform UN NX, we have to deal with the co-ordinate translation problems. If
the coordinate transformation is linear, we need to change source coordinates from
(X, y) to a new pair of coordinates (x’, y'). The conversion express can be written as
a matrix equation. The most general linear coordinate transformation of R? has the
following form:

x' =ax +by
/ ey
y =cx +dy

Where a, b, ¢, and d are real-valued constants with ad —bc # 0. Now we can
easily see that this transformation may be expressed as a matrix equation as follows:

KRN @

What if we want to return to the old coordinates? Then we apply the inverse
coordinate transformation, given by:

e (2] e
y —c a]ly

These equations may be written symbolically as X’ = Ax and x = A~!x’. Itis easy
to see that the first of these equations implies the second; just multiply both sides on
the left by A~!. When written out as a system of linear equations, the above matrix
equation becomes:

x = (dx" —by’) / (ad — bc)

4)
y = (—cx’ + ay’) / (ad — bc)
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2.6 Application Examples

In this paper, we use the programming language Python which has been integrated
within Tribon as the customized development tools. The syntax includes all normal
features in a programming language such as branching, loops, functions, etc., as
well as full support for the object-oriented programming [12].

Within the research project, two customized clients are implemented as pro-
totypes. These are used for demonstration and special design purposes. Both are
implemented in Python. T2U client is used for visualization and to generate the user
interface of hull data export [13] (Fig. 4).

For the usage in hull structural design, this client is integrated into the Tribon
hull-drafting module using the Vitesse application-programming framework. This
client program is used as named, i.e. [14]. It provides an interface or called tools
to the knowledge based design and related information stored in the standards
database. Basic workflows like the standards conformant construction of brackets
and cutouts are implemented. For a design task like the definition of a bracket
attribute values are entered automatically as far as possible thus reducing the number
of user inputs required [15].

Due to the open design and the consolidation of the complete application logic
into the server the development of additional clients that integrate CAD—systems or
further applications into the system is possible [16].

3 Discussion

In this paper, we talk about the possibility for feature-based geometry data seamless
integration between heterogeneous CAD systems. The author trace ship hull
modeling history in Tribon and via the XML neutral file, a same 3d model has
been regenerated in another system UG. In case of ship industry, this method was
proved to be effective.
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Currently, the data exchange method apply is a first prototype focused on design,
storage and retrieval of standardized parts. It is a highly configurable and flexible
system. By using the data model described, engineers have a unique data source
for the steel structural design process. The access to additional information using
entity information derived classes allows for a further consolidation and a tighter
integration of all relevant pieces of information [17]. Further work is currently
carried out on the closer integration of a 12 rule-based computation system for the
dynamic evaluation of parameters or conditions. Advanced workflows for a guided
wizard-based design are developed.

4 Conclusion

By feature-based data exchanging method, a ship hull model has been regenerated
successfully in UG. The experiments show that this data exchange method is fairly
high efficiency and all modeling features have been inherited in the destination
system. This method can also be widely used in other feature-based CAD platforms
such as Solidworks, CADDS5 and CATIA [18].
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Construction of System Framework of the Most
Stringent Water Resources Management Regime

Ju-ling Qiao and Fang Liu

Abstract Innovation of water resources management regime is an inevitable
choice for economic and social development. It would be beneficial to sustainable
development of the harmonious society between human and water as well as
to sustainable utilization of water resources if the connotation of the new-type
water resources management regime could be defined, the institutional system be
established, realization approaches to be discussed, and the limited water resources
could be used to the full extent both in development of economy and society and in
virtuous cycle of ecological environment.

Keywords Realization approach ¢ The most stringent management regime °
Water resources

1 Introduction

Water scarcity has already become the key bottleneck restricting economic and
social development, and meanwhile, water resources will turn to be badly needed.
People of our times are faced with a significant and urgent topic, i.e. how to
develop and use water resources to meet human needs while water resources
could be managed and protected for sustainable utilization. This requires us to
summarize and analyze successful water resources management experiences in
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domestic and overseas practical explorations, to discuss a new type of water
resources management system, so that the harmonious coexistence between human
and water could be finally achieved.

2 Connotation and System of the Most Stringent Water
Resources Management Regime

2.1 The Concept of Water Resources Management

As for the concept of water resources management, although this term has been
extensively applied, up to now, there has been no uniform and normative explanation
in the academic world. Water resources management is defined in “Wikipedia-
English” as follows: “water resources management refers to organization, coordina-
tion, supervision and scheduling of development and utilization of water resources;
through administrative, legal, economic, technical and educational approaches,
all kinds of social powers are organized for water conservancy development and
of control water disaster; social and economic development is coordinated with
development and utilization of water resources, while conflicts in water utilization
is handled among each region or each social department; inappropriate develop-
ment and harms of water resources are monitored and restricted; the scheduling
program for optimization of water system and reservoir engineering is established
for scientific allocation of water” [1]. Water resources management has a wide
coverage in broad sense, thereby all tasks for water conservancy being carried
out in nowadays could completely incorporated into water resources management.
At present, a relatively universal definition for water resources management is
that: the departments of water administration manage the development, utilization,
scheduling, allocation, conservation and protection of water resources through legal,
administrative, economic and technical means etc., which is the general term for
all kinds of engineering and non-engineering measures meeting needs for human
survival and living, social and economic development, as well as maintenance and
improvement of ecological environment [2].

2.2 The Connotation of the Most Stringent Water Resources
Management Regime

In 2011, a new type of water resources management regime was clearly put
forward in the No.l Central Documents and in the Central Water Conservancy
Working Conference, which was also the ever strict ever regime on water resources
management, being positioned as the “strategic move for speeding up transforming
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ways of economic development”. It was not only a remarkable breakthrough
in the history of water resources management, but also an innovation in water
resources management regime, symbolizing a new leap in our knowledge in the
law of water control and even of sustainable development. The most strict regime
has already become the core for modern water conservancy management regime,
whose connotation could be summarized as “establishment of three red lines and
four regimes”, i.e. through establishment of the red line for controlling of water
development and utilization, the control regime for water utilization volume could
then be set up; through establishment of the red line for water utilization efficiency,
the control system regime for water utilization efficiency could be set up; through
establishment of the red line for total quantity of pollutant discharge into rivers
and lakes, the regime for restricting permissible pollutants in water function zones
could be set up; through establishment of the regime of management responsibility
and appraisal, the institutional system for water resources management could be
supported and improved.

2.3 The System of the Most Stringent Water Resources
Management Regime

The general framework of the most stringent water management system is composed
of six major systems, i.e. water conservancy engineering system, control indicator
system, supervision and administration system, scientific monitoring system, indi-
cator assessment system and management organization system.

2.3.1 Water Conservancy Engineering System

As the supporting foundation for implementation of the most strict water resources
management regime, it is composed of water source engineering, water network
engineering and water supply engineering, etc. Without perfect matching water
conservancy facilities for water storage, diversion and transfer, the most strict
water resources management regime would lose its root. Through water source
engineering, natural precipitation could be dammed up and underground water be
exploited out, so that natural water sources are turned into potential water resources
available for human beings; through water network engineering, river and lake
water systems in different basins and in different areas could be connected, so that
the potential water resources are transferred and allocated to each region; through
water supply engineering, water could ultimately be supplied to each industry and
each family, so that the potential water resources are truly converted for direct
utilization [3].
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2.3.2 Control Indicator System

It contains three control indicators respectively for total water consumption, water
use efficiency and water function zone restriction, which could be seen as the
criteria measuring execution of a set of regimes. Establishment and improvement
of a systematic and complete control indicator system is the basic premise for
implementation of the most strict water resources management regime, which
should be broken down and put into practice in response to control indicators for
total water consumption, water use efficiency and water function zone restriction,
etc. (i.e. known as the “three red lines”). The “three red lines” constitute an organic
integrity with internal logistics under mutual support and correlation, fully repre-
senting the philosophy that equal attention should be paid to allocation, conservation
and protection. Meanwhile, we have established the management mechanism for
water resources development and protection warning, and have successively created,
printed and distributed the “three warning lines” for available water supply for key
water conservancy projects, ground water level of key underground water sources
and pollutant carrying capacity of key water function zones [4].

2.3.3 Supervision and Administration System

It includes maintaining a strict standard respectively on certification and permission,
water utilization planning and metering and charging. Enhancement of supervision
and administration of water taking and utilization could be regarded as the most
important handle for our water conservancy departments when they are striving to
put the most strict water resources management regime into practice. Only if this
handle is firmly held, could water consumption of a region be really controlled and
could the most strict water resources management regime be really implemented.
This can be seen as one of the functions best representing administrative authority
of our water conservancy departments. In terms of specific assignments, there are
“three gateways” requiring strict control [5].

2.3.4 Scientific Monitoring System

It contains the monitoring system for regional total water consumption, real-time
monitoring system of key water users and the water quality monitoring system of
water function zones. As for the most strict water resources management regime,
approval of each control indicators as well as monitoring and appraisal of regime
implementation require huge amount of monitoring data as support. Therefore,
to speed up constructing and improving a scientific and complete monitoring
system turns to be an important foundation for implementation of the most strict
water resources management regime [6]. Starting with the actual demand in
implementation of the most strict water resources management regime, the present
situation urgently requires construction and improvement of monitoring systems for
these three aspects.
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2.3.5 Indicator Assessment System

It involves assessment of total regional water consumption, control indicator for
water efficiency and control indicator for pollutant carrying limit. A key link in
implementation of the most strict water resources management regime lies in that
to establish the assessment system of control indicators, compare the monitored
actual regional water consumption with control indicators stated in the “three red
lines”, make assessment with scientific and object method, point out achievements
and problems and finally acquire reasonable assessment conclusion and opinions
[7]. Such assessment aims at formulating reasonable control indicators for regional
water consumption in the next year or in the zone under planning, as well as
providing important reference for appraisal of each level of local governments
and relevant departments. Such assessment mainly focuses on total regional water
consumption, water efficiency and pollutant carrying control of water function
zones, and relevant procedures include reliability analysis of original monitored
data, data verification and comparison, error analysis, comparison of actual mon-
itored data and control indicators, reason analysis, comments and suggestions, etc.
The institution for assessment could be the assessment specialist group established
by water administrative authority or a consulting agency, and the assessment
conclusion should be timely released to the public [8].

2.3.6 Management Organization System

This system includes formation of a centralized and unified water resources
management regime, a coordinated management system and a professional service
system in water resources management. A healthy and complete water resources
management organization plays the role of effective support to efficient functioning
of the most strict water resources management regime. During implementation of
such as regime, only if a reasonable and effective management regime, management
system and service system come into being, could we see the effect of the most strict
water resources management regime.

3 Realization Approach of the Most Stringent Water
Resources Management Regime

It is completely a new task as well as a long-term and tough mission to implement
the new-type water resources management regime, i.e. the most strict water
resources management regime. The promotion process is surely to be filled with
difficulties and challenges, upon which we should be fully prepare to develop
the spirit of conquering hardships and bold for tough battles. We should explore
and innovate bravely, while going ahead steadily and surely for practicality and
efficiency. To guarantee effective implementation of the most strict water resources
management regime, the following three aspects should be emphasized.
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3.1 Enhance Publicity, to Improve Awareness
of the Whole Society

Implementation of the most strict water resources management regime involves all
walks of life and all fields and running through each level such as the nation, region
and user, etc., requiring joint efforts of the whole society for support and promotion.
Therefore, it is necessary to further enhance direction of public opinions through
all kinds of channels, vigorously develop publicity and education of the most strict
water resources management regime and deepen awareness and acknowledgement
of the whole society of such a regime. First, education of water regimen should be
strengthened. It should be incorporated into national education system and educa-
tional program for primary and middle schools as well as training courses against
leading cadres at each level and civil servants. Compilation and printing of relevant
teaching materials should be well controlled. The government shall plan jointly with
educational departments for construction of practice bases for water conservation
education, to promote water regimen education into school, classroom, community
and family. Second, promotion and guidance of public opinions should be enhanced.
Popularization of water regimen should be strengthened. Water conservancy should
be incorporated into public welfare publicity, to improve the whole society’s
consciousness of water crisis, water conservation and water resource protection, so
that water cherishing, conservation and protection will become conscious action of
all citizens and become an important criteria measuring civilization degree of the
whole society, resulting in the healthy social atmosphere in which “honor to saving
water, shame to wasting water”. Third, guidance of demonstration by example
should be well managed. The motivation mechanism encouraging advanced workers
and first to excellence. Demonstration county (city/district) establishment for
standardization construction of the most strict water resources management regime
should be organized and developed in which counties (city/district) working ahead
and creating experience would be nominated to be honored, so as to stimulate
overall promotion of implementation of the most strict water resources management
regime [9]. On the basis that construction of national/provincial demonstration
city/county for the water conserving society is well controlled, selection, nomination
and commendation of water-conserving demonstration county/town, district and
unit should be organized and developed, so as to guide construction of the water-
conserving society onto the path of continuous deepening promotion.

3.2 Strengthen Appraisal, to Improve Attention of leaders
at Each Level

Appraisal is divided into three levels: first, to strengthen appraisal of implemen-
tation of the “three red lines”. Control indicators of the “three red lines” i.e.
total water consumption, water efficiency and water function zones restriction,
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should be incorporated into comprehensive performance appraisal system of local
scientific development, which is under responsibility of local administrative leaders.
Effect of water conservancy reform and development including implementation
of the most strict water resources management regime should be incorporated
into comprehensive appraisal system of annual scientific development of each
region, the weight of which would be obviously improved. Water conservancy
reform effect of each region should be appraised by water administrative authorities
altogether with related departments, and the appraisal result would be submitted
to the authorities of leaders, which then becomes important content measuring
scientific development of a region, as well as significant basis for comprehensive
appraisal and evaluation of relevant local leaders and cadres. Any performance
breaking through the “three red lines” could be vetoed by one vote. For situations
that control of total water consumption is not strict enough, licensing approval
of water taking is administratively interfered, or severe problems occur in water
supply, relevant leaders and responsible people would be strictly called to account.
Second, to strengthen internal appraisal of the system. According to detailed
implementation measures for supervision and appraisal of water conservancy
missions with annual significance, implementation of the most strict water resources
management regime is considered as the content of weight, which accounts for
20 points in the overall a 100 mark appraisal system. Each water administrative
authority should also strengthen appraisal and evaluation of implementation of
counties (district/city) within jurisdiction. Third, to strengthen the appraisal of water
users. Water consumption planning and management should be strictly implemented
upon water users. The appraisal and incentive mechanism for water efficiency
should be established, water efficiency indicators being incorporated into statistical
indicators of enterprise business benefits.

3.3 Strengthen Law Enforcement, to Improve Acceptance
Degree of People Subject to Administration

Implementation of the most strict water resources management regime is mandatory
in a lot of aspects, which belongs to the scope of rigid management. Without power-
ful supervision upon law enforcement as a significant guaranty, this regime would be
impossible to be really put into practice. So we should start from water management
according to law. Firstly, we should strengthen management of water resources.
While further improving legal system construction in water resource management,
the greatest importance in water administrative enforcement should be attached to
supervision of water consumption behaviors. We shall enhance construction of the
professional water administrative team, equip it with stronger legal enforcement
power, intensify fund guaranty and improve level of legal enforcement equipment,
so as to build a water conservancy enforcement team from the bottom to top,
being qualified as “highly disciplined, well equipped, with regulated enforcement



58 J. Qiao and E. Liu

and quick response”. We shall seriously put the water-drawing permit system into
practice, and strictly follow the approval and execution of duties regulated in the
“Regulation on the Administration of the License for Water Drawing and the Levy
of Water Resource Fees” issued by the State Council. As for any examination and
approval beyond authority, the duty of supervision and administration would be
strictly performed, which would be corrected or revoked according to law, and
relevant departments and staff would be strictly accounted. Secondly, we should
innovate the law enforcement mechanism in water resource management. Water
resource management involves multiple social aspects and departments; thereby
we shall be good at sailing a boat by water and sailing by wind in integrating
social law enforcement resources. A frequent work connection and coordination
mechanism should be built up with departments such as public security, court,
governmental legislation, land, construction and environmental protection, etc.,
aiming at acquiring their powerful support and cooperation to create joint efforts
in water governance and administration according to law. We should continue
to powerfully promote water policing system. With integration of local realities,
construction of joint water and public security enforcement institutions e.g. water
police station and water security office, etc. should be accelerated [10]. Thirdly, we
should strictly regulate law enforcement behaviors. To define responsibilities of law
executors should be the first mission. Water administrative executors at each level
could only perform within their scope of their duties and functions, thus any actions
beyond the scope would be considered invalid. During enforcement process of water
resource assessment and examination, water-drawing permit approval, and levy of
water resource fees, etc., water administrative authorities at each level should have
clear sense of responsibility and implement their own duties in real earnest.
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Research on the Integration Mechanism
and Strategy of the Services Innovation
and the Manufacturing Industry

Xin Zhu

Abstract The goal of this paper is to analyze the integration mechanism and
development strategy of the services innovation and the manufacturing industry.
Firstly, we make an introduction about the connation of service innovation with
the four dimensions model. Secondly, we make an analysis about the need and
impact for the use of services innovation in the manufacturing industry. Then, we
make a discussion about integration mechanism of the services innovation and the
manufacturing industry. Finally, we put forward the strategy for the integration of
services innovation and the manufacturing industry, which can guide their further
integration in the near future.

Keywords Integration mechanism e Manufacturing industry e Strategy e
Services innovation

1 Introduction

With the rapid economic development in the world, the important role of the
service sector in economic growth has become a significant feature in the advanced
economies. The proportion of value added services accounted for the increase in
the world total production value is an average of 68 %, the proportion of service
sector employment in developed countries are generally about 70 %. With the
deepening of international division of labor, the increasing demand for services,
increased competition in services and some industry barriers to entry reduce the

X. Zhu ()

School of Management, Guangxi University of Science and Technology, Liuzhou,
People’s Republic of China

e-mail: 5266736 @qq.com

E. Qi et al. (eds.), Proceedings of 2013 4th International Asia Conference 61
on Industrial Engineering and Management Innovation (IEMI12013),
DOI 10.1007/978-3-642-40060-5_7, © Springer-Verlag Berlin Heidelberg 2014


mailto:5266736@qq.com

62 X.Zhu

service sector assumes an international, standardized and customized development
trend of science and technology development, social progress and economic growth
and so play an important role.

The rapid development of science and technology of China’s economy in recent
years has improved continuously rising, the social hierarchy of needs, people’s
consumption structure began to change, these changes are put forward higher
requirements for China’s service industry development and innovation. China
achieved rapid development of services since the 1980s, but for the service industry
in the Chinese domestic market demand, the current situation and the needs of
economic development remains to be further improved and optimized. Service
innovation is an important driving force for the services sustained and rapid develop-
ment, international research on service innovation began in the 1970s, has important
implications for the promotion of the service industry’s rapid development and
economic prosperity [1]. Therefore, research and service innovation and its effect
on the service of economic growth in the role of promoting China’s service industry
rapid development, and thus meet the economic development needs of social
progress, structural change and market demand has a positive significance.

2 The Connation of Service Innovation

For a long time, the service sector is considered a “non-material production”
remaining sector, is seen as an appendage of the manufacturing sector, characterized
by: less demanding professional, staff-intensive and low capital investment, less
innovation activities and efficient but innovation in the service industry does exist,
each of us have experienced, when we travel by air, eating at fast food restaurants or
use the loan to buy a car, etc., will experience the benefits of service innovation.
Innovation and its meaning is very broad, Schumpeterian, Austrian-American
economist treated that innovation is all possible to improve the efficiency of resource
allocation activities; these activities are not necessarily technology-related.

Innovation is not a tangible product, invisible, is a conceptual, process innovation
activities; services to innovative forms of diversity, technological innovation is
just one of a dimension; innovative range of service innovation compared with
wide, and is replicable innovation and solve specific customer problems can not
be copied innovative complex; “customer oriented” service innovation, innovation
is more a demand-driven phenomenon, the customer as a “cooperative producers
“active participation throughout the process of innovation; less service innovation
more for the enterprise level, industry level of innovation. “Invisible” in the above
five elements, the core elements of the other four elements are based on some
degree of derivative, between the different elements are interrelated with each other.
The four dimensions are the new concept, customer interface, the delivery system
and technology option, associate and interact between the different dimensions,
corresponding to the different functional activities.
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2.1 Dimension of New Services Concept

In manufacturing innovative products and processes are visible, but in the service
industry, innovation is mostly intangible, innovative results is not a tangible physical
products, but new concepts or methods to solve a problem, service innovation to a
large extent is a conceptualization of innovation. Even if a concept in other markets,
customers are familiar with, but on a particular market is an innovation. Of course,
not all service innovation should be to introduce new concepts, accounts for a
sizeable proportion of the conceptualization of innovation in service enterprises.
Services companies during the development of new service concepts, the need to
clearly answer some basic questions: what products to retain existing customers and
develop new customers? What is the product of competitors? How the new service
delivery to the actual customers and potential customers? These issues constitute
the scope of the new service concept. Obviously the concept of innovation in this
sense is a market-driven enterprise by scanning and analysis of market demand to
find innovative sources [2]. The new service concept dimension has an accurate
understanding of their existing services and new services, as well as competitors,
existing services and new services, in particular, have an accurate grasp of the
innovative features. Through the understanding of the new service concept, service
companies can continue to market changes, customer requirements and behavior of
competitors to develop new services and improve existing service, the formation of
the enterprise “business intelligence”. Service and innovative new service concept
dimension with the other three dimensions are closely related. The concept of
innovation or new technological opportunities, or from new production process,
there may come from customers in the new role of service provider.

2.2 Dimension of Customer Interface

The second dimension of the service innovation is the customer interface design,
including the service provider to the customer and communicates with their client
cooperation [3]. For the analysis of the customer interface has become a focus of
the current service innovation, but for mass production manufacturing innovative
research, scholars have usually ignored the interactions between customers and
providers and enterprises will be included in the innovation process. Customers to a
large extent have become an indispensable part of service production, especially for
the ultimate customer service. Service providers with customer communication and
interaction have become a major source of innovation. Those services do not have
the obvious physical characteristics or likely to be competitors, product substitution,
the interface between service providers and customers is more important, more
needs to service providers to invest in building relations with customers, and
continue to develop new customer interaction mode. This innovative first condition
is a lot of information to actual and potential users. Service enterprises in the design
of the customer interface must take into account the following basic questions:
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how to effectively communicate with customers? Who the potential customers?
Enterprises have the ability to allow customers to play the role of “producer” in
the innovation? To the above questions the correct answer is the basis and premise
of the service enterprises to establish a good customer interface.

2.3 Dimension of Service Delivery System

The dimension of the service delivery system refers to the organization of produc-
tion and delivery of new service products [4]. Internal organizational arrangements,
the dimensions focus on service enterprises through appropriate organizational
arrangements, management and coordination, to ensure that employees work effec-
tively and to develop and deliver innovative service offerings. Closely related to
the dimensions of the problem is: How to authorized employees? How to motivate
employees to complete their work and pass the new service products? Dimension of
the service delivery system is the core of emphasis on the ability of the existing
organizational structure as well as existing staff must adapt the needs of the
development of new services, such as not suited to, it is necessary to upgrade to
promote innovation through the design of the new organization structure and staff
capacity, training, carried out smoothly. Obviously, the dimensions of the service
delivery system and customer interface dimension has a close association, the
internal organization and delivery mode (the service delivery system dimensions)
with the interaction between employees and customers can not be separated, and
the two are intertwined and mutually supportive. The most obvious example is
the introduction of e-commerce requires a larger business process reengineering
business processes. It not only changed the way of actual commercial transactions,
but also changed the process before and after the transaction; the enterprise’s
internal organization and the competency of staff must change. Again, the large
scale introduction of home shopping service to the association of service providers
and customers to a dramatic change, but also to make the organizational structure
and staff skills also changes greatly. It should be noted that the dimension of the
service delivery system, the organization of employees authorized is particularly
important, especially in professional services (such as advertising services, com-
puter services, design services, etc.). Through the proper authorization to provide
staff with greater flexibility, improve the efficiency of innovation to ensure that
innovation successfully is very useful.

2.4 Dimension of Technology Option

Service innovation can be no technical involvement, so the technology is not
a necessary dimension of service innovation in the model is only an optional
dimension. Although not necessary dimensions, but the technology is still in service
innovation plays an important role, “technology” and “service innovation” there
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are a wide range of relationships, most of the services through the use of certain
technologies become more efficient, such as the use of ICT (information and
communication technologies), the use of the shopping cart in the supermarket,
the use of the storage system. There are many sector-specific technologies in
service innovation, such as cleaning and monitoring system technology in medical
technology in the health services, environmental services, public catering and
hotel services, food and cooking techniques, retail services and goods transport
refrigeration and temperature control technology. These technologies will have a
major impact on the specific service sector. Of course, certain technologies can be
in many service sectors is widely used, ICT is an obvious example. ICT could
be carried out in the vast majority of service sector with a lot of information
processing, so it becomes a kind of almost all economic activities are the internal
need of technology. Scholars have often felt that ICT is a huge driver of service
innovation, the typical supplier-led “innovation point of view, one of the most
influential is the Barras (1986) put forward the” reverse product cycle “theory.
The theory is that innovation in the services sector is formed due to the absorption
and use of IT. However, the service is not always “supplier-oriented, many service
companies in the process of introducing the technology (equipment) and process
the conduct of other innovative activities, and further caused by the customer and
market innovation in service enterprises are more prevalent and important.

3 The Need for Service Innovation Used
in the Manufacturing Sector

Today, the world has entered a post-industrial society as represented by the service
economy, the consumer market key link, the service has become an important
factor of the core competitiveness of enterprises, service innovation become an
independent and innovative activities, is becoming increasingly important in the
development of the manufacturing industry. Enterprises can consolidate and expand
the market by service innovation, competitive differentiation and advantage. This
competitive advantage generated by the service innovation in products, marketing,
network, organizational resilience, brand and corporate competitiveness [5].

As for products, the production of traditional manufacturing enterprises pay
more attention to internal production rather than the reaction of the target, too
popularization of products on the market unresponsive; application services and
innovative manufacturing enterprises were concerned about the fast changing
market needs, with customer interaction, to grasp the hot market, design and
production of diversified products, targeted to achieve good returns.

As for marketing network, the traditional corporate enterprise boundaries, the
vast majority of departments and clients (customers) in isolation, only through the
narrow channels of the sales department and market to establish a one-way links,
not only fail to timely customer information is passed to the enterprise, nor can
the results of the final processing of the information fed back to the source of
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information (such as customers); application services and innovative manufacturing
enterprises in the internal market between the established multi-channel closed-loop
network, market interaction, and all information processing results can eventually be
fed back to the source of information to retain and explore clients’ assets to provide
channel protection.

As for resilience in the organization, the traditional focus on the stability of
the organizational structure and hierarchy, through the establishment of a rigid
organization and the introduction of fixed processes to deal with management
problems, the results of anti-enterprise inefficiency, poor resilience; and application
of innovative manufacturing enterprises for their internal and external clients, the
establishment of flexible flat network organization to cope with new problems that
may arise at any time.

As for the brand, more than the evaluation of the product of the traditional
enterprise from their own point of view, and only focus on product cost rather than
the customer’s perceived value, customer satisfaction is not high, the reputation of
the brand is also very low; and application services and innovative manufacturing
enterprises from the clients point of view, to provide customers with satisfaction
with the product, easy to form the brand reputation and customer loyalty. Various
advantages, the overall competitiveness of the application of innovative manufac-
turing enterprises than traditional enterprise, its products are difficult to imitate, not
only leading the industry’s opponents, but also raise barriers to entry, reducing the
potential competitors and substitutes the threat.

4 The Impact of Service Innovation
in the Manufacturing Sector

Between service and manufacturing a wide range of interaction, the development
of many services sectors are dependent on manufacturing, these sectors for the
manufacturing, finance, advertising, marketing, consulting, communications and
other services to support development; the same the healthy development of the
manufacturing sector is also dependent on the service sector, manufacturing product
quality and enhance the competitiveness depends on the integration and effective use
of the various service elements, this effect is mainly manifested in:

1. Service technology improves the response time in the manufacturing sector. The
success of the manufacturing sector need to have a more rapid response, more
customers and a shorter cycle, all of which rely on integration services and related
services technology, effective use, such as marketing, technology, advertising
technology.

2. Service has become an important source of manufacturing competitiveness and
profits [6]. Some manufacturers of large-scale sales and support systems for
the enterprise to provide more opportunities for development, many equipment
manufacturers by providing training services for enterprise customers for more
profit in selling equipment, and IBM have long attention to software, networking,
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and communications connectivity, these services are an important source of
manufacturing value-added and profit of enterprise value, and service elements
is becoming a key competitive weapon for large-scale manufacturing enterprises.

3. Services reduce costs while increasing product value. Modern manufacturing, the
contribution of basic commodities, the value is often less than the value added
by a variety of internal and external services in the enterprise, manufacturing
enterprises 75 % of the cost and a higher proportion of the value increase by
service activities constitute therefore a reasonable choice and use of services will
reduce costs, increase value to their products.

4. Manufacturers benefit from the external service innovation. Service enterprises
has become an important innovator, greatly improved the quality, scope and
flexibility of service delivery, resulting in a number of innovative new products,
customers (including manufacturers) can benefit in the competitiveness of
enterprises in the service.

5. The services support the activities of the manufacturer’s international operations
[7]. Services technology impact of manufacturing the most significant area is in
the manufacturing sector, international operations, multinational manufacturing
company to obtain economies of scale in large part by its service capabilities
(enterprises in technology transfer, marketing, finance, logistics, etc. ability) to
obtain, rather than from manufacturing economies of scale.

5 The Intergration Mechanism of Services Innovation
and Manufacturing Industry

The relationship between services and manufacturing are becoming more and
more closely, mainly in the manufacturing sector, intermediate inputs invested in
the service to a substantial increase in activities external of the manufacturing
enterprises has also led to the development of emerging services sector, which
gave birth to the service the integration and development of industry and man-
ufacturing. Industry integration can enhance the competitiveness of the industry
chain, to achieve the coordinated development of various industries [8]. In the
current economic development, the integration between modern manufacturing and
service development more performance the penetration of the service sector to
manufacturing, production services related to the production process, a direct role
in the manufacturing production process. The development of the blend is mainly
reflected in three aspects:

5.1 Within the Enterprise Industry Fusion Development

At present, many companies manufacturing and service functions together, oper-
ations management from the manufacturing sector extends to the service areas,
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some of the economic activities of enterprises and even by the manufacturing center
to service center. In many famous multinational companies in the service sector
share of output value and profits higher and higher, it is difficult to determine
whether it is a manufacturing business or service enterprises. For example, the
U.S. General Electric Company service penetration into their daily operations
management, manufacturing capabilities to the service function of conversion,
through GE Capital, the world’s largest financial companies to develop financial
industry, has greatly enhanced the market competitiveness. At present, services
revenue has accounted for more than 2/3 of the total revenue of the General Electric
Company.

5.2 Industrial Chain Integration and Development
of Manufacturing and Service Innovation

A product in real time of production and manufacturing sector accounts for only
a small part, most of the time in research and development, procurement, storage,
operations, sales, service and other stage of the operation of the industrial chain to
rely more on producer services, the efficiency of the service sector a great influence
on the efficiency of the entire chain.

5.3 Regional Integration Within the Development

That means manufacturing and service industries in a specific geographical cluster.
At present, China has entered a stage of industrial clusters and industrial com-
petitiveness are closely associated. Pearl River Delta, Yangtze River Delta and
other regions have demonstrated the phenomenon of industrial clusters. Finance,
insurance, logistics, education, training and production services and manufacturing,
constitute the industrial clusters of the service support system, and promote the
healthy development of industrial clusters.

6 The Strategy for the Intergration of Services Innovation
and Manufacturing Industry

From the perspective of innovation systems analysis, service innovation systems and
manufacturing innovation system, both may be integrated in the future. First of all,
service innovation in the capital, technology and other aspects of low-cost advantage
makes it easy to adopt means of competition; Second, the heterogeneity of service
innovation it has a strong “personalized”, businesses can be enhanced through
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innovative products unique and distinguish it from competitors; again, the value-
added services, often bigger than the product itself, the added value of enterprises
will get more added value through service innovation; Finally, the service innovation
in the reputation, safety, speed, etc. aspects will also bring a stronger competitive
edge, and make it easier to win a larger group of customers in the marketplace, and
to some extent, reduce the risk of innovation in other areas such as technological
innovation.

6.1 The Strategy for the Integration of Services Innovation
and the Manufacturing Enterprises

Many manufacturing companies have innovation as an important differentiation
strategy, hoping to meet the individual needs of customers and markets to a greater
extent, and “production business” to the “Service”. The service innovation and
manufacturing innovation system interact and integrate with each other gradually
[9]. Manufacturing focus of competition has been gradually shift from tangible
to intangible, the shift from a rigid flexible service innovation strategy, product
features, marketing, network, organizational resilience, brand and corporate com-
petitiveness has certain advantages, and will make use of differentiation competitive
advantage to more effectively consolidate and expand the market to maintain its
leading position in the fierce competition. Enhance the degree of standardization in
manufacturing products, the difference gradually disappeared, the smaller value-
added manufacturing enterprises to join the service elements to seek a greater
degree of differentiation, and increase the added value of their products, services
business in the manufacturing sector to create the value is increasing. Including a
higher degree of customer and market oriented; less standardized and more flexible
organization of production; the dominant, etc. as well as incremental innovation,
the entrepreneurial spirit of employees also occupies an important position in the
manufacturing innovation. At the same time, service innovation is also in some
respects to the direction of manufacturing systems, such as more technology is
included in the service industry, and innovation activities can be promoted through
R & D.

6.2 The Strategy for the Integration of Services Innovation
and the Manufacturing Industry

From the logic level of the industrial innovation can be divided into technological
innovation, product innovation, market innovation and industrial integration in
four phases [10]. Among them, which means the transformation of industrial
innovation in the industry between the process of industrial convergence, industrial
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convergence decide on two factors, first, some industrial innovation will stimulate
another industrial innovation chain to have an impact on industrial innovation;
the second is industrial innovation will become another industry innovation sup-
ply factors, demand — the supply of spiral effect. Industrial integration of the
development of manufacturing enterprises in the industrial chain restructuring,
rationalization of production organization, and concentrate on training and improve
their core competitiveness, but also enables enterprises to make full use of social
resources, reduce operating costs. Companies must focus efforts on their core
capabilities, which is an important way to survive in the fierce market competition
and development, while some of its own is not good business, such as technology
development, accounting services, personnel training, IT services to the professional
services organization to do, the cost will be lower; the advantages of the integration
of the development is also reflected in the can improve production efficiency and
product quality, because the producer services and manufacturing sector external
business professional level along with the core ability and technology integration
and a gradual increase in production efficiency and product quality are bound to
improve.

7 Conclusion

With the integration of manufacturing and service industries, the international
manufacturing enterprises treat the service as their core competitiveness. The
services innovation and integration strategy has become an important source of man-
ufacturing corporate profits in the fierce market competition [11]. Manufacturing
enterprise make an application of service innovation requires the guidance of the
theoretical model, the four-dimensional model of service innovation because of its
built on the basis of the broad definition of service innovation, are applicable to all
service-related areas, including manufacturing. The service innovation will become
an important source of differential advantage in the manufacturing enterprise, and if
the service innovation can be reasonably applied to business, will greatly improve
their market competitiveness.
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Low-Carbon Design of Modern Lamps
from the View of Material

Hong-yan Xue, Hui Yang, and OTGengNaoRiBu

Abstract With the development of materials science, the role of material in the
modern lighting design has become an important part in product visual effects and
internal structure. After the Copenhagen climate conference, the low carbon design
concept began to be used in lighting design. This paper, through the interpretation
of the low carbon design concept and the analysis of the role of material in modern
lighting design, makes a preliminary study of modern lighting low carbon design
from the material point of view.

Keywords Green design * Low-carbon design ¢ Materials * Modern lamps

Modern lighting products are changing every day. When people walking between
the lamp shops, they will be surprised for so many types of the lighting products.
The flexible and effective using of material by designers makes some common
material became different, and also makes it more intuitive for people to understand
the charm of material used in modern lighting design.

The global are paying more attention to the Copenhagen Climate Conference as
the greenhouse effect increasing every day. The low-carbon has become the theme
of the times. As an important part of the energy consumption, electricity for lighting
should be controlled within a reasonable scope. At this point, low carbon design
concept begins to be used in modern lighting products.
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1 Overview of Low Carbon Design Concept

1.1 Background of Low Carbon Design Concept

On the Copenhagen Climate Conference which was hold at the end of last year, the
major of the energy consuming countries have signed a series of energy-saving and
emission reduction agreement. Since then, the low-carbon has become the theme
of the times. Low-carbon was known as an economic concept at first. With the
time goes by, it was used in product design. Product designers have the social
responsibility of protecting environment and advocating users to live a low carbon
life, who have made contributions to the changes.

1.2 The Meaning of Low Carbon Design Concept

As a broad social concept of design, low-carbon design, in fact, doesn’t have a
conventional definition. Low carbon concept is the practice and ideal morphology
[1]. But the basis of low-carbon design is the low power consumption, low pollution
and low-emission and its nature is the efficient use of energy and the development
of clean energy. Ancient China has invented low-carbon design lamps early before,
such as Han’s Gang lamp (Fig. 1) and Song’s Fuel-efficient lamps (Fig. 2).

Fig. 1 Han’s Gang lamp
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Fig. 2 Song’s Fuel-efficient
lamps

2 The Method of Selecting Materials Used in Modern Lamps

Design in a Low-Carbon Way

The essence of the low-carbon design concept requires designer doing the following
tips in selecting and using material of lamps and lanterns:

1.

2.

To reduce costs, choose the materials that cost less money, and lower processing
difficulty and plasticity.

Try to choose environmental friendly, renewable or abandoned materials, in order
to improve the utilization rate of material itself, achieving energy conservation
and environmental protection;

. Through the reasonable collocation of material and structure to achieve the

energy saving of lamps and lanterns;

. By simplifying lighting structure with Green-design, not only the transportation,

the packaging, and the maintenance become easier, but also reduce the appli-
cation of materials in order to achieve a low carbon design concept of modern
lighting design;

. Through selecting biomimetic materials, we can evoke survival humanistic

awareness of environmental protection.

2.1 Reduce the Costs by Using Different Materials

Before the design of various properties of the product, the choice of materials for
production is very important [2]. Since the fire showing up, the history of using
lamps has been several thousand years. With the changing of the demand, the
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Fig. 3 Mark Andrews
chandelier

materials used in manufacturing lamps are changing constantly. Because of the
increasing personalized, decorative lighting needs, the modern lighting materials
become multifarious. But it can still be divided into five types: metal and imitation
metal, plastic, glass, ceramics, wood products, soft materials (such as paper, hemp,
rattan, leaves, twigs, leather etc.). In each kind of style, personality for the product
will change [3]. The price and plasticity of all these materials determine the cost of
the lamps and affect market competitiveness in some way. Therefore, with the low-
carbon concept coming up, the designers try to reduce the cost, and begin to choose
materials that are inexpensive, easy to process and flexible, such as plastic and
paper, as the main material of modern lightings. It not only meets the consumers’
personality needs, but also promotes the low-carbon pace.

As one of the representatives of the modern home brand, the production of
IKEA is typical. At present, the designers of IKEA mainly choose polypropylene,
polyethylene, and paper. Recently it launched an exquisite lighting — Mark Andrews
chandelier (Fig. 3).

Its shape looks like the “Dandelion” and it uses the traditional shearing method.
And also, they use paper to be their main material. Because paper is inexpensive,
easy to process and flexible, the costs and the energy loss are both reduced.

There are many examples about the paper lamps, for example, the famous
lighting designers, Sachie Muramatsu, uses the paper to make lamps (Fig. 4) and
show the view of nature.

On the market, the number of lamps like IKEA’s is increasing. The lighting
designers carefully select materials, try to reduce the cost and improve the value
of these lightings, and then improve the market competitiveness of the products.
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Fig. 4 Lamps designed by Sachie Muramatsu

2.2 Make Lamps More Environmental Friendly
by Using Materials

The material’s renewability determines the green degree of the material itself and
also determines whether the product is environmental friendly. Usually, the green
recycled material is divided into two categories: renewable materials and waste
materials.

2.3 Selecting Recycled Materials

The choice of materials is an extremely important aspect of low carbon design
concept. We must take full consideration of the materials’ influence on the envi-
ronment during the manufacture of the lamps, selling, using, and maintenance and
in the written process. Therefore, more and more modern household lightings use
renewable materials. It not only improves business efficiency, but also protects the
environment. And then, the concept of environmental protection is widely spread.
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Fig. 5 Dry seaweed piece
wall lamp

Renewable material mainly refers to the renewable recycled material [4]. It can
be repeatedly used and still be as a renewable resource for production after the
written. And this process consumes little energy. In addition, it will not cause
environmental pollution when disposed as rubbish. For example, bamboo, wood,
recycled paper, recycled plastic, recycled metal, etc.

Renewable materials can be divided into two categories: natural biodegradable
materials and recycling materials [5]. Some designers use natural biodegradable
materials, such as bamboo, wood, etc., to reduce the pollution to the environment,
and then achieve the function of protecting the environment (Fig. 5), this wall
lamp has used piece of dry seaweed produced by Japan as a lampshade, and takes
advantage of magnet in metal lampshade frame to stick to the wall. This design
is easy for users to demolish lamps, while the other designers choose recyclable
or renewable materials to reduce environmental pollution and improve material
utilization. Pottery lamp (Growth Series Lamp) (Fig. 6), designed by Dana Otto,
all made from recycled paper and there are a variety of shapes. But each one looks
exactly like a newly unearthed pottery, often plain. However, when turned on the
light, it will completely nirvana and create a warm environment of household.

When talking about the renewable materials of the lamps, most of the LED
lamps, which have been rapidly developing recent years, have used environmental
friendly and renewable materials. Moreover, the LED light itself is a kind of energy-
saving lamp. LED, light emitting diode, is a solid state semiconductor device. It
can directly convert the electricity into light [6]. The traditional fluorescent lamp
contains a lot of mercury vapor and lead. If broken, lead and mercury vapor can
evaporate into the atmosphere, causing serious air pollution. But the LEDs do not
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Fig. 6 Pottery lamp (Growth Series Lamp)

contain lead, mercury and other pollution elements, won’t make any pollution to the
environment. It has strong resistance on impact and lightning strike. At the same
time, it produces no ultraviolet (UV) and infrared radiation (IR). The LED bulbs
save the energy. Energy consumption of the white LED lamp is only 1/10 of the
incandescent lamp, and 1/4 of the energy-saving lamps. As to the longevity of LED
bulbs, LED lamp’s life can be up to 100,000 h or more. For ordinary home lighting,
the LED bulbs can be said to be once and for all.

With the development of science and technology, excellent energy-saving LED
lamps have been designed a lot. For example: Dutch designer Bertjan Pot for
furniture brand Moooi newly designed LED lamps Heracleum (Fig. 7), the whole
light is chandeliered by 63 white LED chips, is like a tree which is turned upside
down, covered with light-emitting leaves. Each white leave is in plastic lens shape.
The design is both full of simplicity and natural beauty. Israeli designer Aviad
Petel exhibited his own LED lamps designed by him in the 2011 Milan Design
Week (Fig. 8). Traditional materials of wood, the art of cloth and paper, made up
the design — a bendable hose compression LED lights. The whole lamp is made
totally by natural handmade materials. Green LED light through a translucent fiber
filtration of golden light adds some elegance and warmth to household.

2.4 The Selection of Wasted Materials

The choice of material is the first step of product design [7]. The using of wasted
materials is very important part of the low-carbon design concept. Looking for
abandoned materials in people’s lives and prolong wastes’ life cycle in simple ways
could save a large amount of money for the whole society. At the mean time, it helps
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Fig. 7 Dutch designer
BERTJAN POT Heracleum
lights

Fig. 8 Designed by Aviad
Petel

Hh

-

the protection and development for the environment [8]. More and more designers
have noticed and used that in the design of modern indoor lighting creatively. It tells
us “wasted” are not really useless, they will be changed into treasure and shine with
vitality if they were fully focused on.

As aresult of personality and aspiring for environment protection, designers have
combined a lot of wasted materials for creating perfect lighting. Such as the Dutch
designer Ruddy Grumman’s classic milk bottle lamp (Fig. 9) that consists of local
recycled milk bottle [9]. These milk bottles have a good sense of light, transparency
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Fig. 9 Classic milk bottle
chandeliers

and texture. With the lighting effects, the lamp looks simple, graceful and durable.
This kind of design not only saves costs, but also fully embodies the designers’
awareness of environment production, it helps people to pay more attention to
environment protection and to take a part in it.

2.5 Materials and Structures Can Improve the Efficiency
of Lambs with a Reasonable Match

Throughout lamps development history, the performance of the lamp as the light
source development improves continuously. Since Edison invented a lamp in human
history, how to further improve the performance of the lamps has become one of the
core issues of lighting designers study. The solution of the traditional method is
mainly through the development of light source. Light source has been developed
from incandescent bulbs to energy-efficient light bulbs, and now change into the
LEDs. The continuous progress of the light source improves the electrical energy
into light energy efficiency. But this does not necessarily improve the effective
utilization of light energy, and evaluation of the lighting energy efficiency of
illumination conditions to meet the requirements of the standard. The system
depends on the target illumination area actual the consumption of electrical energy.
The consumption of electricity is less, then the lamps gets more energy. Input from
the power grid of electrical energy to the human eye perceived brightness of the
lamps, the entire lighting system of the intermediate links has great influence on the
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Fig. 10 System light efficiency, lighting efficiency and light utilization

effect of energy-saving lamps. For lamps, the higher the efficiency of the system
light and higher light utilization of more energy-efficient lamps emitted, the more
energy-efficient [10]. The relationship between the related concepts is shown in
Fig. 10.

Therefore, the light source of light is not totally used by people. Only within
the scope of the demand of light of people is really effective, and it will depend
on the effective structure of lamps and lanterns [11]. PH lamps, as a classic of the
history of modern lighting design, Henningsen designed the PH lamps (Fig. 11),
with its scientific and humane lighting design and high aesthetic quality known
[12]. The one hand, from a scientific point of view, the design makes a soft uniform
light through the layer tired lampshade eliminate shadows, and the incandescent
spectrum was beneficial compensation, in order to create a more suitable light
color. Moreover, it avoids the light stimulation to the eyes. It is more advantageous
to the eye and comfortable, which weaken the excessive contrast with the dark
background, lamp shade, on the other hand, is designed elegantly, such as smooth
elegant lines. The change of the lamp shade, soft and rich color of the light makes
the whole design permeated with a full-bodied artistic breath. At the same time, its
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Fig. 11 PH lamps, designed
by Henningsen

modeling design makes it meet the need of function by using the material, which is
conducive to mass production. Because PH lamp has so many advantages, it is called
to be interpreted as the Danish design “without time limitation”, the best footnote.

2.6 Green Design, Lighting Structure Is Very Simplified
to Reducing Material Application

Green design is the inevitable choice for sustainable development [13]. The lamp
shape has already got rid of the shackles of the traditional form. The new technology
and the changing of people’s aesthetic make the shape of the lamps turn to be
more and more diversified, individualized, which also enable people to get more
emotional experience. Especially as indoor home lighting, its shape is not only
beautiful, simple and generous, but also gives people a warm and comfortable
feeling, and comfortable, being harmony with the furniture environment, which
also express the concept of green design — care for human. In modern interior
furniture design, the modeling or some dements of modeling tend to play the role of
information transmission. Through the products, people can express or share with
family and friends with more spiritual and cultural aspects of things, which make
contributions to continuously development of social peace. And this is the purpose
of green design. Considering some part of product was discarded or replaced when
after used. The designer usually uses the simplest parts [14]. Through green design,
the simplify of lighting product’s forms and convenience of demolition, makes
packaging, transportation and maintenance more easier, and even reduce the costs
used in recovering. Thereby, we can reduce the application of materials and show
the concept of low carbon design.
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Fig. 12 Conch type lamps

2.7 Choose Bionic Material to Improve Ecological Humanities

Bionic technique applies natural culture symbol to the modern People’s Daily
necessities, which not only brings people psychological and visual satisfaction, but
also an extension of the traditional human nature philosophy and sublimation [15].
As anaturalistic thought, Bionic always has the close relation with design, inspiring
creative thinking in the field of the design activities. And lamps and lanterns, as one
of the necessities of closely associated with human, closely associated with People’s
Daily life. So lamps and lanterns design affects people’s lives. The design of the
product of modern science and technology is the direct media between human and
technology to form interaction. It has great significance to apply the bionic material
and dynamic bionic design to modern lamps and lanterns design field. It can help
to conserve the energy and protect the environmental. At the same time, it can also
increase awareness of ecological protection of the humanities. Now, the design of
lamps and lanterns uses more and more bionic material, such as the conch type
lamps and lanterns design which won the 2010 prize for “Who” (see Fig. 12). It has
bright and lively colors, advocating a green consumption concept.

3 Conclusion

Material as one of the important elements of product of lamps and lanterns has
a critical influence on the value and attribute of lamps and lanterns. Low carbon
design as a new design concept began to receive extensive attention of designers.
Low carbon design of lamps and lanterns needs the proper selection of material and
the relatively reasonable design of the structure. It makes the lamps environmentally
friendly, energy-saving, renewable, low-carbon and green. By this way, we can
improve the awareness of the general public on the ecological environment.
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Application of Work Study to the Improvement
of PCB-Assembly Line

Xin-xin Han and Xu-hong Guo

Abstract The circuit board final assembly process is discussed as an application
example in this study. In order to find the bottleneck stations where the production
efficiency are low, work measurement is employed to determine operation time
of every station. The paper applies analytical methods of process, operation and
movement of work study to analyze the assembly line. Then the technique of SW1H,
ECRS and economic principle of motion is applied to improve the bottleneck.
Through good results in comparison with the old scheme, the balance rate is
increased and the product efficiency is enhanced.

Keywords Balance rate * Method study ¢ Work measurement * Work study

1 Introduction

Work study includes method study and work measurement [1]. As the core and
foundation of the industrial engineering, work study has always been paid high
attention. This paper applies the methods of work study to the circuit board final
assembly line of a certain electronic enterprise with a series of analysis and
improvements. Firstly, in order to find the bottleneck stations and calculate the
balance rate, work measurement is employed to determine operation time of every
station. And then the paper applies analytical methods of process, operation and
movement of work study to analyze the assembly line. With the purpose of solving
the problem of low balance rate and product efficiency, the technique of SW1H,
ECRS and economic principle of motion is applied to improve the bottlenecks. In
this paper, the method has enlightening and practical value for similar enterprises.
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2 Work Status and Problem Analysis

2.1 Work Status

Due to the increase in customer demands, electronic products of a certain enterprise
are in short supply. And only when the production cycle of the products goes down
to 11 s or below that, the production satisfies market beat need. The production
procedure is distributed into the front-end process and back-end process. The front-
end process is surface-mount technology (SMT), and it is production cycle has been
lower than 11 s. The back-end process is the circuit board final assembly. Because
it is not long until the production line is set up, it is production efficiency is low.
In order to achieve the goal of the 11 s, we must take measures to improve the
assembly line.

For PCB-Assembly Line, the processing craft route is from outer processing to
the assembly with PCB, and eventually to the lid assembly, etc. Before improving,
the assembly flow process is shown in Table 1 [2]. Need to explain, manual, machine
and manual-machine operation time of every station is measured with Methods Time
Measurement (MTM) which belongs to work measurement technique and these
data is added wide release rate (2 %) [3]. According to the data from Table 1, the
operation time histogram for each station is shown in Fig. 1.

2.2 Problem Analysis

As the Fig. 1 shows, the longest operation time of the production line is in
station 10, and the operation time of 19.67 s is the production cycle of the
production line. To calculate the balance rate, the computational formula [4]
is: the total of operation time/(the longest operating time * number of worksta-
tions) * 100 % = 278.2/(19.67*22) * 100 % = 64 %. Under normal circumstances,
when the production balance rate is between 60 and 70 %, there are the factors that
people consciously balance the production line. But some deep-seated problems still
are not resolved [5]. On the basis of above conclusions, it is clear that this enterprise
has not carried out in-depth management activities on the assembly line. As a matter
of fact, most of the operation time is higher than the target.

In order to improve the production efficiency and meet the demand of market, it
is necessary to improve the whole production line. The paper uses the analysis tools
of SW1H combined with the economic principle of motion to find points which need
improving. According to the actual situation, the following problems are found in
the original assembly line:

1. The flow process is unreasonable; there are unnecessary operations.
2. Waste of one-handed operation exists.
3. Some operations do not conform to the economic principle of motion.
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Table 1 The original flow process chart
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i o Distance Operator Time () Symbols (5]
i}:l;’]’ . (m) apmount Manual ~ Machine x::l:‘;t o] ju] - a v
1 Laser engraved code and dispensing 1 42 8.0
2 UV glue drying 1 9.1 4.5 %
3 Welding 1 8.5 38 Q)
4 Buffer ball assembly 1 44 7.0 3.0
5 Air leak test 1 10.4 9.0 4.0 O\
6 Weld visual inspection 1 6.1 J
7 Coil 1 pre-install manually 1 153 [
8 Coil 2 pre-install manually 1 13.8 [0
9 Coil 3 pre-install manually 1 13.8
10 Coil 4 pre-install manually 1 17.5 2.5 0.3
11 Press-in coil 1 4.9 10.7 4.9
12 Spring 1 assembly 1 10.5 4.4 [e]
13 Spring 2 assembly 1 8.5 2.0
14 Pin position examination 1 8.2 5.0 X
Move to the next station 24 1 1.8 At
Take outer and PCB 2 1 2.0 /»
15 Press-in PCB 2 11.8 12.0 11.8 o
16 PCB visual inspection 2 10.2 >ﬁ
17 Laser welding the lid 1 9.9 11.8 9.9 o
Move to the scan station 4.6 1 43 >
18 High temperature furnace 1 11.0 O\
Put in the test station 2.8 1 3.0 /v
19 High temperature test 1 124 149 12.4 D\
Put in cooling furnace 2 1 3.0 =3
20 Cooling furnace 1 11.0 ol/
21 Sealing ring assembly 1 13.7 3.0 e}
Functional test 1 6.1 \
22 Final inspection and packing 2 10.7 D\_}

4. The sequence arrangement of man-machine operations is not reasonable so that
the utilization rate of men and machines are very low.

3 Improvement in the Assembly Line

To solve above problems, the technique of SW1H, ECRS and economic principle of
motion is used to improve the assembly line [6].
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Fig. 1 The former operation time of every station

3.1 Improvement in the Flow Process [7]

1. Cancel the process “Weld visual inspection”. The process “Air leak test” is used
to check whether welding points leak. In order to guarantee quality, the process
“Weld visual inspection” is set to check again whether welding points leak. But
in the actual production, nonconforming rate of visual inspection is almost zero,
so the process “Weld visual inspection” is unnecessary operation and can be
cancelled.

2. Merge some processes. You can see from Fig. 1, there are both no man — machine
synchronous operations in “Laser engraved code and dispensing” (process 1) and
“UV glue drying” (process 2). When the operator of process 1 is working, the
machine has 4.3 s leisure time. And when the machine is working, the operator
has 8 s waiting time. On the contrary, the leisure time of machine is 9.1 s
and the waiting time of operator is 4.5 s in process 2. The two processes can
be merged so that one operator can operate two machines at the same time.
By the same token, “Buffer ball assembly” (process 4) and “Air leak test”
(process 5)can be merged, merging “Press-in coil” (process 11) and “Spring 1
assembly” (process 12), merging “Pin position examination” (process 14) and
“Press-in PCB” (process 15).

3.2 Improvement in Operations

3.2.1 Operations with Both Hands [10]
Waste of one-handed operation exists in “Welding” (process 3) and “Sealing ring
assembly” (process 21).

1. The original way of process 3 follows: The left hand stretches into outer boxes
waiting for the processing, picks up one of them, moves into the fixed handle
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Fig. 2 The former and latter — coil . coil
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belonging to machine fixture and keeps fixed. Then the right hand with the
suction pen reaches into welding points of outer boxes, puts down the sealing fin
and exits the work area when the left hand presses the start button. After pressing
the button, the machine starts welding. Improved methods: A rubber band which
can fix the suction pen on the hand is designed. And the sealing fin can be sucked
through the fingers moving the suction pen. Because the pen is small in size, the
hand with suction pen can pick up outer box at the same time. To operate easily,
the fixed handle can be extended to outside work area.

2. Process 21 exists the following problem: To prevent o-rings falling into other
workspaces, the left hand need hold the clamp handle when o-rings are inserted.
Improved method: An equipment placing o-rings is designed. With o-rings inside
the handle, slide the button to insert o-rings into the fixture, and the funnel which
size is greater than 25 mm in diameter can prevent o-rings falling into other
workspaces.

3.2.2 Motions Analysis [11]

1. Coil pre-install manually (process 7—process 10) has similar basic motions and
is part of meticulous assembly work. The distance between working surface and
eyes is too long, causing the operator need bow and lower his head to insert and
raise his head to get the coil. From the perspective of human factors engineering,
motions are not reasonable. Using economic principle of motion to improve:
Considering that the position is fixed and operators does not need to walk, so
the four processes can be set to the sitting position and the distance from eyes to
working surface is about equal to 40 cm. It is convenient for operators to work.
Before and after improvement, the status is given in Fig. 2.

2. Spring 1 assembly (process 12) is used to lift the pneumatic spring into four
holes for assembling. As a result, motions include positioning for four times,
inserting for four times and separate operation for four times. And the left hand
has always been idle. Three screwdrivers are increased into the equipment and
four screwdrivers are fixed side by side, and spacing interval is equal to that of
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Fig. 3 The former and latter
devices

the former design the latter design

four holes in outer boxes. To reduce weight of screwdrivers, they are fixed with
the fixture in 30 cm above four holes. When need to assembly, just hands pull
hand lever, complete loosen the hand lever assembly, automatic rising whorls.
The former and latter devices are shown in Fig. 3.

3. The process “Press-in PCB” (process 15) whose main job is assembling outer box
and PCB and whose operation time is longer, needs improving with economic
principle of motion. The manipulator can be split into two parts of input and
output. On the left side, the manipulator transport PCB and outer box into
machines for processing. On the right, manufactured assembly is inputted with
another manipulator. Through improving the layout and machine in itself, the
distance is shortened and the utilization of operators and machines.

3.2.3 Manual-Machine Operation Analysis [12]

The original operation of “High temperature test” (process 19) is that: The operator
demounts the assembly which has been tested from machinel, puts it into the
cooling furnace, takes other assembly to be tested from high temperature furnace,
assembles it with machinel, presses the button and machinel starts testing. Then
the operator moves to machine2 for the same work. When one operator operates
two machines at the same time, the waiting time and leisure time is longer and the
arrangement of manual-machine operation is unreasonable. The improving way is
that: Don’t need to add equipments and tools, rearrange the operation order and try
to use machine working time for manual operation.

3.3 Results Analysis

After the above analysis, Table 2 shows the improved assembly process, and
Fig. 4 shows the improved operation time histogram for each station. The balance
rate = the total of operation time/(the longest operating time * number of worksta-
tions) * 100 % = 181.5/(11.0* 17) * 100 % =97 %.
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Table 2 The latter flow process chart
Station Event description Distance Operator Time (5) o : Symbols
No. P (m) amount  Manual ~ Machine anual o o - &l v
machine
1 Engraved code, dispensing, glue drying 1 10.0 8.0 8.0 ﬁ
2 Welding 1 10.8 3.8 38
3 Buffer ball assembly, air leak test 1 109 9.0 9.0
4 Coil 1 pre-install manually 1 10.5
5 Coil 2 pre-install manually 1 10.5
6 Coil 3 pre-install manually 1 10.5
7 Coil 4 pre-install manually 1 10.5
8 Press-in coil, spring 1 assembly 1 10.8 10.7 10.7 e}
9 Spring 2 assembly 1 10.7
10 Pin position examination Press-in PCB 1 109 8.0 8.0 O>‘
11 PCB visual inspection 2 10.2 /G
12 Laser welding the lid 2 9.4 11.0 9.4 O\
Move to the scan station 4.6 1 43 / -
13 High temperature furnace 1 11.0 O\
Put in the test station 2.8 1 3.0 /»
14 High temperature test 1 92 11.0 92 D\
Put in cooling furnace 2 1 3.0 /»
15 Cooling furnace 1 11.0 C1
16 Sealing ring assembly 1 10.5 O\
Functional test 1 6.1 ﬂ\m
17 Final inspection and packing 2 10.7
120 0 105109, 105 1051680109 110 110110, 4107
g . e a o/ g . . 5 5107
10.0 10.5 10.5 10.2 10.5
8.0
]
a3
g
B a0t
0.0

1 2 3 4 5 6

7 8

Fig. 4 The latter operation time of every station
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Table 3 The contrastive parameters

No./operator Distance  Station Cycle time Total time Balance rate
Before 23 13.8 m 22 19.7 s 278.2s 64 %
After 17 9.4 m 21 11s 181.5s 97 %

Effect 6 operators less 4.4 mless lproceeless 8.7sless  96.7 sless 33 % higher

4 Contrastive Analysis

After the above adjustments and improvement, the following results have been
achieved.

In the case of guaranteeing quality, the process is more scientific and reasonable
[13]; the labor cost is greatly reduced. Through designing and improving devices,
operators make full use of the hands to finish works and have more reasonable
and easier operational motions, which make labor intensity of operators reduce and
production efficiency enhance greatly [14].

In order to clearly show that improvements, the summary of comparison results
in original and latter parameters is given in Table 3 [15].

5 Conclusion

This paper applies the theory and method of work study to the practice of PCB-
Assembly line in a certain electronic enterprise. With the minimal or no input,
bottleneck stations are solved and the balance rate is increased through the process
and operation optimization. The most important thing is that production cycle time
achieves the enterprise goal and meets the market needs.
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Nonintrusive Efficiency Estimation of Induction
Motors Using an Optimized EKF

Hong-xia Yu, Chuang Li, Yan-hong Wang, and Li Chen

Abstract In this paper, an intelligent optimal EKF (Extended Kalman Filter)
algorithm was presented to overcome the defect of getting the noises covariance
matrices of EKF by a trial and error method. In order to get optimal parameter of
noises covariance matrices by intelligent method, an optimal model was established
using the error of estimated speed and torque with measured, then solved by PSO.
The efficiency was computed using the estimated speed and load torque by the
optimized EKF. Experimental results demonstrated that the estimated efficiency
using this method has higher estimated accuracy than EKF.

Keywords Efficiency estimation ¢ Extended Kalman filter ¢ Induction motor
Nonintrusive « PSO

1 Introduction

Electric machines are extensively used as driven equipment in industrial, agricul-
tural and commercial domain etc. In industry, over two-thirds of the total electric
energy consumed by motor [1, 2], Energy saving of induction motors are important
for overall energy saving. This could be done replacing oversized motors [3] or
applying more efficient control techniques [4]. When replacing oversized motors,
the operating efficiency of the motor can be used to evaluate the energy efficiency
of the motor and provide a reference for choosing a more suitable motor; when it
comes to efficient control techniques, the efficiency of the motor can also evaluate
the effect of energy-saving control.
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Therefore, a lot of methods are presented to estimate efficiency of motor,
Engineers and scholars strive to implement nonintrusive efficiency estimation that is
to estimate the efficiency of induction motor does not interfere with the running of
motor system in actual industrial field. Lu gives a summary of efficiency estimation
methods [5]. The two main methods for non-intrusive efficiency estimated are
equivalent circuit method [6, 7] and the air gap torque method [8]. In equivalent
circuit method, the efficiency of the motor are calculated using the copper losses
and iron loss of motor calculated in equivalent circuit, the mechanical and stray
loss using approximation, the parameters of equivalent circuit are identified using
stator current, voltage and estimated speed. The nonintrusive air gap torque method
is implemented by introducing nonintrusive speed and stator resistance estimation
into the air gap torque method, the mechanical and stray loss using approximation.
So, these methods have the same problem that the mechanical and stray loss are
assumed to be a percentage of the rated power in efficiency estimation.

In recent years, the sensorless motor’s speed estimation methods using EKF
(Extended Kalman Filter) was researched by many researchers [9-11] for its good
dynamic performance and robustness. The EKF method can estimated motor speed
accurately when the motor’s model is imprecise for the motor parameter variation
and signal measurement error are account to the noise in EKF Algorithm. But
the key problem is that the estimation results of using EKF is greatly affected by
the covariance matrices of noise, the improper covariance matrices of noise will
make the result of estimation divergence or have large estimate error. The mostly
used method of get covariance matrices of noise is to try and regulate according
estimate error repeatedly, obviously it is a tedious procedure, Also getting the
optimal covariance noise matrices is difficult by this method. To solve this problem,
the covariance matrices of noise are got by optimization using GA in [12, 13], the
covariance matrices of noise are got by optimization using SA in [14].

The PSO is swarm intelligence method based on the foraging behavior of birds
and schools of fish developed by Kennedy and Eberhart, and was widely used in
a variety of optimization problems [15, 16] for, its iterative process is relatively
simple and faster convergence. In this paper, The noise covariance matrices of EKF
was optimized through the particle swarm optimization (PSO). The optimization
goal is to make the speed and torque estimation error is minimized, the potential
solution of the parameter of noise covariance matrices consist of the search space
of the particles. The algorithm avoid the tedious process of trial and error method to
obtain the noise covariance matrix, and at the same time you can get a better noise
covariance array, the estimation accuracy of EKF using optimized noise covariance
matrix are improving effectively.

2 Model of Induction Motor

In the stator stationary frame, the mathematical model of induction motor can be
expressed as formula (1).
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l:m a; 0 “;2% arw ise U—il 0
. isp 0 a —aw 2 isp 0 —+ [%a}
Boy=| 2| = 2 +| 7 (1)
I/./l‘()t Ll._;n 0 - % —w 1proz 0 0 Usp
Vrp 02 o -1 Vrp 0 0

Where v/, and ¥, are rotor flux, us, and usg are stator voltages, iy, and iz
are stator current, o is angular speed, a; = — (R/oL| + 1 — /o t;),ay = L,,/o L, Ly,
Ty =I1/Ry,0=1— Lfn/Lle, R, and L, are stator resistance and inductance, R, and
L, are rotor resistance and inductance, L,, is mutual inductance.

The mechanical equation of induction motor can be expressed as formula (2).

Dy = —asiaig + asigg¥ira — 2o — 2T ?)
dt = 3lsa¥Wrp 3lspYra J[ J[ L

Where J; is the total inertia of the IM and load, B is mechanical friction
coefficient, 77 is load torque, a3 = szm/JLz, p is the number of pole pairs.
In steady-state, the state equation of load torque can be expressed as formula (3).

7, =0 (3)

So the extended mathematical model of induction motor including state variables
of the speed and load torque of induction motor can be expressed as (4).

_ a 1 _
arxi + X3 + arX4xXs + S Usa
a 1
a|x; — arx3xs + r_§x4 + oL Usp

L, !
. T—xl — T_2x3 — X4X5
£(0) = [0 (0).u0)) = 2 1
—X7 + X3X5 — o X4 4)
(%)
—a3X1X4 + a3x2X3 — %xs — %x6

0

o) = hr o) = 7 |

T, .. 1T .
Where x = [im isg Vra Vip @ TL] is state vector and y = [lm lsﬁ] 1s

output vector.

In actual system of induction motor, the process noise w(t), the measuring noise
v(t) and the input noise £(¢) are considered, so the stochastic model of induction
motor can be expressed as formula (5).

X(1) = f (x @), ut) + £(1)) +w(t)

VO = h (). ut) + £@) + (D) ®)
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Where, the noises are subject to the following distribution:

p(@)~N(0.0)
p() ~N(0.R)

p() ~N(0,D) (6)

3 Optimized EKF

3.1 Speed and Load Torque Estimation Using EKF

When the speed and load torque of induction motor are the state of system model
and parameter of coefficient matrix, the model described by (4) became a nonlinear
model, however the EKF (Extended Kalman Filter) is based on the linear model, so
the nonlinear model must be transformed to linear model by linearization, the linear
model of induction motor can be expressed as formula (7).

Sx(t) = F (x(t))dx(t) + B (u(t) + ¢()) + w(?)

9 0
= % (x(0). u(1), 0) 6x(1) + a—]; (e (1), u(®), 0) (u(®) + £ (1)) + w(t)

y() = Héx(t) +v(t)

(N

_ o (x (1), u(t),0) 8x (1) + v(1)
ox

The computer implementation of EKF algorithm is based on discretization
system model, when the sample time is 7, the linear system model (7) of induction
motor are discretized to be the following linear discretization model (8).

Ox (k) = Prdx (k) + My (u(k)+(k)) + Wiw(k)

y(k) = HSx(k) + v(k) ®

Where
Qi = exp (FicT5) )]
Wi = /Z@(k)dt (10)

T
M, =/ Bd(k)dt (11)
0



Nonintrusive Efficiency Estimation of Induction Motors Using an Optimized EKF 101

When assumed that the n sampling data is estimated, the implementation process
of EKF algorithm based on linear discretization (8) model is as follows:

1. Initialization Xy, §Xo, Py, Q, R, D
2. Begin sampling, k =1
3. State prediction

)’(\k_ =f (fk—l,uk,o) ~ Oy Kot + Mi_quy (12)
Yo =h(X7.0) ~ H XL (13)
§X, = O 16Xy (14)

Piji—1 = Qo1 P @] + My Dyt My T + Wi Qi Wit T (15)

4. State update

Ky = Pk/k—lHkT(HkPk/k—lHkT + Rk)_l (16)
§X, = 86X + K ((SYk - Hka)?k—) 17)
Y=Y, — Y (18)

Prji = (I — Ky Hy) Pryr— (19)

X = X7 + 68X, (20)

5. If k <n, then k=k + 1, go to step(3)
6. End

The noise covariance matrix (D, R and Q) can be got by trial and error. The form
of the noise covariance matrices are:

D = diag[§ §]
R =diag[A X] 1)
Q =diagla o s ¢ B v]
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3.2 Optimized Noise Covariance Matrices

The potential solution of the problem constitutes the search space of particles
in particle swarm when the optimization problem was solved by PSO algorithm.
According to form of noise covariance matrix D, R and Q, the parameters of the
noise covariance matrix needed to be optimized are £, A, o, ¢, 8, y. So the potential
solution space of the problem is 6, whereby the dimension of the particles of the
search space can be determined as 6, each dimension of the particles correspond to
the parameters of the noise covariance matrix, the i-th particle of particle group can
be expressed as:

Xi=[xn X X3 X X5 X
=[t 4 a ¢ B v]

For the optimal goal of PSO is to improve the estimation accuracy of EKF,
the objective function is defined using speed load torque estimated by EKF and
measured,

1 (< 5 N ~ \2
I=+5 (Z (ni —7)* + ) (TLi - TLi) ) (22)

i=1 i=1

Where, n; and Ty; are measured speed and load torque of motor, 77; and ?L ; are
estimated speed and load torque by EKF.

When the optimal problem is solved by PSO, the PSO method initially has a
population of random selective solutions. Each potential solution is called a particle.
Each particle is given random position and velocity, then flown towards the target to
find the optimal solution of the problem through the problem space. Particle swarm
algorithm is widely used in a variety of optimization problems [6, 7] for its iterative
process is relatively simple and faster convergence.

Accordance with the objective function, the main steps to optimize the parame-
ters of the noise covariance matrix in the particle swarm optimization are described
as follows:

1. Initialize a population of particles. Initialization number of populations is M,
and the population is initialized by random positions x;(0) and velocities v;(0) in
6 dimensions of the problem space. The optimization algebra is iter _max, the
target of the objective function value is Jpin;

2. Evaluate the fitness J(x;(0)) of each particle in the swarm. The particle initial
value is set to the optimum position of the particles themselves p;(0) = x;(0), and
to find the optimum position p, according to Eq. (23) for all particles.

J(pg)zmin{J(x,-(O))},i:1,2,3,---,M (23)
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~

. Change the velocity v;(vi;,vi2,vi3,Via,Vi5,vi6) and position of the particle

Xi(Xi1,X2,Xi3,Xi4,Xi5,Xi6) according to Egs. (24) and (25) respectively.

via(k) = wvig (k = 1) + c1r1 (pia — Xia (k = 1)) + cor1 (pga — xia (k — 1))
(24)

Xia (k) = xiq (k —1) 4+ via (k) (25)
Where: v;; and x;, represent the velocity and position of the ith particle with d

dimensions respectively. 7 and r, are two uniform random number, and w is the
inertia weight, c1 and c2 are learn factor.

. Update the optimal location of the particle itself p;. For every iterations, the

optimal location obtained by compare each particle’s fitness with its previous
best fitness.

pitk)  J(xi(k+ 1) >=J(pi(k)) (26)

pi(k+1)= xitk+1) J(xi(k+1)<J(pi(k))

. Update best location of all particles p,. Compare best fitness of particles with

each other and update the swarm global best location p,.

J (pg) =min{J (x;(k))},i =1,2,3,--- . M (27)

. If J(pg(k)) < Jmin, then go step (8);
. If k <iter _max, then k=k + 1, turn to step (3);
. The optimization results is given, the end.

4 Nonintrusive Efficiency Estimation

After speed and load torque are estimated using PSOEKEF, The efficiency estimation
value can be calculated by formula (28) through substituting 7; and n with the
steady-state mean value of the estimated speed 72; and load torque T\L,-, the steady-
state mean of speed and load torque are defined as formula (30) and (31).

Pou[ _ 30 TL*n
P,' - pl Pl‘

(28)

Where input power can be calculated as follows:

T T
/ (Vala + vpip + veie) dt / (Vapia — Veclc) dt
0

P, = =20 29
T T (29)
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4,096

= 1
A= D (30)
2, 048i=2,049
o | 0%
T)=—— TLi 31
L 2’048,:;49 Li (31)

5 Experimental Results

Figure 1 shows the bench, an induction motor (Y100L2-4) drag a DC generator
(Z,-42), a precision torque meter and the voltage and current sensors are equipped in
bench. The nameplate parameter of induction motor and DC generator are given in
Table 1. The induction motor parameters are p =2, Ry = 2.0713 Q, Ly = 0.241929H,
R,=1.7148 Q, L, = 0.242007H, L,, = 0.232559H, J; = 0.02 kg - m?, B=0.

The load of induction motor are changed by changing the excited voltage of
the generator, and stator instantaneous line voltage(v,p, Vj), instantaneous phase
current (iy, ip, i.), speed (n) and load torque (77) are collected at different excitation
voltage(EV), The sampling period is 1/4,096 s, Acquisition time is 1 s. The
calculated data using measured value by formula (28), (29), (30), and (31) at
different load are shown in Table 2.

Fig. 1 Bench of induction
motor

Table 1 Nameplate data of motor

Motor Py (Kw) Iy (A) ny@pm) ny(%) cosgy A
Y100L2-4 3 6.8 1,420 82.5 0.81 2.3
7Z,-42 4 220 22.3 1,500
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Table 2 Calculated values using measured value at different excited voltage

EV (V) 71 (1pm) T1 (Nm) Pin (W) n (%)
0 1,495.7 0.76 392.04 30.35
25 1,488.1 2.52 634.02 61.90
50 1,474.3 6.15 1,242.72 76.35
75 1,463.1 9.92 1,917.08 79.24
100 1,455.1 13.03 2,469.88 80.39
125 1,445.2 15.59 2,912.19 80.97
150 1,435.0 17.72 3,269.54 81.4
175 1,428.1 19.25 3,560.91 80.8
200 1,421.1 21.01 3,871.67 80.71
Table 3 Optimized parameters of noise covariance matrix

EV() ¢ A o S B )4

0 6.06e-06  5.52e-07 7.21e-04 09754  0.6395  9.4995
25 9.43e-07  4.69e-07 2.75e-03  0.8401  0.9371 9.8133
50 6.07e-06  7.30e-07  1.53e-03  1.2973  0.6362  0.2992
75 9.81e-06  7.98e-07 2.70e-04 13754  0.0017 0.3763
100 4.39-06 6.29e-07 9.99¢e-04 0.9.695 0.4093 9.9535
125 6.85e-06  6.20e-07  7.47e-04  0.7271  0.5396  1.5550
150 7.86e-06 1.37e-06  8.00e-04 1.1800  0.2578  1.8857
175 3.84e-06 4.92e-07 2.90e-03 0.4064  0.2533  5.9555
200 2.71e-06  4.61e-06  5.23e-04 1.8459  0.5864 1.4846
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In experiment, the population number M is initialized 20, Optimization algebra
is 2,000, the target of the objective function value is 0.00001, Inertial weight w is
chosen 0.8. learn factor cl changes adaptively in the formula (32) with an initial

value of 2, and c2 is set a constant 2.

The initial value is selected as follows in EKF:

c¢; = 2 (1 — iter/iter — max)

x(0)=[000000]

PO)=diag[111111]-1e7"°

(32)

Table 3 give the optimized parameters of noise covariance matrix using PSO,
Fig. 2 give the estimate results of speed and load using PSOEKF at different excited
voltage. Table 4 give the estimate error of speed and load torque at different excited
voltage, the error is computed according to the formula (33) and (34). From Table 4,
the PSOEKF has higher precision than EKF.

en=n—-1n

(33)
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Fig. 2 Comparison of estimate results at different excited voltage. (a) Comparison of speed.
(b) Comparison of load torque

e?L = TL — ?L (34)

The efficiency was computed using estimated speed and load torque according
formula (28), (29), (30), and (31). Figure 3 gives the estimate results comparison
of efficiency using PSOEKEF at different excited voltage. Table 5 give the efficiency
estimation error at different excited voltage, in table 5 efficiency error is defined
as formula (35). Table 5 show the proposed PSOEKF method higher precision
than EKF.

en=n-17 (35)
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Table 4 Estimate error of EKF PSOEKF
speed and load torque at — — — =
different excited voltage EV (V) en(pm) eT; (Nm) en(pm) eT; (Nm)
0 12.7 —0.84 —0.28 —0.66
25 12.1 —0.4 0 —0.2
50 —25.88 0.26 0 0.04
75 —21.86 0.35 0 0.11
100 —13.16 —0.01 —0.05 —0.02
125 —3.55 0 0.2 —0.01
150 4.13 —0.1 0 —0.03
175 —-2.92 —0.11 0.13 0
200 1.55 0.55 0.14 0.44
90 T
80 % $... B _—
hid
70 o
&
o I\
& 60 [k
=
50
*+ Measured
40 A EKF 0 e .
O PSOEKF
300 50 100 1’:I'>O 200
excited voltage/V
Fig. 3 Comparison of estimate results of efficiency at different excited voltage
Tab!e 5 Estirpate resultsh of 7 (%)
efficiency at different excited
voltage EV (V) EKF PSOEKF
0 —32.95 —26.53
25 —9.18 —4.91
50 1.88 0.45
75 1.57 0.87
100 —0.83 —0.15
125 —0.23 —0.09
150 —0.27 —0.17
175 —0.66 —0.05
200 2.13 1.65
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6 Conclusion

This paper presents a nonintrusive efficiency estimation method of induction motor
based on PSOEKF. The nonintrusive efficiency estimation of motor is implemented
by estimating the speed and the load torque of the motor using PSOEKF. The
PSOEKF get the optimized noise covariance matrices by minimizing the objective
function that defined using speed load torque estimated by EKF and measured
using PSO. The proposed method avoid using approximate value of stray loss in
the conventional efficiency estimation method, and overcome the defects of getting
the noise covariance matrices by trial and error in EKF method, The experimental
results show that PSOEKF with the optimized noise covariance matrix has higher
estimation accuracy.
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Design of VAV BOX Controller Based
on Fuzzy-PID Hybrid Control

Jing-liang Wei, Shu-jiang Li, Xiang-dong Wang, and Ming Guo

Abstract Hybrid fuzzy-PID controller is a controller that makes fuzzy and PID
controller in parallel, it adopts fuzzy control when away from the operating point
taking the advantages of solving the nonlinear uncertainty with fuzzy controller.
And it adopts PID control around the work area by using PID to control the
characteristics of high precision. The fuzzy PID controller is applied to the VAV
BOX for many factors influenced by VAV terminal control. It effectively solves
the problems of the VAV air conditioning system which is lag, big inertia, random
interference and nonlinear. In addition it is verified in the VAV air conditioning test
platform, and achieves the expected control effect.

Keywords Fuzzy control * Fuzzy-PID control * Variable air volume * VAV BOX

1 Introduction

Variable Air Volume (VAV) system automatically adjusts room temperature accord-
ing to the requirements of air conditioning room load and parameters indoor. Mainly
control circuit in VAV includes the terminal part (VAV BOX) and some units
according to distribution location. VAV BOX is directly connected to the room and
adjusts the supply air volume, compensates the change of indoor load, and adjusts
the room temperature [1]. Therefore, VAV BOX is one of the important devices can
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best embody the effect of control system, determines the specific ways and effect of
the whole system control.

There are many factors to affect the VAV BOX control, Including the nonlinear
caused by differences in feeding the wet bulb temperature and large delay, change
of supply air duct pressure and staff and random disturbance. Traditional VAV
BOX controllers mostly adopt the constant PID parameter control mode, so that
the system can get the best control effect only in a certain condition. Chen Kaizuo
et al. established a mathematical model of pressure independent VAV BOX, and
a simulation study, the steady-state performance of VAV BOX were obtained,
but lack of practical verification [2]. Tolga. N for office model as the research
object, simulation of the office equipment, lighting equipment, and considering
the interaction of temperature and humidity. Compared with the actual situation,
to verify the correctness of the simulation model and experimental, but he only
consider the cooling season [3]. Chen Wu et al. established dynamic pressure VAV
model of independent terminal, this model can reflect the real end because the wind
valve connecting mechanical hysteresis, motor action process, implementation of
dynamic characteristics of initiator is not sensitive area [4]. Hu Yuling adopted the
fuzzy neural network control to the end of VAV air conditioning control system,
the experimental results show that it is better than traditional control method [5]. Li
Weifeng, Huang Lei, by increasing the online fuzzy adjustment of quantization gain
and gain ratio, in on the basis of simple fuzzy control adaptive fuzzy control theory,
and is used in the control of VAV terminal unit. The experimental results show that,
this is to improve control precision of VAV air conditioning, play energy saving
potential in VAV air conditioning, has good effect [6]. Stanke D proposed a dual duct
VAV air conditioning systems, cooling and heating part can adopt different fresh air
ratio which can improve the efficiency of ventilation system, is a true realization
of the VAV air-conditioning system of the whole air [7]. Liu Guopeng put forward
two fan control method, a system optimization, another for keeping the differential
pressure set point, compared with the conventional method of two kinds of methods
to increase of the opening degree of terminal device. The method is applied to
the system with DDC control and pneumatic control terminal device can reduce
energy consumption and improve the system efficiency [8]. WangJun through state
feedback decoupling and genetic algorithm improves the accuracy and performance
of indoor air temperature air conditioning system [9]. The literatures [10, 11, 12] on
air handling unit and adjusted rooms multi-loop PID control has been carried out,
a lot of strong interference is very good inhibition of air conditioning system, but
could not accurately, reasonably determining the parameters of the controller. The
literatures [13, 14] will be fuzzy inference system is applied to the control of air
temperature, can make full use of prior knowledge, accelerate the speed of learning.

Therefore, according to the running characteristics of the VAV system, this article
adopts the hybrid fuzzy-PID control, so it not only has the fuzzy control to solve the
nonlinear uncertainties and has the advantages of strong robustness PID control,
and has characteristics of high control precision in operating point. Verified in VAV
air conditioning test platform show the effectiveness and feasibility of this control
method.
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Fig. 1 The structure diagram
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2 VAV BOX Control Structure

VAV BOX can accept temperature and air flow control instruction. When the indoor
load increases, it can automatically keep the room ventilation and shall not exceed
the maximum design air flow; when the indoor load decreases, it can maintain
the minimum air volume, in order to meet the minimum fresh air volume and air
distribution requirements; when not in use, it can completely shut down some end
of the device air valve terminal device also has two return, reheat and air filtering
and other functions. The VAV BOX consists of the controller, air valve drive, air
valve, temperature sensor, flow sensor etc. The structure diagram is shown in Fig. 1.

3 The Controller Design

3.1 Mixed Fuzzy PID Controller Structure

According to the characteristics of VAV air conditioning system, a mixed controller
of fuzzy control and PID control are designed.

Fuzzy-PID hybrid controller is the fuzzy controller and PID controller in parallel,
and the choice of what kind of controller is composed of a control switch, it can
obtain good dynamic performance when the system deviation away ey by using
fuzzy control, when the system deviation in the threshold is within ey, it can make
the system obtain good steady-state by performance using the PID control.

3.2 Fuzzy Controller Design

The fuzzy controller using two-dimensional structure, takes the room temperature
deviation and deviation of temperature change rate as the input of fuzzy controller,
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so that it can control the amount of u as the output of fuzzy controller, which can
avoid the one-dimensional fuzzy controller is poor control performance and multi-
dimension fuzzy controller control algorithm is difficult to achieve.

The temperature deviation is defined as e, temperature deviation change rate is
defined as EC, control is defined as the amount of u, they will be fuzzy set and its
domain is defined as follows:

E, EC and u fuzzy sets were: {NB (negative big), NM (negative medium), NS
(negative small), ZO (zero), PS (positive small), PM (positive medium), PB
(positive big)};

Combined with the dry-bulb temperature, wet-bulb temperature and air velocity
effect on the human body heat and cold feeling, and according to the GBJ19-87
“heating ventilation and air conditioning design norms” provisions, the summer air
conditioning indoor temperature should be 22-26 °C, the winter temperature should
be 18-22 °C, so the domain of E setting for [—8 8]; field theory EC setting for
[—8 8]; field theory u setting for [0 10], so that it can fully meet the requirements of
human body.

Determination of membership function: according to the characteristics of the
central air conditioning system for E and EC, we choose the Gauss function as
membership function, Gauss membership function vertex is relatively smooth,
not only to meet the speed requirements of the fuzzy controller, and can avoid
the jitter. While for the combination of u selection of triangular and trapezoidal
membership function, it can avoid the frequent movement of controlled object near
the temperature setting.

The establishment of fuzzy control rules: according to the experience of design-
ers and technical knowledge and operating personnel to establish an appropriate
fuzzy control rules. When the air conditioning room temperature far exceeds a
set temperature and also rapidly increases, the air valve opening adjustment to the
maximum of wind; if the actual temperature in air-conditioned room is far greater
than the set temperature and rapid decreases, the air valve opening to the secondary
air flow, so as to summarize a fuzzy conditional statements set, and the establishment
of fuzzy rules, the fuzzy rule base in MATLAB, the design of a total of 49 fuzzy
rules.

4 The Verification of Controller Design

4.1 HVAC Comprehensive Experimental Platform

Central air conditioning experimental platform hardware provided by laboratory
mainly includes each one of the refrigeration unit, cooling tower, air handling unit,
and the wind pipe and water pipe which are used to connect the above things and
two areas used to simulate the air conditioning room.
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Fig. 2 Air valve of experimental platform

In the terminal device controller, we adopt the PCI1710 board of Advantech
series, it is data acquisition card with 12 bits PCI bus. It has 16 single-ended analog
inputs used to collect the room temperature, air temperature, air supply pipeline
pressure, air valve feedback open degree feedback data, and it also has 2 Road 12
analog output is mainly used to control air valve and AHU fan frequency.

VAV terminal is the executive body of the terminal system. The opening
(0-100 %) is composed of a voltage of two 10 V to control; open degree feedback
is one of 0 corresponds to 10 V (0-100 %) voltage signal. The actual experiment
control platform and air valve is shown in Fig. 2.

4.2 Fuzzy PID Controller Verification

Using Advantech multifunction data acquisition card to collect the data of industrial
control computer and through the Matlab industrial control computer software
experimental platform in the Real-Time-Target toolbox, the design of hybrid fuzzy
PID controller has good deal with the collected data, adjusting air valve opening
according to the room temperature value.

Condition 1: cooling process simulation of summer air conditioning room,
cooling load of the experiment platform is 0.65 KW, supply temperature of chilled
water is 7 °C, mixed wind temperature entering the cooling coil remains at 24 °C,
the humidity of the room is 40 %, room temperature is 28 °C, while the temperature
of the room is set to 22 °C, the actual temperature control chart of fuzzy PID hybrid
control is shown in Fig. 3.

Condition 2: cold load of the experiment platform is 0.65 KW, supply temper-
ature of chilled water is 9 °C, mixed wind temperature entering the cooling coil
remains at 24 °C, the humidity of the room is 40 %, room temperature is 28 °C, the
actual temperature control chart of fuzzy PID hybrid control is shown in Fig. 3.
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Fig. 3 Experimental curve

Condition 3: cold load of the experiment platform is 0.65 KW, the supply
temperature of chilled water on the experimental platform is always maintained
at 9 °C, mixed wind temperature entering the cooling coil remains at 24 °C, the
humidity of the room is 40 %, room temperature is 28 °C, at the same time, the
temperature of the room is set to 22 °C. This experiment is mainly to simulate the
influence on the air conditioning system at rainy weather or the increase of humidity
caused by human factors. Mixed fuzzy PID control experiment is shown in Fig. 3.
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Table 1 Experimental analysis table

Experiment  Stability — Regulated time (s)  Overshoot  Steady state error
Condition 1 ~ Stable 160 0 0
Condition 2 Stable 200 0 0
Condition 3 Stable 350 3% 0
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Fig. 4 The actual temperature change curve under the condition of increasing the cooling load

The system performance index of three experimental columns was compared in
Table 1:

The experiment condition and Experiment 2 under the same cooling capacity,
joined 200 W in 400 s near the load to simulate indoor office equipment to open or
personnel appear interference increases when the situation, fuzzy PID hybrid control
experiment is shown in Fig. 4.

5 Conclusion

Hybrid fuzzy PID controller designed in this paper can make the system more stable
under a variety of circumstances, and have shorter adjusting time, smaller overshoot,
higher steady-state accuracy. Temperature of chilled water has a great effect on
the adjusting time of the central air-conditioning system. Lower the temperature of
chilled water, shorter the system adjusting time, on the contrary longer the adjusting
time. The air humidity of the room also has an effect on the adjusting time of the
system. Lower the humidity in the room system, shorter the adjusting time, on the
contrary longer the adjusting time. Besides, hybrid fuzzy PID controller designed in
this paper is robust.
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Research of CRM/ERP Integrated Systems
for New Materials SMEs with Scattered
Customers

Kai Yang, Wu Zhao, Jun-song Zhang, and Xiao-long Li

Abstract Customer relationship management (CRM) is inseparable from
enterprise development, customizable CRM software of small and medium-
sized enterprises (SMEs) has become a trend for the problems in scale and
standardization, especially for these SMEs in sophisticated technology. In the paper,
a CRM and ERP integration system is proposed by the application in a new material
company. Because of the combination with the competition in the market and the
company’s operation situation, the personalized enterprise workflow is presented
by special needs in this company. Moreover, the methods of modular design and
the functionality integration theory of CRM and ERP are made the system user
friendly and scientifically. By the integration of these modules, the system has met
the business needs in the special processes in relevant department.

Keywords CRM ¢ SMEs ¢ Modular design * Demand analysis * Functionality
integrated theory of CRM and ERP

1 Introduction

Along with social progress and the development of world economic integration,
the competition among enterprises is increasingly fierce, The traditional business
model of a fundamental change occurred, Enterprise competition developed from
“product-centric” to “customer-centric”’. Due to the rapid development and appli-
cations of the technology of computer, communication and network, to choose
products and services become more and more easy. In this case, how to build
and maintain customer relationships, how to improve customer satisfaction and
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loyalty and ultimately improve the competitiveness of enterprises has become an
important issue that was placed in front of the corporate [1]. CRM is a method
to acquire customers, and increase the number of profitable customers too [2].
The earliest CRM originated in the United States, primarily focus on customer
segmentation management. Now it has become a leading, customer-centric business
management theory, and it is also a kind of specific software and implementation
methods to improve the income of enterprises by improve customer satisfaction
via the information technology [3]. Since 1999 Gartner Group Inc put forward the
concept of CRM, the CRM market has been in a state of an explosive growth. In
recent years, foreign CRM industry has been a very high level of development.
The domestic market, by contrast, has great potential, but lack of heat in enterprise
users.

After the trend set off by CRM in large enterprises, today’s development for
supporting vendors has gradually become mainly by the large quantities of demand
of SMEs. Significantly different from China’s large enterprises in the areas of
management, finance, human resources and market, SMEs’ generally management
tools is relatively backward and the sales management is not standard [4]. Although
there are number of CRM software on the market, and be constrained by the
normalization process of large enterprises, but few truly fit the needs of the status
of SMEs. The available CRM and SMEs has a low compatibility. CRM software
market varies greatly, there are many difficulties and problems, but the reality is not
whether to use the CRM system or not, but how to make good use of CRM [5]. Thus
in a few years ago, the development of the CRM software for SMEs has become a
hot research topic in the research and development, the research and development
about on-demand CRM plays an important role in the theoretical development and
practical application of the CRM of SMEs. Requirements of sophisticated science
and technology enterprises is one of the most complex requirements, they have
unique difficulties and problems of their own. For those enterprises that have not or
are considering establishing ERP, CRM building process must be taken into account
the integration of the two [6-9].

The targeted company in this paper is a sophisticated technology company
professional in R & D and product new materials tape. As there are many
differences in the characteristics of industry and types of customer, the construction
of information systems is more difficult than that in other industries. The company’s
workflow conflict is due to internal demand, it’s difficult to regulate. The trials of
CRM software failed to meet the demand. The article firstly discussed the CRM and
ERP theory of SMEs, CRM and ERP combining design concept, etc. Then analysis
to understand the business development status and contradictions of demands, and
conduct a in-depth study about the development of CRM for new materials R &
D technical SMEs. Through a detailed demand analysis for customers to establish
their precise needs, use the modular design method, summed up the specifications
for the target enterprises business processes, create unique software functional
modules, meet the demand for design CRM for the special needs of technology-
intensive enterprises. This paper has presented functional integration of ERP and
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CRM system On the basis of requirements, there is no existent border between
them, and the functions that business needs belong to ERP in the software have
been implemented, such as internal processes function, security function.

2 Demand Analysis of CRM System

Functional requirements analysis for the system [10, 11]: the company has just
been established, it is still in the growth stage, and it is in the first place in China
that capable of producing Teflon tape. It belongs to technology-intensive small and
medium-sized enterprise, the company conducted its own R & D team to research
and development, its products are sold at home and abroad, over a very wide range
of applications. Its main business is in the form of B2B, primarily for the enterprise.
Its customers add the company’s products into their own products, and then sold to
other customers or enterprises to win profits or access to services. The company’s
customers have some characters, such as across the country, scattered, less demand
for the products, but because of the strong competition for the company’s products,
the customers’ demand are very stable. There are also the limitations of development
for CRM system from previous analysis. The company had tried several CRM
systems, their basic CRM functionality can be used, such as customer information
management, sales management, but some functionality nominally exists are not
available. Including, but not limited to, the following question: No person in charge
of storage and no product unique number in Warehouse Management module. Their
software operating authority function greatly does not comply with the requirements
of the company, there is no strict and clear distinguished permission, any user
can access software could operate most of the functionality, it is not conducive to
the hierarchical management of software functionality within the enterprise. Most
software do not reflect the work process, even if there is, they also can not fit
reality, the much-needed processes of software process management are handling
of complaints, after-sales, finding and managing sales opportunities, out-put and
in-put of sales and warehouse management, contract approval process and so on.
In summary, the problems of the company can be grouped into the following broad
categories: (1) Difficult to regulate processes: Notwithstanding the company have its
own set of work processes, with the widening of businesses and organizations, the
process has not been documented yet, and the company itself still belongs to small
and medium-sized enterprise, operational flexibility, this cause the phenomenon that
it is not easy to regulate the workflow to integrity and unity; (2) The company’s
Sophisticated technology need to be kept confidential, but had to present their
Non-confidential personnel access to the company’s confidential technology by go
through the sales process or production processes. This is the company’s internal
contradictions.

Demands analysis for the company: to communicate with the warehouse man-
agement, sales staff, sales logistic personnel, sales manager, general manager and
other personnel, get the demand and comprehensive consider the characteristics of
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the industry. According to the process we need to have the following functions:
(1) the contract need to be very clear comply with the process of company’s
organization approval, sign and save; (2) handling problems in Sales: Pre-sales
opportunity process, complaint handling in sale and after-sales service, records,
submitted, solve, archive of complaints, etc.; (3) management for customer rebate,
commission statistics; (4) the need to add warehouse management, Integrated
software product management and storage management into the CRM software
to facilitate staff operating as multiple roles; (5) other process details. In addition,
the permission settings of the software are divided strictly in accordance with the
direction of the workflow. Demand of other aspects: Before propose CRM solution,
we must not only ensuring the functionality of CRM software to meet the functional
requirements of the enterprise, but also taking into account to ensure that consistent
with the development plan of enterprises. In general, to achieve to be an economic,
practical, targeted quality program, firstly CRM of SME needs to be with features
like simple, easy-to-use, short implementation cycle, easy maintenance, etc. [12].
The company’s products are in less product range, easy to manage, with a small
amount of data. In the longer term there is no demand for remote operation, therefore
there is no special needs for system performance and system data.

After the demand analysis, we determined toward or contents, the details of
the functional requirements and permission requirements of the business processes.
Drawn the detailed understanding of the results of demands analysis into the specific
needs of illustration, and add the privileges assigned demand. Now cite the analysis
results of the specific needs of the customer management, as Fig. 1.

The figure integrates a variety of customer-related information needed by
company into several function points. Each key point contains detailed functional
classification and description. The figure shows the links with the various functional
points, among them the customer data register basic information of customers who
deal with our company, the function block content which is the foundation for
managing the others information of customer, mutual jumps to other function blocks
which are all linked by the basic function block. So that you can open quotation,
contracts, complaints and other information in the sales process via the customer
data being viewed.

3 Modular Expression the System

After develop business processes clearly, using modular design method to conduct
block design [13], to be fully prepared for the establishment of workflow manage-
ment [14, 15]. The module design reduce the complexity, make it easy to maintain,
modify, the parallel development of different parts which the support system is
easier to implement, that will help to improve product quality, shorten the design
time of the system, which will help the software replacement. Main ways to design
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modularized: (1) cross-series modular design; (2) vertical range of modular design;
(3) a full range of modular design. In this paper, we choose the cross-series modular
design. Use the existing CRM software modules develop deformation products
without changing its main parameters. Replace or add modules in the original type
software, generate suitable CRM software for the new materials company. The
design principles are: to make products keep high precision, stable performance,
simple structure, low cost based on the meet of the requirements of products, module
structure and links between modules should be as simple as possible, standardized.

We establish the following modules from business process analysis and manage-
ment needs: (1) system management module: landing permissions settings, assign
permissions management; (2) Customer management service modules: Customers
detailed basic information, customer shopping habits, customers VIP level man-
agement, customer care reminders, customer Vvisits, customer suggestions records,
customer complaints, etc.; (3) Warehouse management module: contains the storage
process and product management processes, can contact the production update
product demand at any time; (4) Information query and analyze module: connotation
data mining, data analysis; Containing both sales back office performance combined
with ERP, summary report statistics, facilitate the management of the company to
appraisal employee performance and rapid response to sales data; (5) Sales manage-
ment module: includes sales management in pre-sales opportunity marketing and
in sales, order tracking included in the process, after-sales management, contract
management, and other content.

The established customer relationship management module, as shown in Fig. 2:

The first two modules are the type of basic function module of CRM; the last
three modules belong to modules combined with function of ERP. Use the function
to make the CRM software modules extracted from ERP system, as shown in Fig. 3.
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Other design issues: Selected development tools according to the requirements
and modular design: The CRM software design of this article selects the popular
programming language C#, It includes single inheritance, interfaces, almost the
same syntax with Java, and the same process that compiled into intermediate code
and Re-run, it also draws on the characteristics of the Delphi, directly integrated
with COM (Component Object Model), it’s safe, stable, it has powerful operability,
elegant syntax style, features innovative in language, convenient Programming
Oriented Component. The system architecture using C/S structure, it has the
advantage of simple operation, easy management, high efficiency, small server-
side pressure, high security and other advantages. Choose Visual Studio 2008 for
programming tools. We select SQL SERVER2005 for database tools; it has the
ease-of-use, scalability for distributed organizations, the data warehouse function
for decision support, closely associated integration with a number of other server
software, good value for money. The choices of the above tools are suitable in this
case.

After conceptual design, convey the demand for the company’s by the visual
form through the thinking of the understanding and distinguish between the
objective world via conception, judgment, reasoning, and argumentation. Build
customer information table, product information table and any other forms that
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needed, establish the linkages between the form, According to the specific database
management system, a variety of storage structures and access methods rely on
the physical design measures of specific computer architecture, choose the most
appropriate physical storage structures, access methods and access paths for specific
application task.

4 Conclusions

Up to now, CRM has been paid much attention to the constantly ongoing
exploration. This paper is for a technologically sophisticated, internal demand
contradictions, functional requirements do not match with the existing CRM system
software in the market, emerging small and medium-sized new materials enterprises,
use the modular design approach, successful implement the software design by lot
of detailed demand analysis at prophase. Its structure is simple, targeted, and full-
featured; achieve the workflow management, in line with the current software
development trends of integration design of CRM and ERP.
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Research on Human Factors Engineering
of Ming-Style Furniture

De-hua Yu

Abstract Ming-style furniture belongs to Chinese traditional furniture, which
refers to the simple and artistic furniture from late Ming dynasty to early Qing
dynasty approximately. Ming-style furniture is the elite of Chinese traditional
furniture, which is also doing well in human factors engineering, although theo-
retical research of human beings factors engineering lagged far behind in ancient
China, until it was introduced into China. Ming-style furniture has sculptural form
and vigorous curve, which is the result of the consideration of human factors
engineering. Especially Ming-style chairs express comfort and consideration all
over. Based on the study of Ming-style furniture, the practice of human factors
engineering in Ming-style furniture is summarized, which is meaningful for the
design of Chinese traditional furniture to develop ergonomics.

Keywords Chinese traditional furniture ¢ Human factors engineering e

Ming-style furniture * Ming and Qing furniture

1 Background

1.1 Human Factors Engineering

Human factors engineering is also called human engineering, human factors or
ergonomics, the discipline of which was first specified by Poland scholars Jastrze-
bowski in 1857 [1]. He defined the goal of this new discipline as to explore human
work and apply the results to enhance the working conditions. Although it was put
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forward in the mid nineteenth century, human factors engineering already existed as
early as human beings come forth. Chinese ancient sage Confucius once said sharp
tools make good work more than 2,000 years ago, which is also the concept of
ergonomics. And it developed in the process of practice during the past 2,000 years
in China. However, theoretical research of human factors engineering lagged far
behind, until it was introduced into China [2].

Human factors engineering has wide application in many industrial and social
fields, especially the environment interacting frequently with people, for example,
the living environment of human beings [3]. Furniture design also has intimate
relationship with human factors engineering.

Furniture design is an important part of industrial design or environment
design, which is more related to human factors engineering [4]. Even in furniture
advertisement and specifications, the term human factors engineering is frequently
mentioned, and many manufactures set up special department to research how to
make the furniture more comfortable with the help of ergonomics.

1.2 Ming-Style Furniture

Ming-style furniture belongs to Chinese traditional furniture, which refers to
the simple and artistic furniture from late Ming dynasty to early Qing dynasty
approximately [5]. The history of Chinese furniture could be traced back to Shang
or Zhou Dynasty about more than 3,000 years ago. However, it was only until
late Ming (1368-1644 AD) and early Qing Dynasty (1644—1919 AD) that Chinese
furniture reached its golden age [6]. Differing in size, construction, materials, and
decoration, Ming-style furniture refers to the common characteristic as follows [7]:
simple and sculptural form with reserved decoration; accurate and fitting proportion
with dynamic and vigorous curve; exquisite craftsmanship with precise mortise and
tenon; solid wood with fine vein and patina. The definition of Ming-style furniture
has broad sense and narrow sense. The broad sense means the furniture that follows
the characteristics of Ming-style furniture, whenever it was made. The narrow sense
of Ming-style furniture means the furniture that follows the characteristics of Ming-
style furniture between the late Ming and early Qing periods. This paper prefers the
narrow sense of Ming-style furniture.

People would feel comfortable whenever people sit in or just touch Ming-style
furniture. For example, when one sits in a Ming-style chair, the soft cushion supports
his buttock, and the S-shaped backrest fits the S-shaped curve of the spine properly.
He could put his arms and hands on the armrest at ease, and also could put his feet
on the footrest or stretch them freely. He could even give a stretch in the chair. The
surface of the chair touches smooth and warm. All the vision, touch, sense exhibits
dignity and poise [8].
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2 Analysis

2.1 Study of Three Typical Ming-Style Chairs

2.1.1 Round-Backed Armchair

Round-backed armchair (Fig. 1) is a particular chair of Chinese traditional furniture
by reason of his curved rest, which supports the back and arms at the same time.
When we sit in a round-backed armchair, there are three different ways to choose
(Fig. 2). We can sit in the chair with our back and arms on the backrest and round
back for relaxation freely, and the spine could be supported by the backrest. Or we

Fig. 1 Huanghuali
round-backed armchair

—)

Fig. 2 Three different ways to sit in the round-backed armchair, dimension reference from 95 %
men of human dimension of Chinese adults GB10000-88
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Fig. 3 Sitting in the
round-backed armchair

Fig. 4 Footstool

can sit in the centre of the chair, then the lumbar is supported by the backrest, and
we could work at ease. Or just sit forward without the support of the round back
when we are busy at work [9]. That means the round-backed armchair is not only a
chair for leisure, but also a chair for work.

The front part of the round back is the armrest, which has also S-shaped curve.
When we put our arms on the armrest, the arm protrudes from the shoulder slightly,
then gets back and ends by the hand. The shape of the arm is similar with the
S-shaped armrest, which supports the arms considerately and comfortably. The
end of the armrest extends a little as the handgrip to support the hand, which also
messages the hands gently (Fig. 3).

When people sit in the chair, their feet are mostly put on the floor directly [10],
Hu. But the Chinese traditional chair has the special footrest to support the feet.
Therefore most of the Ming-style chairs are a little taller than the ordinary chairs
because of the footrest. People could put their feet on the footrest, or also on the
floor to find the best comfortable poise. There is a particular category of Chinese
traditional furniture called footstool, which is designed and made to support the
feet. When people sit in the chair or bed, in front of which the footstool is placed
to provide the place for the feet. Some footstools even have the round sticks on the
surface to message the feet when people trundle the stick with their feet continually,
which is useful for their health (Fig. 4). Not all the people but high officials or noble
lords could use these kinds of furniture like the footstool.
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Fig. 5 Zitan southern
official’s hat armchair

2.1.2 Southern Official’s Hat Armchair

The official’s hat chair is the specific category of Ming-style furniture, which could
be divided into two categories: the yoke-backed armchair and the southern official’s
hat armchair. The name of yoke-backed armchair reflects the shape of the yoke
back, which looks like an official’s hat and implies the use by officials. The southern
official’s hat armchair doesn’t have the yoke back, and there are no four protruding
ends, which ends with rounded transition.

The seat of the chair is woven with soft cane matting, which supports the buttock
softly. Nowadays people always complain that the seat of Ming-style furniture is
hard, which already influences the comfort. Because the seat of the chair in the
market nowadays is just the solid wood, or the cane matting is on the solid wood
for decoration. Actually, the real Ming-style chair is not naked but decorated with
mat or cushion. There are several ways to deal with the seat. In northern area of
China, people choose the solid wood seat, which is nice and cool in summer, and
people would add to the cushion on the seat for warm and soft in winter. In the
southern area of China, people prefer the soft cane matting, which has the flexibility
to support the buttock. The seat is designed considerately by ancient craftsmen to
ensure the comfort and poise. But what a pity is that most of the details are ignored
by people nowadays.

The Zitan southern official’s hat armchair (Fig. 5) is one of the most beautiful
chairs of Chinese traditional furniture, and also the most comfortable chair. What
should be paid more attention to is that the zitan southern official’s hat armchair has
trapezoidal seat (Fig. 6), not the common square seat. The special trapezoidal seat
provides wider space for people to move freely in the chair, which is also the warm
consideration of ergonomics [11].

The armrest of the southern official’s hat armchair separates from the backrest
compared with the round-backed armchair. The armrests are generally of S-shape
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Fig. 6 The trapezoidal seat
of the chair

according with the S-shaped arm and hand. People’s arm and hand could extend on
the armrest at ease, which is also the detail of the human factors engineering.

The backrest of the southern official’s hat armrest is the common S-shape, while
a small portion of the chairs have the C-shaped backrest. The backrest may be made
from a solid piece of wood or comprised with several panels that are sometimes
pierced or carved with decorative motifs. The curve of the backrest can give the
spine appropriate and correct support, which helps the spine maintain an S-shaped
curve similar to the spine’s shape when standing. Different chairs have different
curves, most of which support the spine well with the help of the other curves of the
chair [12]. However, some chairs are not intended for relaxation like the ergonomic
backrests of other traditional chairs, for example, the straight backrest of the rose
chair, which has other intention.

2.1.3 Folding Chair

Folding chair is also called huchuang, which was introduced from the northwest
minority called hu, and could trace from Han Dynasty. The folding chairs can be
divided into round-back and square-back chairs. The folding chair is portable, which
could be folded and transported anywhere you want. The seat of the folding chair
must be soft woven cord that can be folded, which supports the buttock tenderly.
That’s also the detail of the human factors.

The folding chair also has footrest to support the feet. The footrest is emphasized
compared with other kinds of Chinese traditional furniture. Some folding chairs
have special footstools in front of them to help the comfort.

Huanghuali folding chair (Fig. 7) is the common round-back folding chair,
which is decorated with reserved carving and metalwork ornaments. The C-shaped
backrest is different from the S-shaped backrest of common Ming-style furniture.
We know that the S-shaped backrest supports the S-shaped spine properly, which
is more comfortable than the C-shaped and even the straight backrest like the rose
chair [13] (Fig. 8).
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Fig. 7 Huanghuali folding
chair

Fig. 8 S-shaped backrest,
C-shaped backrest, straight
backrest

S-shaped backrest ~ C-shaped backrest  straight backrest

2.2 Analysis of the Ming-Style Furniture

1. Human factors engineering of Ming-style furniture: Through the study of
different kinds of Ming-style furniture, we discovered that the comfort of Ming-
style furniture is the consideration of the human factors engineering, which
people seemed to be aware of, although they didn’t study the system information
of ergonomics [14].

2. Smooth and warm surface: Furniture is the intimate friend of people, which is
surround people, and close with people. When people use one chair, the touch is
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important first and foremost. The surface of the chair is smooth and warm to the
touch, even some solid wood get fine vein and patina, which give people with
warm and comfortable feeling.

3. Accurate and fitting proportion: Ming-style furniture has the accurate and fitting
proportion, and most of people who use it feel appropriate in size and scale.
Although there were no standard anthropometric databases in ancient times, most
of the furniture is close to the average scale range.

4. Dynamic and graceful curves: Ming-style furniture is the performance of multi-
farious curve, every part of which is curved gracefully and elegantly. Especially
the parts that contacted with people closely are paid more attention to with the
relevant curves. For example, the S-shaped backrest supports the S-shaped spine,
and the curved armrest supports the arms.

5. Exquisite and considerate details: Details are vital for design and also the
furniture. Exquisite and considerate details of Ming-style furniture help shape the
furniture. For example, the soft cane seat and the solid wood seat with cushion
give people more choices for comfort. And the smooth handgrip help message
the hands tenderly.

6. First the chair then the form: A chair is first a chair then works of art. Ming-
style furniture pays more attention to the function, and the chair is not only
comfortable, but also used for hundreds of years. Based on the well function,
the chair is decorated properly.

3 Conclusion

Human factors engineering had been in widely used in Ming-style furniture
hundreds of years ago, although the concept of it was first put forward in mid
nineteenth century. Ming-style furniture has exquisite form, exacting craftsman-
ship, strong mortise and tenon structure and the consideration of human factors
engineering, which contributes the comfort and poise. Details about the human
factors are omnipresent, including the smooth and warm surface, accurate and fitting
proportion, dynamic and graceful curves, etc., all of which help Ming-style furniture
reach its golden age [15].
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Decision Analysis for Closed-Loop Supply
Chains with Manufacturing Cost Disruptions

Xiao-hua Han, Hai-yan Wu, and Bei Wang

Abstract This paper studies the decisions in closed-loop supply chain with man-
ufacturing cost disruptions. We find that the optimal solutions in stable context are
still robust when manufacturing cost disruptions are small. The optimal decisions
are revised when manufacturing cost disruptions exceed the thresholds. Moreover,
the decision maker in centralized context and manufacturer in decentralized context
always prefer to change their decisions with disruptions, while the retailer in
decentralized context only prefer to change when the manufacturing cost disruption
is negative.

Keywords Closed-loop supply chain ¢ Disruption * Game theory

1 Introduction

In the context of developing recycling and low-carbon economy, the important of
closed-loop supply chain managements has been widely recognized by govern-
ments, researchers, and practitioners. As a big manufacturing country, many used
products have been produced in China every year, which provide plenty of materials
for developing closed-loop supply chains. Unfortunately, due to the low efficiency
of operation, the enterprises that implement closed-loop supply chain managements
cannot get sufficient and stable used products, and then not obtain profits. The low
efficiency of operation is a serious impediment to the application and development
of closed-loop supply chains in China.

The pricing is one of the important decisions, which is closely related to the
efficiency of closed-loop supply chains. Therefore, many research efforts have been
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made to study pricing decisions facing closed-loop supply chain problems [1-9].
For example, Savaskan et al. studied the pricing decisions in bilateral monopoly
closed-loop supply chains based on noncooperative game [1]. Savaskan et al.
further studied pricing decisions in closed-loop supply chains with one monopoly
manufacturer and two competing retailers [2]. Ferrer and Jayashankar studied
pricing decisions in multicycle closed-loop supply chains with two different markets
[3]. Based on above studies, Ferrer and Jayashankar continued to discuss the pricing
decisions of new and remanufactured products with considering the less recycling
numbers contracts [4]. Atasu et al. studied pricing decisions with considering
the influence of manufacturer’s competition, green consumer groups, and market
growth [5]. Bao et al. investigated pricing decisions in bilateral monopoly closed-
loop supply chains with the restricted number of recycling products and difference
between new and used products [6].

Although many advances have been made on pricing decision in closed-loop
supply chains, the researches on pricing decisions with disrupted situations are
rarely found in literature. However, decision makers often face unstable situations
in the closed-loop supply chains. Generally, disruptive events will significantly
influence the performance of supply chains. Moreover, there are plenty of evidences
to suggest that production costs are relatively easier to disrupt in closed-loop supply
chains.

Disruption management of supply chains has gained much attention among
researchers and practitioners [10-19]. For instance, Qi et al. studied pricing and
coordination decisions in a one-supplier—one-retailer supply chain with demand
disruptions [10]. Xiao et al. then extended disruption management of the supply
chain with multiple competing retailers [11]. Xiao and Yu developed an indirect
evolutionary game model to study evolutionarily stable strategies of retailers on
market target selection with demand and raw material supply disruptions [12].
Yu et al. studied how to handle disruptions in the supply chain under wholesale
price contract [13]. Xiao and Qi investigated how to coordinate a supply chain
with multiple competing retailers using game theory when the production cost was
disrupted [14]. Chen and Xiao designed linear quantity discount and wholesale price
contracts in a supply chain with production cost and demand disruptions [15]. Zhang
et al. investigated how to coordinate the supply chain with demand disruptions
by revenue-sharing contracts [16]. Huang et al. studied pricing and production
decisions in dual-channel supply chains when production costs are disrupted [17].

The above literatures have found many important insights in disruption manage-
ment of supply chains. However, most of them only concerned about decisions in
open-loop supply chains, but closed-loop supply chains. Closed-loop supply chains
are more complex, which have characteristics of not only forward logistics but also
reverse logistics. Consequently, manufacturing costs and other related parameters
are more easily disrupted in closed-loop supply chains.

In this research, we analyze decisions in bilateral monopoly closed-loop supply
chains with manufacturing cost disruptions. We find the optimal decisions in
stable contexts have some robustness. The optimal decisions are revised only when
manufacturing cost disruptions exceeds some thresholds. The centralized decision
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maker and manufacturer in decentralized decision making always prefer to change
their decisions when the absolute value of disruptions are larger than the threshold.
However, the retailer in decentralized decision making prefer to change his decision
only when manufacturing cost disruptions are negative.

The rest of this paper is organized as follows. After introducing the model
assumptions and notations in Sect. 2, the decision models without disruptions are
described in Sect. 3. Decision models with disruptions are developed in Sect. 4.
Section 5 presents some numerical examples. Conclusions and extensions are
provided in Sect. 6.

2 Model Assumptions and Notations

We mainly discuss decisions in a closed-loop supply chain with one dominant
manufacturer and one retailer. The manufacturer is in charge of re/manufacturing
new products and collecting used products, and the retailer is responsible to
distribute new products.

Before presenting models we introduce the following notation. Cy,, unit cost of
manufacturing a new product; C;, unit cost of remanufacturing a new product; A,
unit cost savings from remanufacturing a product, that is A = C,, — C,; u;, marginal
disposal cost; u,, the marginal underage cost; g(p) = ¢ — Bp, market demand with p
represents the retailer’s price, and ¢ and B are positive parameters; 7, return rate of
used products, and © = /1/B, where I stands for fixed investments in collection
activities and B a scaling parameter; I1, profit function; ( )¢, results from centralized
decisions; ( )y, results from the manufacturer; ( )g, results from the retailer; ()Y,
results from unchanged decisions with disruptions; ( )*, results from the optimal
solutions.

In order to simplify research process, we make the following assumptions based
on existing research.

Assumption 1 Manufacturing and remanufacturing products are identical to cus-
tomers and can be sold in the same market with the same price.

Assumption 2 We let the sum of used product’s collection price and transportation
cost is zero since it is exogenous and does not affect the results.

Assumption 3 Manufacturers and retailers make decisions in the game of complete
information.

Assumption 4 We study the pricing decisions in a two-period closed-loop supply
chain. In the first period, the manufacturer purchases some raw materials due
to a long lead time, and then products new products in the second period. The
preliminary production plan is made based on the estimated manufacturing cost Cy,
in the first period, and the actual production plan is made based on real production
cost Cpy + &, where the manufacturing cost disruption is § in the second period.
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3 Decision Models Without Disruptions

In this section we present the centralized and decentralized decision models as
baseline, which are used to study the impact of manufacturing cost disruptions on
decisions.

3.1 Centralized Decision Model

In a centralized closed-loop supply chain, the decision maker makes her decision
based on maximizing the total profits of closed-loop supply chain. Based on our
assumptions, the centralized pricing model is determined by

max Ie = (¢ = Bp) (p = Cn + At) — Br?

According to the first-order optimal conditions, the optimal solutions of the above
model are given by

* 2B (¢ + IBCm) - IB¢A2

pe B (4B — p1?) W
= Sl @
2B (¢ — BCp,
oo = B )
« _ B(¢ —BCu)’
e = 5as—pan @

3.2 Decentralized Decision Model

As a Stackelberg leader, the manufacturer first decides w, 7, and the retailer then
decides p. Thus, the decentralized pricing model can be given by

maxIly = (¢ — fp) (@ — Cn + A7) — Br?

s.t.p € argmaxIly = (¢ — Bp) (p — @)
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By using backward induction and the first order condition, the optimal solutions
are given by

(4B — BA?) ¢ + 4BBCyy

7= B EB— A ®)
. (6B—BA%) ¢ +26BCy
P =B ®B - pAY) ©
. A@—BCw)
U= 8B par @
* 2B (¢ - IBCm)
=8B pA? ®)
. B(p—BCn)
M = 5 8B - pa?) ®
e* = M (10)
B(8B — BA2)

4 Decision Models with Cost Disruptions

In this section, we discuss the decision models with manufacturing cost disruptions.
If the manufacturing cost disruption é > 0, the actual manufacturing cost is larger
than estimated. In this context, the decision maker will increase his pricing, and
there will be disposal costs for unsold products. If the manufacturing cost disruption
8 <0, the actual manufacturing cost is smaller than estimated. In this context, the
decision maker will decrease his pricing, and there will be underage costs for unmet
demand.

4.1 Centralized Decision Model with Disruptions

The centralized decision model with disruptions § > 0 is given by

max Mc = (¢ — BP) (J—(Cm + 8§)+AT)
et (B0 )

)
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The centralized decision model with disruptions § < 0 is given by

max 1€ = (¢ — B5) (5—(Cum + §)+AT) — BF
p.T

_M((q;_,g,;)_w)

4B — BA2

We can derive the optimal solutions by the first-order optimal conditions. The
optimal solutions are given by

2B (¢ + BCm + B8 — Bu1) — oA’

e = p B~ PAY o (11)
C | B BC St oA
B (4B — BA2) -

AP = BCn + B — BO)

. 4B — BAZ -
“TlAG-pCutrt) .
4B — BA? b <
2B (¢ — BCn + P — B8)
I 4B — A2 -
T 2B@— B Cnt 2 +9) (4
4B — BA? b=
B (¢ — BCu — B8)’ — 28211 + B2’
B @B~ A7) iz
~ B (¢ — BCn — BCm — 286
fiz={n¢="¢ ﬁﬂ (jé‘p_ ﬂiz) P p<s<m a9
B((¢ — BCn— B8)” + B2112 (26 + o)
f (4B~ pa?) e

If —uy <38 <uy, the optimal solutions are same with the optimal in centralized
model without disruption except the profits.

4.2 Decentralized Pricing Model with Disruptions

The decentralized decision model with disruptions § > 0 can be given by
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maxIy = (¢ — Bp) (@—(Cn + §)+A%) — BT

2B (¢ — BCu) -
— W (SB——/W —(¢— ,BP))

s.t.p € argmaxIlg = (¢ — Bp) (p — @)

The decentralized decision model with disruptions § < 0 can be given by

maxTy = (¢ — B7) (@—(Cw + §)+A7) — BT

_M(@,_ﬂﬁ)_w)

8B — BA2
s.t.p € argmaxIlg = (¢ — Bp) (p — @)

We can get the optimal solutions by using backward induction and the first order
condition. The optimal solutions can be given by

(4B — BA?) ¢ + 4BB (Cry + 8 — 1)

L B (35— A2 b=
&* = (15)
(4B — BA?) ¢ + 4B (C + 8 + 12) s
B (8B — BA?) D
(6B — BA%) ¢ + 2B (Coy + 8 — 1) 5>
L B (8B — BA) ‘“ 6
(6B — BA%) ¢ + 2BB (Coy + 8 + o) s
B (8B — BA?) =T
A@=P(Co+s—p)
" 8B — A2 i -
A@=BCnts+m)
8B — BA2 H2
2B =B (Cn+S—p)
. 8B — A2 #
_ (18)

BB Cntdtm)
8B — BAZ Ha
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B — B (Cn+8) = B2u1 (28— 1) )
B (3B pAY) b
5 B (¢ — BCp) (¢ — BCum — 28
B ((¢— B (Con+8)” + B2 (25 + j12))
B (3B — pAY) b
4B2(¢p — B (Cun + 8 — 1))’
2 §> 1231
B(8B — BA?)
~ 2 — 2
Mg = % —p2 <8 < (20)
BP =B Cnt 8+ o
B(SB — pA?)’ -

If —up <6 <u, the optimal solutions are same with the optimal in decentralized
model without disruption except the profits.

We can get the following propositions form comparing those solutions in
different contexts.

Proposition 1 The decisions in closed-loop supply chains have some robustness
(—up <68 <uy) with manufacturing cost disruptions in the both centralized and
decentralized situations.

That is, decision makers will retain their optimal solutions of decision models
without disruptions when the manufacturing cost disruption is small (— u, <§ <uy).

Proposition 2 When § >y, the market pricing is increased, while return ratio
and quantity are decreased with disruptions; when § < — [,, the market pricing is
decreased, while return ratio and quantity are increased with disruptions.

Proposition 3 The decision maker in centralized closed-loop supply chain prefers
to change her decisions when manufacturing cost is disrupted.

Proposition 4 The manufacturer in decentralized closed-loop supply chain prefers
to change her decisions, while the retailer only prefer to change his decisions when
8 <— .

5 Numerical Analysis

In order to depict solutions more clearly, we make some numerical analyses in this
section. We letB=100,¢p =150 8=4,C,=10, A=2, u1 =, =2,—8 <5 <8.
The detailed decisions solutions are provided in Figs. 1, 2, 3, 4, and 5.
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Fig. 2 Return rates in centralized model with disruptions

From Figs. 1, 2, 3, 4, and 5, we find that decisions have some robustness with
manufacturing cost disruptions in the both centralized and decentralized situations.
The market pricing is increased, while return ratio and quantity are decreased with
disruptions when § > u;; market pricing is decreased, while return ratio and quantity
are increased with the absolute value of disruptions when § < — u,. For the larger
profits, decision maker in centralized context prefer to change her decisions with
disruptions. The manufacturer in decentralized context also prefer to change her
decisions, while the retailer only prefer to change his decisions when § <—uj,.
Those are consistent with Proposition 1—4.
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Fig. 4 Manufacturer profits in decentralized model with disruptions

6 Conclusion

In this paper, we study decision models of closed-loop supply chains with man-
ufacturing cost disruptions. We find the optimal decisions in stable contexts have
some robustness. The optimal decisions are revised only when manufacturing cost
disruptions exceeds the thresholds. The centralized decision maker and manufac-
turer in decentralized decision making always prefer to change their decisions when
disruptions exceed the threshold. However, the retailer in decentralized decision
making change his decision only when manufacturing cost disruptions are negative.



Decision Analysis for Closed-Loop Supply Chains with Manufacturing Cost. . . 149

250

200

profit retailer

150

Fig. 5 Retailer profits in decentralized model with disruptions

This paper makes some contributions to the literature. However, we just consider
very simple channel structure. How about decision models when there are multiple
manufacturers or retailers? Those questions are our further research.
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Study on the Transfer and Integration
of Production Factors in Industry Transfer

Deng-bang Gao, Yun-shu Tang, Nan-ping Feng, and Kai-le Zhou

Abstract In the process of industry transfer, the aggregation of production factors
is not the simple centralization in space, but a process of creative and organic
integration. First, the mechanisms of production factors transfer and integration are
analyzed. We point out that market mechanisms promote the free flow of production
factors and the essence of production factors integration is that it is an integrated
process of innovation. Then we study the development path of production factors
integration. In accordance with the order of time evolution, the path mainly include
three stages, i.e., the primary aggregation of factors, the moderate centralization of
organizations, and the high level integration of industrial factors. Based on the above
analysis, we present an example of Chery Automobile Company, and the transfer
and integration of car industry factors are analyzed. Finally, conclusions are drawn
and policy suggestions are given.

Keywords Industry transfer ¢ Production factors ¢ Transfer and integration

1 Introduction

Globalization has become an important phenomenon in the development of world
economy since 1990s. One of the key characteristics of globalization is the flow
of production factors, including commodities, services, capitals, information, and
ideas, etc., even including related industries, in the worldwide. The aim of the flow
is to achieve the optimal allocation of production factors.
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The flow of production factors in the international scope does not mean
the balanced allocation of production resources among all the countries in the
world. Conversely, the actual performance of the flow of production factors is
the occurrence of industry transfer and the form of regional economy clusters.
Moreover, the clustering of production factors and industries is not only the simple
moving of production means, such as assets, equipment and tools in spaces, but
also the penetration of entrepreneurs’ qualities, innovative ideas, technical levels,
management levels, high-quality labor force, and the cooperation with external
markets. All of these factors combined with the natural resources and cheap labor
force merge creatively and integrate organically. The flow of production factors
can bring a large number of innovative elements to the undertaking regions, and
finally form the industrial clusters after the clustering and integration of creative
elements [1].

Production factor is a general term of all the economic resources utilized in
the production and business activities, usually including the capital, labor force,
technology, land resources and economic information, etc. [2]. It has demonstrated
that the transfer of production factors is an indispensable part of the regional
economy development, and other production factors always flow among different
regions besides natural resources such as land.

In this paper, we will focus on the mechanisms and development path of the
transfer and integration of production factors. In order to study the mechanisms and
paths of production factors transfer and integration, three basic questions will be
answered in this paper: Why flow, how to flow and where to flow?

2 Mechanisms of Production Factors Transfer
and Integration

2.1 Market Mechanisms Promote the Free Flow
of Production Factors

The fundamental reason of production factors transfer is the differences of produc-
tion factors in different regions, i.e., the absolute price differences brought by the
differences of relative scarcity and the changing rate of factors’ scarcity in different
regions. One of the key influencing factors which promote the flow of production
factors from low-price and low-reward areas to high-price and high-reward areas is
the difference between the actual price and the marginal rate of return. That is to say,
driven by market mechanisms, production resources and factors flow to the regions
where they can obtain the best benefits [3].

Generally, the flow of production factors among different regions is dominated
by three laws as shown in Fig. 1. First, they move to regions with the largest demand,
where the scarcity of production factors is also greatest, and the supply and demand
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Fig. 1 The flow of production factors

contradiction is also biggest. Hence, the production factors of other regions are
easy to be attracted. Second, they move to regions where maximum benefits can
be achieved. There is a clear trend in the flow process of production factors, that
is, the trend of pursuing benefits maximization. The benefits are comprehensive
benefits, including economic and non-economic benefits. Third, they flow to the
nearest regions, i.e. they follow the principle of proximity. The dissemination of
information is more rapid and more complete if the distance is shorter. Hence, the
flow of production factors is more convenient and the cost is lower.

2.2 The Essence of the Production Factors Aggregation
Is an Integrated Process of Innovation

Integration is a process of innovative integration in which various factors are built
and creative thinking is injected. Integration is not a simple combination process
of many factors, but a process of reasonable, optimal and complementary selection,
and making the integrated structure an optimal and organic entirety.

The idea of integrated innovation is first proposed by Schumpeter in 1912 in his
book of “Theory of Economic Development” [4]. He added the element of innovative
to the process of production factors integration and pointed out that, innovation is
a process to “establish a new production function”. Regroup the production factors
and production conditions by introducing new products, new technology, opening up
new markets and re-organization of industries. The rapid development of economy
and society can be achieved by constant optimization and combination of these
factors [5].

In the process of industry transfer, the clustering of production factors is not the
simply gather and possess of external factors, but cooperation, creation of synergies,
introducing innovative elements, and finally increasing the value of production
factors. Hence, the essence of the integration of production factors is a process of
integrated innovation.
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3 Development Path of Production Factors Transfer
and Integration

The practice of industry transfer has demonstrated that the transfer and integration
of production factors in the process of industry transfer mainly go through a three-
stage process, i.e. “primary aggregation of factors — moderate centralization of
organizations — high degree integration of industrial elements”. The development
path of production factors transfer and integration is specifically shown in Fig. 2.

3.1 Industrial Factor Flow and Primary Aggregation
Formation Driven by Market Mechanisms

Driven by market mechanisms, the aggregation of production factors in a certain
region has some fortuity. It may because the settlement of an enterprise, the
existence of an educational institution, the introduction of certain types of key
talent or the promotion of local government. Also, the types of industrial factors
aggregated are varied, and it may be natural resources, capitals, knowledge,
technology or certain types of entrepreneurs [6]. The elements which may play a key
role in regional economy development are always scarce high-level resources, such
as key talents, key techniques, etc. These elements are always difficult to obtain, and
they do not depend on the initial state. These elements need sustained investment
and cultivation, i.e., these elements need to be created, thereby obtain the advanced
elements with core competitiveness.

3.2 Moderate Centralization of Production Factors
and Formation of Robust Integration Platforms

The integration of production factors is not the simply gather of factors, but an
organic aggregation process. There will be synergistic effects brought by aggregated

S

tegrated Core

Primary

aggregation External shocks cause innovation

Robust integration

Moderate
platforms

centralization

Interaction of organization, regulations
and resources, self-reinforcing feedback

High degree
integration

Perfect running, rooted in local social
and cultural networks

Industrial Clusters
Innovative Network Systems

Fig. 2 The path diagram of production factors transfer and integration
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factors, such as capital, technology, labor-force, natural resources and entrepreneur,
etc. to the development of aggregates. Finally, the aggregates will become an
organization with strong technology spillovers and self-enhancements, i.e. the
aggregates become the integrated core.

The integrated core may attract industrial factors constantly and produce a
higher level of agglomeration activities, i.e. the process of moderate centralization.
The focuses of this stage are the division of work between enterprises and the
formation of supply chain linkages among upstream and downstream enterprises.
The industrial factors spread to complex network systems with logistics, information
flow and business flow from the integrated core. Production factors gather to related
industries, the scale of industries is expanded, and the competitiveness of industries
is enhanced, therefore, the robust integration platforms are formed.

There are two types of robust integration platforms, visible and invisible
platforms. Visible platforms are zones within an industrial area, such as Economic
Development Zone, Export Processing Zone, and High-tech Development Zone,
etc. Invisible platforms are the people, mechanisms or systems which can promote
the connection and interaction of enterprises, governments and societies. Hence,
the integration in this stage is no longer fortuitous, and this stage is a process of
rational choice of production factors and organizations, also the result driven by
market mechanism.

3.3 High Degree Integration of Industrial Factors
and the Formation of Innovation Network Systems

The robust integration platform will produce integrated magnetic field, and then
produce the support force, which will promote the reduction of transaction costs and
the increase of value. First, through the restructuring and innovation of the industry
cluster, supply chain alliances and other forms of industrial organization, the
gathering of robust resources magnetic field will be realized, which will increase the
efficiency of economic operation and reduce operating costs and improve industrial
efficiency. Second, the robust integration platform will also promote the value chain
extension, increase the scale of economy, and internalize external benefits, with
a new source of value created. During this period, integrated production system
is rooted in local social and cultural networks successfully. At the same time,
industrial clusters innovation network systems with innovative features and some
competitive advantages formed. Industrial clusters innovation network contains a
formal cooperative network and informal cooperation networks within the cluster.

The system owns the function of organizing activities of clusters innovation, and
it is of openness, innovation, network, cooperation, and it facilitates the flow of
knowledge in order to reduce the operating costs in the system. Besides, it enables
the system to a steady stream of maintaining vitality through the integration of
different knowledge.
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4 Case Study

We will analysis the process of production factors transfer and aggregation as
follows based a typical case — the development of Chery Automobile Company.

Chery is an important force in the development of China’s national automobile
industry and a typical representative of independent innovation in the automotive
industry. The process that Chery established and developed in Wuhu is a process
that industrial factors transfer, gathering, integration and development.

Prior to the establishment of the Chery Automobile Company, there were no
comparative advantages, such as talents, technology, management, capital and other
elements, that related to car manufacturing in Wuhu. After Wuhu Chery Automobile
Company developed through the introduction of these scarce resources from other
regions, Wuhu attracted a large number of automobile industry supporting enterprise
group to move there and form a unique automotive industry cluster by integrating
robust platforms, extending the industry value chain, increasing economies of scale
and reducing transaction costs [7, 8].

4.1 Chery Was Born in Wuhu, with a Certain Contingency

The Chery Automobile early comes from a car project of Wuhu municipal gov-
ernment. After the economic overheating period from 1992 to 1993, the idea of
developing automotive industry gave birth in Wuhu. The initial plan is to cooperate
with FAW, but it failed for many kinds of reasons. Wuhu municipal government
leaders at that time took over a production line of Ford engine in the United
Kingdom when they were investigating the automotive industry in Europe. Then
a car project began. One of the major incentives that Chery was born in Wuhu is
that it was driven by local government [9]. The government’s long-term strategic
vision has played an important role for the car industry cluster development, and the
occasional opportunity promoted the development of the region-specific industry
clusters.

4.2 The Key Factor of Chery’ Success

After having the idea of doing car project, the personnel issues were proposed on the
agenda. It was difficult to find the talents to participate the car project since the econ-
omy of Wuhu City is backwardness. The delegation of Wuhu became acquainted
with Yin Tongyao when they were visiting the FAW. At that time, Yin Tongyao had
worked in FAW for more than 12 years, and he is a talent in the automotive sector,
and he was invited to preside over the car project by Wuhu municipal government.
When he went to Wuhu, he also invited his colleagues to Chery [10].
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The practice of Chery has demonstrated that the introduction of key personnel
and core team, as well as the ensuing technology research has played crucial roles
in the development of Chery.

4.3 The Key Factor for Chery to Maintain a Sustained
Competitiveness

Since the establishment of Chery, its mission is to build China’s own brand, its goal
is to revitalize the national auto industry [11]. Just supported by this belief, Chery
has a collection of excellent engineers and management personnel from different
places to work for the common goal. Now each employee in Chery has a clear goal
and mission. In addition, the effective learning mechanism of Chery is one of the
key factors to realize its efficiency and core competitiveness. There are two parts,
including the open learning system and the control of system knowledge and critical
nodes.

5 Conclusion

Experiences and inspirations in the following three aspects can be drawn from the
above theoretical analysis and case study for less developed areas to undertake
industrial transfer. First, implement of the talent strategy to strengthen the ability
of grasping historical opportunities. The talent is scarce senior elements, which will
play a crucial role in both grasping historical opportunities and integrating other
production factors. Second, strengthen the construction of independent innovation
systems, and form stable platforms for the agglomeration of advantages. Enhance
the ability of independent innovation of industrial clusters is an effective way to
maintain a sustainable competitive advantage of industrial clusters and prevent
cluster toward recession. Third, pay attention to the construction of hard and soft
infrastructure, and improve the depth and breadth of factors integration. Infrastruc-
ture is the basic condition for the development of a variety of industries, and the
material carrier for the operation of industrial factors integration mechanism.
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Agglomeration and Specialization

of Innovative Industry and Its Productivity
Growth—Empirical Study Based

on the Aerospace Industry in the Mainland
of China

Jin Zhang and Yi-xi Zhu

Abstract Issues about agglomeration and specialization of innovative industry
have attracted more and more attention. This paper, taking the aerospace industry
as the subject, with the panel data regression method, and through calculating its
industrial agglomeration index, regional specialization index and DEA-Malmquist
productivity index, has studied how industrial agglomeration and regional special-
ization level influence its growth of productivity. The empirical results show that the
aerospace manufacturing industry agglomeration and regional specialization level
are important factors to promote its productivity growth.

Keywords Aerospace manufacturing industry e Industrial agglomeration e
Regional specialization ¢ Total factor productivity

1 Introduction

As typical innovative industry, aerospace manufacturing industry is important to
the transformation of the economy of a country, so it is necessary to explore an
appropriate development form of industry innovation. This paper, based on the
relevant data of aerospace manufacturing industry, will carry out an empirical
research on the impact of industrial agglomeration and regional specialization level
on the growth of productivity.

Empirical studies of foreign scholars on industrial agglomeration, mostly through
analyzing spatial Gene coefficient, test if there’s industry agglomeration in the
related industries of the United States, and the European Union (Krugman [1];
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Audretsch and Feldman [2]; Amiti [3]). At present, empirical studies on industrial
cluster have gradually increased in China, which, with the main use of CR index,
V,-the coefficient of standard deviation and custom 7 value, the location of Gene
coefficient, EG index and so on, have calculated agglomeration situation and
the location of the manufacturing industry in mainland, analyzed the specific
reasons, provided evidence for innovative economics theories, and also found
that economic geography and government policy are also vital factors to lead to
industry agglomeration (Xu Kangning [4]; Liang Qi [5]; Yong Luo and Cao Lili
[6]; Jin Yu et al. [7]). In addition, Yin Xiguo et al. [8] has used the provincial
panel data to study the phenomenon of state-owned and non-state-owned industrial
agglomeration in the mainland, which has showed that economic geography, new
economic geography and government intervention have significant effects on the
high-tech industry agglomeration [9].

In the research of regional specialization, Bai Chongen et al. [10] has established
a regional specialization index—Hoover localization coefficient, finding that the
level of regional specialization is being improved. Fan Jianyong [11], by calculating
the regional relative specialization index and regional specialization index, has
proved that the level of regional specialization in 2001 was significantly higher than
that in 1980.

However, in academia, the empirical study on joint influence of industrial
agglomeration and the level of regional specialization on industry is relatively less.
This article will use the relevant data of aerospace industry- an innovative manufac-
turing industry to study the relationship between the level of regional specialization
and industrial agglomeration, and at the same time calculate Malmquist productivity
index of this industry, and finally use panel data regression method to study the
major effects of industrial agglomeration and regional specialization on productivity
growth.

2 Industrial Agglomeration and Regional Specialization

2.1 Construction of Related Indexes

2.1.1 Industrial Agglomeration Index

At present, there are many ways to measure the industry agglomeration. In consider-
ing the space Gene coefficient (location Gene coefficient), geographic concentration
index, Herfindahl-Hirschman Index (HHI), as well as the research focus and the
data availability, this paper chooses Herfindahl-Hirschman Index (HHI) as the index
to measure the degree of industrial agglomeration, whose construction method is
as follows: to calculate working population proportion S; (S; = %) in aerospace
manufacturing industry, among which, e; represents the number of employees
working in the aerospace industry in the area of i, E; represents the number of
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employees of national aerospace manufacturing industry. And then in the area
of i industry agglomeration HHI index of aerospace manufacturing industry is
HHI; = 57 [12].

2.1.2 Regional Specialization Index

Location entropy is generally used to analyze industry specialization level in each
area. This paper takes location entropy as an index to measure specialization degree
of manufacturing aerospace industry in different areas. The calculation formula
is as follows, spec; = Ei:?eé“n , among which, spec; represents location entropy of
aerospace manufacturing industry in the area of i; e, represents the total number of
employees in the area of i; E, represents the total number of the employees of the
nation [13].

If the regional specialization index value is greater than 1, it indicates that
the industry is a regional specialized division, and a higher value means a higher

specialization level of the industry.

2.2 Analysis of the Related Results

According to the characteristics of aerospace manufacturing distribution,' the
provincial-level administrative region of the mainland is divided into six divisions
in this paper, namely Northeast China, North China, East China, Central China,
Southwest China and Northwest China. With the related data from the “Chinese
High-Tech Statistical Yearbook” (2003—-2012) (All the data in this paper are adopted
from it), industry agglomeration and the degree of regional specialization level
from 2002 to 2011 have been calculated. Table 1 shows the regional industrial
agglomeration index of Chinese aerospace manufacturing industry in the six regions
from 2002 to 2011, and Table 2 lists the regional specialization index of Chinese
Aerospace manufacturing industry in the six regions from 2002 to 2011.

It can be seen from Table 1, according to the comparison of each area, the west is
the main base of aerospace manufacturing industry, and the majority of enterprises
in the industry are gathered here mainly because in the early development stage
of the aerospace manufacturing industry China took the Western as the main base
with vigorous input and support. After several large aircraft enterprises dwelled

'Due to the characteristics of aerospace manufacturing industry, some provinces and cities did
not get involved in the distribution and development of the industry, so the relevant data of only
22 provinces with relative aerospace manufacturing aggregation have been selected in this paper.
Among them, Northeast China includes Heilongjiang, Jilin and Liaoning; North China includes
Beijing, Tianjin, Hebei, Shanxi and Shandong; East China includes Shanghai, Jiangsu, Anhui
and Fujian; Central China includes Henan, Hubei, Hunan and Jiangxi; Southwest China includes
Chongging, Sichuan and Guizhou; Northwest China includes Shaanxi and Gansu.
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here, it has become a technology intensive region with high-tech industry. As
aerospace manufacturing industry belongs to high technology industry, whose input
is complex and strict in its production process, it must be gathered in a limited
area which can meet their requirements to achieve a steady development. Therefore,
the West and Northeast have congenital advantage in the development of the
aerospace industry. At the same time, according to the time sequence, the degree
of agglomeration of each region shows an increasing trend annually. Consequently,
industry agglomeration must be the development direction of China’s aerospace
industry.

From Table 2, compared with other regions, specialization level of the West
has significant advantages mainly because through the development of aerospace
manufacturing industry, the West has entered a more mature development stage.
Compared with those regions staying in the early stage of development, its
specialization level is more outstanding, and aerospace manufacturing industry has
become an important industry to promote economic growth in the west. According
to the time sequence, the specialization level of each region shows an increasing
trend annually. Therefore, specialization level has gradually become an important
factor influencing the development of aerospace industry of China.

With a comprehensive understanding of Tables 1 and 2, regional industry
agglomeration and regional specialization level have certain homoplasy, namely
areas with a higher degree of industrial agglomeration, their specialization level is
higher. Moreover, with time passing by, both of them show an increasing tendency
annually.

3 Industry Agglomeration, Regional Specialization
and Productivity Growth

Whether the improvement of industry agglomeration and regional specialization
can promote the development of the aerospace industry, namely the growth of
productivity, is the second subject of this paper.

3.1 Calculation of DEA-Malmgquist Productivity Index

Because the DEA analysis method mustn’t rely on the specific form of production
function, in order to avoid improper model set and the resulting deviation, in this
paper (1994) [14, 15] DEA-Malmquist index method proposed by Fare is used to
calculate Malmquist productivity index which is regarded as a standard to measure
productivity level.
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3.1.1 Models and Data Sources

From period of ¢ to period of 7+ 1, Malmquist index representing the change
of productivity and its decomposition are shown in (4), (X;+1,y:+1) and (x;,y;)
respectively represent the vector of input and output of the period of # + 1 and the
period of #; d, and d6+ ! respectively represent, with technology 7" in the period of
t as the reference, the distance function of the period of ¢ and the period of # + 1.

Mo (Y41, Xi41, Y, X)) =
(f+ r+1, )t [) d§ (e, y1) dé—H (Xt-l—l-,Yt-l—lC) dé—H e,y

=ECXTP

1/2
dyt! (xz+1,yt+1)x[ df (X1, yi41) y d§ O, )
)

ey

Malmquist index at the left end of the formula can be decomposed into Technologi-
cal Efficiency Change Index (EC) and Technological Progress Index (7P) under the
assumption of constant scale rewards, among which, EC index measures the degree
of every decision-making unit’s running after the production possibility frontier
from the period of ¢ to the period of 4 1, and TP index measures the movement
of technological boundary between the period of ¢ to the period of £ + 1.

In the calculation of Malmquist productivity index, in this paper, aerospace
manufacturing industry increase in value is taken as an output indicator, net value of
fixed assets as capital input, and the number of employees of each year in aerospace
manufacturing industry as labor input.

3.1.2 Total Analysis of TFP Changes

With the aerospace manufacturing industry increase in value as the output variable,
the actual net value of fixed assets and the number of employees as the input
variables, Malmquist productivity index has been measured, and the results are as
shown in Table 3.

According to the results in Table 3, in various regions, all the average of TFP
over the years shows a growing trend. By comparison, the growth rate of TFP in
the west and Northeast is significantly higher than in other regions, and maintains
a fairly high level and increases dramatically, especially in Northwest China, up to
167 %. Meanwhile, according to Tables 1 and 2, in regions with higher industry
agglomeration degree and specialization level of aerospace manufacturing industry,
TFP growth rate is higher, which means that it develops faster. In general, in the past
10 years because of the unceasing enhancement of industry agglomeration degree
and regional specialization level of aerospace manufacturing industry, it has been
greatly promoted, and TFP has sustained a high level of growth.
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Table 3 The Malmquist productivity index of Chinese aerospace manufacturing indus-
try in various regions in 2002-2011 years

North Northeast  East Central Southwest ~ Northwest

Time China China China China China China

2001-2002 0.89922 1.91844 1.23229  1.13585  1.69342 2.38946
2002-2003  1.28975  1.75640 1.30523  1.28984  1.53367 2.48069
2003-2004  1.33507 2.32826 1.80756  1.82180  1.87842 3.04764
2004-2005  1.14504  2.00677 1.28084  1.33257 1.85964 2.89617
2005-2006  1.06699  1.64770 1.18035 1.22616  1.77823 2.44370
2006-2007 0.96413  2.06733 1.36944  1.27437  1.93547 2.30551
2007-2008  1.15751  1.74409 1.38448 1.67574 1.95784 2.71741
2008-2009  1.12245  2.08577 1.46398 1.30971 2.00154 3.03364
2009-2010  1.20056  1.80818 1.12774  1.20293  1.73888 2.71613
2010-2011  1.13279  2.00637 1.39245 1.17638 1.97834 2.66371
Average 1.13135  1.93593 1.35444  1.34454  1.83555 2.66946

Data source is “Chinese High-Tech Statistical Yearbook™ (2002-2012), after calculation
and rearrangement
Data source is “Chinese High-Tech Statistical Yearbook™ (2003-2012), after calculation
and rearrangement

3.2 Effects of Industrial Agglomeration and Regional
Specialization on Productivity Growth

Because the degree of industrial agglomeration and regional specialization level
have the same growing direction as the productivity growth of aerospace manufac-
turing, this paper mainly investigates the effects of industrial agglomeration degree
and regional specialization level on productivity growth.

3.2.1 Instruction of Models and Variables

According to the research needs, referring to the general model of foreign scholars,
and considering the industrial agglomeration and regional specialization has certain
correlation, to establish a double logarithm model can eliminate the multicollinear-
ity among variables, so the basic model is set up as follows:

Among them, u; represents unpredictable regional effect of the aerospace
manufacturing industry, &;; is random perturbation, subscript i stands for the i the
region, and ¢ represents the time.

In (HTFP”) = ,31 lnHHIi, + ,82 In spec;, + it + &ir (2)

Referring to existing literature and economic significance, the average size of
enterprises, degree of competition in the industry and R & D investment within
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the region are the main factors affecting productivity growth. Therefore, the above
three variables are introduced as control variables. Among them, because R & D
input has a time-delayed effect on TFP change, the lag item of R & D input is taken
to be R & D input variable. The extended model is obtained as follows:

In (HTFP;) = B1 InHHI;; + B2 Inspec;, + B3 In RD;;—;
+ Balnscale; + BsIncomp;, + s + €ir 3)

And then considering cross effect of industrial agglomeration and regional
specialization level, the final model will be obtained as follows:

In (HTFP;) = BiIn HHI;; + B2 Inspec;, + B31n RDj;—; + B4 Inscale;
+ BsIncomp;, + BeIn (HHI; X spec;,) + it + it (@)

The variables in the three models have the following meaning:

(1) HTFP;: the representative of the total factor productivity of aerospace manu-
facturing industry in i area during the period of ¢, as the dependent variable,
represented by Malmquist productivity index of aviation manufacturing indus-
try in various regions calculated above in this paper.

(2) HHI;: the representative of the industrial agglomeration degree of the aerospace
industry in i area during the period of ¢, represented by the HHI index of the
aerospace manufacturing industry in various regions calculated above in this
paper.

(3) speci: the representative of the specialization level of aerospace manufacturing
industry in i area during the period of ¢, represented by the regional specializa-
tion index of the aerospace manufacturing industry in various regions calculated
above in this paper.

(4) RD;;—;: the representative of input of R&D of aerospace manufacturing industry
in i area during the lag period of 7 —j, represented by R&D activities expendi-
tures of the aerospace manufacturing industry during the lag period of # —j in
this paper.

(5) scale;: the representative of the average scale of enterprise concerning indus-
trial agglomeration degree in i area during the period of ¢, represented by the
ratio between industrial added value of aerospace manufacturing enterprise and
the number of enterprise of aerospace manufacturing industry in various regions
in this paper.

(6) comp;: the representative of the degree of competition of aerospace manufac-
turing industry in i area during the period of ¢, represented by the number of
enterprise of aerospace manufacturing industry owned by every million people
in 7 area during the period of 7 in this paper.
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Table 4 Regression results of models

Explanatory variables  Basic Model 1(Re)  Extended Model 2(Fe)  Final Model 3(Fe)

c 0.81185™ —0.24498 0.10075
(3.05683) (—0.79513) (0.49985)
HHI 0.07971" 0.06272"" 0.07080""
(1.65257) (2.06480) (2.99051)
spec 0.09193" 0.07695" 0.33880™"
(1.94066) (2.62206) (8.50898)
RD_, 0.00557" 0.06025"
(3.55622) (3.12489)
scale —0.11013"" —0.07175"
(—2.94428) (—2.28140)
comp —0.10177* —0.20031""
(—2.50472) (—5.26521)
HHI X spec 0.07177°
(10.60163)
Hausman 2.10949 41.61296 11.07024
R? 0.68381 0.94660 0.96218
Adj. R 0.66293 0.94092 0.95724
F 6.18282 166.6265 195.0225
D.W. 1.94791 1.61224 1.86761

Data source is “Chinese High-Tech Statistical Yearbook™” (2003-2012), “Chinese Statistical
Yearbook” (2003-2012), and “Chinese Population and Employment Statistics Yearbook”
(2003-2012), after calculation and rearrangement

Note: The data in parentheses is t value, ***, **_* respectively denote significant at 1 %, 5 %
and 10 % level

RE represents a random effect model, FE represents a fixed effect model

3.2.2 Analysis of Regression Results

In the three models, if p; is the fixed parameter to be estimated, and the residual
random disturbance follows &;; ~ N(0,02), then the expression is a fixed effect model
(FE), if the residual pw;, is random, then the expression is the random effect model
(RE), which can be decided by the Hausman test. Statistical values of Hausman
test on models set by type (2), (3) and (4) are respectively 2.10949, 41.61296 and
11.07024, so, the random effect model is set up for the type (2) namely Model 1, the
fixed effect model is established for the type (3) namely Model 2, the fixed effect
model is established for the type (4) namely Model 3. In order to eliminate the
heteroscedasticity in the model and contemporaneous correlation, for the fixed effect
model, Cross-section SUR is adopted to fix effect. For R&D, after repeatable pilot
calculation, one period lagged variable is adopted. Table 4 lists the regression results
of basic model, extended model and final model by using SUR method. Among
them, Model 1, 2 and 3 are respectively estimated results based on basic model,
extended model and final model. Overall, D. W. values of three models are relatively
close to 2, and there is no self-correlation for models. In addition, the three models
have passed the significant test as a whole, and their goodness-of-fit is better. From
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Model 1 to Model 3, goodness-of-fit gradually increases, which means that with
the gradual introduction of variables, regression effect of equation becomes ideal
gradually.

4 Results

We can do further analysis of the empirical results:

A. The Degree of Industrial Agglomeration has a Positive Effect on Aerospace
Manufacturing Productivity Growth.

The regression coefficients of industrial agglomeration degree are positive, and in
Model 1, Model 2 and Model 3 have respectively passed significance test by 10 %,
5 % and 1 % level. It’s obvious that the industry agglomeration degree in a region
can greatly promote productivity growth.

B. The Level of Regional Specialization has a Positive Effect on Aerospace
Manufacturing Productivity Growth.

Estimated results of models show that, the promotion of the specialized level
in a region plays a significant role in improving productivity growth. Its signifi-
cance and influence coefficient are stronger than those of the degree of industrial
agglomeration, which indicates that, the degree of industrial agglomeration of
aerospace manufacturing industry promotes economic growth less significantly than
the regional specialization level. The possible reason is that a large number of
enterprises have not gradually divided and specialized in the agglomeration process
to form cluster but only agglomerated in geography.

C. The Joint Effect of Industrial Agglomeration Degree and Regional Specialization
Level has a Positive Effect on Aerospace Manufacturing Productivity Growth.

Through the study of Model 3, the combined effect of industrial agglomeration
degree and regional specialization level has played a very significant role in
promoting productivity growth.

D. R&D Investment has a Positive Effect on the Productivity Growth of Aerospace
Manufacturing Industry, while Firm Size and Regional Competition has a
Negative Effect on the Productivity Growth.

From the regression results of Model 2 and Model 3, it can be seen that the
R&D investment promotes economic growth less significantly than the degree of
industrial agglomeration. The regression coefficient of enterprise scale and regional
competition degree are negative, indicating that controlling the scale of enterprise
and the degree of competition is the necessary means to promote aerospace manu-
facturing productivity. At the same time, by comparing the regression coefficients,
the degree of competition within a region plays a more obviously prohibitive role
on converting input to output than enterprise scale.
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Applying Interval Linguistic Variables
on Project Evaluation of New Product
Development

Chen-tung Chen, P.C. Fu, and W.Z. Hung

Abstract In recent years, the global financial storm causes the enterprises to
face challenges more severely. To survive in the markets, the enterprises should
provide the new products or services continuously to increase their competitiveness.
However, the evaluation process of a new product development (NPD) project may
face the uncertainties of technology and market in the future. It means that a NPD
project will face the higher investment risk. To reduce development costs and risks,
an effective evaluation model of the NPD project has become more important
issue for enterprises. In this paper, a systematic evaluation model of new product
development project is proposed by combining interval 2-tuple linguistic variables
with multiple criteria decision making (MCDM). And then, a numerical example is
implemented to illustrate the computation process of proposed model. Finally, the
conclusion is provided at the end of this paper.

Keywords Interval 2-tuple linguistic variables ¢ Multiple criteria decision
making ¢ New product development projects

1 Introduction

In recent years, the global financial turmoil has intensified negative impacts on
the world economy. For the sake of assuring survival and increasing competitive
advantage, enterprises should continuously introduce new products or services to
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increase their revenues and enhance their competitiveness [1]. A successful new
product development (NPD) project will increase profits and competitive advantages
for a company, but a failed project could pose a significant impact on the business
operation. Therefore, a successful NPD project is a key factor for enterprises to
increase their competitiveness. Barczak et al., pointed out that more than one-third
of sales profits came from the development of new products within 5 years [2].
Furthermore, some studies showed that new products have made contributions to
sales revenues and profits on a consistent upward trend from 20 % in the 1970s
to 50 % in the 1990s [3-5]. Therefore, businesses can only rely on continuous
development of new products or services to ensure their survival and thereby
enhance their competitive advantages in the market.

A successful NPD project has become the most important factor for a company to
create profits and competitive advantages; therefore, a systematic evaluation model
of the possibility of success in NPD project has become an essential issue. Many
influenced factors should be considered in the evaluation process of NPD projects.
Therefore, it can be formulated as a multiple criteria decision making (MCDM)
problem. Most of the traditional MCDM methods assume that both evaluation
results and weights of criteria are crisp values for conducting decision-making rating
and ranking. In real environment, decision-makers could probably need to encounter
some evaluation criteria with fuzzy and qualitative characteristics, and hence the
decision problems became more complex and difficult. Therefore, Bellman and
Zadeh applied the fuzzy set theory in the decision-making environment firstly [6].
Since then, the fuzzy set theory is considered to be an important methodology to
establish evaluation models for decision problems. The fuzzy set theory was widely
applied in engineering, business, natural science and medical researches [7-9].

This paper will incorporate the fuzzy theory with MCDM methods based on 2-
tuple interval linguistic variables to construct an evaluation model for measuring the
degree of success of a new product development project.

2 Literature Review

2.1 Evaluation Methods of NPD Projects

During the implementation of a new product development project, the enterprises
conduct periodic evaluations to ensure that the project can be successful and
performed efficiently.

Wang proposed a 2-tuple fuzzy linguistic computing approach to measure the
performance of a new product development project for an actual company [10].
Oliveira and Rozenfeld proposed a new method to support the development of
front-end activities based on technology road mapping (TRM) and project portfolio
management (PPM) methodologies [11]. Liu propounded a method of combining
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Fig. 1 The definition of
2-tuple linguistic variable

Y

O

fuzzy and quality function deployment (QFD) for considering the necessary and
quickness of product function changes which cause the needs to short process
of NPD. Therefore, enterprises must develop a new product which can satisfy
the requirement of consumers in a short time [12]. Senthil proposed the hybrid
methodology based on analytical hierarchy process (AHP) and Technique for Order
Preference by Similarity to Ideal Solution (TOPSIS) under fuzzy environment for
selection and evaluation of reverse logistics operating channels [13]. In this paper,
we combine 2-tuple linguistic variables and SAW method to help decision markers
evaluate the possibility of success of a new product development project.

2.2 The 2-Tuple Fuzzy Linguistic Variables

Herrera and Martinez proposed the 2-tuple fuzzy linguistic representation model
and used linguistic variables by two parameters with label L= (s,o) [14]. The
parameter s is a value of the fuzzy linguistic variable. For example, let S = {so:
very unimportant, s;: unimportant, s,: fair, s3: important, s4: very important}, then
s € S. The parameter « is the distance between s and the desired linguistic variable. If
linguistic variable’s value s’ is between s; and s;, then L' = (s,, o) can be represented
by using a 2-tuple linguistic variable as shown in Fig. 1.

In fact, decision makers based on their expertise in different situations would
select suitable 2-tuple linguistic variables as evaluation basis. Different types of
linguistic variables can also be set by different membership functions as shown in
Table 1 [15].

Chen and Chen combined the concepts of 2-tuple linguistic variables and ordinal
proportional 2-tuple sets that permit judgment by using not only single linguistic
variable but also two adjacent linguistic variables for representing expert’s subject
opinions adequately [15]. Assume that /; (i=0, 1, ..., n—1) is a 2-tuple linguistic
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Table 1 Different types of linguistic variables

Figure Linguistic variable

5-scale linguistic ~ Evaluation ~ Very low (sg), low (sf), medium (sg), high (sg), very high (si)
variables values
(Fig. 2) Weights Very unimportant (sg), unimportant (sf), medium (sg),

important (s3), very important (s3)
7-scale linguistic ~ Evaluation  Pretty low (sg), very low (sZ), low (sZ), medium (sg), high
variables values (sZ), very high (s;), pretty high (sg)
(Fig. 3) Weights Pretty unimportant (s3), very unimportant (s] ), unimportant
(s;), medium (s;), important (sZ), very important (s;),
pretty important (s})
9-scale linguistic ~ Evaluation  Extremely low (sg), pretty low (s?), very low (sg), low (sg),

variables values medium (s}), high (s2), very high (s7), pretty high (s9),
(Fig. 4) extremely high (sg)
Weights Extremely unimportant (sJ), pretty unimportant (s7), very

unimportant (sg), unimportant (sg), medium (si),
important (s2), very important (s;), pretty important (s7),
extremely important (sg)

0 1/4 2/4 3/4 1
Fig. 2 Membership functions of five scale linguistic variables

(s2) (s7) (2) (s9) D (s9) (s¢)
1

0 1/6 2/6 3/6 4/6 5/6 1

Fig. 3 Membership functions of seven scale linguistic variables
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(s5) (s7) (s3) ) 9] (s?) (D) (%) 159
1

0 1/8 2/8 3/8 4/8 5/8 6/8 7/8 1

Fig. 4 Membership functions of nine scale linguistic variables

variable and represent it by ;= (s;,;). Let L; = (pli,(1—p) l;+1) and the

equations shown below can be used to transform L; into crisp value 8 (§ €[0,1])
and the reverse.

ATNC) =2 (o (1= p) lig)
=p- Al a)+(A=p)- A7 (sipr i) =B (D

AB) = (pli,(1 = p) Li+1) )

where A7 !(s;0) < B <A N(sip1.0ti41), p=g (A7 (si+1,0i41)—B) and the
reverse function A~! was defined in [16].
Transform an interval linguistic variable with n(#)-scale (pll’.l(t), 1-p) 1;’5?1) into

n(t + 1-scale (gf}" TV, (1 —gq) %% V) as follows.

TF/,, (pli"“),(l - p) li"ff) = Ar (Zr_l (plfn(t)’(l -p) anfl)))

_ <qu(t+1)’ (1—q) l;g:tl)) — (qSZ(t+l), (1—q) SZY-;L”) 3)

where, g=g,41- (A7 (S YTY.00=B), grp1=nt+1)—1, and A7} (sp"T,0)
<B=<ATHET0)

3 The Proposed Method

3.1 To Establish Evaluate Hierarchy Framework

To effectively evaluate the possibility of success in an NPD project, decision makers
must collect critical factors and screen criteria index to build up a hierarchical struc-
ture of the probability evaluation. Suppose that there are n evaluation dimensions
and each dimension contains t; (i =1, 2, ..., n) evaluation indices. The hierarchical
structure can be specified as Fig. 5.
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—{ indicators Cy;

— dimension C; —

indicators Cy,

indicators Cy;

— dimension C, ——

—{ indicators C.
The successful 21,

possibility of NPD

indicators C;;

——| dimension C; —

indicators C;,

indicators C,

L dimension C, —

indicators C,,

Fig. 5 Hierarchical evaluation framework

3.2 Evaluation Process

According to the evaluation framework, the evaluation process of the proposed
model is illustrated as follows.

Step 1. Each expert can select suitable linguistic variables based on their knowledge
or experiences (shown as Table 3).

Step 2. Experts provide the interval 2-tuple linguistic weights with respect to each
dimension and indicator.

Step 3. Each expert offers the interval 2-tuple linguistic evaluation values with
respect to indicator in each dimension.

Step 4. Transform interval linguistic variables into the same type to aggregate the
linguistic evaluation values and weights.

Step 5. Compute the weight of each indicator by aggregating the linguistic weights
of K experts. The calculation can be shown as

1
w,-:E(w}+w,?+---+fu{<), k=1.2,....K 4)
where w; = [wisfh, (I —wy) s;, +1] is the interval linguistic weight of the i-th
dimension, and w¥ = [whsZ, (1 — wF) 57, ] is the k-th expert’s interval weight

of the i-th dimension.
Step 6. Aggregate the linguistic weights of k experts with respect to each indicator
under each dimension. The calculation can be shown as
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- /. ~ - .
wij:E<w}j+w?j+-'-+w§), j=12,....t (&)

~k __ k oz k
where Wi = [wijsm, (1 — Wy

expert with respect to the j-th indicator in dimension C;.
Step 7. Aggregate the linguistic evaluation values of K experts with respect to each
indicator under each dimension. The calculation can be shown as

) S5 +1] is the interval linguistic weight of the k-th

| ~ ~
X,]:?<X11]+X5++X5>, J=12....4 (6)

where Xf = [X ks? (1 -X l’;) 5%, +1] is the k-th expert’s interval linguistic

ijom>
evaluation value of the j-th indicator in dimension C;.
Step 8. Calculate the aggregated interval evaluation value of each dimension as

SR (&) B ()
SR (wy)

i=1,2,....n (7

where X; = [Xis3,. (1 — X;) s3] is the weighted interval evaluation value in the
i-th dimension.
Step 9. Compute the degree of success of the NPD project as

Xn: (Z‘l (X;)- 2" (fu,-))
=4 ®)

anz_l (wi)

i=1

where p is the successful possibility of the NPD project and it can be represented
in interval linguistic variables.

4 An Example

Suppose that a company want to evaluate the successful possibility of an NPD
project. Three experts are formed a decision group. The evaluation dimensions
include technology ability (C;), marketing ability (C,), and management ability
(C3). The evaluation indicators of each dimension are research technology ability
of product (C;;), new product quality (C;,), market acceptance (Cs;), possibility of
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Table 2 The importance of each dimension

Weights
Dimensions D, D, Ds
G (0.353,0.7s3) (0s], Ls]) (Osg, 1s9)
G, (053, 1s3) (0.5s1,0.5s7) (0.3s5¢,0.759)
Gy (0s3, 1s3) (0.5s5},0.5s7) (0.4s7,0.659)

Table 3 The importance of indicators in each dimension

Weights
Dimensions Indicators  D; D, D;
C Cn (0.3s§, 0.7s§) (Os;, lsg) (Osg, 1‘92)
Ci (0.553,0.5s3)  (0.3s5,0.7s])  (0.5s7,0.559)
G, Ca (0s3, 1s3) (0s3, 1s]) (0s2, 1s9)
Co (Osg, 1s§) (0.5‘9;, 0.55‘2) (0.8s3, 0.2‘92)
Cx (0.853,0.253)  (0sZ, 1s]) (0.557,0.559)
G Cs (0.253,0.8s3)  (0.251,0.8s1)  (0.359,0.7s9)
Cx, (0.553,0.553)  (0s], Ls}) (0s3, 1sg)

Table 4 The evaluation values of all indicators

Values

Dimensions  Indicators D D, D;

C C (0s3, 1s3) (0s3, 1s3) (0.3s7,0.7s9)
Ci (0.553,0.55)  (0.553,0.5s])  (0s2, 1s9)

C Co (0.3s§, 0.7s§) (0.3‘9;, 0.7sg) (0.5s2, 0.5‘92)
Cxn (0.753,0.3s3)  (0.5s1,0.5s))  (0s, Lsp)
Cx (0s3, 1s3) (0s3, 1s]) (0.552,0.559)

C3 Cs (Osf, 1sg) (0.5‘9;, 0.55‘2) (0.3s3, 0.7‘92)
Cs (0s3, 153) (0s, 1s2) (0s3, Lsg)

new product profitability (C»;), market competition strength (C»3), human resource
of new product development (C3;), and support degree of top manager (C3;).
The computational procedure of proposed method is shown as follows.

Step 1. The experts select suitable scales of linguistic variables to express their
opinions (shown in Table 1).

Step 2. The importance of dimensions and indicators given by the three experts are
shown in Tables 2 and 3.

Step 3. The evaluation values of all indicators are shown in Table 4.

Step 4. Transforming linguistic variables’ values given by expert D; and D3 into
variables with 7-scale.

Step 5. The 2-tuple interval linguistic weights of dimensions are shown in Table 5.

Step 6. The 2-tuple interval linguistic weights of all indicators are shown in Table 6.
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Table 5 Average 2-tuple interval linguistic weights of all dimensions

Dimensions  Average weights Linguistic variables

C (0.733 51,0.267 s{)  (0.733 very important, 0.267 pretty important)
C, (0.992 51,0.008 57)  (0.992 very important, 0.008 pretty important)
C; (0.433 57,0.567 s1)  (0.433 important, 0.567 very important)

Table 6 Average 2-tuple

: P, . Dimensions Indicators Average weights
interval linguistic weights
of all indicators C Ch (0.65s],0.35s1)
Ci (0.392s},0.608s1)
G G (0.667s},0.333s2)
Cx (0.867s1,0.133s])
Cx (0.775s1,0.225s7)
C3 C3; (0.575s],0.425s1)
Cx (0.417s},0.583s2)

Table 7 Average 2-tuple

interval linguistic evaluation Dimensions  Indicators  Average evaluation values

values of all indicators C Ch (0.992s1,0.008s7)
C]z (05835‘1, 0.417;92)

G Cy (0.375s],0.625s1)

Cxn (0.017s1, 0.983‘92)

Cys (0.125s3,0.875s])

Cs Cs (0.242s],0.758s1)

C32 (08338‘;, 0. 167;92)

Table 8 The aggregated values of three dimensions

Dimensions  Aggregated values  Linguistic variable

C (0.296s1, 0.704‘9;) (0.296 important, 0.704 very important)
Cy (0.511s},0.489s1)  (0.511 important, 0.489 very important)
C; (0.034s],0.966s7)  (0.034 important, 0.966 very important)

Step 7. Compute the aggregated evaluation value of each indicator. The 2-tuple
interval linguistic evaluation values of all indicators are shown in Table 7.

Step 8. Calculate the aggregated value of each dimension. For example, the
aggregated evaluation value of “technology ability”” can be computed as

= | A7 (099257 0.0085]) XA " (0.655].0.3551)+A ' (0.5835],0.41757)xA ' (0.39257.,0.60857 )
A" (0.655],0.3551)+4 ' (0.3925],0.60857)

= (0.2965],0.704s])

By using the same steps, the aggregated values of three dimensions are calculated
and shown in Table 8.
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Step 9. Compute the degree of successful possibility of an NPD project as

. [ A7 (0.8715],0.12957) + A (0.253s7,0.7475]) + A (0.2257,0.78s]) }
A (0.73357,0.267s]) + A (0.99257,0.00857) + A (0.433s],0.567s1)

= (0.288s,,0.71257)

It means that the successful degree of the NPD project is between “high” and
“very high”.

5 Conclusions

It is an important issue for every business to evaluate the degree of possibility
success of an NPD project effectively. In this paper, the 2-tuple fuzzy interval
linguistic variables are used to express the subjective opinions of decision makers.
The proposed model combines fuzzy set theory with MCDM method to construct a
systematic evaluation model of success possibility for new product development
projects. According to the computation results of the example, we find that the
proposed method can measure the success possibility of new product development
project effectively. The measurement result of the proposed method is more
reasonable for decision maker to understand the risk of the NPD project.
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The Equipment Maintenance Mode Allocated
D-Logical Decision Model and Its Economic
Tradeoff Strategies

Hong-gen Chen

Abstract This paper outlines some of the basic methods and strategies on
maintenance mode allocation decision and presents a D-logic decision model based
on logical thought to guide the maintenance allocation decisions. Aiming at the
problem of maintenance mode economic difference involving in the model, the
economic tradeoff strategies is built, which takes average cost per unit time for
object, to guide the selection of economy of maintenance modes. By comparing
with the traditional logic decision models, the results suggest that the D-logic
decision model is more advantages in model complexity, economic guarantee and
managerial flexibility.

Keywords D-logic decision model ¢ Equipment maintenance mode * Economic
tradeoff

1 Introduction

According to the different maintenance work time and control type, present
maintenance modes can be divided into breakdown maintenance, timing mainte-
nance, condition maintenance and improved maintenance [1]. For the equipment
systems, it is impossible to find a maintenance mode which is suitable for any
system, any machine. So, for different maintenance object, different maintenance
mode must be used according to concrete features and conditions in order to realize
the on-condition decision of maintenance mode.

On the study of maintenance mode allocation decision, the current researches
focus on logic analysis decision-making method and cost analysis decision-making
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method. Bevilacqua M and Braglia M [2] built a maintenance mode selection
model based on AHP, and applied to practical performance; Bertolini M and
Bevilacqua M [3] made an optimization to this method combine with multiple
objective programming methods, and built a comprehensive model of multiple
objective programming-AHP to maintenance mode decision. Gong-gian LIANG
and Xiang-yu CHEN [4] built a balance mode of breakdown maintenance and
preventive maintenance based on failure shutdown loss cost and part replacement
cost, and analyzed the select ion o f optimal maintenance strategy of three different
reliability distribution functions. After this, Yu-jiong GU and Kun-liang CHEN [5]
suggested the fuzzy comprehensive evaluation method based on entropy weight
and AHP aiming at the difficulty in selecting the maintenance mode for power
plant equipment, which solves the casualness and subjectivity problem about
weight decision in traditional fuzzy comprehensive evaluation method; WANG Yi
and Hui-fang WANG [6] proposed a maintenance type selection model based on
effectiveness and cost analysis using CBM information, and this model is suitable
for power equipment maintenance management and can help maintenance staff
make economic and effective maintenance arrangement; Bashiri M and Badri H
[7] built a maintenance mode selection and optimization decision model based
on fuzzy linear assignment method; Li-li LI and Xiao-jun ZHOU [8] proposed
a combined fuzzy analytic hierarchy process-goal programming decision model
based on the hierarchy structure of the factors and the failure mode, effects and
criticality analysis. V Zille and et al. [9] present a modelling approach to assess
the performance of multicomponent systems maintained by complex maintenance
strategies, which can be used as a decision-making tool to choose from a selec-
tion of various maintenance options. The main originality of the mode is that
the complexity of both maintenance programmes and system structures is taken
into account. Shahin and et al. [10] proposes an approach to determine suitable
maintenance strategy with the aid of analytic network process (ANP). Mohammad
Majid Fouladgar and et al. [11] proposes a complex multi-criteria decision making
to evaluate the feasible maintenance strategy under fuzzy environment. To help the
maintenance managers/decision makers to select a suitable maintenance strategy
for the components/parts associated with the system, an approach to select the most
effective and efficient maintenance strategy is presented by Sharma et al. based on
fuzzy linguistic modeling [12].

The follows are the main contents of this paper. According to the deficiency of
tradition logic decision graph, from the comprehensive point of equipment fault
consequences analysis and fault mode feature, this paper put forwards an improved
logic decision structure model of maintenance mode allocation.

2 D-Logic Decision Model for Equipment Maintenance

Logic decision-making method can also be called logic judge methods to com-
prehensive target, and this method references the thought of TPM and ABC
classification technique and takes RCM as theoretical basis [13]. According to the
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demand of decision objects, put forward a series of logic problems of equipment
performance index and on the basis of answers, maintenance mode can be suggested
and implemented, and the representative methods are RCM1(MSG3) and RCM2
[14]. But from the point of maintenance practice, RCM1 and RCM2 have some
improvement [15]. Firstly, in the logic decision analysis, as the two methods should
classify and decide according to failure consequence, there exist plenty of repeat in
logic decision graph; secondly, the two methods imply the influence of fault feature
in the principles of applicability and effectiveness, so, it is fuzzy when analyzing;
thirdly, in aspect of economy, the two methods consider the cost comparison of
preventive maintenance mode and its breakdown maintenance mode, but they cannot
consider the cost comparison of different preventive maintenance modes. According
to the deficiency of RCM1 and RCM2 logic decision graph, from the comprehensive
point of equipment fault consequences analysis and fault mode feature, this paper
put forwards an improved logic decision structure model of maintenance mode
allocation (D-logic decision model).

2.1 Decision Framework of D-Logic Decision Model
Jor Equipment Maintenance

The framework of D-logic decision model established in the paper is shown as
Fig. 1. The model can be divided into three parts as following.

The first part: the decision between breakdown maintenance and preventive
maintenance. For the maintenance objects which have been in fault state, and the
maintenance objects whose fault have no safety and environment influence and also
it is economic and effective to take breakdown maintenance mode, the breakdown
maintenance mode should be taken; or else the preventive maintenance mode should
be taken.

The second part: the decision between timing maintenance and condition main-
tenance mode. For the maintenance objects which need preventive maintenance, if
timing maintenance and condition maintenance both are technical feasibility and
effective, then the principle of economic is used to make a choice. If only condition
maintenance is technical feasibility and effective, then it is used. If only timing
maintenance is technical feasibility and effective, then it is used.

The third part: the decision of corrective maintenance. According to the main-
tenance objects which need preventive maintenance, if they cannot pass timing
maintenance mode and condition maintenance mode to prevent the consequences
of fault or multiple faults, but the corrective maintenance technology is feasible and
effective, then corrective maintenance mode should be taken, otherwise the data
must be re-collected or the abandonment work must be adopted.
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Fig. 1 The D-logic decision model of maintenance mode allocated
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2.2 Economic Tradeoff Strategy in D-Logic Decision Model
Jor Equipment Maintenance

From Fig. 1, there are two economic tradeoff points in D-logic decision model,
and the first is economic tradeoff between breakdown maintenance and preventive
maintenance; the second is economic tradeoff between timing maintenance and
condition maintenance. Therefore, when using the D-logic decision model, the eco-
nomic tradeoff model must be contributed to compare the breakdown maintenance,
condition maintenance and timing maintenance.

Assumption: (1) Cr is the average maintenance cost per time unit of preventive
maintenance mode, that is in time T, the maintenance activities have conducted;
(2) C is the average maintenance cost per time unit of breakdown maintenance
mode, that is in fault time t — oo, the maintenance activities have conducted; (3) the
management cost and other extra input cost are involved in preventive maintenance,
and are not in breakdown maintenance; (4) the loss of shutdown will be exist
because of the breakdown maintenance caused by emergency. As to a maintenance
object, there are:

Co+ Cr
Coo= 0TOF 1
M+T, m
Co+ Cg +[1—-R(T)]CF
Cr = 2
! Mr+ T, @

In the equation, R(T) is the reliability function of the equipment working to
time T; Cy is the cost of replacement parts, which involve parts cost, time cost
and additional materials cost; Cg is inspection, monitoring and other extra costs in
preventive maintenance; Cr is shutdown cost of the breakdown maintenance caused
by emergency, which involve the loss of shutdown caused by maintenance time and
waiting time and other costs cannot be excepted to; My is the average interval time
of preventive maintenance between faults; M is the average working time of the
maintenance object; 7, is the average time that replacement needs.

According to the relations among each characteristic values of reliability [16],
there are

M = |tf(t)dt = | R(t)dt 3)
Jroe=]
T T
Mp = [tf(@t)dt = | R(t)dt — TR(T) 4)
=]

If C(T;) is the average maintenance cost per time unit of time maintenance
mode whose replacement cycle is T (including replacement cost, shutdown loss,
management cost). C(7}) is the average maintenance cost per time unit of condition
maintenance mode.
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For timing maintenance mode, by Egs. (1) and (3), there is:

Co+ Cpi + Cr [l — R(Ty)]
Ts

T, + /R(t)dt — TR (T})
0

C(TD =

&)

In the equation, Cg; is the planning management cost of condition maintenance
mode.
Similarly, for condition maintenance mode, by Eqgs. (1) and (3), there is:

Co + Z 7Cidt + szn: t]f(t)dt

i=1 i=1

E'+'A1T

ti—1 li—1

C(Ty) =

Co+ Y [ Gt + CrY IR G = R ()

=y, i=l

tn

T, + /R(t,,)dl — 1, R (1)
0
n li
Co—i-Z/Cidt—}-Cp[l—R(tn)]
=1

= (6)

In

T, + [ R(ty)dt —t,R(t,)
/

In the equation, 7y is the initial run time of maintenance object; #1,f2, ..., t;, ..., 1,
is the periodic inspection time of condition maintenance; #, is the maintenance
time; C; is the average detection cost and planning management cost of periodic
inspection in every cycle; f() is the fault density function of maintenance object.

At this moment, the problem of tradeoff can be come down to the comparison
of preventive maintenance cost C(7;), C(T,) and breakdown maintenance cost Coo.
When C(Ty) < Coo, and C(Ty) < C(T,), that is timing maintenance cost is smaller
than breakdown maintenance cost and condition maintenance cost, which means
that timing maintenance mode is worthwhile, so time maintenance mode should be
adopted; when C(Ty) < Coo, and C(Ty) < C(Ty), that is condition maintenance cost
is smaller than breakdown maintenance cost and timing maintenance cost, which
means that condition maintenance mode is worthwhile, so condition maintenance
mode should be adopted; when Coo < C(T),and Coo < C(Ty) that is breakdown
maintenance cost is smaller than preventive maintenance cost, which means that
breakdown maintenance mode is worthwhile, so breakdown maintenance mode
should be adopted.



The Equipment Maintenance Mode Allocated D-Logical Decision Model. . . 191

2.3 The Improvement Analysis of D-Logic Decision Model
Compared to Traditional Logic Decision Model

Compared with other tradition models, the D-logic decision model has its charac-
teristics, and their differences are shown in the following aspects.

In the logic relation of maintenance modes selection, from the point of break-
down maintenance and preventive maintenance, the D-logic decision model bases
on the application scope and characteristics of every maintenance mode, makes
safety, environment and economic as the common decision and selection limited
conditions of timing maintenance, condition maintenance and improvement main-
tenance, and then, according to the technical feasibility and effectiveness, select
the preventive maintenance mode. The changing of decision and selection limited
conditions can not only guarantee the reliability-based maintenance mode selection
principle, but also avoid the plenty of repetition in traditional logic decision graph.

In the economic guarantee, the D-logic decision model considers further the eco-
nomic comparison on different preventive maintenance modes under the condition
that all techniques are feasible. The economic effect differences not only exist in
preventive maintenance and breakdown maintenance, but also exist in different
preventive maintenance. So, when select maintenance mode, the comparison on
preventive maintenance cost and breakdown maintenance cost should be considered,
and maintenance cost among different maintenance tasks should also be considered.
Then, the most economical maintenance mode can be selected. However, as for
traditional models, in the decision course of ensuring maintenance mode, they only
consider the cost comparison on preventive maintenance and breakdown mainte-
nance, and do not consider the cost comparison on different preventive maintenance
modes under the condition that all techniques are feasible. Therefore, in sequential
decision, this preventive maintenance mode is selected as long as maintenance
cost is less than the cost caused by the fault, and subsequent maintenance mode
can not be judged. The result is that subsequent maintenance mode which is
technical feasible and more economic can not be adopted. As for the improved
decision model, it not only considers the economic reason when making decision
on breakdown maintenance and preventive maintenance, but also makes economic
comparison on time maintenance and condition maintenance in order to select a
more economic maintenance mode, which fully reflects the concept of economic
optimization in maintenance mode decision.

Moreover, the D-logic decision model increases the selection module of real-
time fault and improves the managerial flexibility of maintenance mode. Any
predetermined maintenance mode can check the random faults of maintenance
object absolutely, and when the random faults appear, there also exists a course
of matching selection of maintenance mode.

In addition, the D-logic decision model increases the course of collecting and
analyzing data newly. to the case that predetermined maintenance mode can not
found, which is caused by the limitation of existing maintenance theory and
technical condition or inadequate data and wrong analysis, the data should be
collected newly and analyzed again.
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3 Conclusion

According to the deficiency of traditional logic decision graph, the paper contributes
a developed logic decision model of maintenance mode allocation. As the model
avoids plenty of repeat in traditional logic graph, considers further the economic
comparison of different maintenance modes under the condition of technical fea-
sibility, and increases maintenance mode selection module of timing maintenance
and the course to collect and analyze data newly, it has the characteristics of rapid,
economic assurance and applicability. In addition, the economic tradeoff strategy
proposed considers the cost calculation differences between condition maintenance
and timing maintenance; therefore, it conforms to reality better than others.
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Customer Group Dividing for Product Platform

Wen-yan Zhao, Su-na Chen, and Xiao-fang Xi

Abstract The main purpose of applying fuzzy clustering method to dividing
customer group is to divide series or establish serial platform, satisfying customer
demand and promoting the robustness of product platform. Aiming at the defi-
ciencies of current customer group dividing method based on fuzzy clustering, in
this paper, an improved customer group dividing method based on fuzzy transitive
closure dynamic clustering method is presented and a method to find the same result
elements is adopted to simplify the calculation process of the transitive closure
of a fuzzy similar matrix. And then, based on customer group dividing result, a
product platform model based on customer group dividing is established in order to
improve products based on platform. Finally, an instance of A electronic company
manufacturing speakers is given in order to verify the effectiveness of the method
proposed.

Keywords Customer group * Fuzzy clustering ¢ Fuzzy transitive closure e
Product platform

1 Introduction

Nowadays, the great challenge enterprises facing is to provide personalized products
to meet customer demand with the least cost, the shortest period and the fewest
product diversification. Then, the enterprises have adopted an effective way of mass
customization to achieve, that is product platform, and derive a series of product
variants based on product platform. Product platform can be defined as the set of a
series of general elements which share potential core technology (parts, components
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and process, etc.), and product platform based on a series of derivatives can be
effectively developed and constructed [1]. Product platform is the basis of product
family, and product family can be developed based on product platform. Product
family is a series of products meeting different customer demand, which share a
product platform, but possess different properties and characteristics [2].

The main function of distinguishing customer group is to establish a series of
product platform, and then, derive product variants from every platform to meet
customer groups with similar demand. Product development based on product
platform not only meets the maximization of the commonalities between products,
simplifying the process of design and production, but also satisfies individual
demand of different customers. Whether the division of customer group is accurate
or not, to some extent, it determines the robustness of product platform.

Zhu Lingyun [3] in his doctoral dissertation combined fuzzy set theory with
clustering analysis, proposing a customer demand group clustering method based
on triangular fuzzy number to classify customer groups with mixed attributes. Yue
Tongqi [4] has put forward a customer group clustering method based on fuzzy
theory, meanwhile, he has also gave a simulated annealing algorithm to perform
customer group dividing in the process of product family formation. G.T.S. Ho etc.
[5] has proposed a robust genetic algorithm based on k-means clustering to perform
customer group dividing. Jiuh-Biing Sheu [6] has proposed a comprehensive fuzzy
optimum customer group dividing method based on logistics technology so that they
could swiftly respond to a series of customer demand. Dai Z H [7] has proposed
a hierarchy clustering analysis method in order to conduct clustering analysis for
customer demand based on sensitivity analysis, optimizing the number of product
variant.

In this paper, the method to find the same result elements is applied to simplifying
the calculation process of the transitive closure in dynamic clustering method based
on fuzzy transitive closure. And the dynamic clustering method based on fuzzy
transitive closure is used to classify customer group [5, 8]. On the basis of this,
we establish a product platform model based on customer group dividing in order
to improve products or develop new products in term of the platform and guarantee
the robustness of platform from the root, satisfying customers’ individual demand.

2 Dynamic Clustering Method Based on Fuzzy
Transitive Closure

2.1 The Related Concepts of Fuzzy Transitive Closure
Dynamic Clustering Method

The literature [9, 10] give related concepts of fuzzy transitive closure dynamic
clustering method, they are as follows:
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Definition 1 Fuzzy Relation and Its Nature Given two universes, that is X, Y,
fuzzy subset R among their direct product space X X Y ={(x,y)|xeX,y€ Y} is
called a binary relation in X x Y, abbreviated fuzzy relation R.Forxe X,yeY, the
membership function of fuzzy relation R is determined by mapping

Mg, y): X xY —[0,1] )

The membership e (x, y) demonstrates the degree of x and y having the relation

R, abbreviated R (x, y). The fuzzy relation on universe X to X is referred to as fuzzy
relation on universe X.

Assuming R is a fuzzy relation on universe X, thus, we draw the nature of fuzzy
relation: (1) Reflexivity (2) Symmetry (3) Transitivity

Definition 2 Fuzzy Matrix If universe X and Y are ﬁnite universes, that is X = {xi,
X2y « oy Xmp, Y ={¥1,¥2, - -, Yn}, then fuzzy relation R in can be expressed as

R = (rij)an,rij = l,l,; (Xi,yj) (rij € [0, 1],and,i = 1,2,...m;j = 1,2,...,1’1)
(2)

Now, we refer to matrix R as a fuzzy matrix.

Definition 3 A -cut Matrix of Fuzzy Matrix R Given fuzzy matrix R = (r;)
for any A € (0,1), we refer to

Ry = (ru)ij)mxn (rmii _ % 1, when ryj > A ) 3)

0,when r; < A

mxn’

as A-cut matrix of fuzzy matrix R.

Definition 4 Fuzzy Equivalent Relation and Fuzzy Equivalent Matrix Assum-
ing Risa fuzzy relation on X, if R also has reflexivity, symmetry and transitivity,
then R is a fuzzy equivalent relation; when R is a fuzzy matrix on X, that is
R = (rii)nxw at the same time, it satisfies reflexivity, symmetry and transitivity,

then, R is called a fuzzy equivalent matrix.

Definition 5 Transitive Closure The transitive closure ¢ (R) of fuzzy relation R is
) Sn2 ~ 00~
t(R)=RURU...... UR"U...... = U R" 4)
Because
[(R)Z =1 (R) ot (R) = R*URU...... 5)

t(ﬁ) ot (li) Ct (li) can be obtained from the above two equations. From this,
we can conclude that for any fuzzy relation, whether it has transitivity or not, its



198 W. Zhao et al.

transitive closure always has transitivity. Therefore, we can apply transitive closure
method to converting a fuzzy similar matrix into a fuzzy equivalent matrix.

2.2 Customer Group Dividing Steps Based on Fuzzy Transitive
Closure Dynamic Clustering Method

Suppose X = {x1, X3, ..., Xy} i$ entire customers to be clustered, customer demand
for each customer is characterized by m characteristics, that is (Xi1, Xij2, «.. ... s
Xim), thus the matrix of entire customer demand of customers to be classified is
obtained:

X11 X112 e X1m
X21 X2 .. X2m
Xi1 Xi2 e Xim (6)
Xn1 X2 0 e Xnm

1. Normalize customer demand data

Before customer group dividing, this paper adopts mean normalization to
normalize customer demand data.
That is

Xij 1
’ y =
X; = —-,among xXj = — E Xij @)
X; n—

2. Establish a fuzzy similar matrix
After completing normalizing customer demand data, this paper adopts
Euclidean distance to calculate the similarity between customer demands.

li=j

1-C REA

®)

amongC =

i, j are the serial number of customer demand of customers to be clustered.
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After calculating out r;;, thus, we obtain a fuzzy similar matrix

rn rFip o oo Fin

B 1 rFpp ool Fon

R = ri1 Fio ... Fin (9)
'nm 'n2 oo I'nn

3. Use the transitive closure method to convert a fuzzy similar matrix into a fuzzy
equivalent matrix [11]

The fuzzy similar matrix satisfies reflexivity and symmetry, but it does not satisfy
transitivity. Therefore, we need to use the transitive closure method to convert it
into a fuzzy equivalent matrix. In order to simplify the calculation process, we use a
simple method of transitive closure to solve the transitive closure of a fuzzy similar
matrix, finding out the representative element of R (then—1 largest elements found
out in R are all called representative element group of R, and each element of them
is called representative element of R) and selecting the same result elements of
some representative elements of R, thus, we can directly write out transitive closure
t(R).

The simple algorithm steps of the transitive closure of fuzzy similar matrix R
[12]:

Denote R = [ry] and  (R) = [r;*], then

(i) If r; is a representative element of Ié, then rj* =ry;
(i1) If r;; is a same result element of ry, then r* = ry.

Therefore, we give a directly solving method of ¢ (Ié)

(a) Find out representative elements of Ié;
(b) Select the same result elements of some representative elements of R;
(c) Write out ¢ (R) = [rlj*] Among,

" ri, when ry; is a representative element of R
iy = . . ~
v rw,  when rj; is not a representative element of R

Here, ry; is a standard element of a unrepresentative element of R (If a
representative element of R has a same result element, then we refer to this
representative element as a standard element of its same element.).

4. Apply F statistics method to selecting optimal threshold A, solving A-cut matrix
of the transitive closure [13]. Given one A € [0,1], correspondingly, we can obtain
one Rj. Suppose when r;; > A, then r;j = 1; when r;; <X, then r; = 0, therefore,
we can get cut matrix R,

5. According to optimal threshold A\ selected, we can obtain customer group
dividing result [14].
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3 The Instance of Customer Group Dividing for Product
Platform

3.1 Customer Group Dividing Based on Fuzzy Transitive
Closure Dynamic Clustering Method

Aiming at speakers manufactured by A electronics company, we regard five
customer demand parameters as indicators of clustering analysis and select five
customers for their customer requirements to adopt fuzzy clustering method to
perform customer group dividing.

Clear sound and no noise W1: (1) sweet (2) cordial (3) clear (4) general

Characteristic sensitivity W2: (1) very high (2) high (3) general (4) low

Appearance W3: (1) neat appearance (2) clear mark (3) riveting well (4) welding
well

Rated impedance W4: (1) 4 Europe (2) 8 Europe (3) 16 Europe (4) 32 Europe

Reliability under long-term use and harsh environment W5: (1) less than 6 months
(2) 6 months to 1 year (3) more than 1 year (4) more than 1 year and a half

Five customers select speakers according to their own needs, specific customer
demand data is shown in Table 1.

Table 1 Customer demand data table

Demand | Clear |Characteristic | Appearance Rated The
project | sound sensitivity (Xi3) impedance | reliability
and no (Xp) (Xi4) under
noise long-term
(x51) use and
harsh
environment
(Xis)
Customer
X1 2 3 2 1 3
Xy 1 2 3 1 3
X3 3 3 3 2 4
X4 4 2 4 3 1
Xs 3 4 2 2 1
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Customer demand data normalized by Mean normalization (see formula (7)) can
be expressed as a form of matrix X:

0.7692 1.0714 0.7143 0.5556 1.2500
0.3846 0.7143 1.0714 0.5556 1.2500
X = 1.1538 1.0714 1.0714 1.1111 1.6667
1.5385 0.7143 1.4286 1.6667 0.4167
1.1538 1.4286 0.7143 1.1111 0.4167

Using Euclidean distance formula (8), we can calculate the coefficient of
similarity between customers to be classified, obtaining the degree of similarity
between individual customer demands, thus, we can obtain fuzzy similar matrix
R of customers to be clustered.

1 0.6551 0.5271 0.0345 0.3857

0.6551 1 0.4045 0 0.1883

R=05271 0.4045 1 0.1807 0.2676

0.0345 0 0.1807 1 0.3397
0.3857 0.1883 0.2676 0.3397 1

Fuzzy similar matrix R satisfies reflexivity and symmetry, but it does not satisfy
transitivity. Therefore, we need to solve the transitive closure of the fuzzy similar
matrix, converting a fuzzy similar matrix into a fuzzy equivalent matrix.

Apply directly solving method of # R)to calculating the transitive closure of the
fuzzy similar matrix:

1 06551 05271 03397 0.3857
0.6551 1 05271 0.3397 0.3857

t(R)=]05271 05271 1 03397 03857
03397 03397 03397 1 03397
03857 0.3857 0.3857 0.3397 1

Thus, a fuzzy equivalent matrix R* =  (R) is obtained.

After getting the fuzzy equivalent matrix, we select any A € [0,1], obtaining cut
matrix Ry, Ry is a division of X. Sequentially, A = 1,0.6551,0.5271, 0.3857,0.3397
is taken, correspondingly, cut matrix Ry, is got. Furthermore, we successively obtain
five different customer group dividing results {x;},{x2},{x3},{Xa}.{Xs}:{x1,X2},{X3},
{X4}’{XS};{Xl’XZ,X3}’{X4}’{X5};{Xl’XZ’X3}’{X4}’{XS};{Xl’XZ’X3’X4’X5}'

For the classification scheme corresponding to each threshold A, F statistics
method is adopted to calculate F value, and confidence o = 0.05 is given. From
F critical value table, we can check out critical value Fygs of customer group
classification. Thus, the optimal threshold value is A =0.6551, accordingly, the
optimal classification scheme of customer group is {X1,X2},{X3},{X4},{Xs}.
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Fig. 1 The product platform model based on customer group dividing of A electronic company
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3.2 The Establishment of Product Platform Model Based
on Customer Group Dividing

Based on the customer group dividing method proposed by this paper, a related
product platform model is established (as shown in Fig. 1).

Through the product platform constructed based on customer group dividing,
the electronic company can improve or develop new products based on platform,
avoiding unnecessary design and process changes. In the meanwhile, we can
reduce cost or form new characteristics, meeting personalized customer demand
and increasing customer satisfaction.

4 Conclusion

In this paper, we are on the ground of product platform and customer demand
dividing research achievements, having simplified the calculation process of the
transitive closure of a fuzzy similar matrix. The customer group dividing result is
applied to establishing a product platform model based on customer group dividing
and some guidance is provided for enterprise’s designers to improve products
based on product platform. But this paper only simplifies the calculation process
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of dynamic clustering method based on fuzzy transitive closure proposed in the
process of customer group dividing. However, looking for a more appropriate fuzzy
clustering algorithm for customer group dividing and improving product platform
model based on customer group dividing deserve our further study.
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Study on the Relationship Between Local
Government Behavior and the Differences
of Regional Financial Development

Hai-bing Wu, Xiao Tang, and Yan-qiong Zhou

Abstract Taking eastern, central and western regions as basis for classification,
and using relevant data from 1986 to 2010, through the fluctuation of the index
of financial revenue and expenditure gap ratio, this article firstly proves China’s
local government behavior of financial intervention is the objective existence; then
through regression analysis of per capita GDP, which is the quantitative indicators
of the local government behavior, and financial interrelation ratio(FIR), which
is the indicators of the degree of financial development, this article studies the
extent and impact of the three regions’ government intervention; Thereafter, to
test the causal relationship between government behavior and regional financial
development in the three regions by Granger test; further, by using the impulse
response function, the article analyzes the influence of local government behavior
on the region’s financial development level. The study found that the formation of
China’s regional financial difference is not driven by market factors; government
intervention occupies a crucial position in various factors of the formation of
regional financial development’s difference.

Keywords Regional finance ¢ Local government behavior e Institutional
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1 Introduction

Our country has experienced the transformation from the planned economy to the
socialist market economy with Chinese characteristics. With the changes of system
and the government preference policy, the development of regional economic shows
different characteristics [1]. The course of China’s regional financial development
has experienced two significant stages, which from balanced to unbalanced. Based
on the special nature of the transition economies, the differences of development
of China’s regional financial depend more on the government’s arrangements of
external institutional. Regional differences in financial development have strong
externalities, the central government and the local government behavior plays a
crucial role in the development process of regional financial.

The current domestic academic research on regional economic and financial
differences mainly focus on the differences of the level of regional financial
development and the relationship between regional economic and regional finance,
such as regional economic theory, financial geography and financial development
theory. A large number of research results showed the endogenous relations between
the regional economic growth and regional financial development, and various
factors leading to the unbalance of financial development from the perspective of
geography, spatial economics, and macro economy [2]. However, because excessive
emphasis on geography, space environmental factors, as well as the ideal market
economy conditions, scholars largely ignored the impact of government intervention
in the environment, and are unable to provide support of system theory for the
actual work. This article attempts to explore the influence of government institu-
tional arrangements on the differences of regional financial development. Through
Granger causality test and data regression model, the inherent causality between the
local government and regional financial differences of the three economic blocks
will be analyzed. And then effective policy recommendations will be proposed to
achieve the harmonious development of the regional finance.

2 Effects of Local Government Behavior on the Formation
of Regional Financial Difference

With the deepening of China’s market economy reform, after the decentralization
reform, local government’s financial resources and financial powers increase greatly
and economic strength has been further enhanced. Because the local government is
relatively independent of the interests and rights, the central government lost its
leading status of financial resource allocation; various resources begin to shift to
the local government and the market. In the early stages of development, China’s
economic growth is also very extensive [3]. The speed of economic development
mainly depends on the input of large-scale of factors and the possession of
resources. This inherent mechanism determines that how much economic benefit
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the local governments can obtain directly depends on how many resources they can
possess and how much right they owned to allocate.

After the implementation of call loan and transfer loan, finance has become
the core channels of the formation and accumulation of various regions’ capital
[4]. However, because of the changes in the financial system, financial institutions
have policy endowment of allocating capital. Since the t financial constraints of
central government, the state-owned banks cannot satisfy all the regional economic
development. And local government’s focus has turned to the financial sector;
through the establishment of relevant institutions of their financial system, financial
institutions trend to increase the way of obtaining funds for local [5]. Because of the
establishment of local financial institutions, the number of financial institutions and
the scale of financial recourses controlled by developed provinces have expanded on
an unprecedented scale. At this time, competition for financial resources centering
on the difference of the local government’ finance system arrangement has become
the non-cooperation game between local governments and central government and
the zero-sum game between various local governments [6]. Thus, the change of the
differences in the development of regional financial in china is a gradual process
of institutional change. Among them, the central government institution, local
government, and the main body of the market economy has played a leading role
successively.

Relying on political influence and the ability to control economy, local
governments ask central government for the preferential policies to strive for the best
resources for themselves. For example, since Hainan was promoted to the special
economic zones, the relevant preferential policies of the state make the number
and density of financial institutions here increased dramatically. Promoted by the
government of Hainan, the province was about ten billion of gross domestic product,
has set up 22 companies, with an average of 3,000 people with a financial institution
[7]. Excessive expansion of the number and the scale of financial institutions and
disorderly competition in the industry led to the increased financial risk. Ultimately
Hainan was in the final of the economic bubble burst.

If local financial revenue and expenditure gap ratio indicates the degree of
administrative intervention, the larger the value of gap ratio expressed the degree
of intervention is stronger; contrary the degree of intervention is weaker. Table 1
shows the financial revenue and expenditure gap ratio of 12 western provinces
(autonomous regions) was significantly higher than that of the 10 eastern provinces;
especially the ratio of financial revenue and expenditure gap in Tibet is the highest.
All the Information in the table is collected from “China Statistical Yearbook” and
“China regional financial operation report”. The average ratio of financial revenue
and expenditure gap of China’s western region is 14.11 %, is about 35 times of
that in the eastern region. This proves that western region has the highest level of
administrative intervention.

Where:

Financial revenue and expenditure gap ratio = financial revenue and expenditure
gap/general budget revenue of local finance
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Table 1 Financial revenue and expenditure gap ratio of China’s 31 provincial-level administrative
regions (UNIT: %)

\% 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Regiom
Beijing 0.28 0.23 0.18 0.24 0.21 0.15 0.16 0.23 0.06 0.14 0.15
Tianjin 0.40 0.43 0.54 0.53 0.52 0.33 0.30 0.38 0.57 0.36 0.29
Hebei 0.67 0.81 0.91 0.93 0.93 0.90 0.90 1.25 0.96 1.20 1.12
Shanxi 0.97 1.18 1.22 1.23 1.02 0.82 0.57 111 0.76 0.94 0.99
Inner 1.60 221 2.49 222 1.87 1.46 1.37 1.59 0.31 1.26 112
Mongolia
Liaoning 0.75 0.72 0.73 0.75 0.76 0.78 0.74 0.88 0.59 0.69 0.59
Jilin 1.51 1.70 1.76 1.66 2.05 2.05 1.93 2.20 1.79 2.04 1.97
Hei- 1.06 1.24 1.29 1.27 1.41 1.48 1.50 2.08 1.67 1.93 1.98
longjiang
Shanhai 0.25 0.16 0.22 0.23 0.25 0.16 0.14 0.14 0.20 0.18 0.15
Jiangsu 0.32 0.28 0.34 0.31 0.34 0.27 0.22 0.34 0.17 0.24 0.20
Zhejiang 0.26 0.19 0.32 0.27 0.32 0.19 0.13 0.29 0.33 0.24 0.23
Anhui 0.81 1.10 1.28 1.30 1.19 1.13 1.20 1.65 1.24 1.48 1.25
Fujian 0.38 0.36 0.46 0.48 0.55 0.37 0.35 0.53 0.54 0.51 0.47
Jiangxi 1.00 1.15 1.43 1.27 1.21 1.23 1.28 1.70 1.47 1.69 1.47
Shandong | 0.32 0.32 0.41 0.42 0.44 0.37 0.35 0.60 0.38 0.49 0.51
Henan 0.81 0.90 1.12 1.12 1.05 1.08 112 1.58 1.26 1.58 1.47
Hubei 0.72 1.09 1.10 1.08 1.08 1.07 1.20 1.54 0.22 1.57 1.47
Hunan 0.96 1.10 1.31 1.14 1.24 1.21 1.23 1.66 1.72 1.61 1.50
Guang-dong| 0.19 0.14 0.27 0.29 0.31 0.27 0.17 0.32 0.34 0.19 0.20
Guangxi 0.76 0.97 1.25 1.18 1.13 1.16 1.13 1.82 1.48 1.61 1.60
Hainan 0.64 0.80 1.00 1.05 1.23 1.20 1.13 1.68 1.41 1.72 1.14
Chong-ging| 0.93 1.24 1.43 1.11 0.97 0.90 0.87 0.99 0.75 0.97 0.80
Sichuan 1.15 1.19 1.40 1.18 1.32 1.26 1.22 1.45 1.85 2.06 1.73
Guizhou 1.36 1.76 1.92 1.67 1.80 1.85 1.69 231 2.01 2.29 2.06
Yunnan 1.29 1.60 1.55 1.56 1.52 1.45 1.35 1.72 1.39 1.80 1.62
Tibet 10.14 16.11 17.86 16.90 12.36 14.41 12.75 15.70 14.30 14.62 14.04
Shaanxi 1.36 1.58 1.69 1.36 1.40 1.32 1.27 1.62 1.60 1.50 1.32
Gansu 2.07 237 2.59 242 243 248 274 312 1.05 335 3.15
Qinghai 3.12 4.11 4.63 4.08 4.09 4.02 4.08 5.00 1.67 4.55 5.74
Ningxia 1.92 2.39 3.33 2.52 2.28 236 215 2.50 2.40 2.88 2.63
Sinkiang 1.41 1.77 2.10 1.87 1.70 1.88 2.09 2.30 1.93 2.46 2.39

From 2000 to 2010, China’s provincial fiscal gap ratio differences in changes.
Fiscal gap ratio of various provinces shows an overall polynomial increasing trend,
but the volatility is still evident. Especially the expanding multiples of the extremum
ratio in 2002, 2005 and 2008 are amazing. Especially in 2008, the extremum ratio
has reached to 221.34. The remaining ratios are no less than 30 times. It proves
that the changes in the ratio of financial revenue and expenditure gap of China’s
provinces is different significantly, indicating that the extent of local government
intervention in the financial is not the same. From the variation coefficients, the
difference is relatively small, but in view of the rate of increase, the highest rate of
increase has reached more than 30 %. Moreover, there is a large fluctuation in the
trend curve of the ratio; it also indicates that China’s local government behavior on
financial intervention is different.

From Fig. 1, it can be seen that financial revenue and expenditure gap ratio
and financial correlation ratio of China’s provinces and autonomous regions has
strong correlations. Panel data analysis indicates that the higher the ratio of fiscal
revenue and expenditure gap provinces, the lower its financial ratio, each other
presents the trend of diminishing. From the add trend line, the fiscal revenue and
expenditure gap ratio and the related financial ratios fit more closely. It proves that
local government behavior has significant influence on the difference of regional
financial development.
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Fig. 1 The trend of the variation coefficients and extremum ratio of various provinces’ financial
revenue and expenditure gap ratio during 2000 to 2001 (Information source: Collect from “China
Statistical Yearbook” (1990-2010); “China Financial Yearbook™ (1999-2010))

3 Empirical Analysis
3.1 Selection of Indicators and Data Sources

Since the reform and opening up, for economic development, local governments
with the individual interests actively participate in the game between local
governments, and have strong desire to control the financial resources. This part tries
to make a quantitative analysis of government behavior, so as to better measure the
relationship between local government behavior and regional financial development.
Excluding the impact of historical, cultural and other factors, the behavior of the
local government directly determines a financial development level. Therefore, the
regional per capita GDP can be used as the quantitative indicators of the government
behavior, and the FIR (financial interrelation ratio) can be used as a measure of
regional financial index.

Considering the data availability and issues related to the measurement data
processing (such as China’s FIR in 1986 was less than 1, which results the
logarithmic smoothing processing cannot be carried out directly), the time span
of this study is from 1986 to 2010, and the main sources of basic data needed
are “regional financial operation report” (2004-2010), “China Financial Yearbook”
(1993-2010), “China Statistical Yearbook” (1986—-2010) “compilation of statistical
data of fifty-five years of new China”.
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3.2 Model Constructing

On the issue of constructing model, this article regards the government behavior as
an explanatory variable (per capita GDP of the four regions, respectively expressed
by GDPI1, GDP2, and GDP3), and regards the regional financial development
as explanatory variables (level of financial development of the three regions
respectively represented by FIR1, FIR2, and FIR3) through the use of a first-order
regression, equation is as follows:

LN (FIRt) = a0 + al LN (GDPt) + ut

Regression according to relevant data, four regional per capita GDP and the
data of per capita deposit and loan tends to be stable; a long-term stable linear
combination exists in four regions. Through the regression of data corresponding
to the four regions with SPSS software, the standard regression equations are
respectively shown as follow:

Eastern region:

LN (FIR1) = —1.28 + 0.21LN (GDP1)
t value: —6.898, 10.404;

prof: 0.000 0.000

R2 = 0.825; F = 108.251

Central region:

LN (FIR2) = —0.85 + 0.15LN (GDP2)
t value: —5.266, 8.288;

prof: 0.000 0.000

R2 = 0.750; F = 68.706

Western region:

LN (FIR3) = —0.96 4 0.20LN (GDP3)
t value: —6.675  11.436;

prof: 0.000  0.000

R2 = 0.850; F = 130.784

The results of regression of the three regions show that, the government behavior
of each area has significant effect on the regional financial development. For every
1 % increase in the natural logarithm of per capita GDP of the eastern part will
cause the eastern region’s FIR smoothing value increased by 0.21 %; for every
1 % increase in the logarithmic smoothing of per capita GDP of the central region
will cause the central region’s FIR smoothing value increased by 0.15 %; and the
central region’s FIR smoothing value increased by 0.20 %. It can be seen that the
influence of eastern and western regions’ government behavior on regional financial
development is significantly higher than of the central region.
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3.3 Granger Causality Test

The regression results show that there is a long-term stable relationship between
government behavior and regional financial development in the three regions, but
whether this relationship is causal relations, still needs further verification. Causality
test proposed by Granger [8] and Sims [9] provides a solution to the problem. In fact,
this kind of causality test is a method used to investigate whether sequence X is the
causes of sequence Y.

The basic idea of Granger test is if the sequence x is Granger causes of sequence
y, then the X should help to predict y. That is to say the degree of the current y
explained by its own lagged values should be estimated firstly, and the introduction
of x’s lag should significantly increase the degree which be explained of y.

For the Granger causality test, the regression model is:

k k
yo =Y aiye1+ Y Pixei +
i=1 i=1

The original hypothesis of the test is the sequence is not the Granger reason of
x(y), i.e.:

Br=Pr=-=Pc=0

At the same time, through residual sum of squares of regression, F statistic is
constructed:
Fo (RSS; —RSS,) /k

~ RSS,/(T—n)

If F>F,(k,T—n), then the null hypothesis is rejected. So x, is regarded as
Granger reason of y;.

The per capita GDP and FIR of the three regions selected by this article are used
to carry out Granger test of lag 2, the test results are shown in Table 2.

Granger causality test showed that there is a reciprocal causation between FIR
and per capita GDP on the significance level of 1 and 5 % in western region.
However, although the eastern region has pas passed the previous demonstration,
and there is a positive correlation between its per capita GDP (local government
behavior) and the level of development. For the eastern region, through the previous
empirical analysis, it can be seen that there is a positive correlation between per
capita GDP (local government behavior) and the developmental level of this region.
However, it did not pass the test. The result shows that local government behavior is
not a necessary factor resulting in the level of financial development of the region.
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Table 2 The granger causality test results of three regions’ per capita GDP and FIR

Region Causality Null hypothesis HO lag  Fstatistic P value
Eastern region ~ Per capita GDP  Per capita GDP is not the 2 7.11541 0.0053
and FIR Granger cause of FIR
FIR is not the Granger cause 2 0.65376 0.5320
of per capita GDP
Central region  Per capita GDP  Per capita GDP is not the 2 3.98659 0.0369
and FIR Granger cause of FIR
FIR is not the Granger cause 2 1.11343 0.0179
of per capita GDP
Western region  Per capita GDP  Per capita GDP is not the 2 3.568 0.0123
and FIR Granger cause of FIR
FIR is not the Granger cause 2 4.6658 0.0526
of per capita GDP

3.4 Impulse Response Analysis of Local Government
Behavior’s Influence on Regional Financial Difference

In order to further research on dynamic characteristics of local government behav-
ior’s influence on regional financial difference, this paper selects impulse response
function to further describe this influence. This function is mainly used to charac-
terize the trajectory of the influence of the change or impact of each endogenous
variable on its own and other endogenous variables, so as to display how other
variables affected by the perturbation of a variable through model, and the feedback
to itself.

According to the previous regression analysis, we describe the impact of the
change of one standard deviation of per capita GDP (the quantified index of local
government behavior) to the developmental level of regional finance.

LN (FIR,) = a;;FIR._| + a;,LN (GDP,_,) + uy,
LN (GDP,) = ay FIR_| 4 a, LN (GDP,_) + uy

Through the results of the impulse response shown in the following figures,
it can be found that the initial influence of local government behavior on the
developmental level of regional finance is weak. But with the passage of time,
influence of positive pulse began to appear. Especially in the eastern region, in
a period of time, the results of regression analysis showed that local government
behavior begin to negatively influence the financial development. This is because
in the eastern region, after enjoyed a period of preferential policies, the market-
oriented economy occupies the dominant status, excessive government intervention
may have a negative influence on the health of the financial sector. And the
influence of the government behavior in the central and western regions on financial
development gradually increased, showing the behavior of local government in the
central and western regions have great rationality and development space. Especially
for the central and western regions, the FIR value has been low, the related initiatives
of local government still can play great roles (Figs. 2, 3, and 4).
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3.5 Empirical Conclusions

Based on the above analysis, it can be seen that there are positive influences
of various regions’ government behavior on the developmental level of regional
finance. But from the result of Granger test, the behavior of local government in the
eastern region is not necessary reason causing the changes of financial development
level. With the deepening of 20 years’ market-oriented process in eastern region,
influence of market mechanism on financial development may be far greater than
the impact of local government intervention, even in the present situation, the
negative influence of the government behavior began to appear. Granger causality
existing between the local government behavior and financial development of
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Fig. 4 The innovation

response of IINFIR to one Response of LNFIR to LNGDP

Standard deviation of INGDP
in western region 2
i
|| —
-1 T - .

central and western regions proves that the degree of government intervention
of central and western regions in financial institutions directly affect the level of
financial development these regions. Local government intervention can produce
some direct effects: distortions of the allocation of resources of market economy,
negative influence on solvency and willingness of corporations, destruction of the
social culture of integrity, and so on.

After joining the WTO, because of the stimulus of the performance evaluation
system, and expansionary fiscal and monetary policy of central government, through
the establishment of local financing platform, local governments contract a loan to
increase investment in infrastructure, so as to promote local economic development
and improve the city environment, especially the real estate market. But as the
government regulation of the housing market, regional hidden fiscal risk and
financial risk begins to be exposed; banks, Trust Investment Company and other
local financial institutions have accumulated a huge amount bad assets. Because the
fiscal gap and social security funding gap are gradually widening, and the pressure
of debt service is constantly enhancing, the continued accumulation of debt or fiscal
risk has been a direct threat to the local financial system and economic system.
Thus, in the process of the local governments’ intervention, local governments will
transmits the risks and mechanisms of bad assets to regional financial institutions,
resulting in a decline in the quality of government departments and financial
institutions’ financial assets.

From the definition of government behavior, all administrative actions beyond
the local public service function and reasonable intervention functions belong to
the improper intervention, which will undoubtedly damage financial institutions’
operating autonomy, are not conducive to the formation of effective competition
mechanism and financial development environment.
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4 Conclusion and Suggestion

In summary, the formation of China’s difference in regional finance is not driven
by market factors; government administrative intervention has played an important
role in various factors of the formation of the differences in regional financial
development. With the fiscal decentralization reform in 1994, investment subject
is transformed from a single body, which is central government, to multiple
investment bodies, which are represented by local governments. The regional
financial difference mainly reflects the driven behavior of external differentiation
of government to financial market.

For quite a long period of time, due to the characteristics of gradual reform
and the dependence of path, differences in regional financial development under
government intervention will still exist, and there will be the possibility that the gap
of regional financial development will further widening [10].

We are not afraid of this gap, but should use this gap to accelerate regional
financial development. China’s goals of regional financial development should
reflect the following characteristics: firstly, regional financial industry should adapt
to the economic development of different regions and economic potential, and on
the basis of their comparative advantage, regional specialization should be achieved
to improve the efficiency of the allocation of financial resources; secondly, on the
basis of the financial market-oriented, regional specialization should be achieved
to improve the financial cooperation between the region; thirdly, establishing a
regional financial center has a certain influence and radiation force. For local
governments, should do the following:

Firstly, the local government should create a favorable external credit envi-
ronment for the development of regional finance, and enhance the ability of
self-development and innovation of economic entities and financial institutions. This
is mainly reflected in the enhancement of the direct and indirect financing channels
of Market-oriented within the region. The construction of regional capital market,
local government can provide the trading places of property rights in the region
and construct modern enterprise system for the enterprises in the area, so as to
prepare for the upgrading of the industrial structure [11]. Local government also
should increase the support to small and medium-sized enterprises and encourage
enterprises within their jurisdiction to adopt various means for financing. The
development of virtual economy, furtherance of the healthy development of secu-
rities, bonds and other financial market, and enhancement of the diversity financing
channels all plays an extremely important role in developing entity economy.

Secondly, it is important to transform government functions and reduce interven-
tion in the financial markets. In the process of positioning, the local government
should put itself in a particular stage of the development of market economy and
consider carefully. In fact, in the process of China’s gradual reform, the excessive
intervention of the local economy has caused a lot of waste of resources, and failure
in allocation of financial resources [12]. With the deepening of market-oriented
reform, local governments must change their functions, reduce the bank loans and
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the administrative guidance of investment and financing to economic agents. Let the
economy as the main body of market, so as to promote the healthy development of
regional finance and economy.

Finally, it is important to change the local government performance evaluation
standards and promote the government reform of property rights. In the current
performance appraisal system, due to the concept of “life is above everything”, local
governments cannot suppress the impulse to invest. Thus, some problems such as
excessive credit and excessive investment are introduced. Referencing to the idea
of green GDP and changing the appraisal standard, then these problems can be
controlled from the source. At the same time, the local government should clear
property rights to make reasonable constraints on their financial behavior.
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The Optimal Bidding Strategies Research
on Multi-attribute Reverse Auction Mechanism

Xiang-lin Pan and Xu-hua Lv

Abstract In this paper, we mainly study the multi-attribute reverse auction
mechanism with multiple winners. By the multi-attribute utility theory and the
probability theory, we build a multi-attribute procurement model, which is more in
line with reality procurement environment, and then prove the supplier’s optimal
bidding strategies. Moreover, we compare it with the first scoring model and
conclude that, the optimal quality bidding strategies remain constant, while the
optimal price bidding strategy increases with the number of the successful bidders.

Keywords Multi-attribute * Multiple winners * Reverse auction ¢ The optimal
bidding strategies

1 Introduction

With the rapid development of the economy and the Internet, auction [1] is more
and more widely applied in the economic activities of enterprises. In the corporate
procurement, the use of the multi-attribute auction mechanism can not only improve
the efficiency of the allocation, but also reduce the procurement costs. Currently,
most enterprises in the world complete their procurement by the auction. As a result,
the research on procurement mechanism becomes a hot topic in the auction field.
In the existed literatures on procurement, Thiel [2] gave a detailed discussion on
the multi-attribute auction for the first time, and proposed that the multi-attribute
procurement issue would eventually be simplified to the single attribute procurement
on condition that the seller’s preference function was known. Che [3] analyzed
the multi-attribute auction comprehensively. He designed an auction mechanism

X. Pan (29) « X. Lv

College of Science, Wuhan University of Science and Technology,
Wuhan 430065, People’s Republic of China

e-mail: 602262941 @qq.com

E. Qi et al. (eds.), Proceedings of 2013 4th International Asia Conference 217
on Industrial Engineering and Management Innovation (IEMI12013),
DOI 10.1007/978-3-642-40060-5_21, © Springer-Verlag Berlin Heidelberg 2014


mailto:602262941@qq.com

218 X. Pan and X. Lv

considering the price and quality attributes based on the independence of enterprises
costs. Branco [4] extended Che’s work. He proposed an optimal multi-attribute
auction mechanism in the case the enterprises costs were associated, and put forward
the two-stage multi-attribute auction. Bichler [5, 6] proposed an extension model
on the basis of the multi-attribute utility function method, to represent the buyers’
attributes preferences with the weights of the attributes. Esther David [7] had a
theoretical discussion on multiple quality attributes, and the optimal scoring rules
was advanced. In addition, many other scholars [8—12] also got a lot of meaningful
theoretical research results in the actual context of the procurement. They all have
made important contributions to the field of the auction.

But the existed literatures are in the case of only one successful bidder. In order
to further improve the adaptability of procurement auction, on the basis of the above
research, this paper studies the situation there is more than one successful bidder.

2 The Auction Model and Assumptions

First, we give a general mathematical model of the auction
M = (Bs IvAsSs Ub7 US’ W)

where

1. B indicates the only buyer in the market, needs to purchase raw materials. Due to
the great demands, d (d > 2) suppliers working together can meet his production
demands;

2. I indicates the set of the potential suppliers, denoted by I = (1,2, - - - ,n);

3. A indicates the attributes space. We consider m + 1 attributes: the price attribute
p and the quality attributes gy, g2, - - -, gm. Then the subject can be represented by
®,91,92, - * .qm), Which stipulates the quality standards the supplier will provide
and the payment they will receive after winning;

4. S indicates the scoring rules. The buyer describes the characteristics of the raw
materials and selects the optimal suppliers by it;

5. Uy, Uy; indicate the utility functions of the buyer and supplier i respectively;

6. W indicates the set of the suppliers’ final bidding status. When w; = 1, which
means that the supplier i wins the bid, Otherwise w; = 0.

For the buyer, we introduce the value function [13] V, = V(q1, - *.qm), to show
the buyer’s benefits of the raw materials trading. The buyer’s utility from the
supplier i can be expressed as Uy =w;i(Vi(q1,--,gm) —pi), and the total utility

n
is Uy = Zw,- (Vi (g1, ,gm) — pi); For the supplier i, we lead into the cost
i=1
function Cy; =c¢i(0;,q1,--,qm), Where 0; is the comprehensive cost parameters,
which reflects the level of the supplier i’s competence. The larger 0;, the higher
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the production costs, the lower the supplier ’s level. Then the utility of supplier i is

Usi =wi(pi —ci(0i,q1, "+ ,qm)).
To facilitate the analysis, we give some reasonable assumptions.

1. All the participants are risk-neutral, to maximize the expected utility [14];

2. The buy’s value function V, = V(qy,---,qn) is increasing and its second-order
partial derivatives function is decreasing in g;. Correspondingly the supplier
i’s cost function Cy; = ¢;(0;,91, - - - ,gm) 1S increasing and its second-order partial

derivatives function is non-decreasing in g; [15];
3. The supplier’s cost parameters 6 is independently distributed in the continuously

differentiable function F(6) during the interval [&5], and the corresponding

density function f(0) is the common knowledge.

Now we give a specific mathematical model satisfying the above assumptions.

1. Letc; (6,91, qm) = 6 Z bijqi; | be the supplier i’s cost function, where
j=l1

m
bjj is i’s cost parameters in gj, then Uy; = w; | pi — 6; Z bijqij ;
Jj=1

2. The buyer’s announcing value functionis v = Z 1 \/q;, where [; > 0 shows the

j=i
buyer’s preferences for quality attributes g;.

3 Model Analysis and Mechanism Design

The buyer pursuits of the maximization of his utility, so the announced model before
the auction can be expressed as (M)

max U, = wa le\/q_ij_pi

(W1, = \Z
S.t.

n

Zw,- =d,w =0,1i=1,2,--n

i=1

Up 20 (M)

m
Ui =wi | pi— 06 Zbij%‘j >0,i=1--,n
j=1
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By the model (M), it can be seen that the bidding status w; is non-decreasing in

m
scoring function S; = Z l; \/qij — pi, when S; > S;, then w; > w;. In order to obtain
j=1
a larger score, the supplier will submit his real subjects to have more opportunity to
become the successful bidder.

Proposition 1 There is the only optimal solution for (M): according to the
scoring function S, rank all the scores in descending, recorded as s;, $2, - -+ Sy, then
Wi = l’l_ =1.-.d is the optimal solution.
wi=0,i=d+1,---,n
n n
Proof By Z w; = d,thenw, = d —Z w;. The buyer’s utility can be expressed as
i=1 i=2

Up=Y wi | Y 1i/a5 - pi
j=1

i=1

n n
= ZW[S[ = w181 + ZW}S[
=2

=1

n n

= (d — ZW[) s1 + ZW[S]
=2 =2
n n

=ds; — ZW[Sl + ZW]S]
=2 1=2

=ds; —wy (51— 82) — w3 (51 — 53)

o=y (51— 52)

S =Sy > >, 0<s1—85, <51 —53 - <51 —5,. Then the maximum value
of U, is actually equivalent to that, the addition of finite elements in the set
{s1 —s;,I=2,--- n} is minimal, so we can conclude that the utility U, will reach
its maximum when a finite number of elements whose subscript is smaller are
selected.

The proposition 1 gives the allocation rules of corporate procurement mecha-
nism: the scores rank in descending, then the former d suppliers are the winners. The
supplier with higher score will have more opportunities to win, so the mechanism
is effective. The winner’s subject (p,q1,92, - - * ,qm) provides for the payment rules:
the supplier provides raw materials with the quality standards (¢1,92, - - - ,g,») and the
buyer pays the price p.
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Proposition 2 For (M), the supplier i’s optimal bidding strategy in the quality
attribute q; is

q; (0;) = argmax v (q1.q2. -+ . gm) = € (q1.q2.7 . qm); (D
J

wherej=1,2,---,m.

Proof One would assume that, there was another subject (p’ ,q/l,---,q;n) for the
supplier i to satisfy Uvi(p’,q/l,---,q;l)> Usi(p.q7,---.q;), in which at least one

variable g, # g, (I =1,---,m), and p' = p— (g}, .q%) + (q, " - sq,)-
Then we have

Ui (.41, qp) =wi [P —c (g1, qp,)]
=wilp—vigl - aqm) +v(g.q,)
—c (a1, qy)]
<wilp=v(ai..qn) +vigl.qn)
—c(qt.---qm)]
=wilp—c(q7.-aq)]
= Uy (p.q7.--qy)

which is in contradiction to the assumptions above, so the assumption doesn’t hold.

Proposition 3 For (M), the supplier i’s optimal price bidding strategy should meet

d—1
p ) =3P (1])p} ) @)

Jj=0

(d—l)(n—d+1 )
whereP(Izj)z J n—d-j+1

(o)

P60 =c(0i.q7 (6. .qm (6)) +/
n—d—j '
¢’ (z,q;"(t),... ,q;(t)) [(11:;“((3) /} dt

0

=
|
IS

where ¢ (t,q7 (1), . q (1) = w and F(x) = :

?\
5=
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Proof We refer to the optimal bidding strategies in the first score procurement
model [3]. Assuming there is a buyer and n suppliers in the auction, the supplier
i’s optimal quality and price bidding strategies is respectively denoted as q;‘ *(6)),
p;‘ *(6,), then

q;"(0) = argmax{v (q1.42. =+ . gm) =€ (q1.q2. G},
J

0
P (6) =c(6.97 (6:).-+ .q5 (6) +/0_

¢ (t,ql*(z), .. ,q;(t)) [(;:ﬁ((é)))n—1:| 0

We divide all the suppliers into two sets I, [, satisfying the conditions the
set I; contains d — 1 suppliers, another contains n—d + 1. The event that the set
I, contains another j(j=0,1,---,d — 1) winners is denoted as F,; the supplier i’s
optimal price bidding strategy in the event £, is recorded as p*(6;); P(l,) indicates
the probability of Ié.

~ Based on the above, the supplier i’s optimal price bidding strategy in the event
B is

7
Py 0) =c(0i.q7 (6:),-- . qn (6)) + /9

n—d—j
¢ (t,qf‘(l),"' ,q;;([)) |:(11—_TF(((?)) /i|dt

and

G0 )
P(sz)z - .
(roas)

The supplier i is risk-neutral, so his objective is maximizing his expected utility,
and the optimal price bidding strategy is

d—1
pr o) =3P (L)p; ).
j=0

It’s easy to prove that p*(6,;) > p""(8;). The supplier i will maximize his utility,
if he submits the subject according to (1) and (2).
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4 Conclusion

We can draw that, comparing the model (M) with the first scoring procurement
model, the supplier’ optimal quality strategies is constant, but the optimal price
strategy is closely related to the number of the successful bidders, the more
the number is, the higher the price will be. This is consistent with that, in
microeconomics, when the other conditions remain unchanged, the equilibrium
price changes in the same direction as the demands [15].

This paper analysis the suppliers’ optimal bidding strategies in the procurement
process from a theoretical point, which has important reference value to the design
of the procurement auction mechanism and the bidding strategies of suppliers. We
will have specific in-depth study on how the auction mechanism influences the
bidding behavior of suppliers in the following work. Only this problem is resolved,
will the procurement auction theory be more practical.
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Research on DEA Model with Undesirable
Factors and Shared Factors

Cheng-chao Qiu

Abstract In this paper, a new DEA model is presented to solve the problems with
undesirable factors and shared factors by linear transformation with parameters
based on currently undesirable factors DEA model. Compared to the DEA model
with undesirable factors, the new model by this transformation retains the classifi-
cation invariance.

Keywords DEA -« Efficiency of industrial structure ¢ Shared factors e
Undesirable factors

1 Introduction

Industrial structure’s efficiency is an important aspect of rationality of the industrial
structure, to evaluate the efficiency of the industrial structure can promote industrial
restructuring and accelerate economic development. When related to analysis of
the efficiency, the current domestic and foreign scholars widespread use of DEA.
In the standard DEA model, desirable factors are considered only. Decreases in
outputs are not allowed and only inputs are allowed to decrease in the standard
DEA model. However, both desirable and undesirable output and input factors
may be present. If one treats the undesirable outputs as inputs, the resulting DEA
model does not reflect the true production process. Lawrence M. Seiford and Joe
Zhu develop a DEA model based on undesirable factors to resolve the situation
with undesirable factors. Their approach can reflect the real production processing.
In some cases, there may be some unknown but important factors. Consider a
city’s industrial structure, when we want to evaluate its efficiency, energy is a very
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important indicator, but may only overall energy consumption of the city be counted
and unknown the specific energy inputs of each industrial. It can’t be solved in the
existing DEA model.

Based on this case consideration, the current paper develop a new DEA model
to solve the situation with undesirable and share factors by making a linear
transformation with variables based on Seiford and Zhu’s model. The Analysis
includes its advancement and rationality, where the main concern is its rationality.
Therefore, using scientific methods to analyze the relative efficiency of industrial
structure and to provide foundation of scientific decision for the administration
will help to adjust its industrial structure, construction and accelerate the economic
development.

2 Literature Review

Recently, data envelopment analysis (DEA) has been introduced to make an
analysis. DEA method was firstly proposed by Charnes and Cooper [1] in 1978.
A C2R model based on DEA was presented by them, which can effectively
evaluate multi-input and multi-output production departments scale efficiency and
technical efficiency. Combining to the model, many researchers made further
demonstration and put forwards many new DEA models, such as C*GS? and C*W
[2]. Furthermore, Fire advanced a new DEA method to model production system
that can reduce the undesirable outputs accompanying with increasing desirable
outputs [3]. Seiford and Zhu [4] brought forwards a modified DEA, where a fixed
vector was introduced to transform undesirable outputs linearly, thus the problems
with both desirable and undesirable outputs (or inputs) can be resolved. Lozano [5]
also proposed a three-period method to problem with varied kinds outputs, where
the case that only undesirable outputs and desirable inputs were contained in outputs
and inputs respectively was taken into account.

In the framework of DEA theory, shared flow has been used to study phenomena
such as efficiency measurement and resource allocation. The basic idea in shared
flow is to measure different efficiencies of a DMU simultaneously [6], such as
teaching and research, where the inputs and outputs were shared among different
processes and may not be easily distinguished when measuring various efficiencies.
Several methods had been proposed for better use of shared flow model, such as
weighted restrictions [6], various returns to scale [7, 8], different weights on shared
inputs [9], additive objective function [10], overlapping outputs [11] and panel data
and non-discretionary inputs [12, 13], etc.

Until to now, there have many DEA based methods. They can be categorized into
two kinds. One is undesirable factors considered model, which can also be classify
to unilateral based undesirable factors DEA model and bilateral based undesirable
factors combined model. And the other is both undesirable factors and factors shared
model. In the following, those models mentioned above will be described in details.
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3 Using the Template Both Undesirable Factors
and Shared Factors DEA Model

Supposed that an economic system includes three decision make units where each is
composed of three decision sub units with two kinds of inputs and outputs contained
in each sub unit. Moreover, no undesirable inputs are involved in inputs and the
outputs are undesirable as well as shared outputs. Shown in Fig. 1 is its basic model.

In the following, some signs are used to distinguish decision make units, decision
sub units and undesirable outputs.

Jand L are the indexes of decision unit and decision sub units. X and Y denote the
desirable inputs and desirable outputs, respectively. B means undesirable outputs.

At same time, x};, Aj; y,; and B]; are employed to represent the i desirable inputs,
the 7 undesirable inputs, the r desirable outputs and the r undesirable outputs in the
[ decision sub unit contained in the j decision unit, respectively.

Thus in the model shown in Fig. 1, B; = B} + sz + Bf , where B; which is known
denotes the given total undesirable outputs of the j decision unit and Bf (1=12,3)
is unknown.

Definition Suppose h/’." (h}" > 1) is the optimal efficiency in the j decision unit, then
the j decision unit is effective if and only h}" =1.

It can be found from Fig. 1 that SDM Ujl. is a subset of DMUj,as far as DEA is
concerned, if DMU; is effective, thus SDMU " must be effective. The reason lies in
that the efficiency evaluation index of decision unit is not less than 1. Sometimes, in
order to reflect the relative efficiency of each decision sub unit and locate specific
improving object, it is required to evaluate the efficiency of each decision sub unit.
Thus a parallel network DEA model can be proposed. In this model, given that §' is

DMU
— X1l —Y11-
SDMU1
— X213
) )
—X12
— —YI12— Y2
SDMU2 § 227
X220y —
v
—X23—
SDMU3
— X135 —Y13—>
Fig. 1 Decision make units
structure
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the ratio of the undesirable outputs of three decision sub sets to the total undesirable
outputs, meanwhile the outputs and the inputs weights are u' and v/, respectively, so
the efficiency evaluation index of DMU; can be computed as follows:

2

a2
hj=32 55— M

>

< _ (0 R\ R _ . _nl I _sip.

Where ¥} = (1. B, ), B = @ =B} > 0, Bl =4'5,
We aim to obtain the optimal allocation rate, with which we can make an analysis
on the efficiency among undesirable outputs of three decision sub units with the best

industrial structure efficiency.

3.1 No Processing to the Inputs and the Outputs

When confronted with the inputs and the outputs without processing, we can
construct an optimized model directly using Eq. 1.

2
3 Zui‘7£0
Max h() = %Z =

2
I=1 1.1
ViXio

i=l1
2 " 2)
2Ty
sl— <1, j=1.2m 1=1,2.3
Zvﬁx}j
i=1

W>0v>0 1=1,2,3

s.t.

Where n is the number of decision make units. Suppose that

i i

t gl =01 = !

=
1.1
E :Vixio

i=1
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Thus Eq. 2 can be rewritten to

max fip = ZZely,o

llrl

2
an Z YL» >0,1=1,2,3;j=1,2,---,n X
! r=l 3)

s.t. erx,o—l 1=1,2,3
i=1

'>01=1,2,3

0!l >0,1=1,2,3

Under constrain of §' 4 §2 4 §° = 1, Eq. 2 can be changed into Eq. 3, where Elj =
w—§'B

S48 +68=1 4)

3.2 w as Fixed Outputs

If the undesirable outputs of all three decision sub units is B;, the new outputs is

v = (v 0.8) 5)

If weights are set to all kinds of outputs respectively and inputs weights are set
just as the above, then an optimized model can be constructed below.

3 (6)

=l <10=123j=12-".n

>t

i=1
vi>0,@ > 0,3, >0,m <0, 1=1,23

S.L.
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Suppose

I _ R

2 :szzo

i=l1

10 N 1ol sl
iy = ey = pholiy = ps e = 1 i = (g, —8ub)

Then it can be changed into the following linear programming problem.

Max hy = Z Zﬁlrﬂo

llrl

Zym Zhyﬁzalleiszlugn

i=1

Y omlxly=1.1=12.3
i=1 (7

2
s.t. Z(S’ =1, 1=1,2.3
=1

§l>0,1=1,2,3; i =1,2

7l >0 1=1,2,3

ub>0,1=1,2,3; r=1,2,3

The main difference between model (7) and model (3) lies in that the former
transforms data inside and so does the latter outside. For data transformation outside,
the optimized solution can be obtained by substituting the data transformed outside
into model (3), thus the weights of transformation vector w and undesirable outputs
B’ are the same, which results in allocation rate §' either O or 1. However, for data
transformatlon inside, weights of transformation vector w and the total undesirable
outputs B’ are varied, under such circumstance, allocation rate §' locates in [0 1].
In addltlon model (7) and model (3) have identical efficiency, which indicates
unchanged property of classification.

4 Conclusion

Based on undesirable factors DEA model, this paper study a novel DEA model to
settle the case with undesirable factors and shared factors by a linear transformation
involved in a few parameters, which retains classification invariance in undesirable
factors based DEA model.
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Based on this case consideration, the current paper develop a new DEA model
to solve the situation with undesirable and share factors by making a linear trans-
formation with variables based on Seiford and Zhu’s model. This transformation
retains the classification invariant of the DEA model which based on undesirable
factors. In the model of Seiford and Zhu, classification invariance under data
transformation is considered. The linearity and convexity of DEA are preserved after
data transformation through their proposal. The model be developed in this paper
satisfy the classification invariant compared with Zhu’s. Therefore, the proposal
compared with the original DEA model is also classification invariant.
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Study on the Determinants of Financing
Structure: Based on the Differences
of Ultimate Controlling Rights

Kun Su, Gui-gui Su, and Ji-lin Wang

Abstract Although there are many studies of financing structure, there was no
unanimous result that it’s affected by which factors. Most domestic studies ignored
an important factor—corporate controlling rights, and often mixed the state-owned
and non- state-owned companies. Based on the difference of ultimate controlling
rights, the sample of 822 companies listed in Shanghai and Shenzhen Stock
Exchanges is divided into state-owned, non-state-owned groups, as well as the
overall sample. From the basic characteristics of company, equity characteristics and
manager characteristics, we studied the determinants of financing structure in China.
The results show that all the factors above affect financing structure at different
extents, and there are significant differences on determinant factors of financing
structure among different groups, especially between state-owned and non-state-
owned samples.

Keywords Financing structure ¢ Non-state-owned e State-owned ¢ Ultimate
controlling rights

1 Introduction

Financing structure means the structure ratio of capital that a company collects.
While, there are many differences between state-owned and non-state-owned
companies in the forming mechanism, listing conditions, the share liquidity and
stock price determinants. Therefore, differentiating different ultimate controlling
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rights, and comprehensively study from the basic characteristics of company, the
equity characteristics and manager characteristics has an important meaning for the
research on financing structure

Foreign research on financing structure dates from 1950s. Modigliani and Miller
[1] conclude that in perfect capital market, the choice of financing structure has
nothing to do with company’s market value, which was taken as the foundation
of modern financing theory. While, because of the rigorous assumptions, later
researchers gradually release the assumptions, and then studied the affecting factors
of financing structure by using trade-off theory, agency theory and information
asymmetry theory. Titman and Wessels [2] found that company’s volatility, size and
profitability significantly affect financing structure. Ozkan [3] found profitability,
liquidity and growth, non-debt tax shields exert a negative effect on the borrowing
ratio.

Domestic research on financing structure started from 1990s. Lu and Xin [4]
found only profitability has significantly negative effect on capital structure, while
company size, collateral value of assets and growth has no effects. Hong and Shen
[5] showed that firm size and profitability have positive effects on debt. Chen and
Zhang [6] found that firm debt ratio was positively related to size and growth,
negatively related to profitability, assets liquidity, assets operating ability and risk.
Huang [7] showed that profitability were negatively related to debt ratio, while size,
competitive ability, size expanding were positively related to debt. Hu and Huang
[8] showed that collateral value of assets was positively related to asset-liability
ratio and long term debt ratio, growth, size and asset-liability ratio, long term debt
ratio and bank loan ratio were significantly positively related, while profitability had
significantly negative effect on asset-liability ratio and bank loan ratio.

It could be seen that there are lots of similar researches, but no unanimous results
about which factors would affect financing structure [9]. What’s more, most of
domestic researches neglect an important factor—the company’s controlling rights
and always mixed state-owned and non-state-owned companies. Based on the for-
mer researches, we did research from the perspective of ultimate controlling rights
and tried to analyze the listed firms’ financing structure and factors which affect
them in China from the following several aspects: company basic characteristics,
equity characteristics and manager characteristics.

2 Theory and Hypotheses

La Porta et al. [10] proposed the research on ultimate controlling rights firstly. By
tracking the controlling chain, they found that companies in most countries have
ultimate controllers, including China [11]. While in China, stock equity mainly
contains state-owned shares, legal-person shares and free float shares. Taking legal-
person as a independent share holder has its major disadvantage: being unable to
clearly identify the property of legal-person ownership. As an entity that has legal-
person position, whether its share holders belong to state-owned or non-state-owned
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is unknown. If we continue to track the ownership upward we would find that all the
legal persons are ultimately controlled by either state or private entity. Since it is
the state or private entity that controls the legal person, legal-person shares actually
have the property either belongs state or private person.

In order to rectify the disadvantage of current classification in stock equity,
according to the ultimate property theory, the listed companies in China could be
reclassified by the ultimate state-owned and non-state-owned. The property right of
state-owned company is a kind of public property right, with high negotiation and
monitoring cost and its long agency chain is easy to cause a series of problems
such as the ownership-default, the inner control and the unhealthy development
of board as well as board of supervisors; on the other side, due to its unique
relationship with the government, it gets more interventions from government and
has more constrains on independent decision making. Comparatively, the non-state-
owned companies’ property right is a kind of private property right, with clear
property owner, higher agency efficiency. Then it is obviously that different ultimate
control identity has different values and different objects to pursue, which could
enable companies to make the best financing decisions for themselves through their
controlling ability. More and more researches shown that ultimate property rights
theory has more persuasive power in explaining company’s behaviors.

The above two kinds of listed companies have great differences in the forming
mechanism, listing forms, and stock price determinants. And each of them has
its own way in operating and financing. The above financing structure theory has
different effect on the two kinds of companies. This systematic differences would
definitely lead to difference in their financing structure and its affecting factors. The
following hypothesis is proposed:

HI1: the state-owned and non-state-owned companies’ financing structure has
significant difference.

The larger the company size, the less possibility of expected bankruptcy, and
the higher bearable debt ratio; under China’s unique background, larger companies
usually find it easier to get the government’s support and easier to get the bank loan,
as the research did by Titman and Wessels [2] and Hu et al. [8].

H2: company size is positively related to debt ratio and bank loan level.

When a company chooses its financing resource, there exists a certain order,
the pecking order theory: it will prefer to inner financing firstly, then the debt
financing and the equity financing finally. Firms with better profitability always have
enough retained earnings, and do not need extra debt. The profitability is negatively
related to assets-liabilities ratio. Domestically empirical researches also support this
finding, like Lu and Xin [4], Chen and Zhang [6], Hu and Huang [8], Eriotis [12].

H3: company profitability is negatively related to debt ratio and bank loan level.

Companies with many growth opportunities always have large capital demand,
which can be hardly satisfied by its own retained earnings. Because this kind of
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companies normally have a bright future, the old shareholders always ask help from
debt in order not to decentralize their controlling power or dilute the per-share
earnings. Therefore, companies with high growth opportunities always have high
debt ratio, supported by Chen [6] and Hu et al. [8]; While on the other hand, this
kind of companies also have higher operating risk, and the banks always ask for
higher interest as the compensation which lead to a serious of conservative loans.
Then we can conjecture that companies with higher growth opportunities would
have lower bank loan ratio, like Titman and Wessels [2], Ozkan [3].

H4: growth opportunity is positively related to firm’s total debt and negatively
related to bank loan ratio.

Different assets have different collateral ability. With larger collateral assets,
company’s credit is higher, the risk of debt financing is lower and banks prefer to
offer loans to this kind of companies, making company more able to get debt funds,
like Huang [7].

HS: collateral assets are positively related to debt and bank loan.

Because the interest expense could be deducted before the tax, the debt has
certain tax shield effect. The debt’s tax shield effect lowers capital cost. The higher
the real income tax rate, the more prefers to debt financing for the company. Then
the following hypothesis is proposed:

H6: the company’s real tax rate is positively related to debt level and bank loan.

The listed companies in our country always have a special dominant shareholder,
and the share is dominated by non free-float shares. Then the equity’s liquidity could
be effectively regulated to substitute debt as a constraint on manager’s opportunism,
making the liquidity beneficial to reduce company debt; the higher level of liquidity,
generally speaking, the better governance effect and the banks are more willing to
offer loans. The equity liquidity is positively related to bank loan.

H7: company’s equity liquidity is negatively related to debt level and positively
related to bank loan.

On one hand, controlling shareholders have the motivation to monitor and control
managers [13], and debt financing could be used as the tool to control manager’s
opportunism, which makes the controlling shareholders have the stimulation to
use debt to constrain the manager. The equity concentration should be positively
related to debt. On the other hand, the appearance of controlling shareholders
and debt could be seen as the reciprocal substitute of constraint mechanism. The
appearance of controlling shareholders reduces the extent of using debt to constrain
managers; especially in China, most firms do not or seldom distribute dividends, the
controlling shareholders are willing to use equity financing which has lower cost
and no repaying pressure. From this perspective, equity’s concentration ratio should
be negatively related to debt and bank loan.

HS: equity concentration is negatively related to debt and bank loan.
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Different financing structure means different risks, and the vested interest of
top managers determines the attitude to risks, which affects financing structure.
Fried and Lang [14] showed that the share ratio of managers was negatively
related to debt. The more equity owned by the managers, the more tendency and
ability to adjust the debt ratio downward for their own benefit. The more invested
interest the top managers have, the more they would like to take conservative
financing structure. This paper uses the managers’ salary and equity ratio to measure
the invested interest; and uses the duality of CEO and director of the board
to measure the monitoring ability of board or the decision ability of managers.
Jensen [15] considered that when CEO was also the director of board, the board
of directors could not effectively fulfill its key monitoring function, which leads
to the failure of inner control system. When CEO and director of the board is
the same, the CEO has the responsibility to make decision as well as invigilate
it and more control power over the board, affecting its independency. And this
decision’s effect on financing structure depends on their decision preference: when
the CEO was appointed by controlling shareholders, there would be more preference
for controlling shareholders’ decision making, otherwise more preference for the
individual decision making by CEO.

HO: the top managers’ salary is negatively related to the company’s debt ratio and
bank loan level.

H10: the top manager’s equity ratio is negatively related to the company’s debt ratio
and bank loan level.

H11: the duality of the CEO and director of board has effect on company’s debt and
bank loan, the direction depends on their decision making preference.

Macro-economic factors are also important aspects that the companies have to
consider when financing.

H12: outside macro-economic environment has influence on the company’s debt
ratio and bank loan level.

Variables in the paper are summarized in Table 1.

3 Empirical Research

3.1 Sample and Data

Take companies listed in Shanghai and Shenzhen Stock Exchange Market during
2009-2011 as the original sample. We select sample by deleting the following
samples: (1) new listed companies. (2) ST, PT companies. (3) companies in finance
industry. (4) extreme value companies. (5) companies whose ultimate controlling
right changed during 2009-2011. Finally we have 822 listed companies’ panel data,
582 state-owned and 240 non-state owned companies.
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Table 1 Variable definition

Variables Abbreviation Definition

Assets-liability Ratio DA Total Debt at End of the Year/Total Asset at End
of the Year

Bank Loan Ratio LD (Short loan + Long loan)/Total debt

Company Size SIZE In [(Asset at Beginning of the Year + Asset at
the End of the Year)/2]

Company Profitability PROFIT EBIT/Total Assets

Growth Opportunities GROWTH Percentage Change in Sales Growth

Collateral Assets Ratio CVA (Inventory + Fixed Assets)/Total Assets

Act Earning Tax Ratio AETR the real income tax/Earnings before tax

Liquidity of Share IS Free float shares/Total shares

Equity Concentration HERFIN Square of the ten shareholders’ equity

Top Managers Salary MR In (the first three top managers’ salary)

Top Manager’s Equity MSO Top managers’ shares/Total Shares

Duality of CEO and DUAL If the CEO is the director, Value is 1;

Director of the Board Otherwise, 0.
Control Variablel YEAR»10 If belongs to 2010, Value is 1; Otherwise, 0
Control Variable2 YEAR; If belongs to 2011, Value is 1; Otherwise, 0

3.2 Statistical Description and Test for Mean Value

From Table 2, we can see there are great differences between the two kinds
companies’ assets-liabilities ratio and bank loan. The average on assets-liabilities
ratio for state-owned companies is 50.17 %, the average bank loan ratio is 43.18 %,
while the values for non-state-owned companies are 52.53 and 46.54 % separately.
The hypothesis 1 is supported.

What’s more, from the affecting factors of financing structure we can see that
except the growth and real income taxation rate, all the other factors are significantly
different between the two kinds of companies.

3.3 Multiple Regression Analysis

Multiple regression results for state-owned, non-state-owned and all the samples are
shown in Tables 3 and 4.

From Tables 3 and 4 it can be seen that company size is positively related to
assets-liabilities ratio and the bank loan ratio, which support hypothesis 2. Growth
opportunities are significantly positively related to assets-liabilities ratio in state-
owned sample, while this does not pass the significant test for non-state-owned and
the total samples. The result means that in non-state-owned companies, high growth
could not significantly increase debt financing. Growth opportunity is negatively
related to bank loan. Except for the effect on non-state-owned sample’s debt ratio,
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Table 2 Descriptive statistics and mean value T-test

Variable Kinds Min Max Mean T-test
DA State 0.0330 0.9986 0.5017  —0.0236%:**
Non-state  0.0684 0.9938 0.5253  (—2.9806)
LD State 0.0000 0.9685 0.4318  —0.0336%**
Non-state ~ 0.0000 0.9235 0.4654  (—3.3822)
SIZE State 18.6228 24.6454  21.3805  0.4976%**
Non-state  17.5168 23.2467  20.8829  (13.6297)
GROWTH  State —0.9505 45.5176 0.2741  —0.7375
Non-state ~ —1.0000 400.6771 1.0116  (—1.2902)
PROFIT State —0.4642 0.4034 0.0458  0.0111%**
Non-state  —0.5152 0.5379 0.0348  (3.4077)
CVA State 0.0444 0.9564 0.4997  0.0426%**
Non-state  0.0432 0.9038 0.4571  (5.6278)
AETR State —17.8150 3.6211 0.1890 0.0091
Non-state  —4.1219 4.2572 0.1799  (0.4169)
IN State 0.1503 1.0000 0.4304  —0.0185%*:
Non-state  0.1092 1.0000 0.4489  (—3.2536)
HERFIN State 0.0118 0.7200 0.2356  0.0826%**
Non-state  0.0056 0.6651 0.1530 (16.8847)
MR State 10.1999 159172  13.0616  0.1023%3:*
Non-state ~ 9.7981 15.4489  12.9593 (2.9416)
MSO State 0.0000 0.0122 0.0001  —0.000045%:*
Non-state  0.0000 0.0082 0.0001  (—2.0447)
DUAL State 0.0000 1.0000 0.1008  —0.0506%*:
Non-state  0.0000 1.0000 0.1514  (—3.3311)

Notes: The values in () are t-statistic. The values upon () are the difference of
the two samples’ mean value and significance of t-test. *,**, *** indicate the
significance at 10 %, 5 % and 1 %, respectively

the results support hypothesis 4. Profitability is negatively related to assets-liabilities
ratio, which means that the company financing are consistent with the pecking order
theory. Profitability is negatively related to state-owned company’s bank loan ratio,
while in non-state-owned companies this relation isn’t exist, which basically support
hypothesis 3. Collateral assets value is positively related to assets-liabilities ratio,
positively related to bank loan ratio of state-owned companies, but fails in non-
state-owned companies. The results mean that collateral assets value of non-state-
owned companies has none significant effect on bank loan, which almost supported
hypothesis 5.

Real income tax rate has no significant effect on either assets-liability ratio or
bank loan for both kinds of companies, which left hypothesis 6 unsupported. While
the listed companies doing debt financing, they seldom consider the tax shield
effect of debt. Equity liquidity has no significant effect on assets-liabilities ratio,
bank loan for state-owned companies, while negatively related to assets-liabilities
ratio and positively related to bank loan in non-state-owned companies. Hypothesis
7 gets supported only by non-state-owned sample. This result presents that in
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Table 3 Determinant

of asset liability ratio DA
Variable State-control ~ Non-state-control ~ Total
B B B
Constant —0.462%%* —0.436%* —0.320%**
(—4.317) (—2.376) (—3.538)
SIZE 0.049%3#: 0.054 %33 0.046%#:*
(9.759) (5.842) (10.526)
GROWTH 0.014%%* 0.000 0.001
(5.055) (0.300) (1.416)
PROFIT —0.798%#:#* —0.636%** —0.722%:%*
(13.068) (—7.765) (—14.745)
CVA 0.100%*: 0.176%*: 0.119%3#:
(4.064) (4.766) (5.753)
AETR —0.001 0.021 0.003
(—0.093) (1.081) (0.381)
IS —0.008 —0.203%** —0.079%%*
(—0.193) (—3.256) (—2.304)
HERFIN —0.166%** —0.259%:#* —0.233%:#*
(—4.262) (—3.331) (—6.868)
MR —0.006 —0.008 —0.009*
(—1.035) (—0.882) (—1.834)
MSO 6.775 —6.073 2.852
(0.608) (—0.529) (0.357)
DUAL 0.026%* —0.035* 0.008
(2.017) (—1.951) (0.806)
YEAR2010 0.010 0.007 0.009
(1.052) (0.469) (1.085)
YEAR2011 0.019* 0.028%* 0.020%*
(1.899) (1.749) (2.279)
Adjust R? 0.160 0.153 0.144
F Value 28.464 %% 11.712%** 35.136%#*

Notes: The number in () represents t value; *,** and *** indicate
the significance at 10 %, 5 % and 1 %, respectively. The items
which are italic and overstriking are different between the two
kinds of samples

state-owned companies, equity liquidity has limited effect on companies’ regulation,
and the result is different from what we analyzed above. Equity concentration is
negatively related to assets-liabilities ratio, which support our conjecture. The equity
concentration ratio is negatively related to bank loan in state-owned companies,
while the significant test is failed in non-state-owned companies. This indicates
that because of the special relationship between state and the bank, state-owned
shareholders have great power over bank loan financing.

The top managers’ salary and stock ratio do not have significant effects on
assets-liabilities ratio. But the salary has significantly negative effect on bank loan.
Hypothesis 9’s conjecture of the bank loan was supported, while its conjecture



Study on the Determinants of Financing Structure: Based on the Differences. . . 241
Table 4 Determinants
of bank loan ratio LD
Variable State-control ~ Non-state-control ~ Total
Variable B B B
Constant 0.494 %% —0.492%* 0.340%#:
(3.312) (—2.127) (2.778)
SIZE 0.015%* 0.066%%#* 0.024%3%#*
(2.088) (5.694) (4.085)
GROWTH —0.008** —0.001* —0.001*
(—2.121) (—1.920) (—1.909)
PROFIT —0.325%%* —0.017 —0.215%%*
(—3.809) (—0.169) (—3.243)
CVA 0.227%%* 0.060 0.164%%*
(6.601) (1.292) (5.876)
AETR 0.004 0.017 0.007
(0.426) (0.686) (0.776)
IS 0.034 0.165%* 0.079%
(0.593) (2.100) (1.706)
HERFIN —0.183%%* 0.044 —0.177%%*
(—3.364) (0.449) (—3.854)
MR —0.032%:%* —0.039%#:#* —0.035%%%*
(—4.163) (—3.469) (—5.518)
MSO —3.837 —24.107* —7.018
(—0.247) (—1.666) (—0.649)
DUAL —0.002 —0.010 —0.001
(—0.133) (—0.454) (—0.038)
YEAR2010  —0.030%* —0.028 —0.030%%%*
(—2.227) (—1.402) (—2.679)
YEAR2011  —0.050%3%:* —0.057%:#* —0.054%:%*
(—3.490) (—2.788) (—4.584)
Adjust R? 0.062 0.075 0.052
F Value 10.494%:* 5.779%:%* 12.181%%:*

Notes: The number in () represents t value; *,** and *** indicate
the significance at 10 %, 5 % and 1 %, respectively. The items
which are italic and overstriking are different between the two
kinds of samples

about debt ratio was not supported. The reason may be that the bank loan is
always a hard constraint. Compared with the assets-liabilities ratio, the bank loan
could be better reflect the risk attitude of a company’s top management, which
shows that the top management does have the tendency to avoid risk in order to
assure their invested interest. The equity ratio of top management has no significant
relationship with bank loan ratio for state-owned companies, while in non-state-
owned companies the relationship of the two is significant. This is mainly because
that ratio is always much higher in non-state-owned companies than in state-owned
companies. Hypothesis 10 gets supported only by non-state-owned sample. The
duality of CEO and director of board could increase debt level of state-owned
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companies significantly, while reduce that in non-state-owned companies and have
no significant effect for the whole sample. This results indicate that due to the
ownership-default problem for state-owned companies, if CEO and the director
of board were the same, the owner’s supervision over manager becomes even
limited, and the manager tends to choose high debt ratio. While in non-state-owned
companies, if CEO and director of the board was the same, the director usually was
assigned by controlling shareholder. The duality could better express the willingness
of the owner, who tends to choose low debt level in case of bankruptcy. There is no
significant effect for the duality on bank loan ratio. For hypothesis 11, only the part
of debt level was supported. From the significance level of the index YEARg;¢ and
YEARj,1, it could be seen that macro-economic policy does have certain effect on
financing structure, which supported hypothesis 12.

Above all, we can conclude that the affecting factors of financing structure are
quite different between state-owned companies and non-state-owned companies.
There would be major differences between the separate analysis and the mixed
analysis, which implies that the former domestic research method of mixing the
two kinds of companies together is inappropriate.

4 Conclusions

Based on the difference of ultimate controlling rights, we find that there are
significant differences between the two kinds of companies’ financing structure, and
then we did comparison study for the affecting factors separately and found great
differences, which indicated that method of mixing them together was inappropriate.

We found that company size, profitability, collateral assets value, equity con-
centration and duality of CEO and director of board all have significant effects on
assets-liabilities ratio for both types of companies, with the duality has an opposite
effect in each type. What’s more, growth has significant effect on assets-liabilities
ratio in state-owned companies but no significant effect on assets-liabilities ratio
in non-state-owned companies. Equity liquidity has significant effects on assets-
liabilities ratio in non-state-owned companies and little effect on that in state-owned
ones. Real income taxation rate, top manager compensation and top managers’
equity ratio have no significant effect in the two kinds companies. Company size,
growth and top management compensation have significant effects on bank loan
for both kinds of companies; Profitability, collateral value of assets and equity
concentration have significant effects on state-owned companies’ bank loan, but
failed in significant test for non-state-owned companies. Equity liquidity and top
management’s equity ratio have significant effects on bank loan in non-state-owned
companies but no significant effect on bank loan in state-owned companies. Real
income tax rate, duality of CEO and director of board do not have significant effect
on bank loan for the two kinds of companies. At the same time, the macro-economic
policy has certain effects on financing structure.
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Research on Benefits Distribution Model

of Industry Technology Innovation Strategic
Alliance Based on Investment of Resource
and Risk Compensation

Wen Tang

Abstract Benefits distribution of industrial technology innovation strategic
alliances is one of the key factors affect its stable operation. This paper first presents
a benefits distribution model based on the member’s investment of resources, and
then introduces the risk factor to revise the model. Members who share higher risk
will get more risk compensation. The purpose of the model is trying to build a
more equitable mechanism of benefits distribution. On the basis of the theoretical
research, the paper also gives the results of empirical analysis.

Keywords Benefits distribution ¢ Industry technology innovation strategic
alliance * Investment of resources * Risk compensation

1 Introduction

As global competition intensifies, the scale, speed and scope of technological
innovation continues to expand, companies face increasingly complex technical
and economic issues [1]. Single enterprise is difficult to completely rely on its
own strength to grasp the uncertainty of technological innovation. This leads to the
enterprises to actively seek to establish a variety of collaborative innovation mode.

Industry technology innovation strategic alliance (hereinafter referred to as ‘the
Alliance’) is founded by enterprises, universities, research institutions or other
organizations. It is a cooperative technology innovation organization which aims
at meeting industry development needs and common interests of all parties, targets
to enhance the technological innovation capability of industry [2]. Members of
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the Alliance usually sign a legally binding contract to obtain protection. It is
characterized by joint development, complementary advantages, benefit-sharing and
risk-sharing. In 2007, the Ministry of Science and Technology established the first
four industrial technology innovation strategic alliances in the fields of iron and
steel, coal, chemicals and agricultural equipment. Since then, the field of high-tech,
rural and social development is active in promoting alliance building. According to
incomplete statistics, as of 2011, more than one hundred alliances were established
in some provinces and municipalities, such as Beijing, Liaoning, Jiangsu, Zhejiang,
Hubei, Guangdong, Hebei, Gansu and Qinghai, etc. These alliances were built on
the basis of local competitive industries and pillar industries.

With industry technology innovation strategic alliance building boom, this area
is also increasingly become the focus of the scholars’ attention. Industry technology
innovation strategic alliance formed with the aim that members expect to obtain
higher returns (such as more results, technology level improvement, knowledge
acquisition and profits increased, etc.) through collaborative research than a separate
study. Industrial technology innovation alliance members are trying to achieve ‘win-
win’ results from the cooperation, establish a mechanism of common inputs and
benefits-sharing, and build a community of interests. At the same time, running
of the Alliance also bears the risk, including the risks of failure of technology
development as well as participants in opportunistic behavior [3—6]. Therefore,
whether the mechanism of benefits distribution and risk compensation is reasonable
or not, is the key factor which will affect the members’ cooperative enthusiasm, the
Alliance’s stability, the running state and development prospects of the Alliance.

Ji Yihua et al. (1999) are the earliest scholars of the country to conduct a
comprehensive study of the mode of cooperative technological innovation benefits
distribution. They proposed a benefits distribution mode in three ways, including
total pay, commission payment and mixed payment [7]. Guo Fenglan (2004) made
a mathematical analysis of benefits allocation of Industry-University-Research
institute (IUR) collaboration by using game theory, and established an optimized
mathematical model of benefits distribution [8]. Luo Li and Lu Ruoyu (2000) use
the game theory to build a cooperative countermeasure model. They recommended
the distribution of benefits of the sales commission, and gave the quantitative
ratio of commission [9]. Sun Dongchuan (2001) and Guiping (2003) applied
Nash bargaining model in benefits distribution of the Alliance and considered
that it must ensure ‘sum of each allocated is exactly equal to the total maximum
income of the Alliance’ as well as ‘income allocated from the Alliance can not
be less than the revenue by member’s operations alone’, otherwise, the Alliance
will not need to exist [10, 11]. Luo Li (2001) and Jia Ping (2003) described the
Alliance’s benefit distribution model with Sharply value [12, 13]. Cao Xiaohua
(2010) introduced the Nash equilibrium theory to analyze the benefits distribution
program of the Automotive Technology Innovation Strategic Alliance. She built a
benefits distribution model of n (n>2) members of the Automotive Technology
Innovation Strategic Alliance, and deduced asymmetric Nash equilibrium optimal
allocation programs based on the member’s satisfaction [14].
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This article gives a benefits distribution model based on the valuation of
member’s investment, and then introduces the risk factor to revise the model in
order to achieve a certain compensation for the risk borne by the members of the
Alliance.

2 Forms of Benefits and Distribution Principles of Industry
Technology Innovation Strategic Alliance

2.1 Forms of Benefits of Industry Technology Innovation
Strategic Alliance

The revenue of the industry technology innovation strategic alliance can be divided
into direct benefits and indirect benefits. The direct benefits are the benefits
that can be obtained directly from Alliance operation. The indirect benefits can
be achieved only under the influence of some external environmental factors.
Gaining direct benefits is the purpose of the establishment of industry technology
innovation strategic alliance, whereas the level of indirect benefits will impact on
the sustainable development of the Alliance.

The direct benefits of the Alliance can be divided into the following three forms:

1. New product. For enterprises in the Alliance, new products developed by the
Alliance can be quickly turned into profits through their marketing channels. So
the new product can be used as a form of direct benefits to allocate to members
of the Alliance.

2. Technology patents. The main purpose of industry technology innovation strate-
gic alliance to establish is to develop the industry key generic technologies.
Therefore, a large number of patents are bound to produce in the running of
the Alliance. These patents are jointly developed by alliance members, should
be shared by the members of the Alliance. However, different types of alliance
members will apply the technology patents in different ways. Companies can
improve production efficiency through technology patents to earn high profits.
Universities and research institutions usually gains through technology transfer.

3. Profits. Profits refer to the sales revenue of the Alliance’s product, as well as
the revenue of the Alliance’s technology patents transfer. Benefits in the form of
currency are easy to be distributed among the Alliance members.

The indirect benefits of the Alliance also can be divided into the following three
forms:

1. Technological achievements. A series of technological achievements will be
produced in the cooperation of basic research, laboratory research, pilot, national
testing center inspection, competent authorities for approval and mass production
of the Alliance members. These technological achievements include technical
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know-how, production secrets and management experience. Although these gains
are not presented in the form of currency in the Alliance account, but still the
important gains of the Alliance.

. Goodwill. The good image of the Alliance will bring goodwill and reputation

to Alliance members. The members will be proud of joining the Alliance, and
the goodwill of the Alliance will bring intangible benefits for its members at the
same time.

. Capacity for sustainable development. Alliance members will improve their

technical and energy saving capabilities through collaboration innovation. The
capacity for sustainable development will be transformed into business opportu-
nities, and is also an important part of alliance revenue.

As indirect benefits are difficult to carry out a quantitative assessment in a short

term, the benefits distribution model discussed in this article is mainly for direct
income.

2.2 Benefits Distribution Principles of Industry Technology

Innovation Strategic Alliance

Benefits distribution of industry technology innovation strategic alliance should be
guided by the following principles:

1.

Distributed in accordance with the contribution. Alliance members should be
proportional to the gain and input. The more input, the greater the gain. The
less investment, the less income. In considering the contribution of the Alliance
members, not only to consider the capital-based resource contribution, but also
consider those contributions of knowledge-based resources. The Alliance needs
to conduct a comprehensive and reasonable assessment of member’s investment.
This is the basis of the distribution of benefits.

. Distributed in accordance with the risk level. There are many uncertain risks

during the Alliance operation. In the design of the benefits distribution model, the
risks of each member should be fully considered. Higher risk members should be
considered given more compensation. This will help to encourage the member to
assume risk tasks actively.

. The full participation of the members in distribution. Due to the different

needs of different members, the benefit distributed completely in accordance
with a certain proportion mechanically is unscientific. This will lead to lower
satisfaction of alliance members. The Alliance should allow all members to
participate in the process of benefits distribution to take full account of their
needs.

. Mutual benefit and common development of all members. Due to the diversity

of the types of technology innovation strategic alliance revenue, it is difficult
to predict all possible types of gains in advance. So the contract signed at the
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beginning usually could not defined all possible forms of distribution, which may
lead to conflict of interests among members. For those revenue not explicitly
specified in the initial contract, the members of the Alliance should allocated
them in line with the principle of mutual benefit and common development.

3 The Model of Benefits Distribution of Industry Technology
Innovation Strategic Alliance

3.1 Basic Assumptions

In order to build the model, some assumptions and derivations are given below:

1. Revenue of completed project will be allocated, and the revenue of unfinished
project will be carried forward to the next year;
2. Set there are n members in an industry technology innovation strategic alliance,

N={1,2, ..., n}is acollection of all the Alliance members;
3. Let m represents the number of completed projects in a given year of the
alliance, M = {1, 2, ..., m} is a collection of completed projects in the year;

4. Set that both tangible and intangible resources invested by the members of the
Alliance can be valued. The tangible resources, including financial resources
(funds) and material resources (land, R&D equipment, raw materials, etc.).
Whereas the intangible resources, including human resources (R&D personnel,
management personnel, etc.), technical resources (technology patents and
technology innovative capacity), the management resources (company culture,
company policies, governance structure and incentive system, etc.) and social
relations resources (external collaboration capacity). Assume that the total
value of resources put into project j by member i is Ry, the total value of
resources put into the Alliance by member i is R;, and then the total value of
resources put into project jis R; = > i_, R;;, the total value of resources put
into the Alliance in the given yearis R = ) ;_, R;;

5. Let C represents the total costs of the Alliance’s research and development
activities in the given year, and obviously C < R. The investment of unfinished
project is not included in the total cost of R&D activities in this year. It will be
carried over to next year.

6. Let C, represents the total fixed costs of the Alliance, C; represents the total
costs of project j, Cj, represents the variable costs of project j, Cj, represents
the shared fixed costs of project j, and then we have that C = C, + Z’;’Zl Cip,
G =G + G

7. Let V represents the total revenue of the Alliance, V; represents the total revenue
of project j. When we spread fixed costs in accordance with the proportion
of project’s benefits in total revenue, we can get the expression of Cj: C; =

V.
7 Cs + Cjp;
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8. Let E; represents the net profit of project j, we have E; =V, — Cj;
9. Let Cjj represents the shared fixed costs of member i in project j, then we have
Cije = %ngé
10. Let Cyj, represents the shared variable costs of member i in project j, we know
that it is equivalent to R;; (the total value of resources put into project j by
member i), so we have Cjj, = R;;.

3.2 The Benefits Distribution Model Not Take into Account
the Risk Compensation

Based on the assumptions and derivation above, we can get the expression of net
profit of member i in project j below:

Cijg + Cijp

Ej=Ej—¢&
J

ey

We put the expressions of Ej, Cjjs, Cij» and C; which were derived in 3.1 into (1),
then the benefits distribution model not take into account the risk compensation can
be expressed as follow:

Vi ®v Ce T Rij
Ej = (V, — Vfcg —Cp )| (2)
vl + R;

3.3 The Benefits Distribution Model Consider the Risk
Compensation

To compensate the risks of the members, we must first assess the level of their risks.
According to the definition of risk, the level of risk is essentially a function of the
probability and loss severity of adverse events. That is, the greater the probability
of occurrence of the risk and the more severe the loss, the higher level of Alliance’s
risk.

Let P represents risk probability, L represents loss severity, the subscript f
denotes the risk event occurs, the subscript s represents the risk event does not occur,
then we have

Pr=1-P,L;=1-L,

As the risk factor K; is the likelihood estimation of the probability and loss
severity of risk events [15], so there is
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Ky=1-PLi=1-(1—-Pr)(1=Lys)=Pr+Ls—PrLy.

Let Kj; represents the risk factor of member i in project j, then the total risks of all
n

Alliance members in projectjis K; = Z K;;. The shared proportions of member
i=1

n
i in total risk of project is K,(j = % It is easy to draw that Z K{j = 1. And the
J
i=1
difference between shared proportions of member i and the average sharing of risk
n

in projectjis AK;; = Ki’j — % Obviously there is Z AK;; =0.

When AK;; > 0, it shows that the sharing of risk (’)f Ilnemberi in projectj is higher
than the Alliance’s average level. In this case, member i should be given positive
risk compensation. When AK;; <0, it shows that the sharing of risk of member i
in project j is lower than Alliance’s average level. Then member i should be given
negative risk compensation. The amount of the compensation given to the members
of positive risk compensation comes from the members of lower risk level than
average.

According to earlier assumptions, V; represents the total revenue of project j. Let
B represents the risk compensation value, then there is

Bij = AK,‘J' X Vj X . (3)

Where o (o <1) represents risk adjustment coefficient [16]. The coefficient
can adjust the amount of risk compensation. Its level is generally determined by
consultation with the members.

By (2) and (3), the benefits distribution model considers the risk compensation
can be given as follow:

v, R:/V/C +Rl}
E; Vi—=Cy—Cjp | —— + By;
= (V=) o
RV, + Ry
]
= C Cb)—+AKi'XV'X(X. (4)
( J VIC +R ] J

4 Empirical Analysis

Assume that one industry technology innovation strategic alliance has three mem-
bers: A, B and C. The three members developed two projects jointly in 2012. The
first project has finished during that time while the second project has not finished
and will carry over to the next year. The total fixed costs of the Alliance in 2012 is
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500 thousands yuan. The total revenue of the first project is 15 million yuan. The
value of investment of resources of A, B and C are showed in Table 1. The risk borne
by the member A, B and C is 4/15, 7/15 and 4/15 respectively. The risk adjustment
coefficient is 0.4.

Then we can calculate the available profit of member A, B and C by (4). The
results have already considered member’s risk compensation:

1,800 15,000
< 500—6 200) o sanox1so00 X 500 + 1,800

15,000
13008 % 500 + 6,200

15,000
15,000

Eqnl = (15,000—

4 1
+ (E - §) x 15,000 x 0.4 = 8,300 x 0.29 — 400 = 2,007

2,400x15,000
15,000 X 2000 X 500 + 2,400
Ep/ = (15, 000 — X 500 — 6, 200) x $200X05.000
15,000 2088 % 500 + 6,200
7 1
+ (15— 3) X 15,000 x 0.4 = 8,300 x 0.387 + 800 = 4,012

2,000x15,000
X 500 — 6 200) . s20x1s000 X 200 + 2,000

£33 x 500 + 6,200

15,000
15,000

Ec/ = (15, 000 —

4 1
+ (E — §) x 15,000 x 0.4 = 8,300 x 0.323 — 400 = 2, 281

As can be seen from the above calculation process, the three members firstly
share the net profit of the first project (total 8,300 thousands yuan) according to
their respective investments, and then get their risk compensation according to their
shared proportions of the risk. Because the shared risk proportion of member B is
higher than average, B will get risk compensation of 800,000 yuan. Whereas A and
C are required to come up with 400,000 yuan respectively as the risk compensation
of B, because the two members share the risk of below-average. The results reflect
the benefits distribution principle of coexistence of gains and risk.

5 Conclusion

In this paper, a benefits distribution model of industry technology innovation
strategic alliance is discussed. The model considers both investment of resources
and risk compensation of the Alliance members. This distribution mode makes
the Alliance members who share higher risk can get more compensation. It will
help to achieve the fairness of the Alliance’s benefits distribution. Through the
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establishment of a fair benefits distribution mechanism, the Alliance will be able
to motivate members to participate in cooperative technology innovation activities
actively, and will help to improve the stability and performance of the Alliance.

References

1. Chen Litai (2011) The Alliances of Industry, University and Research Institute and Regional
Science and Technology Development — Chongqing. Sichuan University Press, Chengdu,
pp 2-3

2. Cai Bing (2010) Innovation and Cooperation of Industry, University and Research Institute.
Guangdong Economic Press, Guangzhou, p 113

3. Das TK, Teng BS (1998) Resource and risk management in the strategic alliance making
process. J Manag 24:21-42

4. Das TK, Teng BS (2001) A risk perception model of alliance structuring. J Int Manag 7:1-29

5. Das TK, Teng BS (2003) Partner analysis and alliance performance. Scand J Manag
19:279-308

6. Das TK, Teng BS (2000) A resource-based theory of strategic alliances. ] Manag 26:31-61

7. Ji Yihua, Wu Wei, Zhu Qinghua (1999) The analysis of IUR cooperation benefits distribution.
R&D Manag 11(1):36-38

8. Guo Fenglan, Wang Xiaofeng, Zhou Pang (2004) Model of interest distribution inside the high-
tech industry community. J Hebei Univ Sci Technol 25(4):72-75

9. Luo Li, Lu Ruoyu (2000) Research on game model of IUR cooperation. J Ind Eng Eng Manag
14(2):1-4

10. Sun Dongchuan, Ye Fei (2001) The research for the negotiation model about the benefit
allocation of the dynamic alliance. Sci Res Manag 22(2):91-95

11. Gui Ping, Xie Kefan, Chen Jianfeng (2003) The negotiation and game in enterprises coopera-
tion. J Ind Eng Eng Manag 17(3):12-16

12. Jia Ping, Liu Lei (2003) Game analysis of enterprise dynamic alliance. J Prod Res
18(2):254-261

13. Luo Li, Lu Ruoyu (2001) Application of the Shapley value in the game model of the
cooperation of enterprises, colleges and institutes. J Soft Sci 15(2):17-19

14. Cao Xiaohua (2010) Research on benefit distribution of auto technology strategy alliance based
on game theory. Master of engineering dissertation in vehicles engineering, Hunan University,
China

15. Li Jinlin (2010) Risk management of weaponry development project. Harbin Engineering
University Press, Harbin, pp 73-74

16. Xing Lebin, Wang Xu, Xu Hongbin (2010) Research on risk compensation of benefits
distribution of industry technology innovation strategic alliance. J Stat Decis 26(14):63-64



Study on the Evaluation of Growth Capability
of High-Tech Enterprises in China’s Regional
Innovation System

Hai-chao Li and Xue-jing Chen

Abstract In the regional innovation system, high-tech enterprises integrate
varieties of effective resources through technology innovation, lead and effect other
enterprises technologies and economic development, and accelerate the whole
system to improve. The growth capability of high-tech enterprise is the main
factor to measure the comprehensive strength of regional innovation system as
it has become an important indicator to show the development degree of regional
innovation system. This article establishes an index system of evaluating the growth
capability of high-tech enterprise, and evaluates the growth capability of high-tech
enterprises in eight economic areas through osculating value evaluation method,
and puts forward some countermeasures to provide policy decision for the future
development of Chinese regional innovation system.

Keywords Evaluation ¢ Growth capability ¢ High-tech enterprise ¢ Regional
innovation system

1 Introduction

A regional innovation system, as an important part of the national innovation
system, was brought up in the late 1990s and highly emphasized by the academic
circle and the governments of many countries. The construction of a regional
invocation system is inseparable from the formation and development of industrial
clusters and different industries support the innovation system to various degrees.
A perfect regional innovation system tends to appear and develop where high-tech
enterprises gather earliest. In China’ regional innovation system, with the market
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as the main resource allocation mode, high-tech enterprises should have a central
position and serve as one of core subjects of technical innovation.

However, the actual situation is that due to the lack of understanding of high-tech
enterprises in the innovation system, the conditions and foundation that influence
the function effectiveness of high-tech enterprises are far from ideal. In view of
this, with high-tech enterprises in the regional innovation system as the research
subject of the paper, an evaluation index system for the growth capacity of high-
tech enterprises is established. An osculating value evaluation method is adopted
to evaluate the growing situation of high-tech enterprises in 8 comprehensive
economic areas so that the high-tech enterprises in each area can bring into play
their advantages, make up for their insufficiency, further improve the construction
of the regional innovation system and provide ideas and reference for the prosperity
and development of the regional economy.

2 Establishment of an Evaluation Model for Growth
Capacity of High-Tech Enterprises in the Regional
Innovation System

2.1 Basic Principle for Establishing an Evaluation Index
System

It is well known that high-tech enterprises are characterized by high technology,
input, profitability, risk and short life cycle and the high-tech enterprises in the
regional innovation system feature a more complex operation mechanism and
environment background in their development process. Therefore, the evaluation
index system for the growth capacity of high-tech enterprises in the regional
innovation system needs to follow the principles below [1].

2.1.1 Principle of Systematic and Scientific

The selection of indexes should be able to reflect the connotation and law of
high-tech enterprises and the evaluation index system must feature integrity and
systematic, so the evaluation index system for growth capacity of high-tech
enterprises should be hierarchical, with contents covering the market, R&D, and
finance of enterprises [2]. At the same time, as the growing situation of enterprises
involve many factors, how to realize high-level abstraction and sum up and extract
the most important and the most representative indexes is the key and difficulty
involved in designing an index system. One-sided pursuit of comprehensiveness
will result in too many indexes, causing illusion and confusions in judgment and
easily lead to distortion of evaluation results [3].
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2.1.2 Principle of Practicality and Operability

The data required for an evaluation index system should be easy to investigate
and collect and consistent with existing accounting indexes, statistical indexes and
business accounting indexes [4]. The data should be obtained from statistical data as
much as possible or obtained by processing existing data. Under the guidance of the
principle of practicality, the evaluation index system for growth capacity of high-
tech enterprises and comprehensive evaluation methods should be able to be used
for conducting scientific quantitative evaluation and ranking of growth capacity of
high-tech enterprises in a number of regional innovation systems.

2.1.3 Principle of Guidance and Development

An evaluation index system for growth capacity of high-tech enterprises is estab-
lished with a view to tap various resources that enterprises haven’t effectively
controlled and diagnose various production organization elements of enterprises
to guide effective resource allocation of enterprises and promote the perfection
and development of a regional innovation system. At the same time, traditional
enterprise growth evaluation has the past and current situation of enterprises as
the subject in most cases, while the evaluation of growth of high-tech enterprises
in the regional innovation system not only involves the consideration of the past
and present situation of enterprise but also pays more attention to the further of
enterprises [5]. Therefore, it is necessary to comprehensively consider the survival,
development and continuous innovation capacity of enterprises while designing an
evaluation index system for growth capacity of high-tech enterprises.

2.2 Establishment of an Evaluation Index System

An evaluation index system for growth capacity of high-tech enterprises is estab-
lished from two aspects, survival and development capacity and sustainable inno-
vation capacity, by following the basic principles for establishing an evaluation
index system for growth capacity of high-tech enterprises [6], with four dimensions
(financial strength, market competitiveness, research and development strength
and new product competitiveness) reflecting the growing situation (as shown in
Table 1 [7]) of high-tech enterprises in the regional innovation system, with specific
calculation formulas of indexes as follows:

1. Survival and development capacity indexes

Sales revenue growth rate = (sales volume at the end of investigation — sales
volume at the beginning of investigation)/sales volume at the beginning of
investigation.
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Table 1 Evaluation index system for growth capacity of high-tech enterprises in the regional
innovation system

Level 1 index Level 2 index Level 3 index Level 4 index
Growth capacity Survival and Financial strength Sales revenue growth rate
of high-tech development Net profit growth rate
enterprises capacity
Market Market share
competitiveness Export sales revenue proportion
Sustainable Research and Proprietary technology
innovation development proportion
capacity strength R&D personnel proportion
R&D fund proportion
New product New product sales revenue
competitiveness proportion
New product development fund
proportion

Net profit growth rate = (net profit at the end of the current period — net profit at
the end of the previous period)/net profit at the end of the previous period
Market share = product sales revenue/total product sales revenue in the same
industry

Export sales revenue proportion = total export volume/enterprise product sales
revenue

2. Sustainable innovation capacity index

Proprietary technology proportion = number of enterprise proprietary technolo-
gies/total number of proprietary technologies

R&D personnel proportion = R&D personnel/employment personnel

R&D fund proportion = R&D fund/sales revenue

New product sales revenue proportion = new product sales revenue/total sales
revenue of enterprise products

New product development fund proportion = new product development fund/
new product sales revenue

2.3 Evaluation Model for Growth Capacity of High-Tech
Enterprises

Based on the evaluation index system for growth capacity of high-tech enterprise, an
appropriate evaluation method is selected to conduct comprehensive evaluation in
order to increase the objectivity, practicality and authenticity of evaluation through
rational and accurate processing of data and maximum used an objective method.
In this paper, an osculating value evaluation method which intended to look for a
decision-making point closest to the strongest point and farthest from the weakest
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point [8]. The weight of the method is based on the information contained in
the data instead of subjective weight, and the method can meet the data property
requirements of indexes, without involving the issue whether indexes are relevant,
featuring strong recognition capacity, simple and clear calculation process and more
objective and impartial evaluation results.

The osculating value evaluation method is an optimal method in Systems
Engineering. Its basic idea is to determine “the strongest point” and “the weakest
point” of each evaluation index of the object to be evaluated first, then compare the
distance between the object to be evaluated and “the strongest point” & “the weakest
point” of each evaluation index and finally calculate the osculating value [9].

2.3.1 Establishing and Standardizing Index Matrix

Take Value a;; for the program set A; (i=1, 2, ..., m) under the index S; (j =1,
2... n) and obtain the index matrix A= (a,./. )m><n' Due to numerous indexes
involved in the program and complicated relationships between numerous indexes,
the difference between positive indexes (the higher the index value, the stronger
the capacity) and reverse indexes (the higher the index value, the weaker the
capacity) and different dimension of each index, the index matrix is standardized
for convenient comparison [10].

When j is a positive index (1)

When Cj; is a negative index (2)

A standardized index matrix X = (x;j),, x » is obtained [11].

2.3.2 Determining the Strongest Point and the Weakest Point
of the Program Set

Set: xj+ = max {x;},

X~ = min {xij}(jzl,Z,...,n) 3)
The strong point set: A* = (X, X5, ..., X))
The worst point set: A~ = (X7, X5, ..., X))

A satisfactory program is to find out a decision-making point closest to the
strongest point and farthest from the weakest point in the decision-making point
set [12].
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2.3.3 Calculating the Osculating Value of Each Program
The osculating value of Program A; is:
C; =d,-+/d+—di_/d_ 4)

Where:
ar =3 (v 1) ] ®

n

4= (v —xt) ] ®)
d* = min (di+) , d~ = max (di_) @)

dl.+ and d; indicate the Euclidean distance between program A; and the optimal
program A" and the distance between program A; and the worst program A~
respectively. d* and d™ indicate the minimum value of m strongest point distances
and the maximum value of m weakest point distances. The value of C; reflects the
degree to which the program set deviates from the strongest point. When C; > 0, A;
deviates from the strongest point, the larger the value, the larger the deviation; when
C; =0, A; is the closest to the strongest point. With the value of C; as the decision
criterion, the program with the minimum value of C; is a satisfactory program.

3 Evaluation and Analysis of Growth Capacity of High-tech
Enterprise in China’s Regional Innovation System

Eight comprehensive economic areas (as shown in Table 2) are selected as samples,
with an osculating value method used to conduct comprehensive evaluation and
analysis of the growth capacity of high-tech enterprises in China’s regional innova-
tion system [12]. The original data of the 8§ comprehensive economic areas are as
shown in Table 3, in which all indexes are positive indexes [13].

Due to different dimensions of indexes, the data in the table are standardized
using formulas (1) and (2) in the model, with standardized values obtained (as shown
in Table 4).

The strongest point and the weakest point can be obtained using formula (3) and
the data in Table 5: AT = (X, XF,..., X;"), A== (X7, X5,.... X;), as shown in
Table 5.
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Table 2 Eight comprehensive economic areas in China

261

Eight
comprehensive
economic areas

Northeast comprehensive
economic area

North coastal comprehensive
economic area

East coastal comprehensive
economic area

South coastal comprehensive
economic area

Yangtze River middle-reach
comprehensive economic area

Yellow River middle-reach
comprehensive economic area

Large southwest comprehensive
economic area

Large northwest comprehensive

Liaoning, Jilin, Heilongjiang
Tianjin, Hubei, Shandong, Beijing
Jiangsu, Shanghai, Zhejiang
Hainan, Fujian, Guangdong
Anhui, Jiangxi, Hubei, Hunan
Shaanxi, Shanxi, Inner Mongolia,
Henan
Chongqing, Sichuan, Guizhou,

Yunnan, Guangxi
Gansu, Qinghai, Ningxia, Sinkiang

economic area and Tibet
Table 3 Original data of eight economic areas
Index sal New |
Sales Net Export . New product
revenue profit Market sales Pro}f:ellary R&D 1 R&D fund P roc]iuct development
growth growth share revenue technology personne proportion sales fund
rate rate proportion proportion proportion revem}e proportion
Economic area proportion
Northeast
comprehensive 0.1869 03156 0.0357 0.1739 0.0291 0.0461 0.0211 0.1182 0.2131
economic area
North coastal
comprehensive 0.0587 02293 0.1697 0.3450 0.1300 0.0499 0.0160 0.3270 0.0486
economic area
East coastal
comprehensive 0.0395 -0.0256  0.3548 0.5991 0.2473 0.0453 0.0127 0.2040 0.0742
economic area
South coastal
comprehensive 0.0399 0.5031 0.3149 0.6430 0.4671 0.0501 0.0183 0.2250 0.0910
economic area
Yangtze River
middle-reach 02024 02723 00473 0.1363 0.0515 0.0570 0.0204 0.1968 0.1329
comprehensive
economic area
Yellow River
middle-reach 01745  0.1628 00330  0.0755 0.0326 0.0554 0.0206 0.1378 0.1713
comprehensive
economic area
Large southwest
comprehensive 0.2335 0.1713  0.0425 0.1233 0.0393 0.0569 0.0188 0.3137 0.0742
economic area
Large northwest
comprehensive 0.1137 0.1226  0.0021 0.0926 0.0031 0.0534 0.0231 0.2319 0.1308

economic area

Source of Data: 2010 High-tech Industry Yearbook, 2010 Science and Technology Yearbook

Based on (5) and (6), dl.+ and d; can be calculated, and the osculating value of
each area can be obtained through calculation based on (4) (as shown in Table 6).

Based on the osculating value, the total score ranking for growth capability of
eight comprehensive economic areas high-tech enterprises is conducted (as shown
in Table 7).
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Table 4 Standardized data of eight economic areas

Index New
Sales Net Export - New product
revenue profit Market sales Proprictary R&D R&D fund pr‘(')duvcl development
o technology personnel . sales
growth growth share revenue . . proportion fund
N . proportion proportion revenue .
rate rate proportion . proportion
E . propomon
conomic area
Northeast
comprehensive 03941 04252 0.0699  0.1766 0.0529 03134 03899 0.1817 0.5883
economic area
North coastal
comprehensive  0.1237 03089 03326 03504 02364 03397 0.2951 0.5027 0.1341
economic area
East coastal
comprehensive  0.0832  -0.0344  0.6955  0.6084 0.4498 03085 02351 03137 02049
economic area
South coastal
comprehensive 00840 06778  0.6172  0.6530 0.8495 03410 03388 03459 02513
economic area
Yangtze River
middle-reach 06165 03669 00927  0.1384 0.0937 03876 03775 03026 03669
comprehensive
economic area
Yellow River
middle-reach 03679 02193 00647  0.0766 0.0593 03772 03811 02119 0.4730
comprehensive
economic area
Large southwest
comprehensive 04924 02307  0.0834  0.1252 0.0715 03875 0.3480 04823 0.2049
economic area
Large northwest
comprehensive 02398 01652 0.0041  0.0940 0.0057 03637 04266 03565 03612
economic area
Table 5 Strongest and weakest points of the evaluation system
Index j=12,...9 xf X
Sales revenue growth rate 1 0.6165 0.0832
Net profit growth rate 2 0.6778 —0.0344
Market share 3 0.6955 0.0041
Export sales revenue proportion 4 0.6530 0.0766
Proprietary technology proportion 5 0.8495 0.0057
R&D personnel proportion 6 0.3876 0.3085
R&D fund proportion 7 0.4266 0.2351
New product sales revenue proportion 8 0.5027 0.1817
New product development fund proportion 9 0.5883 0.1341

According to the osculating value of each economic area, the eight economic
areas can be divided into three classes:

1. Excellent-class growth capacity area: with osculating value between 0 and
1, including South Coastal Comprehensive Economic Area and East Coastal
Comprehensive Economic Area [14], where the overall growth level of high-tech
enterprises is in the front rank, with significant advantages.

2. Fair-class growth capacity area: with osculating value between 1 and 1.5, includ-
ing North Coastal Comprehensive Economic Area, Yangtze River Middle-reach
Coastal Comprehensive Economic Area, Northeast Comprehensive Economic
Area and Large Southwest Comprehensive Economic Area, where the growing
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Table 6 Distance between the strongest point and the weakest point and obtained osculating value

of each economic area

Economic area Index d,-Jr d; C

Northeast comprehensive economic area 1.2149 0.7449 1.3069

North coastal comprehensive economic area 1.0972 0.6807 1.1746

East coastal comprehensive economic area 1.0858 0.9902 0.9374

South coastal comprehensive economic area 0.6616 1.4070 0.0000

Yangtze River middle-reach comprehensive 1.1779 0.7485 1.2484
economic Area

Yellow River middle-reach comprehensive 1.3139 0.5421 1.6007
economic area

Large southwest comprehensive economic 1.2757 0.6042 1.4988
area

Large northwest comprehensive economic 1.4074 0.4319 1.8203
area

Table 7 Evaluation result of growth capacity of high-tech enterprises

Economic area Index C Ranking

South coastal comprehensive economic area 0 1

East coastal comprehensive economic area 0.9374 2

North coastal comprehensive economic area 1.1746 3

Yangtze River middle-reach comprehensive 1.2484 4
economic area

Northeast comprehensive economic area 1.3069 5

Large southwest comprehensive economic 1.4988 6
area

Yellow River middle-reach comprehensive 1.6007 7
economic area

Large northwest comprehensive economic 1.8203 8

area

situation of high-tech enterprises lags behind the excellent-class growth capacity
area, however, with some advantages [15].
3. Poor-class growth capacity area: with osculating value greater than 1.5, including
Yellow River Middle-reach Comprehensive Economic Area and Large Northwest
Comprehensive Economic Area, where the growing situation of high-tech enter-
prises is poor and the situation is not optimistic.

4 Conclusion

An osculating value method is used in the evaluation of growth capacity of high-tech
enterprises in the regional innovation system in the paper, eliminating the evaluation
deviation caused by subjective factors to avoid the relevance issue between indexes,
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featuring simple and clear calculation process, strong operability and feasibility and
scientific and fair evaluation results, which makes it a simple optimal method for
evaluation of growth capacity of high-tech enterprises [16].

The comprehensive evaluation and analysis of eight comprehensive economic
high-tech enterprises provide corresponding ideas for the construction of a regional
innovation system and the development of regional economy in China:

1. Excellent-class growth capacity area: maintain the leading position, elevate
comprehensive technical content of products, actively conduct independent
innovation, improve the continuous innovation capacity of high-tech enterprises
and bring into full play the competitive advantages of high-tech enterprises at the
same time, integrate various regional resources [17], make use of the agglomera-
tion effect of high-tech enterprises and fully pull the rapid development of other
relevant industries in the regional innovation system.

2. Fair-class growth capacity area: on the one hand, actively learn development
experience from the excellent-class growth capacity area, implement effective
measures conducive to the growth of high-tech enterprises, but on the other
hand, have to courage to conduct management innovation, market innovation
and technical innovation, actively improve the market environment and enterprise
interior environment, improve the market competitiveness [ 18] of enterprises and
gradually narrow the gap between the fair-class growth capacity area and the
excellent-class growth capacity area [19].

3. Poor-class growth capacity area: actively improve backward situation, find out
the bottle neck faced by the development of enterprises, positively create con-
ditions to make breakthroughs and meanwhile select high-tech industrial fields
based on the local advantageous environment, realize priority breakthroughs
and cultivation and practically enhance the R & D capacity and comprehensive
strength of high-tech enterprises [20]. At the same time, bring into full play the
service role of the government in the regional innovation system, strengthen the
support for high-tech enterprises and provide power policy support.
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Determinants of Revenue of Personal
Income Tax in Vietnam

Nguyen Huu Cung, Qi-shen Zhou, and Hua Liu

Abstract Revenue of personal income tax has been accounting for a higher and
higher proportion in Vietnam’s total tax revenue. The purpose of this article is to
combine some different methods to find the causes of this issue. The authors find
that the growth rate of this tax depends on economic growth, perfection of tax law,
professionalism of the tax authority system and some other factors. In which the
increase of GDP/GDP per capita is the most important factor. In addition, the authors
also find that the annual average burden of this tax in the applied period of the
Ordinance is nearly 2.34 times lower than the applied period of the Law.

Keywords Economic growth e Personal income tax ¢ Tax collection ¢ Tax
burden

1 Introduction

The application of the personal income tax occurs in two trends: firstly, if the
personal income tax burden is reasonable, it will be likely to stimulate economic
growth and increase the state budget revenues; secondly, if the personal income
tax burden is excessive, reverse effects will be likely to appear [1]. Thus, many
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economists will agree with the ideal of “high taxes are bad for economic growth”.
However, the evidences found in many studies shows that this ideal is not necessarily
obvious, either in theory or in the data [2].

Vietnam also has applied the personal income tax Law. When this Law comes
into effect, revenue has been increasing constantly over the years. Nevertheless, the
personal income tax Ordinance for high-income earners was applied before 2009,
its perfection level was not secured, revenue from this tax was lost. The loss of tax
revenue is also due to the tax evasion initiative of many subjects. The recent research
on enterprises in some provinces of Vietnam also showed that the tax evasion was
very popular in the private enterprises without official registration [3, 4].

The purpose of this article is to clarify the influence of factors for the personal
income tax revenue. Simultaneously, this paper proves two hypotheses: Firstly,
citizens were overburdened by the personal income tax in recent years. Secondly,
the average tax burden in the implementation period of the Ordinance is lower than
the implementation period of the law.

2 Theoretical Framework

Tax collection is to increase the State budget revenues to meet the spending demands
of Government. The spending demands of Government also aim to regulate the
society and the economy to be in the right way and develop to higher ladders.
However, the sphere of influence of taxes not only consider who will bear the tax
burden, but also pay attention to who will receive benefits from expenditures funded
by tax revenues [5]. For each country, it is hard to determine how much the tax
burden level is optimal. In fact, so far, the optimal tax theory provides little practical
guidance to determine a reasonable tax rate for a country [6]. Within the scope of
this article, the authors will introduce the main contents of the Laffer curve theory
that the authors have introduced in another article [7], and now would like to use the
entire contents of which.

The supply side economics expressed perspectives aiming at using tax instru-
ments to stimulate economic growth. Delegate for the supply side economics is A.
Laffer economist. He gave the theoretical curve reflecting the dependence between
tax rate and total tax revenue, called the Laffer curve. Based on the theoretical curve,
A. Laffer proved that raising taxes in America had had a negative impact on the
social production. From the critical analysis, the author of the doctrine concluded:
with the tax rate determined reasonably, total tax revenue is maximized. Specifically
see Fig. 1 below:

In the Figure of the Laffer curve, the vertical axis shows total tax revenue
(denoted by T), the horizontal axis shows tax rate (denoted by t). At the point O, the
tax rate is 0 %, achieving the highest consensus of society, but the Government does
not get any tax money. When the government applies the tax rate at the point A’, the
growth rate of tax revenues is the highest, total tax revenue of the Governmentis Tap
corresponding to the point A located on the Laffer curve with the people’s consensus
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Fig. 1 The Laffer curve
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reach. When the tax rate rises from point A’ to point E/, the total government’s tax
revenue is the highest (Tp,x) matching with the equilibrium point E, but the growth
rate of tax revenues is declining, and the consensus of the people reduces up. If the
government applies excessive tax burden, the tax rate is beyond the point E’, the
total tax revenues of the government are not only without increase but also decrease
with sharp fall in the consensus of the people. Also, the pressure on high tax costs
makes the scale of investment, production and business narrow, so economic growth
decrease. If the government taxed at the point D corresponding to 100 % tax rate,
the Government would not get any tax money, because the activities of investment,
production and business of the society are suspended.

3 Overview Analysis

3.1 Determinants

The efficiency of total tax revenue collection in overall and the personal income tax
revenue collection of Vietnam in particular have been enhanced in terms of both
quantity and quality. Although the effective level was not achieved as expected, the
loss of tax revenue has been happening, many new income sources have not to be
added into the Law etc., the tax law still has gained some certain achievements over
the years. Nevertheless, the causes of these problems include:

Firstly, Vietnam is a country with relatively high GDP growth rate, thus, the
income per capita has also increased rapidly. The fact shows that there is such a high
part of the population who does not only get a living standard for each individual
and all family, but also retain capital to save or re-investment, or in many cases these
kinds of incomes are not subject to pay the personal income tax. Also, due to the
rapid development of the Vietnamese economy, many new jobs have been generated,
from that the people have more opportunities in finding a job and raising income.
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Simultaneously, the slow adjustment in terms of the reduction level of taxpayers and
family-circumstance reduction level, according to the change of actual expenditure
demand and the rise of the consumer price index, leads to an increasing number of
taxpayers and people who are arranged into a higher tax rate level. Thus, reality in
Vietnam in recent years has shown that the personal income tax revenues have been
increasing mainly thank for the economic growth and GDP per capita.

Secondly, the personal income tax Law has been increasingly perfected. Espe-
cially, since 2009, the high-income tax Ordinance replaced by this tax Law, many
new income sources has been adjusted in the Law that previously the Ordinance
has not adjusted, such as income from franchise transfer activities, prize-winning,
promotion programs, gifts, etc. In addition, the personal income tax Law has also
received a number of incomes (income from business activities, income from the
transfer of real estate, etc) from other tax laws (tax on corporate income, tax on
transfer of land use right).

Thirdly, the organizational structure of the tax authorities is increasingly geared
towards the professional, so the effectiveness of tax collection and tax revenue
management is up. Especially, Vietnam has been developing the system of tax agents
and to be implementing several measures to improve the operation capability. The
tax agents have continuously contributed to the improvement of efficiency of the tax
revenues generally and the personal income tax revenues particularly. However, up
to now, Vietnam has only 83 tax agents, 935 people having professional certificates.
These numbers are too small compared to the target of 2015 in which the whole
country will have 3,000 tax agents with about 24,000 employees corresponding
under the plan of tax system reform in period 2011-2015 [8].

Fourthly, the application of information technology for the collection and the
management of the personal income tax revenue are also gradually improved. The
requirements for reporting and statistic are arranged in a systematic way. Long time
in the Vietnamese society, the economic transactions have mainly conducted in
cash, affecting the personal income tax collection. Nevertheless, in recent years,
this traditional payment method is gradually replaced by payments through banking
systems, therefore, the incomes of citizens are under tightly control, contributing to
the avoidance of the loss of revenue sources. Vietnam has been actively reforming
administrative procedures and innovating tax management process in recent years,
making the amount of voluntary taxpayers increased, which in turn helps to raise
the personal income tax revenue, etc.

Fifthly, there is another important factor affecting the personal income tax
collection, which is consumer price index (CPI). However, according to the research
of the authors, CPI was not clearly having an impact on total revenue of this tax.
Because, practice in Vietnam, in the implementation period of the Ordinance or the
Law, the reduction level was not adjusted according to the fluctuation of CPI, so CPI
seems to be disabled. For example, from 2009 to present, the personal income tax
law began to replace the high-income tax ordinance, the deduction level which is
VND 4 million/month (48 million/year), for one taxpayer and 1.6 million/month for
one dependent still does not change. While the first 2 years of implementation
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Table 1 The personal income tax revenue of Vietnam

2010 The first 6 months of 2011

Indicators Billion VND  Rate % Billion VND  Rate %
Total: 26,128 100 19,281 100
Revenue from salary, wage 19,326 73.94 15,235 79.00
Revenue from production and business 1,359 5.20 746 3.87
Revenue from capital investment 660 2.52 732 3.79
Revenue from capital transfer 205 0.78 82 0.42
Revenue from transfer real estate 3,394 12.98 1,846 9.59
Revenue from prize winning 1,126 4.30 599 3.11
Revenue from copyright 8 0.03 4 0.02
Revenue from inheritance, gift

(excepted real estate) 10 0.038 2 0.01
Other 40 0.15 30 0.16

Source: General Department of Taxation, Vietnam

(2009, 2010), the CPI has increased by nearly 18 %; if to calculate from the
beginning of construction of the Law, the CPI has risen over 54 % [9]. Thus, we
can eliminate this factor from those affecting the personal income tax revenues.
However, this factor has explained relatively clearly that Vietnamese citizens are
overburdened by the personal income tax law. The inadequacies of the current
personal income tax law are creating an image of an artisanal and unfair tax law
[10]. To prove this assertion, we see the data Table 1 above.

Table 1 shows us the following three highlights: First, the personal income tax
law of Vietnam in recent years has still not ensured social justice, because the
number of 75 % of tax revenues from salaries, wages is too high, while all the
remaining revenues are only accounted for about 25 % of total personal income
tax revenues. Second, the fact shows that although incomes from production and
business activities are so much, Vietnam has still not exploited effectively these
revenues, causing losses of tax revenues. Third, since tax revenues are mainly from
salaries, wages, the deduction level is too low compared with the demand of reality.
Meanwhile, the CPI has increased rapidly in recent years, so the personal income
tax Law of Vietnam showed artisanal.

To solve this issue, Vietnam has made a suitable response by adjusting the
deduction for taxpayers from VND 4 million/month (VND 48 million/year) to
VND 9 million/month (VND 108 million/year), increasing 225 %; family cir-
cumstance reduction for each dependent from VND 1.6 million/month to VND
3.6 million/month, increasing 225 %. These changes will be officially applied on
07/01/2013. Certainly with these deduction levels, the living standard, saving or re-
investment ability of citizens can be improved compared to previously. However,
the effect of this action is the immediate reduction of state budget revenues. After
applying the deductions above, the tax regulation levels are expected reduced at
all levels. In which 100 % of the taxpayers at level 1 will be tax-free, 72 % of
the taxpayers at level 2 will be switched to level 1, and so as for all remaining
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levels. The state budget is reduced about VND 5,200 billion in the last 6 months of
2013 and about VND 13,350 billion in 2014 [11]. This actual problem happens in a
developing country like Vietnam also consistent with the theory of A. Laffer.

3.2 The Relationship Between GDP and Revenue of Personal
Income Tax

In this article, the authors will mainly focus on how the GDP impacts on the personal
income tax revenue. Because even if other factors are perfect and GDP does not
reach a high level of growth, so average income of citizens is also difficult to cover
for both the full living expenses and tax payment.

Practice in Vietnam shows that the value of GDP and the personal income tax
revenue have increased rapidly in both absolute and relative numbers. Review on
relative values, the personal income tax revenue in 2002 increased about 21.23 %
compared with 2001, similarly 2003 increased about 26.22 %, 2004: 19.32 %, 2005:
20.25 %, 2006: 22.32 %, 2007: 43.17 %, 2008: 74.51 %, 2009: 10.65 %, 2010:
83.6 %, and 2011: 41, 36 %; the annual average rate of the period 2002-2011 was
about 36.26 %. Also during this period, the GDP growth rates were all positive
numbers ranging from 6.0 to 8.5 %. The specific data for each year: 7.08, 7.34,
7.79, 8.40, 8.23, 8.46, 6.31, 5.32, 6.78, 5.89 %. Such high growth rates like that
have become the most important reason for the increase of the income per capita.
The average of the period 2002-2011 increased about 17.32 %, specific data for
each year: 14.21, 13.17, 15.18, 15.99, 14.76, 16.21, 27.89, 10.97, 18.21, 26.64 %.
Through the analysis of these data, we can see that the average growth rate of the
personal income tax revenue in the period 2002-2011 was higher than the growth
rate of GDP and GDP per capita. Thus, the excessive personal income tax burden has
been happening in Vietnam. Review on absolute value, we see the following Fig. 2.
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If we compare the implementation phase of the high-income tax ordinance
(2002-2008) and the personal income tax law (2009-2011), we will see a large
difference. The annual average growth rate of tax revenue in the period 2002—-2008
was 32.43 %, in the period 2009-2011 was 45.20 %. Corresponding with the two
above phases, the annual average economic growth rate was approximately 7.65
and 5.99 %, the annual average growth rate of GDP per capita was about 16.77 and
18.61 %. From this analysis, we can conclude that the personal income tax burden
is different between the two phases, the average tax burden of the applied period
of personal income tax law was higher than the applied period of high-income tax
ordinance.

4 Empirical Analysis
4.1 Model and Results

The OLS method is applied to perform an analysis on the simple linear regression
between total personal income tax revenue and GDP at current prices in Vietnam.
In which GDP at current prices is an independent variable, total personal income
tax revenue (TAX) is dependent variable. The time period is from the year 2002 to
the year 2011. The data sources are from the Ministry of Finance and the General
Statistics Office. The regression model has the following format:

A A
TAX; = B1 + B.GDP; + i, (1)

The authors use Eviews software. After conducting, the table of regression results
shows that the value d of Durbin-Watson test is 0.776947. While the sample numbers
n = 10, number of independent variables in the model k’ is 1, inferring di. = 0.879
and d, = 1.320. Due to d < d,,, the model has the autocorrelation phenomena grade
1. Therefore, we need to test autocorrelation phenomena based on the consideration
of the remainder e, depends on its latency or not. The autocorrelation test grade 1
by the accessories regression.

The model has not the block coefficient:

g = Q18] + Uy (2)

The model has the block coefficient:
€ = 0p + O &—1 + V¢ 3)

Regression results of the model (2):

E(—1) = 0.552144, DW = 1.502491
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Regression results of the model (3):
E(—1) = 0.544125, DW = 1.499157

The autocorrelation phenomena will be overcome by using the general differen-
tial equation:

A N A A A A
TAX, + OTAX,—1 = B, (1= 5) + B, (GDP, = pGDP—1 ) + (1 — ppri—1) (4)

Through the DW statistics and the accessories regression of two models (2) and

(3), the correlation coefficient estimation grade 1 ;A) =~ (.55, to substitute into the
general differential equation (4):

A A
TAX, + 0.55TAX,_; = B, (1 — 0.55) + B, (GDP, — 0.55GDP,_,)
+ (e — 0.551,_1) (5)

After performing the operation, the regression equation of the form:

TAX + 0.55TAX,—; = —6,678.297 (1 — 0.55) + 0.020162 (GDP, — 0.55GDP;_;)
(6)

t=(—4.191801) (10.10961)
p_value = (0.0041) (0.0000)
R? =0.935900

F-statistic = 102.2043
Durbin-Watson = 1.894767

According to the results of this regression, the differential model has not autocor-
relation phenomena grade 1. The p_value is too small compared to the significance
level o =5 %. The mark of the block and slope coefficients of the differential
model is consistent with the economic rule. After the change of variables, the block
coefficient estimate of the differential model is —6,678.297, therefore the block

A
coefficient estimate of the model (1): 8; = [—6,678.297/(1 —0.55)] = —14,840.66,
A
the slope estimate of the original model §, = 0.020162. Thus, the model (1) takes

the following form:

TAX = —14,840.66 4 0.020162 GDP @)

A
Conclusion: For 81, when the economy does not work, the GDP value by 0, income

AN
per capita also by 0, the personal income tax revenue by 0. For §,, with 95 %
reliability, considering an average year in the period 2002-2011, when GDP at
current prices was increased up 1 billion VND, the personal income tax revenue
would increase 0.020162 billion VND.
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4.2 Testing When the Independent Variables
Are Added into the Original Model

We will draw the graph of Y by X (Fig. 3).

The graph of the first phase from 2002 to 2008 (corresponding to 7 left points) is
less steep than the later period from 2009 to 2011 (corresponding to 3 right points).
This also coincides with the two periods analyzing above: the application period of
the high-income tax ordinance and the application period of the personal income tax
law. Thus, due to the period factor is qualitative, we will add a dummy variable in
the regression model .

Set D is dummy variable: D = 0 with the observation 2002-2008. D = 1 with the
observation 2009-2011. The regression model of the form:

N N N VAN
TAX = B1 + B> GDP + 83 D + B4D x GDP + 1, ®)
The first period:
AN VAN
TAX = B1 + B2 GDP + u, )
The later period:
A A A A
TAX = (,31 + ,33) + (,32 + ,34) GDP + (10)

The authors are using Eviews software. But in the Eviews program, the D dummy
variable name is not accepted, so to use the name is D1.
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The regression equation (8) has the form:

TAX = —4,245.822 4 0.010841 GDP — 22,139.31 D 4 0.014548 D x GDP

1D
The regression equation (9) has the form:
TAX = —4,245.822 4 0.010841 GDP 12)
The regression equation (10) has the form:
TAX = —26,385.132 + 0.025389 GDP (13)

t=(—2.55364) (6.191260) (—4.428682) (5.094612)
p_value = (0.0000) (0.0008) (0.0044) (0.0022)

R? =0.990099

F-statistic = 200.0078

Durbin-Watson = 2.800471

The data in the table of regression results show that the mark of the block and
slope coefficients of the differential model is consistent with the economic rule. The
p_value is too small compared to the significance level « =35 %. According to the
results of this regression, the model has not the positive autocorrelation phenomena
grade 1.

AN
Conclusion: For the period 2002-2008, §, =0.010841 indicates when GDP at
current prices increases VND one billion, the personal income tax revenue will

A
increase VND 0.010841 billion. For the period 2009-2011, B, = 0.025389 shows
when GDP at current prices increases VND one billion, the personal income tax
revenue will increase VND 0.025389 billion.

From the two above conclusions, we can confirm that when GDP at current prices
increases by one billion, total average tax revenues for the period 2002-2008 will
be about 2.34 times lower than that of the period 2009-2011. This means that the
personal income tax burden when the tax law is implemented is higher than that of
the implementation of the tax ordinance.

5 Conclusion and Discussion

The findings of this article are suitable with the theoretical model of A. Laffer. The
theory curve of A. Laffer pointed out that when the government overburdens citizens
with tax lasting for a long time, this, in turn, will have bad impact on the economy
and society. Practice in Vietnam has proved took that in recent years.
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The personal income tax burden of Vietnam is the highest tax burden compared

to other countries in the region or not? For this issue, the authors will study in the
relationship with other countries, especially countries with similar developmental
conditions.
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The Research of Inter-firm Network
Organizations’ Embedded Risk Based
on Grounded Theory

Zheng-yin Peng and Tian Cao

Abstract Asymmetric information and bounded rationality of individuals, bring
the firm network organization a number of risks, influence individual and a good
run in the network organization and overall network efficiency improvements.
The paper enable people to have in-depth knowing and more comprehensive
with the phenomenon of embed risk in firm network organizations, providing
members guidance. This study begins with the perspective of network organizations
embedded, taking CNRO Science-Technology Development Co. Ltd. as an example
to have three research, collecting a certain depth and breadth of the scientific method
in accordance with grounded theory, the information of CNRO collected, posted 175
labels given to the concept and tagged 103 referential phenomenon, and construct
the 103 expression of the concept of a theme words, and finally, the essay extracted
from the 61 areas, namely, the second class keywords. In the course of the study,
analysis each decoding the data, the conclusion that the theory rooted in the data
extracted from the network organization are four main embedded risk.

Keywords Embedded risk ¢ Grounded theory ¢ Inter-firm network organization

The cooperation between the modern firm has a prominent network features, there
is no internal mandatory and authority, and it’s impossible to be control by price
mechanism itself. The relationships between the members of the network mainly
relay on informal price mechanism to coordinate. Thus, it poses a potential threat
to the network operations. In the firm network embedded process, the uncertainty
of the individual as well as the overall, and the degree of information sharing, the
complexity of the various factors, all of them lead to the generation of network risk
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and its superposition. If firm network organization want to enhance competitiveness,
and enhance their own ability to resist risks, first of all is to explore the state of risk
that may exist in the network organization embedding process.

1 Embeddedness and Network Organizations
Embedded Risk

Embeddedness including relation embedded and structure embedded. Relation
embedded is that network participants, based on the quality of bilateral trading, on
account of reciprocity expectation, attach importance to each other’s demand, target
extent and behavior in the course of action (Such as credit, trust and information
sharing on) [1]. It emphasizes the function of direct connection, that as a mechanism
for the exchange of high quality information [2-5]. Structure embedded includes
network density, network size, intermediary, centrality and so on structure variables.
Coleman [6] believes that the high-density network interconnected restricts the
behavior of members and lead to cooperative behavior [6]. Firms within an industry,
who have links to each other, form a network called “closed network™. In such
a high-density network irregularities behavior information will spread rapidly [7],
Governance mechanisms cannot be generated to prevent opportunistic. Too high the
center of the network groups will produce the negative effects. Uzzi [4] believes
that the discomfort structure embedded will cause a performance declining [4].
Once the competitive activity begins, the center firm in the network location will
get advantage. Resources Priority will reduce its competitor’s reaction [8, 9]. This
leads non-center firms face the risks of difficult to joint assets or plan a confronting
program. At the same time due to lack of information, the noncentral firm is difficult
to comprehend the causes and results of the competitive behavior [10]. This lack of
reaction will further stimulate the center firm to launch competitive behavior [11,
12]. Although Burt [13] stressed the benefits of structural holes, Ahuja [14] found
in the focal firm network, at least in the cooperation between the organization’s
network. The increase or decrease in the structural holes have a negative impact
on firms innovation performance, the more structural holes, the less firms obtain
patents [15].

The paper analyses the related literature of network organization risk. Domestic
and foreign scholars from different research perspectives described some of the risks
that exist in the network organization, as shown in Table 1.

Invoking the transaction cost theory, principal-agent theory, social network
theory; this study suggests that in the process of firm network organizations
embedded, as a member of the network organization with limited rationality,
opportunistic behavior can’t be avoided. One of the root causes of opportunistic
behavior is asymmetric information [31]. Information asymmetry lead the degree
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of information sharing high or low, which will lead to corporate behavior of
members of unobserved [32]. In the process of Embeddedness will appear withhold
information, distorted information, lazy, free-riding opportunistic behavior.

2 Firm Network Organization Embedded Risk Case
Analysis Based on Grounded Theory

Firm network organizations embedded risk is a process of research, it involves
scenario matching, elements interact and laws of logic in different embedded
perspective. This paper follows the case of participatory dialogue skills — three field
research in CNRO, collected some of the information and use grounded theory to
analyze.

2.1 Case Selection and Data Collection

The research ideas of the paper as follow, grounded theory analysis: Firstly,
fully understand the course of development of the company; secondly, Conduct
interviews, gather information through the pre-interview outline design; lastly,
conducting on-site interviews. CNRO through several changes, finally form in itself
as the center of the network organization. (1) Firm has the process of the network
organization embedded. CNRO’s economic activities related to various aspects of
the supply chain and production operation, his production, sales, financial opera-
tions and after-sales service process, all involves embedding. He has representative
and universality. (2) Firm growth process is universal. In the process of firm network
organization embedded, he will face partner selection, information asymmetry,
resource locking, asset specificity, and other issues. (3) The completeness and
accuracy of the information. On the one hand, by partnership with CNRO, through
its site visits and interviews, this paper obtained a wealth of first-hand information.
On the other hand, in the cooperation of CNRO, we establish partnership, based on
this relationship, we indirect access to a large amount of information that is publicly
available.

2.2 Application Process

2.2.1 Open Coding

The process of pen coding is to conceptualize the code. This study strictly comply
with Strauss’s [33] five basic criteria of open login. Continue to supplement and
improve take notes while information verbatim decomposition. By using the words
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of the respondents, excerpting concept from the literature or directly naming concept
to decode. Then summarize generic. Decompose the information to be collected,
Post 175 tags. Then, each tag reflects an phenomenon, summary it on line. This
will lay the foundation for the concept. At last, this paper give 103 concept to
the referential phenomenon on the label, construct 103 key words to express the
concept, extracted 61 areas (AA|—AAg) ), that is secondary key words. Due to space
constraints, only list partially open coding as an example, shown in Table 2.

2.2.2 Spindle Decoding

After completing open coding, the paper forms 61 areas. That is composed of a
large class of secondary key words. In the process of Spindle decoding, according
to founded theory, with decoding canonical model, we analyze the conditions of
phenomenon, context, action/interaction strategies and results, link various aspects.
We subdivide and refine the key words, and put back data together again. This paper
developed four main areas that is contractual risk, lock risk, negative reciprocity
risks, conductivity risks.

1. Main areas — contractual risk

Through Table 3 above canonical model, the paper shows the nature of the
relationship between the main areas of contractual risk with other sub areas,
conceives hypothetical relationship between the main and auxiliary areas. This
hypothetical relationship builds to think they each referential abstract nouns, that is,
whether a relationship exists between the areas. When the hypothesized relationship
is established, but also need to verify the information in the story, to confirm whether
to support or disprove hypotheses relations. To this end, this paper established
a chain of evidence (Fig. 1) to verify the relationship between the scopes of the
canonical model.

2. Main areas — Lock risk

Interview data is able to verify the relationship in the above-described canonical
model (Table 4). Evidence chain construct shown in Fig. 2.

3. Main areas — negative reciprocal risk

Interview data is able to verify the relationship in the above-described canonical
model (Table 5). Evidence chain construct shown in Fig. 3.

4. Main areas — conductivity risk

Interview data is able to verify the relationship in the above-described canonical
model (Table 6). Evidence chain construct shown in Fig. 4.
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Table 3 Canonical model

Incomplete contract Contractual risk
Causal condition (AA13) Phenomenon (AAy)

The nature of causal condition

Not high awareness of cost
(AAy)

Level familiarity of products,
technical (AAjs)

Less firm messaging (AA)

Lack of marketing, resource
channels (AAy9)

Quality of products, services
spoofing (AAj)

Products, technology
innovation inert (AAs;)

The partners’ contribution
can’t distinguish (AAsg)

“contractual risk’ action context

Contractual risk characteristics

Awareness of business Not high (AA;;)
conditions

Products, technology
and quality
disclosure

Degree of information
sharing

Late cooperation in
resource inputs

Inadequate (AA;s)

Low (AA17)

Inadequate (AA49)

True level of products Low (AAg)
and services
Products, technology ~ Low (AAs)

innovation

Define both sides effort Fuzzy (AAs)

Contractual risk is the results of incomplete contract. The incomplete contract time point divided,
can be divided into the leases were signed before the contract is not complete and the leases
were signed after the contract is not complete. Before contract signing, both sides are not high
awareness of operating conditions, financial condition and the degree of product quality, the
level of information sharing is low. After contract signing, due to the incompleteness of the
contract, in the allocation of resources, the actual product quality and service levels, there is
speculative behavior. In addition, in the process of cooperation, the loss of the core technology,
that presents free-riding behavior in product technology innovation. Unable to share
contribution revenue clearly. Under the conditions of incomplete contract, v low level of
information sharing, that produces contractual risk.

Intermediary conditions  The sharing of

information (AA;),

High search costs
(AA4)

Result

Action/interaction Exchange (AAj3),
strategies Research
(AAse)

Conceal information, free-riding

Low awareness of business

Incomplete contract situation

Lowproducts, technology
innovation

Interview record

The degree of information
sharing

Participant
observation

Exchanges and

Participant observation

2

market research

High search
costs Intermediary
conditions
Oversight
mechanisms

Conceal information, free-riding

Fig. 1 Contractual risks canonical model chain of evidence
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Table 4 Canonical model

Asset specificity

Causal conditions (AAq) Phenomenon Lock risk (AAzg)

Nature of the causal conditions Lock risk characteristics

Difficult to be easily converted to The possibility of an important Large (AAyg)
co-partner (AAjs) relationship stucking

Dependence on raw materials (AAsg) Resource dependence High (AAsp)

Requirements to renegotiate or The possibility of contract Exist (AAy7)
re-signing contracts (AAjz;) changed midway

Can not be recycled, have been put The possibility of sunk costs Exist (AAsg)
into the “sunk cost” (AAsg)

The excessive specialization suffered The degree of technical High (AA3s)
infringement or lost (AAg) specialization

High switching costs or exit costs Loss of conversion or exit costs Large (AAsp)

(AA3z)

“lock risk” action context

The locking risk is generated under the following conditions: Upstream and downstream in the
supply chain network, the two sides are committed to a long-term cooperation, to developing
and sustaining partnerships. Asset specificity makes the parties to the transaction
interdependent, can’t be exchanged, and a high degree of interaction. It faces with the threat of
opportunism. Under high asset specificity conditions; it’s difficult for firms to convert partners.
In the case of locked relations, companies have to continue the previous cooperation activities.

Intermediary conditions Switching costs  Action/interaction strategies Abandon

(AAz) cooperation
(AAj9)
Result Overt blackmail acts (AAjg)
Resource dependence Asset Specificity Relationship stuck | participant
observation
Interview l
record
Participant Sunk costs \ / Switching costs Intermgfliary
. conditions
observation —//
Expand network Action Tactics :
boundaries > | < Quit

Overt blackmail acts

Fig. 2 Lock risks canonical model chain of evidence
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Table 5 Canonical model

Self-serving Negative reciprocal
Causal conditions behavior (AA4g) Phenomenon risk (AA47)
Nature of the causal conditions Negative reciprocal risk characteristics
Knowledge and information overflow (AA4;)  The possibility of Exist (AAy)
knowledge,
technology spillover
Core technology overflow (AAy) New firms Entry, the
degree of
competition
New firms enter the competition Exacerbate (AAyg)

for resources (AA4;)

“negative reciprocal risk” action context

The negative reciprocal risk is generated under the following conditions: Reciprocity is mutual
trust between the members of the firm network organization, information sharing, and the
degree of interdependence. Reciprocal acts promote the formation of the core competencies
and business performance. But self-serving behavior will lead malignant competition or
spillover effects, produce some negative reciprocal behavior.

Intermediary The level of trust Action/interaction Coordination (AAjg),
conditions (AAjz9) strategies Learning (AAs;)
Result Overflow risk (AAg44)and vicious competition

Self-serving behavior

Intermediary
conditions

/ / The level of trust
Knowledge, technology \
—_—
overflow
New firms entry

Interviews information
Vicious competition

Coordination

Participant
Spillover effects ) observation
Tactics

Commitment

Negative reciprocal behavior

Fig. 3 Negative reciprocal risk canonical model chain of evidence



Z. Peng and T. Cao

UOT}JO)SIP UOTJBULIOFUT JO JIO)SIP UOTJRULIOJU] Jnsay

(£"Y'V) PappequId JBIIPOIA $9139)e.1)S UOIIORINUL/UOIIY ($Syv) uonoeIdul jo Aouonbar]  SUONIPUOD ATBIPIULIAIU]
‘uoneZIuesIo YI0MIU ULy
amus 9y} uo joedwr 1018913 B SBY I1 “Ise[ Y "uoneradood Jo sseooxd oy Jo uonoesuer) renonted € ySnoIy) uonezueSIo YI0MIQU ULIY o) UIYIIM
sopou 910 uo syoedu] ‘Opou & woly Sunteys aq [[1M MSH S} ‘UOIBUIPIO0D pue [0NU0d Suons daey 0) 95ejueape aaneredwod & Jo snjels ay) sI
opou e uayM ‘re[nonied uy "pelIolsIp pue UONIOISIP JO NSH oY) UT SUNNSAI ‘Jo SUIPULISISPUN UMO JIOY) 0} SUIPIOIOE UOTJEULIOJUT Y} UO passed pue
PO0ISIaPUN 9 0) PUL) SIAQUIAW ‘FUOIS JOU ST SULIY IPOU A} UA9M)Q UONIBIAUI ) 0} NP IOAIMOH "SINIANOE Julpen oyroads ur uoneuoyur
soIeys Jom)oN - wnuqrnbs-uou,, 10 JoTguoo,, aonpoid [[Ia 11 ‘0Je1odood SWIY 9pou U A\ "UOTRULIOJUT SUIMOY oY) 03 AJI[Iqe SUIyew-uoIsIoap

QABY PUE JOYIO OB 0] PJOAUUOI SULIY POU OB IOMIAU Y] U] :SUONIPUOD FUIMO[[0] ) JOPUN PAJRIdUAT ST YSLI ANANINPUOD Y],

JX3JU0D UONIR  MSLI A}IAJONPUOD,,

(09yV) moT JI9JSUEI) UOTIRWLIOFUT 9} JO AJIOTIUayIne 9y, (8$YV) IoJSueI) UOT)BULIOJUT ) JO AOBINOOE oY,

(*eyy) SuonsJoN  SIOQUIAW YIOM]U UIM]dQ UOTIORIAUIL [[BIOAQ (LSyy) sanred oy uaamiaq uoneradood Jo 9913ap ay) YIIMm JRI[IWR]

(**vv) yS1H SulLIeys UOTJBULIOJUT JO 99130p Y, (Yeyy) s1oulred oy) uaam)aq UOTIRWLIOJUT JO FULIRYS Y],

("SVV) e uoneradood 2y Jo yISuans Ay, (YSY'V) 108IU0D) SIOQUIDW YIOMIAU [BIUIPIODY

(19yy) 931 1oedWI JUSWIUOIIAUD [BUIAIXH (£5y'y) 901A9p 9y 10J parnbar jonpoid Jo suonipuod onew)
SINSLIdNIRIRYD YSLI A)IA[INPUO)) SUONIPUOD [BSNED Y} JO dINJBN

(65VV) s £31AnoNpuo) UOUIWOUIY J (55VV) A)IADISURT) UON)BULIOJU] SUONIPUO0d [esne))

[opou [edTUOUR)) 9 J[qe],

288



The Research of Inter-firm Network Organizations’ Embedded Risk Based. . . 289
Interview | 1h¢ 1nﬂugnce of Information transitivity F'r equency of .
record |external environment interaction Intermediary
conditions
The degree of. Intensity of
Participant | information sharing \‘ / cooperation Participant
observation observation
Enhanced Action . Tactics Moderate
interactivity i embedded

Information distortion

Fig. 4 Conductivity risk canonical model chain of evidence

3 Conclusion

This paper using grounded theory analysis on the information of CNRO decodes
progressively, extracts 103 concepts and 61 areas from all the information. In-depth
analysis of the concept and status, finally the paper shows concise four embedded
risk status. The study concluded that embedded in the strength of different degree of
information sharing, resulting in the generation of network organizations embedded
risk. The major embedded risks are contractual risk, lock risk, negative reciprocal

risk and conductivity risk.
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Research on Enhancing Long-Term Happiness:
Gym Membership and Alcohol

Yuan Wang and Fan Li

Abstract The enhancement of long-term happiness is important at both an
individual and societal level. Leisure is an activity that has commonly been
associated with both short-term and long-term happiness. Two products that may
enable consumers to engage in leisure activities are gym membership and alcohol,
both of which are affordable and readily available. This paper explores consumer’s
motivations for consumption of both product and the relationship between gym
membership, alcohol and consumer happiness. Implications for marketers and
social policy makers are discussed.

Keywords Alcohol ¢ Consumer happiness * Gym membership * Motivation

1 Introduction

The pursuit of happiness was so important that ‘there is probably no other goal
in life that commands such a high degree of consensus’ [1]. The reason for our
product choices is that most students have had experience with the gym and alcohol,
and both are affordable and common. The first aim is to confirm the relationship
between gym membership, alcohol and consumer happiness. Based on previous
research I assumed that gym membership would be associated with a higher level of
happiness than alcohol. The second aim was to investigate the motivations behind
consumption of gym membership and alcohol. I assumed that gym membership
would be most strongly motivated by image and physical enhancement, social
interaction, relaxation and enjoyment, dependent on age and gender. By using
a questionnaire which comprised questions from previous empirical studies, 102
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anonymous participants volunteered to take the questionnaire over a two week
period, but 25 responses were incomplete and had to be excluded. Results confirmed
the first hypothesis and partly supported the second hypotheses.

2 Literature Review

2.1 Consumer Happiness

Psychologists, economists and public policy theorists have become increasingly
interested in measuring and understanding happiness among humans. Lyubomirsky
et al. [2] found that the ability to be happy and contended with life is central to
adaptation and positive mental health [2]. Individuals who are happy have greater
self-control, and coping abilities [3], bolstered immunity [4] and tend to live longer
[5]. Moreover, research suggests that happy people are more cooperative, pro-
social, charitable and ‘others-centered’ [6—8]. Lyubomirsky et al. [3] suggested
that happiness also results in a number positive tangible byproducts that benefit
individuals, families and communities namely, larger social rewards and superior
work outcomes [9]. In light of the above evidence, the enhancement of happiness is
arguably a worthy objective.

2.2 Gym Membership

It is widely recognized that physical activity or exercise improves well-being. Exer-
cise is considered a common leisure activity, which is facilitated by the possession of
gym membership. McAuley [10] identified a positive correlation between exercise
and self-esteem, self-efficacy, psychological well-being and cognitive functioning,
and a negative correlation between exercise and anxiety stress and depression,
suggesting long-term happiness is improved by physical activity [10]. Indeed, Dunn
[11] investigated that physical activity is effective in alleviating depression [11].

2.3 Alcohol

Alcohol is also a social product typically consumed during leisure, yet the effects
are decidedly more negative than that of a gym membership. Therefore, alcohol
is unlikely to contribute to an individual’s happiness. Harutyunyan [12] found the
consumption of alcohol may result in foolish and/or dangerous behavior; alcohol
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consumption is associated with suicide, homicide and road-traffic accidents, as well
as embarrassing behavior. Alcohol consumption is also more likely to lead to the
offence of, and sufferance from, rape [13], as well as consensual yet regretted
or unsafe sex [14]. It is also likely to result in detrimental social outcomes;
alcoholics are more likely to become divorced, be engaged in domestic violence,
be unemployed, and live in poverty [15]. Long-term alcohol exposure may also
lead to the increased likelihood of infertility in women, which may in turn lead to
depression [16]

2.4 Motivations

This paper will look at the motivations for the consumption of gym membership
as a product resulting in positive benefits for well-being, and alcohol as a product
resulting in a negative array of consequences which are ultimately detrimental
to an individual’s happiness. Motivations for joining the gym may vary among
individuals. Crossley (2006) found that new members were mostly interested in
losing weight, toning up, getting fit and enhancing their athletic performance,
whereas regular gym-goers were motivated to continue doing so due to enjoyment,
social interaction, relaxation and release, and a means of escape [17]. In addition,
it has been examined that positive attitude towards the consequences of gym
membership predicts intent to join among current members, and that motivation
to comply with pressure from others predicts intent to join among non-members
(or lost members) [18]. Alcohol is a common tool in the facilitation of sexual
encounters, particularly amongst young people. Cooper (1994) identified four
motivations for alcohol consumption; social, coping, enhancement and conformity
[19]. While social and celebratory motivations for alcohol consumption are most
common in the US amongst Caucasian and Latino individuals, this is not the case
in Japan, or for Asian-Americans [20].

3 Methodology

1. Participants: 102 participants took part in the present study. The results of 25 par-
ticipants were excluded due to incomplete answers. Participants were primarily
students, with 27 undergraduates and 39 postgraduates. Eleven respondents were
non-students. Participants consisted of 28 males, and 49 females. The median
age bracket was 19-24 encapsulating 70 % (n = 54 in total) of respondents. 23 %
(n = 18) of respondents were aged 25-30, 4 % (n = 3) were in the 414 category,
and 3 % (n=12) aged 13-18.

2. Materials: All respondents were asked to complete a survey. Participants were
initially asked to respond on demographics: gender, age group and occupation.
The survey included two vignettes the first of which described the individual’s
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routine in going to the gym and the second a routine which involved excessive
drinking. Participants had to respond 10 questions relating to happiness from the
Oxford Happiness Questionnaire on a likert-scale of 1-6 [21]. Motivations for
attending the gym and drinking alcohol were examined. A general introductory
question was used (adapted from Haworth and Hill [22]) to ascertain a general
understanding of the motivations for using both gym membership and alcohol. In
order to measure specific motivations for use of gym membership, 20 questions
from the Exercise Motivations Inventory [23] were used, offering respondents
a 0-5 likert-scale. Finally, motivations for the consumption of alcohol were
investigated. Participants were asked 20 questions relating to social, coping,
enhancement and conformity motivations using a 1-5 likert scale.

3. Procedure: Questions were adapted from previous academic papers in order
to mitigate bias, and compiled online into questionnaire format using sur-
veymonkey.com. Effects of bias were also mitigated by using a quantitative
method which is objective rather than interviews which may have caused
interviewer bias. Participation was voluntary and requests for participants were
by word of mouth. Data collection occurred over 2 weeks, with data stored by
surveymonkey.com until the questionnaire was deactivated and data transferred
to SPSS.

4 Results

(1) Happiness: Gym membership (M =4.87, SD=1.03) was found to make
participants happier than alcohol consumption (M = 3.44, SD = 0.89).

(2) Gym Membership: Latent variables were computed using our manifest
variables (Table 1). The most common motivations for using gym membership
were enjoyment (M = 3.70, SD =0.97), image (M =3.63, SD = 1.31), relaxation
M =3.41, SD=1.20), and physical enhancement (M =3.10, SD = 1.05). The
least common motivations for using gym membership were social (M = 1.55,
SD =0.93), and health (M =1.88, SD=0.73). An independent samples t-test
revealed significant differences according to demographic information. Motivation
for using gym membership was found to differ significantly with gender. Males
(M =3.53, SD =0.77) were significantly more likely to use gym membership for
physical enhancement than females (M =2.79, SD =1.09; t (75)=3.17, p <.00).
Females (M = 4.14, SD = 0.95) were significantly more likely to use gym member-
ship for image reasons than males M =2.75, SD = 1.39;t (75) = 5.17, p < .00).

A one-way ANOVA revealed significant differences in motivation for using gym
membership according to age. Participants were significantly more likely to use
the gym for health reasons as they increased with age; 13—18 years (M = 1.67,
SD =0.94), 19-24 years (M=1.75, SD=0.59), 25-30 years (M =2.13,
SD =0.97); 414 years (M =2.89,SD =0.51; F(3,73) = 3.57, p < .02). Participants
were significantly more likely to use the gym for social reasons if they were in the
youngest (M = 3.50, SD = 1.77) or oldest (M =2.50, SD = 0.66) age groups than
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Table 1 The variables of gym membership

Latent variables Manifest variables

Image To stay slim
To control weight
To lose weight
Physical enhancement  To stay flexible
To measure myself against personal standards
To increase strength
To develop muscle
Enjoyment It makes me feel good
I find the gym satisfying
I feel at my best when exercising
Relaxation It gives space to think
To release tension
To manage stress
Social To spend time with friends
To make new friends
To enjoy the social aspects
To compare myself against the abilities of others
Health To stay healthy
Advised to go by a doctor
To prevent an illness that runs in the family

if they were aged 19-24 years (M = 1.45, SD =0.89) or 25-30 years (M = 1.46,
SD =0.75; F(3.73) = 4.85, p < .00).

There was no significant difference in participants’ motivations for using gym
membership according to occupation.

(3) Alcohol: Latent variables were computed using our manifest variables
(Table 2). The most common motivations for using alcohol were social (M = 3.70,
SD =0.80), and enhancement (M = 3.20, SD =0.83). The least common moti-
vations for using alcohol were coping (M =2.54, SD =0.88), and conformity
M=2.02,SD =0.93).

There were no significant differences in participants’ motivations for using
alcohol according to gender, age or occupation.

5 Discussion

The aim of this study was to investigate whether consumption of gym membership
and alcohol resulted in happiness or unhappiness, and the differences in consumer
motivations for utilizing both products. It was assumed that gym membership would
be associated with a higher level of happiness than alcohol consumption, and that
sex, age would cause differing motivations for consumption of gym membership
and/or alcohol.
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Table 2 The variables of alcohol

Latent variable = Manifest variables

Conformity Friends pressure you to drink
So that others will not tease you about not drinking
To fit in with a group you like
To be liked
So that you won’t feel left out
Coping To forget your worries
When depressed or nervous
To cheer you up
To increase your self-confidence
To forget your problems
Enhancement I like the feeling
It’s exciting
To get drunk
It gives you a pleasant feeling
It’s fun
Social It helps you to enjoy a party
To be sociable
It makes social gatherings more fun
It improves parties
To celebrate special occasions with friends

The results showed that participants were happier after using their gym mem-
bership than consuming alcohol, which supports my first hypothesis. It is found
that the most common motivations for using the gym were image, enjoyment,
relaxation and enhancement. It is also found that there were significant differences
according to gender, that is, women were more likely to use their gym membership
to enhance their image, while men were more motivated by physical enhancement.
Furthermore, I found that there were significant differences according to age; as age
increased, participants were more likely to use the gym for health reasons, and the
oldest and youngest participants were more likely to use the gym for social reasons.
This partially supported my second hypothesis.

The first key finding relates to the marketing of gym membership. Given the
results, marketers should aim to use the above four motivations (image, enjoyment,
relaxation and physical enhancement) in their communications to attract consumers.
Marketers should adjust their marketing mix in order to communicate to the
consumer the ways in which their needs may be satisfied. This should not be
confined to advertising, but should be embodied in all communication relating to
the gym, including physical surroundings, staff training and music, for example.

Given the differences according to demographic, namely age and gender,
marketers should adjust their communication in line with these findings. So, in
order to attract women, marketers should emphasize the ability to control or lose
weight, or to stay slim. In contrast, physical enhancement motivations, such as
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flexibility, personal standards, increasing strength and muscle, should be highlighted
in marketing to men. In addition, social motivations should be highlighted for
younger and older consumers, and health should become an increasingly important
focus for marketers, correlating the marketing focus on health with age. Given that
gym membership was found to make consumers happier than alcohol, focus on these
motivations should be employed to increase consumption of this product rather than
alcohol, which appears to make consumers less happy.

At the same time, it is vital that marketers do not promote unattainable physiques.
Indeed, motivations relating to health, social, relaxation and enjoyment are arguably
purely positive. However, image and physical enhancement motivations may be the
result of a misconception of the actual self, and an attempt to bridge the gap between
this actual self and the ideal self. Marketers should be aware of this fine line between
health and image, and promote the satisfaction of image and physical enhancement
needs in a healthy manner.

The second key finding relates to alcohol. Marketers should promote the
drawbacks of consuming alcohol for social or enhancement reasons. There is a
heightened concern relating to the risk of unsafe behavior, rape or regretted sex
under the influence of alcohol, as well as a host of physical health-related problems.
Social policy makers also need to point out these concerns. Policy makers should
encourage consumption of alternative, healthier, and less risky products in order
to meet enhancement and social motivations. They might consider highlighting
norms around alcohol consumption. Research has shown that students reduced their
alcohol consumption following a social norms marketing campaign, which changed
their perceived norms about drinking quantity and frequency [24].

In sum, as the research suggests, the two products I chose contrast in that
consumption of one provides long-term happiness and the other does not. It should
therefore be the focus of marketers and policy makers to promote the product that
has a positive influence on the consumer and to reduce the consumption of those
products that harm consumers, in this case, alcohol.

6 Conclusion

In conclusion, the present study aimed to investigate happiness related to consump-
tion of gym membership and alcohol, and the motivations associated with both.
Results indicated that firstly, using the gym made individuals happier than drinking
alcohol, and secondly, that image, enjoyment, relaxation and physical enhancement
were the most common motivations for gym membership, and that social and
enhancement were important for alcohol. There were significant age and gender
differences in the motivations for using gym membership but not for using alcohol.
No significant differences were found with regards to occupation in the motivations
for using alcohol or gym membership. Future directions may include investigating
the image consumers are aiming to achieve by attending the gym.
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Abstract As an unique phenomenon in China’s rapid industrialization and
urbanization, agglomeration of minority floating population into the central
cities not only brings positive developments but also associates with risks and
vulnerabilities. Management innovation is a core aspect of societal risk mitigation.
Regarding that Xi’an City takes the representative of typical significance of
the China Northwest Minority floating population, the paper presents constant
dilemmas of three long-standing management contradictions in the aspects of
current urban minority floating population, and attributes them to city risk source
derived from the flowing disturbances and deep obstacles for the urban development,
security as well as stability of ethnic relations. Details have been provided on the
case representation scheme and management mechanism. The proposed operational
methods increase the applicability to many real-world settings, where the liquidity
risk mitigation depends on more qualitative management innovations.
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1 Introduction

Since the beginning of the twenty-first century, the level of urbanization in China has
been undertaking an unprecedented rapid development. According to the statistic
report issued by the Chinese Academy of Social Sciences that the proportion of
China’s urban population will surpass over 50 % in the “Twelfth Five-Year Plan”
period [1]. In this historic process of transformation, a special problem emerges
upon floating of the minority population. Xi’an, capital city of Shaanxi province in
China mainland and the Northwest super-large central metropolitan, has long been
attracting a greater number of national mobile populations due to its convenient
transportation and regional political, economic and cultural advantages. Survey
from the research group point of view indicates, to some extent, that the flow and
gathering groups really reinforce multicultural inclusiveness and create a number
of unique national circles. However, the flowing of people also brings lots of
management pressures over the social order, community construction and even
social stability with reality of risk.

Obviously, interpretation of urban influence and social risk causal mechanism
for Minority Floating Population cannot be separated from transformation and
system changes in the economic and social management positioning. Confluence
of ethnic groups in the context of China’s rapid social change could be divided
into the differentiation of the era upon the central city straddling cross flow from
the pursuit of a better life vision, and the reality of the economic status as well as
social disadvantaged urban modernization. On the whole, the special group tends to
expand the social risks boundary leading certain aspect of resentment and access
to trigger “collective protest” [2]. Throughout the city mega-events occurred in
recent years, a number of clashes involving floating population of ethnic minorities
manifest a notable feature that occupying a larger proportion of the economic
benefits generally associates with complex disputes [3]. The spread of “relative
deprivation” is an important variable to explain the groups inducing to instability
factors.

2 Significance of the Issue Explored

The Northwest part is one of the important regions of ethnic minorities in mainland
China, and historically serves as debated hot spot over regional stability Xi’an, the
centre metropolitan city with the most influential force as the Northwest Territories,
has long been attracting minority population of a large-scale flow of migration. With
the accelerating pace of urbanization and urban skeleton & scale widening in recent
years of Xi’an, minority floating population trends speed up in the mass spread from
the city centre to the outer suburbs, which also brings some new risk impacts to the
social order.
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We conduct a team survey from February 2011 to March 2012 around the flowing
issue. Result indicates certain characteristic for this large group, which could fall
into the categories as follows:

2.1 Economic-Type

The main motive for various minority population inflows into Xi’an administrative
region is to find sound job and improve the economic situation. Moreover, the liveli-
hood as well as educational development of their generations are the priority for
consideration, as become increasingly to occupy a profound agenda. As matter fact,
the economic-type population flow acts as a common reality in global context [4].

2.2 Religion-Type

Owing to historical heritage, Xi’an city remained lots of religion sites as well as
ethnic spots, of which Muslin groups occupy the most part. The sites attracted
annually a large number of Muslin around the districts in congestion for religion
causes. Therefore, the traits of religion-motivated manifest an apparent phenomenon
for Xi’an. One point worth mentioning is that due to the low quality culture and
lack of professional skills, a number of tramps are usually access to low-tech,
low-level industry employment with poor physical exertion. Specifically, the Xi’an
City Minority Floating Population significantly are inhabited by the form of “living
together”. For instance, Wai Temple Door and Hometown Door Bulk inhabited by
the most prominent feature of the populations reside.

2.3 Performance-Type

Unique cultural practices of ethnic groups and nationality performance showcase
have attracted attention in some local governments to expand the local tourism
industry and extend economic development with target upon ethnic characteristics
attractions in construction and infrastructure planning, as to certain extent also
strengthen current tribe gathering.

2.4 Tramp-Type

Minorities flow of national culture and identity of the vast majority of the population
in Xi’an mainly rely on centralized focus on specialty industry employment, career
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choices and breadth of the distribution as well as the underlying such factor
intertwined as non-traditional informal sector and the field of Employment Channel.
Due to geographical, historical and other priorities, the Xi’an city in Northwest
Ethnic Regions enjoy culture, lifestyle wellbeing such as a high level of consistency,
which pioneered the minority operating characteristics of roaming tramps.

Accompanied by major changes in China’s social structure and national popu-
lation flow acceleration, the security incidents involving urban ethnic floating staff
are constantly on the rise, as manifest a trend of complexity. In addition, people
involving mass outbreak of the conflict are also greatly increased social stability
maintenance difficulty, which bring a lot of risk variables and realistic challenges
to the stable situation in the northwest region. Another concern is that the minority
population is increasing year by year to Xi’an, intensified market competition and
the interests of obstruction, also the contradictions and disputes within groups are
growing. According to our survey, it was found that in recent years due to financial
disputes, business conflicts, allocation of injustice and ineffective mediation, Xi’an
experienced lots of incidents around conflicts of interests.

3 Management of Long-Standing Abuse and Risk Source

In recent years, urban population floating of the ethnic minorities affiliated with a
series of problems caused centre attention by the scholars, and urge hot discussion
for the related deep-seated multidimensional risk factors [5, 6]. With our survey
of Xi’an, we found that, in addition to economic reasons and external factors,
urban social management system for special groups in identifying, accepting and
regulation of the disorder are undeserved, as is the important root cause of risk
conflicts.

3.1 Administrative Control Mode

The administrative control mode originates from the traditional planned economic
model and long-term centralized cultural influence. Social fields in China are
infatuated with relatively strong administrative color in order to directly control of
the human, financial, material resources. Reviewing the examination and approval
as the main way of instrumental control mode are the most thinking pattern in many
public departments and officials. In some degree, the same mapping also depicts in
national floating population management behavior patterns.

To strengthen the administrative control, manipulating a strong administrative
instruction means for population management standard, as are a very typical decree.
To promote the subjective color, display and stiff single change, individual standard
is property oriented, when applied to multiple complexity and flow in the different
ethnic groups inducing mass opposition sexual tension. According to the statistical



Risk Analysis and Management Mechanism Innovation on Northwest China. . . 303

linear system
stiff > *dynamic
([Deterrenc : R (=
Coerce | = indignation) | order SANEEE
Adninistrative-orientdd | i it —
Management | 1 2TC b= Conflict | o | Stable  yi==| REBISET |Sovicoorntes
Appl‘m’a] :. resent y s \miﬁgaliun_} Service rtamragement
Oder aemedfiananan k e : FLALD N

sitive remegly- moveability 1ormalization *

= ==y (s=s

Fig. 1 Governance disparity between administrative-oriented management and service-oriented
management

analysis of the official reports, a series of conflict outbreak of Xi’an city in
recent years in the people business class have transferred quite partly from initial
source to management law enforcement to other personnel arrogance rude, and
science program mode is undeserved. Fundamentally, the opposing aspect between
administrative-oriented and service-oriented management mode would result in
different policy effects (see Fig. 1). Disputes or property upgrade process often have
been hidden an “administrative plugging pressure” evolution path.

3.2 Binary System

Conventional Binary system plays a vital position in both traditional rural &
urban areas, and management difference of the planned economy is of great
influence of thinking. China has long been involved in population management
binary segmented system. Rapid economic change, transformation of the eco-
nomic and social management system reform lags behind in brightly form both
propulsion of synchronization, single linear development isolation inspire many
social contradictions, and cause public governance risk. “In China, many of the
floating population problems are actually made up of China’s management system
construction focus” [7].

For a long time, the management system of the what is called household register
(Hukou in Chinese) is given priority to urban citizens, and labor employment,
public welfare, social security system, education, health care, housing and other
public policies are significant deviation in the town residents and special groups.
The issue of the floating population are constructed by all kinds of institutional,
management operation level rigid constraint, ethnic floating population in compli-
cated by national character is in weak edge position, and cannot have access to
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Fig. 2 Identity between rural & urban for ethnic minorities

urban residents or the minority equal rights, encounter a series of “identity lost”
and “identity crisis”. Just as American sociologist Perkin puts, the establishment
of procedures and standards often make the resources and opportunities for some
people but reject the other part [3]. On the basis of race, nationality, religion for the
standard some social groups are deprived to enjoy resource inside, as is the public
policy exclusive reality, China’s “one country two policy for rural and urban areas”
as the basic characteristics of the “new dual structure” ([8] see Fig. 2) intensifies
the real profit distribution, and is so far show no trance of balance. Rapid changes in
the external environment and social pressure, the special national “deprived feeling”
growth are developing group isolation risk buried hidden trouble, in fact, they caused
the unstable factors for transformed system.

3.3 Risk Under the Prejudice

Prejudice is in China’s urbanization, industrialization great-leap-forward develop-
ment process, and the rural floating population initially intend to similar scene.
Minority population to more developed region flow is the necessity of the social
development phenomenon, rational response and institutionalization for public
management department to deal with when conferring responsibility. However, the
long-standing floating population prejudice exists in wide scope especially for the
northwest minority flow in cultural bias in some sectors and civil servants. To some
degree, northwest minority religious factors are of special sensitivity, and small
event handling failure would often cause incompatible conflicts. Obviously, prej-
udice is the discrimination basis for generation, From Xi an National Department
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we learned that in recent years the casual aspect of what is labelled “do not respect
national people” and “discrimination prejudice” as well as such reasons as “the
initial incentive or indirectly causing by the contact population floating of the ethnic
minorities” occupy the whole group disputes in a certain proportion in the conflicts
which ought to inspire enough vigilance by relevant administrative sectors.

4 Innovation of Management Mode and Constructed
Coping Measures

The ethnic minority floating population is largely incorporated in urban floating
counterpart, which not only occupy common trait but also independent characteris-
tics. Facing the accumulated risks during the floating process, the managing mode
is urgently aspiring scientific innovation, which needs to construct service-oriented
dynamic mechanism reform in order to elevate the effective level under the context
of risk society.

4.1 Linkage and Legal Aid

Reality practice shows that it is difficult to fully cope with population floating of the
ethnic minorities’ varied complicated situation and implement public responsibility
only by a single national department. Thus it is necessary to establish the authority
of the unified leadership, strengthen the coordination of multiple sector linkage as
well as the common force. In order to comprehend the city first-line real situation,
public security sectors, family planning branches and street/community together
with relevant supervising department shall achieve full cooperation. The establish-
ment of population floating of the ethnic minorities should touch bottom conven-
tional mechanism, construction of tracking information database, positive prepara-
tion into the city national personnel of electronic archives platform, which could
be applied in control information summary analysis. The national religious function
mechanism can learn from some domestic advanced regions and international social
work experience, and safety defence departments cooperate, in the urban population
belt, street community, between urban and rural areas as well as other key location
area as a whole to establish “minority people contact” or service station. Relevant
management personnel placement field for set service station through the rental
housing, work management, sanitation, epidemic prevention, family planning and
other special management, dynamic master effective real-time information.

For minority culture carriers & disseminator and the Han nationality population
are the main body of the city mainstream culture, there is a big gap between
the realities for minority groups. Owing that the population own relatively low
cultural quality and the modern legal awareness, when encountering individual
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rights violations or damaged, the group of people often lack the proper legal
way to seek support and protection of the initiative, while on the opposite taking
collective behaviour, and even extreme actions. Research statistics found that in
recent years, ethnic minority floating population in Xi’an, especially the younger
generation (commonly known as 1980s, 1990s) manifest legal thinking indifference.
Disruptive crime and group conflicts show ascendant trend. In view of this, to
promote the minority population legal aid centre/base construction, disseminate
method of worship, build a conflict resolving legal disputes are particularly an
urgent necessary channels, the purpose of which is targeted for population floating
of the ethnic minorities to provide proper legal support convenient channel, reduce
cost, and guide the appeal to help with the law to safeguard their own rights.

4.2 Economic Support and Aids

In view of minority groups employment independent feature prominently, admin-
istrative sector ought to additionally support national economic development and
strive to create the appropriate employments, such as food and beverage industry,
technology and culture industry, to construct the cultivation of appropriate national
characteristics, living environment of business [9].

On one hand, to build a convenient platform for public service, the government
ought to take the lead in promoting the national comprehensive, professional
skills courses, training courses, cheap or even free of charge to the floating
minority groups for skills to support, enhance their own survival abilities. Also,
it is urgent to promote the national “flowing tide to business circle” and acquire,
vertical favourable external supporting conditions; On the other hand, in both types
of economic support sectors it ought to actively introduce the national poverty
alleviation project applied in the floating minority population, relying on a variety
of ways to achieve stable employment of migrant workers in city management into
public service in the system, supply the town citizen treatment, and publicly set up
demonstration, encourage more benign development.

In the northwest region city, national concentration becomes a characteristic of
group flow, such as Xi’an City Hui floating population is more concentrated within
specific areas or regions. Thus government can rely on tourism culture advantage,
collaborative Islamic culture energetically develop ethnic cultural tourism resources,
promote employment as well as national culture industry together so as to attract
more personnel to participate in the national population movement.

4.3 Function of Social Community

Ethnic minority groups sincerely inspire for the identity of individuals seeking
confirmation, hug heart with the mainstream Chinese conventional rules. However,
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significant number of inferior position and historical culture has intensified the
individual unique national identity and affinity memory, reality shows a series
of national awareness, attitude, behaviour, attribution, pride, are deeply rooted
in the cultural gene. Some internal elite knows the spirit of national culture,
and can directly or indirectly affect individual survival as well as development
directions [10].

Therefore, to deal with any national problems could not ignore the character-
istic, minority floating population management should make full use of a unique
family, education, rural edge margin network and elite values [11]. Local public
management shall actively seize the initiative with its insight into details; pass
issued by a convenient path, promoting regional civilian appointment. Religious
Bureau and national associations, organizations might build the masses of organic
connection, build city of minority floating population management of the “second
ground”. In Xi’an city, for instance, through the Association for the Advancement of
National Unity (AANU), minority enjoy a certain prestige, political consciousness
and high representative personage as head and coordinator, to the various districts
and counties to form unit under the point of contact. People of minority nationalities
and enterprises, social organizations of communication medium, reflect the groups’
mobile voice, increase special demand and timely dredging solutions to minimize
conflicts, assemble feedback on failure risk conduction hazards.

In addition, the public functions related can fully rely on the Minority Floating
Population Agglomeration community, residence, work areas, and push city folk
groups forward as well as religious organizations in education, probation, assistance
and other areas of potential influence. National behaviour constraints guiding force
of traditional customs and religious teachings in the city community management
continue to play a major role, guide its positive effect, to reduce its negative extreme
levels, prevention and abatement of minority floating population crime and violence
of the national cause.

4.4 Equal Attention from Prevention and Deterrence

Education, counselling, support functions, as a national public policy mainstream
way in the city of minority floating population, management system must adhere
to and be fully extended. Practice shows that this way to resolve conflicts, reduce
systemic risk has special significant value, and the results are remarkable. At the
same time, extreme environment rigid deterrence is also an indispensable tool that
must also be kept using.

In view of the floating population of ethnic minorities in a handful of deliberately
ethnic disputes, undermining national situation, challenge events, interference with
social stability of the criminals and public security, department shall uphold the
rule of basic law principle rationally and strongly. The section ought to accurately
strike flexible initiative tactics, dissolve human risk derivative barrier, to create a
stable and orderly public security environment. Some incidents do not cover up,
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nor expand rapidly to massive territories without delay, careful, and fair reasonable
processing. All these dimensions are supposed to be strengthened and need prudent
supervision.

5 Discussion and Limitation

Since predicting group behavior and living transformation of ethnic minority
remains a large challenge, especially under the context of multi-mixed complex
context in China. A number of objective factors coming from ethnic and religious
side can act as analysis barriers. Our study only examined a subset of minority
groups as China Northwest origin and does not preclude the possible transformation
of other unmeasured groups; for China is such a large multi-ethnic nation that one
region could not depict the whole pan sphere in the nation. Thus our discussion
and conclusion originate lots of restrictions in analyzing ethnic minority problem
in China such as data collection, individual and institutional factors. Specially, data
coming from Xi’an city is limited to interpret other minority group of people in
China mainland, and expand the data source could be one vital directions in relevant
analysis.

Future longitudinal research, we believe, might incur upon analyzing the
dynamic relationships between ethnic minorities and local nationalities embedded in
social-contextual predictors, and exchanges among different ethnic minority groups
still serve as a challenging issue. Moreover, a greater number of valid variables
or influencing factors in future research would be added for an evaluation of the
theoretic model with more sophisticated multivariate techniques, such as structural
equation modeling.

6 Conclusion

Compared with the general flow of mainstream population, minority flow is a not
just reflection of the urban and rural area, but also the national communication.
Therefore, ethnic floating population’s social integration also manifests more traits
of complex and suffering. Stricted by our country’s urban and rural differences
and ethnic disparity, divided common, ethnic floating population is increasingly
becoming one of the typical vulnerable groups in urban society. In a sense, ethnic
floating population’s social integration degree of discretion is to measure the
difference between urban and rural areas in our country. Ethnic floating population
in urban work life is a continuation of their socialization process; the urban social
integration is actually a dual economic structure, the dual society structure, dual
psychological structure of digestion process step by step. The improvement of
urban social integration degree often means that its modernization, urbanization,
and urbanization level enhances increasingly.
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It conforms to the interests of floating population and the city by their mutual
respective to promote ethnic floating population into the urban society as soon
as possible, Governments must take responsibility and develop specific policies,
vigorously build for fusion center for social policy system, at the same time, promote
social inclusion, social justice and social equality by exhibiting city economy,
strengthening construction of the national community.

Facts have proven that if administrative tools for ethnic minority group are
in excessive application, it is more likely to lead to management dilemma and
social discrimination, thus gradually pull social resent and psychological distance
between ethnic minorities and the urban residents. Therefore, only by management
innovation performed and management system support, can we ensure the avoidance
of ethnic segregation and isolation of risk even for public policy making and social
stability assessment.
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The Influence of Enterprise Network Capability
on Technology Innovation—Moderating Role
of Learning Orientation

Xiao-qin Zhu and Lu Ma

Abstract In this paper, learning orientation as moderating variable is introduced
into the study of the relationship between the enterprise network capability and
the technology innovation; the sample of enterprise in Guangxi is extracted as
the research objects; the influence of enterprise network capability on technology
innovation is explored under different levels of learning orientation. The results
find that the network capability of enterprise has a significantly positive impact
on the technology innovation. Relative to a low level learning orientation, a high
one can promote the better influence of enterprise network capability on technology
innovation, and plays a more conducive role to technology innovation. The learning
orientation plays a positive regulatory role in the relationship between the network
capability and the technology innovation.

Keywords Knowledge ¢ Learning orientation ¢ Network capability ¢ Technology
innovation

1 Introduction

With the increase of the globalization of markets, the difficulties and risks of
innovation, the modes of enterprise innovation are gradually shifting from being
closed to open. To make the innovation no longer a simple atom type process but an
interactive cooperation process, having a positive cooperation with external research
institutions, universities institutes, competitors and so on is needed. Enterprises
need to integrate the various resources of network partners to improve the success
rate of innovation (Bougrain and Haudeville 2002) [1]. So dynamically obtaining
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and integrating inter-organization knowledge through network relationships and
locations will be another way for enterprises’ successful innovation. Therefore, the
network capability of establishing, managing, and moderating important external
relation has become core resources for enterprises. An enterprise with strong
network capability can put itself in the network centre and can act as a strategic
player, which not only will make itself available to the information flow of external
organizations, but also can effectively choose its future partners (Wasserman and
Faust 1994) [2]. At present, although scholars, home and abroad, have had empirical
researches on the relationships between the enterprise’s network capabilities and
innovation, there is less attention to under what conditions can the network
capabilities be more conducive to the enhancement of innovation. Zahra and George
[3] stressed the importance of external knowledge sources in enterprises, but the
validity and strength of searching knowledge often depend on the organization’s
learning desire that can affect the acquisition, explanation, evaluation and embrace
or discard of information (Argyris and Schton 1978; Simonin 2004) [4, 5], that is
to collect what kinds of information, how to interpret them, and how to evaluate
and share the information affected by learning orientation. Therefore, this article
explores that under different levels of learning orientation, the network capabilities
of enterprise how to as well as the extent to influence the technology innovation.

2 Theoretical Assumption

With innovation is becoming increasingly complex, the competitiveness of enter-
prise more lies on the ability to obtain and generate new knowledge. In the real
production and operation, the truly successful innovation to acquire and integrate
knowledge is often made through the interactions and cooperation with other
organizations and external environments. Even making an innovation within an
enterprise needs to understand the demands of the market and the latest technolo-
gies. Therefore, the composition and organization of the enterprise network have
largely impacted on the ways and the effects of enterprise innovation. Ritter (1999)
survey [6], German medium-sized enterprises as the research object, discussed the
influences on the innovation of products and processes by the network capability
of enterprise, it found that there was a significantly positive correlation between
them. Ritter and Gemiinden (2003) considered that there was an evidently positive
relationship between the existing network capabilities and technical capabilities by
empirical tests, and with network capabilities, companies can participate in the
processes of other enterprises’ technology development [7]. Ting and Chiu [8]
verified that network capabilities and network status had a positive impact on the
cluster enterprises innovation performance. Basing on all above, we propose the
following assumptions:

H1: The network capability of enterprise has a significantly positive impact on
technology innovation.
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Learning orientation is a series of organizational values that can influenced
the enterprise tendencies of creating and using knowledge (Rhee et al. 2010)
[9]. Organizational learning theory suggests that the lack of learning orientations
hinder the enterprise to develop learning cognitive impairment. Learning orientation
affect the acquisition, interpretation, evaluation, embrace or discard of information
(Calantone et al. 2002) [10], that is to collect what kinds of information, how
to interpret them, and how to evaluate and share the information affected by
learning orientation. In the short term, the growth of learning orientation will
have a direct impact on the quantity and quality of the processing market (the
generation and dissemination of information). Through the indirect processes of the
market information, improving enterprises’ ability to acquire and use the quantity
and quality of knowledge by building platform with network capability becomes
available. In the long term, learning orientation growth will improve the quality of
information interpretation and organizational memory function, and by improving
the market information processing behavior, indirectly promote the organizations
to search knowledge better with the help of external network relationship. Witt
[11] hold that technology innovation and new knowledge were inseparable, and
regarded the innovation process as a process of the generating new knowledge.
Zhao-quan Jian et al. [12] believed that the innovation activities was a process of
an input of knowledge and then an output of it. Therefore, we propose the following
assumptions:

H2: Compared with a low tendency of learning orientation level, a high one can
enhance the influence degree of enterprise network capability on technology
innovation.

3 Methodology

3.1 Sample Collection and Description

This article mainly focuses on enterprises, which involves the data of network
capability and learning orientation that can not be obtained directly from the
publicly information, so questionnaires for data collection is used. In order to ensure
a smooth research and improve the recovery rate and effectiveness of the question-
naires, Guangxi region is targeted as the research area and the questionnaires are
distributed by e-mail, mail and in persons. There are 255 copies of the questionnaires
in total, and with 173 copies recovered, the recovery rate is 67.8 %. After excluding
the invalid questionnaires, 156 copies are remained. The sample enterprises are
classified according to their ages, staff volume and asset sizes, which are shown
in Table 1.

From the viewpoint of age, there are 9 enterprises with less than 3 years, 5.7 % of
the total; 43 enterprises established for 4-6 years, 27.5 % of the total; 46 enterprises
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Table 1 Basic information of the sample enterprises’

Age Percent (%) Amount of staff = Percent (%)  Assets size (million)  Percent (%)
<3 5.7 <300 9.4 <5 5.5
4-6 27.5 301-1,000 72.1 5-50 54.6
7-10 29.4 1,001-2,000 11.9 50-100 27.3
11-20 27.8 2,001-5,000 4.3 100-300 11.4
>20 9.6 >5,000 2.3 >300 1.2

established for 7-10 years, 29.4 % of the total; 43 enterprises established for
11-20 years, 27.8 % of the total; and only 15 enterprises with more than 20 years,
9.6 % of the total.

From the viewpoint of staff volume, there are 15 enterprises with less than 300
staff, 9.4 % of the total; 112 enterprises with 301-1,000 staff, 72.1 % of the total;
19 enterprises with 1,001-2,000 staff, 11.9 % of the total; 7 enterprises with 2,001—
5,000 staff, 7 % of the total; 3 enterprises with more than 5,000 staff, 2.3 % of the
total.

From the viewpoint of asset sizes, there are 8 enterprises with an asset of less
than five million RMB, 5.5 % of the total; 85 enterprises with 5-50 million RMB,
54.6 % of the total; 43 enterprises with 50—100 million RMB, 27.3 % of the total; 18
enterprises with 100-300 million RMB, 11.4 % of the total; 2 enterprise with more
than 300 million, 1.2 % of the total.

3.2 Data Description

In this study, software SPSS17.0 is used for processing the data and analyzing the
standard deviation, skewness, kurtosis, etc. of the items in the questionnaires. Kline
[13] proposed that when the absolute value of the skewness was less than 3 and
the kurtosis absolute value was less than 10, it indicated that the sample basically
follow a normal distribution. The statistical results shows that the absolute value of
the skewness of items in the questionnaires is less than 2 and the absolute value
of the kurtosis is less than 3, which indicates that the figure of each item basically
follow a normal distribution, and an confirmatory analysis can be made.

3.3 The Analysis of the Reliability and Validity

Reliability is used to measure the measurement error degree that involves the
estimation of a measurement method not influenced by randomness and instability
[14], and only a higher reliability can ensure the consistency and stability of the
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measurement effect. Validity refers to the degree that by using measurement tools,
researchers can properly measure the questions they want, which can be divided
into content validity, construct validity and criterion validity. In this paper, foreign
maturity scales are adopted. The scales developed by Walter and other researchers
[15] are employed in network capability, including 19 items: “collaborative arrange-
ments” (6), “relationship skills” (4), “knowing partners’ information” (4), “Internal
communication skills” (5). The scales made by Sinkula and other researchers [16]
are used in learning-orientation, containing 11 items in total: “commitment to
learning”(4), “shared visions” (4), “open mind” (3). And the scales proposed by
Ritter and Gemiinden (2003) in technological innovation are put to use with six
items in total: “product innovation” (3) and “process innovation” (3). Since all the
Cronbach’s figures in scales are more than 0.7 and the load figures of each item are
above 0.6, the questionnaire has good reliability and a high validity.

4 Empirical Analysis Results

4.1 Variable Correlation Test

In order to simplify the process of operational analysis, enterprises network
capabilities, learning orientation and technology innovation variable are simplified
(taking the mean value of all items in the variable as the value of the variable) in
the thesis. Since these variables have a good reliability and a high validity degree,
it is possible to meet the single processing requirements. According to a correlation
analysis, the correlation coefficient between the variables is shown in Table 2. As
it shows in the Table 2, there exists a significantly positive relationship between
network capacity, learning orientation and technology innovation, which also serves
to the detection by regulating effects.

Table 2 Variables descriptive statistics and correlation coefficient matrix

1 2 3 4 5
Age -
Staff volume 0.350%*  —
Network capabilities 0.129 0.199*  —
Learning orientation 0.028 0.047 0.417**%  —

Technology innovation ~ —0.025 0.073 0.494%%  (0.574**  —
Indicate: *p<0.05; **p<0. 01; N =156
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Table 3 The results of the

. Variables Value
regulatory effect tests

Age —0.06
Staff volume 0.07
AF 0.63
R? 0.01
Network capabilities 0.37%%*
Learning orientation 0.38**
AF 26.6
R? 0.41
Network capabilities and learning orientation 0.16%*
AF 30.4
R? 0.37
AR? 0.36

Indicate: **p<0. 01; N =156

4.2 Regulatory Effect Tests

During process of the regulatory effect tests, firstly, the control variables are
introduced to the regression of the outcome variables, the independent variables
follows, regulation variables are reintroduced, and finally the interaction terms of the
independent variables and regulated variables are introduced. The operation results
are shown in Table 3.

From Table 3, the control variables do not significantly affect the enterprise’s
technology innovation while independent variables, network capability, for technol-
ogy innovation have a evidently positive impact (0.37%*) on technology innovation,
hypothesis 1 being verified. Moderating variables, learning orientation, also have
a remarkably positive impact (0.38%*) on technology innovation, the interactions
of network capability and learning orientation make an observably positive impact
(0.16%*) on technology innovation, which proves that the functions of learning
orientation between network capability and technology innovation get supports,
assumption 2 being verified.

5 Conclusion

In this paper, on the basis of previous studies and taking Guangxi enterprises as
the research objects, we further analysis of the influence of enterprise network
capability on technology innovation, verifying that the network capabilities have
a significantly positive impact on technology innovation. Meanwhile, we find that
learning orientation plays an important role in the regulation of the relationship
of the network capability and technology innovation. From a theoretical sense,
basing on the contingency perspective, this study finds that the influence of
enterprise network capability on technology innovation will be different in different
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situations. With strong learning orientation, an enterprise can greatly improve its
level of innovation. Otherwise, an enterprise’s improvement will be limited. From
a practical sense, the present enterprises’ innovation has become interactive. To
improve the chances of success while reducing the risk of innovation, enterprises
need to maintain good cooperative relations with suppliers, customers, banks and
even the government, the media and competitors to build their own innovation
networks to obtain innovative resources. At the same time, enterprises need to take
organizational learning as the basic value, and integrate it into the corporate cultures.
Also, enterprises need to spread and share the internal learning vision to form an
interior consensus on Organizational learning and make the whole enterprises full
of a studious spirit.

6 Discussion

In this study, there are still many inadequacies. First of all, due to the difficulties of
data collection, all the data is collected in the same period and the cross-sectional
data are not enough to confirm the causal relationship between the variables. The
follow-up study analysis can try using a longitudinal research design; Secondly,
the study selected the Guangxi enterprises as the research object, not covering the
enterprises of other provinces, and meanwhile, although the number of samples
reaches the demands of the statistical analysis, there is no distinction of the sample
enterprises in industry and class. The follow-up study will select a wider area and
make a comparative analysis by classifying the samples.
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Relationship Among New CEQO’s
Characteristics, TMT Adjustment

and Performance—Empirical Study Based
on ST Listed Enterprises

Wei-ning Li and Yi-ning Zhang

Abstract Based on Upper Echelons Perspective, this study focuses on key
problems from previous researches on CEO succession, to analyze relationship
among ST listed enterprises’ new CEO characteristics, TMT adjustment and
enterprise performance changes. We choose 108 CEO succession samples from
listed enterprises which replaced CEO from 2000 to 2009, then find that new CEO
age and education level have significant positive effects on enterprise short-term
performance changes. New CEO without working experience as CEO can better
improve short-term performance than the CEO with relevant experience. New
CEO generated internally can better improve long-term performance than CEO
generated externally. TMT adjustment has a significant positive effect on short-
term performance changes, but new CEO’s characteristics have no significant effect
on TMT adjustment. This study provides a new perspective for researches about
transformation strategy of performance declined enterprises, and also provides a
basis for Chinese enterprises to select and replace CEO.

Keywords CEO characteristics ¢ Enterprise performance changes ¢ ST listed
enterprises * Top management team adjustment

1 Introduction

Upper Echelons Perspective [1] emphasized the importance of top management
team (TMT) when TMT drove enterprise strategic transformation [1], especially the
function of CEO [2]. When enterprise performance declines, the board of directors
often changes CEO to implement strategic transformation to improve enterprise
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performance. But there remain large differences among the results of different
enterprises’ strategic transformation [3]. Transformation strategic decisions of
performance-declined enterprises are collective decisions dominated by CEO; these
decisions are also the results of interactions between CEO and TMT. After taking
office, whether the new CEO can get the TMT’s trust and support is the key to
strategic transformation’s success. The strategic transformation of performance-
declined enterprise is filled with difficulties and risks, it will meet unexpected
resistances at any time [4, 5]"). Some of these resistances are from outside, some
from inside, but most of them come from enterprises’ original conventions and
staffs. When implementing strategic transformations, changing and adjusting the
original management team is a measure to overcome the inertia and resistance from
inside.

Among the listed enterprises titled with ST (Special Treatment) from 2000 to
2009, more than 40 % of them replaced their CEOs. So the research about the
effects of ST listed enterprises’ new CEO characteristics and TMT adjustment
on performance will provide a new perspective for the strategic transformation in
Chinese situation, and will provide the basis for Chinese enterprises to choose and
change CEO, in that way to improve Chinese manager market.

2 Theoretical Basis and Assumptions

When the enterprises performance continues to decline, the board of directors
chooses new CEO to promote the strategic transformation [6—8]. CEOs are the
highest administrative personnel employed by the board of directors, they control
and command the relevant resources to realize the goal of enterprises, they also play
important role in strategic adjustment process [9]. CEO characteristics affect enter-
prise performance [10]. Their age, education background, professional background
and working experience influence enterprise choices about transformation strategy.

2.1 The Effect of ST Listed Enterprises’ New CEO
Characteristics on Enterprise Performance Changes

Young CEOs who are full of energy dare to take risks, to innovate and to develop
new markets. But as the growth of the age, their preference for risk, the degree of
acceptance to new things and the capacity of processing information will gradually
decline. In China, CEO’s social relation network plays a key role in acquiring scarce

The national nature science foundation of China: Research about the effects of CEO characteristic
and TMT heterogeneity on transformation strategy and performance in the performance declined
enterprises (No. 71172073).
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resources. In face of the ST listed enterprises’ performance decline, older CEO
can reasonable deal with the relationship among government, society, customers,
media and other related interest groups, they are more likely to get scarce resources
in order to promote enterprise development. Therefore, we propose the following
hypothesis:

Hla: The age of ST listed enterprise’s CEO has significant positive effects on the
enterprise’s short-term and long-term performance changes.

TMT’s education level is closely related to their information processing ability
and managerial flexibility; it also has a significant positive effect on the enterprise
performance [1]. The higher the TMT’s education level is, the more effective
information TMT can get, and the CEO’s with high education level will also
improve the efficiency for the enterprises to collect strategic resources. The wealth
effect of CEO succession has a significantly positive relationship with new CEO’s
education level. So we propose the following hypothesis:

H1b: The education level of ST listed enterprise’s CEO has a significant positive
effect on the enterprise’s short-term and long-term performance changes.

According to Upper Echelons Perspective, CEOs usually put their own experi-
ence from original profession on the new job. If new CEO has working experience as
CEO, they will make decisions more effectively, but the experience may also make
them stubborn and narrow minded. ST listed enterprises face delisting risks, so that
their CEOs need to break the old management mode urgently and reform operation
methods in order to improve performance. New CEO without working experience
as CEO has more courage to reform. So we propose the following hypothesis:

Hlc: For ST listed enterprise which has new CEO without working experience
as other enterprises’ CEQ, its short-term and long-term performance will be
significantly better than the enterprise which has new CEO with relevant
experience.

Seventy percent of the domestic enterprises’ new CEOs generated internally
since 1995, and 68 % of the current CEOs generated internally. Enterprises whose
operating performances are declining continually may endure more pressure from
internal and external interest groups, and their operation conditions are more
complex. CEOs generated internally are more familiar with enterprise operation,
thus they can better allocate resources to help enterprises out of trouble. So we put
forward the following hypothesis:

H1d: The ST listed enterprise which has new CEO generated internally will have
significantly better short-term and long-term performance than the enterprise
which has new CEO generated externally
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2.2 The Effect of ST Listed Enterprise’s New CEO
Characteristics on TMT Adjustment

After CEO succession, the characteristics of new CEO will have significant effects
on TMT adjustment. The stability of TMT is very important to enterprise normal
operations, and it can ultimately affect the enterprise performance [11]. Seniority
is a very important asset in Chinese enterprises. As the power distance is large
in China, the CEO, who is in the core power position of enterprise, has the
right to select and appoint other executives. When promoting the formulation
and implementation of transformation strategy, older new CEO tends to eliminate
executives who are appointed by former CEO and hold negative attitude on them.
The older CEO will also introduce his new management team to make the newly
composed TMT to better implement transformation strategy as requested. So we
propose the following hypothesis:

H2a: For ST listed enterprise, the order new CEO is more inclined to adjust TMT
than younger new CEO

Education level represents a person’s cognitive level and way of thinking, the
CEO with higher education level will have more systematic thinking to manage
the enterprise, they always tend to get rid of TMT members who can’t adapt to
enterprise development, and who he thinks are lack of the ability of adapting coming
strategic transformation. So we propose the following hypothesis:

H2b: For ST listed enterprise, the new CEO with higher education level is more
inclined to adjust TMT than new CEO with lower education level

New CEO with working experience as other enterprises’ CEO can better under-
stand special human capital. In consideration of stability and efficiency, they tend to
keep the integrity of TMT to ensure the stability. The theory about special human
capital shows that after mutual break-in, TMT members can produce a special
kind of productivity called co-operation, besides tacit cooperation. For new CEO
without relevant experience, they will have more reform awareness when dealing
with personnel assignment problems. So we propose the following hypothesis:

H2c: For ST listed enterprise, the new CEO without working experience as other
enterprises’ CEO is more inclined to adjust TMT than new CEO with relevant
experience

Comparing to CEO generated externally, the new CEO generated internally know
more about the problems of enterprise management, they are more familiar with
business situation and systems, which drives the formulation of special human
capital [12]. This kind of special human capital is gradually accumulated through
long-term cooperation between owners and operators, and the longer the time of
cooperation is, the more special human capital are accumulated [13]. New CEO
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generated externally will take more time and cost to form this special human capital.
In face of the unfamiliar environment, they need help from enterprise’s internal
members who are acquainted with enterprise operation. They also must deal with
the relationship with authoritative team members as soon as possible, so they won’t
easily change the organizational structure. The new CEOs generated internally have
their own interest group in the original TMT, so they tend to fire the team members
that are against to their own interest group. So we propose the following hypothesis:

H2d: For ST listed enterprise, the new CEO generated internally is more inclined to
adjust TMT than new CEO generated externally.

2.3 The Effect of ST Listed Enterprises’ TMT Adjustment
on Enterprise Performance Changes

Numerous studies show that CEO succession is often accompanied by the enterprise
strategic transformation and organizational transformation [14]. According to Upper
Echelons Perspective, the formation of enterprise strategy depends on the entire
TMT rather than a CEO, so it is generally believed that TMT restructuring will
help enterprise performance improvement. By analyzing the data of Dutch football
league in 1986-2004, Weel (2011) found that there was no statistically significant
positive effect of managers’ turnover rate on enterprise performance, but he find
weak positive correlation between these two variables when he focus on listed
enterprises [15]. George et al’s study found that, when the enterprise’s performance
declines, the TMT adjustment would increase performance significantly. So we
propose the following hypothesis:

H3: For ST listed enterprise, TMT adjustment has a significant positive effect on
enterprise short-term and long-term performance changes.

3 Research Design

3.1 Measurement of Variables

1. Enterprise performance changes: This study not only use ROA’s changes that
most scholars used to measure short-term performance changes, but also use
Tobin’s Q’s changes to measure the enterprises’ ability of value development, in
order to concern more about long-term performance changes. This study selects
samples from a variety of industries, so we eliminate interferences from different
industries on performances as far as possible
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ROA = (ROA; + ROA,) /2— ROA_; Tobin's Q = (Tobin's Q,
+ Tobin's Q1) /2—Tobin's Q_,
ROA; = ROAc; — ROAQ;; Tobin's Q; = Tobin's Qc; — Tobin's Qy;

i=2,1,—1, Respectively represent 2 years after the CEO succession, 1 year
after the CEO succession and 1 year before the CEO succession. C,I, represent
company and industry.

2. The characteristics of the new CEO: Based on Upper Echelons Perspective, the
study selects new CEO age, education level, working experience as CEO and
succession source as the variables about new CEO characteristics. New CEO
age is the age of new CEO when he (or she) succeeds, which is the difference
between succession year and year of birth. Using CSMAR database for reference,
this study divides CEO education level into technical school education or below,
junior college degree, bachelor degree, master degree, doctoral degree or above,
the assignments are 1-5. New CEO, who has working experience as chairman or
general manager is assigned to 1, otherwise is assigned to 0. New CEO who is
generated internally is assigned to 1, otherwise is assigned to 0.

3. Top Management Team adjustment: By adjusting the definition of TMT on the
base of CSRC, TMT includes chairman (deputy chairman), general manager
(vice-general manager), president (vice-president), director, board secretary,
chief inspector, chief engineer, chief accountant, chief auditor, etc in this
study. We use the formula of TMT adjustment (SEturn). SEturn = Numbers of
executives who leave office 2 years after CEO turnover/Numbers of TMT a year
before CEO turnover.

4. Control Variable: This study uses the methods from some foreign scholars’
studies [16, 17], taking firm size and firm age as control variables. Firm size is
measured by enterprise’s total assets [18]. Firm age is measured by the number
which is the difference between the years of CEO succession minus the year
enterprise established.

3.2 Samples and Data Collection

Our research samples have the following requirements. (1) They’re Shanghai and
Shenzhen listed enterprises and they had been implemented special treatment (ST)
between 2000 and 2009. (2) Those enterprises replaced their CEOs (both the
chairmen and the general managers) during the ST period. (3) They didn’t replace
their CEOs again in 2 years after CEO turnover. The characteristic data of new
CEOs mainly come from the corporate governance data in CSMAR. The data of
enterprise performance mainly come from the financial data in Juyuan Database,
while the data of TMT adjustment mainly come from annual reports of those listed
enterprises.
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4 Research Results

4.1 Descriptive Statistics and Correlation Analysis

From the descriptive statistics, we find that new CEO’s average age is 44.74; their
average education level is 3.23. In the 108 samples, there are 83 new CEOs have
working experience as CEO in the past, 34 new CEOs generated internally, internal
succession rate is 31.5 %. This study use SPSS17.0 to do Pearson Correlation
Analysis. We find that new CEO’s education level and TMT adjustment rate have
significant positive relationship with short-term enterprise performance changes
(correlation coefficients are 0.253 and 0.212), working experience as CEO have
significant negative relationship with short-term enterprise performance changes
(correlation coefficient is —0.241).

4.2 Hpypothesis Test and the Results

4.2.1 The Effect of ST Listed Enterprises’ New CEO Characteristics
on Performance Changes

In order to analyze the different age groups, different education levels, different
working experience and different succession sources’ effects on enterprise perfor-
mance changes, we analyze variance of new CEO characteristics on performance.
Results show that there’s no significant differences of long-term performance
among different ST listed enterprise’s new CEO characteristics. There are also
no significant differences of short-term performance changes among different
succession ages groups and succession sources. There are significant differences
of short-term performance changes among different education levels and different
working experience. Hypothesis test and the results are shown in Table 1, F values
in Model2 and Model4 are 3.007 and 2.327, which demonstrate the regression
equations are significant. New CEO age and education level both have significant
positive effects on short-term performance (ROA) changes, meanwhile, they don’t
have effects on long-term performance (Tobin’s Q) changes which indicate Hla
and H1b are partly supported. New CEO without working experience as CEO,
has significant positive effects on improving short-term performance (ROA), but
not on improving long-term performance (Tobin’s Q), so Hlc is partly supported.
CEO generated internally has a significant positive effect on improving long-term
performance (ROA), but not on improving short-term performance (Tobin’s Q), so
H1d is partly supported too.

The variance analysis and regression analysis above show that, ST listed
enterprises’ new CEQO’s age and education level have significant positive effects
on short-term performance changes. ST listed enterprises, which face continuous
performance decline, get a lot of pressure from inside and outside. Under this
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Table 1 The effect of new CEO characteristics on performance changes

ROA changes Tobin’s Q changes

Variable Model 1 Model 2 Model 3 Model 4
Firm size(LN) —0.011 —0.071 —0.282" —0.316"
Firm age —0.040 —0.044 0.041 0.013
New CEO age 0.175+ —0.164
Education level 0.288" 0.038
Working experience as CEO —0.249" 0.090
Succession source 0.022 0.190+
R? 0.002 0.152 0.081 0.121
Adjusted R2 —0.017 0.101 0.063 0.069
F-value 0.093 3.007" 4.616" 2.327"

+p<0.1; #p<0.05; **p<0.01

circumstances, new CEO, who is older and with higher education level, will have
better social relationship networks, more knowledge and better decision-making
skills to make the enterprise quickly get scarcity resources, adapt to the dynamic
and complex business environment, and to improve enterprise performance in the
short term.

For ST listed enterprise which has new CEO without working experience as
other enterprises’ CEQ, its short-term performance will be significantly better than
the enterprise which has new CEO with relevant experience. In face of delisting
risk, CEO without working experience as other enterprises’ CEO has more courage
to break the original business models and to transform strategy. We find there
is no effect of succession source on improving short-term performance, however,
new CEO generated internally can better improve long-term performance than
CEO generated externally. Compared with other enterprises, ST listed enterprises’
internal situation is more complex, new CEOs promoted internally know more about
the enterprise operation problems, so they can allocate corporate resources better to
make enterprises out of trouble.

4.2.2 The Effect of ST Listed Enterprises’ New CEO Characteristics
on TMT Adjustment

By analyzing variance, we find except the CEO age, other new CEO’s characteristics
don’t affect TMT adjustment significantly. Regression results in Table 2 show that,
the significant coefficients of independent variables are all greater than 0.1, so
ST listed enterprises’ new CEO characteristics don’t affect the TMT adjustment
significantly. Therefore the hypothesis H2 is not supported. Because in order to
improve performance as soon as possible, new CEO with different characteristics
all have to adjust top management team according to the new strategy. ST listed
enterprises’ TMT adjustments may be affected by strategic adjustment, but not the
TMT adjustment.
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Table 2 The effect of new CEO characteristics on TMT adjustment

TMT adjustment
Variable Model 1 Model 2
Firm size (LN) 0.079 0.060
Firm age 0.114 0.106
New CEO age 0.072
Education level —0.017
Working experience as CEO —0.028
Succession source 0.054
R2 0.020 0.031
Adjusted R2 0.001 —0.026
F-value 1.050 0.541

Table 3 The effect of TMT adjustment on performance changes

ROA (%) changes Tobin’s Q changes

Variable Model 1 Model 2 Model 3 Model 4
Firm size (LN) —0.011 —0.029 —0.282™ —0.287"
Firm age —0.040 —0.066 0.041 0.034
TMT adjustment rate 0.222" 0.058
R? 0.002 0.050 0.081 0.084
Adjusted R2 —0.017 0.023 0.063 0.058
F-value 0.093 1.928+ 4.616" 3.182°

+p<0.1; %p<0.05; *#p<0.01; **%p<0.001

4.2.3 The Effect of TMT Adjustment on Performance Changes

Table 3 shows that there is significant positive effect of ST listed enterprises’ TMT
adjustment on short-term performance changes, which is consistent with the results
of other scholars’ researches [15]. TMT adjustment is a part of the transformation
strategy. By TMT adjustment, CEO can fire staffs with low efficiency, choose
managers who can better adapt to enterprise strategy, to promote the efficiency
and accuracy of the strategic decision-making, and finally improve enterprise
performance. For ST listed enterprises, therefore, TMT adjustment can promote
the implementation of strategic transformation in order to improve enterprise
performance.

S Conclusion and Insufficiency

Based on the Upper Echelons Perspective and CEO succession samples from the
listed enterprises which have CEO succession incidents in their special treatment
period, our study analyzes the relationship among ST listed enterprises’ new CEO
characteristics, TMT adjustment and enterprise performance changes. The main
research conclusions are as follows.
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1. New CEOs with different characteristics affect long-term performance and
short-term performance differently. New CEO succession age and education
level have significant positive effects on the enterprise short-term performance
changes. And when enterprise which has new CEO without working experience
as other enterprises’ CEQ, its short-term performance will be significantly better
than the enterprise which has new CEO with relevant working experience.
Internal succession has significantly positive effect on performance changes.
These are in line with the results of some empirical studies, but different
from others [19]. When enterprise performance declines, the board of directors
often changes CEO to implement strategy transformation to improve enterprise
performance. When choosing successor, enterprises consider more about their
CEOs and the TMT’s effects on improving enterprises’ short-term performance,
while less focus on enterprise long-term value growth. It is beneficial to improve
performance and to get rid of the ST list rapidly, but when choosing new CEO, the
enterprise should consider more about long-term development and focus more on
the relationship between CEO’s characteristics and long-term performance. For
ST listed enterprises, CEO who has characteristics like higher education level,
rich social network resources, working experience as CEO, internal succession
should be chosen to improve enterprise performance.

2. For ST listed enterprises, adjusting TMT can improve short-term performance
significantly, but it can’t effect the improvement of long-term performance.
According to Upper Echelons Perspective, we know that the formulation of
enterprise strategy depends on the whole top management team. The chaotic
and rigid management system is the main reason of ST listed enterprise’s per-
formance decline. By adjusting the top management team, firing staff with low
efficiency and overcoming the enterprise existing conventions and resistances
from executives, enterprises can have the best personnel allocation and the
optimal efficiency to improve performance.

Choosing ST listed enterprise as the research object, this study provides a
new perspective for the researches about transformation strategy of performance-
declined enterprises and also provides a basis for Chinese enterprises to select
and replace the CEO. However, due to some problems of selecting samples and
measuring variables, there are still limitations in this study. These insufficiencies
and limitations are emphasis and difficulties in the following researches. Firstly, the
sample size is relatively small. Secondly, new CEO make an influence on enterprise
performance by a range of factors, such as adjusting strategy, changing organization
and personnel, inputting key resources etc, but among all these factors, we only
choose TMT adjustment to analyze in this study. In addition, we don’t strictly
distinguish chairman and general manager, they are all referred to as CEO in this
study. But in Chinese company, chairman and general manager play different roles
in deciding and implementing enterprise strategic transformation.
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Research on Collaborative Management Mode
of Engineering Cost Based on BIM Technology
in Construction Stage

Jin-feng Zhang and Dong-mei Feng

Abstract This paper discusses the relationship of engineering cost, collaborative
management mode and BIM technology: Engineering cost management needs to be
promoted by collaborative management mode, collaborative management requires
BIM technology as a service platform, and BIM technology has been in service
for engineering cost, so the three are regarded as complementary relationship.
Analyze the engineering cost management in construction stage, and find that
it only actualizes the value of engineering cost, and does not add the value of
management. Therefore, the paper proposes to establish the mode of engineering
cost collaborative management based on BIM technology in construction stage. The
new management mode defines the roles of project participants and their functions,
requires project manager to establish the mechanisms of collaborative management
to mobilize all participants to actualize value-added management. And analyze that
the management mode can achieve four targets.

Keywords BIM technology ¢ Collaborative management ¢ Construction stage
* Engineering cost * Management mode

1 Introduction

The most prominent theme of the era of knowledge economy is the highly developed
information technology and the scientific and technical innovation which gives
priority to knowledge industry. Companies have entered the new stage of adjusting
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structure, optimized configuration, and innovative technology and management [1].
Over the years, the development of the engineering cost is adjusted in valuation
mode, and did not put forward innovation on management mode, has no substantial
change of management. And the current management mode has not be adapted
to the development of the current society, shows a lot of drawbacks: Can’t give
effective use of modeling data, it hinders the improvement of the social efficiency;
Can’t do instant settlement, it hinders the development and research of dynamic
cost management of construction engineering; Cannot effectively store cost data, it
hinders the applied research of reuse thought in the field of engineering cost, etc.
And in construction stage, do not take effective means for value-added management
on engineering cost. In order to solve the problems above, it must make deep and
fundamental change of the mode of engineering cost management, and perfect
management concept in construction stage. Therefore, this paper put forward the
improvement scheme about engineering cost management mode in construction
stage as follows.

2 Discussing the Relationship of Engineering Cost, BIM
Technology and Collaborative Management Mode

2.1 Application of Collaborative Management Mode
in the Engineering Cost

In the construction process of the engineering, it has emerged collaboration and
produced collaborative effect before that the construction unit establishes effective
collaborative management mechanism. The specific performance has the following
two aspects:

2.1.1 The Performance of Collaboration Under the Institution

Under the development of valuation mode, it has actually achieved a simple
collaboration from the quota valuation to the bill of quantities, which greatly
improves the controllability and accuracy of the engineering amount [2]. But the bid
invitation unit only provides BQ (it is short for bill of quantity) to bidder generally,
not the file or model of the calculation process. Therefore, the degree of current
collaborative management is not deep and exists at the surface in the form. But it is
undeniable that the collaborative effect of engineering cost management has played
an important role in promoting collaborative management in the field of engineering
cost.
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2.1.2 The Performance of Collaboration Under the Society

In the stage of engineering cost settlement or in the stage of progress payment
disbursement, there will be such a phenomenon that one participant establishes the
amount calculation model, and the other participants use the same one. Some of
the phenomenon is advocated by the first party (construction unit), some is allowed
by the first party, and some is even without the knowledge of the first party. For
example, a third-party (consulting unit) maybe hand the amount calculation model
of previous stage such as the bidding stage to other participants. Other participants
or a third-party may use it for audit of the next stage. The tangible benefit of this
phenomenon to the recipient is that he can save a lot of time in modeling, and has
more time and effort to check and modify the model to reduce the error rate; The
intangible benefit is that, if the modeler on previous stage knows that the model
will be transferred to other people to use and check, he must work more seriously,
whether active or passive. This private or not approved behavior lets the participants
compete, cooperate and coordinate, and makes spillover effects for each other. In a
way, it can be understood as collaboration between the project participants [3].
Therefore, the concept of collaboration has gone deep into the actual work of the
engineering cost, and it is conducive to collaborative management mode to carry out.

2.2 Application of BIM Technology in Engineering Cost

BIM is short for Building Information Modeling. It is based on the 3D digital
technology, is integrated engineering data and information model, and is a digital
expression of engineering facilities physical and functional properties. The scholar
named Guanpei He concludes on BIM as model is the basis, information is the soul,
management is the key, the premise is “when the owner needs BIM, it can be used
everywhere”. It means that BIM technology must support sharing technology of
internet terminal [4].

2.2.1 The Application in Engineering Cost

Engineering cost personnel calculates the engineering quantity by computer through
building the model in 1:1, which is a computational 3D construction model by
constructional element. Although it is not based on the internet, the model brings
basic information of quantity. It belongs to the base of the definition of BIM
technology. The calculation software such as Luban soft and Glodon soft can be
considered as a kind of BIM. Therefore, BIM technology has been applied in
engineering cost [5].
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2.2.2 The Other Applications of BIM Technology in Engineering Project

In the present, BIM technology is upgraded in construction stage to achieve the
application of 2 WBS (it is short for work breakdown structure) and 5D BIM
technology. 2 WBS means plan WBS + actual WB, and 5D BIM technology is the
5 dimensions: 3D modeling +1D progress +1D cost. The BIM technology can
control of progress, cost and material procurement plans, and enhance the overall
value in construction stage greatly [6].

Therefore, BIM technology plays an important role in the engineering cost, and
is also used in project management [7].

2.3 The Relationship Between BIM Technology
and Collaborative Management Mode

Collaborative management is based on a large collaborative management platform.
Through the platform, restructure time, space and function structure to actualize
the participants’ competition — cooperation — coordination between each other
to generate spillover effects. Therefore, collaborative software is demanded to
actualize the collaborative management [8].

BIM technology can work as a collaborative management platform in engineer-
ing cost. First of all, BIM technology in the field of engineering cost has been used
for a long time, so it can facilitate the participants to operate it on the platform;
Second, BIM technology can support the sharing technology of internet terminal,
and can be regardless of time and space to work, share and transfer timely. It
can solve the problem of information isolated island, applied isolated island and
resources isolated island to make the collaboration of information, business and
resources.

So, BIM technology can provide the good management platform for collabora-
tive management. At the same time, collaborative management actualizes the value
of BIM technology [9].

2.4 The Relationship of Engineering Cost, BIM Technology
and Collaborative Management Mode

Engineering cost is the object of management, BIM technology is the measure
of management, and collaborative management is the concept of management.
Establish a mechanism of collaborative management to make all project participants
use BIM technology and collaboration in the engineering cost, and to promote the
development of engineering cost management of value-added.
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3 Establishing Collaborative Management Model
of Engineering Cost Based on BIM Technology
in Construction Stage

3.1 Determining the Stage of Application of the Mode

The basic concept of management is to achieve the desired goals and to coordinate
activities in human-centered way. For the engineering cost management in design
stage, its target can be classified as the management goal. Considering of the effect
of design scheme, it also make sure engineering cost economic and rational through
optimizing the design scheme. Although this effect is general, but it can reflect the
value-added process of engineering cost management by management means [10].

But, in construction stage, the work of settlement audit is called the management
of engineering cost. But In fact, it is a misunderstanding. It is just a beneficial
method to improve the accuracy of calculated value of engineering cost, it is not
a management mean. It means that people have not established good means about
the management of engineering cost in construction stage, and also does not take
effective management measures.

Although the roughly 80 % of engineering cost has been decided in design stage,
but there is a big optimization space in construction stage [11]. And in recent years,
the profit margin is low in construction engineering project. It is necessary to pay
more attention to the management of engineering cost in construction stage.

Consequently, what this paper states is the narrow sense of engineering cost. And
researches on the management of engineering cost in construction stage.

3.2 Analysis of Participant Roles and Their Function

3.2.1 Decision Maker and Its Function

Decision makers: construction unit, namely, the first party, and is the people who
establishes the mechanism of collaborative management and make the management
goal.

The biggest contribution of the decision maker is to establish a reasonable
and effective mechanism of collaborative management to make every participants
collaborate. In ensuring the value of engineering cost and under the rational
condition, mobilize the enthusiasm of each participant as far as possible, to make
the engineering cost economical and actualize management value.
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3.2.2 Manager and Its Function

Manager: engineering cost consultation unit. It is engaged by construction unit in the
form of contract. Its responsibility is to build the engineering cost model, maintain
the collaborative platform based on BIM technology, provide engineering cost data
and offer model service for participants in construction stage.

The manager use the bill of quantities valuation model which was built in bidding
stage and the unit price of the successful bidder to build a new model in order
to make contribution to the collaborative management platform. According to the
actual situation, it can assist participants to modify the data and model. And by using
the data and model on the platform, it can generate instant engineering cost by the
month and the project plan next month to provide the reference for the decision
maker (construction unit), in the end, to form instant settlement documents and
actualize real-time settlement very month. In the meantime, it can help contractor
units and supervision units read and record the data from the collaborative platform
to actualize the solution of project timely. And it also can provide convenience
for construction unit to seize the solution of project accurately. Manager is also
in charge of sorting and filing the engineering data.

3.2.3 Participants and Their Function

Participants: in construction stage, all the second party which has signed contracts
with the decision maker (construction unit), including the contractor unit, supervi-
sion unit and engineering cost consulting unit, etc.

Engineering cost consultation units also has the characteristics of the partici-
pants just like other second parties. All the participants will make collaborative
contributions to engineering cost management in common and get due reward
under the effect of the collaborative management mechanism made by decision
maker. And all the participants should record the work situation to the collaborative
management platform in time, so that other participants could use expediently, and
the construction unit could seize the project progress exactly.

3.3 Establishing Mechanism of Collaborative Management

North believes that it may improve the economic efficiency (benefit to somebody
and nobody damaged in this case) or the redistribution of income single (one party’s
or group’s earnings is always the loss of others in this case) based on the result of
institutional change. And it is the first effect in this paper, namely to increase the net
income of society [12].
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Consequently, construction units should consider the following two suggestions
when construct collaborative management mechanism according to the program:

1. The goal of participants in same stage should be consistent and “against” to the
goal of the previous stage.

2. As to the imperfection of contracts we suggest to set up reward systems of the
improved contribution and improved compensation. It not only can actualize the
target of benefit to somebody and nobody damaged proposed by North, but also
can encourage all participants involved in the collaborative development.

For example, targets of engineering cost consultation unit are against to targets
of contractor unit in the construction stage currently, so they can’t actualize
collaboration under this condition. So we will take it as an example to analyze the
above two suggestions.

The first suggestion is to manufacture collaborative condition and realize the
value management. We suggest settling it by adopting performances of social
collaboration based on BIM then makes contractor unit and construction unit
supervise and check the cost model and cost data of engineering cost consultation
units. It not only can save the repeated time for setting up model to inspect models
provided by engineering cost consultation units, but also can encourage engineering
cost consultation unit to build model and calculate seriously, through those they
can actualize collaboration finally. Therefore, it requires construction unit should
set a same target for all participants in the same stage and creating a collaborative
condition within a complex large system.

The second suggestion is to realize the value-added of collaborative management.
Carry out management activities with the target against the goals of previous
stage. The means of optimizing construction process, design scheme and material
selection can make engineering cost more effective. Reasonable reward mechanism
can encourage all participants to optimize the engineering project. It advocates that
set up reward systems of improved contribution and improved compensation to aim
for all participants with the consistent target in the same stage and to avoid any
participant suffering a loss.

The collaborative management mechanism of contractor unit and engineering
cost consultation unit can show as following:

1. Keep the contract of contractor units.

2. Change the constitution of contractual income of engineering cost consultation
unit. Remove the additional expenses through audit, and only remain the basic
charge on the basis of engineering cost and increase the rate base, make sure to
guarantee the profit no less than 1.2 times of the original pattern.

3. Construction unit should establish the collaborative management agreements
with all participants including contractor unit, engineering cost consultation unit,
supervising unit with the following two points: one is that appoint engineer-
ing cost consultation unit to share the architectural model and cost file with
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construction unit and contractor unit, actualize real-time settlement, and make
engineering cost consultation unit know that construction unit will take the
architectural model and cost file for second review or third time review after the
completion of project, and if there is problems in engineering cost, construction
unit will punish the engineering cost consultation unit for 5 % of the amount of
audit change. The other is that it can take following reward mechanism when
there is value improvement in construction stage:

(a) As participants who can put forward improvement suggestions, they will
reward 10 % of reduction amount in whole cost of construction unit as the
improved contribution reward;

(b) Other participants whose contract profit reduced because of the improvement
will get 1.5 times of profit margin according to the contract as improved
compensation. And encourage project participants to optimize engineering
cost actively and actualize collaborative management.

4 Analyzing the Four Target Which the Mode Can Achieve

4.1 Contribution to the Engineering Cost Itself

Avoid the engineering cost personnel determining the engineering cost. Sometimes
engineering cost personnel employed by construction units or contractor units are
irresponsible and don’t have high level of skill. They are careless of the audit of
the accounts. Finally the settlement is formed by the mood of engineering cost
personnel [13]. However, the cost information kept by BIM technology will be set
the limited permission of using and archived as a history for the people who can
reuse it at any time. That is to say, there will be as times as be checked in the present
and future. So the sense of responsibility and serious manner of cost personnel will
be improved naturally. And their professional skills would rise because of the open
degree of cost information whether it is intentional or not. The method above can
improve the quality of cost personnel in a way. It can achieve the goal of engineering
cost in construction stage by this way. So the construction unit can spend money
clearly, and the contractor unit can earn money reasonably [14].

4.2 Contribution to the Development of Science and Research

Real-time settlement, BIM technology and collaborative management have made
contributions to some fields such as the cost dynamic management, the data reuse
and the increase of social efficiency.
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1. This mode can set the limited permission of using the building model and data.
Cost consultation unit makes real-time settlement of the monthly quotation in
order to reduce the phenomenon that contractor unit gives extra benefits to cost
consultation unit during the audit. As well as, the more important is to promote
all participants to achieve the cost dynamic management of engineering cost for
their own unit;

2. The use of BIM has built a building information model and added an effective
approach of the storage of cost data. And it can be helped by using it to avoid
obtaining project resources in each construction unit and not finding the previous
data because of the demission of engineering cost personnel [15]. First of all,
BIM technology is used by cost consultation unit, and it can obtain the date
through providing a service to the construction unit, and the collection of data
from a single unit turns to the concentration for easy management. At the same
time, the consultation unit and the construction unit through model use the
open data of limited permissions for investment estimation. The second, BIM
technology can actualize the network sharing. The data will be uploaded to the
internet terminal server by cost personnel. It could be found by anyone who
has the permissions according to the related searches. This can avoid data loss
because of the change of engineering cost personnel and achieve the effective
reuse of construction model and construction cost data [16].

3. Establish up a collaborative management mechanism that can make the all
project participants help each other and build only one model in a project.
Modifying the model in the future is based on the model which is built today.
Realize the situation that one person do things and many people can use
them. Sharing the results of collaborative management can improve the social
efficiency of engineering cost personnel, etc.

4.3 Contribution to All the Project Participants

That all the participants collaborate with each other can actualize the decreased costs
of their own in the case of the unchanged income of every participant. In a way, that
is the same thing that the earnings of all the participants are increased. This makes
all the project participants prefer to promote the collaborative operation. It result that
the collaborative operation can be used widely in other work not just in engineering
cost, and can be enhanced the overall advantages of the construction project [17].

4.4 Contribution to the Construction Unit

It is convenient for large real estate company to control multiple projects at the
same time. Manager and all the participants can record the physical truth on the
collaborative management platform (CMP) by using the sharing technology of
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internet terminal of BIM. Construction unit can take engineering data of every
project at anytime and anywhere, know the project progress and physical truth
accurately, and know engineering settlement, cost control and funds operation
very well. So it is convenient for large real estate company to actualize real-time
management and control [18].

5 Conclusion

By discussing the relationship of engineering cost, collaborative management mode
and BIM technology, the three can be combined, and the effective combination
can achieve self-organization by the effective collaborative management mechanism
made by decision makers. This paper has established the collaborative management
mode of engineering cost based on BIM technology in construction stage, has
analyzed the necessity of value management in construction stage, has described
each role and its function under the condition of the model, and has proposed the two
suggestions that should be adopted when the manager establishes a collaborative
management mechanism, and finally analyzed the practical significance of the
model. We hope it can really promote the development of engineering cost manage-
ment in construction stage and promote the value of engineering cost management.

References

1. Lin Li, Donglin Jiang (2013) The innovation modes for the Industry-University-Institute
Cooperation based on the collaboration technology of cloud computing (in Chinese). Sci
Technol Prog Pol 30(6):15-21

2. Hui Li, Yanqing Liu (2003) Analysis on bidding and tendering under the mode of BOQ
valuation (in Chinese). Coal Eng 403(10):67-69

3. Yochem A, Carlson D, Stephens T (2005) J2EE Applications and BEA weblogic server.
Electronic Industry Press, Beijing

4. Qinghua He, Haitao Pan, Yongkui Li, Lili Qian (2012) Study on framework of BIM
implementation based on the cloud computing (in Chinese). Constr Econ 355(5):86-89

5. Baoming Yang (2006) Present and future application of digital building technology (in Chi-
nese). Build Constr 28(10):840-844

6. Wenzhi Long (2011) Building Information Model (BIM) technology shall be promoted in
building industry as soon as possible (in Chinese). Arch Technol 42(1):9-14

7. Hester N, Li K, Schramski JR, Crittenden J (2012) Dynamic modeling of potentially conflicting
energy reduction strategies for residential structures in semi-arid climates. J Environ Manage
97:148-153

8. Honghan Zhang, Wei Wang (2011) Process analysis of collaborative management in IT
outsourcing projects” (in Chinese). J Harbin Univ Commer (Soc Sci Ed) 116(1):44-47

9. Xiangchun Mu, Na Wu (2011) Information development in survey and design industry,
summarization of the 11th five-year plan and outlines on the 12th five-year plan (in Chinese).
China Investig Des 25(3):30-35

10. Martinez MT, Fouletier P (2001) Virtual enterprise-organization evaluation and control. Prod
Econ 74(12):225-238



Research on Collaborative Management Mode of Engineering Cost Based. . . 341

11.

12.

13.

14.

15.

16.

17.

18.

Xianping Zhang, Yizhong Zhang (2009) Strategies and methods of controlling construction
engineering cost during the design stage (in Chinese). J] Henan Univ (Nat Sci) 39(6):653-656
Zhongliang Si (1998) Industrial economics theory. Economic Management Publishing House
Press, Beijing

Ming Ye (2008) Several existing problems in the management of engineering cost in the current
and countermeasures (in Chinese). China Collect Econ 23(12):150-151

Yujuan Gao, Kuihua Yu (2011) Effective study on cost management in construction engineer-
ing (in Chinese). China Urban Econ 12(1):150

Li Li, Xueyuan Deng (2012) Construction of the building information platform based on BIM
technology (in Chinese). J Inf Technol Civ Eng Arch 4(2):25-29

Li Yu, Meiyun Zuo (2006) Theory architecture of collaborative management pattern (in Chi-
nese). J Renmin Univ China 20(3):68-73

Yuan Fu, Yaohui Qu (2009) Research on the synergic effect of collaborative cost management
in firm clusters (in Chinese). Nankai Bus Rev 12(2):125-131

Xiaogian Yu (2012) Engineering construction of BIM technology and application of BBS
documentary (in Chinese). Inf China Constr 522(1):60-63



A Study of Value-Based Consumer Behavior
Under E-Business Environment

Shuang Xiao and Jiang Tian

Abstract This research studies the consuming process under the E-business
environment using qualitative and quantitative methodologies. In this study,
the qualitative analysis is based on consumer value theory. After the consumer
consumption way and purchase decision process having been analyzed, the paper
builds up a theoretical model of consumer behavior decision in the process of
consuming. In the electronic commerce environment, consumer behavior decision
still can be divided into three stages, including pre-purchasing, purchasing and post-
purchasing. This paper respectively discusses the key influential factors affecting
consumer in every stage. On the foundation of qualitative analysis, the consumer
value is analyzed with quantities methodology, which gives the key influential
variable of consumer behavior mathematical definition, builds up the model of
value-based consumer behavior, and finally gives the procedure of solving the
model. This model focuses on consumer behavior under the influence of product
price, quality, information, time, etc. To verify this model, simulation method is
advised to be used in further studies.

Keywords Consumer value ¢ Consumer behavior decision ¢ E-business
environment

1 Introduction

With the development of internet technologies, E-business arouses wide concern
among traditional enterprises. Statistics show [1], by the end of December, 2012,
the number of netizen (cyber citizen) in China had broken through half-billion
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and reached 564 million. Meanwhile, the popularizing rate of internet has reached
42.1 %. The number of internet consumers has been 242 million, paying 42.9 % of
the consuming bill. From the above, it is clear that online shopping has attracted
a large scale of consumers, and the online marketing channel is going to step into
a mature developing stage. Under E-business environment, consumer behavior has
become a hot issue.

Compared with traditional single marketing channel, consumers’ various and
individual demands are better satisfied under E-business environment [2, 3]. Con-
sumers can search the information, purchase and comments of products through
traditional marketing and E-business channel [4]. Consumers’ perception of value
has a close relationship with their consuming decision. It will be easily affected by
the media, family and social groups [5]. Thus the study of consumer behavior is
conducted on the basis of customer value theory.

Woodruff claimed that customer value is customers’ comments and preference
for product attribute, actual effect and performance when the product is used under a
specific situation to realize the consumption goal [6]. Oliver put forward a customer
value concept framework, and the customer value includes the following three parts:
cost value, quality value and feel performance [7]. Philip Kotler raised the concept
of customer delivered value, and he also divided customer delivered value into two
parts: total customer value and total customer cost [8]. Sheth put forward that market
selection is a function decided by multiple consumption values, and each value has
different influences on selection at different situation. Meanwhile, they believe that
the factors influencing consumer behavior includes functional value, social value,
emotional value, cognitive value and situational value [9]. Lee and Overby divided
consumer value into two dimensions: utility value and experience value. For the
consumer, the utility value is used to measure the function of goods or services;
experience value indicates the seller’s ability to provide consumers with a positive
sense of emotion [10].

2 Consumer Behavior Decision Model Under E-Business

Environment

In the environment of E-business, the product can be delivered to customers from
both physical stores and online stores, as shown in Fig. 1.

Physical Store

Consumer

w4

Manufacture
Fig. 1 Double channel \ Online Store
structure




A Study of Value-Based Consumer Behavior Under E-Business Environment 345

i
¥ '
]
Demand :
]
Spot ;
7 i
Consumer Information .| Purchasing _ | Post-purchasing
Collection "| performance performance
¢ y K
Analyze
choices
'y
Jv y Y
Physical Store [ =" Physical Store i | Physical Store
7 N
4 \\\’ ! 4 \\\//, 4
E-business v ,’/\\\ v ///\\\ v
environment Online Store e - - _ﬁ Online Store 4¢ .- - _* Online Store
Consumption Pre-purchasing .|  Purchasing .| Post-purchasing
process Stage " Stage " Stage

Fig. 2 Model of consumer behavior decision in the process of consumption

Based on the above analysis, this paper sets up a dynamic model of consumer
behavior decision in the process of consumption, as shown in Fig. 2.

Consumption process can be divided into three stages including pre-purchasing,
purchasing and post-purchasing. Pre-purchasing stage refers to demand confirma-
tion, information search and analysis and selection. Purchasing stage refers to
purchasing performance, and post-purchasing refers to consumers’ performance
after having purchased. During the whole purchasing process, consumers will face
the issue of seller-choosing. Interaction also exists in online and offline channel. The
combination of channels indirectly increases the value of consumers.

At the pre-purchasing stage, the more information consumer gets, the easier
consumer can judge to make a decision. Besides, price is still a key factor for
consumer to make a decision and it is also the critical variables of price and time at
the pre-purchasing stage.

At purchasing stage, consumer’s choice will be affected by the availability
of purchasing channel, service, creation, payment convenience and delivery time,
etc. These factors derive from purchasing channel. The availability and payment
convenience can be shown from time-saving measures.
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At post-purchasing stage, consumer tries out the product directly, and utilizes the
value of product quality and after-sale service. At this stage, the quality and function
of product itself have close relationship with consumer’s satisfaction. Meanwhile,
the total value obtained during the purchasing process is realized by consumer.

3 Consumer Value Analysis

Based on the above analysis, the consumer value in this paper mainly includes:
price, quality, information and time. This model, on the basis of the maximum of
consumer value, in the first place studies the function of consumer value, which
refers to the function of four variables including price, quality, information and time.
The function is expressed as follows:

V=F(,Q.I.T)

V- Consumer Value; P-Price; Q-Quality; I-Information; T- Time Value
The functional equation of Consumer Value is:

V =wV(P) + o V(Q) + osV(I) + wsV(T) (1)

4

Here w; represents the weight of influencing factor, Za),- = 1. Under
E-business environment, consumer purchases products froril éiifferent marketing
channels are various in terms of price, quality, information and time. These elements
of consumer value can be analyzed and presented by quantitative model. Here
i represents sellers (from both physical stores and online stores). Suppose that
L={1,2, ..., ... N} acts the set of sellers, different seller i provides different
price (P;), quality (Q;), information (/;), time (7;) for the same consumption demand.
Consumer Value of product price can be represented in the total consumer value
expression as:

V(P)=¢ x P 2)

“e;” stands for price sensitivity. In accordance with purchasing experience,
product price is inverse proportion to purchase motive. Each P; corresponds ¢; for a
consumer.

Kim and his fellows in the price sensitivity distributed model suggest that the
cheaper a brand sets the price, the less sensitivity of price acts. Therefore, the
less influence is on the consumer’s motive [11]. Price sensitivity is an exponential
function of the difference between real price and expected price.

g =—ali7le 4k



A Study of Value-Based Consumer Behavior Under E-Business Environment 347

« is a parameter greater than 1; k is a constant (it depends on the population
statistics of online consumer, for instance, high-income groups are less sensitive to
price than low-income groups); P, is expected price from consumer. As different

consumers have different expectation for the same brand, P, is uncertain. Generally,
N

we regard average P (P = %Z P;) as a same kind of product of different brands
i=1
instead of P,, i.e. the value function for product price is:

V(P) = (—a"f—? n k) x P; 3)

Outlier avoidance [12] claims that the closer the product quality is to consumer’s
expectations when referring to a marketing channel, the more sensitivity the channel
raises [12]. Thus, the expression of quality value is similar to that of price value, as
shown by mathematical formula [13]:

V(Q) =h; x Q; “
Hereinto, h; is a sensitivity parameter for the product quality of seller i:
h; = IBQi—G 4r

0<pB <1, ris a constant (it depends on the population statistics of online
consumer). Obviously, the closer the product quality is to consumer’s expectations,
the more sensitivity the consumer feels. In the same way, consumer’s expected
quality can be replaced by the average quality of the products with the same function

N
i=1

N
from different sellers, which is Qeza = lz Q;, thus,

v(Q) = (B4 % +r1) x 0 )

The spread of product information has the same effect on consumer behavior
as public praise. From the seller’s point of view, product information brings both
positive and negative influence on consumer [14]. The equation of Information
Value is:

V(I)ZM,‘X5,‘X1,‘ (6)

M,; is the number of consumer affected by information from seller i, i.e. receiver
of information; §; is a parameter of consumer susceptible to information affection,
which is the psychological feature of consumer. It is also affected by population
statistical characteristics. Therefore, §; = 6 is commonly accepted. The equation of
information spreading effect goes:

V()= M; x 0 x I; 7
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This paper defines consumer’s time value on the basis of time utility linear model.
T; represents the time consumer takes on choosing seller i, including consulting,
purchasing and delivery. There is only one seller among the available sellers
occupying maximum time (7yax) of consumer. The expression of consumer’s time
value goes:
A
v(T) = (—T‘“""‘ d ) ®)
Tmax
A means the factor of sensitivity of consumer to time benefit and loss [15]° When
0 < A <1, Ais a factor of consumer sensitivity to time loss; when A > 1, A is a factor
of consumer sensitivity to time benefit.
From above we get the Consumer Value Model:

V=wV(P)+ oV(Q)+ wsV(I) + wsV(T)
= wi&; X P; + wrh; x Q;

Tmax - Tl )l

+0)3M,' X8i X Il‘ +C()4(
Tmax

= w (—aPi_F+k) x P; + (,BQ"_E +r) x Qi

Tmax - Tt ))k

Tmax (9)

+a)3M,-x9in+w4(

When consumers face with a variety of consumer decisions, they will consider
a number of factors to maximize the value of the decision-making. The Schuler
score can be used to determine the values of w; and these indicators: price (P;),
quality (Q;), information (/;), and time (7;). Therefore, consumer value brought
by seller i can be calculated. But consumer decision-making behavior depends on
max[Vl,Vg, e ,Vn].

4 Exemplification

Suppose that we choose Store A as a physical store in Chengdu, and Store B
as its competitor online. And both stores share a certain number of consumers.
At the beginning, we make a questionnaire survey on the consumers shared by
the two stores. In the survey, consumers give marks for the stores respectively in
terms of the price, quality, and information provided and shopping time. When
grading the factors between [, 10], “10” expresses great satisfaction, “1” means very
dissatisfied. Results of the survey can be seen in Table 1. The average price P is 7.5;
average quality Q is 8.1; and the valuation of information receiver of each store is
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Table 1 Factors from

consumers influencing the Factors influencing value ~ Weight (w;)  Store  Online store

value of sells Price P; 0.36 8.0 6.5
Quality Q; 0.29 8.5 7.6
Information /; 0.17 6.8 7.8
Time T; 0.18 7.2 8.7

Table 2 Parameter values of

population statistical Parameter  Parameter values  Parameter  Parameter values

characteristic a 2 k 1
B 12 v 1
0 1 A 2

5. Customers are dissatisfied with the sellers who spend long time. Therefore, Ty«
is 1. Other parameters can be influenced by the population statistical characteristics;
the valuation can be seen in Table 2.

5 Conclusions

This paper builds up the consumer behavior decision theoretical model under
E-business environment. Based on the value theory, the author studies the consumer
behavior model with quantitative methodology, and highlights the attribution of
information value, time value to consumer value under E-business environment.
To verify this model, simulation method is advised to be used on an applicable
simulation platform. Besides, further studies are supposed to take more factors into
consideration to make the model more comprehensive.
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The Comparative Study of Innovations Among
Regions in China, the United States and Japan

Xiao-hua Ding and Xiang-dong Chen

Abstract This paper measured the innovation level among regions of China, the
United State and Japan and made comparative research between regions of different
countries. A cluster and Factor analysis method was used in dealing with the data
set. The content and conclusion of the paper are as follow: Firstly, this paper
made comparative research of innovation level among regions. We have gotten the
conclusion that the inequity of innovation exists in all these three counties. There
are still obvious differences between developing countries and developed countries.
We can also find the differences between countries with broad regions and countries
with small regions.

Keywords Comparative * Innovation * Measurement ¢ Regional

1 Introduction

The science and technology innovation investment in China strengthens year after
year and the innovation output has a high growth. From the data of China we can
only see the innovation quantity and growth speed, but in the age of economic
globalization we must study the relative position of Chinese innovation level in
the world. From the international comparison, we can find out the advantages and
disadvantages of China. Generally speaking, the absolute quantity of our country’s
R&D investment is equivalent to the level of moderately developed countries [1].
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The proportion of the R&D investment to GDP reflects a relative strength of national
R&D input. Our country’s level was slightly lower than the United States. The
source of the R&D investment includes government R&D investment, enterprise
R&D investment, bank loan etc. [2]. Among them, the enterprise investment and
government investment was the main ways of R&D investment in the major
countries. In majority, most of the countries’ R&D investment is the enterprise
investment which can achieve more than 50 %. Enterprise and the government is
both the main body of scientific and technological innovation [3]. In the aspect of
the innovation output such as the invention patent authorization number, several
international comparison researches show that Chinese innovation output number
is not lower than the number of the developed countries and moderately developed
countries [4]. Chinese independent innovation level in the world is higher [5]. The
innovation level of the countries is of great differences and the phenomenon exists
generally [6, 7]. Even in one country, the distribution of innovation resources may
not uniform. Therefore, it is necessary to introduce the typical different areas of the
country to do a comprehensive comparison [8]. In this paper, we will research the
uneven distribution of innovation among regions in different countries.

2 Methodology

This research is based on provinces among different regions of China, the United
States and Japan. In the empirical analysis, we gave attention to both relative index
and absolute index, stock index and flow index. Innovation investment evaluation
index mainly include the R&D funds input and the R&D/GDP. We chose the patent
license number [9], patent of invention authorization number and appearance design
authorized number as innovation output evaluation index. By comparative study on
the regional innovation among these three countries, we can determine the relative
position of different provinces in China, the United States and Japan, analysis the
differences and similarities, and find out the advantages and the shortages, draw
lessons from other countries, improve China’s regional innovation level and reduce
regional differences. This paper used the principal components analysis, clustering
analysis and order analysis.

2.1 Principal Component Analysis

The four index indicators [10] selected for Principal component analysis [11]
include: R&D input, the R&D/GDP, the number of university and the number
of invention patent output. The analysis results of the rotation of factor loading
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Table 1 After rotation of

. . Component  Component
factor loading matrix P P

1 2
R&D/GDP —5.65E-04 0.978
University number 0.92 —1.35E-02
Patent number 0.827 —0.186
R&D input 0.793 0.213

matrix shows in Table 1. Two principal components were automatically extracted
by the SPSS system and the factor cumulative contribution rate is 80 %. The main
composition of orthogonal is independent which can avoid the correlation caused
by original index in clustering deviation. Another important purpose of the principal
component analysis is to ascertain the index weight for comparison among cluster
in the next chapter.

2.2 Cluster Analysis

The regional research samples include 129 samples of China, the United States and
Japan. Regional innovation unbalanced development exists in these three countries.
With clustering analysis method [12], the total samples are divided into several
categories. We can use the sort order and the cluster to judge regional innovation
level. In order to eliminate the collinearity problem between variables [13], we
use the principal component analysis to extract the main factor, which makes the
classification results more scientific. The four index indicators selected for the
clustering analysis include: R&D input, the R&D/GDP, the number of university
and the number of invention patent output. The reason of Selecting R&D level
as indicators is that we have accumulated a large number of data of R&D and
empirical studies of many scholars also show that there is a close relationship
between R&D level and region’s science and technology, economic development
potential. R&D/GDP is a relative quantity which can reflect the strength of regional
R&D investment and make up the defects of absolute index and bring more objective
evaluation of the innovation input intensity; The number of universities reflects a
regional innovative environment; Invention patent output is main index to measure
aregional innovation output.

We did the cluster analysis by the two principal components and the European
square distance. When the value is 1, the samples will be divided into 6 clusters,
and the biggest cluster includes 101 samples. Then we should do the further cluster
analysis in the 101 samples in order to get more detailed clustering results. The
result is that when the threshold was 3, the 101samples will be divided into 6

types.
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3 Results

From these three kinds of samples, we can see that the sample number of each
group is not uniform, and the biggest group contains 45 areas. The third clustering
analysis should be done. According to the threshold 6, the remainder 45 samples
can be divided into 3 groups. So far, a total of three clustering analysis have been
done and the 129 regions wad divided into 12 categories. The clustering results
are shown in Fig. 1 and we can see that there are three layer structures, each layer
represents a clustering result. It is shown that through the names of some regions in

129 Regions

1 1 I—I 1 1

Tokyo Illinois Michigan New York . . Other
CrifiTozmel Ohio Pennsylvania Texas | Akita Prefecture Beijing Aomon Iwa}e-ken Is:hlkawa-ken 101
ICo, Hokkaido Kanagawa-ken Tokushima Fukui-ken Tottori-ken Sk}lmane-ken Regions
Osaka-fu Aichi Prefecture 7 Gro. Kochi-ken S'flga-ken Okinawa-ken
yogo-ken Miyazaki-ken Oita-ken Kagoshima-ken
2 Gro. 8 Gro.
1
1 1 1 1 1
Massachusetts Maryland Z’ 7/ Othc_r 45
New Jersey | Washington Arizona Colorado Kepers
3 Gro. 4 Gro. Connecticut Florida Tianjin Shanghai Jiangsu G d
Georgia Indiana Shaanxi Shandong Delaware District of
Minnesota Missouri Columbia Idaho New Mexico Rhode Island
North Carolina Miyagi Prefecture Yamagata Fukushima
Oregon Tennessee Gunma Prefecture Ibaraki-ken Li Muxian
. Virginia Wisconsin Niigata-ken Toyama-ken Mie-ken
S ke Shizuoka-ken Kyoto-fu | Nagano-ken Yamanashi-ken Kagawa ken
Clitirem 6 Gro. Shiga-ken Nara-ken Yamaguchi-ken
Hukuokasken Ehime-ken Nagasaki-ken Kumamoto-ken
S Gro. Gifu-ken

K 9 Gro.

T A _

Hebei Liaoning
Zhejiang Anhui /ﬁ
Henan Hubei

Hunan Sichuan

Alabama Qinghai Ningxia
Iowa Kansas Hainan

Kentucky Shanxi Jiangxi Inner Mongolia Jilin Wyoming

Louisiana Heilongjiang FujianYunnan Guangxi Alaska

Oklahoma Chongqing Guizhou Gansu Xinjiang Arkansas Tibet
South Carolina Hawaii Maine Mississippi Montana Nebraska Nevada

10 Gro. North Dakota South Dakota West Virginia 12 Gro.
11 Gro.

—_ . J

Fig. 1 The innovation level classification map
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Table 2 Normalized weight Index x; X X X3 X

Weight w@; 0.156 0.303 0.245 0.296

X1 =R&D/GDP, X2 =number of university,
X3 = invention patent awarded, X4 = R&D

the group, we can roughly guess the innovation level of this group, such as Tokyo
and California in group one is most likely belong to the group with the highest
innovation level and the twelfth group with China’s Tibet is likely to be in the group
with minimum innovation level. In the later chapters we will carry on the index
ranking and comprehensive index ranking. From diagram I we can also clearly see
the distribution of the 31 provinces of China in each category. The first clustering
analysis separated Beijing, the second analysis identified the next six provinces and
the third analysis divided the rest of the 24 provinces. The results reflected that
the western and eastern provinces of China belong to different categories, from
which we can see that innovation level in Chinese eastern and western provinces
is different. Using the principal component analysis to determine index weight

The above cluster analysis got 12 categories, and the next step of work is
to research the 12 categories of by comparative analysis, it has to be decided
on a comparative evaluation standard. The best way is to determine the weight
of the four index [14] used before. There are many kinds of methods, in this
paper, by using principal component to determine weight, we not only eliminate
the influence of the correlation coefficient, but also avoid the subjective factors
of experts. The concrete steps are as follows. First of all, the standardization
of data, each data divided by the general arithmetic mean value, which can be
expressed as follows, = / (k means areas, j means index), is the standardization
of the index [15]. The purpose of this method is to eliminate the influence of the
dimension, and thus we can rank the data within groups. Secondly, the extraction of
main ingredients in the four index, we can get two principal components, yi (i=1,
2); two feature vectors (i =1, 2); two feature vectors after rotation (I =1, 2), we can
get, yki = ijl Lijxij ( =1,2,j =1,2,3,4;k = 1t0 129), the factor score of

o 2 2 4 4
each sample pointis Dy, = ) [\ WiVki = 2 iy Zj=1 wilijxi; = Zj=1 a;xij

2 2
aj = Zwilijawi ZAi/ZAm

i=1 n=1

A; is the eigenvector after the principal component extraction, w; = a;/ Zé:l a;
(G=1,2,3,4), is the weight of x;, the calculation of the index weight is shown in
Table 2 through above steps.
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4 Discussion

We can estimate the integrated innovation index of the 12 regional categories by
the weight in Table 2. Firstly, we calculate the mean value of each index in the 12
groups, and then get the comprehensive innovation index of each group by using
the weight as Table 3 shows. And then, we can analysis the comparison among
the 12 groups. The purpose of the comparison of the comprehensive innovation
index and kinds of innovation index comparison is to sort the 12 kinds and give
the innovative feature of each group. The specific result is shown in Table 4.
Through Table 4 we can clearly see the integrated regional innovation level and
individual index level of each group. The comprehensive ranking order is similar
to the group order, except group 5, 6, 7. By observing other index, we can find
that although the comprehensive ranking row of the seventh group (akita, Howard
island) is five, the index of this group is lower than any other groups except the
index R&D/GDP. So we should use comprehensive ranking and other indexes to
carry out the comprehensive evaluation. It can be seen that the first comprehensive
ranking of the first group (Tokyo, California) ahead of other innovation indicators
in addition to the R&D/GDP ratio, the absolute value of R&D investment is three
times the second, and the patent output is seven times the second, the number of
colleges and universities is nearly twice the second. The innovation level of group
1 can be seen ahead. Group 1 belongs to the type of high input, high output,
technical resource-intensive innovation. One possible reason is that Tokyo and
California is two most economically developed regions of the United States and
Japan, gathering a large number of high-tech enterprises, universities and other
innovative resources, well-known high-tech Silicon Valley, and Stanford University
and other schools in the state California, provides a convenient conditions of joint
innovation between enterprise and college, which are the reasons for its innovative
ahead. Group 2 contains six states in the United States and six in counties Japan,
and they are basically high-input high-yield category, but its level of innovation is

Table 3 Innovation index of the 12 groups

Comprehensive  R&D/GDP  University  Invention patent R & D investment

Groupl 10.31 0.77 5.08 23.57 9.72
Group2 2.79 0.86 2.75 3.78 3.04
Group3 2.29 1.10 1.03 2.42 4.09
Group4 1.61 1.27 0.83 1.11 3.00
Group5 1.37 0.81 2.35 0.57 1.32
Group6b 1.05 0.56 1.17 1.13 1.11
Group7 1.39 5.16 0.68 0.04 1.24
Group8 0.90 2.70 0.75 0.09 0.76
Group9 0.69 1.25 0.84 0.22 0.62
Groupl10 0.45 0.39 0.78 0.21 0.34
Groupl1 0.23 0.34 0.37 0.11 0.13

Groupl2 0.09 0.25 0.11 0.04 0.04
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a significantly lower level than the Group 3, also belong to the high-input high-
yield group, the comprehensive level somewhat less than group 2, mainly because
of the low level of the number of colleges and universities. Through this analysis
method are compared for each group of area, concrete results are given in Table 4,
listed in the contents of China’s 31 provinces, autonomous regions, distribution of
Group 8 to Group 12, the ranking is 8—12. We can see China’s regional distribution
in position by comparison group. Beijing belongs to Group 8, and 12 counties
in Japan in the same group, which is not to be in a group with other provinces
in China. This group is characterized by low absolute R&D investment, the low
patent output, low number of colleges and universities; high R&D/GDP. Beijing is
China’s scientific and technological innovation one of the active region, it seems
that Beijing does not converge to this group, and need special study, the index
value is 1.41,3.810,0.725,0.608,1.509, the composite index is 1.41, the overall level
of innovation is similar to the fifth group, but the group five is college-intensive
area, the indicators fail to meet requirements. The reason is higher R&D investment
value, ranked third in the overall area, in line with the set of features, the number of
colleges and universities also in line with the characteristics of the group . Overall
Beijing should be in group 5.

Tianjin, Shanghai, Jiangsu, Guangdong, Shaanxi, Shandong ranked in Group 9,
which contain four states in United States and Japan’s 12 counties. The characteris-
tics of group 9 is the R&D input level below the average, the invention patent output
is low, relatively medium level of investment in universities and R&D. The group
9 is in the lower level in the overall sample. Hebei, Liaoning, Zhejiang, Anhui,
Henan, Hubei, Hunan, Sichuan and other provinces came in the first 10 groups, and
six states in the United States in the same group, as shown in Fig. 1. Group 10 and
group 9 is only difference in the amount, there is no qualitative difference, which
is in the low level of group. Shanxi, Inner Mongolia, Jilin, Heilongjiang, Fujian,
Jiangxi, Guangxi, Chongqing, Guizhou, Yunnan, Gansu, Xinjiang is in 11 groups,
with low level of innovation. Ningxia, Qinghai, Hainan, Tibet is in group 12, with a
very low level of innovation, belong to the same group of Wyoming, Nevada, Alaska
in the United State. The specific level of innovation is shown in Table 4.

5 Conclusion

The following conclusions can be obtained from the evaluation of the above
analysis: First, the regions of the three countries dispersed in different groups, each
mixing, the imbalance of the visible area of innovation is widespread in the United
States, Japan., the level of innovation of the three countries cross each other, each
country’s different regions belonging to high and low innovation class. China has
more advanced innovation areas, the United States and Japan also have relatively
backward area. Second, In China’s 31 provinces, autonomous regions, Beijing
belongs to the middle and upper levels, the areas in group 9 belong to the lower
level, the areas in the group 10 are at the downstream level, lagging behind in the
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group 11, in group 12, the area is very backward. Third, the innovation polarization
phenomenon is more obvious, there are 48 regions, from the group 1 to group 8, the
vast majority of regions distribute in the 9-12 group, the level of innovation gap is
obvious. Fourth, the contribution of relative indicators (R&D/GDP) on the overall
level of innovation is small, because the right is only 0.156, and from the above
analysis it can be seen that area with a high level of innovation is almost with lower
R&D/GDP value, lower than the overall average, because the areas with high level
of innovation are usually economically developed areas, with the high level of GDP,
and R&D investment to GDP ratio is not very high.
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Research of the Informed Trading Probability
Monthly Effect in Chinese Stock Market

Jia-yi Li and Zhen-ming Fang

Abstract Basing on the return rate monthly Effect, the informed trading probability
was combined with return rate for research in sight of market structure, and
percentage monthly risk-adjusted return using Fama and French three-factor model,
regressing the multi-factor on two-stage. PIN of September is the lowest in the year,
showing negative relationship with percentage monthly return, the result is different
with empirical results in foreign market. Impact factors for PIN monthly effect are
analyzed including size of company, liquidity risk.

Keywords Fama-French three-factor model ¢ Informed trading probability
e Liquidity risk ¢ PIN effect

1 Introduction

Market microstructure has been the important content on financial field. In this field,
we pay more attention to the area on what the information influence price formation,
using the probability of information-based trading as the measure for information
distribution. Easley et al. (2002) [1] estimate the probability of information-
based trading (PIN) for every stock and show that as PIN increases, expected
returns increase, which the positive between PIN and return. But in recently some
researches find the PIN decrease with return in January. So, we also verify the
phenomenon in the Chinese market and find different state. In this paper we figure
out what drive the phenomenon and explore the alternative explanations.
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The January effect is referred to the return is higher in January than other calendar
months. The PIN monthly effect is that the PIN is significant abnormal in some
month, and the phenomenon is more prominent for small stocks.

Next we discover the return is the highest in the month that PIN is the lowest in
year. Some literatures address the monthly effect of liquidity premium. Therefore, to
verify if this seasonal PIN-return pattern is driven by liquidity, we use the Amihud
(2002) illiquidity measure [2] as the proxy variable for liquidity measures, to see if
the explanation is correct. At the same time, we also consider the size as factor.

Taken together, we check the relationship between the PIN and return, analysis
the PIN monthly effect among different size stocks, and explore the trading motive
of institutional investors. Our concern in the paper is PIN which is different from
other researches on January effect. Some literature has checked the return in January
and find it significant positive in March and April [3]. Some literature has explained
the January from the habits of consumers [4].

Our research has provided the new perspective to realize behavior of institutional
investors, as well as giving the help to understand information-asset pricing ability.

2 Methodology

2.1 Three-Factor Model

Fama and French (1992) [5] found Beta had been weak in explanation on stock
return which the factors of market size, BE/ME, E/P has been greater on. Using
the Fama and French (1993) three-factor model [6], we calculate the percentage
monthly risk-adjusted return, ADR, to reflect the true situation.

R — Ry = Bo + BuMKT + B,SMB + B,HML + & (1
MKT is market premium, SMB and HML include the size, amount of market
value rate factors. Some literatures have confirmed the three-factor model could

explain the return in Chinese market, which fit for our research. Process of risk
adjustment is as follow.

K
Rjt = E; (Rjt) + ZK=1,3jktfkt + & )

E;_1(Rj;) is the expected rate of return, and f}; is the some risk factor during the
t stage.

K
E (Rjt) =Ry + ZK=1.3jkrkkt 3)
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Ry is the risk-free rate, and Ay, is the risk premium, so risk adjustment rate of
return is counted as follow.

. K
Rj = Rji — Ry — ZK=1,3jkt Ak + Srr) “4)

2.2 Informed Trading Possibility Model

Traders are divided into two categories which are informed and uninformed traders,
and the process of trade is Poisson process [7]. If informed-traders have found the
good news, they submit buy orders. On the contrary they submit sell orders.

PIN is defined by the arrival rate of informed trades being divided by the arrival
rate of all trades, and it is the index for measure informed trades [8]. According the
EKOP model:

aju

PIN= ——M
o+ &+ &p

)]

In the formula, o is the probability of news, pu is the arrival rate of informed
trades, and gy, &5 is the uninformed-trade arrival rate of sell and buy orders. We
calculate the month PIN by maximum likelihood estimation.

2.3 Regression Model

Some literatures suggested that the relationship of PIN and return had been affected
by liquidity [9]. We make the multivariate regression model for confirm influencing
factors.

Rj; = Bo + BuSIZEj; + B PIN j; + B3 LIQ;; + ¢ (6)

We use the regression to control for other risk characteristics, and then we run
the following time series regression of the coefficient of PIN or LIQ on dummy
variable, SEP, which is equal to one if the coefficient comes from January and zero
otherwise

Bi =c+ySEP 4+, @)

LIQ is illiquidity index which is Amihud (2002) liquidity measure by modeling
price and trading volume. They have confirmed illiquidity affects more strongly
small firm stocks, thus explaining time series variations in their premiums overtime.
We use LIQ as the liquidity premiums measure.

Nj:

ILLIQ; = —Z [Rpe|

8
DVOZN ®)
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Table 1 Month pin Month  PINsmall PIN middle PIN big
1 0.168 0.123 0.113
2 0.149 0.129 0.119
3 0.145 0.130 0.120
4 0.120 0.117 0.109
5 0.123 0.109 0.095
6 0.147 0.145 0.118
7 0.170 0.151 0.124
8 0.169 0.149 0.135
9 0.114 0.103 0.099
10 0.152 0.132 0.107
11 0.137 0.124 0.118
12 0.143 0.128 0.107

R;; is return on day t in month t, and DVol;; is trading volume. Nj; is the number
of trading days. ILLIQ higher suggests the liquidity level more low.

3 Results

The basic data are composed of all A stock in Chinese market from 2008 to 2011,
excluding the stocks which have not at least 15 day returns. As a result, the sample
contains 670 stocks, and we also use the number of trading days, day returns, trading
volume, market capitalization at the end of year, which is supplied by RESSET
Database.

The first question is whether there is PIN month effect in Chinese market. The
stocks are sorted into small/middle/big by size, and calculate the month PIN for
group. Table 1 shows the PIN of every month by different size.

We present the result for month PIN, and find September has lowest PIN. The
Phenomenon is more significant in small stocks. At the same time we find the PIN
is higher in July and August than other months.

Then, we want to know whether the return is different in September from other
months. Using the risk-adjusted return to certify the question, we obtain the result.
Table 2 shows the month return.

The month return is highest in September and lowest in December, which is
more significant in small stock. Thus we confirm PIN month effect exists in Chinese
market.

These empirical findings give us a meaningful clue to the PIN and return pattern.
Based on the observation the seasonal PIN effect is mostly confined to small stocks.
PIN is negative with return in September, although PIN-return pattern is not obvious
in other months. As Easley et al. (2002) address, stocks returns should be higher
in response to a high level of information based trading as a compensation for
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Table 2 Month return Month ~ Return small ~ Return middle = Return big
1 0.1015 0.0365 —0.0062
2 0.0649 —0.0564 0.0406
3 0.0174 —0.1114 —0.0758
4 —0.0250 —0.0056 0.0613
5 0.0156 0.0090 0.1312
6 —0.0625 —0.1066 0.1151
7 0.1229 0.1055 —0.0149
8 0.1650 0.0923 0.0715
9 0.3132 0.1575 0.0678
10 0.0003 —0.0860 —0.0190
11 0.2360 0.2326 —0.0467
12 —0.0722 —0.1454 —0.0169

information asymmetry. The question deserves more investigation which will be
conducted in the next section. Moreover, we explore a potential explanation and
distinguish this phenomenon from other empirical regularities. We will also see a
differential return reversal pattern across PIN in September, especially for small
stocks, suggesting the PIN effect.

4 Discussion

Duarte and Young (2009) [10] argue that the PIN and return relationship might
be driven by the liquidity effect. They decompose the whole PIN effect into two
different components, the illiquidity effect and the pure information effect, and show
that average returns are affected by the former. In order to see if the PIN effect is
driven by liquidity, we control for liquidity by adding a liquidity measure to the
regression [11]. Specifically, we employ the variable which is the Amihud (2002)
illiquidity measure. We run the regression including a liquidity variable in Eq. (6),
and the test results are present in Table 3.

We find a positive PIN-return pattern in September even when we include a
liquidity measure in the regression. This suggests that the January PIN effect is not
affected by liquidity. On this result, we further conjecture the pattern is related with
institutional investors [12]. In September, they pay more attention on the stocks
which PIN is low. The selling pressure from institutional investors is strongest
for low-PIN stocks, and tends to decrease in PIN Our intuition is consistent with
the literature on institutional investors [13]. Institutional investors show a herding
behavior. Therefore, given a different ownership across PIN [14], if institutional
investors have a similar motive and move together, they will show a differential
selling pressure across PIN.
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Table 3 Liquidit iabl
ave 1quiy variabie Cons  Non-September  September

test
B 0.00015 0.06018
t 0.02387 2.69627
B3 0.00018 —0.00070
t 0.53656 —0.58439

5 Conclusion

The paper confirms a seasonal pattern of the PIN effect in September in Chinese
market, and we certify the liquidity factor and other explanations behind our finds.
The following are the points we would like to make.

First, we indeed find the seasonal pattern for the PIN effect. The portfolio returns
show a negative relationship between PIN and returns in September. The regression
test results also confirm a significant difference in the PIN-return pattern between
September and other calendar months, especially for small stocks. Second, this PIN—
return pattern can be attributable to the behavior of institutional investors. Combined
with the distribution of institutional investor across PIN, investor’s motive explains
the decreasing PIN—return pattern in September. Third, the ‘PIN effect’ has never
been addressed in the literature and is not the same as other anomalies [15] such as
the ‘January momentum effect’. Finally, we believe that the PIN seasonal pattern is
related to some empirical issues in the empirical studies utilizing PIN [16], and it
also sheds a new light on the role of institutional investors. The state should be paid
more attention to research and explore the more reasons for this new subject.
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An Empirical Research on the Influence
of Information Synergy on Nuclear Power
Affiliated Enterprise’s Innovation Performance

Yu-qiong Li, Dong-mei Zhao, and Kai Chen

Abstract Through studying on the related articles about Information Synergy and
Nuclear power affiliated Enterprise Innovation Performance, this paper proposes a
conceptual model which can explain the relationship between Information Synergy
and Nuclear power affiliated Enterprise Innovation Performance. We acquire sample
data by distributing questionnaires by means of e-mails, by conducting interviews
or using other means. And using SPSS 16.0, it examines the affecting degree
empirically of different dimensions of Information Synergy (Information Quality,
Information Acquisition) on Nuclear power affiliated Enterprise Innovation Perfor-
mance. And it is concluded that Information Quality has more significant influences
on Enterprise Innovation Performance than Information Acquisition. Thus, this
paper provides a theoretical basis for Nuclear power affiliated enterprises to promote
the innovation performance.

Keywords Empirical research ¢ Information synergy ¢ Innovation performance
* Nuclear power affiliated enterprise

1 Introduction

In the era of information economy, the value and significance of information, as a
kind of important strategic resources of the enterprise, is difficult to measure, and
it plays an important role in economic and social development. Making full use of
the effectiveness of information is not only the duty of those who use information
(i.e. enterprise leaders, ordinary workers, etc.), but also a necessary process of
enterprise development. The effective management of information will become one
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of the key factors for an enterprise to achieve success and would affect its life
and death. The keen competition of the market has prompted some enterprises to
cooperate through merger and acquisition, industry alliance, supply chain and so on,
in order to achieve a win-win situation. Through in-depth exchange of information
resources, enterprises can obtain opportunities such as technology complementary,
the innovation cost and risk sharing and quick access to the market and enhance
enterprise innovation performance. Therefore, the relationship between information
synergy and enterprise innovation performance becomes the research topic of this

paper.

2 The Connotation of Information Synergy
and Measurement

2.1 The Meaning of Information Synergy

Collaborative thought was put forward by professor H. Haken in the 1960s, and
was widely used in the field of computer [1]. Then scholars both at home and
abroad made a widely and deeply study of the thoughts of Information Synergy.
Information Synergy refers to the use of the thought of Synergy to make deep
processing of information, combine a variety of resources, and form drive in the
information system, to make a clear direction for the transferring of information,
and make synergistic effects in each link of information system, prompting system
to evolve at the balance point and maintain system dynamic balance [2]. Enterprise
Information Synergy is a kind of comprehensive coordination which needs to be
implementing in different level of enterprise. Namely: (1) the information synergy
between the enterprise’s internal departments, employees in product development,
raw material purchase, the product quality management, and other areas; (2) the
information synergy between the enterprise community in supply chain, value chain
and so on; (3) the information synergy between enterprise and internal biosphere
(Banks, government, research institutes and other departments). This paper holds
that information synergy is a management ideology that the user effectively organize
and harmoniously use all kinds of information during the process of performing
sorts of business activities, so as to realize the purpose of eliminating “information
island”.

2.2 The Measurement of Information Synergy

The specific measurement scale of Information Synergy is shown in Table 1.
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Table 1 The measurement scale of information synergy

Dimension Items of measurement

Quality degree (x11) can be more timely to reach needing information from other

enterprises or departments in the process of collaborative

(x12) can reach more useful information from other enterprises or
departments in the process of collaborative

(x13) can reach information of higher accuracy from other enterprises or
departments in the process of collaborative

(x14) can reach agreement, form standardized and effective legal official
document during consultation with other enterprises

(x15) can often organize formal of informal communication with other
enterprises or departments

Acquisition degree (x21) can have a good communication with other enterprises or

departments

(x22) can be easier to reach other enterprises or departments’ information
than before

(x23) can reach more types of other enterprises or departments’
information than before

(x24) can reach more detailed information of other enterprises or
departments than before

(x25) the organization structure of enterprises is flat, of less intermediate
level, and information dissemination channel is short

Origin: Uzzi [3], Das and Teng [4], Mehmet [5], Zhao Yunpeng [6], Zhu Wenping [7]

3 Nuclear Power Affiliated Enterprise and Innovation
Performance

3.1 The Meaning of Nuclear Power Affiliated Enterprise

Nuclear power, as its name indicates, is a renewable source of energy that changes
the internal energy which nucleus contains into available electrical energy. At
present, with the development of nuclear-related technology, nuclear power has
become an effective complement to traditional energy because it does not emit
greenhouse gases and is free from contamination. Moreover, the development of
nuclear power has become one of the six key projects in the energy industry during
the 12th Five-Year Plan as the optimization of energy structure. Such development
has improved the proportion of clean energy such as water electricity, nuclear power,
wind power, solar energy and so on, promoted innovation in advanced energy
technologies and developed wind energy, solar energy, biomass energy and the
emerging energy technology and equipment technology for the uses for clean coal,
nuclear energy, intelligent power grid, new energy vehicles, distributed energy. We
must try to promote restructuring and fusion between energy industries, as well as
energy and related industry to establish a modern energy industry system and realize
the intensive and efficient development.
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Nuclear Power Affiliated Enterprise refers to the companies, enterprises or other
economic organizations that have direct or indirect relationship with nuclear power,
have been owned or controlled by the third party, or have other relationships with
the third party in capital, management, and marketing around the nuclear power
equipment manufacturing, uranium mining, nuclear power technology, and spent
fuel processing. A few days ago, a policy as “huddling development, dislocation
development and related development” was put forward by some people in Nuclear
Power Affiliated Enterprise in some areas, and they strive to improve nuclear power
consciousness as well as to speed up the pace of nuclear power development.
Nuclear Power Affiliated Enterprise needs a certain degree of cooperation to become
bigger and stronger.

3.2 The Meaning and Measurement of Enterprise
Innovation Performance

Innovation Performance includes the indexes to measure the innovation activities
effect and efficiency. Generally, patent number is considered as its proxy variable
abroad. This paper, according to Nishiguchi [8], Bidault [9], etc., measures the
enterprise Innovation Performance from five indexes that most scholars agree.
Measuring items are: (1) the number of company’s development of new products
each year (or service) is larger; (2) compared with the local company in the same
industry, the company has more patents; (3) compared with the local company in
the same industry, new product (or service) brings more value accounts for the total
sales; (4) compared with the local company in the same industry, new products (or
service) develop very rapid; (5) compared with the local company of in the same
industry, innovative products (or services) have higher success rate [10—12].

4 The Empirical Research and Analysis

4.1 The Hypothesis

Experts and scholars both at home and abroad have made a lot of researches
on the relationship between Information Synergy and Enterprise Innovation Per-
formance which mostly shows that Information Synergy has a positive influence
to enterprise’s innovation performance. As Gerwin and Moffat [13] and other
scholars believe that information communication is one of the main factors effecting
the process of enterprise’s innovation. Rhonda et al. [14] verify the influence of
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information sharing to enterprise’s performance through the experiments named
multi-agent simulation. And they think in dynamic environment, information shar-
ing can improve the performance of the enterprise [14]. Xiong Li, Meng Qingguo,
Yan Bing, etc. think enterprise can effectively reduce the uncertainty of from outside
through the Information Synergy, and at the same time, reduce the possibility
of existence of “information island”, and what’s more, be good for decision-
making and more efficient allocation of resources, make the enterprise get better
performance. Dougherty [15] argues that employees have different world of thought.
If it cannot fully cooperate, it will lead to extension of new product development
cycle or poor market performance. Information Synergy plays an important role
in enterprise’s survival and development because of the uncertainty of information
environment and the rapid flowing of information. Information resources can
enrich one’s mind, make them have more knowledge, and enhance their innovation
ability and improve the innovation performance in product development, design,
manufacture and management, and other areas. Thus this paper, taking the Nuclear
Power Affiliated Enterprise for example, puts forward the research hypothesis:

Hypothesis 1 — H1: High Information Synergy plays a significant positive role on
the Enterprise Innovation Performance.

Hypothesis 2 — Hla: The better of Information Quality Degree, the faster growth of
Enterprise Innovation Performance.

Hypothesis 3 — Hlb: The higher of Information Acquisition Degree, the faster
growth of Enterprise Innovation Performance.

4.2 Conceptual Model

Based on the research on the related theory and the research hypothesis, this paper
constructs the concept model shown as Fig. 1.
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Table 2 KMO and Bartlett’s Test and Cronbach’s alpha coefficient table

KMO and Bartlett’s Test Reliability statistics

Kaiser-Meyer-Olkin  Sig. of Bartlett’s
measure of sampling  Test of sphericity: ~ Cronbach’s

adequacy approx. Chi-square alpha N of items
Information quality 0.872 .000 0.873 5
degree
Information 0.777 .000 0.779 5
acquisition degree
Information synergy ~ 0.837 .000 0.809 10
Innovation 0.847 .000 0.893 5
performance

4.3 Data Processing

4.3.1 The Reliability and Validity Analysis

Based on the method of issuing questionnaire to employees and senior of Nuclear
Power Affiliated Enterprise in Hunan, Guangdong, Gansu and so on, we get the
original first-hand data. In order to verify the above hypothesis, this study sent
289 formal investigation questionnaires and got 240 questionnaires back. The
recovery rate is 83.04 %. According to the related concept, variable measure adopted
Likert’s measurement of the five dimensions as given a proposition, the respondents
should give comment. We deal with the collected data using the statistical software
SPSS16.0. Connected with the statistical analysis of the data, we verify the model
and test the hypothesis in this paper.

The Validity Test

The survey of this questionnaire is discussed repeatedly to make a choice, and
through preliminary examination in small range to try to ensure the questionnaire
has certain content validity. We adopt Exploratory Factor Analysis method to test the
questionnaire structural validity. As the statistics showing, the common degrees for
all the items in questionnaire are above 0.5, showing the questionnaire’s structural
validity achieves the basic requirements.

We made KMO measure and Bartlett’s Test on each measuring item. The result
(Table 2) is that the KMO value of the Information Quality Degree, Information
Acquisition Degree and Information Synergy are 0.872, 0.777 and 0.837, between
0.7 and 0.8, which means the group of variable data is fit for factor analysis. At the
same time, the significant level of their statistical value in Bartlett’s Test is 0.000,
which is less than 0.01, showing that the data fits for factor analysis once again.

In this paper, we take it as the standard to select factors that whose characteristic
root is greater than 1, and use the Principal Component Analysis and the method of
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Table 3 Exploratory factor

) Component
analysis results _—
Items of measurement 1 2
(x11) 811 .047
(x12) .855 .076
(x13) 71 .030
(x14) .804 135
(x15) .806 162
(x21) .020 712
(x22) —.018 711
(x23) 11 731
(x24) .168 742
(x25) 136 124
Table 4 Anova Model Sum of squares F Sig.
1  Regression 168.869 573.079  .000
Residual 70.131
Total 239.000
2 Regression 173.154 311.618  .000
Residual 65.846
Total 239.000

Varimax to calculate the loading coefficient of different factor’s measurement item
(Table 3). It can be seen from Table 4 that there are two factors respectively stand for
Information Quality Degree, Information Acquisition Degree with its characteristic
root greater than 1. At the same time, through the method of varimax it can be
concluded that the maximum load of measurement item of the same variable is
0.7 higher than other factors, which shows that this scale has better discriminated
validity.

The Reliability Test

Reliability coefficient is a reflection of the reliability of the size of the statistics.
In this study, Cronbach’s (o) coefficient (Table 3) is taken as reliability criteria.
The standards are as follows: 0.5 <o < 0.7, credible; 0.7 < o < 0.9, very credible;
a > 0.9, completely credible. For general basic research, reliability to 0.7 can be
accepted. In this study the Cronbach’s coefficient (Table 2) were 0.873, 0.779 and
0.809. It shows that the consistency of questionnaire is good and of high reliability.
It corresponds to the requirements of social science questionnaire with internal
consistency.
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Table 5 Regression coefficient and significant test table

Standardized
Unstandardized coefficients  coefficients
Model B Std. error Beta T Sig.
1 (Constant) 2.959E-16  .035 .000 1.00
Quality degree 841 .035 841 23.939 .000
2 (Constant) 2.685E-16 .034 .000 1.00
Quality degree .841 .034 .841 24.654 .000
Acquisition degree 134 .034 134 3.927 .000

Note: Dependent variable: innovation performance

4.3.2 Hypothesis Test

In this paper, we take Information Quality Degree and Information Acquisition
Degree as the independent variable and the Enterprise Innovation Performance
as the dependent variable to make a multivariate stepwise regression to test the
hypotheses. From Table 4 we can see that the data of each cross position of the
column of Sum of Squares and the row of the Regression of each model increases
from 168.869 to 173.154 in the process of stepwise Regression, indicating that
model is improved. And F statistics significance of probability of each model is less
than 0.01 which means there is a significant linear relationship between Information
Quality Degree, Information Acquisition Degree and Innovation Performance.

The regression coefficient and significance test table (Table 5) shows T test
situation can see, the entire coefficient is significant on the 0.01 level, different from
zero. Therefore, the two variables can be explanatory variable to explain the change
of Enterprise Innovation Performance, and at the same time, it shows that it does not
have multi-collinearity problem. According to the results of regression analysis, we
can get the following regression equation: Y = 0.841 X1 + 0.134 X2. Through the
above correlation and regression analysis, it proves the proposed theory hypothesis
and the model of the research.

5 Conclusions and Suggestions

5.1 Research Conclusion

This paper aims to study how different dimensions of the Information Synergy
influence Innovation Performance of Nuclear Power Affiliated Enterprise. Through
the statistical analysis of previous chapters, we can draw a conclusion that:

1. Whether information, as one of the important strategic resources for the enter-
prises to gain the competitive advantage and sustainable development, can be
timely, accurate and effective obtained becomes a key to improve innovation
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performance of Nuclear Power Affiliated Enterprises. The statistical analysis of
the front section makes the research hypothesis 1 verified, which supports that
a high Information Synergy plays a significant positive role in the Enterprise
Innovation Performance.

2. Via the stepwise regression analysis, we can see that the information regression
coefficient of Information Quality Degree is 0.841, and the regression coefficient
of Information Acquisition Degree is 0.134. Then, we can conclude different
dimensions of Information Synergy (Information Quality Degree, Information
Acquisition Degree) have different influence on the Innovation Performance
of Nuclear Power Affiliated Enterprise, and the effect of Information Quality
Degree on Innovation Performance of Nuclear Power Affiliated Enterprise is
more significant than Information Acquisition Degree.

5.2 Suggestions

This paper, by using the method named empirical research and doing statistics anal-
ysis and regression analysis on the sample data, aims to verify the concept model
of the relationship between Information Synergy and Innovation Performance. The
results will provide reference of important value to achieve efficient allocation
of resources, collaborative operation and create economic benefits, which mainly
displays in Nuclear Power Affiliated Enterprise, cannot just proceed Information
Synergy for Information Synergy but pay attention to its quality during formal or
informal communication or other ways of Information Synergy. It can thus enhance
the core competitiveness of the whole enterprise and promotes the enterprise
innovation performance.

5.3 Research Deficiencies

This paper makes a regression analysis on the relationship between Information
Synergy (Information Quality Degree, Information Acquisition Degree) and Inno-
vation Performance of Nuclear Power Affiliated Enterprise, and achieves some
conclusions having a certain reference value. However, due to various reasons, it
needs to be further perfected.

5.3.1 Limitation of the Measurement
The design of quantitative measurement index of information synergy and innova-

tion performance is not comprehensive enough, which may cause the result of the
measurement deviation.
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5.3.2 Limitations of the Concept Model

This paper studies only the influence of Information Synergy on the Enterprise’s
Innovation Performance, and does not consider other factors such as social relation-
ship capital, environmental uncertainty which may have intermediary or adjustment
effect on their relationship.

In view of the above shortages, future studies will focus on perfecting measure-
ment index and concept model to study the influence of Information Synergy on
Enterprise Innovation Performance.
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Study on Methods of Optimizing Information
Resource Management Based on Knowledge
Service Capability

Ye Zhao and Fan Yang

Abstract Starting from the present development status of information resource
management in a knowledge service institution (KSI), information resource man-
agement (IRM) is studied in this paper based on the improvement of knowledge
service capability. First, the related concepts of IRM based on knowledge service
capability (KSC) are put forward, and then the management elements, management
modes of IRM and optimization of management configuration are studied. On this
basis, the management elements are collated and the key factors are extracted and
optimized to enhance the service effectiveness of KSI.

Keywords Management element ¢ Management mode ¢ Knowledge service
capability * Optimization of configuration

1 Introduction

With the development of information technology and the rise of knowledge
economy, information service capability becomes one of the core capabilities in a
modern KSI. Accompanying the rise of networked information resources, which are
rendering irregular, scattered, this puts forward higher requirements for information
resource management. On Information Resource Management in a Library in
Digital Environment written by Qing-jun SUN presents that automation, networking
and digitalization of resources in a library is a necessary phase for a modern library
to be transformed into a digital one [1]. Library Information Management in network
impact written by Liang CAO also believes that it challenges traditional library for
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new technologies to develop at top speed. It is imperative to achieve library digitized
management of books and reference materials and promote library information
management to transform into a modern type from a traditional one [2].

Meanwhile the proportion of information service in knowledge service is
growing larger and larger. Reasonable and high efficient information resource man-
agement has become a key factor in achieving knowledge service. Human Resource
Management of a library and Information Resource Construction written by Hai
YU presents that information resource construction is the basis of library core
competence and the important support for a library to develop service activities [3].
Research on Knowledge Service Capability and Capability Evaluation in a Library
and Intelligence Institution (I, II) written by Yue-fen WANG etc. puts forward
that knowledge service capability regarding knowledge as the fountain supports
knowledge service system to operate effectively and decides the transformation and
performance of knowledge service resources and is an acting force for a library and
intelligence institution to win competitive advantage and is also the fundamental
drive for library and intelligence industry towards the future. So it is the primary
problem how a knowledge service institution will cope better with the impact of
informationization and networking, strengthen IRM and enhance knowledge service
capability [4, 5].

2 Connotation of IRM Based on KSC

2.1 An Overview of IRM Based on KSC

IRM is a series of management activities evolved with the purpose of improving
KSC, on the basis of social economic resources, tightly around modern management
thinking and management theory. It is generally believed that the rational allocation
of resource management by effective means can promote the development, utiliza-
tion and value increment of information resources to realize its own value.

KSC is the capability for a library and intelligence service institution to be
guided by knowledge service strategy, according to the user’s specific problems
and requirements in a changing environment, integrating its all internal resources,
by controlling and coordinating the knowledge service flow to operate effectively,
transforming internal resources into knowledge products or service which can be
externalized, to a core predominance ability for an institution [4].

2.2 Core Issue of IRM Based on KSC

The core issue of IRM is a process of integrating the internal factors and enhancing
KSC. It evolves tightly around the following three issues:
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1. Management factor issue: Starting from system management theory, first we pay
attention to the internal composition of the system and their organic connection
and interaction. So it is the key to enhance the core service capability to survey
and analyze carefully its intrinsic factors to find out the important factors and
their action mechanism and integrate the advantages. In the process of knowledge
service, we must firmly grasp each stage for knowledge service and strengthen
the construction of the core factors and the weak links starting from the service
elements to improve its service capacity.

2. Management mode issue: for the managers, they integrate systematically the
management factors according to the needs of the aim. Then, they adjust the
restrictive relationships among the factors to ensure the best whole performance.
For KSI, they must be on the basis of their own basic conditions, analyze
the factors which are influencing IRM internally, allocate them reasonably to
improve the efficiency of the system.

3. Optimizing management issue: For the management factors to play a perfor-
mance, it will be influenced by internal structure, at the same time constrained by
the external environment of the system. Optimizing the performances is to adjust
the structure, reduce the conflicts among the internal factors, and improve the
management structure and hierarchy by systematic analysis. For IRM, adjusting
the train of thought of management, transforming the ideas, introducing the
advanced theories is the transition point for KSI to improve information resource
management capability.

3 Research on Influencing Factors

3.1 Research on Management Factors

For a library management institution, the first task is to clarify the various indicators
which are influencing IRM, then conduct the targeted analysis and discussion to
improve and optimize them. Therefore, this paper summarizes the related factors
that influencing IRM and gives their hierarchy diagram.

3.1.1 Architecture and Hierarchy Relationships of IRM Based
on the KSC

The structure and levels of IRM are based on the infrastructure. It regards require-
ments for improving KSC as traction and is divided by influencing factors.

As Fig. 1 shows, internal environments consist of two layers: hard power
layer and soft power layer. Hard power includes four areas: library resources,
service equipments, resource capability and staff configuration. Soft power layer
includes interlibrary exchange, personnel quality and management mode. External
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IRM factors
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Fig. 1 The index system of managing factors

environments consist of two layers: material conditions and spirit culture construc-
tion. Material conditions include social economy and scientific and technological
progress. And spirit culture construction includes policies and regulations as well as
social environments.

3.1.2 Index Points Analysis of IRM Based on KSC
Study on Factors of Internal Environments

Study on internal environment is the inner mechanism research which can influence
KSC. It studies the whole problem mainly beginning with KSI’s own internal
influencing factors, including two aspects: hard power and soft power.

Hard power researches the relevant factors from hardware, including four
aspects: library resources, staff configuration, service equipment and resource
capability [6].
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Soft power studies the internal factors influencing KSC from the internalization
strength, including the three factors: interlibrary exchange, personnel inherent
quality and management mode.

Analysis of Factors of External Environments

The research on external environments is the constraint relationship for the entire
external environments to IRM. It influences the service objects and service condi-
tions of IRM and is an indispensable part in IRM. It researches the questions mainly
from material conditions and spirit culture construction

3.2 Study on Management Mode

A complete set of effective mechanism must be established to support the operation
of the entire institution for KSI to improve the management reliability. Secondly, the
whole performance is optimized by optimizing the management factors, reducing
the contradictions and conflicts between internal and external factors, optimizing
and adjusting the structures. To achieve the above aims, we must first find out the
principal contradiction and key factors restricting the development of management
level.

3.2.1 Necessity of Priority Analysis of Influencing Factors

IRM is composed of several elements. It mainly includes four elements: The first
is hard power. The second is soft power. The third is material conditions and the
fourth is spirit culture construction. These four elements are composed by many
smaller and more specific point factors. There are many factors restricting KSC. It
is the necessary condition to determine the primary development factor in IRM for
improving management level.

3.2.2 Priority Degree Analysis of the Factors Influencing
on IRM for KSI [7]
To Determine the Hierarchy Structure
First, we should distinguish the levels of various factors relevant to the problems,

and then construct a hierarchical model with a tree structure. It is generally divided
into objective layer, criterion layer and project layer, as is shown in Fig. 1
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Weight Calculation Based on Entropy [8, 9]

Entropy is a quantum to measure uncertainty of a system in information theory. The
greater information quantity is, the smaller uncertainty is and the smaller entropy is
as well. On the contrary, the smaller information quantity is, the greater uncertainty
is and the greater entropy is as well. Entropy value method is mainly depending
on the magnitude of information which each index value contains to determine the
index weight. The common procedure of entropy method is:

(a) The decision matrix X = (x;)mx» is standardized and the standardized matrix
P = (pjj)mx n 1s obtained and normalized as

pi=—t (1<i<m1<j<n) (1)

E )C,'j

i=1

(b) Calculate the entropy value for the jth index:

ej=—k-Y pyjlnpy;(1<j<n) 2)

i=1

Where, k> 0,¢;> 0.

(c) Calculate the coefficient of variation of the jth index. For the jth index, the
greater the variation of the index value is, the greater the effect on scheme
evaluation is and smaller entropy value is. On the contrary, the smaller the
variation is, the smaller the effect on scheme evaluation is and the greater
entropy value is. So coefficient of variation is defined as

gi=l-e(=j=n) ©)
(d) Determine the index weight. The weight of the jth index is:

& (1<j<n) @)

Y g

j=1

wi =

To Calculate Combination Weight

The result is got by calculating the combination weight for the project layer to the
target layer.

By the above calculation, the sequence weight indexes for each layer are
obtained.
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Table 1 Factor weight table

Library Service Resource Staff Interlibrary Personnel
resources equipment capability configuration  exchange quality
0.0404 0.1622 0.1769 0.0404 0.1434 0.0875
Management  Social Scientific and Policies and Social
mode economy technological regulations environment
progress
0.0489 0.06 0.06 0.072 0.108

Nk—1

W,'(k) = Zpij(k)Wj(k_l) (l = 1,2,1’!)
j=1

Where, pj; is the weight vector for the element on layer k to that on layer k — 1,
w; represents the relative weight for the indexes between the same layer.
wh = (W ® ., ® W, ®) can be got by collating the indexes.

To Get Factor Weight List

After referring to relevant data, consulting the professionals, we rate the above
factors. Here questionnaire is commonly used to rate. Re-using the above project
to calculate, we get the table for factor weight as Table 1

Research Result

According to the running result for the program, the top three factors are resource
capability, service equipment and interlibrary exchange.

3.3 Research on Optimizing Management Mode

According to the research result, the main weak links of management must be
strengthened, and the prominent problems must be pertinently solved.

3.3.1 Regulation and Control of Macro Management Mode

According to the research result, from the main body, the influence for internal
factors is greater than that for external factors in KSI. It means that KSI should
mainly depend on the improvement in intrinsic ability to strengthen information
resource management and enhance knowledge service ability.
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Secondly, the top three factors influencing resource management capability are
resource capability, service equipment and interlibrary exchanges. Therefore, in
order to develop internalized knowledge service ability, the foremost task is to meet
the impendent needs for diversification, specialization of knowledge. While modern
equipment, convenient service system platform are the basis of realizing knowledge
service. Knowledge sharing, resource integration are the necessary conditions.

3.3.2 Conception on Optimization of Subindex Points

1. Optimization of library building: Though in network environment, the role of
library building resource seems to become weaker and weaker, a user has a very
high degree of dependency relative to the virtual environment. Relying on the
environment and atmosphere of KSI, it can effectively stimulate the people’s
interest in reading. With the help of professional service platforms, one-stop
retrieval service can be completed quickly and effectively improve the efficiency
of knowledge service. Exchange and interaction between users and the service
personnel can reasonably guide a user and improve service quality.

2. Optimization of staff configuration: In KSI, the service personnel themselves are
the staff to produce knowledge products and provide the specific services. So
the service personnel are the guarantee for realizing knowledge service value.
Only there is a group of new librarians who not only has profound professional
knowledge and network skills at their finger ends, but also has good cultural
literacy and the capability of acquiring, organizing and propagating information,
can IRM be effectively done.

3. Optimization of service equipment: The development of modern technology
provides a strong support for IRM to develop innovatively. Application of
information software changes the flow and mode of the traditional knowledge
service. Informationization means plays a key role especially for deep mining
and post-processing of information. A knowledge service platform is a medium
to contact users and service agencies. It provides a virtual environment so that a
user can effectively acquire the required services. A knowledge service platform
is the gateway where knowledge service can be achieved and also a window for
the personnel who are serviced to acquire knowledge.

4. Optimization of information resources: Information resources include the col-
lected network resource information, electronic information retrieval system and
resources which a service agency has processed to form and the information
resources which the associated users require for [10].

Optimized configuration for soft power:

1. Optimization of interlibrary cooperation and exchange: In digital environment, it
is difficult to realize the whole construction of a digital library and fully satisfy
the demands for many readers’ growing knowledge service only by virtue of
their own strength to “go it alone”. So in foreign countries, a new development
mode — “knowledge service alliance” which is developed in digital environment
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emerges as the times require. Through the network, united catalogue, holdings
query and document delivery are carried out and the complementary advantages,
mutual exchange of needed products are indeed realized between knowledge
service agencies which have participated in the cooperation. Using the associated
model from abroad for reference can effectively solve the problem of domestic
information resources [11].

2. Optimization of the personnel’s inherent quality: The service personnel are the
front line service personnel who communicate with users, and are even more the
working people who process knowledge deeply. Their service attitude, working
enthusiasm, knowledge level and spirit influence the knowledge service quality.

3. Optimization of management mode: Information theory, control theory and
system theory are fully introduced into management. A set of management mode
is established based on the whole, overall situation, making the part and whole
unify dialectically to improve the intrinsic performances for a knowledge service
agency.

Study on optimization of material conditions:

1. Optimization for social economy to the people’s existing conditions: With the
economy in our country to increase at top speed, the people’s living standard is
increasingly improved, which make most of the people walk out of the problems
in finding enough food and clothing and have energy to study further and
improve. This has important strategic significance on improving our people’s
quality.

2. Improvement for scientific and technological progress to information tools:
The development of network storage medium creates the conditions for mass
information to be integrated and transmitted on a large scale. With the relevant
service software, rapidly acquiring, organizing, processing of information and
data mining can be done to liberate the service personnel from the heavy manual
labor to carry out the deeper level of service activities.

Study on traction of spirit culture construction:

1. Guide for policies and regulations to information resource management: The
development concept of “Outlook on scientific development” means that eco-
nomic development mode which is set up mainly on the basis of high energy
consumption, high pollution and other natural resources will be transformed into
the development one mainly relying on scientific and technological progress and
taking information, knowledge as the basis of resources. So the government
increases the relevant investment so that the management and construction of
information resource can have great progress.

2. Guide for the social environment to people’s study attitude: When the spiritual
life of the people is better, they will invest more energy in knowledge study
and improve their own knowledge level. And when the whole society advocates
science and culture, it can effectively arouse the people’s interest in study and
make the society progress. On the contrary, the whole society will be stagnant
and the people’s living level will also be backed.
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4 Conclusions

With the informationization process accelerated, it has already become the priority
task of strategic deployment for KSI to strengthen the construction of information
resource management. The research result in this paper shows that constructing
multi-layer, overall linkage structure of information resource; optimizing resource
allocation, building a virtual library, constructing a knowledge service platform;
integrating information resources, enhancing comprehensive ability are the impor-
tant measures by which KSI seizes the opportunities to develop preferentially in the
future development.
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Research on Financial Statements System
Based on Enterprise Resource

Yu-ju Li and Rong Li

Abstract Financial statement is an important carrier to transmit accounting
information to external users. With the development of social economy and the
variation of users’ demand, financial statements system should be improved and
perfected. As the current Chinese financial statement system which based on
enterprise assets has its limitations, this paper puts forward ideas about financial
statement system based on enterprise resource according to the Resource Theory,
and suggests statement which reflects corporation’s competence, resource value
and comprehensive income should be added to the current financial statement
system. The financial statement system, based on enterprise resource, consists of
balance sheet, income statement, cash flow statement, resources equity statement,
comprehensive income statement, statement of goodwill index and the changes of
its value. And the elements of basic statements and extensible statements should
take different confirmation and measure methods.

Keywords Asset * Competence * Enterprise resource ¢ Financial statement
system

1 Introduction

As a business language, accounting provides information through financial state-
ments. The financial statements system is not always static, but it is improved and
perfected with the development of social economy and the demand of users. In
fact, financial statements system of every country in the world is in the process
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of development and change. The trend is that species from single to multiple, the
submit object from the inside to the outside and the content from simple to complex.

Domestic and overseas scholars and accounting professional groups have done a
lot of research on financial statement system, among them the United States and the
UK are in the lead [1]. American Accounting Association (AAA) made a suggestion
to reform statement in 1991. It included self-generated goodwill should be recog-
nized in the statement if it can be measured reliably, and add employees report and
value added statement. The United States Financial Accounting Standards Board
(FASB) rebuilt financial statement system in 1984, the system consisted of statement
of financial position, income statement or comprehensive income statement, cash
flow statement and statement of owners’ investment and assignation to owners.
The American Institute of Certified Public Accountants (AICPA) came up with
an assumption to prefect statements in 1994, it included distinguish between core
and non-core item, using mixed measurement attributes, and non-core items were
measured at fair value. In 1997, FASB proposed that besides income statement,
statement of comprehensive income should be prepared to reflect enterprise net
income and other comprehensive income.

British accounting field also made great efforts on the improvement of financial
statements. UK Accounting Standards Board (ASB) successively issued many
reports, such as corporate report, the future financial and accounting reports model,
financial information preparation. In 1992, ASB put forward the idea that adding
“all have been confirmed gains and losses table” to report all of the enterprise
performance. In 1995, ASB extended the basic financial statements to four, which
is income statement, all have been confirmed gains and losses table, balance sheet
and cash flow statement.

Recently, IASB and FASB do a lot of work about reformation on financial
statements, and jointly issued Preliminary Views on Financial Statement Presen-
tation in October, 2008. They changed balance sheet to statement of financial
position, and combined the income statement and comprehensive income statement
to comprehensive income statement, and classified all kinds of statements according
to operating activities, investing activities, financing activities [2]. But statements
after reformation still based on assets, they couldn’t reflect the value of enterprise
resources and changes in competence and couldn’t provide the information of
enterprise value and wealth changes.

Many domestic scholars conducted research on the issue of the financial
statements from different points of view. Wang Songnian and Xue Wenjun (1999)
proposed the establishment of a comprehensive performance reporting system [3].
Ge Jiashu and Chen Shoude (2001) studied the financial statement from the point
of view of the quality evaluation system and put forward high-quality financial
reporting evaluation criteria [4]. Xie deren (2001) conducted research from the
perspective of the logical relationships between the financial statements, analyzed
the reasons for the collapse of its logic and propose the target of reconstruction
[5]. Zhu Kaixi (2007) put forward the direction of the reformation of the value
reporting from the perspective of accounting errors and the accounting equation [6].
Huang Xiaobo (2007) built the model of financial statements from the respective
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of generalized capital and property rights [7]. Zhan Meisong (2008) interpreted
disclosure off financial statements from the perspective of the residual rights
of control, and advocated the information which is important, measurable and
consistent with the definition of the accounting elements shall be included in the
financial statements as much as possible [8]. Zhang Jinruo and Song Ying (2009)
conducted research on the issue of classification and presentation of financial
statement [9]. Although academia and accounting standards-setting institutions
all over the world have made great efforts for the improvement of the financial
statements, financial statements in the current system remains flawed, it cannot
meet the needs of the information consumer well. Based on this, this paper uses
the resource theory, making a clear distinction between the resources, assets and
capabilities, and builds a resource-based system of financial statements.

2 The Major Defects of the Current System of Financial
Statements

2.1 IASB, FASB, ASB and China’s Current System
of Accounting Reports

At present, national financial reports system mainly consists of balance sheet
(statement of financial position), the profit and loss statement (income statement),
cash flow statement, statement of comprehensive income or statement of owner’s
equity. TASB, FASB, ASB and China’s current financial statements system is shown
in Table 1.

Table 1 IASB, FASB, ASB and our current financial statements system

Standards-setting China’s ministry
institution IASB FASB ASB of finance
The composition  (a) Statement of ~ (a) Statement of  (a) Profit and loss (a) Balance sheet
of the financial financial financial statement
statements position position

(b) Statement of  (b) Statement of  (b) All have been (b) Profit statement
comprehensive comprehensive confirmed

income income gains and
losses table
(c) Cash flow (c) Cash flow (c) Balance sheet (c) Statement of
statement statement cash flow
(d) Notes to the ~ (d) Notes to the  (d) Statement of  (d) Statement of
financial financial cash flow owner’s equity
statements statements (e) Notes to the  (e) Notes to the
financial financial

statements statements
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From Table 1, we can find that the current financial statements system of IASB
is the same with FASB, they both combine income statement and statement of
comprehensive income to the statement of comprehensive income, while China’s
financial statements system is the same with ASB, setting statement of owner’s
equity or total recognized gains and losses table to reflect gains and losses
recognized besides profit statement.

2.2 The Major Defects of the Current Financial
Statements System

Due to the restriction of traditional accounting concept, the formulation of
accounting standards didn’t jump out the frame that takes enterprise assets as
the main accounting object. So that self-generated goodwill which reflects the core
competence, competitive position and competitive advantage have not yet contained
in the financial statements system. As a result, Philip Morris paid $1.29 billion for
Kraft Inc. in 1988, and 90 % was goodwill which didn’t reflect in the traditional
accounting statement. Although enterprise accounting standards which China issued
in February, 2006, separated goodwill from intangible assets, the China’s ministry
of finance sets standard only for merger and acquisition goodwill, self-generated
goodwill has still excluded from the financial statements. The most defect of the
current financial statements system is that accounting information is incomplete,
and it cannot reflect the influence on performance because of the value of enterprise
competence (goodwill) and its change, so that contradictions between demand and
supply of accounting information is serious [10].

This paper holds that the construction of financial statements system shall base
on enterprise resources to make information better meet the needs of users.

3 Accounting Elements and the Accounting Equation
Based on Enterprise Resources

Resource-based theory is a combination of resource-based view, competence-
based view, knowledge-based view. The main point is as follows: (1) enterprise
is a collection of resources; (2) the reason why enterprise profit is that it has
scarce resources and product of low production cost or high differentiation; (3)
the competitive advantage comes from internal not external, depended on the
enterprise proprietary resources which is heterogeneity, scarce, difficult to imitate,
efficient, invisibility and intellectual; (4) enterprises have continuously inner power
to produce heterogeneous resources, and they can effectively use and maintain
competitive advantage; (5) competence is built on the basis of knowledge, and
knowledge is micro basis to create competence [11].
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This paper holds that resource is equal to asset and competence. Assets and
competence are important resources which exist in enterprise and can be used to
create value. Li Yuju (2010) made in-depth analysis respectively from two aspects:
the market and the enterprise and its interaction process and found that there is a
close relationship between goodwill and competence. Goodwill is comprehensive
evaluation to sustainable business performance of the enterprise, it comes from the
enterprise and reflects that the enterprise adapts to development of the market. And
goodwill is also the concentrated reflection of the core competence of the enterprise,
and it is of great significance to reduce the risks and costs in market transaction.
The conclusion is that goodwill is the external performance of competence, and
competence is inner support of goodwill [12]. In this way can we realize the
goal to accounting the value of resource through accounting assets and goodwill
in accounting according to “resources = assets 4+ competence” and “goodwill is
a manifestation of the value of the competence”. Just because of this, resource-
based theory can be used for the development of accounting theory, then the
above equation can be turned into “resources = assets 4+ goodwill”. According to
the actual situation in China, we can add the gain and loss, goodwill to the existing
accounting elements, and cancel the profit elements, and change the owner’s
equity (equity) into the equity elements. Thus, accounting elements include assets,
goodwill, liabilities, equity, income, gain, cost and loss. The accounting equation
base on resources accounting is as follows:

The value of resources = liabilities + equity

The value of resources = assets + goodwill

Equity = stockholder’s equity + residual equity

Assets = liabilities + stockholder’s equity

Profit = income — cost + already realized controllable gains and losses

Profit from operation = income — cost

Comprehensive income = profit 4 controllable gains and losses 4 uncontrollable
gains and losses

4 The Construction of Financial Statement System
That Based on Enterprise Resource

With the development of economy, the contribution of intangible resources is
increasing, resulting in the needs of the disclosure of relevant information. American
Association of Investment Management (AIMR, 2003) surveyed investment ana-
lysts, corporate executives and directors in the form of a questionnaire survey about
the quality and importance of the company’s accounting information disclosure, and
the result showed that people considered the income statement, balance sheet, cash
flow statement is very or extremely important accounted for 87 %, 90 % and 87 %;
and goodwill information is very or extremely important accounted for 67 % [13].
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According to the need of users and resource-based accounting elements and
accounting equation, financial reporting system should be constituted by balance
sheet, income statement, cash flow statement, resource equity, comprehensive
income, goodwill index and changes of the value. Among them, the balance
sheet, income statement, cash flow statement are basic statements, resource equity,
comprehensive income, goodwill index and changes of the value are extensible
statements, and now extensible statements can be yearly report. The new financial
reporting system still retain the balance sheet, income statement, cash flow statement
of the original reporting system, and add resource equity and goodwill index and
changes of the value. The existing accounting recognition criteria can be used
for basic statements elements: (1) Comply with the definition of the accounting
elements; (2) The economic benefits which is related to the project is likely to flow
into or out of the enterprise; (3) The cost or value of the project can be measured
reliably. While the new recognition criteria should be developed for extension
report elements: (1) Comply with the definition of the accounting elements; (2) The
economic benefits which is related to the project is likely to flow into or out of the
enterprise; (3) Measurability (it can be monetary measurement, it also can be non-
monetary measurement) and verifiability. All statements should be reported by fair
value eventually.

4.1 Resource Equity

Resource equity is the statement which reflects the component and the source
of the enterprise resources. We can realize the component of the assets, good-
will, liabilities, shareholders’ equity and residual equity through resource equity.
Through resource equity in different periods, we can know the changes in the value
of enterprise resources, so that corporate stakeholders can make the appropriate
decisions.

4.1.1 The Design Ideas of Resource Equity

Changed assets into resources and increased the value of goodwill in the resource
section, liabilities and equity take the place of liabilities and owners’ equity, and
increase the residual equity in the equity section. The specific method is to set the
“goodwill” account and “residual equity” account, the value of goodwill should
be confirmed by evaluation, goodwill tests are required to be performed regularly
(a quarter or half a year), determine the goodwill value after change through the
preparation of Goodwill Index, then prepare Resource Equity. The specific design
of Resource Equity is shown in Table 2.
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Table 2 Resource equity
Prepared by: Month:  Year:

Atbeg Atend Liabilities and Atbeg Atend
Resource No. ofyear ofperiod equity No. of year of period

Total current
assets

Intangible assets

Total non-current
assets

Total assets

Total current
liabilities
Total non-current
liabilities
Total
shareholder’s
equity
Residual equity

Goodwill
Total resources

Total equity
Total liabilities &
equity

4.1.2 The Way of Increasing the Resource Equity

The Resource Equity this paper added is on the basis of balance sheet. Making some
change on the basis of the current account: (1) increase “goodwill” and “residual
interest”; (2) usual accounting goodwill index, through the certain goodwill meter-
ing method to determine the value of goodwill regularly or actual needs.

Equity is an important element of financial statements, it represents a claim of
internal stakeholders on the particular accounting entity resources. The definition,
recognition and measurement of equity have a direct impact on the confirmation
and report of the financial position of accounting entity and the calculation and
allocation of operating income. This paper argues that the equity consist of
stockholders equity and residual equity. The stockholders equity can be confirmed
and measured through the current confirmation metering method; the residual equity
is the value implied by the enterprise capabilities, it can be confirmed and measured
with the recognition and measurement of goodwill. The value of goodwill is the
amount of residual interest that the enterprise possesses.

4.2 Comprehensive Income Statement

Comprehensive income statement is a report that reflects overall income status of the
enterprise during a period. Through comparison of comprehensive income statement
during different period, users can realize the enterprise financial performance and
wealth changes. By analyzing the reasons of change, enterprise performance and
management of the business performance and the future development potential of
the enterprise can be evaluated [14].
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Table 3 Comprehensive income statement

Prepared by: Month: Year:

Item Current month Current year Prior year
1. Net profit

2. Other comprehensive income (with “—" for loss)

The unrealized profits and losses of the securities
The changes of profit and loss of goodwill
3. Comprehensive Income(with “—” for loss)
Net earnings per share
Diluted earnings per share
Comprehensive income per share
Diluted comprehensive income per share

The author deems that the current comprehensive income statement does not
reflect enterprise’s income completely and does not include the information about
the changes of enterprise goodwill. In order to better meet the information user’s
demand for accounting information, the comprehensive income statement should
be improved.

4.2.1 The Improvement Ideas of Comprehensive Income Statement

Increase the changes in profit and loss of goodwill on the basis of the current
comprehensive income statement, and the data about the changes of goodwill is
calculated according to the goodwill measure model. The comprehensive income
statement is as shown in Table 3:

4.2.2 The Way of Improving Comprehensive Income Statement
In this paper, improvement of comprehensive income statement is built on the basis
of the existing comprehensive income statement at home and abroad. The data about

the changes of goodwill is calculated according to the goodwill measure model that
the author built, and its recognition bases on the build of the goodwill index.

4.3 The Statement of Goodwill Index and the Changes of Value

4.3.1 The Design Ideas of the Statement of Goodwill Index
and the Changes of Value

The statement of goodwill index and the changes of value is a statement that
reflects the goodwill index of the corporate and its changes, also reflects the value
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of goodwill. Through comparison by the goodwill index and the change of its
value during different periods, we can analyze the production and operational
efficiency, the competitiveness of enterprises and the change of the ability to achieve
sustainable development, and the existing problem and investment value, so that
stakeholders make appropriate decisions.

According to the research of Li Yuju, goodwill comes from competence, the
core element of the goodwill is sustainable business performance capabilities of the
enterprise, while competence consists of comprehensive operation efficiency, indus-
try potential and development potential [15]. Comprehensive operation efficiency
reflects operational efficiency and effectiveness, it can judge by ten indicators: total
sales income per capita, total sales revenue margins, net profit margin, cost-profit
ratio, energy consumption per 10,000 yuan of sales income, liquidity turnover rate,
net asset growth rate, digitization and network management coverage, itself reason
the accident rate, authigenic accident disposal cumulative hours. Industry potential
epitomizes the company’s products, the level of services and its market position, it
can judge by six indicators: leading products market share and its sales growth rate,
new products and new market sales to total sales revenue, assets capital ratio, the
new branding expenses to total sales revenue, complaints changes from social and
consumer. Development potential mainly reflects the ability to achieve long-term
stable development, it can be measured by 10 indicators: equipment investment
accounted for proportion of sales revenue, expense for development of strategy
research accounts for proportion of sales revenue, new research and development
expense accounts for the proportion of sales revenue, the number of personnel
engaged in research and development directly, new patents, the number of large-
scale production of new products, new increased staff training expenses, full average
years of education, marketing and R & D personnel accounted for the proportion of
all employees, employee incentive expenses accounted for proportion of the total
wage expenditure. Then the statement of goodwill index and the changes of value
can be designed as shown in Table 4.

4.3.2 The Way of Increasing the Statement of Goodwill Index
and the Changes of Value

According to the research of Li Yuju (2010), the author established the index system
which composed of 26 indicators for the three competences according to the princi-
ple of objective, quantitative, data can be easy to get and no overlapping, and build
goodwill index econometric models to determine the goodwill index and the value
of goodwill, then prepare the statement of goodwill index and the changes of value.

With the perfection of information technology, the breakthrough of measurement
technology and method and the improvement of financial personnel diathesis and
the ability of information users to read the statements, the income statement and the
comprehensive income statement can be combined to the comprehensive income
statement, and resource equity replace the balance sheet (statement of financial
position).
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Table 4 The statement of goodwill index and the changes of value

Month: Year

Pre-index Index changes

Current The same The base  Year-on-year ~ The growth than
Item index period last year  period growth in the base period

Comprehensive
operation
efficiency (E)

Industry
potential (P)

Development
potential (Q)

Goodwill index
(&)

The value of
goodwill (S)

5 Conclusion

1. Financial statements are important carrier to output accounting information.
Financial reporting system is not static, but it is improved and perfect based on
the development of social economic and demand of users.

2. The current financial reporting system is built on the basis of assets. It is unable
to provide enterprise value, complete comprehensive income information and
the information of enterprise capabilities that reflect the competitive advantage
and the changes of wealth. It is not enough to meet the development of social
economic and demand for accounting information users. The contradiction
between supply and demand of accounting information is obvious.

3. The financial statements system based on enterprise resources should be built to
solve the contradiction between supply and demand of accounting information,
that is to increase resources equity, comprehensive income statement, the
statement of goodwill index and the changes of value on the basis of the existing
reporting system. The elements of basic statements and extensible statements use
different recognition criteria and measurement methods.

4. The construction of financial statements system which based on enterprise
resources, must based on the development of traditional accounting theory,
the construction of the new financial accounting conceptual framework, and
confirmation and measurement of goodwill.

Acknowledgement Project supported by Humanities and Social Sciences of Ministry of Educa-
tion of China (Project No.12YJA630065).
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Evaluation of Financial Performance
on Qil Industry Central Enterprises Based
on Principal Component Factor Analysis

Yan-fang Gao, Ai-ping Gao, and Ning Shi

Abstract The three major oil central enterprises of China are elected in FORTUNE
500. Their rankings are respectively 5th, 6th and 101st in 2012. However, ranking in
FORTUNE 500 is based on only one indicator, which is operating income. Although
the three companies have their Annual Financial Reports, we can’t compare their
financial performance. Therefore, we constructed a set of financial performance
evaluation index system, and evaluate their financial performance with the method
of principal component factor analysis.

Keywords Evaluation ¢ Financial performance ¢ Oil central enterprises e
Principal component

Sinopec Group (SG), China National Petroleum Corporation (CNPC) and China
National Offshore Oil Corporation (CNOOC) are the three oil central enterprises
of China. Their rankings in FORTUNE 500 are 5th, 6th and 101st in 2012. The
rank is based on business income. We try to create a set of financial performance
evaluation index system, and assess the financial performance of the three oil central
enterprises with the method of principal component factor analysis.
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1 Choice of Evaluation Methods and Building
of Index System

1.1 Choice of Evaluation Methods

We use the method of principal component factor analysis, this method is able to
calculate the composite score objectively [1].

1. The theory of principal component factor analysis

The method of principal component factor analysis aims to use the ideas of
dimensionality reduction, transform the multiple indicators into a few indicators [2].

2. The model of principal component factor analysis

Fi=anZX; +anZXy +...... aplsz
F, = apZX| + apZXy +...... apnZX,
F, = ainZX; + a3 ZXs +...... apmZX,
al, 42, .. ... ap, i=1, 2,...m) are eigenvectors corresponding to the eigen-
value which are solution of X covariance matrix.
ZX1,ZX5, .. ... ZX,, are the value of the normalized original variable.

1.2 The Construction of the Indicator System

According to the Central four ministries developed jointly by the <state-owned
capital and performance evaluation rules >1999 and the State Council issued
<central enterprise comprehensive performance evaluation of the implementation of
the rules >2006, we selected 4 one-class indexes, 14 secondary indexes. Then build
oil central enterprises financial performance evaluation index system (Table 1) [3].

2 Empirical Analysis
2.1 Data Collection and Processing

According to the 2011 annual financial report, we obtained 14 indicator values as in
Table 2 (CNOOC annual financial report did not reflect main business income and
main business cost, so we use operating income replace main business income and
operating cost replace main business cost). Calculating with SPSS [4].
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Table 1 Financial performance evaluation index system of oil
central enterprises

The first class index ~ The second class index Index code
Profitability Rate of return on net assets X1
Sales profit rate X2
Surplus cash coverage ratio X3
Cost profit rate X4
Rate of return on capital X5
Asset quality Turnover of total assets X6
Assets cash recovery rate X7
Turnover of current assets X8
Debt risk Asset liability ratio X9
Quick assets ratio X10
Cash current liabilities ratio  X11
Business growth Sales growth rate X12
Sales profit growth rate X13
Total assets growth rate X14

Table 2 Financial index of three major oil central enterprises

Financial indexes CNPC SG CNOOC
X1 13.95 % 15.98 % 20.40 %
X2 14.54 % 8.88 % 25.17 %
X3 1.82 1.84 0.94
X4 10.11 % 4.29 % 29.53 %
X5 49.10 % 66.15 % 64.86 %
X6 1.12 2.37 0.73
X7 16.24 % 14.29 % 20.19 %
X8 5.93 8.68 2.76
X9 43.54 % 54.91 % 36.12 %
X10 36.28 % 28.94 % 113.92 %
X11 51.81 % 3523 % 99.73 %
X12 36.74 % 30.97 % 37.61 %
X13 0.94 % 1.68 % 16.39 %
X14 15.77 % 14.68 % 16.42 %

2.2 Select Main Components and Construct
the Comprehensive Evaluation Function

Seen from Table 3, the first two factors cumulative variance contribution rate has
reached 100 and feature values were 11.586 and 2.414 which are more than 1, so
the two public factors as the initial factors (F1 and F2), its factor loading matrix as
shown in Table 4. In Fig. 1, it tells that from the second public factor, curve gradient
becomes relatively flat, so extract two main factors are more suitable. Table 5 is a
rotated factor loading matrix. From the view of joint degree of factors, almost all
information of 14 variables can be explained by the two public factors [5].
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Table 4 Component matrix®

Component

1 2
X1 .801 .599
X2 1.000 —020
X3 —.952 —.305
X4 .994 107
X5 126 .992
X6 —.883 469
X7 1.000 —.001
X8 —.988 153
X9 —.951 310
X10 .969 249
X11 997 .079
X12 .827 —.562
X13 932 .363
X14 1943 —.333

Extraction method: principal
component analysis
Two components extracted

12 4

10

Eigen value
[e)]
1

04 o S — ———_-

o

1 2 3 4 5 6 7 8 9 10 11 12 1
Component Number

14

Fig. 1 Scree plot

As you can see from Table 5, X12 and X 14 in public factor F1 has a larger load, so
we can think F1 is reflected in business growth capacity factor; X1 and X5 in public
factor F2 has a larger load, so F2 can be regarded as the profitability factor [6].

According to the Component Score Coefficient Matrix as show in Table 6, we
can obtain principal component model:
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Table S Rotated component

matrix?® COHIPL
1 2
X1 287 .958
X2 815 .580
X3 —.583 —.812
X4 735 .678
X5 —.490 872
X6 —.989 —.149
X7 .804 .595
X8 —.885 —.466
X9 —.948 —.317
X10 .630 177
X11 754 .657
X12 999 .041
X13 532 .847
X14 956 294

Extraction method: principal
component analysis
Rotation method: Varimax
with Kaiser normalization
#Rotation converged in three
iterations

Table 6 Component score

coefficient matrix Component
1 2
X1 —.092 240
X2 .074 .045
X3 .009 —.150
X4 .043 .087
X5 —.236 .337
X6 —.177 11
X7 .070 .051
X8 —.106 .000
X9 —.142 .054
X10 .006 133
XI11 .050 .078
X12 .196 —.145
X13 —.025 .169
X14 147 —.062

F1 = —0.092*ZX1 + 0.074*ZX2 + 0.009*ZX3
+ 0.043%ZX4 — 0.236*ZX5 — 0.177*ZX6 + 0.07*ZX7
—0.106"ZX8 — 0.142*ZX9 + 0.006*ZX10 + 0.05*ZX11
+0.196*ZX12 — 0.025*ZX13 + 0.147*ZX14
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Table 7 Evaluation of financial performance

Component score Comprehensive score
Enterprise  F1 Ranking F2 Ranking F Ranking
CNPC —0.8515 2 0.1246 3 —0.4563 2
SG —1.4522 3 03078 2 —-0.7395 3
CNOOC —0.4405 1 0.4667 1 —0.0732 1

F2 = 0.24*ZX1 + 0.045*ZX2 — 0.15*ZX3 + 0.087*ZX4
+0.337*ZX5 + 0.111*ZX6 + 0.051*ZX7 + 0*ZX8
+ 0.054*ZX9 + 0.133*ZX10 + 0.078*ZX11
—0.145%ZX12 4 0.169%*ZX13 — 0.062*ZX14

The variance contribution rate reflects the importance of principal components,
therefore, regard the variance contribution rate (two principal component’s contribu-
tion rate) as the principal components weights to carry on comprehensive evaluation,
then we can build the evaluation model:

F = 0.5951F1 + 0.4049F2

By using the above evaluation model, we can obtain the financial performance
evaluation of three big Petroleum central enterprises (Table 7)

3 Conclusion and Discussion

Components score Listed in Table 7 reflects financial performance status of three big
Petroleum central enterprises. Generally, CNOOC'’s financial performance status is
the best, CNPC is the second, SG is the final [7].

The result is in accordance with the financial performance realization status of
the three big companies. So it proves that using the method of principal component
analysis is of great value. But in the index quantification process, it only selects
portion statistical data, some qualitative indexes are not properly reflected; so in the
future studies, we can adopt some methods that can quantify the qualitative indexes,
which makes the evaluation results more objective and comprehensive [8].
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Simulation and Comparison of Equipment
Maintenance Strategies—A Blast Furnace
Belt Conveyor Example

Ming-jian Yuan, C.Y. Chen, K.C. Yao, and J.Y. Jheng

Abstract In recent years, a number of industrial accidents took place in turns,
resulting in enormous economic loss, personnel lives loss, and environmental
disasters. Industrial accidents arise mostly from equipment failures. Traditional
time-based maintenance appears have reached its limit to prevent more accidents.
New strategies turn to condition-based maintenance (CBM), which continuously
monitors equipment so that failures can be detected just in time. The new strategies
can be expensive and difficult to implement in current equipment. Under increas-
ing cost pressure, enterprise has difficulties to evaluate the effectiveness of the
strategies. This paper presents a reliability simulation to evaluate and compare
different maintenance strategies, from both cost and productivity perspectives.
A blast furnace belt conveyor is used as a demonstration example. In addition,
experiment design and multiple comparison procedures are used to give statistical
analysis. It is expected this research can help industries evaluate and select an
appropriate maintenance strategy to further reduce future equipment failures and
associated losses.

Keywords Reliability simulation * Time based maintenance * Condition based
maintenance (CBM)

1 Introduction

Manufacturing is the foundation of industries. Both conventional and high-tech
manufacturing industries use a large quantity of equipment to produce commodities.
Under sharp productivity and utilization competitions, most equipment runs 24 h
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Fig. 1 A petroleum refinery plant fire accident

a day. The mechanic wear and tear from incessant usage results in inevitable
equipment failures. Mild failures causes defect products, while serious failures
result in enormous economic loss, personnel lives loss, and environmental disasters.

In recent years, a number of industrial accidents took place in turns, high-
lighting the importance of equipment maintenance. Figure 1 shows a fire accident
of a petroleum refinery plant. Although investigations and improvements have
been followed after each accident, it appears accident does not stop happening,
even the inspection period has been continually shortened. Traditional time-based
maintenance appears have reached its limit to prevent more accidents [1]. To
solve the problem, new condition-based maintenance has been developed, such as
the techniques using shock pulse method (SPM) and vibration detection [1, 2].
The condition-based maintenance has shown a great potential to further reduce
accidents. However, since enterprises are pressured to cut their costs [1, 3], decision
makers hesitate to adopt the new maintenance strategy.

This paper will use system simulation to evaluate various maintenance strategies
to compare their effectiveness. Simulation has been well known for its “what-
if analysis” capability, and will be used in this paper to provide performance
assessments. In addition, statistical procedures will be used to design experiments
and compare maintenance strategies to provide results interpretation. The objective
of the paper is to a provide industries a convenient way to envision the differences
among maintenance strategies and select an appropriate one. We summarize main-
tenance strategies in Sect. 2. Section 3 presents how to build models for reliability
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simulation. A blast furnace belt conveyor will be used as an example. Section 4
demonstrates the experiment design and the analysis of simulated results using
multiple comparison procedures. Conclusions will be given in Sect. 5.

2 Maintenance Strategies

Due to the serious damage of equipment failures, equipment maintenance has
been a critical issue to almost all industries. Over the years, the mind-set of
maintenance has evolved from reactive to planned/scheduled, and then to condition-
based maintenance [4]. There are four major maintenance strategies, as summarized
in the following:

2.1 Reactive or Corrective Maintenance [5]

Reactive maintenance takes a run-to-failure approach. No maintenance is scheduled
and no condition assessment is conducted. Correction is done upon failure. The
strategy is usually adopted for non-critical equipment, and the reliability can be
hardly controlled.

2.2 Time-Based or Preventive Maintenance [3, 6]

The strategy pre-schedules periodic maintenance to do repairs or replacements prior
to failures. The maintenance is usually time-based and the frequency is based on
historical data. Since failures take place stochastically, time-based maintenance
cannot prevent every failure, but to prolong the time spans between failures [7].
That is, failures still occur under this strategy. In response to this problem, the
maintenance frequency tends to be shorter and shorter to prolong the time between
failures. Hence, the cost of the strategy can be high.

2.3 Predictive Maintenance [6]

Many failures can be monitored and predicted with respect to a certain parameters.
Those parameters usually exhibit statistical patterns. Predictive maintenance is
to monitor the parameters periodically to issue early warnings of degradation or
failure. For instance, predictive maintenance can be based on bearing heat signature,
lubricant condition, or rotating vibration. Since the parameters are only monitored
periodically, failures can happen in between periods, resulting in a similar dilemma
as preventive maintenance.
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2.4 Condition-Based or Just-In-Time Maintenance [3, 6]

Similar to predictive maintenance, condition-cased maintenance (CBM) monitors
the system conditions that are critical to failures. The monitor is done continuously
and in real time such that equipment problems can be detected just-in-time [1]. This
strategy is relatively new. Most of the equipment that could use condition-based
maintenance is not instrumented with sensors, limiting the adoption of the CBM.
The strategies above have different implementation difficulties [8]: Reactive
maintenance has reliability hardly controlled. Either preventive or predictive main-
tenance has their limits to prevent failures. In contrast, CBM is effective to prevent
failures, but the implementation is difficult and expensive. Facing the reliability and
safety requirements, enterprises are also increasingly pressured to reduce their costs.
How to evaluate maintenance strategies to consider the tradeoff between reliability
and cost has been a dilemma to enterprise decision makers [8]. In the next section,
we present a scheme of reliability simulation for evaluating maintenance strategies.

3 Reliability Simulation

System simulation is the technique that can abstract the features of a dynamic sys-
tem by experimenting on its process models. The models mimic system operations
and statistical characteristics to reproduce as real as system behaviors. Therefore,
simulation is widely used as a tool to analyze what-if decisions. This section
demonstrates how to use simulation to evaluate maintenance strategies. To begin
with, we introduce a blast furnace belt conveyor for the demonstration purpose.

3.1 Blast Furnace Belt Conveyor

Blast furnace is the equipment for smelting to produce iron. In a blast furnace, raw
materials such as ore and flux are continuously supplied through a belt conveyor.
The conveyor is nearly 8,000 m long, and about four or five stories high as shown in
Fig. 2. Its repair is extremely difficult, especially on the top above the furnace, where
the combustion and high temperature result in a hypoxic state. Once the conveyor
fails to deliver materials, it will cause the shutdown of the furnace. The cost from
this is measured as high as 10,000 NT dollars per minute. And the loss of supply
shortage to its downstream industries is immeasurable. The maintenance strategy
of the belt conveyor has been a critical decision to the steel smelting industry.
We will take the belt conveyor as an example to demonstrate how to build its
reliability simulation model, and how to experiment the model to evaluate different
maintenance strategies. Figure 3 presents the structure of a belt conveyor, which
consists of a number of subsystems, and each subsystem consists of a number of
components.
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Fig. 2 Belt conveyor in a blast furnace

3.2 Simulation Model and Input Factors

To build simulation models for the belt conveyor, we use SIMPROCESS [9], which
is a hierarchical and integrated process simulator. The model has three hierarchical
layers as shown in Fig. 4, corresponding to the structure of Fig. 3. The three layers
are main system layer, subsystem layer, and component layer. We describe each
layer from the bottom up.

The bottom layer is the component layer, which models the life cycles of a
component. A life cycle starts from a normal condition. After a random period
of time, the component steps in an initial damage state, resulting from operations
wearing. The random period of time can be sampled from various probability
distributions, with an average known as MTBF (mean time between failures).
This paper uses normal distributions to sample the random times. The cycle is
followed by another random period of time to step in a failure state. This period
of time models the time span from initial damage to breakdown, if no preventive
or predictive maintenance is performed. When a component fails, the cycle goes
into a repair state. It takes the third period of time to fix the component. This
period models the interval consumed by materials preparation and repairs. Once
the component is fixed, it resumes a normal condition and a new cycle starts.
In addition to the time perspective, the resources consumed in the process and
their costs are also built in the model. The resources include the raw materials
and maintenance technicians. The crude simulation consists of iterative life cycles.
Performance statistics are collected in the simulation and are used to estimate the
component reliability and associated costs. More importantly, different maintenance
strategies can be embedded in the model to compare their effectiveness. Two specific
strategies are constructed in the model: time-based maintenance and condition-
based maintenance, which are described in the following.
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Fig. 3 The hierarchical structure of a belt conveyor

Time-based maintenance is built in the model as repeated processes in parallel
with the component life cycles. Interactions take place between the two cycles
in such a way that the maintenance will affect the component life cycles: If a
regular-scheduled maintenance runs into an initial damage, a repair is prescribed
to restore the component to a normal condition, thus skipping the failure and repair
stages. Since a regular maintenance may or may not detect early damages, an input
parameter can be assigned to control the probability of successful detection. The
maintenance frequency is also an input parameter, which can be optimized by using
an optimization module of SIMPROCESS.

In the other way, condition-based maintenance is built within the component life
cycle. Since CBM monitors a component continuously, an initial damage can be
quickly detected. Just in time replacement or repair can restore the component to a
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Fig. 4 The hierarchical simulation model of blast furnace belt conveyor

normal condition and skip the failure stage. Since CBM may not 100 % detect an
initial damage, an input parameter is also provided to control the probability.

Each component in the model can selectively use CBM strategy, in conjunction
with regular time-based maintenance. Various statistics are summarized in simula-
tion to provide decision makers multiple evaluation perspectives.

The middle layer of the simulation model is subsystem layer, as shown in the
middle part of Fig. 4. This layer models the interactions among the components
of a subsystem. For instance, there are five components in a pulley subsystem:
head pulley, bend pulley, drive pulley, head snub pulley, and tail pulley. When a
component fails, notices will be sent to all other components and subsystems to
hold and wait until the failing component is repaired. This interaction is done by
using preemptions; that is, the cycles of all working component will be preempted
by a failing component. Similarly, once a failing component is fixed, notices will be
sent to resume the process of all preempted component.

The top layer of the simulation model is main system layer, as shown in the
top part of Fig. 4. This layer models the interactions among subsystems. There
are six subsystems in the model, including a belt subsystem, a feeder subsystem, a
roller subsystem, a pulley subsystem, a drive subsystem, and a weighting subsystem.
The top layer can drill down to each of the six subsystems, and the subsystem
model can drill down to its components. Preemption is again used to implement
the interactions.
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Regular maintain count
Initial damage maintain count
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Statistics | Up time rate
Down time
Regular Maintain Technician utilization
%f:gg‘u.‘;‘ Preventive maintain Technician utilization
Repair Technician utilization

Fig. 5 Key performance output

All the three layers work together to simulate the operation states under time-
based or condition-based maintenance strategies. The input factors of the model
are imported from an external file for flexibility. There are 12 factors for each
component, as listed in the following:

XNk W=

—_ = =
D= o

mean time from normal state to initial damage
mean time from initial damage to failure
regular maintenance time period

mean time of a regular maintenance
mean time of a maintenance if an initial damage is detected

probability that an initial damage can be detected in a regular maintenance
mean time of a failure repair
cost of a failure repair

cost of an initial damage fix
cost of a regular maintenance
. probability that an initial damage can be detected by a CBM sensor
average lead time to repair a failure

Part of the factors is basic data, and the others can be treated as decision variables
and can be optimized. In the next section, we introduce the output of the simulation.

3.3 Key Performance Output

The simulation model runs with different combination of input factors to collect
performance statistics. In each replication, the run length is 2 years. Different
performance is collected with respect to each layer of the model. There are four
perspectives of performance collected as shown in Fig. 5. The first perspective is
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count statistics, such as failure counts, hold counts, and maintenance counts. The
second perspective is cost statistics, such as failure cost, regular maintain cost,
and initial damage maintain cost. The third perspective is productivity statistics,
such as uptime percentage and average uptime. The fourth perspective is resources’
utilization, such as the utilization of maintain engineers and repair technicians.
Each layer of the model collects statistics associated with that layer, so that the
performance can be evaluated from both micro and overall angles. By all means,
the simulation provides decision makers quantitative statistics to visualize the
performance of different strategies.

4 Experiment Design and Multiple Comparisons

The purpose of simulation is to evaluate maintenance strategies. To obtain mean-
ingful interpretations, statistical procedures need to be used in experiment design
and results analysis. We make up six maintenance strategies, as listed in Table 1,
to demonstrate the comparisons. Dummy data is used in the sense we only
intend to demonstrate the evaluation procedure. Strategy A is a purely time-
based maintenance; only periodic maintenance is scheduled for each component
and subsystem. The other four strategies are various mixtures of time-based and
condition-based maintenance; the difference is in the number of components using
CBM. Strategy B has only one CBM component, while strategy F has 5 CBM
components. The strategies are selected for comparisons from cost and productivity.

Because of the random nature in simulation, each strategy will run 30 indepen-
dent replications to get random samples. A conventional one-way model is assumed
for the simulated results:

Yij :9i+8,‘j,i =12,...,6,j =1,2,...,30

where Yj; is the j-th simulated performance of strategy i; 6; is the expected
performance of strategy i, and 6 can be any performance as listed in Fig. 5; and
gjj is arandom noise with an expected value 0 and a common variance. Experiments
are conducted according to the design. Part of the numerical results and bar charts
with respect to different performance are presented in Fig. 6.

Table 1 Maintenance strategies for comparisons

Strategies ~CBM maintenance components

Pure time-based maintenance (no CBM component)

Head pulley

Head pulley + drive pulley

Head pulley + drive pulley + bend pulley

Head pulley + drive pulley + bend pulley + nose pulley

Head pulley + drive pulley + bend pulley + nose pulley + tail pulley

mTmoaQw
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Strategies A B c D E
Lower limit -211629
Center B -156467
Upper limit -101304
Lower limit -353796 -197329
Center C -208633 -142167
Upper limit -243471 -87004
Lower limit -4859290 -329462 -187296
Center D 430767 -274300 -132133
Upper limit -375604 219138 -76971
Lower limit -595862 -439396  -297229 -165096
Center E -540700 -384233 -242067 -109933
Upper limit -485538 -329071 -186904 -54771
Lower limit -717362 -560896 418729 -286596 -176662
Center F -662200 -505733 -363567 -231433 -121500
Upper limit -607038 -450571 -308404 -176271 -66338

Fig. 7 MCA example results

_________ RO e PO

+
250000  sS00000 750000

Strategies Lower Center Upper  ------- Hommmmmaes s S +--
A-Best 0 662200 705237 T — Xy
B-Best 0 505733 548770 [wevacsasiea i X_)
C-Best 0 363567 406604 R LR TS x)
D-Best 0 231433 274470 (-----n-- .3
E-Best 0 121500 164537 ( x.)
F-Best 164537 121500 0 (-* )
4
0

Fig. 8 MCB example results

To analyze whether there are significant differences among the six strategies,
three multiple comparison procedures are used: all-pairwise comparisons, multiple
comparisons with the best, and multiple comparisons with a control, which are
described in the following.

All-pairwise comparison (MCA) [10] constructs the simultaneous confidence
intervals for 6; — 6}, V i # j with an overall error rate controlled. Multiple compar-
isons with the best (MCB) [11] constructs the simultaneous confidence intervals for
0; — 6%,V i, where 0* refers to the performance of the best but unknown strategy.
Multiple comparisons with a control (MCC) [12] constructs the simultaneous
confidence intervals for 6; — 64,V i A. Figures 7, 8, and 9 show the example
results respectively.

Decision makers can distinguish among the six strategies either a unique or a
group of best strategies by investigating the confidence intervals. For instance, there
are Cgo = 15 pairwise intervals constructed by MCA, as shown in Fig. 7. Strategy
F is clearly the best in that all the cost difference between strategy F and any
other strategy has a negative upper confidence limit, implying strategy F cost is
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Fig. 9 MCC example results

significantly lower. And there are 6 confidence intervals constructed by MCB, as
shown in Fig. 8. Strategy F can be identified as the best in that the cost difference
between strategy F and the best strategy has an upper limit 0. And there are five
confidence intervals constructed by MCC, as show in Fig. 9. Clearly the cost of each
five condition-based strategies is significantly lower than time-based maintenance.
Decision makers can conveniently select a strategy based on these statistics.

5 Conclusion

Equipment maintenance has been a critical issue to manufacturing industries.
However, it is difficult for industries to choose an appropriate maintenance strategy.
This paper presents a scheme to build reliability simulation models to compare
maintenance strategies, from cost and productivity perspectives. A blast furnace belt
conveyor is given as a demonstration example. In addition, experiment design and
multiple comparison procedures are used to give statistical analysis. It is expected
this research can help industries evaluate and select an appropriate maintenance
strategy to reduce future equipment failures and associated losses.
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to this research.

References

1. Jay Lee, Jun Ni, Dragan Djurdjanovic, Hai Qiu, Haitao Liao (2006) Intelligent prognostics
tools and e-maintenance. Comput Ind 57(6):476-489

2. Jardine AKS, Daming Lin, Dragan Banjevic (2006) A review on machinery diagnostics
and prognostics implementing condition-based maintenance. Mech Syst Signal Process
20(7):1483-1510

3. Ahmad R, Kamaruddin S (2012) An overview of time-based and condition-based maintenance
in industrial application. Comput Ind Eng 63:135-149

4. Puradyn (2013) Condition Based Maintenance-CBM. http://www.puradyn.com/products/
ConditionBasedMaintenance-CBM.html

5. Wang Hongzhou (2002) A survey of maintenance policies of deteriorating systems. Eur J Oper
Res 139(3):469-489


http://www.puradyn.com/products/ConditionBasedMaintenance-CBM.html
http://www.puradyn.com/products/ConditionBasedMaintenance-CBM.html

Simulation and Comparison of Equipment Maintenance Strategies—A Blast. . . 421

6.

7

11.

12.

Wayne Stargardt (2008) Condition-based maintenance using wireless monitoring: develop-
ments and examples. Aleier, Inc., Dallas

. Amari SV, McLaughlin L, Pham H (2006) Cost-effective condition-based maintenance using

Markov decision processes. Annual reliability and maintainability symposium, RAMS ‘06,
Newport Beach, pp 464—469

. Labib AW (2004) A decision analysis model for maintenance policy selection using a CMMS.

J Qual Maint Eng 10(3):191-202

. CACI (2012) SIMPROCESS user manual, release 4, CACI, INC.-FEDERAL
. Tukey JW (1953) The problem of multiple comparisons. Dittoed manuscript of 396 pages,

Department of Statistics, Princeton University

Hsu JC (1984) Ranking and selection and multiple comparisons with the best. Des Exp Rank
Sel 12:1136-1144

Dunnett CW (1955) A multiple comparisons procedure for comparing several treatments with
a control. J Am Stat Assoc 50:1096-1121



Starbucks Service Quality Provided
by Decision-Making Trial and Evaluation
Laboratory Explored Customers’ Perception

Kuang-Tai Liu and Rong-Zhen Huang

Abstract Consumers’ requirement is not only merchandise but happy purchase
experiences. An individual experiences an emotion connected to merchandise,
service, brand, commercial, human, or idea via interaction and memorable experi-
ences which is experiential marketing contrast to traditional marketing. Experiential
marketing designed for technology age emphasizes the fantasies, fun, entertainment,
fashion and excitement of buyers with whole purchasing process. Starbucks sold
its attractive atmosphere, the interior detail, the third space and quaint fashion
such as its blackboard menus, jazz music, and counter designs- all perceived as
part of the art, aesthetics, and humanities to its customers in its coffeehouse.
However, customers’ evaluation of service quality provided is often a multiple
criteria decision-making problem. This research applies Schmitt’s experiential
marketing framework by decision-making trail and evaluation laboratory method to
understand what Starbucks affectionate appeals or touchy-feely, is visceral to sell an
experience that connects with consumers’ psyche and life-style from mental context
perspective. Meanwhile, this study delineates the causal relations among these
service factors in the model using decision making trial and evaluation laboratory
mathematical model and determines their effects on each other. Some sugges-
tions and strategies will be provided the interrelations among those experiential
factors.
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1 Introduction

1.1 Motivation, Purpose and Question

Starbucks brilliant twin-tailed Siren green logo has transmitted a sense of a special
experience to millions of customers in its more than 19,000 coffeehouses by a
unique interaction beyond coffee between its baristas and customers themselves
within Proust scenario or existentialism context. Schultz, Starbucks CEO, made not
only high quality coffee, but friendly embraced diversity valued the potential human
communication in a place away from both home and office, but still transferred
the intimacy of a good neighborhood relationship beyond perfectly made beverage.
The author and professor Leo Buscaglia, also known as Dr Love, put it, “Too often
underestimate the power of a touch, a smile, a kind word, a listening, an honest
compliment, or the smallest act of caring, all of which have the potential to turn
a life around” [1]. All attentions to detail reflect not only Starbucks’ quality and
reliability as its brand, but maximize the fun, fashion, fantasy, and excitement of the
coffee buying experience.

Pine and Gilmore said successful experiences are unique, memorable and retain-
able over time beyond the ordinary customers’ experience [2]. Because customers
usually have short attention spans, the best marketing campaigns should make an
immediate and surprising impact and hold the attention of potential customers
[2]. Procter and Gamble strengthens its detergent cleaners or the whitener in
its toothpaste but Singapore Airline campaign says nothing mundane; McDonald
had playgrounds for fun to its restaurants to sell more than just “happy” meals
for children. Holbrook suggests that in the context of consumption situations, a
marketing campaign must be a synthesis of not only advertisement or packaging
campaigns, but must understand the customer’s priority of experiential satisfaction
[3]. This study main purpose discusses what Starbucks service affectionate appeals
or touchy-feely, is visceral to sell an experience that connects with consumers’
psyche and life-style from mental context perspective. Meanwhile, the question in
this research is which service quality provided are the most important perceived by
Starbucks’ customers?

2 Literature Review

2.1 Customers Experience

Dewey stated that experience is marketed by expectation, emotional involvement
over time and involves a unique activity from the ordinary [4]. Schmitt stated that
experiences provided sensory, emotional, thinking, behavioral and related values
based hedonistic perspective [5]. Sheth proposed that three variables construct
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customer experiences: stimulus variable- perceiving sensory and information,
context variable- influenced by the context of the stimulus, and situational variable-
perceptions are influenced by individual prior experience with a particular product
or service [6]. Gupta and Vajic described customer experience as interactions with
different factors of a context offered by the service providers [7]. Each unique
satisfying customer experience is specific to a customer, at a specific moment and
place, during a specific event; factors that constrain the managerial planning and
controlling function [4].

Generally consumers’ decisions can be described as rational as to circumstances,
but emotional as to the desire for a particular product [6]. Maslow’s Need-Hierarchy
theory realized that when humans’ situations improved, their motivational emphasis
and rational need varied. Thus, the study of consumer behavior evolved from an
early focus on rational choice (classical decision theory) to an emphasis on obvi-
ously irrational buying behavior (motivation based research) [6]. Emotions are sig-
nificant to consumption and a key role in consumer behaviors. Holbrook argued that
happy and experiential consumption known as fantasies, feelings, and fun extended
broad experience, entertainment, exhibitionism, and recognition of “four Es” [3].

2.2 Experiential Marketing

The most efficient marketing campaigns make an immediate impact and hold
attention of potential customers despite their normal short attention span. The
long lasting connections built by experiential marketing increase loyalty between
the consumers and the products, especially when consumers are allowed to try,
compare, and experience the product or service by themselves. This experience
makes customers feel comfortable by appealing to their emotions, sense and logic
in a way that is more palatable than that of simply using traditional marketing to
persuade consumers to buy a product designed for industrial. Experiential marketing
is not just a sales trick, but it is a user experience. For careful consumers who dislike
being “hustled” by traditional advertising and marketing strategies, it’s a refreshing
change of pace. Bernd Schmitt, explaining experiential marketing theory, said
“Customers want to be entertained, stimulated, emotionally affected and innovative
challenged”. Experiential marketing is selling an experience that joint together your
customer’s hearts thereby purchase your products. Experience is not often a product
of one’s own initiative but is more often induced [5]. Experiential marketing appeals
to a person’s inner emotional psyche and life style to sell an experience which
connects that person to a particular product. Schmitt [5] proposed the following
experiential modules:

1. Sense marketing, which appeals to vision, hearing, smelling, taste, and touch
by creating exceptional sensory experiences which provide enjoyment, agitation,
and esthetics. For example, food sampling and taste testing of different flavors
of salad dressing, cooking seasoning, coolies and the like at supermarkets are
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examples of sensory experiential marketing, helping the customer to choose
whether to buy them. Starbucks creates a similar experiential appeal with its
high-quality coffee, graceful adornment, esthetic design, barista expertise and
apron-style, jazz music chosen for its artistry and appeal.

2. Feel marketing employs an interactive and novel atmosphere to associate feeling
of happiness, pride, and excitement to products. For example, slogans employed
in military recruitment commercials appeal to a person’s “pride in serving our
country”. Starbucks makes a third extraordinary place, to inspire, nurture, and
clean your mind, between home and work for conversation- a place for passionate
service, and a sense of community.

3. Think marketing stimulates intelligence, cognitive or systemic thinking, and
problem solving in its creative approach. It spurs consumers to think innovatively
and to evaluate companies and products by asking them in the words of
Microsoft- “Where do you want to go next?” is followed by a connection between
various office productivity concepts and the company’s solutions. Starbucks
places store by conducting its business responsibly and earning the trust and
respect of its customers, employees, and neighbors, through initiatives such
as ethical sourcing, environmental stewardship, community involvement, and
shared planet issues.

4. Act marketing attempts to change consumer behavior or lifestyles by motivating
them to a certain action. Schmitt suggests that consumers need extra motivation
and stimulation, such as Nike and Adidas ads, which depended upon sports
role models, LeBron James, Lionel Messi, and Cristiano Ronaldo, to show their
commercial products. Starbucks is portrayed as a better place than one’s home
or office.

5. Relationship marketing appeals to an individual’s need to interact and belong to
others, a community or subculture which is often tied to symbolism attached to
clothing, music and other visible affectations by members. For example, Atlanta
Braves baseball team fans can shop for clothing with the Braves logo on it.

2.3 Decision Making Trial and Evaluation Laboratory
Mathematical Model

The Decision Making Trial and Evaluation Laboratory (DEMATEL) method is
made by the Battelle Memorial Institute of Geneva. DEMATEL is a multiple
criteria decision making method that discusses the cause and effect relations among
factors. It is an appropriate method which classifies factors of the problem into
cause group (factors that have impact effect on others) and effect group (factors
that receive impact influence from others) for analyzing and studying complicated
problems such as race, famine, environment pollution, and energy issues [8—16].
DEMATEL are used to compute the effects between criteria. The model can propose
the criterion which is the most important or affects other criteria the most, so
Starbucks will understand which criterion can improve the service quality the most
and can modify it.
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3 Methodology

There are five constructs and 17 questions in the questionnaire. The opinions of
ten experts who are managers in the coffee shops are collected by means of a
matrix with questionnaire responses in this study. In according to two groups
of factors, DEMATEL identifies the interdependence among factors. It converts
the relationship between causes and effects of factors into a reasonable cause-
effect model of structural system that have been applied to various scenarios and
problems [9]. The scores by each expert will give a n x n non-negative answer
matrix X* = [xg.], with 1 <k <H. Thus, X', X2, ..., X are the answer matrices for
each of the H experts, and each element of X* is an integer denoted by xg The
diagonal elements of each answer matrix X* are all set to zero. It can compute the
n x n average matrix A for all expert opinions averaging the H experts’ scores as
following:

H

1
aj; = ﬁle];

k=1

The average matrix A = [a;;] is the initial direct relation matrix. A matrix presents
the initial direct effects that a factor exerts on and receives from other factors. Then,
the matrix D is obtained by normalized initial direct-relation matrix D where:

n

n
S =max | max ) a;;, max E ajj
I<i=<n< I<j=n®
=1 =1

D=A/s

D2,D3, ...,D*®, guarantees convergent solutions to the matrix inversion sim-
ilar to an absorbing Markov chain matrix. Note that lim D" = [0],,, and
m—00

lim (I +D + D>+ D*+---+D™) = (I - D), where 0 is the nx n null

m—00
matrix and [ is the n x n identity matrix. The total relation matrix 7' is an nxn

matrix and is defined where:

T =|t]--i.j=12,....n

T=D+D>+.--+D"=D+D*+...4+ D"
=D(I+D+D*+--+D""
=D[(I+D+D*+--+D"")(1-D)](1-D)"
=D(I—-D)", as m - o0
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It also defines D and R as n * [ vectors representing the sum of rows and sum of
columns of the total relation matrix T as follows:

.
D = [ri]n*l = Zlij n*1
j=1

R = [Cj] 1*n = |:Ztij n*1
i=1

The sum (D; + R;) (Prominence) gives us an index representing the total effects
both given and received by factor i. In other words, (D; + R;) shows the degree of
importance (total sum of effects given and received) that factor i plays in the system.
In addition, the difference (D; — R;) (Relation) shows the net effect that factor i
contributes to the system. When (D; — R;) is positive, factor i is a net causer, and
when (D; — R;) is negative, factor i is a net receiver [8].

4 Analysis

4.1 Questionnaire

This research questionnaire was established by Schmitt’s experiential marketing
model framework and method to analyze questions. (1) Sense Experiential Mar-
keting: question 1, 2, 3, 4; (2) Feel Experiential Marketing: question 5, 6, 7, §;
(3) Think Experiential Marketing: question 9, 10, 11, 12; (4) Act Experiential
Marketing: question 13, 14, 15. (5) Relationship Experiential Marketing: question
16, 17 depicted in Table 1 [17].

Customers’ evaluation of service quality provided is a MCDM problem. They
mentally group service quality provided and evaluation them by decision making
process. Total relation matrix 7 was shown as Table 2 and sum (D; + R;), difference
(D; —R)) in Table 3 but question 3, 11, 15, and 17 , with the least D; + R; value
“Business hours”, “Payment rapid”, “Promotion often”, “Fashionable merchandised
offering often”, and do not reach interquartile range (IQR) to be deleted. The five
service quality provided need with the highest D; + R; value are “Public image”,
“Full of humanity service provide”, “Shared Values Blog”, “Humanistic space”, and
“Connected smile to customers”. The five service quality need with the least D; + R;
value are “Business hours”, “Payment rapid”, “Promotion often”, “Fashionable
merchandised offering often”, and “High quality coffee”. The top three net causer
service quality (factors) (D;—R;>0) are “Graceful adornment with artistry”,
“Humanistic space” and “Jazz music play”. The top 3 net receiver service quality
(factors) (D; —R; <0) are “Public image”, “Customers interactions”, and “Clean
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Table 1 Schmitt’s
experiential marketing model
for Starbucks [17]

Table 2

429

Marketing strategy

Questions

Sense experiential

Feel experiential

Think experiential

Act experiential

Related experiential

16.

1. High quality coffee

. Clean and comfortable environment

. Payment rapid

. Customized coffee
. Jazz music play

. Humanistic space
. Barista expert attitude
. Reasonable prices

. Public image
. Business hours
. Customers interactions
. Full of humanity service provide
. Connected smile to customers
. Promotion often

Shared values blog
. Fashionable merchandised offering

2
3
4
5
6. Graceful adornment with artistry
7
8
9

Total relation matrix T

T 1

2

3

4

5

6

P

8

9

10

11

12

14

15 16

17

—

0.02
0.02
0.01
0.08
0.02
0.04
0.08
0.11
0.10
0.03
0.01
0.03
0.08
0.11
0.06
0.04
0.04

NoRNe RN B e SRV N L ]

—_
— O

e e
N O R W

0.03
0.05
0.01
0.04
0.12
0.15
0.15
0.10
0.07
0.12
0.01
0.05
0.14
0.14
0.02
0.07
0.05

0.00
0.01
0.00
0.01
0.01
0.01
0.07
0.01
0.01
0.01
0.00
0.01
0.01
0.05
0.06
0.01
0.01

0.10
0.03
0.01
0.04
0.04
0.06
0.12
0.12
0.11
0.06
0.01
0.04
0.11
0.13
0.07
0.11
0.06

0.01
0.05
0.01
0.02
0.02
0.11
0.11
0.04
0.02
0.03
0.00
0.03
0.09
0.04
0.01
0.07
0.02

0.02
0.11
0.01
0.03
0.04
0.06
0.11
0.06
0.05
0.08
0.01
0.04
0.13
0.11
0.02
0.08
0.03

0.02
0.12
0.01
0.04
0.05
0.15
0.08
0.07
0.05
0.10
0.03
0.12
0.15
0.13
0.03
0.13
0.04

0.09
0.03
0.01
0.07
0.05
0.09
0.09
0.04
0.07
0.06
0.01
0.07
0.09
0.09
0.03
0.10
0.03

0.10
0.03
0.01
0.11
0.04
0.10
0.13
0.12
0.04
0.05
0.02
0.03
0.06
0.09
0.10
0.09
0.09

0.11
0.13
0.05
0.14
0.14
0.18
0.19
0.16
0.14
0.08
0.01
0.14
0.18
0.18
0.05
0.17
0.11

0.00
0.01
0.00
0.01
0.01
0.01
0.05
0.03
0.01
0.03
0.00
0.01
0.01
0.01
0.06
0.01
0.01

0.03
0.09
0.03
0.10
0.11
0.16
0.17
0.10
0.07
0.14
0.05
0.06
0.16
0.16
0.07
0.16
0.11

0.03
0.11
0.05
0.09
0.13
0.16
0.17
0.10
0.07
0.14
0.01
0.13
0.09
0.16
0.04
0.15
0.08

0.03
0.07
0.03
0.08
0.10
0.15
0.15
0.09
0.06
0.13
0.01
0.09
0.15
0.07
0.03
0.12
0.08

0.00 0.03
0.00 0.05
0.00 0.02
0.01 0.12
0.01 0.11
0.01 0.16
0.01 0.17
0.01 0.12
0.02 0.08
0.01 0.12
0.00 0.03
0.01 0.13
0.01 0.16
0.01 0.15
0.01 0.11
0.05 0.09
0.08 0.12

0.00
0.00
0.00
0.01
0.00
0.01
0.01
0.00
0.00
0.00
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and comfortable environment”. The X-axis is D + R (Prominence) and Y-axis is
D — R (Relation); the center of prominence and relation matrix grid is average D + R
and D — R (2.16, 0). As shown in Fig. 1, Quadrant I has graceful adornment and
connected smile to customers; quadrant II has jazz music play, humanistic space,
and Barista expert attitude; quadrant III has high quality coffee, reasonable prices,
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Table 3 D+ Rand D—R

D R D+R D—R
Ranking Value Ranking Value Ranking Value Ranking Value
7 1.86 10 2.17 10 3.35 17 0.78
14 1.63 12 1.77 13 3.34 6 0.65
13 1.63 16 1.76 16 3.27 15 0.60
6 1.60 13 1.71 7 3.17 7 0.56
16 1.51 14 1.43 14 3.07 5 0.33
8 1.27 7 1.30 12 2.72 8 0.25
10 1.17 2 1.29 6 2.55 14 0.20
4 0.99 9 1.22 8 2.29 3 —0.02
5 0.99 4 1.22 4 2.20 11 —0.04
17 0.97 8 1.02 9 2.18 13 —0.09
9 0.96 6 0.95 2 2.18 4 —0.23
12 0.95 1 0.89 5 1.65 1 —0.25
2 0.89 5 0.66 1 1.52 9 —0.26
15 0.84 3 0.29 17 1.17 16 —0.26
1 0.63 11 0.25 15 1.07 2 —0.41
0.27 15 0.24 3 0.56 12 —0.81
11 0.21 17 0.20 11 0.47 10 —1.00
Mean 2.16 Mean 0.00

17
15 -7 "6
=g =2 =14
z; -3 : T : =13 X
11 9= =1 :; =16
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Fig. 1 Prominence and relation matrix grid

and public image; quadrant IV has clean and comfortable environment, customized
coffee, customers interactions, full of humanity service provided, and Share Value
Blog. “Graceful adornment with artistry” and “Connected smile to customers” are
the most crucial influence factors to others. “Customers interactions” and “Share
Values Blog” are the most to be influenced factors to others.
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5 Conclusions

This study applied Schmitt’s experiential marketing framework to investigate
service quality provided of Starbucks by DEMATEL method. It found that the major
service quality provided evaluation criteria are public image (maintain a desirable
image for high-profile organization), full of humanity service provided (tending
and befriending virtue), Shared Value Blog (interaction people around the world),
humanistic space (value and ethic of human being), connected smile to customers
(have fun with friendly). Starbucks is successful to make a third extraordinary place
to inspire, nurture, and clean customers’ mind, beyond home and office- a third
place for passionate with humanity service, and a smile as the cup is delivered
across the counter to customers where jazz music and graceful adornment chosen
for its artistry; it places great store by conducting its business responsibly and the
trust of its customers, comfortable esthetic and humanistic environment, and human
interactions within Marcel Proust style, but they should be not happy if it does
not provide completely. Meanwhile, in the technology age also has transformed
communication from a merely functional exercise to entertainment, its app appeals
to the iPhone crowd or Shared Values Blog to share or communicate their happy
experience or ideas and see what other people suggests at “My Starbucks idea”,
Facebook, YouTube, Twitter, Pinterest, or Google, as helping Sumatran farmers
respond to climate change issue. Although it is not a modern phenomenon, does
make Starbucks’ service quality provided seem like an stimulated, smart, and
cutting-edge method that may make Starbucks’ brand more vital to customers who
might become saturated with emotional appeals.

Starbucks emotional appeals or touchy-feely targets at those who want to be
fantasy, feeling, fun, happy, entertainment, stimulated, creative challenge, interac-
tion and artistry, thus nothing concerns about prices, promotion, payment rapid,
and those practical things within a sensory third place only to enjoy themselves
heartily, terms of Starbucks people. In fact, it has done completely its mission
statement “Our mission: to inspire and nurture the human spirit — one person, one
cup and one neighborhood at a time”; “Always full of humanity”. This practical
study provides valuable and favorable impressive information to Starbucks or retail
outlets’ managers.
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Music Platform Competition and Advertising
Strategy in the Duopoly Music Industry

Yi-Shin Lin and Yu-Shing Chang

Abstract Information technologies “weed out” the old and bring forth new indus-
tries, such as the Otaku Economy Markets and Knowledge Sharing Platforms, and
influence traditional industries, especially digitization products. Digital industries
also encounter several challenges (e.g., piracy and virtual channels) because of
the popularization of the Internet. Hence, we used a game theory approach to
compare two competing music platforms with and without paid services. We show
that the paid music platform does not earn excess profits, and the relationship
between socially optimal advertising and basic utility of virtual digital products are
parabolically related.
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