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Part I
Core Areas of Industrial Engineering



Chapter 1
Heavy Assembly Line Logistics System
Based on RFID Applications

Jie Feng, Hai-ping Zhu, Fei He, and Yong-yi Wu

Abstract Based on the production logistics in one heavy industry enterprise, this
paper describes the logistics operation mode of the assembly process, analyses and
designs the operation mode. By taking the advantage of RFID technology in the
secondary sorting process of materials, the automatic sorting method is proposed,
which improves the sorting speed and accuracy.

Keywords Assembly line « Heavy industry « Intra logistics « Mode of operation
* RFID

Introduction

Heavy manufacturing industry is a complex manufacturing industry which has its
own characteristics as follows: discrete manufacturing; Multi-species and small
quantities production; numerous material suppliers; frequent production change;
lots of uncertainties affecting the production; high quality requirements and so on
(Liling Jiang 2008). These characteristics of heavy industry make the intra logistics
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quite complicate. With the advancement of technology and development of eco-
nomic, the completion between different industries becomes more and more fierce.
In order to improve the competitiveness of enterprises, the intra logistics becomes a
problem that can’t be ignored (Chen Chenghe 2007).

This paper describes the logistics of a company truck production line. In order to
meet the rapid growth of market demand, the heavy enterprise expands its produc-
tion capacity, builds new logistics system in the production factory, and introduces
automatic logistics equipment (Cochran and Kaylani 2008; Cochran and Kim
1998a, b). Combining with the advancing management method, the logistics effi-
ciency and accuracy are greatly improved. By using proper logistics operation
mode, the objectives of waving off the shelf, online sorting, single-station distribu-
tion and real time sending are achieved.

Intra Logistics Mode of Operation

There are two main mode of intra logistics operation, which are Push-type system
and Pull-type system.

The push-type system can be described as a top-down planning system because
all production quantity decisions are derived from forecasted demand in the master
production schedule. The system produces as many parts as previously forecasted.
The parts are released to the next station as quickly as possible to avoid starvation at
the downstream stations (Cochran and Kim 1998b; Flapper et al. 1991). This
characteristic enables the system to reduce delivery leadtime since many semi-
finished or finished products are available. Medium to large variation of demand
may not cause any chaos because semi-finished products are kept at each station.
The push-type system is better for planning and controlling production activities.
However, it causes high volume of work-in-process(WIP), both in the form of semi-
finished and finished products (Beamon and Bermudo 2000). As a result, the system
suffers from high inventory holding cost.

The pull-type system drives productions based upon customer demand
(as opposed to forecasted demand). Each station can be viewed as an isolated
station with its own supplier (the upstream station) and its own customer (the
downstream station). When a customer order is placed, it will be fulfilled from
the finished product inventory (Bushée and Svestka 1999). As soon as the finished
product is pulled from this inventory, a signal (or kanban) is generated to trigger
production of the upstream station in order to replenish the finished product
inventory (Rafaelpast 2000; Lee 1993). Similar procedures take place until the
first station, where it pulls raw material from the raw material storage. The pull-type
system can reduce WIP significantly. However, the system may not work well in an
environment with medium to large demand variation because there is not enough
semi-finished inventory kept. This in turn may result in a significant backorder.
In addition, the pull-type system often has longer delivery leadtime than that of the
push-type system, thus higher delivery late penalty costs.
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Introduction of Intra Logistics in a Corporate

Lean Logistics Strategy

The logistics department of an enterprise uses the MM(Material Management)
module in the SAP system to achieve material management currently. It’s prepared
to re-development the materials management module to realize the standardization
and accuracy of logistics.

The new factory plans to enhance the management of the logistics process on the
basis of existing materials management, including logistics scheduling and vehicle
scheduling. In order to enhance the timeliness and transparency of the material
delivery process, the new factory will carry out sophisticated management. Currently,
the logistics model which the department of enterprise is applying is procuring,
stocking and distribution according to plan order, which almost utilize push mode.

In order to let the production logistics be leaner, in-time and more transparent, we
proposed the following push-pull distribution mode (Fig. 1.1)

As shown above, materials that require sending to the line we can sample divide
into three categories. The first one: according to the division’s master production
schedule, the suppliers distribute the materials to the space of secondary sorting, and
then sent to the side of production line after sorted. The second one: according to the
division’s master production schedule, the suppliers distribute the materials to ware-
house, and on the basis of planning to put the materials off from the shelf, and then
sent to the side of production line when the materials are needed. The third one: the
suppliers send the materials to the side of production line directly when the materials
is needed.

In order to be a good combination, Push distribution and pull distribution is also
need a system to support. The figure below shows how to allocate push and pull
distribution task (Fig. 1.2).

Push logistics:

MRP logic. Accordance with the ERP of the next day plan, starting with BOM,
dispatchers pick materials to the production line or sorting area In advance (Olhager
and Ostlund 1990).

The above is generally used for: (1) Materials supply and consumption are
relatively stable situation. (2) The situation of less dosage or special order.

With the standardization of production logistics, the first case can be gradually
replaced by the JIT.

Pull logistics:

JIT logic. According to the actually order of sending materials to the production
line in the MES, dispatchers can real-time ration materials to the side of the
production line or sorting area (Spearman and Zazamis 1992; Takahashi and
Nakamura 2004).

It is generally used for the materials of configuration differences and frequently
used.
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All logistics way in the 18th plant of the division are as shown below (Fig. 1.3):

1. According to production plan generated by the APS , LES will automatically

generate the picking list, and then deliver to the various storages.
2. According to the picking list, the pickers start to picking.

3. The materials which need not secondary sorting from the stereoscopic ware-
house is sent to conveyor by forklift truck, and then to production line by AGV.
4. The materials which need secondary sorting from the stereoscopic warehouse is
sent to secondary sorting area by forklift truck, and then grouped with the other
materials from other storage. After grouping, sent to conveyor by forklift truck,

then sent to production line by AGV.
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O ' ' 184/
L | Production line |
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( [
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______________ conveyor
Warehouse | R J

Secondary sorting list

Fig. 1.3 Logistics way in the 18th plant of the division

5. The forklift smart distribution module of LES and the AGV system achieve the
automated collaborative distribution throughout the whole distribution process.

The Difficulty of the Logistics Process

The most difficult in the whole logistics process is the material of the secondary
sorting. The secondary sorting area is mainly used to group materials from the
stereoscopic warehouse, other warehouses and suppliers direct supply materials.

However, secondary sorting area space is limited. There is no place to store the
materials from the stereoscopic warehouse, which need group with the materials
from other storage. The regional distribution of the secondary sorting area is as
shown below (Fig. 1.4).

Materials of Group Based on RFID Applications

Introduction of RFID System

The Fig. 1.5 shows the process that RFID readers to write material information to
the RFID tag.

1. The system will send the information of materials which is prepared to sort to the
RFID reader.

2. RFID reader send the information to the RFID tags on the sorting small cart,
through the wireless.
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Fig. 1.5 The structure of RFID system

Group Process Based on the RFID Application

There is only one tray on a shelf in stereoscopic warehouse, materials place on the
tray. One tray could be put one or more kinds of material, and each type of material
does not have mark. The material from the stereoscopic warehouse need carry out a
sorting, which let the material into the sorting cart and write material information
into the RFID tags on the sorting cart (Fig. 1.6).
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The group process:

1. Sorting workers push the transport cart which carried full of materials to the
entrance of group area.

2. When the sorting workers passed the entrance, the RFID reader at the entrance
would read the information from the RFID tags on the cart.

3. After disposing by the background, the LED display at the entrance would show
the group location where the sorting workers should to go. Then the works will
go where the LED wanting him to go.

4. When the worker arrived the designated locations, the LED display at the
designated location would show the sorting information.

5. After complete the sorting, the worker would press the LED control terminal to
tell the system you have done.

6. The information showed by the LED display would be changed to next place the
work should to go.

7. When the materials on the cart were all throw in the container, the LED display
would show nothing.

Conclusion

The 18th plant of the division take the full use of push-pull distribution logistics,
stereoscopic warehouse, AGV, RFID and so on, which greatly improve the logistics
efficiency and make the materials stacked better beside the line.

In the material sorting process, the use of RFID technology make the material
identification become more accuracy, and the identification distance become more
flexible since its advantage of reading information without barrier. Combining the
LED display, the secondary sorting speed is improved and the problem of insuffi-
cient sorting space is also solved.

Acknowledgments The authors greatly acknowledge the financial supports from the National
Basic Research Program of China with the Grant number 2012AA040909, and the National
Natural Science Foundation of China (NSFC) with the Grant number 51105157.
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Chapter 2

An Improved Variable M/T Method Based
on Speed Estimation for Optical Incremental
Encoders

Hui Wang and Jian-tao Pu

Abstract Optical incremental encoders are widely used for the speed
measurements in motor servo systems due to low cost and high performance. But
it is difficult to use the encoders when wide speed range, high accuracy and
extremely short responding time are required at the same time in high performance
servo systems. In this paper, an improved variable M/T method is introduced.
In this method, both encoder pulse and high frequency clock pulse are counted in
a variable interval which ensures the high measurement accuracy in both high speed
and low speed. By speed estimation algorithm, the rapid response can be obtained
even at very low speed.

Keywords Optical incremental encoder ¢ Motor servo system ¢ Speed
measurement ¢ Variable M/T method

Introduction

Optical incremental encoders are widely used as speed sensors on closed-loop speed
control systems. With high noise immunity, low maintenance, and low cost, they are
the preferred method for obtaining motor velocity information and are generally
considered to be superior to direct current tachometers (Ekekwe et al. 2008). Optical
incremental encoders produce two sequences of pulses with a 90° phase shift, which
are called quadrature encoded pulses. As the motor rotating, the direction can be
determined by detecting which of the two sequences is the leading sequence and the
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speed can be determined by the pulse frequency. The speed accuracy is limited by the
quantized speed measurement of the encoder, i.e. it is limited by the number of slits
on the encoder disk (Merry et al. 2010). But higher resolution is limited by the
manufacturing capacity and cost. Therefore a quadrupler is usually used to improve
the encoder resolution which generates a decoded clock with four times frequency of
each input sequence.

Counting the decoded clock during a constant sampling period can get the pulse
frequency. However this method is not applicable at low speed since the pulses are
not frequently produced and no pulse will be detected in some sampling periods (Lilit
Kovudhikulrungsri and Takafumi Koseki 2006; Takafumi Koseki et al. 2010).
An alternative way is to measure the time interval between two consecutive pulses
(Lilit Kovudhikulrungsri and Takafumi Koseki 2006). The approach has high resolu-
tion at low speed but low resolution at high speed. Combination of these methods is
proposed by Ohmae et al. in (1982). This method combines the advantages of each
method with high accuracy in wide speed range. But it still can’t solve the problem of
long time delay at low speed even though the resolution at low speed is raised. In
reference (Bonert 1983, 1989), the constant elapsed time (CET) method is proposed
which measures the elapsed time between k successive pulses, and dynamically
adjusts the value of k to obtain a near constant response time. E. Galvan et al.
improve the aforementioned method by several adaptive techniques to maintain the
accuracy of the results while preserving the short system response time (Hagiwara
et al. 1992; Galvan et al. 1994, 1996; Bhatti and Hannaford 1997). In literature, kinds
of microcontroller and ASIC are used to implement these techniques (Rull et al.
1999; Lygouras 2000; Sisinni et al. 2002; Tsai and Chen 2002). But the CET method
uses a variable sampling interval so as to adapt accordingly to the motor speed each
time which brings new problems in the design of the closed-loop controllers.

In this paper, a new approach of speed measurement is proposed for high accuracy
in wide speed range. This approach is based on a speed estimation which takes
account of the speed reference change during the speed measurement period. There-
fore the accuracy maintains high in wide speed range with rapid response at the same
time. It is particularly suitable for the advanced numerical control system or servo
system in industry robots which have strictly rapid response and wide speed range
requirements.

This paper is organized as follows: speed measurement techniques are introduced
in section “Introduction”. A new speed measurement approach is presented in details
in section “Speed Measurement Techniques”. Section “An Improved Variable M/T
Method” shows the discussions, while section “Conclusion” gives the final
conclusions.

Speed Measurement Techniques

The types of speed measurement techniques basically fall into four categories: M
method counting with fixed sampling interval (clock-driven); T method counting in
time between two consecutive encoder decoded clock pulses (encoder driven); M/T
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method which is the combination of the two methods with fixed sampling interval;
variable M/T method with a variable counting interval.

M Method

This method, shown in Fig. 2.1, is implemented by counting the encoder pulses m;
produced in a fixed counting period — Tc (usually the system sampling period) and
dividing by the counting period.

Setting the number of encoder pulse as Z per revolution, the motor speed is given
by

60m 1
= . 2. l
n 7T, 2.1)

As Z and Tc are constant, the motor speed n is proportional to the value of my, so
called as M method. Obviously the maximum error will be one encoder pulse. The
relative error is defined as the division of the absolute error by the true value and
can be written as

1
Omax = — % 100 %. 2.2)
m

Encoder pulse frequency is proportional to the motor speed, thus bigger value of
my, i.e. lower relative error, will be gotten at high speed during a certain sampling
period. So the M method is more applicable at medium and high speeds rather than
at low speed, where the encoder pulses cannot be detected at every control period,
as a result the accuracy will remarkably decline.
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T Method

Motor speed can be obtained by measure the time interval of the encoder cycle.
That is to count pulses of a high-frequency clock between successive pulses of the
encoder as shown in Fig. 2.2. This method involves measuring the encoder cycle T,
so called as T method.

If £y is clock frequency, Z has the same significance as in M method and counter
final value is m, as denoted in Fig. 2.2, the velocity can be expressed as

60 fo
n=——.

s 2.3)

Higher count value m, means longer T of encoder cycle, i.e. lower motor speed.
The maximum error will be one clock pulse, so the relative error is given by

1
Omax = —— x 100 %. (2.4)
nyo — 1

Equation (2.4) indicates that the bigger m,, the lower error. The motor speed is

inversely proportional to m,. Therefore T method is preferred at low speed, but has
unacceptable error at high speed.

M/T Method

Obviously in wide speed range neither M method nor T method is suitable, that is
why M/T method is proposed. This method maintains the resolution by combining
the advantages of each method. It measures not only encoder pulse but also the
clock pulse in fixed sampling periods, as shown in Fig. 2.3.

Substituting Tc = m; /fy for Tc in Eq. (2.1) gives the motor speed

60 ﬁ)ml
Zm2

: (2.5)
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M/T method greatly improves the accuracy at low speed and can be easily
implemented by QEP unit of DSP. However it still can’t deal with the problem of
low encoder pulse frequency at very low speed and the system performance will
deteriorate by intermittent speed feedback. To overcome this shortcoming, the
variable M/T method comes into being.

Variable M/T Method

The difference between M/T method and variable M/T method lies in the counting
time. For variable M/T method, counting time begins at the first rising edge of the
encoder pulse in sampling period and finishes at the end of a whole encoder cycle in
the current sampling period, as shown in Fig. 2.4.

In this method, the motor speed is given by the same equation as Eq. (2.5) of the
M/T method. Attention to the trigger time of counting time Tc delaying the
sampling time Ts at the rising edge of the encoder pulse following the current
sampling period. This can bring two advantages. First, the number m, is counted in
the period of m; complete encoder cycles. The error will be one clock pulse which
is much shorter than encoder pulse. It can decrease the counting error effectively.
Second, it unifies M method and T method in one method. At high speed shown in
Fig. 2.4a, encoder frequency is larger than sampling frequency, Tc approximates
Ts. In this case, variable M/T method has the same effect with M/T method and the
relative error is nearly the same. As speed decreasing to a very low value that
encoder cycle is much longer than sampling period, variable M/T method turns to
be T method when m; equals to one. At that time variable M/T method has the same
relative error with T method. Concisely variable M/T method can gain a high
accuracy in quite wide speed range.
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An Improved Variable M/T Method

As T method, time delay is unavoidable in variable M/T method at low speed, since
the counting time is much longer than sampling period and the calculated speed is
the average value of the previous interval. There is not any information about speed
during the counting interval. Using a zero-order holder or one-order holder is an
easy solution to the problem. Bu it is not suitable for the applications with rapid
changing references such as advanced numerical control machines and industry
robots, since this speed measurement value of the previous counting interval has no
information about the change of the speed reference during the current sampling
period. The delay of the speed feedback will be unacceptable and will cause the
system vibration.

An improved variable M/T method based on speed estimation will bring good
performance which takes account of the speed reference change during the speed
measurement period. The speed control loop scheme is shown in Fig. 2.5. Speed
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feedback comes form speed estimator which has two inputs, motor speed and speed
error. The structure of speed estimator is shown in Fig. 2.6. If the counting period
Tc just ends in the current sampling period, the counting Motor speed will be sent
immediately to the estimator output with switch 2 connected up. At the same time
switch 1 turns left to store the newest motor speed. Otherwise switch 2 connects
down and the estimator output is speed estimated signal which is the sum of delta
speed from the system model estimation and the previous motor speed by switch 1
turns to right. By this way the speed estimation will get to the controller during
every sampling period between the counting periods. Therefore the accuracy
maintains high in wide speed range with rapid response at the same time.

Conclusion

In this paper, an incremental encoder-based motor speed measurement has been
described. It is based on variable M/T method which provides an alternative
counting period between the system sampling period at high speed and encoder
cycle at low speed, so that it can gain high accuracy for a wide speed range. At low
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speed it can obtain a higher accuracy, but the long counting time brings the sluggish
system response. While the improved method with speed estimator can give the
more accurate speed feedback and improve the performance at very low speed. For
the advanced numerical control system or servo system in industry robots which
have strictly rapid response and wide speed range requirements, improved variable
M/T method is particularly suitable.
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Chapter 3
The Empirical Evaluation of Guangxi
New Manufacturing Industry

Lu Ma, Dong-li Zhao, and Xin Zhu

Abstract Confronting with many problems from environment, population and
resource, new manufacturing industry is the hope for further economic develop-
ment. However, for now, there is not an agreed evaluation system of new
manufacturing industry. At the meantime, it is inadequate to empirical research in
this domain. After researching some scholars’ last research and analyzing actual
manufacturing situation of Guangxi, the authors propose an evaluation system of
new manufacturing industry. It is a four-dimensional evaluation system (Economy
Benefit, R&D Capability, Energy-saving Efficiency and Environmental Protection
Ability) and includes 19 secondary indexes. To guide further research, taking
Guangxi as an empirical subject, this article evaluates Guangxi new manufacturing
industry from different aspects and draws some conclusions by Using SPSS16.0
software to make principal component analysis. The contribution of this study is not
only making an evaluation system but also providing reference to the Guangxi new
manufacturing industry development path.

Keywords Evaluation « New manufacturing industry ¢ R&D ability ¢ Energy
energy-saving efficiency ¢ Environmental protection

Introduction

The rapid development of manufacturing has greatly contributed for GDP in
China. The new industrialization is the road that every manufacturing industry
will go in the future. With the world’s economy development, manufacturing
has become the leading economic department to achieve modernization,
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industrialization, informationization and urbanization in one country. However,
Chinese manufacturing industry of rapid development is facing unprecedented
challenges containing environment and resources. In order to cope with the
multiple constraint factors, the future manufacturing industry must rely on scien-
tific and technological innovation, lower energy consumption, and reduce envi-
ronmental pollution, increasing employment, to realize the dual ascension of
economic benefit and competitive ability, and have to go a “new manufacturing
industry” development path, which is a kind of people-oriented, positive devel-
oping, resource-recycling and protecting environmental way, to adapt the situa-
tion of China (Lianshui Li and Zhanyuan Du 2005).

Guangxi has achieved the rapid economic development since the reform and
opening. According to comparable calculation, GDP grew from 7.585 billion RMB
in 1978 to 717.158 billion RMB in 2008, it grew by about 94 times in a short span of
30 years, and its average annual growth rate was 16.37% which was higher than the
average annual growth rate of the nation. In 2009, growth rate of Guangxi GDP
ranked national fifth and the GDP was 775.916 billion RMB.

New Manufacturing Industry

New industrialization road will have to become one of the main growth modes of
intensive way with economic growth mode which has gradually been changing
from extensive mode to intensive. New industrialization is a way that high-
technology, good economic returning, low consumption of resources, less contam-
ination to environment, full-displaying of human resources’ superiority (Bo Zeng
et al. 2008). New manufacturing industry would adjust the industrial structure and
promote industrial upgrading.

Industry is one of the most important forces to drive economic development of
Guangxi, and it has a great contribution to GDP every year. Manufacturing is vital
part of the industrial development, but manufacturing’s contribution to Guangxi
GDP was less than 30% in 2009. This seriously affected Guangxi economic
development. Worse, the development of most Guangxi manufacturing will be
hindered in the greatest degree by its high-cost and high-pollution. Therefore, it
is very urgent that we should in-depth analyze and comprehensively evaluate every
industry of Guangxi manufacturing to find good economic returning, well R&D
capability, high-efficiency and good environmental protecting new industries.

The Evaluation System of New Manufacturing Industry

New manufacturing industry is a new concept following new industrialization that
proposed by Li Lianshui and Wang Huaiming etc. in recent years. However, the
evaluation system is not taken notice by scholar until Wang Huaiming put forward a
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four-dimensional index system including four first-class indexes and 21 second-
class indexes in 2010 (Huaiming Wang 2010) This paper refers this four-
dimensional index system, analyzes the actual condition of Guangxi and finally
constructs a new four-dimensional index system including 19 second-class indexes.
And then, these indexes are explained in detail.

Economy Benefit

Economic benefit is an important aspect to measure the degree of new
manufacturing industry. So, I use four indexes (the ratio of industrial added value
to total industrial output value (A1), the proportion of liquid assets to total assets
(A2), sales profit margin (A3), and overall labor productivity (A4)) to reflect the
economic benefit of Guangxi manufacturing. One index (the ratio of industrial
quantity of employment to total industrial output value (AS5)) shows how much
contribution of the manufacturing industries of Guangxi to employment situation
and the share of manufacturing industries’ labor force in total labor force. The
index, ratio of dependence on foreign trade (A6), evaluates the new manufacturing
industry degree from the angle of foreign trade market (Shichun Li 2007).

R&D Ability

R&D ability is a leading index to measure the degree of Guangxi new
manufacturing industry. Two of the second-class indexes, the ratio of R&D expen-
diture to total industrial output value (B1), the proportion of R&D quantity of
employment to quantity of industrial employment (B2), show R&D funds and
talents investment. The other indexes, the ratio of quantity of science and technol-
ogy employment to quantity of industrial employment (B3), the proportion of
science and technology activity expenditure to total industrial output value (B4),
totally reflect the amount of science and technology investment.

Energy-Saving Efficiency

Sustainable development is how every industry can be always young. The index of
energy-saving efficiency mainly shows energy utilization efficiency and energy
consumption. Amount of energy consumed for every unit of economic output (C1)
and amount of electricity consumed for every unit of economic output (C2), these
two indexes reflects Guangxi manufacturing industries energy-saving intensity
and efficiency. The other two indexes, the proportion of every manufacturing
industry’s energy consumption to total energy consumption in Guangxi (C3) and
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the proportion of every manufacturing industry’s electricity consumption to total
electricity consumption in Guangxi (C4), reveal the condition of Guangxi
manufacturing industries energy consumption and could draw the energy depen-
dence and dissipation contribution of Guangxi manufacturing industries.

Environmental Protection Ability

It is a decided way that creating stable & harmonious ecological environment if
Guangxi manufacturing can develop enduringly and stably later (Yongquan Lv
2010). The attainment rate of the industrial waste water (D1), the attainment rate of
the industrial SO2(D2), the attainment rate of soot (D3), the attainment rate of
industrial dust(D4), and the rate of volume of industrial solid wastes utilized to
volume of industrial solid waste produced (DS5) are used to measure “greening”
degree of Guangxi manufacturing industry.

The Empirical Evaluation of Guangxi New Manufacturing
Industry

Each dimension evaluation is needful before final new degree evaluation. Because
comprehensive evaluation is based on four dimension evaluation (Jinrong Zheng
and Fuyuan Xu 2010). And every evaluation can decide whether one factor is vital
or not. This study uses SPSS16.0 software to make principal component analysis on
30 Guangxi manufacturing industries, and the data almost comes from the
“Guangxi Statistical Yearbook of 2010”.

Economic Benefit Evaluation

As the 95% accumulative total variance contribution was standard, it could gain
weight after orthogonal rotating. Then, data computation could get Table 3.1. The
higher comprehensive score the better economy benefit.

We could see some results from Table 3.1. First, in 2009, Tobacco Processing
was the best economic benefit in Guangxi manufacturing industries, but it ranked
4th from the bottom in AS5. At the same time, it ranked 1st in A1l. Second, in the top
ten economic industries ranked by economic benefit were light industries. At last,
there was great difference among different manufacturing from comprehensive
score (Table 3.1).
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Table 3.1 Economic benefit ranking of Guangxi manufacturing industries in 2009
Manufacturing industries Score  Ranking
Tobacco processing 2486 1
Recycling and disposal of waste 1463 2
Nonmetal mineral products 0.564 3
Medical and pharmaceutical products 0403 4
Instruments, meters, cultural and office machinery 0.348 5
Beverage production 0267 6
Farm and sideline products processing 0.245 7
Printing and record duplicating 0.122 8
Chemical fiber 0.082 9
General equipment manufacturing —0.070 10
Transport equipment manufacturing —0.088 11
Raw chemical materials and chemical products —0.097 12
Timber processing, bamboo, cane, palm fiber and straw products —-0.114 13
Oil processing, coking and nuclear fuel processing —0.134 14
Smelting and pressing of nonferrous metals —0.141 15
Food production —0.145 16
Communication equipment, computer and other electronic equipment —0.189 17
manufacturing

Handicraft and other manufacturing —0.199 18
Cultural, educational and sports goods —-0.231 19
For special purposes equipment manufacturing —0.247 20
Rubber products —-0.261 21
Electric equipment and machinery —0.264 22
Smelting and pressing of ferrous metals —0.269 23
Plastic products —0.284 24
Metal products —0.351 25
Textile industry —0.429 26
Furniture manufacturing —0.437 27
Papermaking and paper products —0.462 28
Leather, fur, feather (wool) and related products —0.691 29
Garments, shoes and accessories manufacturing —0.875 30

R&D Ability Evaluation

It was the same as Economic Benefit Evaluation that accumulative total variance
contribution, data computation. Guangxi equipment manufacturing industry top
ranked in Table 3.2. They are emerging capital-and-technology-intensive industries
and their R&D expenditures were much more than other industries (Lianshui Li and
Huaiming Wang 2009). Next, The No.l was still Tobacco Processing in this
evaluation. Then, Guangxi labor-intensive industries’ R&D ability was weak.
Finally, it is a pressing issue to strengthen Guangxi manufacturing R&D ability.
Therefore, we should invest more money to R&D and science and technology
activity as much as other province (Guangxi Statistical Bureau 2011).
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Table 3.2 R&D ability ranking of Guangxi manufacturing industries in 2009
Manufacturing industries Score  Ranking
Tobacco processing 3.020 1
For special purposes equipment manufacturing 1.889 2
Transport equipment manufacturing 0.732 3
Instruments, meters, cultural and office machinery 0469 4
General equipment manufacturing 0.293 5
Medical and pharmaceutical products 0233 6
Electric equipment and machinery —-0.058 7
Beverage production —0.087 8
Smelting and pressing of nonferrous metals —-0.175 9
Raw chemical materials and chemical products —0.364 10
Textile industry —0.404 11
Rubber products —0.424 12
Food production —0.446 13
Nonmetal mineral products —0.465 14
Farm and sideline products processing —0.484 15
Furniture manufacturing —0.500 16
Printing and record duplicating —0.511 17
Smelting and pressing of ferrous metals —0.530 18
Papermaking and paper products —0.530 19
Metal products —0.537 20
Communication equipment, computer and other electronic equipment —0.551 21
manufacturing
Timber processing, bamboo, cane, palm fiber and straw products —0.569 22

Energy-Saving Efficiency Evaluation

The computing process was similar with before. Table 3.3 showed energy-saving
efficiency ranking of Guangxi manufacturing industries in 2009. The no.l is
Smelting & Pressing of Ferrous Metals. The top four industries are traditional
energy-intensive. Second, the last was Chemical Fiber, but its ranking of economic
benefit was in the top ten. Third, it was worthy noting that the light industries of
Guangxi ranked in the end and it was relative to ranking of economic benefit.
Fourth, the most part of them were lower than zero, which testified Guangxi
manufacturing industries had to pay much attention to energy conservation and

energy utilization.

Environmental Protection Ability Evaluation

The computing process was similar with before. There were some conclusions
gotten from Table 3.4. First of all, the industries which had better environmental
protection ability were light industries. Second, it was conspicuous that Tobacco
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Table 3.3 Energy-saving efficiency ranking of Guangxi manufacturing industries in 2009
Manufacturing industries Score  Ranking
Smelting and pressing of ferrous metals 3.692 1
Smelting and pressing of nonferrous metals 2.398 2
Nonmetal mineral products 1.541 3
Raw chemical materials and chemical products 0.550 4
Farm and sideline products processing 0442 5
Papermaking and paper products —0.095 6
Timber processing, bamboo, cane, palm fiber and straw products —-0.130 7
Transport equipment manufacturing —0.183 8
Metal products —-0.285 9
General equipment manufacturing —0.288 10
Handicraft and other manufacturing —0.289 11
Electric equipment and machinery —-0.322 12
Plastic products —0.331 13
Textile industry —-0.332 14
Beverage production —0.344 15
For special purposes equipment manufacturing —0.355 16
Recycling and disposal of waste —-0.372 17
Food production —0.375 18
Oil processing, coking and nuclear fuel processing —-0.382 19
Medical and pharmaceutical products —0.383 20
Communication equipment, Computer and other electronic equipment —0.398 21
manufacturing
Rubber products —0.408 22
Leather, fur, feather (wool) and related products —0.408 23
Tobacco processing —-0.414 24
Printing and record duplicating —0.415 25
Garments, shoes and accessories manufacturing —-0.418 26
Furniture manufacturing —0.420 27
Instruments, meters, cultural and office machinery —0.462 28
Cultural, educational and sports goods —0.691 29
Chemical fiber —0.875 30

Processing was second in this table, and first in Tables 3.1 and 3.2, only ranked in

the latter in Table 3.3.

In the case of that, Tobacco Processing was able to be the closest industry of new
manufacturing industry if it improved energy-saving efficiency (Lundquist et al.
2008). Overall, Guangxi manufacturing industries had well environmental protec-
tion ability. So we can say that was good for people, society and environment,

which should be keeping (Guerrieri and Meliciani 2005).

Comprehensive Evaluation

As the 85% accumulative total variance contribution was standard, it could gain
weight after orthogonal rotating. Then, it got simplified five factors. Among them,
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Table 3.4 Environmental protection ability ranking of Guangxi manufacturing industries in 2009

Manufacturing industries Score  Ranking
Cultural, educational and sports goods 0.524 1
Tobacco processing 0.519 2
Chemical fiber 0515 3
Instruments, meters, cultural and office machinery 0.512 4
Communication equipment, computer and other electronic equipment 0496 5
manufacturing
Rubber products 0.488 6
Garments, shoes and accessories manufacturing 0.388 7
For special purposes equipment manufacturing 0377 8
Furniture manufacturing 0.364 9
General equipment manufacturing 0.346 10
Recycling and disposal of waste 0.334 11
Transport equipment manufacturing 0.319 12
Metal products 0.268 13
Electric equipment and machinery 0.252 14
Medical and pharmaceutical products 0.247 15
Handicraft and other manufacturing 0.173 16
Beverage production 0.127 17
Nonmetal mineral products 0.108 18
Food production 0.103 19
Oil processing, coking and nuclear fuel processing 0.099 20
Smelting and pressing of ferrous metals 0.098 21
Plastic products 0.009 22
Farm and sideline products processing —-0.012 23
Raw chemical materials and chemical products —0.037 24
Papermaking and paper products —0.082 25
Textile industry —0.185 26
Timber processing, bamboo, cane, palm fiber and straw products —-0.297 27
Smelting and pressing of nonferrous metals —1.839 28
Leather, fur, feather (wool) and related products —1.869 29
Printing and record duplicating —2.362 30

the heavier load indexes were: Al, A4, B2, and B3; C1, C2, and C4; B1, and B4;
D1, and D2; AS. Data computation would get Table 3.5.

Table 3.5 told us much information. Firstly, Tobacco Processing was the highest
level of new manufacturing industry. Meanwhile, it also had strong environmental
protection ability. Secondly, there were four FMCG (Fast-moving Consumer
Goods) productions in top five industries. And these four industries had high-
energy-efficiency. Thirdly, Nonmetal Mineral Products Ranked the last, and other
heavy chemical industries also ranked latter on account of low scores in factor F2
and F5. At the end, Transport Equipment Manufacturing had great potential. But it
could not rank top five for low score in factor F2 and F5.
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Table 3.5 The new degree ranking of Guangxi manufacturing industries in 2009

Comprehensive
Manufacturing industries score Ranking
Tobacco processing 1.416 1
Farm and sideline products processing 0.722 2
Beverage production 0.710 3
For special purposes equipment manufacturing 0.444 4
Food production 0.339 5
Instruments, meters, cultural and office machinery 0.129 6
Transport equipment manufacturing 0.102 7
Medical and pharmaceutical products 0.089 8
General equipment manufacturing —0.004 9
Textile industry —0.069 10
Electric equipment and machinery —0.094 11
Furniture manufacturing —0.143 12
Rubber products —0.197 13
Raw chemical materials and chemical products —0.213 14
Smelting and pressing of nonferrous metals —0.249 15
Metal products —0.261 16
Communication equipment, computer and other electronic —0.279 17
equipment manufacturing

Smelting and pressing of ferrous metals —0.325 18
Papermaking and paper products —0.405 19
Timber processing, bamboo, cane, Palm fiber and straw products —0.521 20
Printing and record duplicating —0.560 21
Nonmetal mineral products —0.631 22
Conclusion

To sum up, it could be thought that the relatively high new degree manufacturing
industries were mainly labor-intensive industries in Guangxi in 2009. Their economic
benefits and R&D ability were better than other industries. So they could drive the
overall development of Guangxi manufacturing in the future. Next, the capital-and-
technology-intensive industries were following closely after labor-intensive
industries. It resulted that it was a future trend that capital-and-technology-intensive
manufacturing would be leading in Guangxi. Then, as analyzed before, the value
added of capital-and-technology-intensive industries would get a boost in the next
few years.

Overall, the new degree of Guangxi manufacturing industries was not high,
though its economic benefit was obviously more than other industries. The most
important reason of relatively low new degree of Guangxi manufacturing industries
was fewer input of R&D, not only funds but personnel. Maybe the reason was
the understanding of Guangxi new manufacturing industry was not very well, and
most manufacturing industries still drove economic growth through the labor
productivity (Fiona 2008). Guangxi manufacturing industries’ investment and
propaganda were greater in energy-saving & environmental protection. Especially,
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the difference among them was small. There would be several manufacturing
industries which were able to become a national leader in energy-saving &
energy-recycling (Andersson 2004). However, it would need much more invest-
ment in environmental protection if Guangxi manufacturing industries wanted to
develop on a large scale.
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Chapter 4
The Promote Path Research of GuangXi’s New
Manufacturing

Lu Ma, Xi Feng, and Xin Zhu

Abstract Guangxi, as the important basement in “Western Development”, owns
many accumulation areas of manufacturing industries. The manufacturing industry
in Guangxi has become one of the major economic development troops, but Guangxi’s
economy has faced many obstacles to the economic development mode in energy-
intensive and high pollution. Starting with the index of the four-dimensional new
manufacture, this paper studies the economic benefits, the capability of R&D, energy
efficiency and environmental protection. The aim is to find the gap between Guangxi
and other manufacturing developed provinces, and to bring Guangxi’s manufacturing
on the new road to develop well and fast by making a horizontal comparison with other
provinces in China about the degree of new manufacturing.

Keywords Manufacturing industries ¢ Four-dimensional index e Horizontal
comparison

Introduction

As ‘made in China’ around the world, China has become the largest manufacturing
base in the world. According to “China Statistical Yearbook in 20107, in 2009, the
number of employees in China’s manufacturing industry reached 34.919 million,
accounting for 80.2% in industry; manufacturing has become the largest industry in
China. Therefore, many scholars home and abroad, has taken into a lot of research
about manufacturing from different angles. Lvyongquan thinks that the extensive
and low level development of manufacturing, which not only makes against the
manufacturing becoming stronger and bigger, but goes against building a advanced
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basement, and goes against promoting employment and improving the livelihood of
the people (Lv Yongquan 2010). Wu Changnan studied about the secondary or
tertiary segmented industry of Guangxi’s equipment manufacturing industry in a
deep-going way. He, from collecting data about the industrial output value, total
assets, location quotient, relative efficiency of factor inputs and returns to scale,
analyzed the development status and problems of Guangxi’s equipment industry,
and proposed the development strategy of Guangxi’s equipment industry (Wu
Changnan 2006). Wang nengmin believes that the implementation of green
manufacturing mode is the preferred mode in Western Development (Wang
Nengmin and Chen Chuhung 2002).

Calculated by comparable prices, the GDP from 7.585 billion Yuan to 717.158
billion Yuan (1978-2008), an increase about 94 times in just 30 years, in Guangxi.
In 2009, The regional GDP reached 7759.16 billion Yuan, and its growth rate
ranked fifth in the country. Pearl River Delta, as one of the world’s largest
manufacturing center, Guangxi’s economic development connect directly and the
bloom of ASEAN Free Trade Area. The analysis shows that the industry
contributed significantly to GDP of Guangxi, and the manufacturing is the main
force in industry. Therefore, analyzing and evaluating the manufacturing compre-
hensively and in-depth, It seems to be very urgent to identify the industries with the
bigger economic benefits, the better R&D capacity, the higher energy efficiency
and the finer environment protection (Yao Fang et al. 2000).

Build New Evaluation Index System

This paper consults the four-dimensional index system, and takes into account to
the actual situation of Guangxi, and proposes 4 first-grade indexes which contain
the economic benefits, the capability of R&D, energy conservation efficiency, and
the capability of environmental protection and 19 secondary indicators (Table 4.1).

Positive Analysis of Guangxi’s New Manufacturing
and Evaluation

For a comprehensive analysis of Guangxi’s manufacturing of the industry, at first,
making the measurement to various industries that contains the economic benefits,
the capability of R&D, energy conservation efficiency and environmental protec-
tion, before making a comprehensive evaluation of new (Li Lianshui and Wang
Huaiming 2004-2008). In this paper, Using principal component analysis to 30 sub-
sectors of Guangxi’s manufacturing of the industry by SPSS16.0 software, all those
data used in analyzing are from the “Statistical Yearbook of Guangxi in 2010.”
The index calculated by the criterion which is the contribution rate of accumula-
tive total of variance is 95%, and obtained the weights by orthogonal rotation, then
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Table 4.1 New evaluation index system

New evaluation

index system Index)

RDI (Research and

Development Index)

EEI (Energy Efficiency

Index)

EPI (Environmental
Protection Index)

EBI (Economic Benefits

Al:

A2

A3

A6:
Bl:
B2:
B3:
B4:
Cl:
C2:
C3:
C4:
D1:
D2:
D3:
D4:

D5:

The proportion of added value in GDP

: The proportion of current assets in total

assets

: Sales profit ratio
Ad:
AS:

Labor productivity

The proportion of employment
population

The dependency of foreign trade

The proportion of R&D funds in GDP
The proportion of R&D person in EP
The proportion of technological activity
person in EP

The proportion of technological activity
funds in GDP

Per production energy consumption

Per production electricity consumption
The proportion of industry energy
consumption in TEC

The proportion of electricity
consumption in TEC

The achievement ratio of industrial
effluent emission

The achievement ratio of industrial
sulfur dioxide emission

The achievement ratio of industrial soot
emission

The achievement ratio of industrial dust
emission

The achievement ratio of industrial solid
wastes emission

the Tables 4.2, 4.3, 4.4 and 4.5 shows up after data analysis. (Due to limited space,
only the high five and the low five scores have been showed.)

The index calculated by the criterion which is the contribution rate of accumula-
tive total of variance is 85%, and obtained the weights by orthogonal rotation, and
simplified to the six factors, then the Table 4.6 shows up after data analysis.

The History of Guangxi’s New Manufacturing

Base on the new evaluation index system and “Guangxi Statistical Yearbook”
(1997-2009), and obtained the comprehensive evaluation index (MDI) of Guangxi’s
new manufacturing of calendar year, by using the same way that factor analysis and
the Table 4.7 shows up. 1997 as the base, set its comprehensive evaluation of a score

of 100, according to the formula:
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Table 4.2 The rank of economic benefits of Guangxi’s manufacturing industry (2009)

Industry Score Ranking
Tobacco industry 2.486 1
Recycling and disposal of waste 1.463 2
Non-metallic mineral products industry 0.564 3
Pharmaceutical manufacturing 0.403 4
Instruments, cultural and office machinery 0.348 5
Textile industry —0.429 26
Furniture manufacturing —0.437 27
Paper and paper products industry —0.462 28
Leather, fur, feathers (down) products industry —0.691 29
Textile and apparel, footwear and headgear industry —0.875 30

Table 4.3 The rank of the capability of R&D of Guangxi’s manufacturing industry (2009)

Industry Score  Ranking
Tobacco industry 3.020 1
Special equipment manufacturing 1.889 2
Transport equipment manufacturing 0.732 3
Instruments, cultural and office machinery 0.469 4
General equipment manufacturing 0293 5
Ferrous metal smelting and rolling processing industry —0.530 18
Paper and paper products industry —0.530 19
Fabricated metal products industry —0.537 20
Communications equipment, computers and other electronic equipment —0.551 21
manufacturing
Wood processing and wood, bamboo, rattan, palm fiber and straw products  —0.569 22

Table 4.4 The rank of energy conservation efficiency of Guangxi’s manufacturing industry

(2009)

Industry Score Ranking
Ferrous metal smelting and rolling processing industry 3.692 1
Non-ferrous metal smelting and rolling processing industry 2.398 2
Non-metallic mineral products industry 1.541 3
Raw chemical materials and chemical products 0.550 4
Agro-products processing 0.442 5
Textile and apparel, footwear and headgear industry —0.418 26
Furniture manufacturing —-0.420 27
Instruments, cultural and office machinery —0.462 28
Educational and sports goods —0.691 29
Chemical fiber manufacturing —0.875 30




4 The Promote Path Research of GuangXi’s New Manufacturing

35

Table 4.5 The rank of the capability of environmental protection of Guangxi’s manufacturing

industry (2009)

Industry Score  Ranking
Educational and sports goods 0.524 1
Tobacco industry 0519 2
Chemical fiber manufacturing 0.515 3
Instruments, cultural and office machinery 0.512 4
Communications equipment, computers and other electronic equipment 049 5
industry

Textile industry —0.185 26
Wood processing and wood, bamboo, rattan, palm fiber and straw products —-0.297 27
Non-ferrous metal smelting and rolling processing industry —1.839 28
Leather, fur, feathers (down) products industry —1.869 29
Printing and record medium reproduction —2.362 30
Table 4.6 The rank of the new degree of Guangxi’s manufacturing industry (2009)
Industry Score Ranking
Tobacco industry 1.416 1
Agro-products processing 0.722 2
Beverage manufacturing 0.710 3
Special equipment manufacturing 0.444 4
Food manufacturing 0.339 5
Ferrous metal smelting and rolling processing industry —-0.325 18
Paper and paper products industry —-0.405 19
Wood processing and wood, bamboo, rattan, palm fiber and straw products —0.521 20
Printing and record medium reproduction —-0.560 21
Non-metallic mineral products industry —-0.631 22

F,—F
MDI, = 100 + 100 x ———"7
|F 1997 ]

From the track of development, the development of Guangxi’s new manufacturing

industry has gone through three stages (Fig. 4.1).

Stage I (1997-2001), this is the period of rapid growth, the average annual chain
growth of 12.8%. Positive growth has taken on in this stage without fluctuation.
Since 1999, the speed of development has been rapid, in 2001, showed growth rates
of 28.7%, the fastest speed of growth in the 13 years, and the rate of annual growth

reached 45.8%.

Stage II (2002-2005), this stage is the adjustment period with fluctuation, the
average annual chain growth is 1.9%, while the negative growth displayed in the
overall stage, and strongly negative growth had been showed in 2004-2005, and in
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Table 4.7 The history of the

Year Score MDI
Guangxi’s new manufacturing

1997 —1.109 100
1998 —0.925 116.572
1999 —0.849 123.384
2000 —0.456 158.819
2001 0.351 231.615
2002 0.206 218.547
2003 0.38 234272
2004 0.149 213.431
2005 0.11 209.839
2006 0.335 230.214
2007 0.515 246.381
2008 0.471 242.478
2009 0.821 273.951

300. 000

200. 000 / | >

7

100. 000 @

50. 000
Stage | Stage I1 Stage I11
0. 000 R AN It D I
\‘5‘;\ x&% @e, m°§ ‘\»@» ﬁ?éb ‘\9& ‘\?@ ‘\?g’ m@‘o ‘\?é\ f\?é ‘1»@“

Fig. 4.1 The history of the Guangxi’s new manufacturing

that 2 year, the average annual growth rate of —5.5%, and what is more, the
maximum annual growth rate of —8.9% in 13 years, in 2004.

Stage III (2006-2009), this stage is the consolidated development period, the
average annual growth rate is around 3.6%. There was some fluctuations with small
amplitude has happened, but the whole trend showed a completely positive growth,
since 2006 development trend changed for the better, while there was a slight
negative growth in 2008, and through 1 year of adjustment, the trend changed for
the better again, the rapid growth has happened, and the annual growth rate is 13%
in 2009.

The positive growth trend of Guangxi’s new manufacturing had been showed, in
1997-2009. Although, there were some staged fluctuation and adjustment in the
period, the whole trend appeared stably, so from this analysis, the new manufacturing
has already entered the period of stable and rapid development.
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Fig. 4.2 The comparision about the degree of new manufacturing among the 30 provinces

The Horizontal Comparison of Manufacturing Between Other
Provinces and Guangxi

Based on the evaluation index system of new manufacturing and regional statistical
yearbook, and using factor analysis. It is approachable to evaluate and rank the
development of new manufacturing about the 30 provinces in China(Did not
include Tibet, Hong Kong and Macao regions, due to the data of available and
consistence) (Fig. 4.2).

According to the data analysis from the four dimensions of economic benefits,
R&D capacity, energy efficiency, environmental protection and 19 indicators
fellows, this paper obtains the top ten provinces or regions are Beijing, Jiangsu,
Shandong, Guangdong, Shanxi, Szechwan, Shanghai, Zhejiang, Liaoning, Hubei,
Guangxi ranks No. 21 in the whole rank, and at No. 4 in the rank of western provinces
and regions. From the rank, (1) the developed areas of new manufacturing in China,
that still concentrated in the eastern coastal and littoral currently. The core areas of
manufacturing’s development in the central and western regions have already been in
the top ten in the future, with the strategies of “Rise of Central China” and “Western
Development” implementation (Li Lianshui and Du Zhanyuan 2005). However,
because of the weak foundation in the western, where developing relative slowly in
the manufacturing aspect, which also indicates there is a huge room for the improve-
ment of manufacturing. (2) From the data analysis of industrial output value, the top
three regions are Jiangsu, Shandong, Guangdong, and this ranking as similar as the
ranking of total score, Guangxi at No. 22. The top three of manufacturing are
Shandong, Guangdong, Jiangsu in the rank of total profit, and Guangxi ranking
No. 25. The top three about total assets of industry are: Jiangsu, Guangdong,
Shandong, Guangxi ranked 24th. Those facts speaks volumes for the large-scale
production did not form, the development of manufacturing’s facilities and the
capability of economic benefits at low level, compared with other developed areas.
It will elevate the capacity of Guangxi’s manufacturing, and can improve the scale of
production to form the large-scale, and increase the investment (Liu Zhe and Sun
Linyan 2005). (3) From the rank of total import and export, the top three are
Guangdong, Jiangsu, Shanghai, there is a high degree of association between the
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import and export volume and geography, the top three are all the areas of coastal and
littoral, and Guangxi ranked 15th. The 15th has a great relationship with that Guangxi
is the frontier region, also because of this, Guangxi, as a tie of the China and
ASEAN’s economic development, will be one of the factors that improve Guangxi’s
economic development. (4) The top three of total expenditures in R&D are Beijing,
Shaanxi and Szechwan, Guangxi at 24th. Take two in the top three, this fact can be
explained clearly, the R&D of the western region has already treasured, with the
following implement of the “Western Development”. The investment of R&D is still
weak in Guangxi, but in the future, the direction of investment will transfer gradually
from the regions of eastern and central to west, by labor cost ascending in the eastern
areas. The advantage of labor cost will make Guangxi become the major direction of
R&D in a long period of future. (5) In aspects of environmental protection and energy
efficiency, the top three of the index of Per production energy consumption (Cl1),
which is Beijing, Shanghai, Guangdong. The data specifies, the developed areas take
more input of environmental protection and energy efficiency and obtain the better
implementing effects than the regions of central and western. While Guangxi, still
ranking 11th, is the first of the western region.

As one of the important area of western development, Guangxi’s manufacturing
industry not only maintains the fate of future economy will be stable and high-speed
whether or not, but also is the core area to connect China and the ASEAN (Wei
Houkai 2001). The development of Guangxi’s manufacturing industry is the impor-
tant factor that will determine the implementation of “Western Development” is
steadier and rapider whether or not.

The Prospect and Design About the Development Path
of Guangxi’s New Manufacturing

According to the data analysis, the main advantage of Guangxi in the manufacturing
is: (1) the labor-intensive manufacturing has a better momentum, tobacco industry is
the representative, which has a stronger power, whatever in the economic benefits or
in the capability of R&D, compare with other industries, as a leader to leading the
whole manufacturing in Guangxi. From the total score, the new degree of tobacco
industry is higher than others. It is fully showed that the employees of tobacco
industry have to create the highest efficiency in the Guangxi’s manufacturing,
according to the ranking, which is it at the first of the index of the proportion of
added value in GDP (Al), but ranked rearward position relatively in the index of the
proportion of employment population(AS). These facts speak volumes for increasing
the scale of production of the tobacco industry, will improve the economic benefits of
manufacturing in Guangxi, to the greatest degree. (2) The data shows that there are
also good momentum in many emerging capital-intensive and technology-intensive
industries, such as special equipment, transport and equipment manufacturing and
general equipment manufacturing. Just in terms of the special equipment
manufacturing, the input of activities in science and technology are leading the
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second around six times. Those facts shows that the largest investment of R&D is in
the capital-intensive and technology-intensive manufacturing, also shows that the
added value of products that from the capital-intensive and technology-intensive
manufacturing, will be greatly improved in the next few years (Li Shichun 2007).
Although the overall level of manufacturing in Guangxi is not very well, there are
almost all of industries of manufacturing, just as same as the developed areas,
Guangxi held a strong partner — the AFTA which the other region did not, the great
geographical location bring the huge room of development. Data shows that the
situation of total imports and exports of manufacturing is positive in Guangxi, the
geographical advantage AFTA has a deeply influence in Guangxi, and the latter, as a
up-and-coming youngster of western, has a weak foundation

According to the rank of the Guangxi’s history and the whole country, it is obvious
that the disadvantage of Guangxi’s manufacturing. (1) the weak ability to create
economic benefits of manufacturing, in a certain degree. In 2009, the manufacturing
made the contribution in the Guangxi’s GDP was less than 30%, it is the very bad data
that the manufacturing as the sword of Guangxi’s development (Guangxi Statistical
Bureau 2011). These facts speak volumes for both the competitiveness of market and
the value-added of products are at low level, and this current status should be changed
by shifting the labor-intensive industries as the main force of economic development.
(2) The capacity of R&D is insufficient, technological innovation is limited. The
expenditure of R&D of Guangxi’s manufacturing took less than 1.5% of the total
output value of the whole industry, the expenditure on new product development took
less than 0.5% of the total output value of the whole industry, and the number of
science and technology activities took less than 0.8% of the employment population
in 2009. From above, fully shows that the invested amount of technology on the
aspect of talent and capital is too small in the Guangxi’s manufacturing, and it is
urgent to improve the input of R&D. (3) Low energy efficiency and high energy
consumption. It needs to 1301.3 tons of coal consumption, fuel consumption of 18.2
tons, and around 0.7785 billion kWh consumption, per billion outputs. There is a
huge room to improve the energy efficiency.

With the cost advantage of the labor and the production factors are more and more
obvious in western region, and where will be the important basement. This status has
brought the excellent opportunities that accelerate the rate of foreign investment and
increase the cooperation and exchange with the developed areas littoral. It will input
the energy in the Guangxi’s manufacturing, by highlighting the local advantages
constantly and making up the inferior position of the weak economic foundation.

Firstly, using the implementation of the “Western Development” as the starting
point, to planning integrally the industrial layout, to upgrade the industrial struc-
ture, to rational use of advantages, to make the developed areas of manufacturing as
an example, to find a path of development that satisfy the characteristics of
manufacturing in Guangxi, to further enhance the development of technology-
intensive industries and to accelerate the successful transformation of Guangxi’s
manufacturing. The new degree of labor-intensive manufacturing industry in
Guangxi are higher, comparing with other industries, so Guangxi will pay more
attention to the problem of resolving surplus Labor immediately while in the
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process of the transition, so the large-scale production of Guangxi’s manufacturing
should be imperative. Only if expanding the scale and accelerating the input can
Guangxi ensure the moderate pace of transition. Secondly, increasing the capacity
of R&D; improving the added value of products and opening market. Taking full
advantage of the benefits that AFTA brings, and actively accepting the manufacturing
industry which transferred from the developed areas of the eastern littoral and central
region and endeavor to learning. Actively absorbing outstanding technology and
management experience from the advanced manufacturing areas, and actively
introducing external funds to increase the hardware facilities of manufacturing,
raise the base of Guangxi’s manufacturing essentially. Thirdly, strengthening energy
efficiency, increasing capacity for environmental protection, and adhering to the
establishment of a resource saving and environment-friendly society as a basic
principle for every enterprise of manufacturing should be taken into account
(Guerrieri and Meliciani 2005). And severely remediate the enterprises with the
high energy consumption and high pollution. It is important to increase industrial
concentration and establishes the path to develop the circular economy, and the
industrial cluster with regional characteristic. Fourthly, taking full advantage of
geographical advantages, and increasing efforts to import and export products should
also be considered. Guangxi is a tie to link the China and ASEAN, also is a China’s
window to open to foreign trade, and carries major economic power. AFTA will also
be the main channel of Guangxi’s products goes out of Guangxi and China, and
should take full advantage of the advantages of AFTA.
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Chapter 5
Resources Cooperative Management in
Multi-project Manufacturing Based on Cloud

Fang-yan Yang and Zhi-yuan Shi

Abstract Using ideas of system theory to study multi-project manufacturing,
creates parallel distribution of resources and collaborative management. Making
use of the theory of cloud, to establish a manufacturing resource hierarchy model,
building a cloud of manufacturing resources, and analyze the dependencies among
the elements and combinations of manufacturing resources in the cloud, from the
view of describing resource elements in a unified parametric point in multi-project
manufacturing. Using tools of queuing theory, to analyze the matching process of
manufacturing resource capabilities and needs in parallel manufacturing of multiple
projects, proposing methods of conflict resolution for manufacturing resources,
establishing a multi-project resource allocation model for parallel manufacturing,
to realize the coordination between manufacturing resources capability and plan
requirement in project manufacturing.

Keywords Cloud manufacturing ¢ Project-based manufacturing ¢« Cooperation
 Resource allocation

Introduction

Project-based manufacturing is “an uniqueness of one-time task composing of
development, production, installation, operation and maintenance of product,
which is keeping the development and production of the product (airplane, vessel,
carrier rocket and other large complex products) as main body and keeping
the project management as the center” (Yantai Wu 2003). The change of
manufacturing resources allocation and ability has a great impact on the project
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execution. As an eventual provider of the project-based manufacturing product, the
main manufacturing enterprise is not only making sure of the successful completion
under the resource constraints in each project, but also considering the resources
optimization and reasonable allocation of multi-project.

The proposition of cloud manufacturing has built a new way of resources alloca-
tion for the main manufacturing enterprise in the projected-based manufacturing.
According to the definitions of literature 2, cloud manufacturing “is a manufacturing
service platform using network and cloud and a new model of networked
manufacturing providing for the users’ needs according to the online manufacturing
resources (manufacturing cloud) organized by the users’ needs” (Bohu Li 2010). In
this model, the description and the method of allocations of manufacturing resources
will have fundamental changes.

The Classification and Characteristics of Project-Based
Manufacturing Resources

The Features and Classifications of Projected-Based
Manufacturing Resources

Manufacturing resources is sum of objects which are related to helping the
enterprise to complete the product design, process design and manufacturing
process. These objects provide all sorts of functions to ensure that the stage of
product design and manufacturing can be finish smoothly. Form perspective of
existence form, manufacturing resources includes physical resources and intangi-
ble resources. Physical resources refers to equipment, personnel, tools, sites and
other resources like, while intangible refers to funds and technologies etc. (Hui
Zhao 2009).

In the production process, to achieve relevant physical object in the multi-
project model for parallel manufacturing, including production sites, personnel,
tools, materials, equipments and other manufacturing resources, according
to the role they play in the production process, they can be divided
into specialized resources constituting products especially parts of custom
products and craft accessories and general resources, such as personnel, equip-
ment, site, tools and other resources needed in the production process (Jianping
Xu 2010).

This paper mainly discusses the physical resources related to production
process, especially the management and allocation of capability resources.
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The Parametric Description of Manufacturing Resources’
Characteristics

Either general resources or specialized resources, each resource can be described by
a series of parameters in the projected-based manufacturing, which describes
various attributes through basic information and processing property. So we can
build a description as Eq. (5.1) shown for projected-based manufacturing resources.
Every single projected-based manufacturing resource corresponds to a resource
element.

R = (RInfo, ProPara)
Rinfo = {riy,...rij,...riy}
rij = (RID;, RN}, RC;)
ProPara = {rp,,...rp;,...1p,}
1p; = (RIDj,RC;, PS))

PS; = (pj17pj27 .- 'pjn) 5.1

In the equation, Resources R is made up of basic information (RInfo) and
manufacturing parameter (ProPara). And each resource element (ri;) has its own
basic attributes, namely resource ID (RID), resource name (RN) and resource cut
(RC).each resource element also has its own properties of manufacturing
parameters, which constitutes the manufacturing parameters set (PS). For example,
purchased item A has the type of material resources and its PS is correlated to the
supplier information, while a certain type of tools belongs to the subtype of cutting
tools in capability resources and has the processing type, processing precision
forming PS set parameters as is shown in Fig. 5.1. Thus, we can have a total
description of all manufacturing resources, which has a hierarchical structure of
multiple parameters.

The Management Model of Multi-project Manufacturing
Resources Based on Cloud

For there is a strong dependency relationship between attributive parameters of
purchased and subcontracted resources and suppliers or enterprise providing
components. It has a great difference in capability resources. As the space is limited,
this paper will not get into too much more detail. Then we will analyze and research
the internal capacity resources of projected manufacturing main enterprise.
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Project-based manufacturing resources

(Resource ID, Resource Name, Resource Cut, Units of Measurement)
— 1 Materials (Material Type, Stock Quantity,...)
{1 Manufactured

Purchased (Suppliers, Unit Price )
Item A

L] Subcontracted
—_1 Equipment (State, Load,...)

{1 Lifter (Span, Lifting altitude)

1 Sites (Site type, Site Area,...)

{1 Assembly Site

1 Craft equipment (Craft Equipment Type, Service Life)
{1 Test Fixtures

——/ 1 Tools (Tools Type, Service Life,...)

{1 Cutting tool (Machining Type, Machining Precision,...)

— ] Human Resource (Human Type, Craft, Technology Level,...)

Fig. 5.1 The classify of manufacturing resources and attributes description

Projected Manufacturing Resources Modeling Based on Cloud

We get the parameterized elements of manufacturing resources together and build
the manufacturing resources cloud. Figure 5.2 shows the projected manufacturing
resources modeling based on cloud.

As is shown in the figure, each capability resources can form a corresponding
set. Because we make a united parameterized description on manufacturing
resources, we can integrate with all types of manufacturing resources further and
thus forming the manufacturing resources cloud. In the manufacturing resources
cloud, each resource element can be regarded as instance of resource class, which is
available for manufacturing unified deployment (Lin Zhang 2010). According to
the production planning and processing requirement of project, we select the
available manufacturing resource element under the guidance of manufacturing
BOM and compose different resource collection adapting different needs.

However, resource elements are not fully independent; each resource has a
dependent and constraint relationship (Qingchao Sun and Gang Guo 2008). There-
fore, we must have these analyzed.
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Crall equipment resoiree

Fig. 5.2 Projected manufacturing resources modeling based on cloud

An Associated Modeling on Multi-project Manufacturing Resource

For single-projected manufacturing resources, the mutual dependent relationship
includes who gets together finishing a manufacturing task and what can be done first
and what influence will make to subsequent tasks.

P(R):{r17r27"'rq} (52)
x11 x12 ... xl1/
x21 x22 ... x2/

I : : : (5.3)
xkl xk2 ... xki

PW)={wl,w2,... wh} 5.4

In the Eq. (5.2), P(R) is manufacturing resources set corresponding to project P,
which contains the entire resource element needed by project P. In the Eq. (5.3),
F(X) is the dependent relationships between resources, x;; means the dependent
relationship fromr; tor; (i=1,2,. . .,q;j=1,2,. . .,i—L,i+1,.. .,q). In the Eq. (5.4), P(W)
is the set of process route attribute corresponding to project P, the dependency of
parameters between process and resources is closely related, remarking w; and w; as
the resource element r; and rj corresponding to the process, wx;j is the dependent
relationship from w; to w;. That is

wxij = f(xif) = { g (5.5)
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In the Eq. (5.5), that the result is a stands for xij # 0 and w; is dependent to the
result of w;; while the result is O stands for xij = 0 or w; is not dependent to the result
of w;. Among them, natural number a ranges from 1 to 5.the bigger a is, the higher
dependency between w; and w;.

In the multi-project parallel manufacturing, the relationship between
manufacturing resources also contains dependence and constraints between
projects besides its inner dependence and constrains.

P(S) = {s1,s2,...,sk} (5.6)

In the equation P(S) is a set that the whole resources of all projects (i.e. all
elements in the resources cloud) are combined by the projects. s;, s; are the
corresponding combination of resources for projects P; and P;. We can use sx;; as
the dependency relationship from s; to s;, and natural number 1-5 as its dependency
degree. The resources dependency relationship of project P is shown as Eq. (5.7).

sx11 sx12 ... sxll
sx21  sx22 ... sx2l
P(SX) = : . : : 5.7
sxkl  sxk2 ... sxkl
Namely:
. 5 5.8)
Sxij = .
7o

In the Eq. (5.8), sx;; gets 5 means s; and s; being the same manufacturing
resources; 0 means the two resources are irrelevant. If s; is the common resources
of multi-project manufacturing, the load should be considered in making produc-
tion plan and capability allocation, and we should pay enough attention to the
conflict of the resources.

Resources Cooperative Allocation in Multi-project
Manufacturing Based on Cloud

From the correlation of project-based manufacturing resource and resource profiles, in
some cases, the dependency between resources is much higher especially when related
expressions get highest value, namely 5, we think the manufacturing process related or
the project will accept the same resources or resources group. However, the amount of
resources is limited and in a certain time, we may not have available resources for use.
When the plan at all levels of project-based manufacturing has been completed,
especially under the condition of multi-project parallel, we must match the limited
manufacturing resources (Lei Wu and Chengwei Yang 2010). The set of project-based
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manufacturing resources based on cloud provides the information live updated and
completely shared for the resources matching, based on which the planners will get
exact and accurate information so that we can make an accurate determination on
resources matching. Thus, we can insure the excitability of project plan at all levels.

Capability load and time attribute are the focus of the conflicts in the attributes of
manufacturing resources, especially when multi-project parallels. The resource and
process which has a higher dependence becomes the capability bottleneck of
project-based manufacturing. How to identify and eliminate the conflicts is the
key to ensuring project-based manufacturing execution.

In the project-based manufacturing, the configuration of resources is constrained
by the project plan time. Therefore, the resource allocation shall conform to the
function of time and load as well as form the process of loop (Xun Xu 2011).
According to the queuing theory, the matching process can be divided into the
following steps:

Step 1: according to the prospect time of project plan at all levels, we can rank
the manufacturing task in period by the priority, neaten the waiting queue of the
task and construct the task set.

The prospect time of plan, T = [t;,#], t,>1 (t for the current date); in the
prospect time, the project-based task needing manufacturing resources allocation
PrieJ(i=1,2,...,c) contains the start time TS;, finish time TF; and execution
period Dj and its like. We do rank for tasks of the set J according to the ascending
order of TS;, using Prior; for the priority (number) of task Pt;. In the multi-project
parallel manufacturing, task of J comes from different project and the joining time
between tasks may not be continuous.

Step 2: gathering the requirement of each kind of resource by the time period.

According to the division of task set and the combination of collection of task
resources, we can get the demand about time on each resource collections.
Collecting the task and required resource in the time t; of all the projects, we get
the requirement of resource element R; at t;. Obviously, the total requirement Rreq;
of R; in the time of t; shall be the time function.

Step 3: do matching calculation for results of step 1 and step 2.

We will compare the required resource in the prospect period with resource
capability in the corresponding time and analyze if the resource capability can meet
the resource requirement.

AvailableCi|t = Capa(AvailableCi|t) (5.9

In the Eq. (5.9), AvailableCi|t means the resource capability of resource R; at the
time t. At the time of t, AvailableCi|t>0 means resource R; free.

Step 4: build a matched matrix on resources according to the calculated results of
step 3.

_ AvailableCk|ty

aky = Flo)k (5.10)
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In the Eq. (5.10), if aky>1, it means that resource capability of resource Ry meets
the required resource in the period ty = (a, b);

If aky<1, it means that resource capability of resource Ry doesn’t meet the
required resource and exist the resource conflict;

If there is not a requirement of resource Ry in the period ty = (a, b), let ai,=1.

Step 5: adjust the allocation of resources and decompose the resource conflict.

Conclusions

In the project-based manufacturing, the attributive information at all levels and
related information of the variety of physical capability of resources of main
enterprise is described by parameter and saves in the bottom of a data warehouse
forming the cloud and shares by the department of plan at all levels and production
through the method of cloud (Gruman 2009). These departments can inquire the
load capacity of production of all kinds of resources so that we can do integration
and schedule on resources and finally makes a support for the manufacturing
process of each project. Through the analysis on resource dependence and matching
analysis between requirement and capability of project task in time, project-based
manufacturing resources does a reasonable allocation by the method of conflict
identification and resolution in the environment of multi-project resource for
parallel manufacturing. And we finally guarantee the smooth completion of the
project plan (Buyya et al. 2008).
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Chapter 6

Research on Workshop Human Resource
Management System Under the MES
Environment

Wei-ping Zhang, Kai-chao Yu, and Yue Zhang

Abstract Through the analysis of the current situation of workshop human
resource management, combining with the thoughts and ideas of MES, and discuss
the necessary of building human resource management system under the MES
environment. At the same time, study the interaction, function structure and opera-
tion mode of workshop human resources management system. Finally, the paper
researches on some key technology of system realization, such as real-time inter-
active information.

Keywords Human resource management « MES ¢ Personnel allocation ¢« Shop
human resources

Introduction

Human resource is “the first resource” of the enterprise; it is the key to determining
the success or failure (Guoju Chen 2010). Its history can be traced back to the late
1960s the first generation of human resources management system is a tool to
calculate the salary automatically, and neither contains nonfinancial information,
nor includes salary history information, almost there is no report generation
functions and salary data analysis. The second generation of human resource
management system appeared in the late 1970s, gives consideration on the nonfi-
nancial information of human resource and history information of salary, report
generation and payroll data analysis capabilities greatly improved. The report
generation and payroll data analysis functions have been greatly improved. But
it failed to consider the demand and idea of human resource systematically.
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A revolutionary change of human Resource Management System is in the 1980s.
Forming an integrated information library by centralizing almost all human resources
related data management together from the perspective of human resource manage-
ment is the characteristics of the third generation of human resource management
system (Quanwen Liao 2000; Guanying Liu and Kaichao Yu 2010).

The research of human resource management is relatively mature at the present,
but for the shop floor is still relatively small, so it has become inevitable to build
shop human resources management system, which relates to the workshop task
scheduling, quality management and other issues, shop floor of human resources
management with these features is the human resource management under
manufacturing execution systems (MES) environment.

The United States is the first countries to carry out MES in the world. The
concept of MES was established in November 1990 by Advanced Manufacturing
Research (AMR). Expressed as follows: The entire resources of the company is
managed according to its management goal, provide implementation target execu-
tion means for the company, connection information system theory data and factory
actual data by real-time database, and provide the communication between business
planning system and manufacturing control system (Zhixin Wang and Shousong Jin
2006; Yunging Rao et al. 2002; Zhang and Gen 2005; Bin Li and Liping Chen 2005;
Huafeng Zhu et al. 2005; Fei Liu 2007). As the Twelfth Five Years Plan unfolds,
enterprises pay more and more attention to quality and manufacturing execution
control, MES which can provide help get more and more attention from enterprise.
Human resources management system is the important part in the MES, it can
provide employee status information updated by the minute, to make an effective
arrangement based on personnel qualification, working mode etc. This is not only
arrangements workers effectively, but also achieve the production plan of integra-
tion in the MES platform about personnel, materials, equipment, information and
tools. Which fully assurance and improvement the cooperative of the production
processes (Shuting Zhang et al. 2000; Jianjun Yang 2000). For the design of human
resources management system in MES, in particular, the job shop level task and
scheduling management is an important basis on production scheduling and
resource scheduling in MES.

System Requirements

The means of workshop human resource management mainly in manual manage-
ment at this stage, the application level of information technology is relatively low.
The application software such as ERP, although establish management module of
human resources, but mainly for the management, the workshop management is
confined to the basic information, attendance, performance. On the task allocation,
also base on the experience of management (Jianjun Yang 2000; Kelly 1995; Object
Management Group 1997).
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It is difficult to allocation and scheduling scientific and effectively. Manifested
mainly in the following aspects:

The Way of Workshop Human Resource Assignment Is Behind

After the tasks organized by the management allocate to the workshop. They will be
distributed in the traditional way by workshop manager. Empirically assigned
randomly to each line and station, Lack of scientific analysis and positioning. The
result of the process is unclear division and information loss. Eventually lead to the
poor traceability information of the entire production process.

For the manufacturing enterprise workshop which relative concentration on
personnel, materials, equipment, owns the amount of information and variety.
While the majority of workshop human resources information gathering completed
by hand, the way of acquisition information is behind.

The Difficulties of Real-Time Updates About Workshop
Human Resource Information

As mentioned above, the trail of information collection methods in workshop
human resources has led to the difficulties of real-time updates about workshop
human resource information. It also can’t provide effective support for dynamic
management and optimized allocation in workshop human resources. So, the
achievement about management methods in workshop human resources must
depend on the support of management information system, and the system need
to realize collection, processing, feedback, and update about workshop human
resource information. Therefore, taking advantage of the integration between
MES and related internal systems, recording work dynamic of staff and facilities
and sending it to the subsystem of materials management and device management
may achieve information sharing, control working personnel timely and reduce the
circumstances of sabotage and idle workers. Thus, it may achieve transmissions,
dispose and application between related material information. Furthermore, it also
may realize effective management workshop human resource.

The Low Scientific of Plan Support About Workshop
Human Resource

In order to sustain the project of management, the system should generate various
report forms fastly, and demonstrate it for the illiterates. Thus, on the one hand, it
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can reduce heavy statistical work while workers completing the manual report, on
the other hand, it also can provide an accurate basis for leader’s policy decision
opportunely, so the scientific of policy decision is enhanced.

The Information Mode of Management

The management system about workshop human resource is a key component of
MES Jian Li (2003). The integration between workshop schedule management
and workshop production task management is shown in Fig. 6.1.

The operating process of workshop human resource system includes model
optimization, real-time allocation scheduling and real-time information updates.

The Model Optimization About Workshop Human Resource

The workshop human resource management receives information through
integrated interface from ERP. In the system, all production stations is allocated,
which belong to the production line of tasks , then they constitute a real-time skills
requirements matrix, at the same time, all production employees in the production
tasks is also allocated to shop floor employees real-time skills matrix, then the
Workshop Human Resource Allocation Matrix Model will be built after the opera-
tion is started between Station real-time workshop skills needs matrix and shop
floor employees real-time skills matrix. After optimization of the computing sys-
tem, workshop allocation of human resources matrix model output specific optimal

‘Assigned Product tasks from management
\]/ Task
management
‘ The development of production tasks ‘
.o N
Station Staff
Constraint Real-Time Real-Time | Update . Schedule
Management Information Information | < Implementation management
Management Management of product
gy T ¥
| 2
‘ Optimization operation G‘Distribulion of information model‘
HR
. . Human Resource Allocation g .
Task Allocation Adjuslment}-} Scheduling %Tdsk Allocation Issued

Fig. 6.1 The shop floor of human resources management and operation processes
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matching of every process station and production workers in the production tasks.
In order to ensure production efficiency, it also accepts the personnel basic infor-
mation from ERP to fully grasp the movement of staff.

The Dynamic Allocation Scheduling of Production
Tasks About Human Resource

Depend on the result of distribution mode optimization operation about workshop
human resource. Workshop management according to the demand of production
make adjustments to the production tasks of human resources, and make optimal
matching about operating staff. After the system complete production task alloca-
tion of human resources. The message send by the terminal of MES or mobile-
phone to relevant staff to fulfill dynamic allocation of human resources of each
production task.

Real-Time Information Update of Production Process Information

Through integrated interface with the production schedule management system, the
management system about workshop human resource may collect real-time infor-
mation from various performed production tasks, conduct real-time updates of staff
skill matrix and location skill requirements, it also may dynamic control of the
workshop production staff skill condition so as to guide human resources and
scheduling of each production.

Workshop Human Resource Management System
Function System

According to the problems and needs put forward above that exist in Workshop
Human Resource Management, and in accordance with the requirements of modu-
lar design to complete the functional design of the system, this system is mainly
composed of several modules, as shown in Fig. 6.2.

1. System Permissions Management module is the basis of running the system and
the guarantee of operating the system security and manages the system users,
permissions, logs and data maintenance.

2. System Interface Management Module is mainly integrated Workshop Human
Resources Management System and other systems. It accepts the production task
information from ERP system and the feedback of the production performance
from the production progress management system in MES, after integrating and
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4| Station Real-time Management ‘
4| Staff Real-time Management ‘

Workshop Human Resource | HR Allocation Scheduling ‘
Management System [

4| Constraint Management ‘
4| Task Allocation Adjustment ‘
4| Task Allocated Issued ‘
4| Employees Information Query ‘

Fig. 6.2 The model of workshop human resource management system

converting, imports them into Workshop Human Resources Management Sys-
tem through the integrated interface. And it reflects human resources real-time
status to the MES system.

. Station Real-Time Skills Demand Management, based on the actual

requirements of the production tasks and skills of each production station, builds
the employee skill information of each station real-time requirements in the
workshop production line.

. Workshop Staff Real-Time Skilled Information Management is the basis of

Workshop Human Resource Management. It can real-time reflect the skill
situation of employees in the production workshop, and real-time update the
employees’ skills information.

. Human Resource Allocation Scheduling: the workshop human resource config-

uration scheme is obtained by combining the workshop staff real-time skill
information with station real-time skills demand information, that is, the skill
configure of each staff corresponded to each station.

. Production Constraint Condition module needs to consider the actual workshop

situation in workshop human resources management process, such as the short-
age of the station workers, and the actual training demand of employees.

. Task Allocation Issued System automatically sends the human resources situa-

tion after optimizing configuration to the relevant staff through the MES
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terminals and mobile phones. Through the support system of workshop human
resource allocation, Integrated information query could get any time of work-
shop human resource allocation scheme and workshop human resources real-
time situation, and carry out workshop human resource related information
integrated query, statistics and analysis.

Because the workshop Human Resource Management System is one of the
important components of plant MES, so the system management and basic data
management module can be run separately, also can be a part of MES system
management and basic data management module, and share with MES other
function subsystem.

The Key Technology of the Workshop Human Resource
Management System

The technology of real-time interactive information is the key technology of the
workshop Human Resource Management System. The workshop Human Resource
Management System, including information exchange and resources sharing
between the workshop layer and management layer, and the integrated operation
of production stations and operating workers in the workshop layer. The workshop
Human Resource Management System receive the production tasks and work skills
requirements from a management system, then through interactive information
terminals convey the production tasks and personnel assignment information to
each production stations and operating workers. On the one hand, the operating
workers could transmitted the production process information to the support system
with multi-functional interactive information terminals in the production process
timely; on the other hand, the system update the workshop employees real-time
skills database and workshop constraint database dynamically to ensure that the
workshop of human resources information real-time and accuracy.

Conclusion

Firstly, based on the workshop human resource management practices and combined
with the ideas and concepts of MES, the paper put forward the workshop human
resources management system model. Secondly established demand analysis, opera-
tion mode and function system of workshop human resources management. Finally
Based on interactive information terminal in the workshop of human resources
information real-time interactive technology researched some of the key technologies
of system design and system implementation.
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Chapter 7
Steel Enterprise MES System Function
Structure Based on the ISA-95 Standard

Jing-dan Shi, Min Li, and Jin-yuan Zhong

Abstract Standardization and integration is significant development trend to new
research on MES. Steel enterprise MES which has discrete and process character-
istic have more overlap between software system and function module, system
structure and function model is not enough unity, there are serious problems in its
standardization, integration and standardization. This paper constructs the steel
enterprise standardized system structure and function model based on the ISA-95
standards. The model includes production operation, inventory operation, quality
operation, maintenance operation, energy management and intelligence analysis
and optimization decision support six basic function modules, and unified design
system integration interface of enterprise layer and control layer. Advantages and
characteristics of standardization and configurable solved the problem steel
enterprises MES faced on standardization and integration.

Keywords Function model « ISA-95 standard « Steel MES ¢ System structure

Introduction

Manufacturing execution System promoted by the modern information technology,
control technology, manufacturing technology and management technology, is
headed to integration, standardization, agilization, intelligentize, visualization,
specialization development direction (Zheng Li et al. 2010). Standardization and
integration have become important direction about MES research. In addition, MES
is not supported by mature basic theory, mainly there is not using basic method of
unified management-control system integration technology terms, information
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object model, activities object model and the flow of information, the user or
customer, equipment suppliers and system integration have communication needs
difficulties, integration difficulties between different hardware and software system
and maintenance difficulties after integration. Steel enterprise is a typically com-
pound manufacturing enterprise, first process manufacturing, and then discrete
manufacturing. Therefore, steel enterprise MES system structure and function
structure have many differences between process and discrete manufacturing, so
steel enterprise information systems integration has great inconvenience. Steel
enterprise MES standardization and integration have serious problem.

At present, special study on function structure of steel MES system is not many,
paper (Li Huiying et al. 2003) analyzes steel enterprise production characteristics
and puts forward steel enterprise MES system structure, further discusses the
integration function of MES (Li Huiying et al. 2003). Literature (Bi Yingjie
2005) introduces suitable for MES system function of China’s steel industry,
technical features and future development trend (Bi Yingjie 2005). Literature
(Li Tieke et al. 2003) puts forward steel enterprise MES function structure frame-
work and design principle, but without ISA-95 standard (Li Tieke et al. 2003).
Although Literature (Pan Cao et al. 2009). puts forward the process industry MES
system structure based on ISA-95 standard, steel enterprise is different from other
process enterprises (Pan Cao et al. 2009). Accordingly, it is needed to research it
specially.

In order to solve these problems and avoid causing unnecessary disputes among
different manufacturers, ISA and ISO avoid MES boundary where debates, for
more general manufacturing automation system construction reference model,
define functions composition of system and the relationship of each functional
module. The manufacturer’s MES could select the parts of functions architecture
to achieve, but with external integration, meeting the functional relationships and
data interface relations that ISA-95 standard definites can be integrated effectively.
ISA-95 standard is used to build MES system, can effectively solve problems of
steel enterprise MES standardization and versatility.

ISA-95 Standard Summarize

ISA-95 is the international standard for enterprise —control systems integration,
also called S95 or SP95, which is released by The instrument, system and automa-
tion association (ISA) in 2000. 95 represents the 95th project of ISA standard.
ISA-95 standard has six parts. The first part which is Models and Terminology
defines the enterprise function data flow model and 31 kinds of information between
business system and control system interaction and establish nine models. The second
part is Object Model Attributes, defines the attributes of nine models in the first part in
detail; The third part: Activity Models of Manufacturing Operations Management, the
enterprise manufacturing operations management is divided into production opera-
tion, maintenance operation, quality operation and inventory operation four areas,
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definite eight basic production activities: detailed planning, resource management,
assignment, definition management, implementation management, data acquisition,
tracking and analysis; The fourth part is Manufacturing Operation Management
Object Model And Property, explaining the third part in detail. The fifth is Business-
Manufacturing Transaction Processing, defining exchange model between application
business and manufacturing activity execution information which is between the third
and fourth layer in the first part, the purpose is to make information collection,
retrieval, exchange and storage can support enterprise-control system integration
(ISA-95.00.01- 2000; ISA-95.00.02- 2001; ISA-95.00.03- 2005; ISA-95.00.04-
2005; ISA-95.00.05- 2007). The sixth is designing, will detail manufacturing
operation management affairs. ISA-95 standard the first part to the third has been
international standard—“TEC/ISO62264 enterprise control system integration” by
international standards organization and the international electro technical commis-
sion. China, too.

MES application architecture of solution project from design to application
modules all could refer to ISA-95 standard, the main module: quality, production
and efficiency are all consistent with ISA-95 standard. MES modules penetrate
production plan, equipment, production process and resources which are ISA-95
object models.

MES Function System Structure of Steel Enterprises Based
on ISA-95 Standard

Function Model and Manufacturing Operation Management
of General Activity Model of ISA95 Standard

ISA-95 standard defines manufacturing operation management function model and
manufacturing operation management of general activity model (ISA-95.00.03-
2005), as shown in Figs. 7.1 and 7.2.

ISA-95 standard hold that finish manufacturing operations process needing to
have order processing, production scheduling, production control, material and
energy control, purchasing, quality assurance, product inventory management,
product cost accounting, product delivery management and maintenance manage-
ment ten functions, auxiliary R&D and engineering design as well as marketing and
sales two externalities activities. MES space is the scope dotting line box in Fig. 7.1.
You can see that other function modules all have overlapping problem except
production control. ISA-95 divides ten function modules into production operation
management, inventory management, quality management, maintenance operation
management four function areas (Li Qing 2007).

Manufacturing operation management general activities model as Fig. 7.2, also
manufacturing operation management every functional partition external interface
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all includes operation definition, operation ability, operation requirements and
operation response. And functional partition internal all includes detailed planning,
resource management, definition management, assignment, implementation man-
agement, data acquisition, tracking and analysis eight functions activities.
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MES System Structure and Function Model Figure
of Steel Enterprise

Combined with ISA-95 standard and reality of steel enterprise, this paper puts
forward steel enterprise MES system structure and function model, Fig. 7.3 showing.

The MES system structure and function model is consist of production
operations management, maintenance operation management, quality management,
inventory management, energy management, intelligence analysis and decision
support optimization function, and ascertain the interface MES system with the
business plan layer and the bottom layer of industrial control to collect, storage and
transfer data and information effectively. It has good generality, standardization
and configurability.

And every subsystem includes eight function modules are corresponding with
eight activities of manufacturing operation management activities model.

1. Production operation management function module: when receiving detailed
production plans or commands from business plan layer or other function subsys-
tem, “product definition management” manages all information from MES layer
required to produce products. Among them, specific production rule information
of equipment and process according to specific production task is send to specific
instruction to control layer; work center transfers specific product production rule
and detailed production path information to “detailed production scheduling”,
“production dispatching” and “production execution management”. Then “pro-
duction resource management” definite required equipment, material and energy
resources for production to meet other production requirements, then providing
resource ability information to “detailed production scheduling,” transforming
availability information of human, equipment, material and energy into “produc-
tion dispatching”, and collecting current state information of resource and its
ability and resource capacity from control layer to ensure them could finish
production. According to “product definition management” and ‘“production
resource management” generating “detailed production scheduling”, sorting the
minimum equipment start or clean to decide to optimize and use local resource,
and collecting WIP (Work in place) from “production tracking” and work
finishing report information to ensure commitment resource capacity, thus
generating detailed production scheduling. Next, according to “detailed produc-
tion scheduling” to do “production dispatching”, clearly distribute resources
used in production work order for production, transferring work instruction to
work center and scheduling list information is sent to “production execution
management”. And then “production execution management” choices, starts and
moves work unit to actual production product operation correct sequence. After
production operation instruction is transferred to control layer, collecting opera-
tion response information and sending them to “production data collection”.
“Production data collection” gathers, edits and manages production data for
specific procedure or production command, actual production and equipment



62

J.-d. Shi et al.

business plan layer (ERP/MRP)

XML interface

production operations management

Detailed production

Productoin resource

scheduling management
Production tracking Pr.oductllon
dispatcing

Production Production data
execution collecion
Production
Production tracking performance
analysis

maintenance operation management

Detailed Maintenance
maintenance resource
scheduling management
. Maintenance
Maintenance P
. . definition
dispatching
management

Maintenance
execution
management

Maintenance data
collection

Maintenance
tracking

Maintenance
analysis

quality operation management

Detailed quality test
scheduling

Quality test resource
management

Quality test
dispatching

Quality definition
management

Quality test
execution
management

Quality test data
collection

Quality test tracking

Quality analysis

inventory operation management

Detailed inventory

Inventory resource

scheduling management
Inventory Inventory definition
dispatching mangement

Inventory execution
mangement

Inventory data
collention

Inventory tracking

Inventory analysis

energy management

intelligence analysis and decision support
optimization

Other function

XML interface

Real time database, relational database, history database and other data source

OPC interface

layer of industrial control (PLC/DCS/SCADA/NC/DNC)

Fig. 7.3 Steel enterprise MES system structure and function model




7 Steel Enterprise MES System Function Structure Based on the ISA-95 Standard 63

state information and data information from control layer are respectively feed-
back to “production dispatching” and “production tracking”, transferring used
resources data information to “production performance analysis”. The next “pro-
duction tracking” collects and reports actual using production information and
data of personnel, equipment, material related to production product, tracking and
collecting resource historical data information of equipment and process from
“production data collection”, WIP and completing production work report infor-
mation are passed on to “detailed production scheduling”, and production quality
and performance data information interacting with “production performance
analysis”. Finally, “production performance analysis” analyses information of
production units cycle time, used resource, equipment performance, process
efficiency and production variation, prepares production response for business
plan player.

2. Maintenance operation management function module: after receiving mainte-
nance plans or commands, “maintenance definition management” definite,
manages and maintains information and instruction that completing maintenance
task needed, specific information of equipment maintenance procedure will be
sent to control layer, and specific equipment maintenance rule and detailed
maintenance path information to “detailed maintenance scheduling”, “mainte-
nance dispatching” and “maintenance execution management”. And then “main-
tenance resource management” identifies resources for maintenance and provides
current information to make the best decision. At the same time, maintain resource
information is sent to “detailed maintenance scheduling”, and availability infor-
mation of maintenance resource to “maintenance dispatching”. According to
maintenance resources, generating “detailed maintenance scheduling” for factory
or region, then “maintenance dispatching” distributes and delivers maintenance
work single to right maintenance resource. Then “maintenance execution man-
agement” guides maintenance command and program to equipment in control
layer to execute, and accepts maintenance result information from control layer.
Then “maintenance data collection” gathers equipment data information and event
maintenance. Then “maintenance tracking” generates or updates record activity
about maintenance equipment and utilization rate so as to ensure relative effec-
tiveness of executing maintenance activities and its results. Finally, “maintenance
analysis” inspects personnel, equipment, material history activity to summarize
past and future performance indicator or future potential problem, collected data
and analysis results are transformed into maintenance response.

3. Quality operation management module: its main part quality test operation man-
agement. when receiving quality test plans or commands, “quality test definition
management” definite and administrates implementation quality testing personnel
qualification, quality testing procedure and work instruction, and inspect specific
quality rule at work center and detailed quality path information to “detailed
quality test scheduling”, “quality test dispatching” and “quality test execution
management”. And then “quality test resource management” sure resources for
executing quality test, and provides quality resource information for “detailed
quality test scheduling”, meanwhile resource availability information to “quality
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test dispatching” and receiving current quality information from control layer.
Then “detailed quality test scheduling” plans and schedules resource for quality
task and transforming them to “quality test dispatching”, then it distributes quality
work order and send it to right resource. Then according to quality test scheduling
list, “quality test execution management” guides test to ensure resources are used
correctly, after that, collecting test responses information from control layer.
“Quality test data collection” provides standard report or meeting demand for
quality inspector. And then “quality test tracking” becomes test result formation
into test response, manages useful resource information quality test needing,
collects resource history data information and scheduling list information, at the
same time interact quality and performance data information with “quality perfor-
mance analysis”. “Quality performance analysis” analyzes quality test results and
decides how to improve product quality and “quality test tracking”, and transform
them into response.

. Inventory management module: when receive inventory plans or commands,
“inventory definition management” identifies rule and information related with
material moving and storage, at the same time specific inventory rule and
detailed inventory path information at work center are sent to “detailed inven-
tory scheduling”, “inventory dispatching” and “inventory execution manage-
ment”, and storage definitions information is sent to control layer. Then
“inventory resource management” insures resource and resource ability that
material storage and moving required, and resource capacity information is
pass on to “detailed inventory scheduling”, resource availability information to
“inventory dispatching”. The next according to inventory request generating
“detailed inventory scheduling” meanwhile detailed inventory scheduling infor-
mation is sent to “inventory dispatching”, Afterwards, “inventory dispatching”
distributes and sends inventory work order to appropriate resources, according to
detailed inventory making scheduling list. “inventory execution management”
according to inventory scheduling list, inventory rule and detailed inventory path
to execute inventory work meanwhile operation commands are sent to control
layer, after that receiving replies information from control layer, and inventory
information is sent to “inventory data collection”, then it collects and reports
relevant inventory and material operation data information and resource histori-
cal dating- information is sent to “inventory tracking”. Afterwards “inventory
tracking” interact inventory quality and performance data information with
“inventory analysis”, and current inventory and report information of work
finishing to a “detailed inventory scheduling”. “Inventory analysis” analyzes
efficiency of inventory and resource utilization ratio to improve inventory
operation, and data information is feedback to response so as to do next opera-
tion activity.

. Energy management module: including energy consumption and emissions
monitoring, energy analysis, energy plan and scheduling three functions.

1. Energy consumption and emissions monitoring. Collect every factory or
workshop, process, unit, equipment, products of all energy consumptions
and emissions to set up a corresponding database to store data.
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2. Energy analysis. Energy analysis about supply and demand balance, it
collects energy historical information, establishes database and energy fore-
cast model; collects energy consumption index, makes energy evaluation
objective, analyzes product energy consumption and comprehensive energy
consumption per ton steel.

3. Energy planning and scheduling. According to supply and demand plan of
energy balance, preparing energy production plan, export plan and purchas-
ing plan. Thus, arranging energy production plan, Energy on-line scheduling,
formulate plan to prevent energy shortage and emergency plan of energy
disruptions.

6. Intelligence analysis optimization and decision support function module: it
provides intelligent analysis optimization and decision support of the whole
work flow. With manufacturing intelligence, which based on data, information,
synthesis and analysis ability of knowledge, quickly summarizing the actual
situation of business operation, providing support for managers to make right
and timely decisions.

7. Other function module: such as information management, document manage-
ment. Specific function depends on practical situation.

System integration interface is as follow:

1. Information integrated platform based on Extensible Markup Language—XML
interface: In many varieties and variable mass production mode, there are a lot of
individuation dynamics information, how to rationally storage, organize and
share them is the key to realize system integration and share information (Hong
Zhucai et al. 2003). XML technology makes it is possible to describe all sorts of
irregular information standardization, it is an inevitable trend of information
technology development that build enterprise information integration platform
on XML technology (Zhang Feng et al. 2001). XML technology in the MES
system has the following specific advantages:

1. Can effectively realize knowledge and data integration of every function
within the system. XML can express the content and structure of data, can
be applied to dynamic information, and greatly reduce extra application cost
caused by business rule changing, support openly structured data, facilitate
network transmission.

2. Can effectively implement heterogeneous data integration and sharing with
upper ERP system and the bottom of control. XML is a new standard, its
content and form is separated and has since description, open, extensibility,
simple and flexible properties (Chen et al. 2003). It uses a DTD (document
type definition) to provide a set of rules about mark symbols syntax and
semantics rule, describe information about material, meaning, structure,
feature and relation, while appearance form of material sheet is done by
style, improving XML data interchangeability and reusability. MES takes
standard XML interface of ISA-95 can be connected directly every ERP
manufacturers up to ISA-95 standard. ISA-95 provides a standard for
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exchanging information, reducing the cost of MES—ERP integration, and
working together with product life cycle management, providing production
ability and state as well as information integration architecture and standard
model improving flexibility of production. It is suitable for batches, continu-
ous and discrete process.

These advantages can effectively solve data sharing and interaction problem
between different application systems and data sources.

2. OPC interface based on control and integration of OPC technology: in traditional
control system layer, because of a lack of specifications, there are many soft-
ware/hardware device interface standards defined by different manufacturers,
leading to difficulty of product integration. OPC (OLE for process control) is
object linking and embedding technology application in process control, the aim
is to establish an effective data exchange interface, provide uniform standard for
industrial automation software object-oriented development, improve automa-
tion applications in manufacturing and process control industry (Zhang Feng
et al. 2001). OPC follows C/S (Client/Server) model will see data source part
(device drivers) as OPC Server, other access port (applications) as OPC Client.
OPC Server packages data communication logic for specific hardware device
and provides standard OPC interface for client access. The OPC provides the
function of internal links for different vendors’ equipment and software package.
Because of unified interface, as long as different customer program and different
server program fit for OPC standard, can be articulated and cooperatively work,
thus forming a kind of software bus structure. So, it is perfect that MES links
control layer with OPC.

Discussion

Research on multi-objective intelligent decision mechanism of product optimization
and saving energy and reducing consumption that raw materials and product demand
are multiple and uncertain, and the key technology of production plan integration and
production scheduling dynamic optimization, production equipment, logistic, quality,
real-time monitoring of energy consumption and emissions, intelligent analysis and
optimization of all production process information along with data integration plat-
form, develop standardized and configurable MES products in metallurgy industry,
realize multi-objective closed-loop management and control of the whole manufac-
turing process is china’s current goal of process industry MES.

This paper proposes steel enterprise MES system structure and function model
and ensures the information system integration interface based on the ISA-95
standard. It satisfy above MES requirements of process industry, this is a charac-
teristic in the paper.
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Conclusion

MES is developing toward the next generation of MES: it will base on the ISA-95
standard, which characteristic is easy to configuration, easy to change, easy to use, no
customized code, good integration and provide gateway (Portal) function, its main
goal is to achieve production cooperative by engine of MES in worldwide (Shao
2006). As process of manufacturing enterprise information, the standardization
requirement of all kinds of software system integration is increasing day by day,
and ISA-95 standard affects more deeply in manufacturing, it is used to guide
research and practice in manufacturing enterprise informatization has become new
issue in the field(Xiao Liyong et al. 2011). ISA-95 standard is applied in discrete
manufacturing will be the next research objective.
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Chapter 8
A Lean Shop Floor Tracking System

Ming-jian Yuan, K.C. Yao, C.Y. Chen, and J.Y. Jheng

Abstract Lean production and push production are the two major types of
production control philosophy. Push production has acquired the benefits of
computerization from standard packages for a long time. On the other hand,
lean production emphasizes human involvement, and its computerization is rela-
tively late in comparison and has not yet acquired standard package. To make the
information flow more real-time and intellectual, this paper presents a shop
floor tracking system for lean production. The system upgrades the shop floor
computerization of lean production to the same level as its counterpart in push
production, and at the same time reduces waste and delay from physical kanban.
In addition, the lean SFT can be integrated with conventional ERP, thus not only
giving lean production the best benefits of ERP, but also making ERP more
effective and flexible in shop floor control.

Keywords Lean production ¢ Push production * Shop floor tracking « ERP

Introduction

Lean production and push production are the two major types of production control
philosophy. Push production has been continuously computerized using standard
packages for a long time. Lean production, in contrast, emphasizes human involve-
ment, and its computerization lags behind to some extent and has not yet acquired
standard package. To make the information flow more real-time and intellectual,
this paper presents a shop floor tracking system for lean production. The system
upgrades the shop floor computerization of lean production to the same level as its
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counterpart in push production, thereby reducing waste and delay from physical
kanban. Moreover, the lean SFT can be integrated with conventional ERP Data
Systems Consulting Inc (2006b), thus not only giving lean production the best
benefits of ERP Holsapple and Sena (2005), but also making ERP more effective
and flexible in shop floor control. This paper introduces conventional shop floor
control in section “Conventional Shop Floor Control”. In section “Lean Produc-
tion”, lean production is briefly reviewed. A Lean SFT is then proposed in section
“Lean Shop Floor Tracking”. And section “Discussion and Conclusion” is dedi-
cated to further discussions and conclusions.

Conventional Shop Floor Control

According to the definition of SAP (SAP Community Network 2007), “the Shop
Floor Control (SFC) is concerned with the detailed management of activities and
the flow of materials inside the plant- including the workers, materials, machines
and time utilized in production.” Figure 8.1 is a general SFC diagram (Melnyk et al.
1985). The SFC activity starts after the planning is done in an ERP system,
including the creation of purchase orders and the conversion of planned orders to
work orders, as shown in the upper part of Fig. 8.1.

The SFC includes the following activities in sequence, as shown in the middle
part of Fig. 8.1. (1) Order release is to notify the shop floor that a specified work
order can go into production; (2) Work in process checks in a work station to get
registered when it is transported to the work station; (3) Dispatch is to determine the
next work in process to be operated according to certain priority rules; (4) Opera-
tion is the production according to a manufacturing route; (5) Unload is to move a
semi product out of a machine; (6) Data collection is to record production
parameters or quality investigation results; (7) Work in process checks out a work
station to record the machine time or labor time consumed, and is then moved to a
next work station or a warehouse- a semi product may need rework if a flaw is
detected. And finally, (8) Finished product may need to be classified to a quality
grade for sales purpose.

When a work order completes all the activities above, it is disposed and the
finished product is stocked in a warehouse. The SFC activities are so complicated
that a management information system is usually required to make the activities
smooth and effective. Some of the systems have been developed specifically for
highly-automated environment, such as IC foundry, TFT-LCD Optronics, and PCB
industries. Those systems are known as manufacturing execution systems (MES)
(MESA International White Paper No. 3 2000). Many other systems have been
developed as ERP modules (Data Systems Consulting Inc 2006a), in that SFC
activities are not independent and have to be integrated with many other business
activities to complete enterprise goals (Howells 2000). Figure 8.2 is a conventional
ERP OTD process (Order-to-Delivery). The shadowed area in the figure is the
production process, in which the upper part deals with the production planning
while the lower part executes and tracks the production.
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Fig. 8.1 SFC function diagram

The lot requirement planning (LRP) in Fig. 8.2 computes the quantities of the
items to be purchased or manufactured by balancing customer orders, the inventory
in stock and in transit, and the work in process. LRP results in a procurement plan
and a production plan. Approved procurement plans are converted to purchase
orders, which is processed through the purchase cycle. On the other hand, approved
production plans are converted to work orders, and a production cycle follows.
A work order then starts from lot splitting and releasing, and each lot can be tracked
individually. Materials are withdrawn before production, and then the lots go
through the production. A lot repeatedly checks in and checks out each work station
as specified in a manufacturing route. Various ERP vouchers are generated to
record the production during the process, such as releasing vouchers, WIP transfer
vouchers, and stock-in vouchers. As stated earlier, a lot may need rework if a flaw is
detected. When a lot completes all the production, it is stocked in a warehouse with
a tracking number assigned.

As shown in the right side of Fig. 8.2, when purchased items are received and
accepted, an account payable process is initiated. And in the left side of Fig. 8.2,
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finished products are shipped to customers, and an account receivable process
follows. This completes the entire OTD process. The process is conventional
“push” style since it has the following features:

1. Work orders are the focus of plan and control. Work orders and the materials
flow are pushed forwardly from front work stations to the back.

2. The direction of production control is pushed from higher-level to lower-level
items. That is, the production of lower-level items is triggered by the completion
of the associated higher-level items.

SFT (Shop Floor Tracking) (Data Systems Consulting Inc 2006a) is an example
of ERP module that facilitates the shop floor process above. SFT monitors the
progress of each lot in a plant and links their operations seamlessly. For instance,
when the work in process checks out a work station, the system will notify the next
work station so that the work in process can be published in the check-in list when it
arrives. In addition, when a higher-level item finishes production, SFT will auto-
matically check if there is an associated lower-level work order to be released, so
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that a production manager can be reminded to release the order at the earliest
moment. SFT makes shop floor information transparent to both the managers and
the workers, and has been considered indispensable to effective shop floor control.

Lean Production

Lean production (Womack and Jones 1996) evolves from Toyota Production
System (TPS), which is an efficient production philosophy. TPS is usually
described as a house, as shown in Fig. 8.3 (Liker 2003). The house foundation
represents the needs for standardized, leveled production processes, and visual
management. The roof represents the system goals: best quality, lowest cost, in-
time delivery, best safety, and high morale. The goals are accomplished by
eliminating waste in all aspects. Just-in-Time and Jidoka are the two major
practices of the system. JIT is to produce the right item, at the right quantity, and
at the right time. The ideal production is one-piece flow that makes one unit at a
time at the rate of consumers’ demand, called takt time. Jidoka is automation with
human minds, which will halt production whenever a defect is detected and ask the
workers to resolve the problem immediately, before it resumes production. People
are in the center of the system, which emphasizes consensus decision making,
common goals, and crossed training.
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The philosophy above evolves into lean production. One of the most important
characteristics of lean production is the pull mechanism that drives the production
by demands. A production is initiated only when there is an actual demand, so that
inventory can be kept at the lowest possible level. The concept comes from
supermarkets: customers withdraw goods from shelves, and empty shelves are
then replenished. There are a number of “stores” in lean production to hold products
or semi-products. When the products in stores are withdrawn to fulfill customer
orders, the production is triggered to replenish the products, similar to the super-
market operations. When products or components are consumed, it demands or
“pulls” production. Accordingly, the production control is going backward from the
back work stations to the front work stations.

More than a few researches have studied lean production and found that a lean
production system can achieve the following benefits (Vadim Kotelnikov 2006):

e Waste reduction

¢ Production cost reduction

¢ Manufacturing cycle time decrease

» Labor reduction

» Inventory reduction while enhancing customer service levels

» Capacity increase in current facilities

« Higher quality

« Higher system flexibility in reacting to changes in requirements

¢ More strategic focus

¢ Improved cash flow through increasing shipping and billing frequencies

Lean Shop Floor Tracking

A kanban system was employed in a Toyota production system or a lean production
system to control the shop floor operations. The traditional kanban systems use
physical cards as the pull mechanism. Wan and Chen (2007) pointed out, although
successful in many manufacturing industries, physical kanban suffers from human
errors, limited tracking capability and labor consumption. To make the information
flow more real-time and effective, a number of computerized kanban systems have
been developed (Wan and Chen 2007; Thong-Inn Shieh et al. 2009; Cutler 2005).
This paper presents a shop floor tracking system for lean production with the same
intent in mind. The system is named Lean SFT and is a web application, similar to
push-style counterpart in a conventional ERP. Lean SFT is not only an electronic
kanban system, but can also be integrated with ERP, giving ERP the benefits of pull
mechanism. What follows is the workflow and functions of Lean SFT.

Figure 8.4 presents the OTD process of lean production, and is the counterpart of
push production. The shadowed area in Fig. 8.4 is the production process, in which
the upper part deals with the planning while the lower part executes and tracks the
production. We will introduce Lean SFT along with the OTD process as follows.
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Orders’ leveling in the top of the shadowed area is to split customer orders to
delivery kanban, so that the delivery can be distributed over a period of time,
making production balance in terms of products diversity and quantity. The deliv-
ery kanban is then assigned a delivery date. Figure 8.5 is the assignment interface.
The upper part of the interface lists the unassigned kanban, and the lower part
resembles a physical leveling box or a Heijunka. The production manager drags a
kanban to its delivery date. A window opens to select the exact delivery segment.
Each leveling box summarizes and displays the accumulated quantity so that the
manager will not over-assign. It can be noted that the control starts from output
planning rather than release planning in a lean production.

The shop floor activities are triggered by shipping, as shown in the bottom of
Fig. 8.4. Figure 8.5 demonstrates the shipping interface, where the upper grid
automatically lists the kanban to be shipped in a day. In addition, the system checks
the kanban status and uses colors to distinguish the status: a green sign indicates that
the kanban has been shipped, a blue sign indicates the kanban is ready to go, while a
red sign warns that the kanban is still short in quantity. The lower part of the
interface displays the detailed kanban information. The operator clicks on the
shipping button to deliver the selected kanban. Meanwhile, the system does a
couple of responses in the background: a shipping voucher is generated and the
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Fig. 8.5 Assigning delivery date to delivery kanban

shipping number is returned to the window. In addition, an engineering kanban is
generated to signal the replenishment. The engineering kanban is held in a batching
box to accumulate the size until a specified level is reached. In a conventional TPS
shop floor, all the kanbans and boxes are physical and have to be manually
monitored. Although visual management is a key practice to lean production,
manual monitor is in fact a kind of waste. Lean SFT has turned all the physical
kanban and boxes to electronica and monitored their status automatically.
A manager will be informed of any abnormality once it is detected, thus accomplishing
a more transparent shop floor and more effective “visual” management (Fig. 8.6).

When an engineering kanban has accumulated to a specified level, a production
kanban is generated. Before the production kanban is released, the system looks for
the raw materials or components required by the production and issues their
withdrawal kanban. The withdrawal kanban will then be published in a move-out
interface, as shown in Fig. 8.7, notifying the transporters to move the materials
either from a store or a warehouse. The system also checks and displays the status of
the withdrawal kanban: a green sign indicates the kanban has been moved out, a
blue sign indicates there is sufficient material ready for transportation, while a red
sign indicates the material is short and the kanban cannot be moved. In the case
when a raw material or component is insufficient, the supplier or outsourcer will be
notified immediately. In the conventional TPS system, a supplier or outsourcer gets
the new replenishment instruction only at the time when they deliver a previous
replenishment. The lead time can thus be reduced by the system.

Shop floor transporters move the withdrawal kanban according to the directions
in the interface, without going around the floor to check the needs for movement.
When a withdrawal kanban is moved out, an engineering kanban is generated again
to pull the replenishment of the consumed components or material. As stated
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Fig. 8.7 Withdrawal kanban move out interface

earlier, the engineering kanban will be put in a batching box. In addition, a notice
will be published in a move-in interface so that the materials can be checked in
when it is transported to the destination work station.

When a withdrawal kanban is transported to a work station, the transporter
checks in the kanban in a move-in interface, notifying the system that the kanban
has arrived. The system then checks whether all the materials or components are
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Fig. 8.8 Production kanban check out

ready for the associated production kanban. If ready, the system will automatically
release the production kanban to notify the work station of the first operation.
Workers choose the kanban listed in the check-in interface to start the operation,
notifying the system to record the start time. A checked-in kanban will be
forwarded to the check-out interface, waiting for the operation to be completed.

When a kanban finishes its operation, a worker checks out the kanban in the
interface as shown in Fig. 8.8. Its upper grid displays all the kanbans that are about
to be completed, a worker clicks on the kanban and its route card is displayed in the
bottom of the interface. The system will compute and record the machine time used
by this kanban. If the kanban has operations to continue, it will be published in the
check-in list of the next work station. A transfer voucher is generated by the system
and the voucher number is returned to the window. When a kanban completes all
the operation, it will be put in a store of the work station and a stock-in voucher will
be generated. All the ERP vouchers are generated by the system without manual
paper work. When a kanban checks out a work station, additional user-defined
production parameters or inspection results can be entered in the interface.

After a kanban is moved to a store, the system updates the store statistics.
A manager can browse the items in a store at any time and at any place where the
Internet is connected. Figure 8.9 is the store browsing interface. A manger can
select an item and investigate its quantity with respect to each lot. Meanwhile, a
manager can also browse the batching boxes to investigate the accumulation of
engineering kanban.

As shown in the right side of Fig. 8.4, when purchased or outsourced items
are received and accepted, an account payable process is initiated. And in the left
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Fig. 8.9 Store browsing interface

side of Fig. 8.4, when finished products are shipped to customers, an account
receivable process will follow. This completes the entire OTD process for the
lean production.

Discussion and Conclusion

In this section, lean production and push production are compared in the following
four aspects:

1.

Lead time: lean production is driven by demand and can respond to customer
demands faster than push production. Usually, products can be assembled and
delivered right after an order is received in a lean system, whereas it takes a
longer lead time for a push system if there are not enough inventories.

. Equipment utilization: the production is usually in large batches in a push system

to achieve higher equipment utilization. In fact, utilization is a key performance
index for most push systems. On the contrary, a lean system pursues JIT
delivery. Unnecessary production is considered to be a waste and utilization
may not be a major concern.

. Inventory level: the production is pulled by actual demand in a lean system, so

that the inventory can be controlled at a lower level. Utilization is pursued by a
push system, hence resulting in early productions and higher inventories.

. Computerization: most push systems have heavily relied on computer systems,

which make the shop floor more transparent. For the same reason, push systems
are vulnerable to computer problems. In contrast, the lean systems rely on
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kanban operations and are less susceptible to computer problems. As a tradeoff,
the shop floor information in a lean system is not as real-time as that in a push
system. Lean SFT as proposed in this paper has resolved this dilemma so that a
lean system can now enjoy both the kanban convenience and transparent shop
floor information.

The comparisons above are not meant to claim which system is superior as they
have different philosophical bases and different applicable conditions. For instance,
in the case where the market demand is strong for a product, it would be advisable
to adopt push production to rush out the products to market. On the other hand,
when a market suffers from a weak demand, one may be inclined to adopt a lean
production to control the inventory level.

The lean SFT presented in this paper is expected to improve the effectiveness
and intelligence of a lean system to the same level as its counterpart in a push
system. Moreover, the lean SFT can be integrated with conventional ERP, thus not
only giving lean production the best benefits of ERP, but also making ERP more
flexible in shop floor control.
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Chapter 9

Application of TOPSIS for the Optimal
Welding Parameters Design of Aerospace
Aluminum Alloy Thick Plate

Jhy-Ping Jhang and Hung-shu Wu

Abstract This research proposes an economic and effective experimental design
method for multiple quality characteristics to deal with the parameter design
problems that have many continuous parameters and levels. We use Taguchi
experimental method, TOPSIS (Technique for Order Preference by Similarity to
Ideal Solution), and Cross analysis to find the optimal parameters combination for
the weldment of thick aerospace aluminum alloy plates. The primitive results show
the potential improvement over previous experimental methods. Because the model
can learn the relationship between the welding parameters and the quality responses
of different materials to facilitate the future applications in the decision-making of
parameter settings for automatic welding equipment, it can also be presented to the
relevant welding industries as a reference to improve the product quality and
welding efficiency.

Keywords TIG « TOPSIS ¢ Aerospace aluminum alloy « Weldment ¢ Taguchi
method

Introduction

The welding of different metal materials has superior mechanical characteristics,
but the welding parameter setting of the TIG (Tungsten Inert Gas) is difficult, due to
some hard and crisp inter-metallic compounds created within the weld line. Nor-
mally, the setting for optimal welding parameters does not have a formula to
follow; it usually depends on experts’ knowledge and experiences. Once exceeding
the rule of thumb, it becomes impossible to set up feasibly optimal parameters, and
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the past researches mostly focused on thin alloy plate. This research proposes an
economic and effective experimental design method of multiple characteristics to
deal with the parameter design problem with many continuous parameters and
levels for the aerospace aluminum alloy thick plate.

It is difficult to solve the optimization problem of multiple parameters by
analytical methods, and the search algorithm could easily fall into local optimal
but not global optimal. In order to efficiently solve optimal parameters problems,
many techniques were developed in the past years. Some of the approaches and
applications are briefly described in the following paragraph.

Jhang and Chan (2001) applied Taguchi Method with orthogonal table of L18
and quality characteristic of smaller-the-better to improve the process yield rate for
air cleaners in Toyota Corona.

Tong and Wang (2000) proposes an algorithm of Grey relational analysis and
TOPSIS for multiple quality characteristics.

Tong and Su (1997a, b) proposes multi-response robust design by principal
component analysis and by Fuzzy multiple attribute decision making.

Su et al. (2000) use soft computing techniques to overcome the limitations of
practical applications for Taguchi method. The methods used the ANN (Artificial
Neural Network), SA (Simulated Anneal) and GA (Genetic Algorithm), to compare
and find the global optimal solution for multiple quality characteristics.

Juang and Tarng (2002) find that welding current and welding torch drift speed
are two most important factors for the quality of welding.

Chan et al. (2006) propose a new method for the propagation system evaluation
in wireless network by neural networks and genetic algorithm.

Chang (2006) The proposed approach employs a BPN (Back Propagation Neu-
ral) network to construct the response model of the dynamic multi-response system
by training the experimental data. The response model is then used to predict all
possible multi-responses of the system by presenting full parameter combinations.

Chi and Hsu (2001) propose a Fuzzy Taguchi experimental method for problems
with multi-attribute quality characteristics and its application on plasma arc welding.

Lin and Lin (2002) propose the use of the orthogonal array with grey relational
analysis to optimize the electrical discharge machining process with multiple
performance characteristics.

And we uses Taguchi experimental method, TOPSIS and Cross analysis to find
the global optimal parameters combination for the aerospace aluminum alloy thick
plate welding.

Methodologies

Structure

Two types of quality characteristics data were collected from welding Taguchi
experiments. There are non-destructive quality characteristics such as weld width,
thickness, the ratio of melting into the deep, and the destructive quality
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characteristics such as tensility, shock. We calculate S/N ratios, response graph,
response table, the optimal combination of factor levels, ANOVA, contribution
rate for multiple quality characteristics, which are compiled into a cross table to find
the integrated optimal combinations. Then we use TOPSIS method to integrate all
the S/N ratios of multiple quality characteristics into Ci and to find other integrated
optimal combinations. Finally, the global optimal solution is obtained by the
confirmation experiment of different optimal solutions with respect to different
methods.

TOPSIS

Hwang and Yoon (1981) have developed multiple criteria evaluation method called
TOPSIS, taking into account the basic concept that are the distances from each
program to the ideal solution and negative ideal solution, so the selected program is
near ideal solution and far from the negative ideal solution. The analysis steps are as
follows:

Step 1. Create the performance matrix with respect to the evaluation criterion.
Step 2. The performance values are standardized. As follows:

X ij

rj = ——2— 9.1)

where X;; is i program under j evaluation criteria.
Step 3. The performance matrix is multiplied by the weight of each criterion.
Step 4. To calculate the distance of ideal solution (Si*) and the distance of the
negative ideal solution (S;").

St = (v,-, _ v;) 9.2)

S; = (v,-,- - v;) (9.3)

where, v = max il vi = min [vijl.

Step 5. Arrange the priorities of the programs.

S

Cf :71 9.4
SE+S8;7 G4
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where C; is between O and 1, the priority of the ith program is higher when C; is
closer to 1.

Experimental Planning

Experimental Allocation

In this study, the welding material is the aerospace aluminum alloy (7075) thick
plate (8 mm), size is 80 mm x 60 mm X 8 mm, the welding diagram is similar to
Fig. 9.1, five sets of control factors are considered; each control factor has three
levels. Please refer to Table 9.1 for the experimental factor and its level. The noise
factor is three different welding operators. This research adopts the orthogonal
Table of L.

There are five quality characteristics as follows.

1. Welding thickness and width
In the welding track of aluminum alloy plates, from left to right, we measure the
welding thickness and width for the five points of 20, 25, 30, 35, and 40 mm.
2. The ratio of melting into the deep
The ratio is welding length in the front side over the reverse side.
3. Tensile strength and shock value
Tensile test specimens conform CNS 2112G2014, and in accordance with the
specimen 13B. Shock test is the specimen compliance CNS 3033G2022, and in
accordance with V-concave regulations.

The formula of energy shock is
E = Wh; — Wh; = W xR % (COSB — COSa) 9.5)

Where, Wh;: initial weight height
Wh,: weight height after shocking
o initial angle, 143°

B: shocking angle

W: weight, 26.63 kgf

R: radius, 0.635 m

Analysis of Individual Quality Characteristic

The quality characteristics of welding thickness, tensile strength and shock value
are all considered as larger-the-better, but the quality characteristics of welding
width and the ratio of melting into the deep are considered as nominal-the-best.
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Fig. 9.1 The welding graph (from Wikimedia Commons)

Table 9.1 Experimental factors and levels

Control factor 1 11 I Unit
A. Electric current 170 180 190 A
B. Moving speed 15 16 17 cm/min
C. Welding gap 1.5 1.7 1.9 mm
D. Striking tungsten length 5 8 11 mm
E. Gas flow rate 11.5 13.5 15 1/min
Noise factor 3 different welding operators A, B, C
. Sm - Ve
nominal-the-best S/N = 10 x log|——— (9.6)
nxV,
11
larger-the-better S/N = —10 x log |- 2—2 9.7
=i
2
Vi
where, S,, = (Z:n ) ,

Ve:nil(zyfz_s'”)'

Analysis of Multiple Quality Characteristics

We compute the S/N ratios, the optimal combination of factor levels, ANOVA,
contribution rate of multiple quality characteristics respectively, which are com-
piled into a Cross Table to find the optimal combinations.
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We also use S/N ratios of multiple quality characteristics to transform into the Ci
value of TOPSIS, then we use response table of the Ci value to find the total optimal
combinations.

Results Analysis

Cross Analysis

We calculate the S/N ratios, combination of factor levels, ANOVA, contribution
rate of multiple quality characteristics, which are all compiled into a Cross Table to
find the optimal combinations, as shown in Table 9.2.

The Optimal Combinations of TOPSIS

We use TOPSIS method to integrate all S/N ratios of multiple quality characteristics
into Ci and to find the optimal combination as shown in Table 9.3.

Table 9.2 Cross table Factor A B C D E
Welding thickness (10%)
Optimal combination A3 B1 Cl1 D1 E3
Significant of S/N * * *
Contribution rate (%) 18% 2% 4% 43% 12%
Welding width (10%)
Optimal combination A2 B2 C3 D1 E2
S/N significant * * * *
Contribution rate (%) 0% 3% 5% 26% 0%
The ratio of melting into the deep (25%)
Optimal combination A2 B2 Cl1 D3 E2
S/N significant * *
Contribution rate (%) 15% 2% 3% 37% 10%
Shock value (15%)
Optimal combination A3 Bl C3 D2 E3
S/N significant * * * *
Contribution rate (%) 4% 4% 4% 4% 4%
Tensile strength (40%)
Optimal combination A2 B2 C3 D2 E3
S/N significant * * *
Contribution rate (%) 6% 0% 23% 15% 6%

Optimal parameters levels A2 B2 C3 D2 E3
* means that it is important
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Table 9.3 Response table of Ci

Factor A B C D E Average
Ci (TOPSIS) Levell 0.45 0.47 0.46 0.34 0.45 0.43

Level2 0.56 0.55 0.43 0.57 0.53 0.53

Level3 0.49 0.48 0.61 0.58 0.54 0.54

Comparison 0.10 0.08 0.18 0.24 0.14 0.14

Best level A2 B2 C3 D3 E2

Rank 3 4 2 1 5

Significant * *

* means that it is important

Table 9.4 The comparison Ci of confirmation experiment

Optimal combinations Cross table A2B2C3D2E3 TOPSIS A2B2C3D3E2
Ci value 0.77 0.90

Confirmation Experiment

The 95% Confidence interval of Ci for the confirmation experiment is [0.44, 1.07].

Results and Discussions

From Table 9.4, the Ci of TOPSIS is larger than Ci of Cross Table, and it falls into
the 95% confidence interval of Ci for the confirmation experiment. So the optimal
combination A2B2C3D3E2 of TOPSIS is the overall best welding parameters of
aerospace aluminum alloy thick plate.

We also find that the significant factors are welding gap and striking Tungsten
length.

Conclusion

The conclusions are summarized in the following:

1. The TOPSIS method used in this case is better than others. So the optimal
combination A2B2C3D3E2 of TOPSIS is the optimal welding parameters
design of aerospace aluminum alloy thick plate.

2. The significant factors are welding gap and striking Tungsten length in this case.
That is confirmed with literatures.

3. In the future, we can consider to use the ANN, GA and SA to find the optimal
solution for multiple quality characteristics. We can also consider other welding
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techniques, such as CO, welding, GMAW (Gas Tungsten Arc Welding) and
LAFSW.

4. The model can learn the relationship between the welding parameters and the
quality responses of different materials to facilitate the future applications in the
decision-making of parameter settings for automatic welding equipment.

References

Chan HL, Liang SK, Lien CT (2006) A new method for the propagation system evaluation in
wireless network by neural networks and genetic algorithm. Int J Inf Syst Logist Manag
2(1):27-34

Chang HH (2006) Dynamic multi-response experiments by backpropagation networks and desir-
ability functions. J Chin Inst Ind Eng 23(4):280-288

Chi SC, Hsu LC (2001) A fuzzy Taguchi experimental method for problems with multi-attribute
quality characteristics and its application on plasma arc welding. J Chin Inst Ind Eng 18
(4):97-110

Hwang GL, Yoon K (1981) Multiple attributes decision making methods and applications.
Springer, New York

Jhang JP, Chan HL (2001) Application of the Taguchi method to improve the process yield rate for
air cleaners in Toyota Corona vehicles. Int J Reliab Qual Saf Eng 89(3):219-231

Juang SC, Tarng YS (2002) Process parameter selection for optimizing the weld pool geometry in
the tungsten inert gas welding of stainless steel. J Mater Process Tech 122:33-37

Lin JL, Lin CL (2002) The use of the orthogonal array with grey relational analysis to optimize the
electrical discharge machining process with multiple performance characteristics. Int ] Mach
Tools Manuf 42(2):237-244

Su CT, Chiu CC, Chang HH (2000) Optimal parameter design via neural network and genetic
algorithm. Int J Ind Eng 7(3):224-231

Tong LI, Su CT (1997a) Optimizing multi-response problems in the Taguchi method by fuzzy
multiple attribute decision making. Qual Reliab Eng Int 13:25-34

Tong LI, Su CT (1997b) Multi-response robust design by principal component analysis. Total
Qual Manag 8(6):409—-416

Tong LI, Wang CH (2000) Optimizing multi-response problems in a dynamic system by grey
relational analysis. J Chin Inst Ind Eng 17(2):147-156



Chapter 10
The Local Search and Experiments of Job-Shop
Scheduling Problem

Ning Zhao and Si-yu Chen

Abstract The Job-shop Scheduling Problem is a typical scheduling problem, which
is regarded as NP-hard because of its complexity. Improvement based on traditional
local search methods is realized with the combination of neighborhood and critical
path. Firstly, feasible solution is achieved by heuristic approaches or just randomiza-
tion. Secondly, makespan optimized solution is achieved by improved local search.
Finally, the improved local search method is proved effectively by experiments,
moreover the searching process is visible and suits man—machine interaction.

Keywords Local search ¢ Job-shop scheduling problem ¢ Man—machine interac-
tion « Critical path

Introduction

JSP stands for the Job-shop Scheduling Problem. It means to combine time with
jobs closely in order to meet the requirements of the productions’ progress. The
result of scheduling directly influences the completion time of products, the
arrangement of workers and the utilization rate of machines. In the context of
diversified market demand, in order to meet the production modes of multispecies,
singleton and small-lot, Flexible Manufacturing and Agile Manufacturing emerged.
The production line is more complicated, but the delivery time is shortened. In
order to resolve these conflicts, researchers from different fields start to focus on the
efficient and accurate JSP.

The deterministic job-shop scheduling problem can be briefly described as follows:
given a finite set of jobs, each is a finite sequence of operations subjected to precedence
constraints, each operation needs to be processed exclusively on a machine from a

N. Zhao (B<)) « S.-y. Chen

School of Mechanical Engineering, University of Science and Technology Beijing,
Beijing 100083, China

e-mail: zhning@sina.com

R. Dou (ed.), Proceedings of 2012 3rd International Asia Conference on Industrial 89
Engineering and Management Innovation(IEMI12012),
DOI 10.1007/978-3-642-33012-4_10, © Springer-Verlag Berlin Heidelberg 2013


mailto:zhning@sina.com

90 N. Zhao and S.-y. Chen

finite set of machines for a prescribed time interval, the goal is to find a schedule which
can complete all operations in the shortest time (Murovec and Suhel 2004).

As the augment of the number of jobs and machines, the number of solutions can
increase exponentially. Researchers regard this kind of problems as NP-hard (non-
deterministic polynomial) (Jain and Meeran 1999).

The history of JSP’s study can date back to half a century ago. It is the result of
development. Its valuable and challengeable arouse a lot of researchers’ interests to
study. The methods to solve JSP have experienced the process of simple to
complex, single to multiple and theoretical to practical, and have yielded many
excellent results. These algorithms can be divided into two categories: Optimiza-
tion Algorithms and Approximation Algorithms (Shao-li Dai et al. 1999).

Optimization Algorithms can assure an optimal result. It includes methods of
operations research (such as branch-and-bound algorithm, linear programming,
dynamic programming and nonlinear programming) and enumeration. The methods
of operations research use equalities and inequalities to express the problem, and solve
the objective function under the constraints. Enumeration, however, tries to list all
possible solutions, and then find the feasible ones and the optimal one among them.

Approximation Algorithms play an important role recently to solve JSP. They
are classified to three groups in this paper, Constructive Method, Artificial Intelli-
gence and Local Search.

Constructive Method can obtain a feasible solution quickly, but the solution is
always in bad condition. A common one is the Priority Distribution Rule, it is to
construct a rule set, and the operation which meets the rules can be written on the
schedule first, by such analogy, other operations can be on the schedule at last.
Artificial Intelligence is to use the artificial theories and techniques to guide
searches and provide effective searching program to find better solutions. Ant
System (Xiao-rong Wang 2003) and Neural Network are representatives.

The method of Local Search means to start from several initial solutions, and
realize optimization by searching neighborhood and replacing current solutions.
At first, the search is only limited to the local. It is easily realized, but the searching
results largely depend on the neighborhood functions and initial solutions (Ling
Wang 2003). In recent years, in order to get better global optimized results, the
improved Genetic Algorithm, Taboo Search and Simulated Annealing improve it
from different perspectives with different searching mechanisms and strategies.
Moreover, a new trend of solving JSP recently is to combine different kinds of local
search methods into mixed heuristic algorithms, and has achieved some results.

Although different kinds of algorithms are put forward, and among them we can
find effective ones, till now, none of the algorithms can completely solve JSP. The
drawbacks of the algorithms mentioned above are listed as follows:

1. Optimization Algorithms
Optimization algorithms can obtain the optimal solutions, but the cost is
searching all solutions that is possible to be optimal. So it is time wasting for
large-size problems and is well known for its low efficiency.
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2. Approximation Algorithms
Approximation algorithms can overcome the drawbacks of Optimization
algorithms and good at solving large-scale optimization problems. But they
also have some shortages.

(1) Priority Distribution Rules: it can build a feasible solution quickly, but the
solution is always bad.

(2) Ant system: the amount of computation is large, and the ability of describing
complex issues is weak.

(3) Neural Network: can only solve small-scale scheduling problem, the calcu-
lated complexity is large and it can’t promise the best solution.

(4) Taboo Search, Simulated Annealing and Genetic Algorithm: they can
achieve better results, but the quality of the results depends on the selection
of parameters, and they are always time-consuming. And they can’t promise
the best solution.

Furthermore, all the algorithms mentioned are highly mechanized. Once they
start to calculate on the computer, one cannot participate in it. In practical, the
experience of human-being is very important for scheduling. In order to solve
dynamic real-time scheduling problem and give full play to human-being in
scheduling, we must develop an interactive scheduling system (Qing Zhang
2004). Among all the algorithms mentioned above, local search is the best one
which suits to man—machine interaction, but need to be improved.

Improved Local Search by Critical Path

Definition 1: Critical Path, it means the uninterrupted processing path running
through the period from the starting time of the first operation to the finishing time
of the last operation.

On critical path, every operation’s completion time and the next operation’s start
time are closely linked. In order to explain the definition vividly, we cite the graph
raised by (Nowicki and Smutnicki 1996) here (Fig. 10.1):

The graph above is typical JSP’s Gantt Graph. The critical path in the graph is:
1.1-4.2-5.2-2.2-2.3-1.2-3.1-4.3-5.3-5.4-6.4-1.3-3.3-3.4-2.4-1.4-4 4.

The operations on the critical path are Critical Operations. As the length of
critical path determines makespan, we must shorten critical path’s length so that we
can get the shortest makespan.

Definition 2: Critical Block, it means that on the critical path, every machine has
one or more adjacent operations, the adjacent operations which belong to the same
machine are called a critical block.

For example, in the graph above, for M2, 1.1-2.2 is a block, and on M1, 2.3-5.3
is a critical block.
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Fig. 10.1 Neighborhood of Nowicki and Smutnicki

It is also to be noted that every scheduling result may have more than one critical
path.

The meaning of Local Search is the procedure of starting from the current
results, utilizing the neighborhood functions (specific changing pattern), searching
the neighborhood of current results and replacing them. In this paper, the local or
the neighborhood means two adjacent operations on the same machine. Studies
show that we can generate a new schedule if we swap the sequence of operations on
the same machine (Jian-shuang Cui and Ke-tie Li 2009). The swap here is also a
neighborhood function. As a result, for JSP problem, local search in neighborhood
function can be replaced as Local Swap. If we make some local swap on current
solutions, we can reach some new feasible solutions. These solutions are neighbors
of current solution.

Of course, not all local swaps can result in feasible solutions or optimal solution.
Some swaps may lead infeasible ones. And as the scale improves, the number of
neighborhoods increases explosively. How to deduce compute capacity and avoid
some infeasible local search is the point of studying.

Experiments

We major in Single-step Optimization in this paper. The Single-step Optimization
means that we can only change one operation’s place each time. If we have some
initial solutions, one or more Single-step Optimization may obtain the optimal
solution.

We conduct these experiments on IESS (Industrial Engineering Scheduling
System) which is self-developed for experimenting. The system is visible and
interactive. Our experiments are to make some manual adjustments on different
initial solutions and observe the effectiveness and drawbacks of local swap.
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Table 10.1 FT06

Final optimal Steps from initial solution Global optimal
Initial solution solution to local optimal solution solution
89 79 2 55
71 62 4 55
86 65 5 55
83 69 4 55
79 73 1 55
Table 10.2 FT10
Final optimal Steps from initial solution Global optimal
Initial solution solution to local optimal solution solution
1,420 1,300 9 930
1,369 1,369 0 930
1,387 1,273 9 930
1,326 1,166 12 930
1,291 1,282 2 930

In order to make the experiments more persuasive, we set some swapping rules
here:

1. Distinguish critical paths and critical blocks
We find the critical paths and critical blocks from the back to the forward in
current solution. If there is more than one critical path, we should choose the one
of job predecessor.

2. Operation swapping
Every critical block and critical operation of initial solution is studied first. In
principle, we should try every two operations of initial solution that can be local
swapped and calculate makespan, the best one is kept as local optimal solution.
The local optimal solution is set to be initial solution and new local optimal
solution can be reached by the same way. If new local optimal solution is equal
to initial solution, the local optimal solution is kept as the final optimal solution.

During the search procedure, man can easily involved in searching by interaction,
but the question is whether the final optimal solution is good enough to practical use.

In the experiment, we test on two classical test samples: FT06 and FT10. We
obtain the initial solutions by randomization, and conduct five experiments on every
sample. The results are as follows:

The final optimal solution means that when using the swap rules above in the
current solution, every swap on the critical path will make the current makespan
worse. We can see from the results that if create an initial solution randomly, one
can easily jump into the final optimal solution no matter the problem is FT06 or the
more complex FT'10, and can’t move towards the global optimal result.

As the experiments are based on randomly generated results, in order to prove how
initial results influence the final schedule, we add a rule of making initial result:
“operation which its job has the most remnant operations” + “random”, which means
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Table 10.3 FT06

Local optimal Steps from initial solution Global optimal
Initial solution solution to local optimal solution solution
66 59 4 55
62 59 1 55
Table 10.4 FT10
Local optimal Steps from initial solution Global optimal
Initial solution solution to local optimal solution solution
1,221 1,119 13 930
1,219 1,162 5 930

that the system will choose the operation meet the first condition, if there are more
than one operation can be chosen, then choose one randomly. It can be proved that
this method of constructing solutions can generate better solutions to the FT samples,
because they have the same amount of operations, and every job’s total processing
time is more or less the same.

We can see that the initial solutions are better than the randomly generated ones,
and the improvements on the initial solutions can influence the local optimal solutions
on a large scale.

If the conclusion above is true, then we can believe that, every JSP must have a
rule set to construct a good initial result, and on the basis of the result we can jump to
the optimal solution with single-step optimization. But the rule set is very difficult to
build. For example, to FT06, we can find a rule set: “the operation which has the
longest surplus time” + “operation which its job has the most remnant operations” +
“random”, these rules’ priority decrease progressively. The initial result is 58, and we
can get the global optimal solution 55 only by two single-step optimizations. But if
we add the rule set onto FT10, the initial result is 1,191, which is better than all the
experiment results above, and we can get the local optimal solution 1,090 by ten
steps, but there is still a certain distance to the global optimal solution 930.

Conclusion

We can prove from the experiments that on IESS, based on the initial solutions
which are obtained by several rules, we can get the global or local optimal solution
with the help of Single-step Optimization. But this method is not developed well
enough. We still need intensive study in these aspects:

1. With what rule set can we construct better initial solutions, and jump to the
optimal solution by less steps.

2. Put forward a set of complete swapping rules so that humans’ affection can be
reduced.

3. Realize automatic Single-step Optimization on IESS.
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Chapter 11

Order Acceptance and Capacity Balance

for Steel Plant Based on Production Capacity
Network Flow

Zhi-min Lv and Jian-zhong Du

Abstract There is a collaborative problem between the production department and
marketing department of steel enterprise because of the diversity of varieties and
the complexity of production process. For this kind of issues in the condition of
multi products and multi processes, this paper proposes a production capacity
network flow (PCNF) model that can quickly extract the information of problem
and simplify the process of mathematical modeling. To solve the problem of order
acceptance and capacity balance in steel enterprises, we abstract the capacity of
supply and demand in the steel manufacturing process into a PCNF model, and
develop a mathematical model. The model is solved by a heuristic algorithm, and
the objective of solution is based on degree of satisfaction in practical production,
rather than seeking the optimal solution of the problem. Instances of the application
show that the accuracy and efficiency of the algorithm can meet the practical
demand.

Keywords Order acceptance ¢ Capacity balance ¢ Production capacity network
flow model « MTO « MTS

Introduction

As the steel market has changed from sellers’ to buyers’, order-driven production
mode becomes the mainstream. But in steel plant, it is difficult to reverse the
product demand to capacity demand because of the long and complex process, so
it is necessary to find an effective method to complete this transform. In addition,
there are both MTO and MTS mode in steel enterprises. The flexibility of MTS
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brings another problem of how to choose varieties. Therefore, finding an effective
method to solve that problem and achieve the balance of production capacity will be
difficult and urgent. Due to the process is not unique, combining different products
or adjusting the process might be a possible method to achieve that goal. Hence, this
paper is from a new point to solve those problems.

In the past years, most researchers assumed that the production process was fixed
and the order attribute is simple when they balanced the problem of order acceptance
and production capacity. Slotnick (2011) had reviewed the past research on order
acceptance problem. Kalantari et al. (2011) presented a novel decision support
system for order acceptance/rejection in a hybrid MTS/MTO production environ-
ment, which considered the constraint of production capacity. Cao Junjie and Shi
Hongbo (2010) developed a practical model of order planning with resource con-
straints based on compressor enterprise, and adopted improved genetic algorithm to
search for the decision situation. With the multi nodes production environment, Xiao
Yiyong et al. (2008) introduced an order acceptance model, which solved by
simulated annealing algorithm that optimized both selection and sorting for orders.
For multi processes issue, Lao Ben-xin and Li Xiao-hua (2010) discussed how to
calculate the capacity requirement when there are optional processes.

Nowadays, many researches focus on the coordinated approach to production
and sales for manufacturing enterprise. But for steel industry features multi
varieties and multi processes, related research is rare on the knowledge of authors.
In some researches, order planning is decomposed into mid-term and short-term
production planning, and an integrated steel enterprise mid-term planning model is
presented (Song Xiaoqing et al. 2011; Lv Zhimin et al. 2011). On the basis of mid-
term planning, the demand of capacity is allocated for every process and then
coming into a short-term planning which could guide production scheduling
(Lv Zhimin and Song Xiaoqing 2011). This model is closer to actual production
process of iron and steel enterprise, which can be a guide for system design.

In this paper, according to the characteristics of the steel production process, the
production capacity network flow model is proposed. It is abbreviated by PCNF.
PCNF shows the relation between production capacity demand and supply. It can
help to develop the mathematical model and solution method. Instead of complex
mathematical method, a practical logic process is proposed to calculate and evaluate
capacity quickly.

Problem Description and Mathematical Modeling

Problem Description

The process of steel production can be divided into several stages, including iron-
making, steelmaking, refining, continuous casting, hot rolling and cold rolling and so
on. Every stage as well is also divided into a number of processes, which contains
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Fig. 11.2 Diagram of production capacity network flow

multiple units. Capacity utilization influences each other during the processes, which
forms a complex network structure as shown in Fig. 11.1.

We extracted a part of network flow from production process, which is shown in
Fig. 11.2. This is a production capacity network flow (PCNF) model that can extract
the information of problem and simplify the process of mathematical modeling.
As shown in Fig. 11.2, Node; represents the equipment. Flow; represents the
occupied production capacity by which directed lines point to. Meanwhile the
maximum available flow is represented by MaxFlow;. Products have different
process routes from the initial node to the final node, which are not parallel but
distinguished by their priorities. The higher priority is, the more possible the route
will be selected. The same path for different products may have different priority.
Priority(k,j) represents the priority on route j to product k. {Priority(k,j)} represents
the priorities set of all the products at this route. Penalty factor is available to
represent priority in model calculation.
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The node of production capacity network can not only express a single device in
the production, but also a group of equipment with the same considerable attributes.
The latter is more suitable for representation and calculation of production capacity.

There is a flow restriction in production capacity network flow. For this kind of
network, there are various studies of maximum flow problem. Punnen and Zhang
(2009) classified several well-studied bottleneck problems such as the bottleneck
transportation problem (BTP), bottleneck assignment problem (BAP), bottleneck
path problem (BPP) as bottleneck network flow problem (BNFP). Meanwhile he
put forward a complex algorithm of O(min{m(nlogn)**, m*?\/logn}), which
reduced the time complexity of the algorithm. Melkonian (2007) introduced flows
in dynamic networks with aggregate arc capacities, and gave a linear programming
formulation for the problem which is based on the time-expanded network of the
original dynamic network.

Because the variability of equipment’s working state, the number of network
nodes, flow and network access conditions will change over time, the production
capacity network is a more complex dynamic network model.

In this paper, the production process abstracted into network flow model to unify
capability of manufacturing process including smelting, casting, hot rolling (includ-
ing finishing), cold rolling (including cold rolling finishing) and other major
processes.

Mathematical Model

The establishment of mathematical model is simplified according to the production
capacity network flow model. The mathematical model is abstracted based on the
following assumption: (1) Sales department would provide the market demand
forecasting, or the forecasting of future sales proposal. (2) Sales contracts and its
execution state in the past, current and future period are known. (3) The working
time and effective operating rate of equipment are known. (4) The fundamental data
of process and capacity demand on every device for each variety and specification
is known. (5) The hot metal supply quantity in future period is known. (6) The
quantity constraints of producible products with limit specification are known.
(7) The selling price has been determined. (8) The quantity of the materials with
open order in inventory is known. (9) The expected costs for all related products are
known. (10) The current production process is clear.

¢ Description of symbols
Notations used for the problem formulation:

N: Total number of product;

L: Total number of processes;

M;: Total number of equipment at process “j”;
F .os: The fixed cost of production;

x;: Planned output of product “i”;
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I;: The inventory of product “i” at process “j”;
w;j: Whether product “i” passes process “j” or not;
Ai» Whether product “i” is extreme material or not;

¢: The achieved satisfaction degree to the least extent;
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0;;: The yield rate of product “i” at process “j”;

p;: The price of product “i”;

¢;;: The cost of product or semi-finished product of product
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q;i- The number of WIP of product “i” at process “j”;
D,(ij): The minimum production lot of product “i”
D,,(ij): The maximum allowed quantity of product
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process “j”;
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Orji: The capacity occupied by signed contracts of device “k” at process

[7342]
1

D yrqe:(i): The signed production quantity of product
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obligate;: The necessary quantity of product
Cap;: The capacity per hour of device “k” of product
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in planning period;
D,,(i): The proposal quantity of product “i” in future period;

Qjx: The available capacity during the current planning period of device “k” at

17341}

process “j”, in hours;
Tj: The available time of device “k” at process “j”;
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M : The maintenance time of device “k” at process ““j”;

J

Lj: The capacity occupied by active product of device “k”
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(11.1), (11.2), and (11.3) are objective, which respectively represent sales
revenue, profit and proportion of capacity occupied. Among them, the targets of
sales revenue and profit can be set based on the acceptable degree of practical
application.

Equation (11.4) is mandatory minimum throughout constraint. Equation (11.5) is
process route constraint. Products pass the process while w;; = 1, then the process
output must be greater than 0. Equation (11.6) is minimum production lot constraint.
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Every process has its minimum production lot size. If the product has been planned,
the planning production quantity must be greater than the minimum. Otherwise, the
products would not produce any more. Equation (11.7) is product lot size constraint
with limit specification. The planning output of these materials cannot be greater
than maximum capacity. Equation (11.8) is general output constraints according to
experience. Equation (11.9) expresses that the process capacity before WIP would
not consume anymore while there are WIP inventories. Equation (11.10) is used for
calculating the capacity occupied by contract plan. Equation (11.11) expresses that
the available production capacity of equipment equals to standard capacity minus
the occupation of equipment maintenance, WIP and signed contrasts. Equation
(11.12) is used for calculating available capacity; Eq. (11.13) is occupied ratio of
process capability.

Solution Procedure

The mathematic model shown in section “Problem Description and Mathematical
Modeling” can be solved by intelligent optimization algorithm or other mixed
optimization method. But in our research, we introduced heuristic method to solve
the model. The heuristic method is based on predefined strategies. The procedure
is as follows: (1) assessing supply and demand of capacity by using Eqs. (11.10),
(11.11), (11.12), and (11.13); (2) identifying the bottleneck units or processes;
(3) eliminating the bottleneck units or processes according to predefined strategies;
(4) allocating surplus capacity. In practical applications, we can predefine various
strategies to improve the applicability of algorithm.

To illustrate the solution procedure, a simple process example is shown in
Fig. 11.3. Based on the technical definition, there are eight process units. When
given the product demand, according to the solution procedure, bottleneck processes
are 6, 1, 5 and 8 in order by utilization after assessing supply and demand of capacity.
The bottleneck unit identification result is shown in Fig. 11.4. As shown in Fig. 11.4,
when adjust the process which has the most utilization, the related process units are
adjusted too. Choose the next process to adjust until all of the utilizations are less
than 100%. Then the set of surplus processes are known as CAP = {1,2,3,4,5,7,8}.
Sort all of orders by strategy which have the process as Proc and CAPNProc = Proc
and subject to Egs. (11.7) and (11.8), such as Proc = {1,2,5,7,8}. Allocate the surplus
capacity for them until there is no matched order. The solution procedure flow is
illustrated in Procedure:

Procedure

Step I: Initialize processes for the varieties of orders;

Step 2: Calculate capacity utilization based on the initial process and the past,
present and future sales contracts;

Step 3: Identify the processes whose utilization is greater than 100% as bottle-
neck units;

Step 4: Sort bottleneck units by utilization;
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Fig. 11.3 Example of e
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Step 5: For (units: all bottleneck units)

(1) Sort orders which include units according to strategy;
(2) Drop the first order;

(3) Calculate capacity utilization again;

Fig. 11.4 Solution procedure

IF the utilization of unit <100%
Continue;

ELSE
Back to 2);

End For;

Step 6: Define a set of processes which have surplus capacity as
CAP = {aibj,...};

Step 7: Sort orders dropped according to strategy, defining whose process is Proc
@) = {abec...};
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Step 8: For (order: orders dropped)
IF CAPNProc(i) = Proc(i)

Calculate suitable output;
Update CAP;
IF CAP is empty

Break;
End IF;
End For;

Application

Utilizing the PCNF model and the solving process, we design the product capacity
calculating and planning system for an integrated steel enterprise, which has 1 steel-
making plant, 2 hot-rolling plants and 1 cold-rolling plant. The steel enterprise has
18 main devices in total and its maximum throughout per month is 762,600 t.

To prove the PCNF model and solution procedure are feasible and practical, we
give an example of data of some month, which has a scale of 400 orders among
which 85 orders with higher priority. The total demands are 1,337,300 t. When we
put total demands as the input of the model, the result of calculating capacity
utilization without adjusting is shown in Fig. 11.5. If we balance the production
capacity and production demand based on the predefined strategies, one result of
utilizations after adjusting is shown in Fig. 11.6. Before adjusting, BOF, CC and

2751
250
2251
200+
175
1501
1254
100
751

: Am
0_
AS CAS LF RH CC

BOF

HRI HR2

Fig. 11.5 Utilizations before adjusting
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Fig. 11.6 Utilizations after adjusting

Table 11.1 Running results

Item Value Item Value
Runtime 75s Best utilization 99%
Avg. utilization 63.20% Ist priority orders 85
Orders accepted 262 Orders adjusted 125
Total demands/t 1,337,300 Total output/t 738,100

HR2 are bottleneck process, and HR2 has the highest load rate. After adjusting,
utilizations of all the processes are less than 100%. As BOF, CC, HR1 and HR2 are
working on almost full load, they already can’t increase the output.

This application is run on the computer, which CPU is Intel i5 2.67 GHz, RAM is
6 G Bytes. The other results are shown on Table 11.1. From this table, we know that
the efficiency can completely meet the requirement of practical production. After
adjusting by strategies, the work load rate of main devices, such as BOF, HR1,
HR2, etc. is nearly 100%. And the output has reached 97% of the max throughout.
In addition, all the orders with 1st priority will be produced in planning period.

The bigger the scale of orders is, the longer runtime will be requested. But the
runtime is still within acceptable limit. Its efficiency and effectiveness can abso-
lutely meet the needs of practical application.

Conclusion

It is an important subject that reducing production cost, improving economic benefit
and providing better services for consumers by effectively using current resources.
Order acceptance is the key to ameliorate customer services, maximize plant
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throughputs and reduce inventory levels. The contribution of this paper is that it
gives a solution of the problem of order acceptance and capacity balance for steel
plant. The proposed production capacity network flow model, which is called
PCNEF, is effective and efficient to set up the mathematical model. The actual test
result shows that the model and solution method by using the predefined strategies
is quick enough to calculate and evaluate the capacity, and can improve the
coordination between sales department and manufacturing department.
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Chapter 12
Decision of Planning Input for Make-to-Order
System

Bi-xi Zhang, Jing Song, Sheng-qiang Hu, and Ying-ying Guan

Abstract Decision of planning input for make-to-order system based on learning
rate is researched in the paper, affect of employee learning rate on the qualified rate
in the manual operating system is analyzed and characteristics of the qualified rate’
s random fluctuation under the changing production condition are studied. We
propose that the random fluctuation of qualified rate is determined by different
requirements in specifications, technical difficulties, materials of make-to-order and
the random uncertainty characteristics of the production system itself. Considering
of affects of learning rate and random factors on the qualified rate, a model of
decision-making of planning input is established with the objective to minimize the
total expected expenses composed of the costs about excess output, output gaps and
scrap losses. By simulating with MathCAD, it is proved that there is an optimal
input as customers’ orders are certain.

Keywords Learning rate « Planning input * The qualified rate » Make-to-order

Researches Status Review

In the fierce market competition, it has become very important for enterprises to
win customers’ orders whether enterprises can completely meet customers’ demand
by delivering accurately their orders on time. In the traditional production plan
management people pay more attention to delivery date and product quality, but
there are few researches about how to determinate rational planning input in order
to ensure accurate delivery with low cost and high benefit according to customers’
demand. It is necessary for enterprises to make a reasonable decision of planning
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input according to the features of production systems and the characteristics of
customers’ orders considering of customer requirements and enterprise cost.

In 1936, Wright T. proposed the first learning curve when he studied that the tact
time gradually decreased with the increasing of production number in the plane
production (Wright 1936). Then learning curve is widely used in workers choose,
quality control, plan, cost control and so on (Zhou zhantao and Li li 2006; Tian
yungang 2003; Chen zhixiang 2007). Pan et al. (2008) established two models of
the customer demand for the normal distribution and average distribution with the
objective of the total cost minimization and studied the relation between learning
curve and order batches, insurance inventory, lead time. Anzanello and Fogliatto
(2007) put forward to categorize by product similarity and determine the learning
curve of each group according to the customization features. Jaber and Guiffrida
(2008) researched the production system which can be disrupted when there existed
produced rework, and constructed several new quality learning curve to guide the
production process quality control. There are many researches of learning curve and
their extended field (Liu and Qi 2006), but its application in make-to-order produce
system is not yet discovered. In the research of planning input Zhang bixi and
Songjing (2008) has studied the planning input of make-to-order produce system
and constructed the corresponding decision model (Zhang bixi and Songjing 2008).
Michael A. Lapre based on the organization learning literature, derive a quality
learning curve that links different types of learning in quality improvement projects
to the evolution of the factory’s waste rate (Lapre et al. 2000).

This paper studies the decision of planning input for make-to-order system based
on learning rate and the random fluctuation of the qualified rate.

The Model of Decision of Planning Input Regardless
of Learning Rate

The production cost decided the benefit of enterprises when customers’ orders are
certain. Therefore, the decision-making model of planning input is built with the
objective to minimize the production cost as follows:

Define: D = the demand of customers; F' = unit fee of input setup; C, = unit
rearrangement cost of shortage; C, = unit disposal cost of excess; C, = unit
disposal cost of the unqualified products; P = planning input; 7 = the qualified rate

of products (Assuming it is normally distributed);

(r—p)?
R(r) = ﬁe#, R(r) is the probability density function of r

u = the median of the qualified rate of the product
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Respectively the loss of excess and shortage are calculated as follows:

1. the expected loss of excess:

— 1 P __ o -
W(P) = j% [Co(rP — D) + C.(1 = r)P] R(r)dr (12.1)
st. rP > D
2. the expected loss of shortage:
D
S(P)= [l [Cq(D —rP)+ C.(1 —r)P+F|R(r)dr (12.2)
st.rP <D

3. Object to minimize the total excepted loss, the model of planning input is as
follows:

{Min E(P) =min (W(P)+S(P)) (12.3)

st. P>0, r>0

Case: There is one enterprise which got one order: D = 600 T; C, = 120 yuan/t; C, =
180 yuan/t; C, = 100 yuan/t; F = 2,000 yuan/unit; »r = 0.6 ~ 1; u = 0.8; 0 = 0.2.

Using MathCAD to calculate Egs. (12.1), (12.2), and (12.3), we get the expected
loss curve of excess and shortage in Fig. 12.1 and the total expected loss curve in
Fig. 12.2. At the same time we find the optimal planning input is 780 t and the
minimum expected loss is 12,070 yuan.

The Model of Decision of Planning Input Considering
of Learning Rate

In manual operation system, workers proficiency has a direct impact on the quali-
fied rate of unit product, in other words, the qualified rate will raise if production
repetitions increases. In manual operation system the unit qualified rate is affected
by systemic growth trend and fluctuations caused by random factors of system.
According to learning curve, we suppose the unqualified rate of the product x is:

S xiz_if:, The qualified probability is:

log b

he =1 — §yxioea (12.4)

h, = the qualified probability of the product x; S; = the qualified probability of
the first product; b = Learning coefficient (The smaller the value of b the better the
learning); a = constant; x = Output (production repetitions);
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If »=0.92, a=2.5, §; =0.1, with the output increasing the curve of the
qualified probability is as shown in Fig. 12.3:

Supposed P is the planning input b, a and S; are given we get the equation of O,
regardless of random factors:

P
sz/ (1—Slx%)dx (12.5)
0
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Given P = 10,000 units, from Eq. (12.5) we get the actual output as follows:
10000 log 0.92
0, = / (1 - o.um)dx = 9524 (unit)
0

When the planning input is 10,000 units, the actual average qualified rate is
95.24 %.

We analyze the loss of planning input with the objective of minimize the
expected loss as follows:

1. the expected loss of excess as Eq. (12.6):

{W(P) = (cg(rjg (1 -5 .x%)dx—D) + (C,.(l ) (1 s .x%)dx»le(r)dr
st.rP>D

(12.6)

The definition of all parameters in Eq. (12.6) is the same to Eq. (12.1), the first
part of Eq. (12.6) is the disposal cost of excess and the second part is the disposal

cost of the unqualified products. f(f (1 ) lx%) dx Indicate the influence of

learning rate to the qualified rate, and r is the influence of random factors to the
qualified rate.
2. the expected loss of shortage as Eq. (12.7):

{ S(P) = j <Cq <D - ri‘ (1 -5 ~x|'o°§—'«’)dx) + (G(l —r) i (1 -5 -x%)dx + F>>R(r)dr

st.r-P<D
(12.7)

The definition of all parameters in Eq. (12.7) is the same to Eq. (12.2), the first
part of Eq. (12.7) is the rearrangement cost of shortage and the second part is the
disposal cost of the unqualified products, the third part is the fee of input setup.

3. Object to minimize the total excepted loss, the model of planning input is as
follows:

{ min E(P) = min[W(P) + S(P)] (12.8)

stP>0, r>0

Assuming: C, = 180, C, = 160, C, = 120, D = 10000, E = 3000, ¢ = 0.12,
u=096,06=092,a=3,5 =0.08

Using MathCAD we get Fig. 12.4.

From Fig. 12.4 we find that when the planning input is 11282.5, the minimum
expected loss is 93,070 yuan if we consider the learning rate.
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Fig. 12.4 The total expected
loss curve
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Numerical Cases

An enterprise which professionally produces aluminum section uses the pattern of
make-to-order. Because there are many random factors in its produce system, the
situations of excess or shortage occur all the time. Now one customer ordered the
product j, the demand quantity is 20,000 kg. According to the historical statistics:
the excess will be melt as wastes and the cost of melt is 260 yuan/t; the rearrange-
ment cost of shortage is 230 yuan/t; the disposal cost of the unqualified products is
180 yuan/t; unit fee of input setup is 3,000 yuan/unit. Now we need to determine the
optimal planning input.

Because: C, = 260, C, = 230, C, = 180, D = 20000, F = 3000, ¢ = 0.12, b
=092, a=25, §§=0.1, u=0.96. Using MathCAD from Eq. (12.8) we get
Fig. 12.5 as follows:

Considering of the learning rate, we find that when the optimal planning input is
22,298 kg, the minimum expected loss is 27,800 yuan.
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Conclusions

Because of learning rate, the qualified rate will raise if production repetitions
increases. This paper proposes a model of planning input with the objective to
minimize the expected loss of excess and shortage considering of random fluctua-
tion and learning rate. At last it is proved that this model can effectively deal with
the problem of planning input of make-to-order enterprises to reduce the operation
cost and increase the enterprise efficiency.
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Chapter 13
Study on an Affected Operations Rescheduling
Method Responding to Stochastic Disturbances

Ya-qin Zhou, Bei-zhi Li, Jian-guo Yang, and Peng Yang

Abstract Literature on job shop scheduling has primarily focused on the develop-
ment of predictive schedules in static environment. However, when the schedule is
carried out in job shop, it may affected by varied disturbances. These disturbances
will make the original schedule worse, even invalid. Rescheduling is the process of
finding a new schedule to respond to the stochastic disturbances. In this paper, an
affected operations rescheduling method (AORM) is studied to respond to
disturbances. First, the basic theory of the method is given. Then the algorithmic
procedure is introduced. The objective functions evaluating the rescheduling
method are given. At last, an illustration example is tested and analyzed. The result
shows that the rescheduling method proposed can produce new optimal schedules
to respond to stochastic disturbances.

Keywords Affected operations rescheduling ¢ Dynamic scheduling ¢ Repair
method « Rescheduling method

Introduction

Most of the literature on production scheduling focuses on how to generate a
schedule to guide production assuming some specialty of the problem known.
The schedule generated can solve the conflict between resources by controlling
the release time of job to workshop. It can ensure the raw material needed to be
ordered on time and the job to be delivered on time to satisfy the due date.
Scheduling problem is a typical NP-complete problem (Garey et al. 1976). For
static job shop scheduling problem, many optimization methods to obtain the
optimal schedule have been proposed, such as neural network (Ibrahim et al.
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2009; Zhao et al. 2010), simulated annealing algorithm (Jamili et al. 2011; Zhang
and Wu 2010), tabu search (Eswaramurthy and Tamilarasi 2007; Geyik and
Cedimoglu 2004), and genetic algorithm (Ritwik and Deb 2011; Wang et al.
2009). In the dynamic job shop environment, some random disturbances will
disturb or interrupt the implement of the original optimal schedule to make it
invalid and rescheduling is needed. The varied disturbances which always appear
in workshop include the machine failure, the delay of raw material, the insertion of
new job, and the cancellation of the order etc. Most of the disturbances can be
modeled as machine failure, which may make the machine unavailable for a period
of time.

Rescheduling is a process to generate a new feasible schedule when the distur-
bance occurs. Most job shop is dynamic, so it is more important to study on
rescheduling method, which attracts many researchers’ attention recently
(Abumaizar and Svestka 1997; Adibi et al. 2010; Cao and Du 2011). In this
paper, an affected operations rescheduling method is studied for job shop schedul-
ing problem. Firstly, the basic principle of the affected operations rescheduling
method is given, and then its algorithm process is introduced, with the indicator
function measuring rescheduling method’s performance given. Finally, an illustra-
tion is analyzed to testify that the rescheduling method proposed can generate a new
schedule to direct production responding to random disturbance.

The Basic Principle of the Affected Operations
Rescheduling Method

The affected operations rescheduling only reschedule the operations which are
affected directly or indirectly by the disturbance during the execution of the
schedule. This algorithm is based on a binary tree algorithm (Li et al. 1993). The
affected operations rescheduling is a heuristic rescheduling method. Its objective is
to obtain a new schedule with a smallest makespan increment, while keeping the
job’s processing sequence as in the original schedule.

In most manufacturing systems scheduling, dispatching the process sequence of
jobs is based on jobs’ processing route. Any feasible schedule, satisfying the jobs’
processing route constraints, must determine the processing sequence, start and end
time of each task (job) on each equipment (machine) to get the optimal or near
optimal value of the selected objective.

The sequence of job and machine processing can be represented by a binary tree.
The tree is a graph starting from a single (root) node (the first one of the affected
processes). The binary tree is a tree with nodes connected without cycles, that is,
each node has at most two branches (as shown in Fig. 13.1). Each node represents a
operation, the left branch of each node represents the job branch, that is, the next
operation of the job (noj), which can be obtained from the job’s processing route
constraints, while the right branch represents the machine branch, that is, the next
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| Root node/The first affected operation |

| Job branch ( noj ) | | Machine branch ( nom ) |

Job branch ( noj ) | | Machine branch ( nom )

Job branch ( noj ) | |Machine branch ( nom )

Fig. 13.1 The binary tree description of a schedule

operation to be processed on the machine of current operation (nom), which can be
get from the processing sequence of the operations on the machine in the original
schedule.

The basic principle of the affected operation rescheduling is to delay the start
processing time of certain operations with a minimum amount of time to respond to
any disturbance. The minimum amount of time must: (1) make the jobs’ processing
route constraints satisfied; (2) maintain the initial processing sequence of operations
on each machine as in the original schedule.

The effect of the first affected operation (the first operation disturbed by the
disturbance) on its job and machine branch and the effect of these branched on their
corresponding job and machine branches are studied to solve the effect of the
disturbance. That is to track the spread of the effect of the disturbance on the
“rescheduling” binary tree branches, and re-update the binary tree. The first
affected operation is the root node with each successor node representing one of
the affected operations.

The Algorithm of the Affect Operation Rescheduling Method

Symbol Definition

The definition of the symbols used in the affected operation rescheduling algorithm
is given as follows:

R: The set of the remaining operations needed to be rescheduling when
the disturbance occurs. (Including the disturbed operations and the
operations not yet started when the disturbance occurs).

0: The set of the probably affected operations.

A: The set of the affected operations after rescheduling (with new starting
time and ending time).

noj: The next operation of the job (job branch).

nom: The next operation on the machine (machine branch).
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Fig. 13.2 The effect of machine failure on the original schedule

JST:
mST:

ST:

ET:
newST:
newET:
devST:

readyTime:
noR:

noA:

i

g

The starting time of the operation, restricted by the former operation of
the job.

The starting time of the operation, restricted by the former operation
on the machine.

The starting time of the operation in the original schedule.

The ending time of the operation in the original schedule.

The starting time of the operation in the new schedule.

The ending time of the operation in the new schedule.

The deviation of the starting time of the operations between the
original schedule and the new schedule.

The ready time of the machine.

The number of the set R (The number of the remaining operations).
The number of the set R (The number of the affected operations).
The index of the set A.

The index of the set O.

Abbreviations and Acronyms

Step 1: Seti=1,g=1,devST =0, 0 = O, A = @, jST and mST of all the
operations equal to 0. Determine the first affected operation O[1]. The effect of
the disturbance (machine failure) on the original schedule has three cases, as
shown in Fig. 13.2. At time t, there is a disturbance occurring on machine M3
with duration time of r, thus, O[1] belongs to one of the three cases as following:

(a) The interrupted operation, the effect of the interruption is as shown in
Fig. 13.2a.

(b) If there is no operation being interrupted, select the first remaining operation
on the machine if the operation exists and its ST is smaller than the
readyTime of the shut down machine (The readyTime of the shut down
machine equals to the stopping time t plus duration time r), as shown in
Fig. 13.2b.

(c) Otherwise, the algorithm stops, there is no operation affected (Rescheduling
is not needed), as shown in Fig. 13.2¢c.
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Step 2: O[1] is as the current operation, its mST equals to the readyTime of the shut
down machine, g pluses 1.

Step 3: The newST of the current operation equals to Max (jST of the current
operation, mST of the current operation). The newET of the current operation
equals to newST of the current operation pluses the processing time of the current
operation.

Step 4: If the current operation can not be matched to any affected operation v in
set A, go to step 5, otherwise, reset the attribute of A[v] as following, then go to
step 7.

devST = devST + Max(newET of the current operation-newET of A[v], 0).
newST of A[v] = Max(newST of the current operation, newST of A[v]).
newET of A[v] = newST of A[v] + the processing time of A[v].

Step 5: Set the i-th affected operation A[7] as the current operation, 7 pluses 1.

Step 6: devST = devST + (newET of A[i]-ET of A[i]).

Step 7: Get the job branch noj of the current operation from the of process route of
the job, if noj exists and its ST is less than newET of the current operation. Then
set O[g] = noj, JST of O[g] = newET of the current operation, g pluses 1.

Step 8: Get the machine branch nom of the current operation from the original
schedule if nom exists and its ST is less than newET of the current operation. Then
set O[g] = nom, mST of O[g] = newET of the current operation, g pluses 1.

Step 9: Remove the current operation from the set 0. Add the new operations of
step 7 and 8 into the set.

Step 10: If O = O, end. Otherwise, select randomly an operation from set O as the
current operation, then go to step 3.

Performance Measurement

Three performance measurement indexes are used to evaluate the new schedule
generated by the affected operation rescheduling method, in order to evaluate the
performance of this rescheduling method: the change rate of Makespan, the starting
time deviation of each operation, and the sequence deviation between the new
schedule and the original schedule.

1. The change rate of Makespan (M,,)
The change rate of Makespan can be defined as following:

M,

M, — Mo
= |~

] * 100% (13.1)

where, M is the Makespan of the original schedule, M,, is the Makespan of the
new schedule generated by the rescheduling method.
2. The starting time deviation (devST)
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The starting time deviation is a valid measurement of the efficiency of
rescheduling method, especially in the job environment where the auxiliary
resources (such as tools and fixtures) is delivered to machine based on the
original schedule. Obviously, if the material is delivered earlier than the demand,
the change of jobs’ starting time may incur storage costs and, more importantly,
if the demand for cutting tools and materials is earlier than the original schedule,
it will incur emergency ordering cost. The start time deviation is calculated by
calculating the sum of the absolute operation ending time difference value
between the new schedule and the original schedule. The starting time deviation
consists of two parts, the delay time, which equals to the sum of the positive
ending time difference, and the ahead of time, which equals to sum of the
absolute value of the negative ending time difference

n  hi
devST = " |newET; — ET;; (13.2)

i=1 j=1

where 7 is the number of job, /i is the operation number of job i.

3. Sequence deviation (devSQ)
If the adjustment is prepared in advance based on the initial operation sequence
on the machine, then this measurement of sequence deviation is critical. It is
measured using the following method.

For each operation j on machine & in the new schedule, define S; as the set of
the operations processed before operation j in the original schedule, S, as the set
of the operations processed after operation j, S = §; N S, Ny = the cardinal
number of set S (the capacity of the set). The sequence deviation can be obtained
by calculating the sum of the sequence deviation on each machine:

devSQ = " Nj (13.3)
ko j

For affected operation rescheduling method, the change rate of Makespan and
the starting time deviation is very small. It has no sequence deviation because it
only reschedules the affected operations.

Illustration

The case La31 (30 jobs and 10 machines) proposed by Lawrence (1984) is used to
test. The original schedule with the optimal makespan 1784 is obtained by the
biological intelligent method (Zhou et al. 2006), with the Gantt chart shown in
Fig. 13.3. In Fig. 13.3, the processing sequence of jobs on each machine is given,
with the number in the box representing job. If there is no enough places, then the
job is shown in the top of the box.
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Fig. 13.3 The Gantt chart of the original schedule of La3

The majority of disturbance occurring during production can be mapped to
machine failure. The disturbance of machine failure is tested. Assume that when
the original schedule shown in Fig. 13.3 is carrying out, there is a breakdown
occurring at time 800 on machine M9, with the duration time of 80 time units.

For this disturbance, a new schedule is generated by using the affected operation
rescheduling method proposed in this paper, with the Gantt chart shown in
Fig. 13.4. In the figure, the dashed line on the machine M9 means the interruption
time of the machine. In the new schedule, the processing of the operations before
the interruption is not changed, only the operations after the disturbance in the
original schedule are rescheduled. The new starting time and the ending time of
each affected operations are calculated to get the Makespan of the schedule 1791.
For Figs. 13.3 and 13.4, it is shown that only the affected operations have new
starting time and ending time. By comparing the new schedule generated by the
AORM and the original schedule, it is shown that the Mapespan only increases 7
time units while the machine M8 is invalid for 80 time units, the change rate of
Mapespan is 0.4% and the processing sequence of each operation is not changed,
there is no sequence deviation.

Conclusion

During the schedule execution in workshop, the schedule will be interrupted by a
variety of random disturbances, and therefore a new schedule proposed by
rescheduling to respond to random disturbances has a good guide to the actual
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Fig. 13.4 The Gantt chart of the new schedule generated by AORM

production. Affected operations rescheduling method is proposed in this paper,
with the principle and algorithm process. The result of the illustration shows that the
proposed rescheduling method can produce a new optimal schedule to respond to
disturbance.
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Chapter 14

Integrated Optimization of Production
Planning for Large and Complex Discrete
Manufacturing System

Xiao-ying Yang, Xue Wang, and Guo-hong Shi

Abstract The integrated optimization problem of multi-level production planning
for large and complex discrete manufacturing system was taken as research object in
this paper. Firstly, the decision-making process of multi-level distributed production
planning in large and complex system was proposed based on system survey.
Secondly, the integrated optimization theoretical model of multilevel production
planning was formulated by weighted combinatorial optimization method, consider-
ing customer satisfaction (quality and delivery), lean manufacturing (bottleneck
utilization and cost) as the optimization objective. Finally, augmented lagrangian
relaxation method and Heuristic algorithm were adopted and a rule-based hybrid
algorithm was designed in order to efficiently solve nonlinear inequality constraints
combinatorial optimization problems. This study provided a theoretical approach to
solve the scientific problem of production planning decision for the large and
complex discrete manufacturing system.
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Introduction

Research on the production planning has been more than 50 years. Research methods
are more and more mature, but there is still a great gap between the study results and
industrial state (Kempf et al. 2011). With the development of science and technology,
production planning will do inevitably toward the direction of integrated, dynamic
and practical, multiple objectives, high-level optimal and the research trend will be
seen from centralized manufacturing to the development of distributed
manufacturing (Argoneto et al. 2008). Large discrete manufacturing system is a
complex multi-level distributed manufacturing system whose production planning
with multi-project and multi-parts, different processes, multilevel features, all levels
of planning was influenced and constrained by each other (Cai et al. 2011). Today’s
production planning problems should be able to deal with the problem from advanced
to low-level collaborative integrated decision-making (Maravelias and Sung 2009).
Decision-making of production planning for large discrete manufacturing system is
characteristic of multiple objectives, multiple constraints and uncertainty, whose
integrated optimization model is well known as a NP-hard problem. At present,
existing research achievements are less, such as the literatures (Maravelias and
Sung 2009; Luo Chunpeng and Rong Gang 2009; Sugimura et al. 2001; Li et al.
2012; Gang 2009; Kis and Kovacs 2012) made only a preliminary study. However,
the issue considered was one-sided in current research as that only attached the
importance to production cycle, inventory cost, and so on, which has not formed a
complete theoretical system (Kis and Kovacs 2012); The research object involving
discrete manufacturing system, system characteristic, environment and uncertain
factors were generally not taken into consideration, so it was difficult to get a solution
in line with the industrial actual state and the demand of the industrial. Therefore, the
research and application still face some challenges (Stadtler 2005).

Integrated optimization problem of multi-level production planning for large and
complex discrete manufacturing system was taken as research object in this paper.
The process of decision-making of production planning was combed based on actual
investigation and analysis of system. Considering customer satisfaction (quality and
delivery) and enterprise operational efficiency (output and lean production) compre-
hensively as the optimization objective, the integrated optimization theoretical model
with actual system characteristics of multi-level production planning was formulated,
and then a effective solution scheme and algorithm for it was sought. This study
provided a theoretical approach to scientifically solve the problem of production
planning decision for the large and complex discrete manufacturing system.

Decision-Making Process of Multi-level Distribution
Production Planning

Modern large discrete manufacturing system makes geographically dispersed a
number of enterprise users, suppliers, and the association of manufacturers and
enterprises manufacturing plants and internal several manufacturing workshops
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integrated classifically using information technology and network technology, the
network multi-level distributed manufacturing system is established.

The classification decision system of production planning based on information
system is shown in Fig. 14.1.

In this paper, aiming at large discrete manufacturing system, production
planning decision will be divided into four levels: the first level is called the
enterprise level plan, and the other three levels are respectively called the project
manager level plan, the factory level plan and the workshop level plan.

Optimization Decision Model

Sets and Input Parameters

I set of products, indexed by i

R: set of product parts, R = {r,i = 1,....n;j = 1,....m}

K: set of processing steps, K = {K;,,i = 1,....n;j = 1,...m; p = 1,.. .,q},
p is the number of steps

T: set of manufacturing times, T = {t;,i=1,...n;j = 1,... . m;p = 1,..,
q}, t;p is the quota of process p
set of weights of products and components W = {W;p.i=1,...,n;j =
L...,mp=1,...,q}%

M: set of stations, M = {M,,N.,e = 1,...E}, M, is set of the amount of type
of equipment, assuming only one part can be processed on one machine at
the same time

o state index of equipment is used, when in use & = 1, otherwise « = 0

Ci: total cost of production of part j of product i

Wit the weight of part j of product i at the end of process p

Wyjpp—1: amount of material transporting of part j of product i between the process
p and the process p—1

: distance of material transporting of part j of product i between the process

ij.p.p—1

p and the process p—1

T.r in course of task time of equipment of type M, within time ¢

Ojjs: order of part j of product i within ¢

rij: delivery of part j of product i

t; manufacturing completion time of the part j of product i

hijp.e: unit time cost per when part j of product i using equipment of type M, to
process p

Lijp et time of the part j of product i using equipment of type M, to process p

Qije: customer demand for products quality index

Ojje: comprehensive technical performance index of equipment;
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Optimizing Objectives

According to the actual production, customer satisfaction (the product quality and
delivery for the index) and enterprise operation efficiency and benefit are mainly
used as decision-making objectives of production planning for large discrete
manufacturing systems. Output capacity (with bottleneck equipment utilization
index) and lean production and zero waste are generally used as operation effi-
ciency and benefit of enterprise. In this paper, dimensionless indexes are adopted,
each of which is independent of each other. Specific indexes are described as
follows:

1. The customer satisfaction: quality index of product. The quality of mechanical
products mainly depends on machining and assembly, and the precision of
machining mainly depends on the precision index of comprehensive perfor-
mance of the equipment. The precision index of comprehensive performance

N
n
element of i of actual measurement of the equipment; Tsi is a single precision
value of standard article; n is the number of terms of actual measurement.
Quality index of product is represented by reliability assurance index. That’s

to maximize the ratio of the comprehensive technical performance index of
equipment and the quality index of customer demand of product.

Z(Q = max Z Z Q[{Ea Ql]e Z Ql]M (141)

i€l jerR =U¢ e€E

of a single equipment is: 0 = , here, Tpi is the single precision value of

2. A second customer satisfaction index: product delivery. It is represented by
delivery completion rate index, that’s to minimize the ratio of the actual com-
pletion time and order delivery, and it is also a basic task of the production
system to plan and organize.

=min 33 h (14.2)

iel jER

3. Utilization index of bottleneck equipment: According to Theory of Constraints,
output capacity depends on the utilization of bottleneck resource. Bottleneck can
be identified by manual or intelligent system. The index is to maximize the ratio
of actual working time and available working time of bottleneck equipment
(system time minus the time that is running and that has plans to carry out its
mandate).

tl e ]
Z(U) =max U = maxzzz ’pt “01 )OSUSI,Te,ﬁéT/m (14.3)

iel jeR cEE
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4. Objectives of lean production: waste at least. If production planning and orga-
nization of large discrete manufacturing system improper can often result in the
phenomenon of “big car Mara” and high logistics cost, the product tardiness
problem and other issues, which can cause a great waste. Lean production, zero
defect, zero waste, JIT production are objectives of the modern enterprise in
business to pursuit excellence. This paper minimize the ratio of sum of cost of
using equipment and cost of transportation and total cost as one optimizing
objective.

Z Z htmetl/pe + Z Wijp.p— ldupp 1

K ecE
= min Z Zpe < CI;E (14.4)

iel jeR

Integrated Optimizing Model

Integrated optimization problem of decision-making of production planning is a
combinatorial optimization problem with characteristic of computational complexity,
which need obtain the optimal solution from set of feasible solution of the problem of
combination. This paper, weighting coefficients f3, are set according to degrees of
importance that the multiple objective functions are to the systems. The optimization
model was established as follow by using a weighted combination method:

Z=miny_ B2, = min{—P1Z(Q) + B,Z(T) — B52(U) + BsZ(V)}

heH

Zmin{—ﬁlZZQ{Ji"_,_ﬁzzz;zlzl ﬁgzzz tl]pteOCOU )+

iel jeR =Uc¢ i€l jeR i€l jeR eeE
> 2 hipetipe + D Wijpp-1dijpp-1

ﬁ Z Z peK ecE pek
4
Cij

iel jeR
(14.5)
St Qije > Qijm VQifc'7 Qije € Q > 0 (146)
(1+0) <y, vteT, T>0, 0<{(<l1 (14.7)

SN (tijpaer0y) S Ne(Tey = T'ey), Yt €T, e € E (14.8)

i€l jeR ecE

> 0,Vky € K (14.9)

tk,/p B kijp—1 =
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0< Wy <> Wi (14.10)
pekK

0<Z(V) <0<l (14.11)

> p=1 (14.12)

TL)J ?é T/e,l‘aE Z OvNe Z 0701'j Z 03 Wpp—1 Z 07dp,[7*1 Z 0

Formula (14.5) is the integrated optimization objective of decision-making of
production planning of factory and job shop scheduling. Constraints (14.6) ensure
quality of the product. Constraints (14.7) limit the delivery of each product, here { is
liberalization ratio of random factors. Constraints (14.8) limit capacity of station
with given amount time, considering the task which is being executed and that has
been planned to implement. Constraints (14.9) limit the process. Constraints
(14.10) limit the weight of parts. Constraints (14.11) is the cost control, supposing
the waste of the production system no more than 6.

Solution of Model

In current related literatures, heuristic algorithm (Iskander 1997), genetic algorithm
(GA) (Sortrakul et al. 2005), particle swarm optimization ant colony algorithm
(Guo et al. 2009), hybrid evolutionary algorithm (Li et al. 2011) and augmented
lagrange method (Shah et al. 2011; Nishi et al. 2007) are mainly used methods for
solving global optimal solutions of combinatorial optimization problems of pro-
duction planning. In this paper, general augmented lagrange relaxation method is
adopted, which solve the solution by transforming the nonlinear inequality
constrained optimization problem into the unconstrained minimum problem. Mul-
tiplier vector A’ and parameter ¢ of penalty function are introduced, and then the
general augmented lagrange function L hestenes-powell is constructed as follows:

L(x, 2,0) = minf(x) + I g(x) + alg().

The Augmented Lagrange Relaxation

Augmented lagrangian relaxation is one of the most widely used methods presented
for solving the complicated optimization problem, which decompose the combina-
torial optimization problem into sub problems (Shah et al. 2011). The objective
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function (14.5) and constraint condition functions (14.6, 14.7, and 14.8) are
converted to construct the augmented lagrange function as follows:

L(x, 2, 0) 7mm{ ﬁlZZ%‘H&ZZ”_ ﬁ%ZZZ Zl/pu yo;,m

iel jeR iel jeR i€l jeR ecE

23 hipetijpe + 3o W!/.ILIJIdl/-l?-pl}

4B, Z Z/rek ecE C[:/EK " Z Z A (Q,ﬂ QW)

iel jeR iel jer
+ Q [I_/ 1/ tljpfl ol. 01] Ne(Te.t B T/z’.!) _
N e R D M| s ) - o)
i€l jeR i€l jeR ecE B
Qyc — Q,,f) ((1 + 01—t U) (r,,p.,,wow,,.é = Ne(Tes — T’M)Z 2001 02
;,;"{( o0 ) U )T Ne(Tey — T'er) =0
(14.13)
s.t. <

< ZWijﬁv Zﬁh =1

pek
Te,t>T/e,raE >0,N, >0, 0jj = Oapr,p—l > 07dp7p—l >0
In order to simplify solving nonlinear problem, variables are set as follows:
Qije tij Z tijp.t,e C 004 0

Xij1 == Xj2 =", Xj3= ,
.. ’ .. ke /A
' 0 Ne(Tey —T0
eckE

ije 1
2o 2 hippetipe + 2 Wijpp-1dijpp-1

peK ecE peK

Xijj4 = C.
y

Then formula (14.13) is converted to:

f(x,4,0) =min Z Z {=Bixi1 + Poxija — Baxija + Baxija}

icl jeR

+ZZA1 1—)(”1 +ZZ)2 +CX112_])
iel jeR i€l jeR

+ Z Zh (xjz —1) + Z Z 24 (x4 — 0)
il jeR il jeR

+ ZZG{(XW = 1)" + ((1+ Oz = 1)+ (3 = 1) + (0 — 9)2}
icl jeR

(14.14)
Combinatorial optimization objective f(x, 1, ) is decomposed into high level

production planning (the enterprise or the factory 1evel) optimizationf,,(x, 4, ¢) and
low-level job shop scheduling optimization f,(x, 4, o) as follows:

f(x,2,0) = fpp(x, 2, 0) +fip(x, 4, 0) (14.15)
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st 0SWE <> Wy > =1
peK

Te,t>T/e,t7E > OaNe > 07 0Oijj > vap,pfl > Ovdp.pfl > 0

Among them,

fop(x,4,0) = Z Z {=Bixij1 + Boxiya — Baxijz + Paxia}

i€l jeR
S =) S (14 Oxgr — 1)
iel jeR iel jeR
+ Z 2/13 (x,:,;g — 1)
icl jeR
+ ZZO’{(X@,;] - 1)2 + ((1 + C)X,:,;’z — 1)2 + (Xl:/:’_g — 1)2}
icl jeR
(14.16)
fsp (X, 7S O-) = min Z Z ﬁ4xij,4 + Z Z Ag (X,‘J‘A — 9)
i€l jeRr i€l jeR
+ 3 aua—0)° (14.17)
icl jeR

Algorithm Design

On nonlinear constrained optimization problem, these have a better global conver-
gence of the algorithm are heuristic algorithm, multiplier penalty function method
and sequential quadratic programming method, and so on.

In view of complexity of the research object, it will not obtain the global optimal
solution on the basis of single algorithm, according to the practical operation
experience of production system, a hybrid algorithm based on rule was designed
in this paper which combined the multiplier penalty function method, heuristic
algorithm and computer information system. The algorithm design is shown in
Fig. 14.2. The iterative rule and basic step are as follows:

Step 1: Select initial point x(!), AV e>0is expected to small enough. Set k = 1.
Step 2: Make x*) as a initial point to solve the unconstrained problem Jop (x“‘), 2, 0)

and f,,(x®), 1, ), then obtain: f(x¥), 1, 5), g (x¥) = [(xg | — 1), (xg 5 — 1),
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Initialize i=0

Input 0, C, B, 41

Initialize 1" €20 6>0 k=1

_ i=i+1, j=0
o Inptut 1 l
i=i+l, p=0 - Set scheme X*® -
¥
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Import R, K, T, W, M, Te,t
Tets Ces Cijo tijy Ters Oy Com ) k)
) 5 pute  for™, for
Form PDM and ERP
£ g(x™®)
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Optimal
* solution

f*, X*

Input - Qijc tijp ijp Wiip dijp

k+1 K K
}"I( = )‘I( V- ag(x¥),

1=1,2,...,Le
4 =max(0.,%- o,g ("),
I=Le+1,...,L

Gy =p0y k=k+1

Fig. 14.2 Production planning integration hybrid algorithm

T
(xg 53— 1), (xij 4= 1)} , if H g(x(”)H < ¢, then stop and get the optimization

solution f* = f(x®), 1, ¢), otherwise, then turn to the next step.
Step3: Compute LD = 3,8 org(x), 1=1,2,... L., 20 = max(0,
il(k) — akgl(x(k>)),l = Le + 1, .o ,L,

Make 6,1 = por, k = k + 1, here p is integer, then turn to step 2.

Conclusion

Production planning is the core task of enterprise production management, which
directly related to competition factors such as quality of the product, delivery and
cost. In this paper, the large and complex discrete manufacturing system was taken
as research object, and some actual survey analysis of the system was also carried
out, production planning decision process of whose was combed. Considering the
customer satisfaction (quality and delivery) and business efficiency (output and
lean production) and other optimization objectives, an integrated optimization
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model with multiple projects in different parts, process, multi-objective, constraint,
random uncertainty and other system characteristics was established by using
weighted combination optimization method. Finally, augmented lagrangian relaxa-
tion method was adopted in order to effectively solve the nonlinear inequality
constrained optimization problems, which is the most widely used method to
solve the complex large scale optimization problems, augmented lagrange function
was constructed. According to the practical operation experience and heuristic
algorithm, a rule based hybrid algorithm was designed. This paper provided a
theoretical method to solve the problem of integrated optimization of multilevel
production planning. Due to limited space, example validations of the effectiveness
of the model and algorithm will do further research in the follow-up article.
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Chapter 15

A Modified Simulated Annealing Algorithm
for Optimal Capacity Allocation

in Make-to-Order Job-Shops

Liang Huang

Abstract This paper presents a new capacity allocation method to support
decisions in the design or redesign of a make-to-order job-shop with stochastic
orders and processing times. The solutions for capacity allocation can be adding/
removing machines or work shifts at every work stations. A bi-criteria objective
function comprising fixed costs and tardiness penalty is used to evaluate each
solution. A simulation model is applied to compute the objective function itera-
tively in a modified simulated annealing procedure until a feasible and profitable
solution is generated. Bottleneck analysis is used as guidance for the neighborhood-
generation in the modified simulated annealing procedure in order to accelerate
convergence. Consequently, the run time of the procedure is short enough for
practical use. Different problems were tested. Solutions from the proposed method
were compared to those from the classical simulated annealing and the comparison
showed relatively positive results.

Keywords Job-shop « Make-to-order ¢ Capacity allocation ¢ Bottleneck analysis
* Simulated annealing

Introduction

Many studies focused on the production scheduling to minimize the tardiness of
jobs in a make-to-order job-shop. In these studies, it is generally assumed that the
capacity at each work station is determined. However, in practice, it is often needs
to be changed dynamically by making use of the numerical or empirical outcomes
from production scheduling. For example, when too much tardiness of jobs
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repeatedly occur after proper production scheduling, it is necessary to allocate or
reallocate capacities at relevant work stations in order to reduce the tardiness in
future production (Yeh 1997; Fry and Russell 1993). This paper will address
optimal planning for capacity allocation to support medium to long term (several
months to years) decisions under a given production scheduling method in a make-
to-order job-shop with stochastic orders and processing times.

For capacity allocation, most problems need to allocate multiple work stations’
capacity simultaneously. These are complex combinational optimization problems.
Arakawa et al. (2000, 2003) presented a simulation model for job-shop scheduling
incorporating capacity adjustment. In their study, a backward/forward hybrid
simulation method is used for production scheduling at the first step; and based
on the result of scheduling, a pattern search method is used to adjust capacity at the
second step. Yang et al. (2005) used the particle swarm optimization (PSO)
algorithm for integration of process planning and production scheduling in a job-
shop. Some studies use simulation models as well as meta-heuristics algorithms in
the design of the manufacturing systems similar to job-shops. Seshadri and Pinedo
(1999) presented a framework consist of an optimization model and a simulation
model to adjust the capacity for assembly and applied an iterative algorithm using
CPLEX 10.2 to deal with the optimization. Shahabudee and Krishnaiah (1999) set
the parameters of a multi-product Kanban system using genetic algorithm (GA); the
parameters include the number of machines at each work station. In another study
of Shahabudeen et al. (2003), they set similar parameters of a multi-product Kanban
system using simulated annealing (SA). In all these studies, meta-heuristics
algorithms usually use neighborhood search to reach the optimum solution from
an initial solution. Coupled with simulation models, many alternatives were exam-
ined by simulation in the search procedure. For this reason, they often consume too
much time in solving large-scale problems.

In this paper, bottleneck analysis is used as approximate discrete gradients of the
objective function of the weighted tardiness. A modified simulated annealing is also
presented, in which the neighborhood-generation is guided by the gradients in order
to accelerate convergence and reduce the run time of the neighborhood search
procedure. Our aim is to make the run time short enough for practical use, even if
simulation is performed many times in the search procedure.

Optimization Model

In this study, the alternatives for capacity allocation can be adding/removing
machines or work shifts. The available operation hours in regular time, such as
working 8 h at daytime, is defined as the capacity of a machine. For example, at a
work station, five machines can be allocated at most under the plant space avail-
ability. In this way, various numbers of machines can provide five discrete
alternatives for capacity allocation from 8 to 40 h per day at the work station.
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Array these alternatives according to their capacity from low to high. The
alternatives can be denoted by the integral values from 1 to 5.

Therefore, it is assumed that in a general job-shop that consists of m work stations,
a linear array s = [c] ¢; ... ¢,,] is the solution vector of the optimization model,
where c; is the alternative number of the capacity level at work station j, forj = 1, 2,
..., m. Then, the feasible region of s is a set of discrete vectors, denoted as S.

For make-to-order production, weighted tardiness is a general performance
measure of job-shops. In this study, one of the purposes of capacity allocation is
to fulfill the due dates of all jobs as much as possible. Suppose n jobs belong to
p product classes will be manufactured in an m work stations job-shop within a g-
months period, we can formulate the first object function to measure the perfor-
mance of the job-shop in the g-months planning period as follow

P
Z(s) = ZW,TP an‘s max (x¥(s) — 1P, 0), (15.1)
=1

iel;

where wTP [ is the weight on tardiness penalty per unit product and per unit time of
class [, I, is sets of i when job i belongs to class /, nL.S i is the lot size of job i, xC i(s)
is the completion time of job i in solution s, and xD i is the due date of job i. In the
capacity allocation tool, each wTP [ is assumed to be a fixed value in the g-months
planning period, estimated by the production manager using historical data or
practical experience. nLS i, xC i(s) and xD i are generated by the simulation model.

Another purpose of capacity allocation is to reduce the fixed cost, which mainly
consists of the depreciation of machines and the fixed salary of operators in this
study. The mean monetary values of the depreciation per month and per machine
wM j at each work station j were provided by the production manager according to
the cost accounting of the workshop. Supposing these values in the g-months
planning period will be similar to their historical values, we estimated the fixed
cost per month of the job-shop for all solutions s according to the number of
machines nM j(s). Then, the second objective function is

“s)=gq Z wf‘/lnjv[(s) (15.2)

The two objective functions are both considered in this study to get a feasible
and profitable solution for a practical use. Hence, the optimization model with a bi-
criteria objective function is

minz' (s) + z5(s) (15.3)

subject to : s € S. (15.4)
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Gradient-Based Simulated Annealing

Kirkpatrick et al. (1983) firstly presented SA in 1983. In its neighborhood search,
SA accepts inferior solutions according to a probability in order to bypass local
optimums. Thus, in this study, we couple the gradient-based method with SA and
present a hybrid method named GBSA to optimizing capacity allocation. The
GBSA has not only the capability of avoiding local minima, but also a higher
speed of convergence to approach stationary compared to the traditional SA.

Step 1: Input the control parameters of the GBSA: Initial Temperature T;, Termi-
nation Temperature Ty, Cooling Rate o, Freeze Limit @, and Accept Limit f3.
Take T; as current temperature 7. Generate initial solution sy. A simulation is
performed to compute the object function value zj in solution sy. In this study,
the initial solution sy was set to be 1.2 times (an empirical value from the
practical case) of the mean capacity requirement per day in the tested cases.

Step 2: Detect the bottlenecks in the job-shop. To detect and measure the shifting
bottlenecks in a job-shop, a statistical method called the active period method
has been presented by Roser et al. (2002). They proposed that at any given time
the momentary bottleneck is the machine with the longest uninterrupted active
period at this time and in any given period of time the average bottlenecks can be
measured by the percentage of the time that a work station. Although this
method is not an exact one, it is very robust, easy to apply and has the ability
to detect the bottlenecks in steady state systems or non-steady state systems.

Step 3: Suppose there are ng solutions neighbor to the current solution s, in the
feasible region N*. They are denoted as &, (k =1, 2, ..., ny). In this step,
“neighbor to” means only one element is +1 or —1. If the neighborhood #, is a
solution to add machines to work station j, let p, = bj; otherwise, let p, = —b;.
Denote the minimum in p; as pni,. We select a new solution s; from the
neighborhoods of sy according to a probability shown as follows:

(pk - pmin)y

ng

Z (Pk - pmin)y
k=1

P(s; = hy) = (15.5)

Therefore, the neighbor of a better estimated objective-function value has a
higher probability to be chosen in order to accelerate convergence. Parameter 7y
in (15.5) is used to adjust the influence of the bottleneck analysis in the search
procedure. Based on pilot experiments, we observe that when the objective-
function value has a large improvement in the previous iteration indicating that
the guidance of the gradient works well at this stage of the search procedure, y
should be set to a larger value to make full use of the guidance of the gradient, or
else y should be set to a smaller value to have a better chance to move from one
local minimum area to another one. For this consideration, in this study v is set to
1 at the beginning of the search procedure and will be adjusted at each iteration
as stated in Step 4.
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Step 4: Calculate the objective function value z; in the new solution s; through a
simulation. Let Az = z; — zo. If Az < 0, the current solution s, will be replaced
by the new solution s;; otherwise, apply a probability P(A) = e 2 to deter-
mine whether the replication should be performed. Set y = |IAzI/(I1Azl),.x, Where
(IAzl)max 1s the maximum among all the IAz| values in the past iterations.

Step 5: The current temperature T is adjusted after every @ iterations according to o.
If it’s below T} or the solution has not been improved for too many consecutive
iterations to overstep f, stop the search produce; otherwise, go to Step 2.

Step 6: Report sy and z, as the final solution and its objective function value,
respectively.

In the proposed GBSA, the neighborhood-generation is not a random produce
like that in the traditional SA, but controlled by the results of the bottleneck
analysis. And y will be changed at each iteration according to the improvement of
the objective-function value. These modifications speed up the search for a better
solution in the area with the most potential while still allows the search to move
away from a local area to another. Thus, the neighborhood search may stop earlier
as controlled by f and the computing time is reduced.

Computational Experiments

In this paper, three case studies are tested using our proposed GBSA. Case 1
consists of 3 types of orders and 5 work stations, Case 2 consists of 5 types of
orders and 10 work stations, and Case 3 consists of 15 types of orders and 30 work
stations, respectively. In this paper, only the data of Case 1 to be given in detail for
the space constraints.

In Case 1, there are 3—10 machines at each of the five work stations. The
scheduling method used in this workshop is a dispatching rule, earliest due date
with the tie broken by first come first service (EDD/FCFS), for it is very easy to be
applied in a dynamic job-shop with stochastic demand and processing times. Within
a work station, the scheduling is complex in this workshop. For we have not enough
detailed records about it, according to the production manager’s suggestion, we
make an assumption that a task can always make full use of the capacity within a
work station and the processing time of the tasks processed at the work station will
decrease/increase linearly with adding/removing capacity to the work station.

In the simulation model, inter arrival times of the orders and processing times of
the tasks are generated in exponential distributions; constraints of lead times,
tardiness penalties per hour and depreciation of machines are set to be fixed values.
These data is shown in Tables 15.1 and 15.2.

The simulation software was developed in Microsoft SQL2000. In all the cases,
the simulation for any given solution was performed in the duration of 25,000 h.
The simulations were all performed in a personal Pentium IV computer with 2.4G



144 L. Huang
Table 15.1 Demand requirements and tardiness penalties in Case 1

Product Mean inter arrival time of orders  Constraints of lead time Tardiness penalty
type (hour) (hour) (RMB/hour)

1 40 50 20

2 60 60 15

3 80 70 10

Table 15.2 Processing times and depreciation of machines in Case 1

Product type ~ Work station ~ Mean processing time (hour)

Depreciation of machines (1,000
RMB)

1 1 2.25 20
2 2.00 20
3 2.50 10
2 1 1.25 7.5
2 1.25 7.5
3 2.00 15
3 1 1.75 10
2 1.25 7.5
3 2.25 10
Table 15.3 Control Control parameter values
parameters
Type T; Tt o (] p
Al GBSA 1 0.1 0.9 10 20
A2 GBSA 1 0.3 0.7 5 10
A3 Traditional SA 1 0.1 0.9 10 20
A4 Traditional SA 1 0.3 0.7 5 10

Table 15.4 Results of the computational experiments

Objective function value (1,000 RMB)

Run time (minute)

Case 1 Case 2 Case 3 Case 1 Case 2 Case 3
Al 1,053 1,794 4,250 9.64 14.59 42.37
A2 1,053 1,794 4,287 6.13 12.95 37.08
A3 1,053 1,826 4,420 38.31 76.45 225.54
A4 1,053 1,815 4,587 31.66 52.21 89.40

CPU and 1G memory. The mean simulation time of each simulation (including the
time for bottleneck analysis) is 35 s in Case 1.

According to the pilot runs, two groups of control parameters are used to both
traditional SA and GBSA. Therefore, there are four kinds of algorithm with
different control parameter values or different neighborhood-generation methods
applied to Case 1, 2, and 3, which is denoted as A1, A2, A3, and A4. Their control
parameter values are shown in Table 15.3. The results of the three cases are shown

in Table 15.4.
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Conclusions

In this paper, a modified SA, named GBSA, is used as an optimization tool to
optimize capacity allocation in make-to-order job-shops. Although the optimums of
all the algorithms equip to each other in Case 1, the proposed GBSA used notice-
ably smaller computing time than the traditional SA. Moreover, with less comput-
ing time, GBSA found better solutions in Case 2 and 3 compared to the traditional
SA. These results show that the proposed method can often finds better solutions
with a shorter computation time compared to the traditional method. These optimal
solutions for capacity allocation can be very useful to support decisions in
performing tradeoffs between the tardiness penalty and the cost of capacity
allocation.
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Chapter 16

An Optimal Product Mix Decision Model
Considering Unit-Batch-Product Level
Cost for Steel Plant

Hu-sheng Lu and Guo-qiang Lv

Abstract Inrecent years, the iron and steel industry’s operation condition has been
continuously worsening, profitability reducing, thus the product mix decision
(PMD) for the iron and steel enterprises became research focus to reduce
manufacturing costs and maximize profits. Taking into account unit-level, batch-
level and product-level cost, an integrated model conducting product mix decision
for steelmaking, continuous casting and hot rolling (SM-CC-HR) process was
proposed in this paper. A numerical example was presented to illustrate data
input, solution method and result analysis. By comparing the model with two
traditional ones, it was showed that the model attained higher profit and smoother
implementation, because it traced the cost appropriately and effectively reduced the
volume of left slabs in manufacturing processes and that of left steel products after
order-delivery.

Keywords Activity-based costing (ABC) « Iron and steel enterprises ¢ Product mix
decision model

Introduction

With the increasingly fierce market competition and severe management environ-
ment and production process transformation, only by well coordinating product mix
can iron and steel enterprises achieve high profit and low cost in current conditions.
Whereas the product mix problem is to maximize profit from the mix of
manufactured products subject to constraints on the available capacity of resources.
Kee and Robert provided a numerical example that integrated activity-based
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costing (ABC) with the theory of constraints (TOC) to illustrate the economic
consequences of the production-related decisions. ABC and TOC represented
alternative paradigms to traditional cost-based accounting systems. Both paradigms
were designed to overcome limitations of traditional cost-based systems (Kee
1995). Later, Kee and Schmidt developed a more general product mix decision
model that overcame the stringent requirements of the TOC and ABC and
demonstrated that TOC and ABC were special cases of their model (Kee and
Schmidt 2000).

On the basis of these studies, there was much work in the literature about
deciding which paradigm to select for production-related decisions. Baykasoglu
developed a new approach based on digraph theory and matrix algebra to quantify
flexibility (Baykasoglu 2009). Balakrishnan and Chun-hung CHENG proved that
LP was a useful tool in the TOC analysis by re-examining TOC and linear
programming (LP) (Balakrishnan and Chun-hung Cheng 2000). Tsaia and Hung
integrated ABC and performance evaluation and established the green supply chain
(GSC) model which not only helped decision makers to monitor GSC comprehen-
sive performance but also could facilitate further improvement and development of
GSC management (Tsaia and Shih-Jieh Hung 2009). Weeks, Gao, Alidaeec and
Rana studied the impact of two reverse logistics business strategies on profitability
of the firm through operations management (OM) (Weeks et al. 2010). Souren, Ahn
and Schmitz analyzed several examples, which showed that the TOC-based
approach may be used within a wide range of product mix decisions and could
lead, sometimes with some slight modifications, to optimal or at least acceptable
solutions (Souren et al. 2005). Leaa, Fredendallb tested three alternative product-
costing systems in a more realistic model of the manufacturing environment than
had been used in prior tests (Bih-Ru Leaa and Fredendallb 2002). Karakas,
Koyuncu, Erol and Kokangul presented a fuzzy programming for product mix
selection in the light of obscure estimation of parameters for the capacities of the
activities and the demands of each product (Karakas et al. 2010). Bhattacharya and
Vasant used fully fuzzified-LP model to guide decision makers in finding out the
optimal product mix with the higher degree of satisfaction with the lesser degree of
fuzziness under tripartite fuzzy environment (Bhattacharya and Vasant 2007).
Tsaia, Kuob, Linc, Kuod and Shena developed an enhanced general model that
incorporated all four factors: capacity constraint, management’s degree of control
over resources, capacity expansions, and purchase discount to determine the opti-
mal product mix (Wen-Hsien Tsaia et al. 2010). Hu-sheng LU, Sen WU, Bing LIU
and Zhen-gang LIU developed a maximum profit flow algorithm for optimizing
production planning of steel works (Hu-sheng Lu et al. 2004). Li-xin TANG
reviewed the theories and methods of the planning and scheduling on the basis of
the stimulation in iron and steel industry (Li-xin Tang 2005). Ren-qian ZHANG and
Yi-yong XIAO built a distributed production decision model based on activity
processes and the bill of materials (BOM). A heuristic algorithm was proposed to
solve the model, which was based on particle swarm optimizer (PSO) (Ren-qian
Zhang and Yi-yong Xiao 2007). Bo-xiong LAN, Nan JIANG and Yan ZHENG
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Fig. 16.1 Flow chart of CSP process

developed a heuristic lot-sizing algorithm for large scale lot-sizing problem to
optimize enterprise resources (Bo-xiong Lan et al. 2010).

In this paper, the ideas of Kee (1995) and Kee and Schmidt (2000) were
integrated and a more integrated model was developed which had taken into
account unit-level, batch-level and product-level cost. In addition, this study also
considered three-stage global optimization of steelmaking, continuous casting and
hot rolling (SM-CC-HR) to help decision makers to find an optimal product mix
solution.

To better understand the process, a flow chart is listed as follows:

In Fig. 16.1, circle stands for material; box stands for machine. Between two
circles, there are arrows to represent the transition route.

Model Formulation

To model the product mix decision, the following notation will be used:

1. i, m, n, z represent steel product, slab, steel and pig iron index respectively.

2. j1, j2» j3 represent the resource index in HR, CC and SM process respectively.

3. ki, ko, k3 represent the machine index in HR, CC and SM process respectively.

4. 1, 15, 13 represent the transition route index in HR, CC and SM process
respectively.

5. Pj: price of product i.

6. D;: market demand for product i.

7. X1;, Y1, Z1,, Z0 represent volume of steel product i, slab m, steel n and pig
iron produced.
. UCygp: unit cost of pig iron.
9. UG, UCy,, UC;; represent unit cost of resources in HR, CC and SM process
respectively.
10. Nji, Nj», Nj3 represent quantity of resources can be obtained in HR, CC and SM
process respectively.
11. Nj*, Nj»*, Nj3* represent consumption of resources in HR, CC and SM process
respectively.
12. UCy;, UCy,, UCys represent unit cost of rolling mill, casting machine and
converter hours respectively.
13. Nir*, Nio*, Nis* represent consumption of rolling mill, casting machine and
converter hours respectively.

e}
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14. Qx1, Px1, Qx2, Px2, Qx3, Px3; Qyl, Pyl, Qy2, Py2, Qy3, Py3; Qzl1, Pz1, Qz2,
Pz2, Qz3, Pz3 represent the amounts of resources and hours used to produce a
unit of steel product/slab/steel, a batch of steel products/slabs/steels and a kind
of steel product/slab/steel respectively.

15. pu1,Pp1sPc1 represent the volume of transition in HR, CC and SM process
respectively.

16. p4a, Pp2s Pcr Tepresent the number of transition batches in HR, CC and SM
process respectively.

17. pu3, Pp3, Pc3 determine if transition in HR, CC and SM process is taken place
respectively.

18. AvgX, AvgY, AvgZ represent the average batch sizes in HR, CC and SM
process respectively.

19. Nm,Mn,M represent yield in HR, CC and SM process respectively.

The process of selecting an optimal product mix may be expressed as:

Maximized profit = Total revenue-Total costs of pig iron-Total costs of
resources and machine hours in SM-CC-HR process- Total fixed costs in SM-CC-
HR process.

Maximized profit ="  (PixX1;) =Y (UCz * Z0)

i z0
=Y (UC, *N;) = (UCj, % N,) = (UC), *N;)
Ji

J2 J3

= > (UCk #N;y) = > (UCk, #N;,) =Y (UCk % N;,) = C
ki

ks ks
(16.1)
Subject to
Constraints in Hot Rolling Process
Resources constraints:
Z [(0x1),, ), * (Par),, +(0x2), ; * (Pa2),,
r
+(0x3),,;, * (Paz),,] —=N;, =0 V)i (16.2)
N; <N, Vi (16.3)

Transition level constraints:

(Pa1),, — AveX,, * (Paz),, <O Vry (16.4)
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(pAZ)r, -M *(PA3)r] <0 Vry

Sales constraint:

Machine Constraints:

D OAPx1),, 4 # (), + (Px2), 4 * (pan),,

r

+(Px3),, 4, * (Paz),] —Ng, =0 ki

N;; < Ny Vky

Constraints in Continuous Casting Process

Resources constraints:

Z [(Oy1),, ), * (Pg1),, + (O¥2),, , * (P2),,
1‘2
+ (0¥3),,,, * (Pg3),,) —N;, =0 V2
Ny < Np vj2
Transition level constraints:
(Pp1),, —AVEY), * (pp),, <0 Vry

(PBz)rz —M % (PB3),~2 <0 Vr,

Machine constraints:

Z [(PY1),, 4, * (PB1),, + (PY2),, 4, * (PB2),,

2

+ (Py3)r2,k2 * (pBS)rz] - N/i’; =0 sz

N;:z < N, Yk
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(16.5)

(16.6)

(16.7)

(16.8)

(16.9)

(16.10)

(16.11)

(16.12)

(16.13)

(16.14)
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Constraints in Steelmaking Process

Resources constraints:

Z [(QZl),-m * (PC])r3 + (Q22)1~3,J'3 * (pCZ)r3

3

+(023),,, % (pes),] =N =0 s (16.15)

J3

N: <N, Vi3 (16.16)

J3 —

Transition level constraints:
(PCl)r3 — AvgZ,, * (Pcz)r3 <0 Vr3 (16.17)
(Pc2)r, =M * (pcs),, <0 rs (16.18)

Machine constraints:

S (P21),, 4, # (per),, + (P22),,4, * (pea),,

3

+ (P23), 4, % (pe3), | =N =0 Yk (16.19)

N}, < N, Vks (16.20)

Mass Balance Constraints

Output constraints:

X1i=> pa Vi (16.21)
Yl, = me Vm (16.22)
r

Z1, =Y per Vn (16.23)
r3
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Consumption constraints:

Yl, > me/nm Vm (16.24)
Z1, 2 ppi/n, Vn (16.25)
»)
20> pei/n (16.26)
r3

Pig Iron’s Upper Bound

Z0<L (16.27)

Where:
Pa2, Pp2s Pco are integer variables.
P43, Pp3s Pc3 are binary variables.

M stands for a very big number. L stands for the upper bound of pig iron.
C stands for the facility-level cost (fixed cost). All variables are greater than or
equal to zero.

A Numerical Example

This paper adopts the actual production data of B Iron and Steel enterprise in March
2012 to test and analyze the performance of the above model. Time horizon is
1 month. The data of this example are described as follows.

The CSP rolling mill produces nine products (Hot rolling coils), using six kinds
of slabs and three kinds of steels. Table 16.1 shows the details of steel products’
information and resources and machine hours’ usage in the hot rolling process.

Based on the actual production data, the unit costs of pseudo-resource in SM, CC
and HR are RMB 2.0, 1.7 and 1.5 respectively. Unit costs of machine hours in SM,
CC and HR are RMB 0.8, 0.7 and 0.5 respectively. The average batch sizes in SM,
CC and HR are 210, 5,250 and 26 t respectively.

In ABC models, the hierarchy of company activities is composed of the follow-
ing categories: unit-level activities (performed one time for one unit of product or
service, e.g., machining, finishing); batch-level activities (performed one time for a
batch of products or services, e.g., setup, scheduling); product-level activities
(performed to benefit all units of a particular product or service, e.g., product
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Table~ 16.2 Resources. and Slab  Qyl Qy2 Qy3 Pyl Py2 Py3

machine hours’ usage in

continuous casting process Y1 163.765 214,942 872,508 0.148 30.000 0.000
Y2 163.765 214,942 271,611 0.148 30.000 0.000
Y3 163.765 214,942 430,724 0.148 30.000 0.000
Y4 167.859 220,315 894,321 0.148 30.000 0.000
Y5 167.859 220,315 278,401 0.148 30.000 0.000
Y6 167.859 220,315 441,492 0.148 30.000 0.000

Table 16.3 Resources and  giee] Q1 Q2 Qa3 Pzl Pz2 P23

machine hours’ usage in

steelmaking process Z1 149483 7,848 1,612,996 0.152 6.000 0.000
72 208.066 10,923 698,908 0.152  6.000 0.000
73 152.308 7,996 811,324 0.152 6.000 0.000

design); and facility-level activities (performed to sustain the manufacturing or
service facility, e.g., plant guard and management). ABC uses these four categories
of activities to facilitate the identification of costs and drivers. Furthermore, appro-
priate activity drivers should be chosen for different kinds of activity costs. As
indicated in Tables 16.1, 16.2 and 16.3, the unit-level, batch-level and product-level
resources and machine hours’ usage are presented.

Based on the information provided in Tables 16.1, 16.2 and 16.3, this section
runs the proposed model, which is O—1 mixed integer linear programming model
and is solved by software ‘LINGO 11.0 LGSL2-112164".

First, we name the model I considering unit-level, batch-level and product-level
cost. Second, we name the model II considering unit-level and batch-level cost.
And then we name the model III only considering unit-level cost. Three models are
solved one by one.

A comparison between the optimal solutions of the three models is shown in
Table 16.4. In that table, an income statement for the product mix selected with
each model is given. The product mix selected with model III produces all the
products, leading to the highest income. However, the product mix selected with the
model I leads to the highest profit though products 1, 2 and 7 are not produced,
because product-level cost of those three products will be reduced to zero and less
fixed cost of the firm will be deducted from revenue.

Comparing model I with model II, it can be seen that profit of model II is RMB
59,283,465.45, RMB 1,360,194.00 lower than that of model I, though products 1 and
2 are produced in model II. When some products are not produced, the product-level
cost of those products will be reduced to zero. As to the example, RMB 50,840,094 is
declined when products 1 and 2 are not produced.

Comparing model I with model III, it can be seen that model III is not the least
acceptable solution. However, both continuous casting and hot rolling are batch
production process, batch size is almost constant, and batch number is integer.
Extra slab (WIP) and extra steel product (finished product) will be produced if we
follow the product mix plan of Model III which relaxes the integer constraints of
batch number. As to the example, 133.374 t of extra steel products, 11,587.114 t of
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Table 16.4 A comparison between the optimal solutions of the three models

Model 1 Model 11 Model III

X1 0.000 18,080.340 18,124.250
X2 0.000 2,028.000 2,028.180
X3 2,645.748 2,645.748 2,645.748
X4 100,115.600 100,115.600 100,115.600
X5 36,969.420 36,969.420 36,969.420
X6 1,154.316 1,154.316 1,154.316
X7 0.000 0.000 139.224
X8 60,039.080 60,039.080 60,039.080
X9 638.808 638.808 638.808
Revenue 102,240,100.000 151,720,000.000 152,305,100.00
Fixed cost 41,596,440.546 92,436,534.546 92,436,534.546
Profit 60,643,659.454 59,283,465.454 59,868,565.454
Table 16.5 Left slabs in Slab Produced volume Batch number Left slabs
model 1T

Y1 104,062.100 20 937.900

Y2 38,606.310 8 3,393.690

Y3 0.000 0 0.000

Y4 20,407.520 4 592.480

Y5 140.986 1 5,109.014

Y6 61,445.970 12 1,554.030

Batch size 5,250.000; Total left slabs 11,587.114

extra slabs are left. Table 16.5 shows the details of left slabs. Left steel products
follow the same principle.

In short, the model I can get optimal and operable solutions, and it can be used in
production planning and control.

Summary and Conclusion

In this paper, a product mix model was presented with its numerical example based
on the expanded ABC approach proposed by Kee (1995) and Kee and Schmidt
(2000) and considered three ABC’s cost levels: unit-level, batch-level and product-
level for steelmaking, continuous casting and hot rolling process.

The comparisons of optimizing results with that of model considering unit-level
and batch-level cost and with that of model only considering unit-level cost showed
that the model not only attained higher profit, but also could be implemented
smoothly. The model traced the cost appropriately and effectively reduced the
volume of left slabs in manufacturing processes and that of left steel products
after order-delivery.
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Chapter 17
Development of Free Gift Based
on People-Oriented Concept

Ying Zhao

Abstract Free gift is one of important sales promotion artifices which will influ-
ence the brand image, and many companies use it. But there’re some problems
about giveaway in market nowadays. This paper present people-oriented concept is
significant in development and innovation of free gift. It should formulate market
strategy in accordance with customers and specific conditions. As an important link
in market strategy, design for gift needs comprehensive consideration of various
factors and rational innovation.

Keywords Free gift « Market strategy * Innovation « Design

Value and Effect of Free Gift

Free gift is a kind of common and important sales promotion, which is free for
customers with the main product. Otherwise, in commercial activities, products that
company provides to customers or business partners for free are all called free gift.
It is age-old, effective and widely used in the commerce areas. Dan Ariely said
attraction of free is irresistible, and it can bring great energy (Dan Ariely 2010).
Free gift attract consumer’s attention to stimulate consumption, encourage con-
sumer to buy new product, otherwise it also will help to keep consumer’s brand
loyalty to a certain extent (Fengyun Wang 2005). Nowadays, in a competitive
market, there’re lots of company use free gift. So it needs to pay more attention
on design and develop.

There’re many kinds of promotion gifts, it can be classified by nature: gift in
kind and Non-physical gift. Gift in kind includes the same product of the same
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brand; different product of the same brand; special gift of the same brand; related
gift of different brand and other forms. Non-physical gift usually consist of coupon,
recharge card and other forms. Company should choose proper method depending
on the specific circumstances. This paper deals mainly with gift in kind, which is
fairly common in market.

People-Oriented Concept in Design for Free Gift

As many gifts are daily article or some may be displayed at a very visible place,
such as stationery, kitchen supplies, ornaments etc. So the quality, appearance and
function will affect directly the attitude of customers to the brand and product.
People-oriented concept is one of the most important elements for product design.
In spite of giveaway is free for customer, it is still a part of product and represent the
image of brand. So the company must pay enough attention, fully consider and
analyze the characteristics and need of customers before development and design.

The Main Problem of Free Gift in Current Market

In the current Chinese market, a lot of enterprises use free gift in promotion sales.
But it doesn’t always have good effect, even growing worse. There’re some
common problems in market.

Bad Quality

Based on research, we found many free gifts are bad quality in present market,
which maybe can save cost. However, the image of brand in customs’ heart will
deteriorate as well. For example, some household electrical appliances enterprises
give poor quality tableware with product; it appears to bring tangible benefits to
customers, while actually it maybe brings trouble when they use the gift, which may
lead to customers do not believe in the brand any more.

Monotonous Gift

Lots of companies choose an existing product with other brand or stick on their own
trademark as the free gift. For the similar product, many companies always select
similar even same gift and propaganda method, which are lack of innovation and
looked monotonously alike. Such as some stationery, electronics and daily supplies
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which are lack of characteristics. Under the similar product and the price, that kind
of gift is hard to achieve the desired effect and make customers to remember (Yaqin
et al. 2009).

The Accessories Are Better than the Main Part

In the current market, some free gifts are more expensive than the main product. It
looks to bring huge benefit to customers, but this distracting behavior may make
people wonder the value of the main product. For example, some enterprises give
very precious gift with moon cake. This kind of promotion will guide customers to
ignore the moon cake, while only concern about the gift. It maybe will going
against long-term development of brand and company.

The Main Marketing Strategy of Free Gift

To avoid the above question, company shouldn’t take selecting free gift slightly.
Using a suitable marketing strategy is very significant. The strategy is not only
selecting a gift, but overall consideration of various factors.

Analyze the Main User

1. Making clear the main user group: Almost every successful product must have a
clear target user group, as well as the free gift. Analyzing target user’
characteristics, hobbies, life style and consider about what kind of product
they will like is very important.

2. Fully taken into account of “80/20 rule”: The “80/20 rule” is one of the rules in
marketing, which means 20% customers will bring 80% profit. So company
should fully consider the demand of those 20% customers (Qi Lei and Xiaojiang
Xu 2006). This paper provides “people-oriented concept” in free gift design,
which doesn’t mean think over all the customers, but the group who always like
to buy the product of a brand. After make clear the main users, company should
find out the target group-the “20% customers”, and try to service their needs
about giveaway. They have a certain loyalty to the brand, and won’t change
easily to other brand.

3. Analyze the customers’ attitude toward free gift and the motivation of purchase:
Although some customers don’t pay much attention on giveaway, as a part of
product, successful free gift will activate the motivation of customers’ attitude
towards main product. There’re three level of giveaways’ positive effect: First,
after getting gift by purchasing product, customers feel like getting benefit from
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Fig. 17.1 The “red cup” of Nestlé¢ (http://www.yihaodian.com/product/detail.do?productid=
95094 1&tracker_u=5089558&tracker_type=1&merchantid=1)

it; Second, when there are many possible choices, customers choose the product
for preferring its gift; Third, Customers buy the product because of loving the
gift.

We can know this information through users’ survey or other data, and then
know the users’ attitude to giveaway, for the customers who favor giveaway, we
should know their motivation. In the science of consumer behavior, when activating
the customers’ need of wanting, there will be a kind of intensive mood that
impelling customers to alleviate or eliminate the need, which will be beneficial to
sale (Solomon 2009). So evaluating and analyzing the detail reasons of the attitude
and the motivation of purchase is very helpful to formulate the marketing strategy.

The “red cup” of Nestlé is a classic case As Fig. 17.1. Instant coffee of Nestlé
entered into Chinese market in the 1990s. Instant coffee is fresh for most Chinese.
The target users of instant coffee are college student. They are easy to accept new
things and full of energy. Buying a certain amount of instant coffee will get the “red
cup” as free gift. The color of the gift cup is red and white, which is dynamic. And
the appearance is simple, which meet the youth preference. The red cup becomes a
symbol of fashion life in the youth in 1990s. Some youth so love the red cup that
buying coffee for free gift. And the slogan “the taste is great” is also deeply rooted
among the people. The red cup of Nestlé had become a kind of culture at one time.

Make Clear the Main Objective

There’re various objective of promotions, such as increasing sales, capturing the
market share, replying to the competition, developing new market, or establishing
the image of company and so on. Before making the decision, the company should
make clear the main objective of promotion. Different objective will decide to use
different methods of marketing strategy.
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Fig. 17.2 “Red packet” for
DOVE in spring festival
promotion

Overall Consider About the Place and Time of Promotion

Company shouldn’t use one kind of gift all the time. In supermarket, shop, exhibi-
tion or road show, they require free gift with different price and feature. Since it
need to offer lots of free gift in the exhibition, Epson corp. selects gifts which
comparatively cost less, such as USB wire, cell phone charm. For common sale,
they will choose shaver, earphone and other fashionable products with higher price
and better quality (Liang Liu 2005). This strategy will help to save cost and promote
effect.

Different seasons or festivals need different free gift. Giveaway with features of
season or festival will let customers feel friendlier than the normal one. For
instance, many companies make promotion in festival. The free gift should show
element of the festival, which will increase appreciation for customers. We have
ever designed a gift for DOVE chocolate, which was used in spring festival, as
Fig. 17.2. We innovatively combined Dove package with red packets (the elder give
children money packed with it at China in spring festival). It is very suitable for
spring festival with festive and prosperous element.

Control Costs but Keep Quality

Most free gift is free for customers, so company must calculate the cost. Mean-
while, the quality of the gift is also very important, which will influence the brand
image in customers. According to a survey about the attitude of customers towards
free gift, customers think the top three key of giveaway in order is practicality,
quality and attraction (Ying Kang and Qinru Huang 2009). It means customers the
good quality is very important.
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Design Principle of Free Gift

Design is one of the important links in market strategy; this paper provides some
design principle of giveaways through design practicing and research.

Relevance

1. Free gift should be associated with the main product: Free gift have a very
important function, which is promoting the sale of main product. Successful
giveaway should help customer think of the main product. So it would be better
that free gift having relationship with the main product. E.g. selling cosmetics
could offer cosmetic bag.

2. Free gift should have relevance with the brand: Successful free gift can promote
the brand, and it will make customers think of the brand when they using it.
There’re some companies stamp the trademarks on the gift, and also some
companies use their own special image to design new product (Bo Zhu 2004).

For example, According to image of Nestlé baby milk powder-blue bear, as
Fig. 17.3, we have designed a baby bib as the free gift for Nestlé milk powder, as
Fig. 17.4. Baby bib is very useful for most babies, especially when they using the
bib, Parents will easily to remember of the powder.

Fig. 17.3 The image of
Nestlé baby milk powder
(http://www.nipic.com/show/
4/79/a815£321a89b9499.
html)
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Fig. 17.4 Baby bib designed
for Nestlé baby milk powder
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Appropriate Innovation

Innovation is one of the most important keys for the sustainable development of
enterprise. But usually for design of free gift, totally inventing a product is not
necessarily appropriate. It doesn’t copy others, but “Appropriate Innovation”. It
means to choose the appropriate exiting product that is familiar to customers, and
base on it to innovate.

There’re two reasons to do that. Firstly, invention needs to spend plenty of time
and money; however, giveaway is free for customs, invention new product means
increasing the cost for the company. Secondly, free gift should be easy and simple
for customers to get and use, if offering a totally new product may make customs
confused.

We have ever design a photo frame as free gift for HP E-Print series printer.
Photo frame is a common and useful on desk, but we creatively use the “e” shape in
design. Our innovation is mainly on using way and style (Fig. 17.5).
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Fig. 17.5 “E” shape photo frame

Using Suitable Material and Package

For cost reasons, not all of material is appropriate for making free gift. On account
of the differences of process technology and package, relatively speaking, the same
product which using plastic, rubber costs less, while metal and glass costs more.

When designing the package of gift, except for considering the collocation with
the main product and the gift, designers should also think over the sale process.
Using independent packing is flexible but hard to keep when sold in market, and
will cause loss. Packing with the product has limitation, while easy to manage. So
company should choose a suitable package for free gift.

Conclusion

Free gift is a minor point, but it must not be overlooked. In the fierce competition,
giveaways are one of an important promotional methods and it will influence the
image of brand in customers. Company should pay enough attention on it. Not only
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concern the free gift itself, but also the users’ need, and the whole promotional
strategy and process from the concept to sale after synthetical study the concrete
condition.
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Chapter 18

The Impact of Shop Window Design

on the Development of Modern Time Visual
Merchandising in China

Ling Miao

Abstract The establishment of China’s shop window design industry is based on
its unique historic opportunity and background. Its emergence has refashioned the
manner of traditional visual merchandising which makes too much use of the shop
signs. The development of design style covers the importation of the western design
and the domestic innovation of design in China. In the first half of the twentieth
century, the shop window design reached its first developmental climax. The
concepts and modalities of China’s modern time visual merchandising have been
developing in tandem with the birth of shop window design industry. And this has
contributed to the ceaseless progress of China’s commercial civilization.

Keywords Visual merchandising « Birth of shop window design industry ¢ China
in modern times

Introduction

In the 1840s, the industrialized countries in the west had finally achieved the
mass production of transparent glass, which had realized shop-owners’ dream of
displaying commodities in the shop windows so as to attract consumers. This has
contributed to the fast improvement and development of visual merchandising
concepts. China’s shop window design industry during the modern times possesses
its own unique development history and has as always exerted influences upon the
dissemination and application of visual merchandising concepts throughout the
commercial activities of the country.
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Relationship Between Visual Merchandising and Shop
Window Design

As a special terminology, visual merchandising has been universally adopted in the
current commercial activities. In this trade, “VMD” has been frequently used to stand
for the term directly. Visual merchandising aims to maximize commercial interests,
combining demonstration, visual display techniques and commodity marketing phi-
losophy (Tony Morgan 2008). Although the idea has just made its debut in recent
years, the application of visual merchandising concepts in commercial activities has
existed for quite a long time. Thanks to their features for staging display, shop
windows play a key role in the success of visual merchandising. Regarding the
shop windows as fixed areas, shop window design seeks to arrange the commodities
in practical and artistic ways so as to facilitate consumers’ appreciation and reference
of the goods. Its function lies in boosting the purchasing desire of consumers and
raising market sales. As a result, shop window design is viewed as a crucial method in
commercial visual merchandising strategies (Wen-jie Pan 2011).

Traditional Mode of Visual Merchandising in China

The formalities of commercialism determine the corresponding modes of visual
merchandising. Prior to the introduction of a vast number of overseas
commodities into China, old-style shops possessed no shop windows. The tradi-
tional shop promotions were dominated by a decorated signboard called “the shop
sign” (Xiao-jian Shu 2011). In terms of visual merchandising, “the shop sign” is
regarded as combination of “signboard” and “front cover”. The shop sign is
usually set on the shop facade or in its front. The sign can be suspended, inlayed
or bricked up. The shop’s “front cover” makes use of vivid visuals, bright colors,
exaggerated decorations or its unique symbols to display the design or words
featuring the store (Xing-gong Wang 1994). It creates a powerful visual impact.
The shop sign constitutes a major device in the traditional competition of visual
merchandising. But it remained quite difficult to display the tangible commodities
outside the shop. On one hand, it was due to the shortage of commodities and
product varieties. Upon seeing “the shop sign”, customers became aware of the
major commodities sold in the shop. On the other hand, glass had not been used
widely so that outside display of commodities is devoid of necessary security.
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Positive Effects of China’s Shop Window Design
on Visual Merchandising

Negative Effects of Overseas Shop Window Design on Visual Merchandising

The need for shop window design stems from the emergence of department stores
where a greater variety of goods are sold. In the later period of nineteenth century,
foreign-funded department stores began to emerge in Shanghai. Ever since the later
period of Qing dynasty, four foreign-funded departments stores such as Whiteaway,
Laidlaw & Co., Ltd., Hall, Haltz & Co., Ltd., Weeks & Co., Ltd., Lane, Crawford &
Co., Ltd. moved to the Bund area of Nanjing road. They are called the “Four Major
Companies in the Early Period”. The most prestigious one is the world-renowned
English-owned department store — Whiteaway, Laidlaw & Co., Ltd. Established in
London in 1882, the company set to construct its high-rise headquarters over a land
area in the northeast of the crossroad between Nanjing road and Sichuan road in
December 1904. The company entrusted the building design to architect Scott of
Morrison Matheson. The ground floor of the building is a shopping mall with large
French windows used for goods display. The “Four Major Companies” followed the
uniform style of display design adopted across the world. So the earliest shop window
design in China was graced with the international style but devoid of any Chinese
elements. At that time, the major function of shop windows was to show off the
glamour of the foreign-funded companies. The commodities on display had nothing to
do with the majority of Chinese people. The costumes and especially the models in
display had become a hot topic during that time. Ever since the establishment of
foreign-funded department stores, they had always adopted the marketing principle of
selling upper scale goods catered for foreigners living in China. Being confronted with
the accelerating consumption ability in Shanghai during the early period of twentieth
century and the ever increasing middle class, they failed to grasp the consumption
capacity and mentality of Chinese people, though they enlarged their market later.
And they simply followed the visual merchandising strategies in the west, which
included the design of shop windows. Consequently, their leading position in the
commercial realm had been gradually supplanted (Figs. 18.1 and 18.2).

Domestic Shop Window Design Industry Paying Attention
to Visual Merchandising

The birth of China’s shop window design industry stems from the development of
its domestic retail industry. During the early twentieth century, the capital of
overseas Chinese investors began to flow into Shanghai from Hong Kong and
Guangzhou. And it had brought about a period of prosperity in Shanghai. On the
20th of October 1917, Sincere Co., Ltd. first set up its business. The company
building takes on a baroque style. The fagade is arranged according to the classical
three sections. The ground floor is surrounded by an arcade veranda with built-in
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Fig. 18.1 Western
civilization in shop windows
of Shanghai (by Austria
painter Schiff)

THE TEACHINGS OF WESTERN CIVILISATION

L. Miao

Fig. 18.2 Westernized shop window design of Whiteaway, Laidlaw & Co., Ltd.
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Fig. 18.4 “Single display” and “Multiple display” shop window

shop windows (Klkuchi Toshio 2012). Sincere Co., Ltd. is the first large-scale
international department store run by Chinese in Shanghai. It designed the earliest
shop window advertisement in China. Shop window design during this period was
dominated by “single display” featuring one type of commodities and “multiple
display” featuring a variety of commodities. Crepe paper, color paper and cloth
strips were the popular decorations. And the design is devoted to commodity
display. The usual design is to construct a crepe paper backdrop for the commodity.
The more complex design, for example, is to festoon the shop window with cloth
strips. The mapping of strips serves to attract customers and set off the commodity
(Figs. 18.3 and 18.4).

Upon entering into the 1930s, Shanghai had become the Number One Metropolis in
the Far East. Its modernization and internationalization surpassed Hong Kong and
Tokyo. Not only was Shanghai the political enter of China, but it also became the
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cultural center, leading the whole country in industry and commerce, finance and
security, international trade and municipal developments (Feng Li 2010). With the
birth of shop window design industry, the brand new visual merchandising method
greatly boosted the retail sale of the time. All businesses invested significantly in shop
window construction and design. As the “Four Leading Companies” (Sincere Co.,
Ltd., Wing On Co., Ltd., Sun Sun Co., Ltd., and Da Sun Co., Ltd.) frequently received
commodity catalogues together with introductions about shop window design and
costumes for display while they were importing goods from overseas. Adopting
overseas design, these domestic companies took into great consideration the aesthetic
standards of Chinese people and managed to create the traditional Shanghai style for
shop window design, which was rich in unique local features.

Flourishing Shop Window Design Industry Promoting
Competition in Visual Merchandising

Making use of shop windows to conduct commercial competitions demonstrates how
visual merchandising promotes commercial progress. It is the importance attached by
domestic department stores to visual merchandising that ushered in a development
climax for the modern time retail business in China. Wing On Co., Ltd. department
store had made the most important contribution to the modern time shop window
design in China. Opening in 1918, the company specialized in about 10,000 varieties
of commodities. With a facade covered with tiny pebble mingled cement, the shop
windows were installed with huge imported panes, which set the precedent for shop
window design in Shanghai. The shop facade was decorated with Roman columns,
which bestowed it with an ambience of renaissance. They were the first one to bring
about “the situational” shop window display, using the shop window to tell a story.
The shop window display would be rearranged according to different seasons. This
had constituted a characteristic attraction along Nanjing road. Shortly before the Mid-
autumn Festival, the shop window design would focus on the story of the “Legend of
Chang Er, the Moon Goddess”. On the background of the shop window was a big full
moon towards which Chang Er, the Moon Goddess, flew gracefully. All kinds of
moon-cakes were displayed behind the window (Qi-wen Xu 1934). Drawing on the
festive atmosphere, the design aimed at arousing people’s wish for family reunion.
In this way, it intended to promote the sale of commodities. Influenced by the foreign
culture in the concession areas, quite a few fashionable people in Shanghai began to
celebrate Christmas. It became very popular for senior relatives to bring gifts to their
minors. Several weeks before Christmas, the company would place in the middle of
the shop window a gorgeously dressed Santa Claus with white hair and beard.
Surrounding him were all kinds of toys. By changing the shop window design in
different festivals, the company aimed at gaining the markets for foreigners and those
overseas Chinese who had adopted the way of life in the foreign country. During the
winter time, the shop window would display a snow scene. The snow flakes were made
of cotton. They fluttered in the air with the aid of machine power, creating a snowing
scene. This has become the first dynamic shop window display in China (Guan-chang
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Fig. 18.5 Wing On Co., Ltd.’s shop window displaying the shirts of “SMART”

Guo 1936). In 1934 when Da Sun Co., Ltd. was set up, it invited the famous American
architect John Graham (1873-1955) as its adviser who was reputed for his design of
department stores. He believed that shop windows were the most valuable features for
advertising, suggesting that the ground floor should be circled with continuously
connected shop windows. Responding to the smoothness of the internal walls, the
outside window facade would fit quite well with the internal design. Graham’s advice
was adopted by the company. Eighteen shop windows were installed around the
ground floor, making the company the one with the largest number of shop windows
and the largest shop window space in China (Fig. 18.5).

More and more companies begin to regard shop windows as the best platform for
the publicity of the company image and the commodities. Passing by the shop
windows, busy pedestrians are able to see the commodities promoted by the company.
Good shop window design can lead customers into the shop (Guan-nan Liu 2007). In
terms of space, shop windows provide the department stores with a great extension of
marketing area. Because shop windows will not close when the stores close, they
maximally extend the marketing time for the commodities. It is fair to say that shop
windows have become strategic tactic for “magnifying time and space” in the visual
merchandising competitions among stores. During the early period of the People’s
Republic of China, Qi-wen Xu, an expert in visual merchandising, pointed out:
“whenever I approach various department stores, grand shop window advertisements
always come into my sight. They are designed in such a beautiful way that I become
quite reluctant to leave. At the very beginning, there is no wish for purchase. By and
by, I become absorbed in the display when a purchasing desire wells up in my heart.
Driven by the desire, few people will never enter and bargain unless one carries not a
single penny. And this has yielded many successful purchases.”(Qi-wen Xu 1934) His
words demonstrate the positive function of visual merchandising in commercial
promotions. The “Four Major Companies” are located along Nanjing road. The four
bosses are all from Xiang Shang. They are engaged in the same business in Shanghai.
The fierce competitions among them have produced many interesting stories of
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Fig. 18.6 Nanjing road with busy transportation and shop windows on both sides in the 1930s

business wars. The shop windows became the most direct channel to conduct
competitions. Various companies constantly updated their shop window design,
furnishing Nanjing road with beautiful decorations. Overseas media called it “the
most global and culturally diverse avenue in the world” (Tian Li 2010). During the
heydays of the “Four Major Companies” in the 1920s and 1930s, shop window
displays became part of the street scene. People in Shanghai regarded window
shopping as a goal-oriented activity. Department stores had become a must for
travelers from outside the city to visit. According to a Tour Guide in Shanghai
published in 1935, the department stores on Nanjing road always topped the list of
visits on the first day. And the shop windows provided the travelers with the first
impression of modern Shanghai (Zong-fu Sun 1935). At that time, the evolution of
shop window design in Shanghai’s department stores largely followed the trend of the
western countries. But it lagged behind them for about two decades. From then on the
overseas expertise on shop window design began to enter into China and had become a
major inspiration for the shop window design of the “Four Major Companies”. For
example, in order to make reference, Wing On Co., Ltd. had subscribed to some
foreign magazines such as Look, Life and Window Display. With the aim of gaining
more market share, they even interchanged design staff with Hong Kong Wing On
Co., Ltd. so as to bring about more creative ideas and cater to customers’ demands for
visual aesthetics (Fig. 18.6).

Conclusion

The establishment of shop window design industry in China is different from
western countries. It is dependent upon China’s unique history of modern time
development. The business prosperity brought about by the competitions of shop
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window design demonstrates the universal applicability of visual merchandising.
The commercial progress does not merely depend upon shop window design.
Nevertheless, all successful retailers cannot afford to ignore shop window design.
At the same time, the development of retailing industry has enhanced the progress
of shop window design. Historically, commercial prosperity has always been
accompanied with excellent shop window design. Up till now, visual
merchandising has always been regarded as the barometer of retailing industry.
Businesses have attached more importance to its functions in commercial activities.
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Chapter 19
The Creative Design Research of Personalized
Furniture

Fan Bei and Yang Jing

Abstract With the worldwide industrial restructuring, the creative industries have
become the new direction of China’s economic development. In the economic
background of the growing demand for creative products and artworks, as the
focus of the creative industries, personalized furniture design has become the
focus of China’s creative industries. With the emergence of personalized furniture,
it brought a new challenge in the furniture industry. Designers should not only meet
the reasonable structure and function of the furniture, but also to maximize meet the
needs of consumers’ pursuit of individual, and thus formed a strong conflict. In this
paper, on the one hand, from the analysis of creative personalized furniture cases to
extract specific personalized furniture creative development approach, on the other
hand, study to find a personalized design method, and provide a new research
direction for the design theory of the creative methods, provides a new idea for
the designers that seeking the design inspiration. For the learners of art and design,
it is a new method of pioneering and creative thinking. Contribute to industrial
development for the future of personalized furniture (Fanbei, Furniture design.
China Water Power Press, Beijing, 2010).

Keywords Personalized furniture « Development path ¢ Personality and creative
method

F. Bei ()
Wuhan Institute of Technology, Wuhan, Hubei 430073, People’s Republic of China
e-mail: bei317@163.com

Y. Jing

South China University of Technology, Guangzhou,
Guangdong Province 510641, People’s Republic of China
e-mail: 541478892@qq.com

R. Dou (ed.), Proceedings of 2012 3rd International Asia Conference on Industrial 179
Engineering and Management Innovation(IEMI12012),
DOI 10.1007/978-3-642-33012-4_19, © Springer-Verlag Berlin Heidelberg 2013


mailto:bei317@163.com
mailto:541478892@qq.com

180 F. Bei and Y. Jing
Introduction

The increasingly fast pace of life, and a variety of images continue to impact our eyes.
In the furniture industry, the era of personalized design is quietly coming, and there are
many distinctive art and design furniture, they articulate the feelings of the owner. The
style is novel and unique, very dynamic. Their style has advanced design ideas,
exaggerated variation, and is the avant-garde of the furniture world. These bizarre,
odd color splendor of personalized furniture become the eye-catching furniture on
the modern market. Cutting-edge designers are standing in the forefront of furniture
design and using their boundless creativity, design the furniture that shinning the light
of creative idea and full of personalized design. The use of creative thinking and the
attempt of new design methods become very important in the design process. At
present, explore the theory of creative thinking and product design methods, there are
a lot of more mature research. However, it is seldom mentioned that the practice of
personalized design method to be introduced to the design of innovative. The design
innovation is both the eternal theme and the eternal problem. How to design a more
beautiful shape, easier to use the features of the product, designers seem to never be
able to really solve the problem. However, these problems also lead to the ongoing
research on the method of design creativity (Hu jingchu et al. 2008).

From a theoretical point of view, the theoretical research on design methods
at home and abroad, often to explore from two directions. On the one hand, the
designer through an objective description of the design process, to research
the design procedures and methods. On the other hand, from the perspective
of the thinking brain, research the ways of thinking of design. Exploratory books
on the theory of the thought processes of the human brain after another, seldom
discussed to make the system lead to creative thinking.

Some people think that good design is a system strict size-fits-programmed
system, this view seems to ignore the diversity and variability of the design issues,
as well as its own pursuit of innovative world is not a static method can deal with all
kinds of problems, especially in design methods.

Existing furniture design methods can be broadly divided into two categories,
one is rational reasoning out the new products according to market research, and the
other is rely on non-rational inspiration to innovative products. Most design firms
are more common is the first approach to design, the design process as follows:
market research — concept — design — design samples — feedback — feedback from
the market. It is the collection and analysis of the target product and user targeted
materials, there are products, or a breakthrough. Designers will find the problem to
be resolved, and thus to improve the function or shape of the original product. This
method is commonly used in the product design industry, it can be summarized into
two steps: ask questions, solve problems. This method is very direct and very
effective, targeted, there is often an immediate effect (Liang gifan 2001).

However, with several improvements of furniture products, it is increasingly
difficult to find the new problems of the products. In this case, the designers try to
irrational flash of inspiration to seek a breakthrough in the design. Because of
preconceptions rather than accept the limitations of the design process, designers
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are freedom to use their imagination and creativity, which became another direction
of development of the creative design methods.

How to discover a source of creative thinking, alternative state of waiting for
flashes of inspiration, has become a very difficult problem to be solved by many
designers. In this paper, with the help of personalized lifestyle, mobilize the
initiative of the thinking brain, to seize a wonderful source of inspiration, innova-
tive design thinking to a certain degree of inspiration and guiding role, but also
import a new innovative design method for furniture designers, provide a new and
interesting creative thinking training method for the design students. Explore
design ideas, exercise creative thinking, and inspired design inspiration, to enhance
the design capability is the starting point of the research (Li Feng and Thant 2005).

Personalized Furniture Product Design and Creative
Development Approach

Thinking Innovation

Any innovation, their thinking is fundamental, no innovative thinking, no innova-
tive design. After systematic and deliberate training, the people can form a thinking
pattern. Someone said: innovation is opposed to some fixed thinking mode. As
everyone knows, trying to break some antiquated way and establish a new thinking
mode is a kind of innovative thinking.

With the development of society, the furniture design needs to grasp the pulse of
the times, the public spotlight into the design theme. Such as the human environ-
mental concerns into the system of ecological design, and then evolved into
“ecological design”; designer in the choice of materials can try to use recycled
materials or renewable materials, to suppress the use of waste wood materials or
wood pulp sculpture new furniture for more design sense (He Songfei 2007)
(Figs. 19.1, 19.2, 19.3 and 19.4).

Function Innovation

The furniture is a kind of product. Its functionality is beyond doubt. The main
indicator of social development is one of the people’s lifestyle and behavior change
and progress. Social development will continue to put forward the functional
requirements of the new furniture. Function innovation has become the primary
means and methods of furniture design innovation.

The ideas of personalized furniture design are also come from the furniture features
and usage. A lot of furniture design masters in the design of a chair, in fact, not a chair,
but a pattern of sit, the design of a function. Function is not a physiological system or a
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Fig. 19.1 Chairs made of
newspaper

Fig. 19.2 Pebble stool

Fig. 19.3 Human-shaped
armchair

F. Beiand Y. Jing
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Fig. 19.4 Foldable wooden
bench

Fig. 19.5 Sofabeds with new
functions

physical system, but a cultural system. A chair, a table, has been completely according
to ergonomic principles to the design is complete, why there are still people feel
comfortable, some people feel uncomfortable? Ergonomics cannot explain the mean-
ing of “comfortable”, the designer responsibility is not to achieve, but to discover the
function. The design is a positive modification of human behavior. The new features
are the new freedom and the new usage (Li wenbin 2001) (Fig. 19.5).

Technological Innovation

The design of technological innovation is the invention and creativity in science and
technology level. Technical innovations include a wide range of materials, structures,
production technology, production process innovation (Zhang tong 2004) (Fig. 19.6).

Compared to other industries, furniture design and manufacture is not the so-
called “high-tech” industries, but it is not mean that the high-tech have nothing to
do with the design and manufacture of furniture, although it is not a high-tech areas,
but it can become the master applications battlefield of high-tech. Science and
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Fig. 19.6 Chairs carrying
LED lights

technology are the ultimate power to promote the development of furniture design,
new technology, new materials open up a new world of products for the power the
dominant factor. The use of a new properties materials new features and even the
birth of the accessories, the use of new manufacturing technology, a new structure
type, are a reflection of the new technology in furniture design.

Personalized furniture creative also come from the use of new materials. New
materials, new technology applications, often the precursor form of the new product
development. The change of new lifestyle and the impact of contemporary cultural
thought, is the new characteristics of the new form of motivation. Expansion of new
materials to give the material basis of the furniture design, you can take full
advantage of the texture characteristics of the different materials to design, so
you can get the ever-changing the effect of different styles of art. Designers in
material selection is eclectic, to break the fixed mode to try to use new materials.
For the materials, the designer not only seen as the material guarantee of the design,
but also the medium of a positive exchange of feelings and designers to express
themselves mirror, given the material to the cultural meaning and combinations of
features to make our products become a harmonious complexity system, an expres-
sive world. The designers are adept at using new materials, bright colors and
innovative patterns, showing the design of the double meaning, for the public, for
the history, is masterpieces, and is arbitrary. Focus on the surface of the visual effects.
Design of all kinds, arbitrary and display. The attitude of their material sometimes is
emotional rather than rational, material for the designer does not matter, it is
important to the texture of the material itself, texture, color, transparency, luminosity,
reflective rate, and they have expressive. For materials, there is no limit.
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Fig. 19.7 Furniture made of
GRP (fibre glass reinforced
plastics)

Innovation of Forms

Furniture in the form of innovation, the basic point is that the new style and the style
of furniture design. Forms of innovation with new visual features, it brings the
effect of “new, odd, different”, make personalized furniture in the form of innova-
tive furniture design to the main manifestations (Fanbei 2010).

Personalized creative furniture, mostly from the shape of an exaggeration, varia-
tion, the pursuit of the furniture itself is modeling his lines from the designer. The
green modeling, ecological modeling, personification modeling, humor modeling,
high-tech modeling. People accustomed to the vitality of nature “green” to describe
the “green” design of the furniture in the shape refers to furniture shape of naturali-
zation. Nature is always the main line of green furniture design, combine the image of
beauty and dynamic, which reflects the eco-style. Such as flowery type sofa, peacock
chair, and shells stool, reflects the shape of the green ecological concepts. The Aiello
agno (EerOAornio), claiming that the furniture design can have a variety of inspira-
tion from the animals in the 1970s, more styling of the furniture also use vinegar foam
constructed of polyurethane, upgrade the production of furniture to the art level.
Shape melodious cantabile, the flow line, and thinking constantly. Smooth shape of
the curve, the function is no longer important. Cartoon-like shape, humorous shape,
by the simple geometry of the rounded form, and reflect the designer’s unique design
creativity (Figs. 19.7 and 19.8).

Personalized Furniture Design Method

Creative personalized furniture, mostly from the shape of an exaggeration, varia-
tion, comes from the pursuit of designer furniture styling and lines. The modeling of
green, eco, personification, humor, high-tech.
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Fig. 19.8 Anemone Chair

“Building Block” Modular Game Design

In the process of product innovation, the modular design can make more
possibilities of communication between products and people, and more flexibility.
The modular design is a more effective method of communication between corpo-
rate and users. According to the user’s needs, they can flexible combination the final
shape. The initiative of the personality into the design, individuality and differences
will become the design-oriented, combination of modular components provide a
variety of products to the people, standard design patterns was terminated,
consumers directly involved in product design and the environment , as if the
game , modular game design is a very effective and innovative ways (Fig. 19.9).

Division of Thinking Design Method

Division of thinking design method is object decomposition or in combination, in
order to generate new ideas or new ways of thinking of the program. Division and
thinking in the product design process is generally as follows: judgment —
decomposition and — combination- recombination and break down — and then decom-
position and combination. In life, the multifunctional personalized furniture design is
ideal for use this way of thinking (Chris Leif terry 2004) (Figs. 19.10 and 19.11).

Layout Print Design Method

Reference to the page printing, we can easily think of calligraphy and painting,
drawings, decorative furniture and industrial products, surface decoration and
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Fig. 19.9 Block designing TREE
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Fig. 19.10 Armchair and
Bench

traditional practices. But now, modern furniture to give it a new meaning and form
of expression, personalized furniture design also reflects the cutting process, carv-
ing, weaving form. To break the traditional furniture style (He Songfei 2007)
(Figs. 19.12 and 19.13).

Assembled Combination

Assembled combination is the intersection of same elements or different elements,
so that each element contradict each other and colliding with each other, to get an
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Fig. 19.11 A-shaped multi- change 1 Y
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Fig. 19.12 Child wardrobe
with alphabet decorating on
drawers

Fig.19.13 Furniture with the
layout of printing designs




19 The Creative Design Research of Personalized Furniture 189

Fig. 19.14 Patch-up
furniture

Fig. 19.15 Bookshelf

unexpected ideas and innovative appearance and structure (Figs. 19.14 and 19.15)
(He Songfei 2007).

Select a larger vocabulary with the goal of designing products typically concep-
tual difference, leading the expansion of the design direction of the designer. Such
as chair design, assuming the same time the two terms of the “timber” and “light
bulb”, then we need to give priority to elements of the “light bulb”. This is because
the usual concept of the timber is more commonly used in making chairs and other
furniture materials. This word is difficult to have a strong stimulus for designers,
and even bring the designer’s ideas back to the normal mode of thinking. However,
if we choose the word “light bulb” that the result will be very different. Bulb
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Fig. 19.16 bookshelf

regardless of what angle do not feel associated with the chair in place, but just such
a leap of inspiration will bring us more and more innovative ideas: Can a chair made
of light as bulbs ? Numerous bulb combination can out of a chair? Or the chair of
the material is replaced by a transparent material like bulbs? This association at
once opens the designer’s idea, so from the innovative design will bring new and
interesting feelings to us (Zhu dan and Guo liangyu 2004).

Reverse Thinking

Reverse thinking that the reversal of the direction of thinking, it seems unlikely that
the coexistence of two ideas form of thinking to seek solutions to problems with the
original idea of opposition, or on the surface it seems. Popular is to think “Why
not ...?”(Fanbei 2010).

Such as: the shelves used for? The answer is to put the book. You must think I
asked this question very strange. Then the shelves must be empty to put the book
go? However, it was the opposite happens, put shelves in advance filled with books,
where our own book? Do not worry, when you put the book into the bookcase
shelves above false book will bounce back, so usually we do not have so many
books on the shelves when the shelves will not be empty (Fig. 19.16).

Similarly, the world-famous chain stores IKEA’s product design also use this
way of thinking. Generally, we are the first to design the product produced, the
pricing of sales. But IKEA does not do so. It is to give the product price, then the
designer to design the appropriate product according to the price of the product.
That is the reason of why IKEA is so popular in the world especially in China.
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Fig. 19.17 Funny Children
furniture designing

Fig. 19.18 Cactus chair

A very modern design sense of products, the price is not expensive, and everyone
can afford to spend the same amount of money consumers are more willing to
choose IKEA products.

Humorous Series Design

Humor is an attitude toward life. Such as to give the furniture to some human
characteristics, enlarge common items, irony or warm attitude to deal with the
design, can produce a humorous effect (Fanbei 2010) (Figs. 19.17 and 19.18).



192 F. Bei and Y. Jing
Conclusion

The pursuit of an alternative personality creative furniture design is rooted in the
head of the designers. Materials, processes, and other constraints can’t be bound to
the designer’s creativity. We should constantly be freed from the monotonous and
stale design patterns, design is not arbitrary, not to transform in a simple way of
thinking (Jim Lescaut 2005). There are new thinking and new ideas to argue in the
design community. Reasonable idea to develop an intellectual, to be explored in
this trend of thought, resulting in a new furniture design concept and this concept is
applied to modern design space, personalized furniture industry. Continue to guide
China’s furniture design and production development as a world power country.
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Chapter 20

Comparative Analysis of Luxury Market
in China and India Based on PEST Model

Chen Zhao and Shu-jie Diao

Abstract The desire for luxury goods has been released in China due to its open
economic environment and international lifestyle. The same trend exists in India—
another emerging market of Oriental culture, which cannot be underestimated. This
paper focuses on the market circumstances and conducts comparative analysis on
political and legal element, economic, social-cultural factors and technological
environment with the help of the PEST model. The findings lie in identifying
similarities and differences between prospects of both markets from internal and
external perspectives in this paper, which lays foundation for branding strategies in
China and India.

Keywords China ¢ India * Luxury market « PEST model

Introduction

The perception of “luxury” evolves from “prodigality” and “extravagance” to a
more neutral and scientific term advocating human freedom and natural desire
(Berry 1994). Luxurious living attitude can be represented in luxury goods,
whose appeal is a result of perceived premium quality, recognizable style, reputa-
tion, and exclusivity (Hung et al. 2011). Based on the benefits for consumers, luxury
brand perception can be divided into three dimensions, namely, functional, experi-
ential and symbolic value (Berthon et al. 2009). Apart from material embodiment
the functional value conveys, which also exists in common commodity, pleasurable
feeling and sensory satisfaction may be evoked by brand-related marketing mix.
Furthermore, owners seek symbolic meaning from luxury brand (Kapferer 1997).
Luxury brand encompasses functional and experiential utilities, signifies aesthetics
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and artistic taste, thus playing a role as a badge in transmitting the information of
owners. There is a deep involvement with consumers when conceptualizing luxury
brand (Kapferer 1997). That is to say, no generic concept can specify its accurate
meaning within the varying context.

Research on Luxury Market

Nowadays, considerable attention has been paid to the emerging markets represented
by Brazil, Russia, India and China (“BRIC”) instead of mature and saturated ones.
Current analysis can be clustered into two categories. On one hand, experts compare
different markets on economic status quo according to the level of development. It has
been estimated that Chinese luxury market will be valued at 180 billion Yuan, more
than 20%of the global market by 2015 (Mckinsey & Co 2011), while Indian market
share will rise to 8—10% with remarkable annual growth rate of 20%. On the other
hand, academic literature focuses on cross-cultural comparison. Cultural differences
breed diverging self-concepts (Wong and Ahuvia 1998), dependent self-concept in
western culture and interdependent one in Oriental culture, manifesting themselves in
individualism and collectivism respectively (Shu-pei Tsai 2005). Individualist
consumers are motivated by their own preference, needs and rights (Hofstede 1991),
in pursuit of practicality of luxury goods (Shukla 2011). Conversely, collectivist
identifies the self more by relationship with members of extended environment
including family, relatives, and co-workers (Wang and Waller 2006).

China and India have been identically labeled as “the emerging country” and “of
the Oriental origin” in light of growth speed and cultural background. However,
Chinese luxury market developed ahead of Indian, and the latter is still in the
ascendant level with limited market scale. Also, from a cultural perspective, Chinese
scholar Liang Shu-ming divided global cultures into three types, that is, western,
Chinese and Indian culture, highlighting the unique characteristic of Indian culture.
As a consequence of the above, clarifying the similarities and differences is the
prerequisite to effective luxury brand strategy. Thus, this paper will reveal some of
these similarities and differences based on PEST Model what provides political,
economic, social and technological perspectives for market research.

Comparative Analysis on Chinese and Indian Luxury Markets

Political and Legal Factors

China and India have witnessed momentous transition in the political and economic
policy. Economic progress is gradually driven by technology and free market
mechanism known as “an invisible hand”, hence less dependent on interference
of administrative power. In 2011, the World Luxury Association and Chinese
Council for Promotion of International Trade Cooperation established the “Chinese
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Luxury Trade Committee”, aiming to expand domestic imports, promote upgrading
of consumption and establish supervision mechanism. Moreover, increasingly
complete protection of intellectual property rights is the guarantee of a great
economic leap. In 2012, the World Luxury Association announced cooperation
with China to set up the first institution in order to curb counterfeit luxury product
and safeguard the interests of consumers and companies.

Indian economy was liberalized following China. After two-decade reform for
marketization, India mapped out the 12th Five Year Plan, hoping to achieve an
average growth rate of 9% annually. As a part of reform, luxury industry is regarded
as the booster of consumption. It encouraged Confederation of Indian Industry (CII)
and Economic Times (EI) to organize CII- EI Dialogue on Luxury in November
2011. The conference attempted to assess Indian luxury industry comprehensively
covering the feasibility, opportunities and challenges. There is a tendency that India
will display an open image to attract foreign capital, in turn, to strengthen country
competitiveness.

Economic Factors

The luxury market economic environment in India and china is proposed (see
Fig. 20.1).

Similarities in Economic Factors

China demonstrated a higher economic growth speed than India in 2011. But then,
Indian growth rate is expected to reach 8.7% in 2012, exceeding 8.4% in China,
which makes India the fastest-growing economy country in the global market.
Demographic dividend and an increasingly large affluent population also con-
tribute to the strategic position of Indian and Chinese markets. Chinese extreme
wealthy group who gains annual income of more than RMB one million sees
growth rate of 20%, increasing to one million by 2015. This group will drive
38%of growth in the Chinese luxury market over the next 5 years (Mckinsey &
Co 2011). Similarly, the number of Indian rich class is soaring, particularly the high
net worth individuals (HNIs) whose net worth is greater than US$1 million. India
had around 127,000 HNIs in 2010, whose total wealth increased by more than 50%
than the previous year. The rise of high-end consumers brings out incremental
disposable income, making China and India promising “gold mine” for marketers.
The other drive for the boom of luxury market comes from the rapid urbanization
and resulting concentration of wealth and prosperity in second-tier cities. Goldman
Sachs predicted that by 2015, Chinese second-tier cities will be the dominant power
in that 75% of rich people will reside in second-tier cities like Chengdu, Wenzhou.
In the case of India, one in four luxury stores are set up outside metropolises like
Mumbai, Delhi and Bangalore. Low operational costs and huge developing con-
sumer markets spotlight their significance in the next round of fierce competition.
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Fig. 20.1 Economic environment in India and China
Differences in Economic Factors

Relatively incomplete infrastructure, high rent and unfavorable foreign direct invest-
ment (FDI) policies in India hinder the development of luxury market. The number of
luxury malls is inadequate to meet the growing demand for builders fail to follow the
international format about infrastructure and ambience. Furthermore, India has the
third heaviest taxation burden in the world. Import taxes on luxury goods range from
30 to 40%, accompanied with 12.5% value added tax(VAT), making the price much
higher than those in European market. The limitation on foreign ownership also
works as a hurdle for the sake of interest of domestic companies. FDI has been barred
beyond 51%, what is a threat to current brand image and business model.

China has advantage of abundant human resources and lower labor cost, appeal-
ing to international brands who attempt to reduce cost and promote profit margin.
However, brand is at the risk of damaging its value because of the emphasis on the
country of origin by consumers (KPMG 2011). “Made in China” has long been
equivalent with low quality, a preconceived idea that still poses a threat to the time-
cherished brand.

Social Factors

Analysis on the Route of “cultural values—purchase
intention—consuming behavior”

Concept delivered by luxury brands coheres with Asian values. However, cultural
differences affect consumer’s judgment which in turn impacts the importance
degree of motivations, rather than the motivations themselves. As a result, consum-
ing behavior and pattern mirrors cultural differences (see Fig. 20.2).
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Fig. 20.2 Analysis on route “Cultural values—purchase intention—consuming behavior”

Sense of hierarchy is rooted in Chinese and Indian traditional cultures. In India,
caste society and its established strict rules indicate the significance of inequality
and hierarchy. As for china, feudal rituals in Confucian culture also claim consis-
tence within consuming behavior and social class. In modern society, liberty and
democracy provide a platform for modern consumers, especially the new rich, to
show wealth and indicate their status. Public consumption intensifies personal
image (O’ Cass and MeEwen 2004), helping consumers associate brand with social
recognition, reputation, and profession.

The second similarity presented in long history is the strong cultural tolerance.
From the traditional great debate in Buddhism to Satyagraha Movement, the
character of rationality, openness and contending enables Indian to accept and
take in foreign culture. In China, from civilized Tang Dynasty to the May Fourth
Movement, cultural exchange never ceased. Indian and Chinese consumers on one
hand accept western luxurious notion, conforming to international lifestyle, on the
other hand, yearn for ethnic element and improve sense of identity in the process of
spiritual enjoyment.

Motivation and performance in consumption is derived from culture. India is a
multiethnic and religious country, whose values and religions are inseparable. The
description of physical and inner world leads to the tendency of seeking spiritual
gratification. The emphasis on mind demonstrates weaker collectivism than Chi-
nese values. Luxury goods are overwhelming in quality and aesthetics. Conse-
quently, the need for implying social position and pursuing inner satisfaction can be
met by owning luxury brand.

Face awareness is a unique cultural phenomenon in China, which results in
distinctive function for luxury goods as gift (Hong-ji Guo 2009). According to Bain
& co, half of the luxury items are purchased for gifting in China. Face conscious-
ness is knitted with Confucian ritual and human relationship. Confucian ritual that
is not only the external rules of etiquette, but internal evaluation criteria, demands
that personal behavior should be in accordance with social status. Contrary to the
general social exchange, Chinese social intercourse attempts to build social net-
work via reciprocal exchange. Therefore, the value of gift is the principal factor
determining whether the “face” will be maintained. Luxury brand is in high-end
positioning and completely suitable for representing social roles.
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Young Tendency in Luxury Market

The growing enthusiasm of young consumers on luxury goods is the noteworthy.
It is estimated that 73% Chinese luxury consumers are under the age of 45, and 45%
in the group of 18-34. Indian consumers are younger than their counterparts, with
more than half of the total number less than 35. In Japan and UK, this proportion is
respectively 37 and 28%. Young consumers mainly refer to as 1980s generation in
China and BPO group (young generation seizing opportunities in the heat of
business process outsourcing) in India. Their consumption characteristics can be
reduced to four points: (1) Desire for consumption exceeds capacity; (2) Preference
for paying in advance; (3) Willingness to take risk of credit consumption; (4) Low
repayment pressure and high-degree acceptance of overdraft consumption. Young
consumers identify with consumerism and may economize on food and clothing to
realize “dream of luxury brand” in order to acquire satisfaction from the social
recognition.

Technological Environment

In the face of dispersive population, it is a tough job for entities shops getting used
to traditional marketing strategies to make potential customers involved. The
Internet bridges between brand and customers through transmission and communi-
cation of diverse information, showing striking achievement in the second or lower
tier cities.

The Internet is outstanding in promoting product and implementing favorable
policy, but feeble in brand loyalty and brand construction. The invalid supervision
of online shopping may even weaken the brand image and damage the brand
competitiveness. When opening network channel, brand operators must make full
use of it as a transmitter of information, for one thing maintaining brand image, for
another realizing “viral marketing” to foster the potential customers via active
human network.

Branding Strategies

“Pure blood” Versus “do as Romans do”

Western aesthetics and brand culture is admired and pursued by Orientals who
regard consumption as a process of learning the connotation deep in the band.
Therefore, brand should safeguard the inherent “cultural genes” and ensure its
“pure blood”, so that consumers can fully recognize cultural charm of brand.
Nevertheless, the insight of standardization will never eliminate the respect and
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love for traditional culture, which seems to put luxury brand in a dilemma.
Adhering to the original design and the fine processing work, policymakers should
also take into account the cultural differences and distinct taste.

Symbolization and “cult of luxury brand (Chadha 2007)”

Consumers in both countries attach importance to brand’s social value. Operators
can signify and create iconic brand in order to express image whereby cultivating
the cult of luxury brand. However, the Indian-style pursuit of the spiritual world and
China’s gifting behavior asks for focused strategies. In India, cultural transmission
and experiential marketing will be efficient. As for china, elegant appearance
merged into the brand image conforms to social etiquette, assisting consumers to
perform well in social circle.

Catering to the Young Generation

Young customers are passionate in chasing luxury brands. Although financial
situation and work pressure keep them from being customary buyers, they are
keen on luxury brands indicative of future potential. It suggests that embodying
the characteristics of the times not only in the brand connotation but in the media
selection to attract young group may make far-reaching meaning for brand.

Conclusion

International luxury brands are vying for burgeoning markets like China and India
as traditional ones have shown signs of plateau. Based on the PEST model, market
demand in China and India is rising rapidly with uncertainty. As two
representatives of the Oriental civilization, China and India display strong collec-
tivism in contrast of western nations. However, different degree of collectivism is
demonstrated in luxury consumption. The industry implication of this paper is that
the complex similarities and differences within two nations necessitate distinctive
strategies for marketers to seize the momentous opportunity, rather than simple
replication of the “Chinese model” or “Indian way”.
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Chapter 21
A Multi-stage and Parallel-Machine Scheduling
Problem for Solar Cell Industry

Li-chih Wang, Chen-yang Cheng, Tzu-li Chen, Yin-yann Chen,
and Chung-chun Wang

Abstract This paper studies a multi-stage and parallel-machines scheduling problem
which is similar to the traditional hybrid flow shop scheduling (HFS) in the solar cell
industry. The multi-stage and parallel-machines scheduling problem in the solar cell
industry simultaneously determines the optimal production sequence, multiprocessor
task scheduling and machine configurations through dynamically allocating all jobs to
multiple machines. We formulate this problem as a mixed integer linear programming
model considering the practical characteristics and constraints. A hybrid-coded genetic
algorithm is developed to find a near-optimal solution. Preliminary computational
study indicates that the developed algorithm not only provides good quality solutions.

Keywords Hybrid flow shop scheduling ¢ Genetic algorithm ¢ Solar cell industry

Introduction

Hybrid flow shop scheduling (HFS) was first proposed by Salvador (1973). Under
this type of production environment, not only the process sequence of a job (also
called work order) needs to be considered, dispatch problems, such as job alloca-
tion to machines, must also be considered, which increase the corresponding
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complexity (Salvador 1973; Ribas et al. 2010). Chen and Lee (1999) highlighted
that past studies of HFS were commonly based on a one-job-on-one-machine
type. However, their study was unable to run each job on multiple machines in
simultaneous operation for industrial applications. Therefore, they proposed the
so-called multiprocessor task scheduling architecture. Under the HFS production
environment, the number of machine resources for each job had to be established
or known and then the optimal multiprocessor task scheduling in each stage could
be determined. Ribas et al. (2010) believed that in a production environment of
this type, not only did the processing sequence require consideration, but the
dispatch issue of how to allocate jobs to multiple machines should also be
scrutinized. HFS problems have evolved from the earliest use of one-job-on-
one-machine to subsequent production environments with one-job-on-multiple-
machines. However, the premise remains the same, namely that the machine
resource allocation (or machine configuration) of each job must be established
in advance before a planning approach can be implemented. Currently, a realistic
problem in the solar cell industry arises from the unknown decisions of the job
production sequence, machine resource configuration, and resource allocation,
which will increase the difficulty and complexity of production scheduling.

In recent years, the popular solar cell industry has employed a similar production
structure to HFS environments using multiprocessor task scheduling architecture.
The production planners in the solar cell industry not only determines the multipro-
cessor task scheduling but also address the optimal machine configuration through
dynamically allocating all jobs to multiple machines. Each job can be arranged with
the largest number of machines during this production process. Additionally, the
number of machines can be dynamically allocated to complete the job within the
shortest possible time. The job production sequence only employs the traditional
dispatching rules for job arrangement. Therefore, when the machine resource
allocation and job production sequence are unknown, the complexity of the entire
production scheduling will be increased considerably, as examined in the previous
studies.

Therefore, this study conducts a case study on a company to explore the schedul-
ing characteristics of crystalline silicon solar cell production. The characteristics
include parallel processing, dedicated machines, sequence-independent setup time,
and sequence-dependent setup time. A mixed integer linear programming (MILP)
considering these practical characteristics is proposed to simultaneously generate
the optimal job production sequence, machine configurations and parallel-machine
scheduling in each stage to achieve the minimization of the maximum makespan.
Due the computational complexity of the model, a hybrid-coded genetic algorithm
(HCGA) was used to design the configuration of the production sequence and
machine resource of each job to obtain the near-optimal scheduling configuration.
Our preliminary computational study shows that the developed HCGA not only
provides good quality solutions within a reasonable amount of time but also
outperforms the classic branch and bound method and the current heuristic practiced
by the case company.
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Multi-stage and Parallel-Machine Scheduling Problem

The manufacturing of crystal silicon solar cells comprises six processes, and each
process has its own characteristics that influence the production schedule. There-
fore, these manufacturing process characteristics should be included in the produc-
tion scheduling. The characteristics are detailed below:

Parallel Machine Processing

Identical parallel machines are used in the manufacturing process of crystalline
silicon solar cells. When the job demand is high, a job must be allocated to more
than one machine, increasing the capacity and reducing the makespan required to
complete the job. There are three approaches to execute parallel machine scheduling.

Dedicated Machines

Crystalline silicon solar cells can be divided into single-crystal silicon solar cells
and polysilicon solar cells. The manufacturing of both types uses the same machine
and the same production process. The biggest difference is the dedicated machine
used in first texturing process, with the polycrystalline silicon solar cells using an
acid texturing method and single-crystal silicon solar cells using an alkaline
texturing method. Therefore, the machines in these processes cannot be mixed.
Thus, when the number of dedicated machines used for polysilicon differs from
those of single crystalline silicon due to capacity variances, the subsequent sched-
uling method for the processes is influenced.

Sequence Independent Setup Time

During the printing process, the required electrode patterns are printed on both sides
of the chip. In a crystalline silicon solar cell, the two wider electrodes of the cell are
called busbars, and the extensions to the left and right sides contain numerous small
electrodes called fingers. There are numerous screen printing design styles. How-
ever, for practicality, simplified symmetrical designs are typically used. Therefore,
customers require various patterns for screen printing such as a sparse distribution
(large distance) and a denser grid distribution (small distance). The density depends
entirely on the customer’s need to set a different screen pattern with extremely
minor similarities. Thus, the order sequence of the network printing process for the
job does not affect the duration of the setup time, which is referred to as sequence
independent setup time. Conversely, independent setup time affects the perfor-
mance of the entire scheduling. When the duration of setup time is effectively
controlled, the overall makespan is reduced, improving planning results.
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Sequence Dependent Setup Time

Due to the appearance of busbars on the crystalline silicon solar cell surface, the
testing/sorting process is categorized as: 2 busbars and 3 busbars. Because the two
busbars have a varying number of electrodes, for machines in the testing process,
the measurement probe must be adjusted according to the number of electrodes in
both busbar types. Therefore, when the batch of operations for the measuring
machines is the 2-busbars product form and the next batch of operations is of the
same (2 busbars) product form, then the number of measuring machine probes does
not need adjustment. However, if operation is a 3-busbar form, then the setup for
the number of machine probes must be adjusted. The probe adjustment time will be
affected by the product sequence, which influences the setup time. This is referred
to as sequence dependent setup time.

Problem Description

The production of silicon solar cells belongs to an HFS environment. In addition to
the process characteristics mentioned previously, the number of products of the job
is very high. The production cannot be completed in a short time. The method of lot
splitting must be considered to evenly split the job into several jobs. Then various
similar jobs can be processed simultaneously on a number of machines within the
same process, thereby reducing the production time. In stage #, job 1 is divided into
two sublots, with batch plan 1 operating on machine 1 and batch plan 2 operating on
machine 2. In the next phase of stage n + 1, job 1 is not splitted but directly
configured to operate on machine 4 to determine various combinations as required
to minimize the overall planning completion time. Therefore, in addition to consid-
ering the production sequence of a job, into how many lots a job should be splitted,
and which machines the jobs should be assigned to, are the problems examined by
this study, which are described as follows.

1. Determine the production sequence of all work orders
2. Split each order into various sublots
3. Configure the machines after lot splitting

Methodology

In this section, we formulate the mixed integer programming model for the
addressed HFS scheduling problem in the solar cell manufacturing, which is
based on the standard form of the HFS problem. The indices, input parameters
and decision variables of the optimal multi-stage and parallel-machine scheduling
model are defined as follows.
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Indices

i,u= Work order index, i, u = 1,2,...,1
j = Processing stage index, j = 1,2,...,J
k = Machine index, k = 1,2,..., M;, M; is the number of machines at stage j
| = The index of the way of lot splitting, / = 1,2,..., L;, L;is the number of ways of lot splitting

at stage j
Parameters
d; = The demand quantity of work order i
pij = The processing time for work order i at stage j
rj; = The production ratio factor at stage j when applying the lot-splitting way /
s = The sequence independent setup time for work order i
b; = The required number of the busbar for work order i (this value equals two or three)
sgl’?b“ = The sequence dependent setup time when work order i is a direct predecessor of work
' order u
e;x = The specialized machine constraints. If the work order i can be processed in machine
k, e; = 1; and otherwise, ¢;, = 0
M = A large enough number

Decision Variables

Chax  The makespan

Cijx  The completion time of work order i in machine k at stage j

Xijk The production ratio of work order i in machine & at stage j

ar Y;;x = 1,if work order i is processed in machine k at stage j; ¥;;x = 0, otherwise

Wijki Wijks = 1, if work order i is processed in machine k at stage j with applying the lot-
splitting way /; W; ., = 0, otherwise

Siujk  Siujx = 1, if work order i is processed in machine £ at stage j before work order u;
Siujk = 0, otherwise

Objective Function

Minimize Z = Cuax @21.1)

The objective function in Eq. (21.1) is to minimize the makespan of the schedule
which is equal to the completion time of the last sublot processed in the system.
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Constraints

The makespan constraint
Cnax > Cigx Vik
Processing sequence constraints
Cijmrh+di x Xijp xpij < Cijr Vi, jk
Lot-splitting and specialized machine constraints
L
Xijr = er,l Xeix X Wijrg Vij ki j=1
=1
L
Xijie = g x Wijus  Virj ks j>1
=1

L

‘j
Wijr <1 Vi jk
=1
M;
Zei,k xXije=1 Vij j=1
=1
M;
Xi,j,kzl Vl,j,j>1
=

Work order sequencing constraints (for stage 1-4)

L.-c. Wang et al.

21.2)

(21.3)

(21.4)

(21.5)

(21.6)

21.7)

(21.8)

Cujik = Ciju+du X Xujk X puj — M2 = Yijx — Yiuju)— M1 — Siujk)
Vi,u,j.k; i; j=1,...,4

Ci.j,kZCu.j,k_FdiXXilj,k XpiJ—MX (Z_Yij,k_yu,j,k)_MXSi,uJ,

(21.9)

Y2110

Yiu,j,k; i<u; j=1,...,4
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Work order sequencing and independent setup time constraints (for stage 5)

Cuji > Ciji +du X Xujie X puj+ 53 X Yujx — M2 = Yijp — Yuja) — M(1 = Siujix)
Yiu,j,k; i<u; j=5
21.11)

Cijk > Cuji +di X Xijx X pij + 5 X Yijp —MQ2 —Yiju — Yijn) — M X Siuji
Vi,u,j k; i<u; j=35
21.12)

Ciji > di x Xiju X pij+ s x Yije  Vij,k; j=5 (21.13)
Work order sequencing and dependent setup time constraints (for stage 6)

Cujr > Cijr +dy X Xyji X puj+ Sﬁfhu —MQ2—Yij)—Yujx) =M = Siujr)
Viu,j.k; i #u; j=06
(21.14)

Cijk = Cujr +di X Xijx X pij+ Sifhi —MQ2 —Yijr—Yujx) —M X Siujk
Yi,u,j k; i<u; j=6

(21.15)
Others and domain constraints
Xijx <M x Y Vi jk (21.16)
Yijr € {01} Vi jk (21.17)
Wikt € {0,1} Vi, j k1 (21.18)
Siujk €{0,1} Vi u,jk (21.19)
Xije >0 Vijk (21.20)
Cijr > 0 (integers) Vi, j, k (21.21)

Equation (21.2) states that the makespan of the schedule, C,,,, is greater than or
equal to the completion time of any sublot on the last stage. Equation (21.3) indicates
that the completion time for work order i in machine k at stage j is greater than or equal
to the completion time on the preceding stage j — / plus the processing time on the
current stage j. The processing quantity demanded of each sublot depends on the
number of machines. For example, the processing quantity demanded of a certain
work order is 900 units. If applying any two machines to process this order, it will be
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splitted into two sublots, the quantity of which is 450 units each. In this case, the
production ratio (X; ;) is 1/2. Equations (21.4) and (21.5) determine the production
ratio (X; ;). Because the number of processing machines at every stage is given in
advance, all possible ways of lot-splitting at any stage are also known. For instance,
there are three identical parallel machines at a certain stage, and then it has three lot-
splitting ways in this situation, with applying one, two, or three machines to process
orders. The production ratio factor (7;,) is 1, 1/2, or 1/3, respectively. Equations (21.4)
and (21.5) are similar except for the specialized machine consideration for single-
crystalline or poly-crystalline silicon at the first stage in Egs. (21.4) and (21.6) ensures
that the production ratio (X; ;) only equals one of all possible production ratio factors
at any stage or zero. In other words, when the work order is split (W, = 1), its lot-
splitting way is one of all possible lot-splitting ones. The sum of the sublot size in all
machines at a certain stage must equal the processing quantity demanded. Therefore,
Egs. (21.7) and (21.8) state that the sum of the production ratio (X; ;) of the order i in
each machine £ at stage j equals 1.

Sequencing constraints must be imposed on a pair of work orders i and u only
if they are allocated to the same machine k. If work order i is run earlier than u, then
Siujx = 1 and Eq. (21.9) is enforced to guarantee that work order u will begin after
completing the work order i. Moreover, the other sequencing constraint Eq. (21.10)
becomes redundant. On the other hand, if work order i is run later than u (S, jx = 0) at
the same machine k, then constraint Eq. (21.10) must hold to prevent from starting i
before ending u. In addition, Eq. (21.9) will become redundant. Otherwise, such a pair
of work orders (i and u) is not carried out at the same machine (Y; ;, + Y, jx < 2)and,
consequently, Egs. (21.9) and (21.10) become both redundant and the value of the
sequencing variable S; ,, j » is meaningless. Besides, it is worth mentioning a significant
saving in sequencing variables is achieved by i < u as follows from Egs. (21.9) and
(21.10). The number of sequencing variables { S; . } is reduced by half.

Equations (21.11) and (21.12) are similar to Egs. (21.9) and (21.10) except for
adding the sequencing independent setup time in the “Printing” stage. Equation
(21.13) ensures that the completion time for work order i in machine k at “printing”
stage is greater than or equal to the processing time plus the sequencing indepen-
dent setup time. Equations (21.14) and (21.15) are similar to Egs. (21.9) and (21.10)
except for adding the sequencing dependent setup time between two work orders in
the “Testing/Sorting” stage.

In Eq. (21.16), it is shown whether the work order i is processed in machine & at
stage j. Y; ;x equals 1 if work order i is processed in machine  at stage j (X; ; > 0);
otherwise (X;;x = 0), Y;;, equals 0. Equations (21.17), (21.18), (21.19), (21.20)
and (21.21) are the domain restrictions on the decision variables.

Hybrid-Coded Genetic Algorithm(HCGA)

In this section, a novel hybrid-coded genetic algorithm (HCGA) is designed to find the
near-optimal solution through the evolutionary process because of the computational
complexity of the proposed MILP model. Figure 21.1 shows the flow chart of the
HCGA algorithm.
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Fig. 21.1 The flow chart of the proposed HCGA

Results

Ten samples of different sizes shown in Table 21.1 are collected and modified from
the solar cell manufacturing industry for this computational study. The MILP model of
hybrid flow shop scheduling is formulated by using the ILOG CPLEX and solved by
traditional B&B algorithms. The proposed hybrid-coded genetic algorithm is
implemented by Visual C++ programming language. A personal computer with an
Intel Core 2 Quad 2.5 GHz processor and 2 GB RAM is used to execute and test the
algorithms. In order to determine the suitable control parameters of the HCGA, we
conducted the full factorial design of experiments to identify the optimal settings for the
control parameters of the proposed HCGA. The best settings of GA control parameters
are found in Table 21.2 and they will be used in the following computational study.
We compared objective value and solution gap (%) between the developed
hybrid-coded genetic algorithm and the B&B algorithm. The minimal, average,
maximal solution gaps and objective value of all solved problems are shown in
Table 21.3. The row with symbol * means that its optimal solution computed by the
MILP model is an estimated value since CPLEX optimizer runs out of memory.
From this table, we can observe that the value of average solution gaps between
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Table 21.1 Ten testing samples with different sizes

Problem size No. of No. of No. of No. of
Data Problem (order, machine, continuous binary integer total No. of
Size number stage) variables variables  variables  variables constraints
Small 1 (3,3,4) 36 180 37 253 770
2 (3,5, 4) 60 420 61 541 1,604
3 (3,8, 4) 60 360 61 481 1,522
4 (5,5,6) 150 1,200 151 1,501 4,632
5 (5,8,6) 240 2,640 241 3,121 9,431
Large 6 (10, 8, 6) 480 6,480 481 7,441 23,662
7 (10, 10, 6) 600 9,300 601 10,501 32,962
8 (20, 10, 8) 1,600 31,280 1,601 34481 117,322
9 (20, 15, 8) 2,400 61,200 2,401 66,001 214,962
10 (50, 15, 8) 6,000 243,000 6,001 255,001 699,626
Table 21.2 The best settings  Tp. GA parameters Value
of HCGA control parameters - -
Population size 700
Offspring size 700
Crossover rate 0.8
Mutation rate 0.1

Selection strategy

Tournament selection

Table 21.3 The objective value and solution gap (%) between B&B and HCGA

CPLEX
Optimizer
(B & B) Hybrid-coded genetic algorithm
Average
Problem size Min. solution solution Max. solution
Data Problem (orders, (solution gap  (solution gap (solution gap
size number machines, stages) Solution %) %) %)
Small 1 (3,3,4) 76,500 76,500,(0) 76,530 76,800
(0.0392) (0.3922)
2 (3,5,4) 25,200 25,200 (0) 25,260 25,800
(0.2381) (2.3810)
3 3,8,4) 103,500° 99,300 102,210 10.3,500 (0)
(—4.0580) (—1.2646)
4 5,5,6) 64,800° 60,570 63,645 66,480
(—6.5278) (—1.7824) (2.5926)
5 (5, 8,6) 98,100 45,900 49,439.2 55,285
(—=53.211) (—49.603) (—43.644)
Large 6 (10, 8, 6) - 69,750 77,286 79,650
7 (10, 10, 6) - 59,640 71,386.9 74,031
8 (20, 10, 8) - 115,200 129,192.5 135,540
9 (20, 15, 8) - 150,701 155,553.1 165,954
10 (50, 15, 8) - 360,000 367,008 374,400

“Branch and bound method in CPLEX runs out of memory
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Table 21.4 The comparison of CPU times between B&B and HCGA

CPLEX
optimizer
(B & B) Hybrid-coded genetic algorithm
Problem size Min. CPU Max.
Data Problem (orders, machines, CPU time time Average CPU CPU time
size number stages) (second) (second) time (second) (second)
Small 1 (3,3,4) 58.00 6.49 6.70 6.90
2 (3,5,4) 1,257 9.47 9.79 10.06
3 3,8,4) >2,334.69" 75.27 79.28 81.49
4 (5,5,6) >5,140.52" 351.79 367.46 384.60
5 (5,8, 6) >977.22" 263.17 272.99 283.90
Large 6 (10, 8, 6) >2,087.50" 385.25 397.68 408.74
7 (10, 10, 6) >1,531.16" 476.65 498.59 526.7
8 (20, 10, 8) >3,107.84" 1,393.76 1,424.00 526.7
9 (20, 15, 8) >2,098.42" 1,806.99 1,853.44 1,913.32
10 (50, 15, 8) - 2,338.27 2,438.58 2,600.66

“Branch and bound method in CPLEX runs out of memory

these two algorithms lie between 0 and 1% in problem #1 and problem #2. The
proposed HCGA can also reach the optimization solution since minimal solution
gap equals to zero under the best case. This shows that the hybrid-coded genetic
algorithm can find the near-optimal solution.

Moreover, the value of average solution gaps between these two algorithms is
“negative” from problem #3 to problem #5. It means that the solution provided by the
hybrid-coded genetic algorithm is better than the one generated by the terminated B&B
algorithm. In these samples, the B&B algorithm uses up the memory and has little
distance with the optimal solution. The hybrid-coded genetic algorithm, on the other
hand, can still find the near-optimal solution and even outperform the terminated B&B
algorithm. In the large samples (from problem #6 to problem #10), we further observed
that the B&B algorithm not only spends more time but cannot obtain any feasible
solutions. The developed GA still generates better solutions for the large samples in the
reasonable time. Consequently, from above analysis, our results claim that the pro-
posed hybrid-coded genetic algorithm not only provides the near-optimal solutions
irrespective of the size of the sample data; it also generates the better solutions for large
scale samples in which B&B algorithm cannot found any feasible solutions.

The minimal, average and maximal CPU time of all solved problems are shown
in Table 21.4. The row with symbol * means that the real CPU time of the specific
problem is greater than the estimated CPU time since CPLEX optimizer runs out of
memory. From this table, we observed that the computational speeds of the hybrid-
coded GA outperform the traditional B&B algorithm and the B&B algorithm grows
exponentially with the problem sizes. Even the B&B algorithm is not executable in
problem #10 due to the more requirements in the memory space. Thus, it is not
feasible for solving realistically large size problems. However, the hybrid-coded
GA only needs fewer CPU time and memory to generate the near-optimal solution
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compared with the terminated B&B algorithm and have best performances in large
size problems. From the above analyses of the solution quality and computational
time, it can be deduced that the hybrid-coded genetic algorithm can provide better
quality solutions within a reasonable amount of time as data size increases. Thus,
this heuristic is more suitable for solving realistically large size problems of hybrid
flow shop scheduling problems.

Conclusion

In this paper, we present a multi-stage and parallel-machine scheduling problem
which is similar to the traditional hybrid flow shop scheduling (HFS) in the solar
cell industry. The multi-stage and parallel-machines scheduling problem simulta-
neously determines order production sequence, multiprocessor task scheduling and
optimal machine configuration through dynamically allocating all jobs to multiple
machines under the minimization of the maximum makespan. A mixed integer
linear programming model has been proposed, in consideration of many practical
characteristics including hybrid flow shop, parallel machine system, specified
machines, sequence-independent setup time, and sequence-dependent setup time.
Because of the computational complexity, a hybrid-coded genetic algorithm has
been developed for finding a near-optimal solution. The computational study shows
that the proposed algorithm could be more suitable and efficient for solving large
size problems than the conventional B&B algorithm.
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Chapter 22
The Research of Creative Design of Green
Equipment for Caring OQutdoor Activities

Ming-Tang Wang, Rain Chen, Jenn-Yang Lin, and Chang-Tzuoh Wu

Abstract According to the four stages of iNPD, the green equipment for outdoor
activities is designed. Its description is as follows: (1) Lifestyle impact: internet
technology transforms for leisure of special group to become customized mobile
products, (2) Ergonomics: green energy (solar) as power supply with electrical
storage devices which can track sunshine direction, and easy to close and carry.
(3) Feature: a tree structure for outdoor activities, and can integrate with existing
WiMAX equipment for LAN.

Keywords iNPD e« Caring design ¢ Green equipment » Outdoor activities

Introduction

In the history of human beings, there is a tendency to live together for purpose.
Thus, they live in a style from families, tribes to cities, and have been particularly
influential in contributing to communication of each other. The continuing
improvements in communication difficulties arisen from the obstacles of different
tribes or cities have led to many fascinating applications from carrier pigeons,
letter dogs, and smoke of flame. However, it is difficult to communicate
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effectively because there are obstacles of mountains and water. The increasing
usage of requirements for transferring and exchanging information among human
beings has become more critical. In order to overcome the barriers of terrain and
distance and to create more efficient solutions, the scientists invented the tele-
graph and telephone for voice communication after the discovery of electricity.

Although the development of wired communication technology has made great
progress, the connected devices cannot efficiently build the wired cable to fit needs
and the subsidiary needs to connect related products for information communica-
tion. The use of technology in the voice communication has been increasing the
objects from wired to wireless in recent years. Many transmission technologies
have been made use of electrical appliances in livelihood simultaneously, and have
influenced consumers’ social behaviors. The reason the wireless transmission has
naturally become a main trend is that it relies on base station to own characteristics
of infinite direction of the limited range for information communication. There are
LAN (Local Area Network) and WLAN (Wireless Local Area Network) of wireless
transmission services which can provide indoor (within a distance of 100 m) low-
mobility and high-speed. Unfortunately, there are many standard agreements for
requirements in the WLAN and LAN. The main usages are the band of 2.4 GHz:
IEEE 802.11(b/g) and band of 5 GHz: IEEE 802.11a, HIPERLAN-2 and other
specifications. The other wireless personal area network (WPAN) also has an
emerging development trend of wireless access. It can be applied in short-range
and low-power wireless transmission technology to connect home appliances
(printers, cell phones, PDA, etc.).

In common, the mobile internet facilities (NB or smart phone, pad, etc.) do not
have better application with a convenient wireless AP (Access Point). The Wifi and
WiMAX (Metropolitan Area Network) work for the general area network in public.
However, the greatest disadvantage of WiFi is the transmission distance which is
about 10—-100 m. In contrast, the WiMAX technology has better transmission
distance which is over 10 km with the fastest transmission (70 Mbps). It is not
only solve the problem of inadequate Wifi Internet coverage in wireless cities, but
also connect as the last mile in a network for business or home application.

The process of research innovates wireless product opportunities for meeting
consumers’ needs, it is always meet the fuzzy front end of opportunities. Cagan and
Vogel (2002) proposed that a process of the integrated New Product Development
(INPD) is not just a set of methods that can be plugged into an existing company
structure. It is a way of thinking that combines three key elements: (1) A truly
horizontal and interdisciplinary structure. (2) A commitment to maintain a focus on
what customers and other stakeholders value. (3) A system that begins with an
emphasis on qualitative methods of discovery and development and evolves toward
quantitative methods of real methods of refinement and manufacture. It is a good
way to transfer and combine the marketing research, engineering and design of
products to explore the complex and comprehensive research. Therefore, a number
of studies have investigated this question since the process of iNPD. Xin et al.
(2007) have applied this way to use motion capture as a quantitative tool to study
dynamic ergonomics, physical ability both in two dimensions and in motion and to
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| Launch preparation |

Fig. 22.1 The process of product development (Cagan and Vogel 2002)

provide insights for understanding the physical limitations of users and the usability
of products. Metzler and Shea (2011) put lessons learned from a project-based
approach for teaching new cognitive product development to multi-disciplinary
student teams. In order to deepen our understanding of the method, Xu et al. (2010)
have investigated Industrial design rationally through the iNPD process of high-
tech industrialization by two actual projects through the use of these methods.
Rothstein said managing integrated development, cross-functional teams and stra-
tegic planning are the challenges that many of today’s business and design leaders
face. Several studies have suggested the benefits of iNPD, but there has been
relatively little research (Fig. 22.1).

The internet application technologies have great progress whereas the exploration
of application of wireless network become crazy because the infrastructure is still in
progress. Although the lack of frequency has been complained, the important point is
only the application. In order to explore the concepts of application, the major purpose
of the present study was to investigate the fuzzy front end of wireless communication
and coordinate the possible ways of using wireless equipment in outdoor activities.

Methodology

The process of iNPD consists of four stages: (1) identifying opportunities, (2) under-
standing opportunities, (3) conceptualizing opportunities, (4) realizing opportunities
(Rothstein 2012; Clarkson and Eckert 2005; Sun 2006) (Fig. 22.2).

1. The first stage — identifying opportunities
In this stage, it is way to collect the SET factors (Social change, Economic trends
and Technological innovation) for locating a better position of innovative
planning as the product opportunity gaps (POGs). According to Akman and
Mishra (2010), the age has a positive impact on average daily use of the Internet
in general and a negative impact on the use of the Internet for information
access. The main target groups of using the wireless communication equipment
are the young and the highly educated whose ages are between 18 and 35. In this
study, there are eight participants whose age are from 20 to 24. They own the
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Fig. 22.2 The POGs from SET

basic knowledge of designing the wireless transmission products and major in
product design, visual communication design, information and communication,
information engineering and electronic engineering design. In order to collect
the factors of all issues of SET, they will have brainstorming and then verify
related issues of SET to be grouped as POGs.
2. The second stage — understanding opportunities

In order to recognize the POGs of SET after the first stage, they continue to
understand the opportunities of possible products. The values of opportunities
will be divided into seven composite values: emotion, ergonomics, aesthetics,
identity, impact, core technology and quality. Afterwards, value opportunities
analysis (VOA) is used to make the descriptions of POGs clear. The five steps
need to be followed: (A) Opportunities modification: adjust and increase several
values to fit for possible products. (B) Quantitative survey: It is for identifying the
significant values that have a semantic survey of products from the questionnaire
which is with seven segments of Likert scale, and all examinees’ age is between 20
and 29 with high using rate of network. (C) Reliability and validity analysis: The
reliability of each sample of opportunity values will be verified the coefficient of
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Cronbach o by scale analysis. It means credible when the coefficient is higher than
0.4, and the higher is the better. The other validity can be checked from factor
analysis, and someone will be deleted to ensure validity because its factor loading is
under 0.5. (D) Descriptive statistics: Each average of descriptive statistics of require-
ment is less than 1.5 which is deemed as ‘low’. 1.54 is deemed as ‘moderate’
requirements, and more than 4 is deemed as ‘high’. Some of the values will be
pointed to describe. (E) Find the fuzzy front end: Integrations of the high average of
descriptive statistics and GOPs are seemed as the direction of product design.

3. The third stage — conceptualizing opportunities
In this stage, the pictures will be simulated the preferred orientation of signifi-
cant value opportunities for target groups which will focus on the LEF (Life-
style, Ergonomics, Figure): (A) set up the users’ lifestyle to conceptualize
product design direction, (B) be oriented from users, and center on caring
human and earth to concentrate direction.

4. The fourth stage — realizing opportunities
In order to realize the opportunities, the green direction of the concept should be
consistent with the result of the study and care the outdoor activities. It will be
proposed by sketch as first presentation.

Results
Identifying Opportunities

In order to identify opportunities, relevant issues of social trends, economics
forces, and technological advances by eight participants in brainstorming as SET
exploration were collected. Then, relevant issues of each factor groups by KJ
method were converged. Thus, 25 issues of social trends were categorized into 6
topics, 24 issues of economic forces into 5 topics, and 24 issues of technological
advances into 6 topics (Table 22.1). In order to synthesize GOPs, the cross-
correlation of SET topics was linked and then the frequencies (X) of topics was
calculated, and all convergent topics in a value (Y) between 1 and 3 was weighed.
The sorting scores (Z) were multiplied from the values of frequencies and weighed
(Table 22.1), which has ranked the higher ones as the possible POG. Finally, the
wireless communications design directions were synthesized as follows: (1) a
personal customized mobile products with internet technology and (2) a concept
for leisure activities from convenient and unlimited solar energy.

Understanding Opportunities

Value opportunities (VO) can be classified into specific attributes that contribute to
the usefulness, usability, and durability of a product, and connect the features of a
product to those values. There are seven categories: emotion, ergonomic, aesthetic,
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Table 22.2 The adjustment of product opportunities

original Modification

1. Emotion Adventure, independence, Excitement, fresh, creativity, security, deluxe,
security, sensuality, excellence, confidence, reliability,
confidence, power authority, controlling

2. Ergonomic  Comfort, safety, ease of use Comfort, safety, ease of use

3. Aesthetics  Visual, auditory, tactile, Visual, auditory, tactile, olfactory, taste
olfactory, taste

4. Identity Point in time, sense of place, Point in palace, characteristic, personality
personality

5. Impact Social, environmental The self, others, environmental

6. Core tech Reliable, enabling Reliable, enabling, effectiveness

7. Quality Craftsmanship, durability Appropriateness, craftsmanship, durability

identity, impact, core tech and quality. Each of the seven VO classes contributes to
the overall experience of the product which have 23 original items, and have adjusted
to be 30 items by 8 participants for fitting possible direction (Table 22.2).

Those 30 items had made questionnaire with 7 segments of Likert scale and
taken quantitative survey in Internet Survey from 5/23/2011 to 6/23/2011. There
were 728 examinees to participate in this internet survey and 639 valid
questionnaires were received. The distributive regions of questionnaires in Taiwan:
north, central, south and east. The examinees were men (52.9%) and women
(47.1%). Through the correlation analysis of the 30 values, there were two pairs
of two variables. The results of inter-correlation were lower than all values that
were suitable for further analysis.

Firstly, we held a scale survey for reliability analysis of 30 items of opportunity
values. The value of Cronbach’s Alpha of all items was 0.886 which indicated a
high credibility of the survey sample. Secondly, principal component analysis and
equamax shaft method were selected to run factor analysis. All values of Cronbach’s
Alpha were over than 0.5 indicated the validity, and all items can be retained for
subsequent descriptive statistics.

The descriptive statistics of questionnaire surveys found more important values
of opportunities that were the creativity (5.05) on emotion, the ease of use (4.86) on
ergonomics, the visual (5.42) on aesthetics, the point in place (5.42) on identity, the
environmental (5.24) on core tech, the enabling (5.41) on identity, and the durabil-
ity (5.45) on quality (Fig. 22.3). A structure for fitting upper opportunities, was
proposed and described in the next stage.

Conceptualizing Opportunities

Nevertheless, considering the conceptualization of opportunities, we opted the
empirical data and major items to recognize the fuzzy front end of opportunities.
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Fig. 22.3 The value of product opportunities

It is better to create a structure of solar energy power supply for wireless equipment
than a green router unit.

1.

User life style

Exploring a feasible and potential wireless product which can be constructed for
outdoor space: temporary camping area, golf course, the mobile caravan, and the
needs for external communications for regional communication network. Nev-
ertheless, people in outdoor leisure activities are difficult to receive signal or use
the temporary network facilities to overcome point in place (Fig. 22.4).

. Moving to first quadrant

The product should approach the first quadrant and thus can be a green equip-
ment for accessing wireless facility (Fig. 22.5).

. Integration of style and technology

It depends on LEF: (1) Lifestyle impact: become customized mobile products with
internet technology for leisure special group (2) Ergonomics: a green energy (solar)
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Fig. 22.4 The lifestyle of user

High
7
-
o
Low
Low High
Technology

Fig. 22.5 The style and technology go in the first quadrant (Casual folding chair 2012; Solar
energy 2012; Solar tent for USA army 2012)
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Table 22.3 The creative design for green equipment

LEF Collected factors Direction

L Environmental Become customized mobile products with internet technology
impact for leisure special group
Customized personal
mobile
Leisure activities
E Easy operation To use solar as power supply, can track sunshine direction,
The point in place and easy to close and portability
Durability
Unlimited energy
F Creativity Outdoor green tree structure with the existing WiMAX
Visual attention equipment for LAN

Table 22.4 Idea sketch of structure
Idea-1 Idea-2

power supply with electrical storage and portability (3) Feature: outdoor environ-
mental tree structure can integrate the existing WiMAX equipment for LAN
(Table 22.3).

Realizing Opportunities

The design created from investigated concept is a foldable tree structure with solar
light panel which could assemble the solar light panel (670*816*%40(m/m)) with
battery and the router with DC 5 V = 1.2 A to construct a sustainable changeable
product. There are several idea sketches and two are selected (Table 22.4). Finally,
we design the adjustable solar light panel with wireless router of Wimax which can
fold for portable, and have a heavy battery as base (Fig. 22.6).
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Fig. 22.6 Sketch for proposal: using and folding

Conclusion

Finally, we are responsible for the following process of iNPD to propose the design
of green wireless equipment for caring outdoor activities. We are aware of a
foldable solar energy supply with tree structure for customized mobile internet
product because the energy supply is a main obstacle in outdoor activities. This
creative concept is a structure for integrating the existing WiMAX equipment for
LAN that is a less expensive and less complicated product for outdoor activities.
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Chapter 23

Mean Shifts Identification in Multivariate
Autocorrelated Processes Based on PSO-SVM
Pattern Recognizer

Chi Zhang and Zhen He

Abstract In multivariate statistical process control, interpretation of a signal
issued by multivariate control charts is very useful to find source(s) of variation
that result in the out-of-control condition. This paper develops a support vector
machine(SVM) based model for multivariate autocorrelated processes to diagnose
abnormal patterns of process mean changes, and to help identify abnormal variable
(s) when residual T? control chart issue an alarm. Particle swarm optimization
(PSO) method is adopted to determine the values of penalty parameter and kernel
parameter of the model to improve the performance of the SVM pattern recognizer.
The results demonstrate that the proposed method provides an excellent perfor-
mance in terms of accuracy of classifying patterns of out-of-control signals.

Keywords Multivariate autocorrelated processes ¢ Support vector machine
« Particle swarm optimization ¢ Quality diagnosis

Introduction

In many industries, multivariate control charts are a widely used tool of quality
control, which are applied to monitor process abnormalities and minimize process
variations. However, traditional multivariate control charts will give too many false
alarms if apply in some process industries because data from these facilities are
autocorrelated. A common approach for monitoring multivariate autocorrelated
processes is to remove the autocorrelation from the data using time series model
then apply multivariate control charts to the residuals, as in Yang and Sun (2006), Sun
and Yang (2007), Pan and Jarrett (2007), Jarrett and Pan (2007). Besides time series
models, data mining models are also used to predict and obtain the residuals of the
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processes. Neural network regression based model can be used to obtain residuals and
construct residuals Cumulative Sum chart for multivariate autocorrelated processes,
see Arkat et al. (2007). Also support vector regression method can be used to obtain
and construct residuals Multivariate Cumulative Sum (MCUSUM) control chart for
monitoring mean shifts in multivariate autocorrelated processes, see Issam and
Mohamed (2008). Because these residuals are not the original observations of the
process, it may not be easier for operators to interpret the out-of-control signal issued
by residual-based control chart. Thus, some original observations-based methods are
proposed. One class classification-based control charts was proposed to monitor
multivariate autocorrelated processes, see Kim et al. (2010). Some works considered
modified control charts scheme for original multivariate autocorrelated processes
observation, as in Kramer and Schmid (1997), Bodnar and Schmid (2007, 2011). All
the above-mentioned researches can handle multivariate autocorrelated process
monitoring problems but they can’t interpret the source of variations when control
charts issue an alarm.

There are only very few existing researches focusing on the problem of identifying
variables that result in the out-of-control condition in multivariate autocorrelated
processes. A Z-chart method was firstly proposed which can both detect an out of
control status and identify variable(s) result in the out of control situation in Kalgonda
and Kulkarni (2004). Neural networks are used to monitor mean shift and identify
variables that give rise to the out-of-control condition in Fountoulaki et al. (2011),
Hwarng and Wang (2010). Though support vector machine (SVM) has proved
effective in identifying abnormal variable(s) in independent multivariate processes
in Cheng et al. (2010), it hasn’t applied in identifying abnormal variable(s) in
multivariate autocorrelated processes. In this paper, we propose a SVM based
model to help identify abnormal variables when residual T2 control chart issue an
alarm, we use particle swarm optimization (PSO) to determine the proper setting of
the SVM parameters to improve the performance of the model.

The rest of the paper is organized as follows. Section “Methodology” briefly
describes the time series based residual control chart, SVM and parameters selection
using PSO. Section “Proposed Approach” proposes a PSO-SVM based Monte Carlo
approach for identifying variable(s) result in out of control situation. An example is
presented in section “Results” to demonstrate the performance of proposed approach.

Methodology

Residual Control Chart

We use vector autoregressive model(VAR) to simulate a multivariate autocorrelated
processes. The n-dimensional VAR model with p-lag autocorrelation has the follow
expression:

Y,: (1—(1)1 —...—(I)p)/l+q)lyt_1 +(D2Yt_2+...+q)pr_p+8,, (231)



23 Mean Shifts Identification in Multivariate Autocorrelated Processes Based. . . 227

. . T . . .
where @; are coefficient matrices, & = (&1, &, ...,&y) is white noise process
(serially uncorrelated or independent) vector which has (n x 1) zero mean and time

invariant covariance matrix 2. The best linear predictor Y, of Y; in terms of Y1,. . .,
Y,,] is

Yi=(I—-® —...— P+ DY+ DY n. ..+ DY, (23.2)
The residual vector R, is the one-step prediction errors, i.e. R, = Y, — Y .. R, will
be normally and independently variables if an appropriate time series model is fitted

to the process. Suppose the process parameters are known, when the process is in
control,

R[ = Y[ - Y[ = &. (23.3)

When a process shift § occur at time # = ¢, we can obtain

& t<gq
_Je+o t=gq
Rei=N et Q-0 —0y— ... —®) 1=q+i1<i<p (234)
8t+(I—(D1—(D2—...—q)p)5 t>q+p

Thus, conventional multivariate control charts, like Hotelling T? control chart,
could now be applied to the sequence of the residuals.

Support Vector Machines

SVM is a kind of statistical learning algorithm proposed by Vapnik, see Vapnik
(1995). It has been widely used for classification as well as regression problems.
The main advantage of the SVM embodies its very good generalization ability, and
it has a global and unique solution.

For simplicity, we will illustrate SVM using a supervised binary classification
problem. Suppose the training dataset consists of / vectors x;(i = 1,2,...,/) from
the n-dimensional feature space X, we label each vector x; a target y; € {—1,+1}.
For the linearly separable case, the SVM classification approach looks for an
opportune hyperplane to separate the two classes in X. The optimal separator can
be obtained by a constrained optimization formulation

) 1 ’
min EHwH

st yil(0 x)+b)>Li=1,...,1 (23.5)
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For the non-separable cases, we can’t find a hyperplane with a class separation
band without any data points inside it. One can deal with this problem by relaxing the
constraints. We can do it by introducing positive slack variables&; > 0,i=1,... , [,
which becomes:

. 1, 5 1
min §||a)|\ +C;f,-

s.t. yil(oh - x)+b)>1-¢& i=1,...,1
&>0, i=1,...,1. (23.6)

Here the constant C is a regularization parameter that balances model complex-
ity and empirical risk. The Lagrangian formulation for this dual problem of
formulation is as follows:

. | i
min 3 Z Zyiyjociotj(x,- -xj) — Z o
i=1 j=1 j=1
i
s.t. Zy,-oc,- =0
i=1

0<ou<C, i=1,...,1 (23.7)

Where o; represents Lagrangian multiplier of x;. The discriminant function is

l
f(x) = sen (Z oY+ X+ b) : (23.8)

J=1

For non-linear SVM, the decision function becomes a nonlinear function of the
training data. The decision function for new x; can be obtained through substituting
X; - x; with kernel function. The kernel function is defined as the inner product of
vector functions K (x;,x;) = ®(x;) - ®(x;). One of the most commonly used kernel
function is the radial Gaussian basis

2
k(xy,x;) = eIl /2o, (23.9)

In this paper, Gaussian radial basis function is selected as the kernel function of
the SVM classier. Finally, note that although we only describe binary SVM
classifiers, the main concepts can be easily extended to handle the multi-class
case if combined some strategies (one-versus all, one versus one). In this paper,
we adopt one-versus-one approach to handle multiclass classification problem.
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Parameter Optimization Using PSO

Particle swarm optimization (PSO) is a stochastic optimization algorithm proposed
by Kennedy and Eberhart in 1995, see Kennedy and Eberhart (1995). It is a kind of
global search algorithm which simulates the behavior of bird flocking in finding
food. In this algorithm each individual is called a particle and the given population
is called a swarm. Each particle will adjust its flying velocity and position according
to its own experience and experience of its neighboring particles in the swarm
during each iterative process. This new algorithm is easy to implement, and have
fast convergence rate. It has been successfully applied in many areas like function
optimization, artificial neural network training, and the parameters optimization of
support vector machine. The main concepts of the basic PSO algorithm can be
shown as follows:

Suppose z; represents the i-th particle, p; is the best previous position of any
particle, the symbol g represents the index of the best particle among all the
particles in the swarm. v; is the current velocity for the i-th particle. The velocity
and position of the i-th particle at the k-th iteration are updated as follows:

Virh=wevl e (pia — i) +ca o (pea — Zhy) (23.10)
A @

where ¢; and ¢, are two positive constants, r; and r, are two positive random
numbers drawn from a uniform distribution between 0 and 1, and w represents the
inertia weight. Note that a large inertia weight w facilitates a global search while a
small inertia weight facilitates a local search, thus we can balance the global search
and local search by tuning the parameter w. In addition, because PSO has a
tendency to explode as oscillations become wider and wider, a limit on the particle
velocity is required to damping the velocity, which is represented as the maximum
allowed velocity viax.

Proposed Approach

In an independent multivariate process monitoring environment, when an out-of-
control signal is issued by Hotelling T? control chart or other multivariate
procedures, the problem of identifying source(s) that caused the signal is considered
as a pattern classification problem, as in Niaki and Abbasi (2005), Yu and Xi
(2009), Guh (2007). This idea can be extended to autocorrelated multivariate
process monitoring and diagnosing situation. In order to identify and locate the
abnormal variable(s) for the multivariate autocorrelated process mean vector, this
paper proposes to construct a multivariate autocorrelated process diagnosis model
based on residual Hotelling T2 control chart and PSO-SVM pattern recognizer, and
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Fig. 23.1 Process diagnosis model by residual T* chart and PSO-SVM pattern classifier

the model structure is schematically shown in Fig. 23.1. When residual Hotelling T?
control chart signal an alarm, the SVM classier can classify the out-of-control
signal into several classes of patterns. Take the bivariate case for example; there
are three different abnormal patterns: (1) process shift only occurs in first variable,
(2) process shift only occurs in second variable, and (3) process shift occurs in both
the first and the second variables. It is obvious that the pattern of mean shift that
caused the abnormal signal must be one of them.

In this paper, we use the Matlab software to generate data for training and
testing, and we use Libsvm for Matlab as the SVM tool. We take two bivariate
autocorrelated cases as examples for simplicity. Assume the processes have known
parameters. Say, the mean vector (i, , i, ), the covariance matrix of the error term X,

O Dy

21 P2
considered as normal pattern, and the output should be (0,0). We shift the mean vector
as the following three patterns, (y; + ka1, 1), (fy, tty + ko) and (u; + ko1, i,
+ko2,), k = 1,2,3. The target output of the SVM classier should be (1,0), (0,1), and
(1,1), respectively. In SVM classier, these four classes of normal/abnormal process
patterns (i.e., (0,0), (0,1), (1,0), (1,1)), can be labeled with, lablel = 1, lable2 = 2,
label3 = 3, label4 = 4 respectively. At the step of generating training and testing
data, the residual T? statistic is used as a constraint to guarantee that the generated data
meet the demand of the corresponding patterns of the process mean vector.

and the autocorrelaion coefficient matrix . The non-shifted process is

Results

We will demonstrate the effectiveness of the proposed model through an example.
Consider the diagnostic of abnormal signal in a 1-lag vector autoregressive
multivariate autocorrelated process which has two process variables. Suppose the
mean vector, the autocorrelation matrix and the variance-covariance of the
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Table 23.1 Classification accuracy of proposed approach

Patterns of classification Classification percentage
K (0,0) 0,1) (1,0 (1,1) Accuracy
1 0,0) 257 16 27 20 0.8031
0,1) 10 253 1 56 0.7907
(1,0) 11 0 282 27 0.8813
(1,1) 23 31 21 245 0.7656
2 0,0 310 4 0 6 0.7313
0,1) 4 310 0 6 0.9688
(1,0 4 0 278 38 0.8688
(1,1) 22 23 8 267 0.8344
3 (0,0) 315 2 1 2 0.9844
0,1) 0 318 0 2 0.9938
(1,0 2 0 310 8 0.9688
(1,1) 2 13 0 305 0.9531
o lo] l0.7 0.1 ]
error term for a bivariate autocorrelated process are y = R = R
0 0.2 0.5
andX = [0 51 ] , respectively. The simulation experiment is conducted according

to the above descriptions. We seto. = 0.05, the control limit for the residual T2 control
chart is calculated by UCL = y%a For each patterns described above, we generate 400
dataset. The first 80 are used as the training dataset, and the rest 320 are used as the
testing dataset. K is set to 1, 2, and 3. In the process of carrying out our experiment,
the PSO method was introduced to optimize the values of penalty parameter
and kernel parameter to improve the performance of the SVM pattern recognizer,
Simulation results are presented in Table 23.1.

The results of Table 23.1 show that the PSO-SVM model is able to classify the
signals in an acceptable accuracy, even for a small shift, say one times of standard
deviation shift in each of the two variables or in both of them, the accuracy of the
classification is nearly 80%. The accuracy improved as the shift magnitude K
increased. For a large shift, say three times of standard deviation, the accuracy
will be more than 95%.

Conclusion

In modern complex manufacturing scenario, finding source(s) of abnormal signals
has been a challenging task for multivariate autocorrelated process monitoring
scheme. There have been only very few researches on this scheme. In this paper,
we propose a PSO-SVM based model to classify and identify the variable(s) that
corresponding to the mean shift of autocorrelated process.

The performance of the model for identification accuracy of mean shift patterns
is evaluated through the use of a numerical example. Since the parameters of the
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SVM have significant effect on the performance of our model, we introduce Particle
Swarm Optimization algorithm to improve the performance of the diagnosis model.
The experiment result demonstrates the effectiveness of the proposed approach.
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Chapter 24
Direct Control-Chart of Substandard
Products Control

Chun-yun Yu and Zhi-min Guan

Abstract In this paper, direct Control-Chart of substandard is put forward. In the
Control-Chart, the usual way of deciding the control limits according to sample
datum has been eliminated and the shortage of small-scale single-piece production
datum has been overcome. It doesn’t need sample datum as its basis. Its purpose is
not to keep the process stable but to control the occurrence of substandard products,
which is more suitable for process quality control of small-scale production. The
structure, control rules, statistical principles identifying, capacity, functions,
characteristics application of the direct Control-Chart are discussed.

Keywords Multi variety small batch ¢ Quality control  Direct Control-Chart
« Statistical process control

Introduction

The statistical tool that is most widely used in the control of process quality is the
Control-Chart. Many of the accepted control charts are suitable for mass produc-
tion. Besides, the charts are based on certain amounts of samples. Grant (1992),
Duncan (1986) believe that when the sample size n = 5, the number of sample
group m = 20-25, the reliable control chart limits can be establish. While in
small-scale single-piece production it is difficult to collect datum. Hillier (1969)
first presented X — R control charts for short production runs In1969. Quesenberry
(1991) proposed the Q control chart, the Q control chart using Fisher’s classic
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probability integral transformation theorem and OReilly conditional probability
integral transform method. The observed value is converted to the Q statistic to
obey the standard normal distribution in quality control. Castillo and Montgomery
(1994) found that when the process shift, if the process mean is known
and variance is unknown, the application effect of the Q control chart is less
than ideal. At the same time, the Q control chart is not sensitive enough
for monitoring small shifts. Page (1954) proposed cumulative sum control chart
(CUSUM). Roberts (1959) proposed exponentially weighted moving average
control chart (EWMA). CUSUM and EWMA control chart is sensitive to
the slight offset of the process, and is suitable for small batch production
quality control, however, these two control chart does not reflect the true quality
characteristics. Miao Rui et al. (2005) analyzed the problems occurred in
the statistical process quality control in the low volume manufacturing. When
process quality char act eristic data followed normal distribution, a standard
control chart was provided to monitor process mean and process variance based
on the probability integral transform theory. This algorithm has realized real-
time control of process quality in the low volume manufacturing. Wang Li-
ying et al. (2006) constructed Classified coding system and applied analogical
manufacturing theory to classify procedures with same codes into same virtual
procedure, thus virtual batch was composed and data shortage problem was
resolved which laid foundation for procedure quality control applying SPC
technology . However, the application of these methods is more complicated.
Today, there is still an effective method to solve the problem of quality control
for short production runs.

In the control chart to be discussed in this paper, the usual way of deciding the
control limits according to sample datum has been eliminated and the shortage of
small-scale single-piece production datum has been overcome. This chart not only
applies to mass producing process control but also to unstable control of small
scale production.

The Basic Idea

The basic ideas of the direct control-chart are first to determine the process quality
standard, that is to say, to set the control limit; and then to check and measure
according to control rules in order to find out if the process meets the standard. If the
standard is not met, the process must be improved and adjusted. The direct Control-
Chart doesn’t need sample datum as its basis. Its purpose is not to keep the process
stable but to control the occurrence of substandard products, which is more suitable
for process quality control of small-scale production.
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Table 24.1 The process capacity index and the rate of substandard products

Standard deviation & Process capacity index Cp The rate of substandard products (%)
T/4 0.67 4.56
T/6 1 0.26
T/8 1.33
T/10 1.67
D
ﬂ+35"""“c' """"""""" Control limit 3
Mo+ ff 3 Control limit 2
R I Control limit 1
oA
b _____
;‘7 it B Control limit 1
,U—35"""'-C' _________________ Control limit 2
D Control limit 3

Fig. 24.1 The direct Control-Chart

Making Way and Control Rules

Making way of the direct control-chart is as follow.

1.

Determine the process quality standard, that is, standard deviation. Generally, in
determining the quality standard, the history of the process should be considered
and connected with tolerance T. If the standard deviation is & = T/4, the process
capacity index is 0.67.

The process capacity index and the rate of substandard products according to
different quality standards are shown in the following Table 24.1:

. Making process Control-Chart (see Fig. 24.1.)

The space between limit 1 is called area A. The space between limit 1 and limit
2 is called area B. The space between limit 2 and limit 3 is called area C. The part
outside limit 3 is called area D.

Control rules of the direct control-chart:

1.

At the beginning, take three pieces as samples to be measured. If they all fall into
area A, then actually start the operation. Otherwise, readjust until the three
pieces all fall into area A when taken as samples continuously.

. When the operation starts, continue according to the following principles, with

three pieces as a group:

(1) Take one piece as a sample to be measured. If it falls into Area A, It is
unnecessary to take a second and a third piece. If it falls into Area D, it is
considered abnormal and then adjustment and improvement should be made.
If it falls into Area B or Area C, then a second piece should be taken and
measured.
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Table 24.2 The distributions of the different cases under the control rules

Area A Area B Area C Area D Distribution probability (%)

Normal 1 68.26
2 1 21.48
2 1
3 1,2 6.61
3 1 2
3 2 1
Abnormal 1,2,3 3.35
1,2 3
1,3 2
1 2,3
2,3 1
1,2,3
Rather abnormal 1 0.3
1,2
1,2,3

Note: 1 is the first piece. 2 is the second piece. 3 is the third piece

(2) If the second piece falls into Area A, it is considered to be normal. A third
piece dose not need to be taken and measured. If the second piece falls into
Area D or the first two pieces falls into Area C, they are regarded as
abnormal. If the second piece falls into Area B, the third piece should be
taken and measured.

(3) If the third piece falls into Area A, it is regarded as normal. Continue by
following rule (1). Otherwise it is regarded as abnormal.

Note: As to small-scale production process, samples can be taken and measured
continuously. As to mass production process, samples can be dose at intervals.

Statistics Principles

If the process quality meets the set quality standard, the distributions of the different
cases under the control rules are shown in the following Table 24.2. As can be seen
from the table, cases considered as abnormal according to the control rules are all
small probability cases. Such cases indicate that there are system factors in the
process or the process has not the set quality standard, and therefore adjustment or
improvement is necessary.
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Table 24.3 The identifying % B, B, Bs Ba ’

capacity of the direct Control-

Chart when the average value 0.683 0.272 0.043 0.964 0.036 0.003

changes 0.625 0.302 0.067 0.938 0.062 0.006
1 0.577 0.263 0.137 0.890 0.110 0.023
1.5 0.302 0.389 0.241 0.595 0.405 0.067
2 0.157 0.325 0.341 0.320 0.680 0.159
2.5 0.067 0.242 0.383 0.177 0.842 0.309
3 0.027 0136 0.341 0.432 0.957 0.500
35 0.006 0.061 0.242 0.838 0.992 0.692
4 0.001 0.021 0.136 0.160 0.998 0.841

Fig. 24.2 The total N(g, )
changes into N(u*, 0)

The Identifying Capacity

The identifying capacity of the direct control-chart shows the probability that the
chart can properly find out the abnormal changes. The formula for calculating the
identifying capacity is as following:

p=1-p

Where p is the identifying capacity, f is the probability of the second kind of error.
Let’s make a study of the identifying capacity of the direct Control-Chart.

1. When there is no change in the total standard deviation but the total value
changes. The identifying capacity is shown in the following Table 24.3. In
Fig. 24.2, The total N(u, §) changes into N(u*, ). The deviation of the
distribution center ¢ = yu; — u. Suppose K = ¢/d.

Suppose the probability that N(u*, ) falls into Area A is 31, the probability that
into Area B is fi,, and into Area C is fi3, then:

pr=0C )~ 020 = ok + 1) otk - 1)
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Table 24.4 The identifying
capacity of the direct Control-
Chart when the standard
deviation changes

By By B3 14 0
0.6826 0.2719 0.0428 0.0362 0.0026
1.5 0.4972 0.3193 0.1380 0.1809 0.0456

==

2 0.3830 0.2996 0.1838 0.3553 0.1336
2.5 0.3108 0.1654 0.1936 0.4927 0.2302
3 0.2586 0.2386 0.1854 0.5942 0.3174
3.5 0.2282 0.2032 0.1766 0.6593 0.3900
4 0.1974 0.1833 0.1638 0.7156 0.4532
5 0.1586 0.1522 0.1406 0.7847 0.5489
6 0.1350 0.1236 0.1244 0.8253 0.6170

Fig. 24.3 The total N(y, ) D

changes into N(i, 0%) _Y T _5 _____ \_ _______

pr= o2 020 =0tk 2) -0k -2) -

b=t o) g =kt 3) -0l -3) - - fy

According to the theory of probability, probability of the second kind of error in
the Direct Control-Chart is:

B =By + Bi(By+ Bs) + B (B +2BB5)

Then the identifying capacity of the Direct Control-Chartis p =1 — f8

The following Table 24.3 shows the identifying capacity of the Direct Control-
Chart when the average value changes (o’ is the identifying capacity of X chart)
The Direct Control-Chart capacity to identifying the total average value is far
greater than that of X Control-Chart. It is equal to the X Control-Chart identifying
capacity when n = 3.

. If the total average value doses not change, but only the standard deviation
changes, the identifying capacity is as following Table 24.4:

In Fig. 24.3, The total N(u, ) changes into N(u, 6*). Suppose K = 6*/9, the

probability that N(u, 6*) falls into Area A is 31, the probability that into Area B is
f», and into Area C is fi3, then:
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B :2(13(;) -1 22(1)(%) -1
b= 2000 — 1y =20() ~1 -,

b= 2000 1y fo = 0C) ~ 1~y —

According to the theory of probability, probability of the second kind of error in
the Direct Control-Chart is:

B =B+ Bi(By+ Bs) + Bi(B + 2BBs3)

Then the identifying capacity of the Control-Chart is:
p=1-§

The following Table 24.4 shows the identifying capacity of the Direct Control-
Chart when the total standard deviation changes (p’ is the X chart capacity to the
identify the standard deviation)

The Direct Control-Chart capacity to identify the standard deviation is greater
than that of X of chart. On the whole, the Direct Control-Chart is a chart with
greater identifying capacity.

The Functions of the Direct Control-Chart

1. When the process capacity meets the set quality standard, the Direct Control-
Chart is used to keep the process stable. The purpose of the process quality
control at this point is to keep the process stable. The chart warning frequency
now is 3.65%. The first piece of each of the six to seven groups of datum out of
the ten groups taken for examination falls into Area A.

2. When the process capacity is below the set quality standard, the Direct Control-
Chart is used to provide information for process improvement. The main purpose
of the process quality control is to raise the process capacity. The chart warning
frequency will increase at moment.

3. When the process capacity is above the set quality standard, the main purpose of
the process quality control is economy. The warning frequency will decrease,
allowing the process to fluctuate within a certain range.
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Fig. 24.4 The direct Control-Chart with § = T/6 = 0.267

Steps of Applying the Direct Control-Chart

. Set the process quality standard with the history and technical requirements of

the process considered.

. Draw the Direct Control-Chart
. Check and measure according to control rules, and make dots on the chart. If the

first of three pieces taken for examination falls into Area A, draw ¢ on the chart.
If the second or the third piece falls into Area A, join them with a line. As to the
abnormal cases, draw xon the chart.

. Analyze. If the first piece of each of the six to seven out of the ten groups of

datum falls into Area A, the process has the set quality standard.

Application in the Workplace

In a machining workshop, a batch of spare parts is to be processed. The finish size is
2.8 + 0.8. In the process quality control the direct Control-Chart tool. The steps are
as follows:

1.

2.
3.

4.

Set the process quality standard. Suppose 6 = T/6 = 0.267, that is, the process
capacity index is 1.

Draw the Control-Chart.

Check and measure according to the control rules and make dots. The operation
is shown in Fig. 24.4.

Analyze. As can be seen from the chart, seven out of nine groups of datum fall
into Area A when the first piece is taken for examination. Therefore, the process
capacity index is larger than 1.

Suppose we set the process quality standard as & = T/8, that is, the process

capacity index is 1.33, then let’s observe the operation (see Fig. 24.5).

From Fig. 24.5 we can see that the process capacity is a little below the set

standard & = T/8, i.e. the process capacity index is below 1.33.
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Fig. 24.5 The direct Control-Chart with 6 = T/8 = 0.2

Table 24.5 The measure

. NO. Sample value DEVI NO. Sample value DEVI
vglues of the 27 datum in the 1 23.10 T 780 0.06
nine groups : : :
2 27.90 0.20 16 28.00 0.20
3 27.70 0.20 17 28.00 0
4 28.00 0.30 18 27.90 0.10
5 28.20 0.20 19 28.01 0.11
6 28.10 0.10 20 27.82 0.19
7 27.80 0.30 21 28.16 0.34
8 28.10 0.30 22 28.57 0.41
9 27.95 0.15 23 27.88 0.69
10 28.14 0.19 24 28.12 0.24
11 28.20 0.06 25 27.86 0.26
12 28.30 0.10 26 28.16 0.30
13 27.43 0.87 27 27.96 0.20
14 27.86 0.43 X =28.00 Rs =0.25

Actually examine and measure the 27 datum in the nine groups, we get the
values in the following Table 24.5:

Draw X-Rs Control-Chart (see Fig. 24.6).

Calculate Process Capacity Index is Cp = 1.25.

The process capacity estimated by using the direct Control-Chart agrees with
process capacity actually calculated. From the analysis we can see that the purpose
of using the direct Control-Chart to control the process quality is not to keep the
process stable but to control the occurrence of the sub-standard products. The
process adjustment and improvement are made not before the process starts to
work but before the sub-standard products occur. This is more economic and more
suitable for small scale production process quality control.
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Fig. 24.6 X-Rs Control-Chart (Zhang Gongxu and Sun Jing 2002)

Conclusion

1. The Direct Control-Chart dose not need sample datum as basis. It can begin its
control from the first piece. It not only applies to mass production process but
also small-scale production process.

2. The Direct Control-Chart functions with the changes of the process. It realizes
dynamic control over the process and provides a very good control method for
unstable small-scale production process.

3. The Direct Control-Chart has greater identifying capacity.
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Chapter 25
Integration and Application of Lean Principles
and Six Sigma in Residential Construction

Ying-hua Shan and Zhong-fu Li

Abstract China’s large population size and rapid urbanization process have made
the implementation model of residential construction under huge pressure. It is vital
for residential developers to adopt the best practices of production planning and
control system to ensure the quality requirements of residences. This paper aims at
providing a residential production and construction process management tool for
homebuilding industry to achieve the quality goal of zero-defect in construction
process with exploring the possibilities of integrating Lean Principles and Six
Sigma. The necessity and feasibility of integrating both Lean Principles and Six
Sigma were conducted. The integration content and process of Lean Six Sigma
construction mode were given. Finally, a Lean Six Sigma Construction Model was
established to explain the implementation process of this integrated approach in
residential construction.

Keywords Integration ¢ Lean Principles ¢ Residential construction * Six Sigma

Introduction

Prefabricated construction pattern is one of main development directions for resi-
dential buildings’ industrialization with higher efficiency, higher quality assurance,
less environmental pollution and consumption of resources, etc. Prefabricated

Supported by the Fundamental Research Funds for the Central Universities (DUT11RC(3)13)

Y.-h. Shan (<)
Department of Construction and Real Estate, Harbin Institute of Technology, Harbin, China
e-mail: yinghual@126.com

Z.-f. Li
Department of Construction and Real Estate, Harbin Institute of Technology, Harbin, China

Faculty of Infrastructure Engineering, Dalian University of Technology, Dalian, China

R. Dou (ed.), Proceedings of 2012 3rd International Asia Conference on Industrial 245
Engineering and Management Innovation(IEMI12012),
DOI 10.1007/978-3-642-33012-4_25, © Springer-Verlag Berlin Heidelberg 2013


mailto:yinghua1@126.com

246 Y.-h. Shan and Z.-f. Li

residential construction has been considered one of main approaches to deal with
the contradiction between the huge domestic demands for residential housing and
relatively backward residential construction mode in China since the 1950s.

China’s large population size and rapid urbanization process have propelled it into
the ranks of the largest homebuilding nation, with energy consumption proportion
from homebuilding continuing at a pace commensurate with its huge amount of
housing completed. According to the statistics from “China Statistical Yearbook
20117, the floor spaces of buildings under construction and completed respectively
reached 4,927,636,000 and 1,831,723,000 m>. Besides, China’s urbanization rate is
about 45% with 630 million of urban population.

To facilitate the estimation, it is assumed that 60% of the population needs
to solve the housing problem and the per capita housing area is 25 m”. Then 2.55
billion m? of housing needs to be built in China. Additionally, the residential area
of 20.7 m? needs increased to improve housing conditions. About 1 billion m?* of
new housing area will be increased due to the demolition of old houses. So
the total housing area is more than 5 billion m>.

However, the current residential construction industry in China still belongs to
labor-intensive industry with the characteristics of widespread use of traditional
construction mode. The efficiency of China’s housing construction is still rela-
tively low. Chinese average annual labor productivity of construction workers is
about 30 m?, which is only one-fifth of the United States or one-sixth of Japan.
At the same time the level of residential construction technology content is
relatively low. The contribution rate of science and technology in housing indus-
try is less than 30%, which is below the internationally accepted 50% standard
of intensive industry.

In this context, advanced and scientific construction management methods
become one of most important approaches to improve housing quality and to
alleviate the current housing pressure. Lean Principles and Six Sigma are two
kinds of management methods, which have been proved to be effective in various
industries around the world (Chen and Lyu 2009). Lean Principles aim at reduc-
ing/eliminating waste when reducing defects through variability (Hu et al. 2008);
while Six Sigma seeks to improve the quality of process outputs by identifying
and removing the causes of defects (errors) and minimizing variability (Bendell
2006). The concepts on combining of Lean Principles and Six Sigma have been
addressed in manufacturing industry for both productivity improvement and
quality improvement at the same time (Mandahawi et al. 2012; Thomas et al.
2009). This paper attempts to integrate Lean Principles and Six Sigma to propose
a model for Lean Six Sigma, which will allow using the tools of Six Sigma and
Lean Principles to reduce/eliminate waste by working in unison rather than
independently in prefabricated residential construction.
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Table 25.1 Similarities and differences between Lean Principles and Six Sigma

Compared items Similarities

Differences

Culture Pursuit of perfection
Operation All are process-based
management management, similar
mode to PDCA
Improvement Style  All adopt continuous
improvement
approach

Problem analysis and
solving method

All adopt manufacturing
methods and
techniques

Key targets Customer value

Lean Principles are from the Eastern culture,
while Six Sigma is from Western culture

Lean Principles focus on system optimization,
Six Sigma is based on project management

Lean Principles use a gradual continuous
improvement policy, Six Sigma
emphasizes large financial breakthrough

Lean Principles emphasize expert knowledge,
use direct solution approach, Six Sigma
emphasizes on statistical analysis approach

Lean Principles focus on the issue from the

perspective of waste, Six Sigma focuses on
variation

The Necessity and Feasibility of Lean Principles
and Six Sigma Integration

Comparative Analysis of Lean Principles and Six Sigma

In order to conduct more in-depth study for the integration of Lean Principles and
Six Sigma, it is necessary to compare both the similarities and differences between
them. The results of comparative analysis are showed in Table 25.1.

As is shown in Table 25.1, although Lean Principles and Six Sigma are from
different cultures, their pursuit goal of the perfect is the same. First, Lean Principles
are originated from Japanese cultural environment, while Six Sigma is from
American culture atmosphere (Ward 2006). The perfection of quality is their
common goal. Second, their implementation is similar with the PDCA mode
(Timans et al. 2012). Lean Principles are based on the value added processes to
research the entire principles chain management (Shah et al. 2008). Six Sigma
completes the project objectives based on the implementation of the DMAIC
process. Third, these two models emphasize continuous improvement processes.
But the ways to conduct improvement are different. Lean Principles use a gradual
continuous improvement policy (Kaizen) (Chun 2005). Six Sigma emphasizes
breakthrough change and requires that each item can give organizations tremendous
financial benefits. Fourth, visual management and quantitative analysis are respec-
tively adopted by Lean Principles and Six Sigma (Dahlgaard and Dahlgaard-Park
20006). Fifth, both of them are concerned on customer value, but the central concern
of Lean Principles is to eliminate waste, while Six Sigma is concerned on variation.
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The Necessity of Lean Principles and Six Sigma Integration

The above comparative results provide a basis for integrating Lean Principles and
Six Sigma. The necessity of integration is discussed from the point of functional
complementation.

The necessity is put forward in following five aspects. First, the target of Six
Sigma optimization is often partial, but not for the whole system optimization. This
shortage can be counterweighed by Lean Principles, which focus on system pro-
cesses management and can provide effective framework to Six Sigma by enhanc-
ing the process or activity value of project management. Second, due to the
dependence on expert knowledge and talents to solve problems, Lean Principles
can not guarantee the successful resolution for complex problems without norma-
tive knowledge under statistical controlling status. Six Sigma has standardized
DMAIC problem-solving processes and provides strong operational approaches
and tools for complex problems. So it can help to solve complex problems by
using quantitative analysis approach. Third, Six Sigma can complement the
deficiencies of Lean Principles in dealing with problems of variation to ensure
the construction process have sufficient capacity. Fourth, Lean Principles have
many tools which are used to analyze customer value. Six Sigma provides a Quality
Function Deployment (QFD), KANO model and other tools (Chakravorty and Shah
2012). These models and tools can improve the implementation of customer value
analysis. Fifth, the integration is able to take full advantage of the enthusiasm of all
the staff in order to ensure that the optimization process is under control (Lee and
Wei 2010).

The Feasibility of Lean Principles and Six Sigma Integration

First, both Lean Principles and Six Sigma are continuous improvement, and pursuit of
perfect idea. This is the essence of the homogeneity between the two, and also is the
basis of integrating both. Second, they are closely linked to Total Quality Management
(TQM), and are based on process management. Also, their implementation process is
similar to the PDCA model (Andersson et al. 2006). This is the basis of integration for
two kinds of similar system. Third, although there are many differences between them,
they are not antagonistic in many aspects from the operational level. For instance, the
essence of Lean Principles is to eliminate waste. The nature of Six Sigma is to control
variation. Variation leads to waste reason, so the concerned target of both models is
not contradictory, but complementary.

Their differences are complementary and don’t mutually eliminate each other.
From the points of technology, objective, philosophy and other aspects, their
integration feasibility can be analyzed. In cultural one, even though both come
from different cultural backgrounds, with the development of world economic
integration, cultural differences are gradually narrowing. So, the created two
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Fig. 25.1 The integration process of Lean Principles and Six Sigma

management methods by this kind of culture in different operational level will
differently affects the implementation of Lean Six Sigma. Therefore, Integrating
Lean Principles and Six Sigma to form Lean Six Sigma is feasible.

Integration Content of Lean Six Sigma Construction

On the basis of above discussion, the integrated mode of Lean Principles and Six
Sigma is named Lean Six Sigma in this paper. It combines the main tools and
process management methods from Lean Principles and Six Sigma. The integration
process of Lean Six Sigma is showed in Fig. 25.1.

The objective of Lean Six Sigma is to absorb the advantages of these two manage-
ment modes, to achieve better management results through the integration of Lean
Principles and Six Sigma. It is based on continuous improvement management model
process. It takes corporate strategy as guide, value stream analysis as cornerstone,
perfection as objective. It solves problems through ‘“Define-Measure-Analyze-
Improve-Control”. The integrated Lean Six Sigma should infiltrate organizational
culture, organizational strategy in their daily work and project implementation.

Lean Six Sigma will analyze value stream, optimize processes from a system
point of view. In the other hand, continuous efforts should start from the micro-
scopic level, through design of experiment to optimize process parameters, and
through the process control to improve process capability.

Lean Six Sigma Construction Model

Integrating these two methodologies, Lean Principles and Six Sigma, proposes a set
of systematic methods and tools to analyze and assess the performance of the
organization, production efficiency, and customer’s satisfaction indicators of an
organization (Delgado et al. 2010). The implementation of the proposed
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Fig. 25.2 Lean Six Sigma construction model

methodology starts with an assembled Lean Construction, and is structured on three
integrated points, which are represented in Fig. 25.2.

Lean Six Sigma implementation flow combines Lean Principles thinking and Six
Sigma DMAIC model ideas together. The principles of Lean Principles system are
applied to diagnose the improvement opportunities. After that, Six Sigma methods
are used to complete the project (Arnheiter and Maleyeff 2005). By initiating with
lean techniques, some quick effects can be obtained by identifying the critical
defects factors and reducing waste in maximum extent. When the causes of process
waste are identified, other lean techniques are used in conjunction with Six Sigma
techniques to maximize the benefits. From Figs. 25.1 and 25.2, it is obvious that the
DMAIC process is used as the main functional system for the implementation of
Lean Six Sigma approach.

For residence constructed in traditional concrete cast method, Lean Six Sigma
construction can be used in the process of design and on-site construction. The role
of Six Sigma can not play its inherent quantitative advantages at this early stage.
The Lean construction method is used to eliminate MUDAs and saves costs through
the whole process of project construction. In this case, the integration effect of Lean
Principles and Six Sigma is not obvious.

For prefabricated residential construction, the roles of Lean Principles and Six
Sigma show the characteristics of phases. The prefabricated residential construction
process could be divided into three sub-stages, that are, design stage, factory-built
stage, and on-site assembly stage. Lean construction can be applied in design and
on-site assembly stage in which the function of Six Sigma is not evident. The works
done in factory-built stage are similar to the manufacturing process in factories of
manufacturing industry. This means that it provides a common platform for the
joint role of Lean Principles and Six Sigma. This could be completed by the Lean
Six Sigma Construction Model proposed in this paper.
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As is showed in Fig. 25.2, it is clear that the processes dealt with Lean Principles
could be divided into six categories. The three categories difficult to carry out the
quantitative treatment (lacking quantitative goals, performance measurement
index, or standards) could be further processed in accordance with the processing
steps of Six Sigma. The other three categories (effectiveness of resources, reliabil-
ity of planning, and elimination of wastes) can be processed by Lean Principles
without the intervention of Six Sigma.

Conclusion

The paper analyzed, compared Lean Principles and Six Sigma, and proposed
necessity and feasibility of Lean Principles and Six Sigma management integration.
Then, the integration process between them was given. A Lean Six Sigma Con-
struction Model was established to performance the application process of Lean Six
Sigma construction method. Further research can be carried out in the aspects of
organizational structure design, process implementation management tools selec-
tion, etc.
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Chapter 26
A FMEA-Aided Equipment Life-Cycle-Cost
Measurement System

Chee-cheng Chen and Hong Zhang

Abstract This research tries to establish an optimum life cycle cost (LCC) based
strategy model of equipments’ purchasing and maintenance. The study integrates
the technique of failure modes and effect analysis (FMEA) and analysis of equip-
ment maintenance cost to optimize LCC of equipments’ decision in order to sustain
and promote the firms’ competitive capability. A revised FMEA table will be
utilized to collect data and demonstrate the relevance among estimated failure
cost, severity of effect and cost of actions-taken that constructs the main frame of
the method. Finally, this study uses an equipment group in assembly house of
semiconductor, S company as a case study to prove the model’s applicability and
suitability.

Keywords Equipment ¢ Failure mode and effect analysis ¢ Life cycle cost
* Procurement strategy

Introduction

Massive centralized manufacturing has led to large equipment, increasing the
proportion of enterprise fixed assets. If an enterprise plan to significantly reduce
its’ total cost, it is necessary to carefully consider the cost of equipment
procurement.

Traditionally, price was the primary factor when choosing suppliers (Zachariassen
and Arlbjgrn 2011). However, the cost of equipment (or the like) based not only on
the initial expenditure, but also on its cost from failure, maintenance and operating
costs over its entire lifetime. The cost of unexpected downtime and lost production is
a significant item in the total LCC (Goralczyk and Kulczycka 2005). Life cycle costs
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of a product or equipment can be many times the initial purchase or investment costs
(Woodward 1997). To optimize total performance, the LCC should therefore be taken
into consideration in the equipment management.

Literature Review

Lcc

Life cycle cost (LCC) is the total cost of a device or system during its full life cycle
including the cost of development, acquisition, operation, conservation and main-
tenance, and final disposal (Goralczyk and Kulczycka 2005). The LCC technique
should be implemented to encompass both environmental and economic aspects
(Goralczyk and Kulczycka 2005).

The LCC concept was developed by the Department of Defense, US during the
1960s and incorporated as policy by Directive 5000.1, Acquisition of Major
Defense Systems, in 1971 (Goralczyk and Kulczycka 2005). The LCC concept
has been moved from defense systems to industrial and consumer product areas
(Utne 2009). Lutz et al. (2006) think of it as a standard engineering economic
approach to be used for choosing among alternative products or designs that
provide approximately the same service to the customer (Lutz et al. 2006). At
present, LCC analysis is used widely in construction at home, industries and abroad
(Wu et al. 2011; Olubodun et al. 2010; Korpi and Ala-Risku 2008).

FMEA

Failure mode and effect analysis (FMEA) is a technique that identifies the potential
failure modes of a product or process, the effects of the failures and assesses the
criticality of these effects on the product functionality (Teng and Ho 1996). FMEA
is a widely used quality improvement and risk assessment tool in manufacturing
(Teoh and Case 2004). FMEA is applied to project risk assessment (Murphy et al.
2011) and other fields.

Bowles pointed out that the FMEA scales for severity and detection are only
qualitative (Chang and Sun 2009). The three indices used for RPN (risk priority
number) calculation are ordinal scale variables. The cost due to failure cannot be
defined using these ordinal numbers (Dong 2007). Several studies on overcoming
the traditional FMEA weakness have been conducted. Use of fuzzy reasoning and
grey relation with FMEA has been presented in failures risk evaluation for marine
industry (Pillay and Wang 2003). Integration of the use of fuzzy logic and expert
database with FMEA has been applied to prioritize failures for taking corrective or
remedial actions (Sharma et al. 2005). Risk priority number and fuzzy weighted
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geometric mean of the risk factors are used to improve the performance of the risk
evaluation (Ilangkumaran and Thamizhselvan 2010). The disadvantage is the costs
are difficult to estimate without data.

Methodology

Life cycle costs of equipment are the sum of total costs during the entire lifetime
from purchasing to the eventual disposal including acquisition, running costs,
maintenance fees, the costs of recovery measures and final disposal fees. The
formula is as follows:

LCC =C;+Co+ Cr+Cg+Cy +Cp — Cs (26.1)

Where C; is the initial equipment acquisition cost including purchase price, instal-
lation, test and training costs; Cg is the operation cost main including energy cost,
labor cost, and other related expenses; Cg is additional failure loses, such as
downtime losses and customer complaints; Cyg is the failure recovery, trouble-
shooting cost; Cy; is equipment preventive maintenance (PM) cost, including
regular checking cost and check and repair costs due to failure; Cp is the equipment
disposal costs, such as environmental cost and transportation fees; The salvage
value (Cg) should be subtracted from the total.

FMEA-Aided LCC Analysis

The measurements for C;, Co, Cp and Cg are fixed, relatively static, or a ratio of the
production volume, while Cg, Cr and Cyy are more dynamic and fluctuate. A revised
FMEA table (Table 26.1), RPN-based suggested PM interval (Table 26.2) and cost-
based severity ranking (Table 26.3) are developed and co-worked with S company
in this research to measure the latter three costs. The additional regular FMEA
recording steps are as follows,

1. To measure the cost impact of failure (Cg), match the number of costs with the
cost-based severity ranking table to determine the ranking number. Record the
number of cost impacts and severity in columns {3} and {4} of the revised table
accordingly in one case of machine failure.

2. To measure the cost of recovery, trouble-shooting actions (Cg) for fixing this
failure will be recorded in columns {13} and {14} of this revised table.

3. To reset the preventive maintenance interval through the matching RPN
(RPN = (S) x (O) x (D)) and suggested PM interval as shown in Table 26.2
and measure the cost (Cy,) that will be recorded in columns {11} and {12} of the
revised table. A RPN versus (transformed to) suggested PM interval mechanism



C.-c. Chen and H. Zhang

256

{ri} {er {er} {rr} {or} {6} {8} {} {9} {ch iy} (¢} {c} {1}
poyjow yred D)
(1)) 1500 uonoe MH) 1500 Wd saInseaw Yoayd /asned 1500 Jpowt Aeq
KI9A00QY  AIOAODQY — QouBUUIB]N PaIse3sng pa1sa33ns Ndd d Apuaum) QO amej S e  am[rej Jud]
uoye) UONOY ssaoo01d YHINA

($SN 3D 219®) VHINA Pasiasy  T'9¢ dIqeL



26 A FMEA-Aided Equipment Life-Cycle-Cost Measurement System

257

Table 26.2 RPN-based
suggested PM interval

Severity < 8

Severity > 8

RPN PM PM
450 < RPN 1 week 3 days
350 < RPN = 450 2 weeks 1 week
250 < RPN = 350 1 month 2 weeks
150 < RPN = 250 2 months 1 month
50 < RPN = 150 3 months 1.5 months
0 < RPN = 50 6 months 3 months
Table 26.3 Cost-based severity ranking (K US$)
Ranking Ranking
Effect Cost of failure (Cg) S) Effect Cost of failure (Cg) (S)
Hazardous 1,600 < Cg 10 Low 70.0 < Cg=120.0 5
without
warning
Hazardous with  900.0 < Cg = 1600.0 9 Very low 400 < Cg =700 4
warning
Very high 400.0 < Cg = 900.0 8 Minor 200 < Ck =400 3
High 200.0 < Cg = 400.0 7 Very minor 5.0 < Cg = 20.0
Moderate 120.0 < Cg = 200.0 6 None 0 <Cg= 50 1
Table 26.4 Recording table of Cg, Cg, AND Cy;
Item Date Action taken Description Portion C,y Cg Cgr Remark
1 3/15 PM 3 months/interval A Cv1 — -
2 4/25 Failure happened and Crack and replace the B - Cr1 Cri
fixed parts
n CMn CFn CRn
Total TCy TCg TCr

can be developed by the multi-discipline FMEA team. Analysis of the past
records, considerations of effectiveness and cost are necessary. The RPN mech-
anism versus PM interval can be very different for plants with different product-
lines. The FMEA team members may be charged with reviewing performance
data periodically to assess how much improving the cost of quality has become
since implementing the system. The mechanism of S company is established as

Table 26.2.

LCC Data Collection and Calculating

After the system’s implemented for a certain period, a recording table of Cp, Ckg,
and Cy; (Table 26.4) for recording and total LCC calculation and a Pareto diagram
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for prioritizing the cost-consumption for machine parts, subsystem or failure mode
that can be very beneficial for developing improvement actions.

Case Study

We selected a case study involving an RTDC taping machine from S company to
illustrate the proposed method. The main function of this machine is attaching tape
onto a lead-frame (L/F) precisely. Table 26.5 is part of the revised FMEA table for
RTDC machine. One possible failure and two causes for this failure are picked up to
measure their Cg, Cg and Cy; and calculate their RPN, 108 and 216 respectively as
shown in Table 26.5. Referring to Table 26.2, the suggested PM frequencies,
including the interval of PM for the two failure causes with RPN, 108 and 216
respectively determined as shown in Table 26.5. After the system is implemented
for a certain period or at the end of the lifecycle, the recording results for Cg, Cg and
Cw can be transferred step by step to make a summary table of total Cg (TCg), Cg
(TCRr) and Cy; (TCyy) of all key parts (subsystems) (Table 26.6) for total LCC
calculation and a Pareto diagram (Fig. 26.1) for prioritizing the cost-consumption
sequence for machine parts, sub-system or failure mode that can be beneficial for
developing a purchasing strategy.

LCC Analysis

Based on the results from Table 26.6 and Fig. 26.1, the LCC for the RTDC taping
machine will be calculated using formula (26.1). Some interesting results were
found that (1) the LCC is higher than another RTDC taping machine with a different
brand whose purchasing price is higher, (2) the cost impact of failure (Cg) is
significantly higher than the other cost items but it was always ignored in the
past. The S company purchasing department also presented detailed records in
the revised FMEA table and the analysis results for LCC to the equipment manu-
facturer in order to get significant improvement in LCC at the next purchasing
decision. The manufacturer redesigned the condenser (G) and the main hydraulic
cylinder (E) to lower the LCC.

Conclusion

This article presented that purchasing equipment should not consider just the
price but take into account the LCC. This case study produced a structure for the
LCC database with FMEA application to provide accurate technical and cost
information.



260 C.-c. Chen and H. Zhang

Table 26.6 Summary table [0y or part/date TCy  TCp  TCp  Total

of TCr, TCx, AND TCy;

(K US$) Condenser (G) 7200 7240 2500 1694.0
Hydraulic Cylinder (E) ~ 280.0  457.0 1400  877.0
Vacuum (C) 1600 3200 900 5700
Press (B) 1400 2830 700  493.0
Total 17000 37850 1560.0 7045.0

Fig. 26.1 Pareto diagram of
TCg + TCr + TCy by part
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The proposed LCC measurement model with more dynamic costs measurement,
cost impact of failure (Cg), cost of recovery, trouble-shooting actions (Cg) and
preventive maintenance (PM) cost (Cy) that could be applied by firms in different
industries to address equipment concerns in manufacturing and purchasing man-
agement. The proposed model can assist firms in selecting and rewarding the best
equipment supplier and integrating their capabilities to develop an appropriate
profit improvement program for meeting and exceeding specific organization or
customer requirements. This would be extended by purchasing management to the
design and manufacturing stage to improve the competition of the entire supply
chain. The estimated total cost and potential failure mode of new equipment within
the life cycle of equipment can be applied to assess suppliers.
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Chapter 27

Key Process Variable Identification for Quality
Classification Based on PLSR Model and
Wrapper Feature Selection

Wen-meng Tian, Zhen He, and Wei Yan

Abstract In modern manufacturing, hundreds of process variables are collected,
and it is usually difficult to identify the most informative ones. Partial Least Square
Regression provides an efficient way to evaluate each variable, but it cannot
evaluate any variable subset as a whole. In the paper, a new framework of key
process variable identification is proposed. It combines PLSR model and wrapper
feature selection to firstly assess every variable individually and then the top
variables in groups. Five datasets are tested, and the average classification accuracy
is higher and the key process variables identified are less than the available
approaches.

Keywords Classification « PLS « Variable Selection « Wrapper

Introduction

In modern manufacturing process, high dimensional process data play crucial parts in
quality monitoring and diagnosis. Usually, the process variables are noisy and redun-
dant, making it almost impossible to predict the quality effectively. Thus, identifying
best “predictors” for quality classification is critical for process modeling, monitoring,
and control (Su et al. 2006).

Partial Least Squares Regression (PLSR) is a well established statistical model,
and it has lots of advantages as follows (Kettaneha et al. 2005). (1) It can deal with
high multicollinearity between variables; (2) It requires smaller sample size than
regular Multiple Linear Regression (MLR); (3) its parameters can be used to
analyze variable importance. Also, PLSR methodology is helpful to identify best
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variables when combined with some other methods, such as data mining and feature
selection (Anzanello et al. 2009, 2012). However, the available methods suffer
from some serious problems. One is that correlations between variables are not
taken into consideration. That makes their methods simple and flexible, while not
effective for classification so as to evaluate each possible subset of variables.

On the other hand, Wrapper feature selection is widely used as a preprocessing
technique to high dimensional datasets to find a best variable subset which has a
good capability of classification (Kohavi and John 1997; Inza et al. 2004). Lots of
wrapper algorithms have been developed to solve variable selection problems in
microarray analysis, text classification, and industrial processes.

In the paper, a new variable selection methodology is proposed based on PLSR
and wrapper feature selection techniques, making it easy to evaluate the variable
subsets as a whole, instead of just calculating an importance index one by one.

The rest of the paper is organized as follows. A detailed introduction of the
proposed methodology is presented in section “Methodology”. Next, section “Pro-
posed Framework™ provides a framework of the proposed method. Then, section
“Results” compares the experimental results with some other newly published
methods. Last, the method is summarized and some future research topics are
proposed in section “Conclusion”.

Methodology

PLSR: Model Structure and Parameters

Partial Least Squares Regression (PLSR) model is not only widely used to model
linear relationships between variables and responses, but also effective to deal with
multicollinearity between the multiple variables or responses. Furthermore, it is
highly tolerant to small sample sizes.

The most popular algorithms to implement PLSR are SIMPLS (Jong 1993) and
NIPALS (Gerladi and Kowalski 1986). Both can be easily performed with the PLS
functions in Statistical Toolbox of Matlab201 1a.

The PLSR model can be developed from a training dataset of two matrices, X
and Y, which demonstrate N observations in K process variables and M final quality
responses, respectively. In the model, a small number of components, T and U, are
extracted from original X and Y. In fact, T and U are linear combinations of X and
Y, and they are often called “X-scores” and “Y-scores”. Formulas are shown below,
where W and Q are original matrices’ weights on extracted components.

T=XW (27.1)

U=Y0 (27.2)



27 Key Process Variable Identification for Quality Classification Based on PLSR... 265

Therefore, T and U could be good predictors of X and Y, and the residual
matrices E and G should be very small. In Egs. (27.3) and (27.4), P and C are
loading matrices of X and Y.

X=TP +E (27.3)
Y=UC+G (27.4)

Then, T can be good predictors of U. See Eq. (27.5), H is the residual matrix,
which should be “small enough” to ensure prediction accuracy.

U=TD +H (27.5)

Giving the Egs. (27.1) and (27.2), Eq. (27.5) can be rewritten as a multiple
regression model, and F is the residual matrix.

Y=XB+F (27.6)

The data structures in the model can be clearly shown in Fig. 27.1, which
employed the structure in Hoskuldsson (1988) with slight modifications to make
it more understandable. More mathematical details in PLSR model can be found in
literature (Wold et al. 2001).

Variable Importance on Projection Based on PLSR model

Variable Importance on Projection (VIP) is firstly defined in Gerladi and Kowalski
(1986). It is a weighted summary of the variable’s importance for the response
matrix Y, and it can be easily obtained by the formula below.

K> wi? x SSY,

VIP, = \| ——wx—— 27.7
3 SSY, (27.7)
Where
1IN Cov(yp, ta)?

SSY, = — ZM (27.8)

M “—=Var(yn)Var(ta)

A

SSYr = ZSSYa (27.9)

a=1
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Fig. 27.1 The structure of partial least square regression
W =w(P'w) (27.10)

Here wy, is the transformed x;’s weights of component a
Though there is another version of VIP in Anzanello et al. (2009), Eq. (27.7) is
the most popular one. Both versions illustrate the same relationship between Y and 7.

Wrapper Feature Selection

Feature selection (FS) is a commonly used data preprocessing technique to identify
most informative features (also called variables) for a better classification model
(Guyon and Elisseeff 2003). There are two mainstream methods of feature selec-
tion, filter and wrapper.

Filter is to calculate a certain evaluation index, such as Information Gain (Hall
and Holmes 2003) and Symmetrical Uncertainty (Yu and Liu 2003), for each
variable, and then eliminate the variables with a “low value”. Wrapper, on the
other hand, is to search the feature space to find a variable subset with optimized
classification accuracy based on a certain classifier. Compared with filters,
wrappers can find a more satisfactory subset for a certain classifier (Hua et al.
2009). As our objective of variable selection is to build a more reliable, yet less
complicated classification model to predict the quality of products, wrapper method
can achieve better results due to its inherent advantage.

There are three key elements in a wrapper method, a search engine to generate
variable subsets, a learning algorithm, and an evaluation criterion. The implemen-
tation framework is shown in Fig. 27.2. More detailed information about wrapper
feature selection can be found in the literature (Kohavi and John 1997).
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Proposed Framework

The framework of key process variable identification includes the following 4 steps.
Step 1 is data preparation; Step 2 is to construct a PLSR model, and obtain the VIP
values of the process variables; Step 3 implements a wrapper feature selection with
the SFFS search engine and KNN classifier to evaluate the performance of each
feature subset. At last, a testing step will be performed in Step 4, using the reduced
testing dataset to predict the goodness of the variable selection.

Step 1: Split the original dataset into two exclusive subsets
The original dataset is separated into training and testing datasets by an appro-
priate proportion, say, 3:2 or 4:1. Also, as the process responses are continuous,
some cut-off value of the responses should be obtained to meet the needs of
classification. In this case, the proportion of different response classes should be
almost the same in the training and testing datasets.

Step 2: Construct a PLSR model with the training dataset, and calculate VIP for
each process variable
The process data should firstly be normalized or the data analysis would be
affected by different scales of different variables. NIPALS algorithm can be
implemented in the Statistical Toolbox of Matlab2011a. In the meantime, the
parameter matrices can be calculated, and the VIP index of each variable should
be obtained from Eq. (27.7). Also, the variable index should be reordered
according to the descending order of VIP.
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Step 3: Apply Wrapper feature selection to the training dataset to search for the
optimal subset
Wrapper feature selection is to implement a heuristic search in the state space of
the variables to find an optimal (or suboptimal) subset with the best performance
of a certain learning algorithm. In this paper, Sequential Floating Forward
Selection (SFFS) (Pudil et al. 1994) is our choice of the search engine, and K-
Nearest Neighbor classification (Aha et al. 1991) is used to evaluate the subsets
in each iteration step. The detailed algorithm of SFFS could be found in 16, and
it is chosen for this good capability in jumping out of local optimum.
The KNN classification should be our first choice of learning algorithm for it is
easy to understand, efficient for computation, and has only one parameter k to set
in building the model (Anzanello et al. 2012). Furthermore, the appropriate
value of k can be obtained from cross validation. The distance is defined as
Euclidean distance for it is widely used in instance-based classification rules. By
majority voting of the k nearest training samples, the class label of the testing
sample can be predicted efficiently (Aha et al. 1991).

Step 4: Classify the testing dataset with the optimal subset of variables obtained in
Step 3
Based on the optimal variable subset obtained from Step 3, the testing dataset
can be examined to compute the classification accuracy. In this case, the
parameter k and Euclidean distance are applied so that the model for testing is
identical with the result of wrapper feature selection.

Results

To justify the effectiveness of the proposed framework, five datasets from real
industry are used. Also, the proposed PLSR-Wrapper framework is compared with
the method in literature (Anzanello et al. 2009) and the PLSR model in literature
(Gauchi and Chagnon 2001). Both of the two methods above have been applied to
these five datasets, and the testing result can be easily employed for a fair
comparison.

All the datasets, namely ADPN, LATEX, OXY, SPIRA, and PAPER, are from
chemistry industry. They are real process data from production of nylon, latex, titanium
dioxide, antibiotics, and paper recycling, respectively. The samples of each datasets
are categorized into two classes with a proper cut-off value of the final response for
each dataset. The values come from (Anzanello et al. 2012; Gauchi and Chagnon 2001).

The PLSR model is applied to the five datasets just as it is in Anzanello et al.
(2009), and the VIP index for each variable is calculated. The variable index is
reordered in the descending order of VIP so that it can be used in the wrapper
feature selection method.
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Table 27.1 Comparison of available and proposed approaches

After variable Percent of

All variables used selection CCR variables retained

KNN PLSR- PLSR-
Datasets CCR PLS CCR Method in [3] Wrapper Method in [3] Wrapper
ADPN 0.78 0.86 0.87 0.86 8.0% 11.0%
LATEX 0.78 0.83 0.87 0.77 7.7% 7.7%
PAPER 0.81 0.59 0.83 0.90 18.5% 3.7%
(0):4'¢ 0.73 0.73 0.73 0.90 6.3% 2.1%
SPIRA  0.86 0.83 0.9 0.93 4.2% 6.3%
Average 0.792 0.77 0.84 0.872 8.9% 6.15%

Then, the wrapper feature selection algorithm with a VIP-defined order is
performed. The summary of the performance of the proposed framework and
some previous methods are shown in Table 27.1. In the table, two variable subset
performances, classification accuracy and percent of retained variables of different
methods are compared.

In Table 27.1, the first column is the name of the datasets; the second and third
column record the Classification Correct Rate (CCR) with all variables to construct
the KNN and PLS model; the next two demonstrate the CCR of variable selection
method in Anzanello et al. (2009) and in this paper, respectively; the last two show
percent of retained variables of both methods. It is indicated in the table that both
variable selection approaches can retain a small percent of variables while
obtaining a higher CCR. Comparing with the approach in Anzanello et al. (2009),
the proposed method is more effective in dimension reduction and it can obtain
more accurate classification models as well.

Conclusion

A new framework combining PLSR model and wrapper feature selection is pro-
posed to identify the key process variables in high dimensional process data for
quality classification. VIP is applied to determine the relative importance of
variables, and to generate a reordered variable sequence. A wrapper feature selec-
tion method is employed, with SFFS to heuristically search the space and KNN to
evaluate the variable subsets in each iteration step.

The framework has been applied to five widely tested datasets in chemistry
industry, and the experimental results indicate that the proposed method can
construct a classification model with better average performance with a smaller
percent of retained variables.
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Future research includes how to determine which classification algorithm or
variable selection method should be applied for different datasets, for the result also
indicates that the proposed framework is not equally effective to all the five
datasets.
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Chapter 28
Research on Setup Adjustment Problem

Considering Adjustment Error Based
on AR Model

Zhi-jie Zhang, Zhan-wen Niu, Zhen He, and Xu-tao Zhang

Abstract Aiming at the short-run discrete manufacturing process with setup error,
the optimal adjustment scheme to minimize the total process quality loss for the
situation of adjustment with quadratic cost and considering adjustment error based
on autoregressive (AR) model is developed. Based on the state-space process
control model, the optimal adjustment scheme is derived by using Kalman filter
on line estimation and linear quadratic Gaussian (LQG) theory. A simulation case is
presented to illustrate the implement method of the optimal adjustment policy.
Furthermore, the optimal adjustment scheme is compared with other quality control
policy by simulations, and the results show that the adjustment solution presented
by this paper is more effective than other to reduce the total quality loss of the
process.

Keywords Optimal adjustment ¢ Kalman filter ¢ Statistical process adjustment
« State-space model

Introduction

In the Deming’s funnel experiment (Deming 1986), there are two important aspects
to notice: first, the process starts on target and remains there unless an adjustment is
made. Secondly the observations form an i.i.d sequence. If assumed the second
condition above but assumed that, at the start up of the process, there is a setup
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error. If the cost is considered when running the process off target, then it is evident
that adjustment is necessary. How to do this in such way that minimized the cost of
output is called the Setup Adjustment Problem.

Solutions to the setup adjustment problem are important for the control of
discrete part manufacturing processes. In this type of processes, the operation of
setting up a machine for production of a new lot may induce offsets or shifts in the
values of the quality characteristics of the part relative to their targets. Grubbs
(1983) solved the problem first (Grubbs 1983). When the initial setup error is an
unknown constant, the solution is given by the Harmonic rule. If several lots are
produced, the setup error can be considered random variable form normal distribu-
tion over lots. Then Grubbs proposed to model the offset and obtained the solution
that is called extended rule.

Del Castillo et al. (2003) showed that the unifying view of the process adjust-
ment using a simple Kalman filter to estimate the state variable and adjust the
process.

The formulation allows to apply linear quadratic Gaussian theory to extend the
basic setup adjustment problem and connect other statistical techniques such as
stochastic approximation and recursive least squares (Del Castillo et al. 2003). And
Del Castillo et al. (2003) further studied setup adjustment problem from a view of
small sample (Castilio et al. 2003).

When considering the cost of adjustment and off target, Sullo and Vandevan
(1999) developed optimal adjustment strategies for a process with run to run
variation and O—1 quality loss function for a short run manufacturing process.
They considered a setup error induced at the beginning of each run and remaining
fixed through the run. The solution depends on the actual process parameters
such as adjustment error, run size, and adjustment and sampling cost (Sullo and
Vandevan 1999). Trietsch (1998, 2000) introduced a generalized procedure that
allows skipping some adjustment without losing information when constant adjust-
ment cost and quadratic off target cost are considered. And further analyzed effects
of the adjustment error (Trietsch 1998, 2000). Pan and Del Castillo (2004) defined a
schedule of adjustments by minimized the sum of total cost of running the process
off target and of adjusting, and compared the robustness of these adjustment
methods (Pan and Del Castillo 2003). For the case of an asymmetric off target
cost in discrete part manufacturing, Colosimo et al. (2005) introduced a bias term in
the control rule permits the process quality characteristic to converge to the target
from the lower cost side, thus reducing the process quality losses incurred during
the adjustment (Colosimo et al. 2005).

When the process parameters are unknown in the setup adjustment problem,
Colosimo et al. (2004) studied such type setup adjustment problem using Bayesian
and Markov Chain Monte Carlo (MCMC) techniques. The approach presented is
based on repeatedly estimating the initial offset in each lot through MCMC method
(Colosimo et al. 2004). Lian (2006) further presented the sensitivity analysis and
performance of MCMC controller and compared with other controller when pro-
cess parameters are unknown (Lian et al. 2006a). Lian (2006) developed multiple
lots setup adjustment problem using Sequential Monte Carlo (SMC) method when
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process parameters are unknown. Compared with MCMC method, the SMC
method has performance equivalent but at a small computational cost (Lian et al.
2006b). Lian (2006) further studied setup adjustment problem when considering
constant adjustment cost and unknown parameters, using a dynamic programming
formulation based on the Bayesian estimation of all unknown process parameters,
the results showed that optimal process adjustment policy is of a deadband form
(Lian and Castillo 2006).

Liu and Ma (2010) studied setup adjustment problem for multivariate process
using Bayesian inference and dynamic programming when adjustment cost is
constant. Based on the state space process model, the time varying deadband
form of adjustment scheme is derived (Liu et al. 2010). And further discussed
setup adjustment problem consider random adjustment error (Liu et al. 2011). But
he only considered that adjustment random error is white noise.

In order to more close to the actual production process, this paper studies setup
adjustment problem considering adjustment error based on AR model and adjust-
ment cost is quadratic function. Based on the state-space process control model, the
optimal process adjustment scheme is derived by using Kalman filter on line
estimation and linear quadratic Gaussian (LQG) theory.

Process Model and Cost Criterion

Process Model

Suppose N parts are to be processed sequentially in time and we are interested in
controlling a single quality characteristic. Suppose the machine setup results in an
unknown initial offset 0y in the quality characteristic, which, if unadjusted, will
affect all N parts. Without loss of generality, the target value of process equal to
zero. Let us denote by y; the deviation from target of the quality characteristic
of interest for the ith part. The mean variable deviation from process target is 0;,
i € [0,N]. We assume a controllable factor U(i) exists to adjust the process in a
linear manner, The adjustment U(i) is then computed based on observations
obtained up to and including part i. Considering adjustment is biased, the adjust-
ment error sequence W has AR model. Then the state equations and observed
equations of process can be expressed as follows:

0Gi+1)
y(i+1)
Wi+ 1)

)+ UG) +W(3)
(i+1)+V(@i+1) (28.1)
AW (i) + &(i)

0
0
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Where v; and &; are white noise with mean zero, given by

vi~N(0,5,2), & ~ N(0,0:%),

A is the coefficient of autoregressive model, the unknown initial offset is given
by 0p~N (6,4, P), and, &;, v; and 6, are independent of each other.

Cost Criterion of Process

We assume that there exists a quadratic and symmetric off-target cost, and when
adjustment variable U (i) is nonzero, adjustment cost is also a quadratic. Then, under
these assumptions, the process expected loss function is:

N—1
J=minE|0(N)QN)O(N) + > (0(:)'Q(1)0(i) + U'()R(H)U (i) (28.2)

i=0

Where, Q(i) is the coefficient of off target cost, R(i) is the coefficient of adjustment
cost. The objective is to find the optimal adjustments sequence U(i) based on the
observed deviations from target in order to minimize the cost criterion in (28.2).

Optimal Adjustment Policy of Setup Adjustment Problem

Kalman Filter Estimation

From above process model, we will estimate the state variable using Kalman filter.
Notice that there is a AR sequence noise W in the formula, so we transfer the color
noise to the white noise with extend state variable method. The sequence W will
also be as state variable, and then we define as follows:

eo8g] os[s )]

A1 a0 Lol
well] refl] we])] a5
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The primary process model can be rewritten as

0 (i + 1) = ©0° (i) + ¥*VU (i) + T*E(D)
Yi+1)=HOG+1)+V(i+1) (28.4)

Where £(i) and V(i) are white noise with mean zero, and the transformed process
model meet the requirements of the Kalman filter equation. According to Kalman
filter algorithm, the optimal estimation of the process state variable is given by

G+ 1) +K @G+ 1)+ 1)— H*0 (l+l|)

) =0

) =00 () + VU ()

K'(i+ 1) = P+ ) H)HP i+ ) (H +oc(i+ 1) @8
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—

~

P*(i + 1]i) = ®*P*(i)®*' 4 o, ()T
P (i+1)=(I—-K"(i+ 1)H")P*(i+ 1i)

Where, the original values of equations are given by

e [0(0))  ( E0(0)
0= ( 0 ) - (EW(O))

PH(0) = (P(O) 0 >: (Varg(o) Var; (0)> (28.6)

Optimal Adjustment Policy

From the extended state variable process model, there is equivalent to the original
process model for optimal adjustment policy. Then, cost criterion of process is
rewritten as:

0"(N)'Q )+ 0(i) + U'(R(HU() | (28.7)
1:0

J =minE

Where, Q*(i)2 [Q(gl) g] , Therefore, by linear quadratic random optimal control

theory, it is known that making this problem to minimize cost criterion of optimal
adjustment policy can be divided as the determinate optimal control and optimal
state estimation. So for the optimal adjustment policy U(i), we have

U(i) = —M@i)0 (i) (28.8)
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Where, M (i) is optimal feedback adjustment coefficient, it is derived from determi-
nate optimal control theory, it is given by:

S(1) = 0°(1) + O7S(i + 10" — ®S(i + ¥ - M()
S(N)20" (V) — (ng) 8) (28.9)

Optimal Adjustment Policy Online Implementation

For a practical production process, after we obtain the prior information of produc-
tion process, first we will calculate the feedback adjustment coefficient M of every
stage in the process of production, then input the results to the online control system
of production, according to real-time online state estimation of the production
process. Thus, we get optimal adjustments policy of process to online real-time
quality adjustment.

A Illustrative Example and Simulation

Using the proposed adjustment policy applied to the actual production process,
suppose that the production process is divided into 20 stages. That is n = 20, process
parameters are as follows: variance of observation is g, = 0.15, variance of adjust-
ment error with AR model is gz = 0.2, Autocorrelation coefficient of adjustment
error with AR model isA = 0.5. According to prior information of process, the mean
of Unknown initial setup error is 6y = 4, variance of initial setup error is P = 1, if
unadjusted, will affect all parts of the production process. The coefficient of off target
cost is Q = 1, the coefficient of adjustment cost is R = 1. According to proposed
adjustment policy in formulation (28.8) by this paper, the optimal adjustment values
of the process are shown in the Table 28.1.

According to optimal adjustment value in the Table 28.1, we have adjusted to the
production process. Figure 28.1 is the optimal estimate value by Kalman filter
algorithm and observations value of process quality characteristics.

From the Fig. 28.1, it is can be seen that the estimate value of the quality
characteristic of process through Kalman filter algorithm have closed to output target
of process. Then, according to optimal adjustment policy in formulation (28.8), the
production process is online adjusted . Therefore, the proposed adjustment policy by
this paper is more effective to adjust the process.
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Table 28.1 Optimal

. Stage U Stage U

adjustment value of each

stage of process 1 —5.31 11 2.79
2 —6.04 12 —5.30
3 —4.80 13 —7.35
4 -3.31 14 1.67
5 —5.10 15 2.86
6 —6.00 16 —8.86
7 1.52 17 —5.07
8 2.71 18 6.99
9 —4.96 19 5.46
10 1.67 20 —3.68
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Fig. 28.1 Plot of estimate value and observations value of process quality characteristics

Comparison of Adjustment Effects

It is presented to illustrate the implement method of the proposed optimal adjust-
ment policy through a simulation case. Then, considering changes of process
unknown initial error and adjustment cost, the adjustment effects to the total quality
loss of process are compared to proposed adjustment policy and the policy
that considering adjustment error as white noise. The variable R is the coefficient
of adjustment cost. 0y is the initial setup error of the process, J; is the quality
loss of process considering adjustment error as white noise, J, is the quality
loss of process considering adjustment error as AR model. The Save is given by
Sav = (1 —]2/]1) X 100%
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Table 28.2 Total quality loss saving compared considering different adjustment error

Total quality loss Total quality loss

Adjustment cost Initial setup adjustment error as adjustment error as AR Save

coefficient R error 0y white noise J; model J, %
1 4 36.57 27.06 26.01
8 159.49 104.72 34.35
12 374.73 234.16 37.51
2 4 63.58 46.05 27.57
8 276.54 177.19 3593
12 583.47 365.75 37.31
3 4 96.76 64.16 33.69
8 389.11 246.14 36.74
12 896.26 549.44 38.70

The average of total quality loss of process is obtained after the simulation for
1,000 times for each group of parameters and the results are shown in the
Table 28.2.

From the Table 28.2, It is can be seen that when process has initial setup error,
compared to adjustment policy for adjustment error as white noise, the proposed
adjustment policy for adjustment error as AR model can significantly reduce the
total quality loss of the process. When initial setup error of process is equal,
adjustment cost is higher; process quality loss saving for the proposed adjustment
policy is more significant. And when there is the same in the adjustment cost, the
setup error of process is greater; the proposed adjustment policy is more effective in
reducing the loss of process. In other words, when initial setup error and adjustment
cost are both greater, saving to quality loss of process for the proposed adjustment
policy is more significant. Because of considering process adjustment error as AR
model, it is more close to actual production process than considering adjustment
error as white noise, the proposed adjustment policy by this paper is more effective
than other to reduce the total quality loss of the process and improve the quality of
products.

Conclusion

This paper studied the optimal adjustment scheme to minimize the total process
quality loss for the situation of adjustment with quadratic cost and considering
adjustment error based on AR model for the short-run discrete manufacturing
process with setup error. Based on the state-space process control model, the
optimal adjustment scheme is derived by using Kalman filter on line estimation
and linear quadratic Gaussian (LQG) theory. A simulation case is presented to
illustrate the implement method of the optimal adjustment policy. Furthermore, the
optimal adjustment scheme is compared with other quality control policy by
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simulations, the results show that the adjustment solution presented by this paper is
more effective than other to reduce the total quality loss of the process and improve
the quality of products.
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Chapter 29

Research on Engineering Variations
Management of Urban Rail Transit
Project in BT Mode — A Case of Shenzhen
Metro Line §

Xiao-chun Lu and Yi-lin Yin

Abstract The financing way of projects in BT mode provides a feasible way for
solving the contradiction problem of the municipal infrastructure construction
funds. As the key risk factor of influencing BT project investment control, engi-
neering variations controlling rights becomes the focus point between two parties of
BT project. The paper explains the definition and category also demonstrates
processing program of engineering variations, and further analyzes the reasons of
variations, then takes Shenzhen metro line 5 as an example, which provides the
theoretical basis and empirical analysis for engineering variations management in
domestic urban rail transit project under BT mode.

Keywords Urban rail transit project « BT mode ¢ Engineering variations
» Shenzhen Metro Line 5

Introduction

BT(Build—Transfer) is a financing way that the owner determined the undertaker
through open tender, which is responsible for project financing and construction, then
transfer the completed project and accept the repurchase price from owner (Tong lin
2007). The application of BT mode effectively realized the diversification of investment
and improved the phenomenon of simplex investors in the filed of urban infrastructure
construction (Wang xianjin 2005). Therefore, BT mode put widely use in urban rail
transit project such as Nanjing metro line 2, Chongqing light rail line 3, Shenzhen metro
line 5, Beijing subway of Olympic extension project and so on (Wang hao 2005).
Although urban rail transit project in BT mode adopt lump price generally, the influence
of BT project by engineering variations, faultiness in design stage, unpredictable
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Table 29.1 Demarcation of variations in different contract

Contract documents Demarcation of variations

FIDIC Conditions of Contract (1) Changes of quantities in working contents;
for Construction (2) Changes of quality or other characteristics in work;

(3) Changes of elevation, position and (or) size in engineering;

(4) Cuts of works, except the works dealing to others;

(5) Any additional work, permanent equipment, material or
service in permanent works, including joint completion
check, drilling and other inspection and investigation.

(6) Changes of order or time arrangement in woks.

The standard construction (1) Cancel any of the works in contract, except the works turned
bidding documents to others;
(2) Changes of quality or other characteristics in work;
(3) Changes of elevation, position and (or) size in engineering;
(4) Changes of time, construction technology or process in
works;
(5) External works to complete.

environment change in construction stage is inevitable. Thus, it’s the focus of both sides
to limit the conditions and procedures of variations strictly while the key point of
investment control in BT project.

Definition of Engineering Variation in BT Mode
Definition of Engineering Variation

The project of one-time and irreversible determined the deviation in the process of
construction, which caused engineering variations (Gao hua 2009). Of course,
engineering variations refer not only design variations but also other variations in
construction, so there isn’t an exactly definition in variation at present. Different
contracts such as FIDIC Conditions of Contract for Construction and The standard
construction bidding documents make clear define of engineering variations, which
is shown in Table 29.1.

According to the definition of engineering variations in different contracts, the
paper defined engineering variations that the changes for the contract in the implemen-
tation also the modification and addition based on the original contract documents,
besides the corresponding measures of adjustment for contract value and time.

Definition of Engineering Variation in Urban Rail Transit
BT Project

Concerned for urban rail transit projects, BT project sponsor selected the BT
undertaker by the preliminary design budgetary estimate after the preliminary
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design in general. BT undertaker didn’t involved in BT preliminary design, but
participated in construction design for the design constructability. Engineering
variations in urban rail transit BT project usually referred to the relative to the
changes for the preliminary design. As BT undertaker completed the project
construction drawing design work, changes in construction design filed should be
included in the scope of the engineering variations in the process of BT project.
Therefore, engineering variations of urban rail transit project in BT model mainly
referred to the modification and addition in the approved documents by preliminary
and construction design.

Classification of Engineering Variation in BT Mode

Classification of Engineering Variation

Classification of engineering variations by different principle will get different results
(Liu gingming 2009). For example: classification can be divided into the owner
variation, contractor variation and the designer variation according to the different
subject, also can be divided into mandatory variation, constructive variation and core
variation. But no matter what the classification of engineering variation, they are
inseparable from changes in the content of the work. Based on this, the paper mainly
determined the classification of engineering variation by the FIDIC Conditions of
Contract for Construction as well as The standard construction bidding documents,
in which engineering variations is concentrated in four areas, such as design
variations, construction variations, plan variations and additional engineering
variations. The classification of engineering variations is shown in Fig. 29.1.

Classification of Engineering Variation in Urban Rail Transit
BT Project

In the theoretical and practice study, engineering variations can be classified
according to the degree of influence in the engineering variations control. From
the attribution of responsibility, they can be divided into variations which caused by
the project sponsors and undertakers. Therefore, the variations in BT projects can
be classified into two categories: variations caused by BT project sponsor and
undertaker. Actually the variations for the undertaker didn’t make the adjustment
for the contract price while the variations for the sponsor should be adjusted by the
specific circumstances.

1. Variations caused by BT project sponsor: These variations are mainly caused by
sponsors, which including variations due to preliminary design of the unit, such
as approval reason, the scale and scope of works, survey and design, improvement
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Classification of variation

Y Y L

Instruction form Different applicant Influence degree
Mandatory| |Constructive Core . General ||Important || Significant
S . o Contractor | | Owner ||Designer . L. L
variation variation variation variations| | variations (| variations
Content of work
Design Construction Plan Additional
variations variations variations variations

Fig. 29.1 Classification of engineering variations

of the technical standards and so on. Based on this, classification of engineering
variations should be divided in accordance with the degree of the impact again.

2. Variations caused by BT project undertaker: These variations are mainly caused
by undertakers, such as construction methods, time and quality. Based on this,
classification of engineering variations should be divided in accordance with the
degree of the impact again.

Factor Decomposition of Engineering Variations in BT Mode

BT construction projects possessed the complexity in the technology, processes,
management, which led to the risk factors (Lin Jianyi 2007). According to the
contract and literature, the major risk factors of variations can be divided into the
behavior of subjects factors, personal behavioral factors, policies and regulations of
factors, economic factors, environmental factors, contract factors, technical factors,
cost factors and quality factors (Fang jun 2004), as shown in Fig. 29.2. To classify
the risk factors is mainly to manage engineering variations in different types of risk
factors for BT sponsor.
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Fig. 29.2 Influencing factors of engineering variations

Process of Engineering Variations in BT Mode

The process of engineering variations in BT mode is similar to the general.
According to the relevant provisions in the contract, the process of the engineering
variations can be divided into two parts, one is determination of scheme, that’s
whether need for variations, the other one is the work of variation valuation, that’s
how much it cost to complete variations.

According to influence degree (the importance of content, the technical standard
and complexity, the cost, the scale of development, etc.) engineering variations can
be divided into significant variations, important variations and general variations, the
process of examination and approval is also different (Zhangli 2006). The significant
variations is pointed to the changes of design scheme, construction measures scheme,
technical standard, scale of development and construction standards. The important
variations mean that the changes not belong to significant variations in the certain
limitation. General variations mean design error, replacement of materials, local
modify to construction site and so on below the certain limitation (Liu wen and
Zhu yihai 2012). The process of significant variations is shown in Fig. 29.3.

At the same time, the limitation of significant variations, important variations
and general variations is in accordance with the scale of investment, contract
control objectives and the comprehensive set of practice and other factors. The
processing procedures of the three different types are shown in Table 29.2:

Engineering Variations Management of Shenzhen Metro Line 5

The Reason and Classification of Engineering Variations

In accordance with the terms of engineering variations in BT contract of Shenzhen
Metro Line 5 (A Contract in September of 2008), the main reasons of engineering
variations of BT projects concentrated in approval reason, survey reason, design
reason, technical standards or functional reason, construction reason, force majeure
and other factors (Lin maode 2009), as shown in Table 29.3.
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Fig. 29.3 The process of significant variations

Table 29.2 Comparison of the process of three variations

Comparison

Approval of variations intention General engineer

Approval of variations report

Composition of variations report Professional engineer General engineer

Significant
General variations Important variations variations
Owner Owner
General engineer General engineer Owner

Assessment team

According to the practice in project, variations of Shenzhen Metro Line 5 BT
project conclude A kind change of subway company and B kind change of south
China railway. A divided into Al, AIl, AIIl, AIV. B divided into BI, BII.

The kind of Al and AII variations adjust the contract value, AIIl variation adjust
the beyond part over the certain amount, AIV variation didn’t adjust the contract
value, The kind of B didn’t cause the adjustment of contract value.
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Table 29.3 Reason of BT mode variations

No. Reason of variations Contents

1 Approval reason Urban management and other government departments need to
modify the design requirements variations not meet the
needs of engineering variations.

2 Survey reason The engineering variations happened in the construction process
of the terrain, geophysics data, engineering geology and
hydrogeology, underground pipelines, ground underground
structure (build) things which not accord with the actual

data.
3 Design reason The engineering variations in the addition and optimization for
design documents defects, errors, omissions and collision.
4 Technical standards or The engineering variations in the changes of countries or
functional reason industry technology standards, norms change, function
change or requirement of subway company.
5  Construction reason The engineering variations caused by construction technology,

construction equipment, time limit and construction
conditions change

6  Force majeure The engineering variations caused by force majeure and other
factors.
7 Other reasons The engineering variations except the above reason.

Responsibilities of the Departments in BT Project

According to the provisions of the variance management, the responsibilities of the
departments in the BT project are as follows:

Variances of category Al are reviewed and approved by Subway Corporation, and
reported to relevant government departments in Number 5 Office which would review
them again. The governmental professional sectors in charge of planning, construc-
tion, fire, air defense will participate in reviewing the significant variances involved in
the planning, construction, fire, air defense; development and Reform Commission
and the audit governmental professional sectors will participate in reviewing variances
involved in the proposed budget adjustments. Review comments are reported he
Urban Rail Transit Construction Headquarters or its Office and would be implemented
after approved.

Variance AlIl would be implemented after approved by the Subway Corporation.

Variance AIIl would be implemented after approved by the leader of the Subway
Corporation; Variance AIV would be implemented after formally approved by
branch of Construction Company of line 5. The significant variances should be
reported to No. 5 Office and be recorded.

Variances of A which need the amount of 100 million (inclusive) and above are
required to approve by Chief Financial Officer of Subway Corporation.

Variance BI would be implemented by undertaker of BT project and recorded by
No. 5 Office, after reviewed by the Subway Corporation.

Variance BII would be implemented by undertaker of BT project and recorded
by the Subway Corporation.
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Approval Procedure of Engineering Variations

X.-c. Luand Y.-1. Yin

According to the engineering practice, the approval procedure of Shenzhen metro
line 5 BT project engineering variations is as shown in Fig. 29.4:
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Conclusion

The paper defined and classified engineering variations in BT mode, then divided
engineering variations into BT sponsors and undertakers. Based on this, further
decomposed the factors which affected the engineering variations in BT project and
clearly demonstrated the procedure of variations, finally took Shenzhen Metro Line
5 for an example to discuss the reasons of variations and the responsibilities of the
various departments as well as the procedure in BT project, which provided
reference for engineering variations management of urban rail transit project.
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Chapter 30

Studying Two-Stage Vehicle Scheduling
at Distribution Center Based

on Cross-Docking Model

Jing Gao and Ju-hong Gao

Abstract The reasonable arrangement of the time of inbound trucks’ arrival at the
distribute center was very important to ensure the smooth circulation of goods and
cost reduction. The course of unloading and sorting were regarded as two stage flow
shop in the Cross-docking (CD) environment including only one door and one
conveyor, applying the Johnson algorithm to solve the problem of minimizing
working hour of goods (work piece). Finally, according to a distribution center’
order data, the minimum time required for sorting all the batch of goods was
calculated, and the optimum sequence of inbound trucks was obtained, which can
provide guidance for CD practice.

Keywords Cross-docking  Johnson Algorithm ¢ Sorting ¢ Two-stage Flow Shop
* Vehicle Scheduling

Introduction

Putting effective control on information and physical flow on the supply chain has
been two key tasks of supply chain management (Wen Shi and Xue Ding 2009).
In many areas, Cross-docking model has gained successful applying, such as JIT
manufacturing industry (McEvoy 1997), EDI (Ross 1997), mail system (Forger
1995; Yonghui et al. 2006). Retailing industry realizes the goals of improving the
efficiency of two flows’ management, reducing related costs and enhancing the
customers’ satisfaction level successfully by means of Cross-docking model. Wal-
Mart is a typical case (Stalk et al. 1992). It requires a synchronization and coordi-
nation of inbound and outbound trucks to make sure that transport time and
temporary inventory at the distribution center (DC) are kept as low as possible.
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With successful application of Cross-docking model in management practice,
many scholars have spent much time in studying Cross-docking vehicle scheduling
problem (Nils Boysen 2010; Wooyeon Yu and Egbelu 2008). Among them, some-
one regarded it as a two-stage problem to analysis. For example, Dong-yan MA and
Feng CHEN abstracted the inbound/outbound trucks and goods needed to sort as
two machines and work pieces respectively, established constrains on “work
pieces” according to orders, and then solved this scheduling problem with Dynamic
Programming Method (Dong-yan Ma and Feng Chen 2007). Dong-yan MA calcu-
lated it further with simulated annealing algorithm afterwards (Dong-yan Ma 2008).
Jie CHEN and Feng CHEN discussed a kind of two-stage problem in the case of
uncertain processing time (Jie Chen and Feng Chen 2010).

Kai-lei SONG has raised two-stage Cross-docking trucks scheduling problem
based on direct transport and milk project in condition of different supplier/
customer’s goods supply/demand (Kai-lei 2008). By testing with numerical exam-
ple and practical proof, two-stage research method is a good method for solving
Cross-docking scheduling problem. The papers using Johnson algorithm to solve
this kind of problem are less at present. Gang WANG made a tentative research in
his M.A. theses, putting forward the idea of utilizing the improved Johnson
algorithm to Two-Stage Flexible Flow Shop Scheduling Problem in order to
optimize arrangement of tasks in distribution center (Gang Wang 2008).

This paper’s research springboard is to see this problem as a Two-Stage Flow
Shop Problem, which is solved by Modulo-Matrix multiplications based on Johnson
algorithm (Yu-ai Qin 2009). On the basis of constructing Cross-docking imple-
menting basic environment, making Cross-docking vehicle scheduling analysis
factor-products relevant to elements of Johnson algorithm-work pieces, setting
up the objective function of minimizing trucks’ staying time in DC is to get
the optimal arrival consequence of inbound trucks and offer a proposal in Cross-
docking practice.

Problem Descriptions

DC Layout

Cross-docking environment described in detail is shown in Fig. 30.1:

Only one unloading location, the inbound truck must wait until the former
unloads all of goods;

Just one convey belt, whose rate is known and fixed;

Platforms on both sides of convey belt; when all of goods on one platform
according to order is collected, the relevant outbound truck will load the goods and
leave;

No temporary storage area, all of goods can be distributed to platforms.
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Fig. 30.1 Distribution center outbound truck
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Basic Ideas

In this paper, the course of goods going through the DC is regarded as a kind of flow
shop problem concerning manufacturing “work pieces” on order on two machines.
The object is to minimize the total time spent on the two machines by all the work
pieces, obtain the best sequence of inbound trucks accordingly.

Set two machines M and M,: M, expresses the course of unloading goods on the
convey belt from inbound truck; M, expresses the process between falling on the
convey belt and arriving at each platform;

There is a one-to-one correspondence between every inbound truck and one
supplier;

Only one kind and different goods is loaded on a truck, unloaded at once, being
counted as a “work piece” of Ji, J»... J;

Each work piece passes the machine M; and M, in order; the length of stay on

them is marked as Ty 1, T12,... Ti4.. . T1q and To 1, Too,. . . Toy,. . . To, separately
and is known.

Two-Machine Flow Shop
Work Schedule

Table 30.1 is a two-machine work schedule, T;; and T,; means respectively the
time of “work piece i” staying on machine M; and M, (i = 1,...,n). The
assumptions are as follows: for each time point, one machine can only process a
work piece uninterruptedly; after processed on machine M, the work piece can
enter the machine M, if M, is available; work pieces are processed one by one with
no stop between them.
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Table 30.1 Two machines Workpiece Machine  J; I, J; R o T
work schedule M, Ty Tia Tiz ... Ty ... Tig
M, Tog Top Toz .. Toi ... Ton

Time Data’s Implication and Abstracting

In cross-docking scheduling management practice, the time in the work schedule is
given a specific meaning.

Tl’l Tl’z T1’3 ...Tl’i ...Tl’n
T, ;: time of unloading all goods from one inbound truck to convey belt.
T2,1 T2,2 T2,3 e T2,i e T2,n

This paper supposes that each platform corresponds to one delivery route carried
out by one outbound truck. Unless there is a large fluctuation in the number of
orders (including store and goods), DC will fix every delivery route, assigning fixed
driver to finish the task by experience. When stores distributed to each platform is
determined, all the goods information of each platform can be obtained according to
customer order information table (Table 30.2). Then if the location of each platform
and the running speed of convey belt are known, the time T, ; spent on the convey
belt is known accordingly.

Johnson Algorithm for Optimal Solution

1. Formulation describing: Work piece set G; = {J,J5,...J,} performs flow shop
on two machines, supposing G; has a feasible solution ®;. T;; and T,; are
processing time of J; on machine M; and M,. The work piece J; is behind J;.
when the sequence of work pieces in front of J; is denoted as S, and the one
behind J; is denoted as S/, so: ®; = SJiJ; S.

A(S): the Modulo-Matrix’ multiplication formula of S;
A(S): the Modulo-Matrix” multiplication formula of S;

So, the time span of ®;:
A(o;)) = AS) ® AJ) ® A() ® AS);

Exchange the position of J; and J;, the new feasible solution o, and its time span:
A(®y) = AS) ® A(J) ® AJ) @ A(S).

TLi®TLj  H(iyj)

Where: A (J;) ® A(J) = T2i®T2j|’
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Table 30.2 Customer order information table

Each store’ goods

Goods Goods 1 e Goods n total
Stores Num Vol ... Num Vol Vol
Storel N Ny *Vy ... Ny, Nin *V, n
1,1 1,1 1 1, 1, z:] (Nl,y *Vy)
y=
Store2 N Noi *Vy ... Nag Non *V, n
2,1 2,1 1 2, 2, Z (NZ‘y * Vy)
y=1
k * n
Store m N1 Nmi1 *Vy ... Npn Nmn * Vp Z] (Nony # V)
y=
Goods’ m SQ; *V m SQ. * V, mon
sQ =Ny SUTYE g, = TN, € (3 Ny # Vy)
total x=1 x=1 x=1 y=1
num /
vol
Total num/ SQ, SQ; *V; ... SQ, SQ, * V,
vol by
each
supplier

Notes: @ store no:1,2,. . .,m; @ type code of goods: 1,2,. . .,n; ® the number of goods y needed by
store x: Nx,y (x = 1,...,m; y = 1,...,n); @ Vy: unit volume of goods y; ®Total number of goods
y: SQy (y = 1,2,...,n);® Num number, Vol volume.

Tl,j® Tl H(j,i) .
T2, ®T2i |’

HG) =T @ T1j ® To; ® Ty @ Tr; @ Ty

HGD =T1; @ T @ To; @ Ty @ Tyy @ Taj

Suppose real number H(i,j) < H(,i);

AJ) ® AQJ) =

So,Ti; @ Tij @ To; & Ty ® Ty @ Ty <
TiRTiQTi@T;® Ty ® Tay (30.1)

Change (30.1) into inequality:
maX{Tl,i + Tl,j + TZ,j7Tl,i + T2,i + T2,j}
S max{Tl,j + Tl,i + T2,i,Tl,j + T2,j + TZ,i}
min{TLi, TZ,j} S min{TlmTz"i} (302)
When inequality (30.2) holds, A(®w;) < A(m,)
Inequality (30.2) is Johnson formula.

2. Algorithm application: For work scheduling T, Johnson algorithm coming from
Johnson formula can get optimal solution (Liu-tao Yang 2010); the specific
methods are as follows:
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Step1: take minimum value in T, then if it is at the first row, put the related “work
piece” in the first place, otherwise if it is at the second row, put the related “work
piece” in the last place;

Step2: eliminate this “work piece” stated in Stepl, go back to Stepl until all
piece work are sorted.

Case Analysis

A third party logistics company adopts cross-docking management model to pro-
vide distribution service for community supermarkets. There are seven suppliers,
supplying 15 stores with 7 different goods such as rolls and steamed bread and so on
(Table 30.3). The object is making trucks scheduling plan to minimum the time
span of all goods going through unloading and sorting course.

According experience, four routine lines corresponding to four platforms are
utilized. The stores concluded on each line are as follows: L;:1-5-7-9; L,:2-3-4-13;
L;: 6-8-10-15; L4 11-12-14. By means of calculation, all goods concluded on one
line can be loaded on to an outbound truck. After fixing the platform location, the
time of seven kinds of goods staying on the convey belt can be known. Every good
is regarded as a work piece, and the course of unloading and transmitting to
appointed platform is regarded as two stages according to the thought of two-
stage flow shop. Considering the unloading time next, two machines work schedule
of this case is obtained (Table 30.4).

Two-machine flow shop’s “mifang diagram” (Fig. 30.2):

Change into Modulo-Matrix form:

AQ =10 0 A= 8]; A= ° 14]
| Z 5 |z 8
A(3):l9 16]; A(4): 4 11‘| A(S) 12 30‘|
z 7 z 7 z 18
15 35 :10 17 '-()
A<6>=[ Z 20];A<7>— | am =]

According to Johnson algorithm, optimal schedule has two results as follows:

1. J,-04-00-J5-T-d5-05
2. 1, 0400J5- 06005

By calculating the Modulo-Matrix’ multiplication formula On the basis of
maximal Quasi-Fields (R, max, +) combining with the two schedule results, time
span T is as follow:

T=A0) @ A() ® AQ) ® AB) ® A@) @ AB) ® A®6) @ A7) ® A(8)
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Table 30.4 Two machines

Work piece Machine J J J J J J J
work schedule (unit: minutes) P . 2 2 . 2 2 L

M, 3 6 9 4 1215 10
M, 5 8 7 7 18 20 7

—qc;—NID—HEi—»F—NGl—’fHI—HII ol =}

NN S

—ncz——mz——hEz—-—ﬁFr——nGr—hﬂy—Hl 0
Jl Jz J3 J4 JS J6 J7

H

Fig. 30.2 Two machines flow shop “mifang” diagram

The minimal time span is 77 min. That means the minimal time of all goods
spent on the two courses is 77 min, and the best sequence of inbound truck arriving
at DC is known too.

Conclusion

This paper analyses the whole course from unloading to sorting in DC. Regarding
goods in each inbound truck as a “work piece”, the minimal time span, as a index of
calculating the total time spent in above process, can be known by means of two-
stage flow shop theory. That means the inbound trucks’ arriving sequence can be
determined in meeting the minimal time span. This study belongs to a part of
vehicle scheduling. Abstracting useful information by excel is highly workable
policy, and the Johnson algorithm can solve this kind of problem easily and
effectively. This paper’s disadvantages are: first, lack of vehicle scheduling pro-
gramming for outbound trucks; second, the data of stores included in each route line
and the platforms’ exact location has effect on the final result. In theory, for above
two elements changing, all the possible situations need to be calculated and
compared to obtain the best result.

This case study shows calculating the optimal result by hand applies only to
small-scale problem. For large-scale problem, creating new program is an effective
method to extend the application scope of Johnson algorithm theory in cross-
docking. As a starting point combining the study of cross-docking vehicle schedul-
ing and practice, searching the new algorithm, the improvement of Johnson algo-
rithm, and the breaking point of this area will be focus in future research.

Acknowledgment The authors wish to thank the reviewer for his or her helpful comments, which
have led the authors to consider the subject of two-stage vehicle scheduling at distribution center
based on Cross-docking model problem more deeply. The authors also would like to thank the
Scientific and Technical Personnel Servicing Business Project, which offers subsidization to this
project.



30 Studying Two-Stage Vehicle Scheduling at Distribution Center Based. . . 299

References

Dong-yan Ma (2008) Simulated annealing algorithm for two-machine Cross-docking scheduling
problem. Logist Technol 27(2):67—-69, 95 (Chinese)

Dong-yan Ma, Feng Chen (2007) Dynamic programming algorithm on two machines cross
docking scheduling with total weighted completion time. J Shanghai Jiao Tong Univ
41(5):852-856 (Chinese)

Forger G (1995) UPS starts world’s premier cross-docking operation. Mod Mater Handl 50(13):36

Gang Wang (2008) Queue and sort based algorithm of scheduling for job of two-stage Cross-
docking. Master Degree, University of Beijing Jiao Tong, Beijing, China (Chinese)

Jie Chen, Feng Chen (2010) Algorithm on cross docking scheduling in asymmetrically uncertain
environment. J Shanghai Jiao Tong Univ 44(9):1302—1306 (Chinese)

Kai-lei Song (2008) Two-stage hybrid scheduling models and optimization algorithm on cross
docking logistics. Master Degree, University of Shanghai Jiao Tong, Shanghai, China
(Chinese)

Liu-tao Yang (2010) How to make the sequencing of parts in workshop work plan more effective.
Manager J 26(1):354 (Chinese)

McEvoy K (1997) DSD or cross-docking or both? Progress Groc 76(3):23

Nils Boysen (2010) Truck scheduling at zero-inventory cross docking terminals. Comput Oper Res
37(1):32-41

Ross JR (1997) Office depot scores major cross-docking gains. Store Mag 79(12):39

Stalk G, Evans P, Shulman LE (1992) Competing on capabilities: the new role of corporate
strategy. Harv Bus Rev 70(2):57-69

Wen Shi, Xue Ding (2009) To study on the present situation in Cross-docking. Value Eng
28(3):85-87 (Chinese)

Wooyeon Yu, Egbelu PJ (2008) Scheduling of inbound and outbound trucks in cross docking
systems with temporary storage. Eur J Oper Res 184(1):377-396

Yonghui Oh, Hark Hwang, Chun Nam Cha, Suk Lee (2006) A dock-door assignment problem for
the Korean mail distribution center. Comput Ind Eng 51(2):288-296

Yu-ai Qin (2009) The optimal path problem (book style). The Science & Technology Press,
Shanghai, pp 45-62, Chinese



Chapter 31

Factors for Improving the Supply Chain
Management Performance: A Survey

of Chinese Toy Makers

Hong-bo Shi, Wei-na Zou, and Sanchoy Das

Abstract This paper contributes to the ongoing discussion about the supply chain
management (SCM) of Chinese toy makers by conducting a survey among 148
respondents from the industry. The questionnaire includes 24 questions that belong
to six sections, which are design and buying, materials procurement, production
operations, product distribution, quality control, list of tools (technology). Through
analyzing the feedback data from 36 respondents, this study reveals the update
circumstances of Chinese toy industry regarding SCM. Notably, on the one hand,
most toy makers (about 90%) suggest that they value quality control, which is
essential for global competition. On the other hand, less toy makers prefer to adopt
advanced SCM tools; this may hinder their competitiveness in the long run. To
conclude, both constructive and practical suggestions are given to the toy makers
for improving their SCM performance.

Keywords Procurement ¢ Quality control ¢« Supply chain management * Survey

» Toy makers

Introduction

With the development of supply chain management (SCM) theory and global
competition, Chinese toy makers continue to make steady progress across the
areas of supply chain competency (Wong et al. 2005). Although most companies
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are at about the same stage of evolution, there is still a significant gap between the
performance of the leaders and the rest — and that is a gap the followers need to start
closing now. These are among the key findings of the SCM Survey of Chinese Toy
Makers.

In the International Spotlight

In August 2007, the head of a Chinese company that made Sesame Street and other
toys that were recalled in the United States due to safety fears had committed
suicide. Zhang Shuhong, the boss of Lee Der Industrial Co, was found dead in a
factory warehouse in southern Guangdong province. Fisher-Price, a subsidiary of
Mattel, recalled nearly one million toys, including popular Sesame Street and Dora
the Explorer-branded models sold in US stores, because of fears they contained
toxic lead paint (Agencies 2007c).

Many of the toys were produced by Lee Der. The government ordered Lee Der
and another toy manufacturer at the center of a similar high-profile recall in the
United States to suspend their exports.

The newspaper quoted Lee Der staff as saying Zhang was distraught over feeling
he had been “hurt” by the supplier of the suspect paint, whom he had counted as a
good friend. China’s national product-quality watchdog has blamed Lee Der’s paint
supplier for providing “fake lead-free paint powder” used on the toys. The other toy
manufacturer, Hansheng Woodware, made 1.5 million wooden “Thomas the Train”
figures for US importer RC2 Corp. Those products were recalled by the US
company in June for similar fears over lead paint.

Lessons from this case:

(a) Overlooking Quality Control.
(b) Ignoring International Standards.
(c) Poor Supply Chain Management.

On Nov. 1, 2007, Chinese regulators said that they had suspended the export
licenses of more than 750 toy companies because of quality control problems. And
an additional 690 toy factories in southern China, the world’s largest toy
manufacturing region, had been ordered to renovate or improve their facilities.
The regulatory moves could hurt toy makers gradually and possibly upset their
extensive supply chain (Agencies 2007b).

The Posing of This Topic

What happened to the Chinese toy makers? Was their quality control proved to be
unreliable? Responsibly, we may start a research of Chinese toy makers by looking
into their supply chain management performance.
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There is no law stating that all toys have to be made in China. People get goods
made in China because they are cheaper, and then the company sells the toys for 4X
the price and makes a significant profit. All companies do this. Is it smart? Only, if
you have quality control and you are truly testing the batches to test for safety and
quality.

On the other hand, we have found that the Chinese top 50 toy makers only have
18% share of the total market, which is quite different than that of other industries.
This also indicates that the small- and medium-sized companies have been playing
an important role (Agencies 2007a).

So, to probe into this interesting industry, we would like to launch a survey
concerning the supply chain management performance of Chinese toy makers.

Survey Methodology

The questionnaire includes 24 questions that belong to six sections, which are
design and buying, materials procurement, production operations, product distribu-
tion, quality control, list of tools (technology). In each section, we seriously
designed four questions, trying to induce as much information as possible. These
questions may cover the fundamental domains that constitute true supply value
(Poirier and Quinn 2003).

The Chinese Toy Makers Supply Chain Management Survey questionnaire was
sent by e-mails to 148 supply chain professionals in Mainland China. The names
and addresses were drawn randomly from the relative web sites.

Promisingly, a total of 36 respondents completed the well-prepared, five-page
questionnaire. No wonder that the majority of the responses came from small- and
medium-sized toy companies.

Literature Review of SCM in China

Role of Supply Chain Management

Seen from the above figure (Fig. 31.1), we can judge that SCM has been becoming
an important domain in the field of management science and engineering (Rudzki
2008). And the key words of SCM include supply chain design, product design,
product development, lead time, inventory management, demand uncertainty, etc.
Most of them are reflected in the composition of the questionnaire.
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Main Ideas Regarding SCM in China

Zhang Ruimin, the former CEO of Haier Group points out that the most important
problem for Chinese local corporations lies in the incomplete environment of
domestic logistics. For example, in USA, the corporations have UPS, FedEx or
DHL to do most of their logistics; in Japan, they make good use of Just-in-Time.
But it is hard to name out a competitive local logistics entity of China. We must rely
on overseas corporations (Mu 2001).

Other supply chain professionals find that to improve the performance of
Chinese supply chain, logistics, SCM and E-commerce must run corporately
(Child and Yan 2003).

As global manufacturers expand operations in China, many face challenges in
the basic building of supply chains. For instance, receiving updates on inventories
or shipping cycles can take days because few Chinese companies have the technol-
ogy to provide information electronically. As Mann of Accenture puts it, “China
still has a Third World feeling (Kover 2005).”

Promisingly, Infor Global Solutions, which makes supply chain management
and ERP software, found an experienced partner to facilitate its introduction to
Chinese market (Poirier et al. 2007).
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Fig. 31.2 Correlation of annual sales, profits, employees and designers

The Analysis of the Feedback

Distribution of the Respondent Toy Makers

Frankly, we are satisfied with the feedback we got from this survey. To provide a
simple first glance of the information, the following figure was prepared to show the
basic data of the 36 respondent toy makers. The initial monetary unit was
exchanged from RMB to US dollars.

To simplify the data, we can illustrate it by an Excel graph (data units adjusted
proportionally), which makes the comparison and contrast among the respondent
toy makers more visually.

Seen from the above figure (Fig. 31.2), we can conclude that most indexes across
the toy makers are positively related. On the one hand, this indicates that the data
we got are relatively authentic. On the other hand, this provides us some clue to
mine more valuable discoveries.

Analytical Methods

To articulate more clearly how supply chain efforts among the respondents related
to the dimensions referred above, the survey questions were broadly categorized
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@ Manually by inner
designers (9.7%)

m CAD by inner
designers (38.4%)

O By outer (domestic)
designers (2.8%)

O Refer to foreign venders’
specifications (25.0%)

m Depend upon foreign venders’
design (24.1%)

Fig. 31.3 Means of design

into these areas: Design and buying, Materials procurement, Production operations,
Product distribution, Quality control, List of tools (Technology) (Foster 2005).

The result of the survey indicates the progress that Chinese toy makers have
made to date in advancing their supply chain — and reflects the considerable work
that still needs to be done. From a competitive standpoint, the good news is that
with handful exceptions, most companies are at about the same stage of supply
chain evolution.

The findings are inspiring but far from spectacular. In order to better illustrate
the feedback data, we take advantage of the MS software Excel to turn the results
into graphs.

Data Illustrations
Design and Buying

As shown in the questionnaire, the first question in this section was: how many
qualified toy designers do you have? Then, to determine how the design modes
varied across the industry, we asked by which means do you design your products?
The answers are transferred into a graph like the following (Fig. 31.3):

In terms of the basic period from an order to final products, frankly, the answers
seemed promising, like this (Fig. 31.4):

We can conclude that about four out of five toy makers can fulfill an order within
1 month.

Materials Procurement

In this section, we posed the first question: rate the following in their importance in
selecting material suppliers.

(a) Location proximity

(b) Cooperative relationship
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@ 10 days (10.6%)
| 20 days (49.5%)
O 30 days (17.6%)
0O 45 days (5.6%)

m 60 days (16.7%)

Fig. 31.4 Period from order to products

@ Annual contract (35.5%)

B Market price (25.7%)

O Negotiate on quantity (20.1%)
Negotiate on payment
terms (9.9%)
Negotiate on material
specialties (8.8%)

Fig. 31.5 Modes determine the supply price

(c) Material price
(d) Brand recognition
(e) Delivery reliability (Time lines)

About 52.8% respondents chose material price as their priority in selecting
material suppliers. Not surprisingly, location proximity took a position of No.2
(22.2%). This indicates that three out of four or more respondents considered
procurement to be a source of competitive advantage.

Since most respondents were apt to think material price as first things first, as we
assumed initially, the next question which of the following modes determine the
supply price for a current order were answered correspondingly (Fig. 31.5):

As a matter of fact, about two third respondents made multiple choices upon this
question, indicating that for different material orders, the determining modes are
varied.

When we continued to talk about the inventory level, responding to the question,
the answers showed that more than 95% toy makers have a 1 week ~ 2 month raw
material inventory (1 week ~ 1 month 63.4% and 1 month ~ 2 months 32.9%
respectively). As far as what kind of inventory policy is used to reorder material,
we got data as illustrated in the above figure (Fig. 31.6). According to the on-spot
practice, this question is also multiple-choice applicable.

Production Operations

The first question here was supposed to evaluate the priority in their plant locating —
rate the following in their importance as far as plant locating is concerned (Berman
and Wang 2006):
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None — order as
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Material Requirements
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Fig. 31.6 Inventory policy to reorder material
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Fig. 31.7 Solutions to

unexpected big order Solutions

(a) Labor cost

(b) Material sourcing

(c) Environment

(d) Transportation

(e) Enterprise-government relationship

Nowadays less and less companies need to pay too much attention to E-G
relationships. Interestingly, material sourcing placed first in the overall rankings
(44.4%), and secondly labor cost (41.7%). The answers regarding this issue made it
quite clear as we expected.

Answers to the followed multiple-choice question, which your priority is as you
receive an unexpected big order, what we got are as following (Fig. 31.7):

Though the answers seemed diverse, we can tell easily that a quarter of the
respondents knew to make good use of outsourcing in face of unexpected big
orders. To deeply explore this question, we continued the question as far as what
types of working shift has your company acquired to advance the production
operations. Seen from the results, it is clear that most Chinese toy makers prefer a
combination of permanent workers (8-h) and temporary workers (unfixed hours),
which is typical and popular. The truth is, most the companies in other businesses
are doing the job likewise.
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Department of
transportation/logistics (31.1%)

B Local 3rd party agent (31.9%)
0O Product buyer (17.1%)

Distribution company (e.g. FedEx, UPS,
etc.) (19.9%)

Fig. 31.8 Product distribution

Generally manual workshops take a considerable portion in toy industry, so we
implemented the question do you use any of the following in most of the manual
workshops to probe into this. Inspiringly, about 70% of the respondents use diverse
lights, background music, coffee or tea time, and break exercise respectively.

Product Distribution

Who is responsible for your product distribution? The first question in this section

was designed to probe the actuality of the logistics in the toy industry (Fig. 31.8).
For this is a multiple-choice question, choosing “D” does not mean a company

depends on FedEx or UPS completely, they sometimes turn to it in emergency.

In response to a question, what frequency is product shipments made? 86.1%
answered “once per order”. Although in this case, the cost of supply chain may
enhance, they have no other choice in the global competition arena.

Then, as far as the distribution lead-time, which is interval between factory exits
to arrival at export location, was concerned, the more telling number was that
almost two third indicated “1 ~ 2 weeks”. While about 19.4% chose “within
1 week”, 18.1% chose “2 ~ 3 weeks”.

Quality Control

Quality control is a conventional but always hot topic. To set the context for this
line of inquiry, we first asked respondents what methods were used to inspect / audit
incoming material quality, and got interesting feedbacks (Fig. 31.9):

But it is obvious that about half of the respondents would prefer random
sampling.

Followed up, we asked questions to reveal the percent of QC staff and percent of
supervisors, and got ideal answers respectively. To simplify, we can say that about
90% respondents have 2 ~ 5% QC members and 78% respondents have 2 ~ 5%
supervisors.
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Batch sampling
(Acceptance) (20.8%)
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O Secret investigation (7.4%)
| Third party inspectors (16.2%)

Fig. 31.9 Incoming material inspection

List of Tools (Technology)

In an effort to discover what toy makers are doing to advance their supply chain
performance, we initiated four questions, inquiring about specific technology usage
in the stages as: design & buying, materials procurement, production operations and
quality control (Le and Koh 2002).

And 12 common tools were mentioned here. In all of these technological areas,
roughly more than half of the respondents gave their encouraging answers. The
results could be organized like above (Fig. 31.10):

The survey shows that respondents are relying on a wide range of technology to
drive supply chain results, though some of the tools are no longer updated globally.

Conclusions

Supply chain management is important for Chinese toy makers, what should be
done to improve their SCM performance? Based on extensive research and the
survey feedback, we assume that this question could be answered from three
perspectives.

Most toy makers are at the supply chain evolution stage between corporate
excellence and partner collaboration (Houlihan 1985). They have made consider-
able process activities and may have taken initial steps to extend this integration to a
few of their external partners.

The toy recall story exposed the problem of incoming material quality control.
Seen from the feedback data of the survey, we are glad to see that about 90%
respondents have 2 ~ 5% quality control members (2 ~ 3% 58.3%, 4 ~ 5% 30.6%
respectively). But cases study and hands-on working experience indicate that this
does not necessarily mean perfect quality control effectiveness. Thus, quality
control must be infiltrated into the whole process of supply chain management.

Through a variety of tools and techniques, the toy companies make profits by
reducing cycle period, achieving faster time to market, and utilizing assets more
effectively. Customers are a major driver for some companies and for some
initiatives, but they are not the dominate driver. The survey findings reveal that
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Fig. 31.10 List of tools

CAD Software (36)
TQM (Total Quality
Management) (31)

Tools

other factors, such as cost reduction, play a greater role in driving supply chain
initiatives. On this aspect, technology has an extremely important function. Toy
makers still should adopt updated technologies before it’s too late (Semchi-levi
et al. 2008).
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Chapter 32

Based on the Method of Baumol — Wolfe
Empirical Research on Blending Center
Site Selection Problem

Li-jun Liu

Abstract The paper analyses the necessity of developing power coal blending, and
discusses the effect of it in the rational utilization of coal mining resources,
reducing logistics cost, improving the economic benefit of coal enterprises, pro-
moting energy conservation and emission reduction, and protecting the mining area
environment. Based on this, the paper researches the site selecton problem of coal
blending center in the coal mining, and determines the location and number of
logistics nodes by establishing Baumol — Wolfe model.

Keywords Power coal blending  Site selection « Baumol-Wolfe model « Blending
center

Introduction

China as a coal producer and consumer of main energy in coal, it is very important
practical significance to achieve the effective and reasonable utilization of energy
to realize “saving energy and emission reduction” targets. However, in the coal
resources utilization, there is the problem on low combustion efficiency, the serious
waste and environmental pollution, and etc. Therefore, it is effective measures that
adopt actively power coal blending technology, raise the proportion of power coal
blending , at the meantime, strive to develop coal selected by washing, improve the
quality of coal, is to improve the efficiency of burning coal mining, reduce the
waste and pollution, and protect the environment. Power coal blending technology
is to variety in different categories and coal quality is processed after a certain
proportion. The coal physical, chemical properties and burning characteristic are
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changed, so as to come up to the complementation of coal quality, optimize the
structure of products, meet the user requirements with combustion equipment of
coal, in order to improve efficiency and reduce combustion pollutants.

The importance of power coal blending in the following (Da-guang Xiang 1988;
Feng-jun Jia 2006; Pei-ao He and Yan-ping Dong 1988):

(1) Contribute to adjust the industrial structure, saving energy and reducing con-
sumption, to formate of coal resources centralized processing, storage, distri-
bution, management pattern in origin so that play to the advantages of coal
origin, realize the integration of coal production and marketing of coal industry,
and improve the overall economic benefits.

(2) Contribute to reduce logistics cost, meet the different needs of customers. Coal
is matched in network node according to user requirements of quantity and
quality reasonable blending, formed new coal products, and transported to users
with the most economical and convenient through the highway and railway.
This can effectively reduce the coal purchasing and transportation cost, and
drives the development of downstream of logistics industry, promote the
economic development, boost the economy development.

(3) Contribute to promote coal quality, create brand of coal. At moment blending
technology research and application is more mature at home and aboard,
therefore advanced blending technology can be utilized to improve “the coal
brand” degree of satisfaction in the consumers mind, and promote the core
competitiveness.

(4) Contribute to the effective utilization of coal resources and protecting the
environment. Advanced power coal blending technology can effectively reduce
the coal consumption per unit, thereby reduce the consumption of coal
resources, slow down coal mining speed, and reduce the damage for environ-
ment and land resources. At the same time, the dynamic blending coal can
reduce coal consumption, increase the combustion efficiency, and reduce
harmful emissions.

From the above, we can choose proper nodes existing in logistics network of
mining area, and engaged in coal washing and blending operations. This can be
integrated coal resources, improve the quality of coal, and increase coal variety so
as to meet different varieties of users demand. At the same time, it is useful to
achieve the goal of “energy conservation and emission reduction” for and the local
ecological environment protection.

Establishing Location Mode

We establish Baumol — Wolfe model and determine the position and number of
blending node based on the principle of minimum total cost integrating with mining
area and user distribution (Fang Zhang and Bing-wu Liu 2007; Jing Hou and Yi-kun
Zhao 2006; Li-juan Ma 2008; Xia Li 2008; Xiang-you Gui and Yun-dong Ma
2005).
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Problem Description

As shown in Fig. 32.1, coal mining logistics flow: raw coal is transported to coal
blending nodes via the highway, then processed circulation (blending operations).
It is divided into different kinds of products according to customer’s demand and
transported coal to the user.

Therefore, the location problem (Fang Zhang and Bing-wu Liu 2007; Pei-ao He
and Yan-ping Dong 1988) can be described as: for m coal mining, selecting a
certain amount of nodes in n location choice, for q user product in coal, and getting
the selected node distribution the total cost of the minimum requirements in the
premise during the planning period. Among them, in the planning period, coal mine
transport to node n; times, node to user n, times.

Comprehensive considering and solve problems as follow in modeling process:
what locations become alternative nodes, how to arrange delivery plan, namely
traffic of the coal to each node and each node to each user can realize the planning
of the minimum total cost targets to meet with the user requirement.

Hypothesis of Model

The location problem that this paper studies in mining area is to choose a certain
number of nodes from the alternative nodes which establishes coal center and
carries on coal processing (blending operations) and distribution. Expenses indica-
tor in model including: fixed investment costs on building node, the product
transportation costs from coal mine to node, the product distribution costs from
node to customers and the product processing costs in the node due to blending
coal. The first term is fixed costs, after three for variable expenses. The expression
of expenses can be obtained on the analysis of the main factors that affect the cost
and make total cost the minimum or close to the minimum (Cai-sheng Dai 2000;
Fang-li Zhao and Ya-li Niu 2007; Fang-min Zhang 2001; Ge-fei Ma 2000; Hua-ting
Fan 2006; Ji-chun Zheng 2006; Jing-kun Liang 2004).

In order to facilitate solving the model, and making the model unapt too
complicated and practical value, the assumption:

(1) Only consider the car distribution of coal products and coal product quantity
of distribution according to the number of transportation to calculate.

(2) Only in optional nodes range to choose.

(3) A node can supply by multiple coal mine, a user needs by multiple nodes can
provide, don’t consider nodes between the supply.

(4) The coal transportation in network includes from coal mine to nodes and from
nodes to users.

(5) Transportation cost is proportional to the traffic.

(6) The transportation costs among coal mines, nodes and users is known
constants.
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Fig. 32.1 Coal flow diagram
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(7) Each user demand for coal products is known constants.
(8) The fixed investment cost of establishing and managing nodes is known.
(9) The treatment costs of nodes is concave function of flow, and the unit
treatment cost of nodes are known.
(10) The number and capacity of nodes is restricted.

The Target Function and Constraints

To construct the model of the location, the related parameters and the relevant
decision-making variables are defined as follows:

(1) The parameters for the mode:

m—The number of coal mine.
n—The number of optional nodes.

g—Number of users.

n;—The number of coal mine supply coal to the node during the planning period.
n,—The number of the node supply coal to user during the planning period.
a,;—The unit cost of transportation from k coal mine to i node.

cij—The unit distribution costs from i node to j user.

A—The total supply capacity from k coal mine to nodes.

D;—The quantity demand for j user.

M;—The maximum capacity of i optional node.

f;—The fixed cost of i node.

vi—The product processing cost coefficient of i node.
0—The economic performance indicators considering scale,0 < 6 < 1.
P—The maximum number of nodes are selected.

(2) Model variable:

xxi—The carryings from k coal mine to i node at every turn.
yii—The distribution volume from i node to k user at every turn.
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z;—0-1 Integer variables, When z; = 1, how i node get the nod; When z; = 0,
show i node not get the nod.

(3) Objective function:

During the planning period, the total costs made up by four parts: the total
transportation cost of coal from supplying place to nodes, the total distribution
costs of coal from node to users, expenses for handling the product in nodes and the
total fixed expenses of nodes. The total expenses are for the four sums of minterms,
according to the principles of economics, need the total cost E minimum, namely:

m n

n g
> Z Ny QgiXgi~+ Z Z naCijyij+
MinE = min | ©=1=! ==l (32.1)

n n

Z Z,'V,'W,'O + Z Zifi
i=1 i=1

(4) Constraints:
Supply constraint: the amount of coal from the supplying place to each node every
time must not exceed its total supply capacity:

D xi SAnk=1,2,--,m (32.2)
i—1

Demand constraint: Every time distribution, delivery of goods amounts from
each node to a user can meet the user’s total demand, namely:

> yi=Dpj=12,q (32.3)

i—1

Balance constraint: Flow balance during the planning period, namely the stock
equal shipments of each node:

m q
my xi=my yj=Wii=12-n (32.4)
k=1 j=1

Capacity constrain: Each time, the sum of the goods of the supplying place
which supply any node cannot exceed the biggest capacity of node:

> i S zMii =12, .n (32.5)

i—1

Number constraint: Number of the nodes to build less than a given P:
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i z; <P (32.6)

i—1

Non-negative constraint: Variable in the model must be equal to or greater than
zero, namely:

X > O»yij > 07 k= 1,2,"',}’}’1; i= 1727"'7’1; ]: 1727"'751 (327)
Integer constraint:

2 — {(1), selected node i (32.8)

or

(5) Model form:
Comprehensive analysis, the location model of nodes is:

MinE = min (i i nariXri+ i i mCiiyij + i ZiViWie + i ZJ}) (32.1)
1 i=1 i=1 i=1

k=1 i i=1 j=1
S.t.
Zyij >Dj,j=12,--.q (32.9)
i—1
m q
HIZxk[:nzzy[j:W’»’i:1’2’...7,1 (32.10)
k=1 j=1
n
> i <zEMii=1,2,-n (32.11)
i—1
<P (32.12)

i1
X >0,y 20, k=1,2,--- myi=12,---,n;j=1,2,---,q (32.13)

1, selected node i

zi = {0, o (32.14)
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Model Solving

Model Data Processing

This paper is based on the basic data of Ordos mining area logistics as an example
for empirical research.

m values: The existing 276 coal mines will be merged into 13 big supply of coal
area, namely m = 13.

n values: Ten optional node preliminarily will be selected, namely n = 10.

q values: The number of users on highway transportation in this model only take
into account the power users, take q = 24.

n; values: Number of times for the supply of coal area to node in planning period
(1 year), n; = 13 x 2,000(vehicles) = 26,000 times/1 day = 9,490,000 times/
1 year; ny = 13 x 2,000 (vehicles) = 26,000 times /per day =9,490,000 times/
year (1 year by 365 days).

n, values: The number of supply of material from nodes to users in planning period
(1 year), n, = 2,500 times /per day =912,500 times /1 year.

ay; values: The unit transportation cost from coal supplying area to each node is the
basic same, take 0.40 yuans/t-km, the transportation distance from coal supply-
ing area to each node take the average. Unit transportation cost see Table 32.1.

cij values: The unit cost of distribution from each node to users takes 0.45 yuan/t-
km, the distribution distance from each node to users takes actual value. The unit
cost of distribution from each node to the user in Table 32.2.

Ay values: The total capacity for supplying coal from the coal supplying area to
nodes in Table 32.3.

D; values: Each user’s demand sees Table 32.4.

M; values: The maximum capacity of optional node sees Table 32.5.

f; values: The fixed fee of each node sees Table 32.6.

v; values: The blending coal cost coefficient of each node is the same, vi = 10
yuan/t.

0 values: Consider economic performance indicators, all the raw coal entering
nodes can deliver users after dressing by washing and blending, 6 = 1.

P values: The maximum number of nodes are selected, P < 10.

Model Solving

Except for fixed cost constant function in the selection of model established above,
the others are linear functions, it belongs to the linear mixed 0-1 programming
model. This model can be applied to solve LINGO software. Calculation results see
Table 32.7.
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Table 32.1 Unit

- Unit: yuan/t
transportation cost from

supplying coal area to each Nodes
node Area Ml M2 M3 M4 M5
Al 16 18 20 15.2 24
A2 15.6 21.6 18.8 21.2 20.4
A3 16.8 15.6 17.6 20.4 18.4
A4 20.8 18 18.4 19.2 15.2
AS 18 18.4 20.4 14.8 19.2
A6 18.4 17.2 23.6 18.8 19.2
A7 15.2 18 15.6 19.2 22.8
A8 17.2 18.4 18.8 20.8 16.4
A9 14 21.2 18.4 18 17.6
A10 10.4 16.8 18.4 14.4 20.4
All 20.8 11.2 14.8 18 21.2
Al12 14 18.4 19.2 16.8 12.4
Al3 16 17.2 15.2 18.4 16.8
Renewal table
Nodes

Area M6 M7 M8 M9 M10
Al 22 17.6 13.2 18.4 25.6
A2 18.4 19.2 20 21.6 232
A3 20.8 18.8 19.2 21.2 15.2
A4 18.8 22.4 23.6 26.8 13.2
A5 224 14.8 20.4 15.6 16
A6 20.8 18.8 18.8 16.4 18
A7 18.8 21.2 18.8 16.8 17.2
A8 15.6 14.8 16.8 14.4 15.2
A9 22 26.4 14.8 16.8 22.4
A10 19.2 14 18.8 21.2 17.6
All 14.4 18 13.2 21.2 16.8
Al2 18.4 15.2 21.6 14.4 22
Al13 13.2 18.4 20.4 144 19.6

Conclusion

In existing logistics network of mining area, choosing proper nodes and engaging in
coal washing and blending operations can be integrated coal resources, improve the
quality of coal, increase coal varieties and meet different users’ demand. At the
same time, it is in favor of achieving the goal of “energy conservation and emission
reduction” and the local ecological environment protection. This paper analyses the
necessity of developing power coal blending in mining area, and studies location
problem of coal logistics network nodes. At last, the node location and number of
area is made sure by establishing Baumol — Wolfe model.
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Table 32.2 Unit distribution cost from each node to user
Unit: yuan/t

Nodes
Users M1 M2 M3 M4 M5
D1 22.5 24.75 18 20.25 27
D2 20.25 22.5 24.75 27 22.5
D3 20.25 24.75 29.25 27 24.75
D4 22.5 29.25 24.75 20.25 15.75
D5 18 22.5 13.5 29.25 31.5
D6 27 20.25 29.25 15.75 18
D7 24.75 22.5 20.25 18 29.25
D8 29.25 18 24.75 22.5 27
D9 20.25 22.5 31.5 27 18
D10 13.5 24.75 20.25 29.25 33.75
D11 27 22.5 24.75 29.25 20.25
DI2 18 22.5 27 31.5 33.75
D13 22.5 29.25 24.75 20.25 18
D14 15.75 20.25 33.75 29.25 24.75
D15 24.75 22.5 27 20.25 18
D16 20.25 24.75 29.25 27 22.5
D17 29.25 24.75 20.25 15.75 20.25
D18 15.75 24.75 20.25 29.25 24.75
D19 18 24.75 29.25 20.25 15.75
D20 22.5 29.25 20.25 24.75 20.25
D21 24.75 22.5 20.25 24.75 29.25
D22 20.25 24.75 22.5 18 15.75
D23 22.5 29.25 20.25 15.75 27
D24 24.75 22.5 20.25 15.75 18
Renewal table

Nodes
Users M6 M7 M8 M9 M10
D1 22.5 20.25 27 24.75 27
D2 27 31.5 18 24.75 29.25
D3 18 20.25 24.75 29.25 15.75
D4 18 27 24.75 20.25 29.25
D5 31.5 24.75 20.25 27 20.25
D6 27 22.5 24.75 20.25 24.75
D7 24.75 15.75 31.5 33.75 15.75
D8 18 13.5 27 18 22.5
D9 22.5 31.5 24.75 20.25 15.75
D10 24.75 20.25 27 22.5 24.75
D11 15.75 27 24.75 33.75 36
DI2 29.25 24.75 20.25 15.75 27
D13 27 27 22.5 18 29.25
D14 20.25 29.25 24.75 20.25 20.25
D15 15.75 20.25 24.75 29.25 22.5

(continued)
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Table 32.2 (continued)
Renewal table
Nodes
Users M6 M7 M8 M9 M10
D16 25 24.75 2025 24.75 2025
D17 33.75 29.25 20.25 29.25 2025
D18 24.75 29.25 33.75 27 25
D19 20.25 24.75 33.75 15.75 2025
D20 20.25 29.25 24.75 2.5 18
D21 15.75 29.25 20.25 33.75 18
D22 27 29.25 2025 24.75 24.75
D23 2.5 18 24.75 20.25 24.75
D24 29.25 24.75 20.25 27 18
Table 32.3 Supplying coal Ay 1 2 3 4 5 6 7
f}‘:‘pab‘h;y ?St unit: ten Ability 16,000 6,000 6,000 6000 1200 1,200 1,200
ousands fon Ay 8 9 10 11 12 13
Ability 1,200 1,200 1,200 1,000 1,000 1,000
Table 32.4 User’s demand UserD: 1 ) 3 4 5 6 7 3
" i j
table unit: ten thouysands ton o g 795 330 50 330 300 150 100 300
UserD; 9 10 11 12 13 14 15 16
Demand 300 150 100 300 300 300 150 300
UserD; 17 18 19 20 21 22 23 24
Demand 2875 307.5 150 150 250 300 300 1,200
Table 32.5 Node’s NOdeM' 1 2 3 4 5
Maximum capacity unit: ten ¢, pa0i0 15000 5,500 5,500 5,000 1,000
thousands teon
NodeM, 6 7 8 9 10
Capacity 1,000 1,000 1,000 1,000 1,000
Table 32.6 Node’s fixed Nodef: 1 2 3 4 5
f}?argentgble unit: en Capacity 95,000 65,000 65,000 55,000 35,000
ousands yua Nodef; 6 7 8 9 10
Capacity 35,000 35000 35000 35000 35000
Table 32.7 The Ml M2 M3 DI D2 D3
computational results
Al 1600 1800 1560 - - -
A2 2160 1680 1560 - - -
Ml - - 2250 2025 2025
M2 - - - 2475 2250 2475
M3 - - 1800 2475 2925
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Chapter 33
Status and Trend of the Swine Biogas Supply
Chain in Poyang Lake Ecological Economic Zone

Min Fan, Xiao-qin Gan, and Jian-hui Guo

Abstract Based on the status of swine biogas supply chain in Poyang Lake
Ecological Economic Zone, two different supply chain mode were established
which are household biogas and intensive swine biogas in the paper. Each node
of two supply chain was offered. After processing the data from statistics, docu-
mentary investigation and visiting on-the-spot, the trend of it was analyzed by
quantitative methods which the results showed that the transform from the house-
hold to joint household and livestock production biogas engineering is inevitable
due to the change of pig culture structure. Then the paper described that the swine
biogas supply chain in Poyang Lake Ecological Economic Zone would be promoted
by the diversification of raw material, high-value-use of biogas and by products,
construction of service systems, clean development mechanism and distributed
energy.
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Introduction

Swine industry is the traditional advantage of animal husbandry in Jiangxi province
which promote the rural economic development, farmers employment and incomes
(Zhang et al. 2006; Bowersox et al. 2002). In order to solve the resources and
environment problem caused by the rapid development of swine industry,
accelerating the rural biogas as an important measure to promote the construction
of Poyang Lake Ecological Economic Zone and green ecological Jiangxi which
result in the overall development of household biogas, small scale joint household
biogas and livestock production biogas engineering in recent years. It owns 1,600
thousands household biogas and approximately 1980 livestock production biogas
engineering which the annual biogas output reaches approximately 5 billion m” in
2011 (Statistical Bureau of Jiangxi province). It is have important realistic
meanings for optimizing the rural energy structure, reducing greenhouse gas emis-
sion and constructing the new socialist countryside to study in swine biogas supply
chain (Hu et al. 2008). The trend and suggestion was presented based on analyzing
the status of swine biogas supply chain in Poyang Lake Ecological Economic Zone.

Swine Biogas Supply Chain Mode in Poyang Lake Ecological
Economic Zone

Different swine biogas supply chain mode is corresponding to different breeding
way which can be divided into household, specialized commercial pig farms, large-
scale pig farms by the number of slaughtered fattened hogs in current year in
Poyang Lake Ecological Economic Zone. According to agriculture standard
named “standard in scale classification of rural biogas engineering (NY/T
667-2011)", five types were illustrated in Table 33.1. For the convenience of
comparison, this paper classified two different swine biogas supply chain mode
which are household biogas (including joint household biogas) and intensive swine
biogas by two different breeding modes.

Household Biogas Supply Chain

The development of rural household biogas mainly relies on the promotion by
government which takes greatly risk on investment with subsidy and technology
service (Lin 2010; Zhang 2004). The structure graph of household biogas supply
chain was drawn which including the node as follow in Fig. 33.1 (Cachon and
Lariviere 2001; Martin Jacob Zuidhof 2004).
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Table 33.1 Classification of rural biogas engineering

Number of slaughtered

Different  fattened hogs in current Different biogas use Daily output of
type year (head) Production type patterns biogas (m>/d)
Household 0-50 Adult porcine Self-consumption 1-2
Small 50-1,500 Adult porcine, Self-consumption or 5-150
scale piggy central gas
supply
Middle 1,500-5,000 Adult porcine, Self-consumption or 150-500
scale breeding pig central gas
supply
Large >10,000 Adult porcine, Power generation or 500-5,000
scale breeding pig central gas
supply
Oversize  >50,000 Adult porcine, Power generation >5,000

breeding pig
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Fig. 33.1 Rural household biogas supply chain

¢ The Farmer: It is the key node in household biogas supply chain which is not
only the direct implementer but also the beneficiary. The development of
household biogas will be stagnation without positive participation of the farmer.
» The Technical Service Provider: It takes the role which guarantees the normally
operation and improve the efficient of biogas project. The specific technique
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Fig. 33.2 Intensive swine biogas supply chain

demand for biogas has to be satisfied concerning pipe maintenance, safety check,
gas cooker repairment, maintenance and supply in parts components of biogas
digest, guide for properly and rationally use in biogas digest and how to make
full use of biogas slurry and biogas residues.

¢ Government: It always acts as a positive promoter and a supporter in rural
household biogas supply chain which the obstacle from capital and technology
can not be overstep without the money and corresponding policies even if the
peasant is volunteer to join in the biogas project.

» Village organization: As the supervision department of rural household biogas,
village organization not only supervise its proper implement but also take the
role of connection between provincial organization and peasant to whom money
and message were conveyed.

Intensive Swine Biogas Supply Chain

The development of intensive swine biogas not only rely on the promotion by
government but also depend on the function of biogas market in which each unit of
supply chain may benefit. The structure graph of intensive swine biogas supply
chain was drawn which including the node as follow in Fig. 33.2 (Gustavus aird
murray 2000; Gold and Seuring 2011).

e Pig Farm: Pig farm is the investment and implement subject which constructing
the biogas engineering, providing its raw material, consume the biogas as fuel or
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power generation, offering the by-product such as biogas slurry and biogas
residues for planting industry and aquaculture.

¢ Design & Construction units: At present, there are 10 design units and 24
construction units who are qualified for technology service in biogas engineering
in Jiangxi province, which meet the requirement of “Implementing Regulations
of Rural Biogas Construction Project Management in Jiangxi” and “Announce-
ment of Records Management for Design & Construction Units of Large and
Middle biogas Engineering in Jiangxi”.

* Biogas slurry and biogas residues accepters: Biogas slurry and biogas residues
are good fertilizers which can be utilized as the important resources. The paths
and ways of treatment is various and diversiform which can be used to produce
organic complex fertilizer, cultivate mushroom, spray fruit tree and vegetable,
feed fish and pig, etc. Biogas slurry and biogas residues accepters may be
planting and aquaculture household, or professional collecting and processing
enterprise. The high efficient utilization of biogas slurry and biogas residues
remains to be further developed and promoted the popularization and application
due to the disjunction of planting industry and livestock and poultry breeding in
Poyang Lake Ecological Economic Zone (Haq and Easterly 2006).

¢ Government: Existing of the economic externality, it must give full play to
government investment as the obvious guidance function. In order to reduce
the environment pollution of pig farm and promote its sustainable development,
“Notice on Project Proposals for Ecological Swine Biogas Engineering of
Substituting Subsidies with Rewards in Jiangxi” was issued by local govern-
ment. For its further standardized management, “Construction Scheme for
Ecological Swine Biogas Engineering of Substituting Subsidies with Rewards
in Jiangxi” was revised in which only those project meet the requirement can get
award of fiscal which type of payment is “building first, substituting subsidies
with rewards, settlement after completion acceptance and reward and subsidy is
no more than 50%”.

» Farmers and Power Supply Company: Biogas can be used as fuels substitute for
other rural household energy in which the biogas engineering is close to the
village. The farmers is at the downstream node of central biogas supply chain.
As for some large or super large biogas engineering with power generation, the
downstream node of supply chain is local power supply company (Owens 2007).

Status of Swine Biogas Supply Chain in Poyang Lake Ecological
Economic Zone

The status of swine biogas supply chain in Poyang Lake Ecological Economic Zone
is basically felt out by investigation for several pig farm in Pinxiang paishang town,
Jiujiang shahe, Nanchang Jinxian, Shangrao Wannian, etc. The specific data of
swine biogas in Poyang Lake Ecological Economic Zone from 2006 to 2010 which
is in Table 33.2 was obtained from Jiangxi Agriculture Environmental Monitoring



330 M. Fan et al.

Table 33.2 Data of swine biogas in Poyang Lake Ecological Economic Zone

Household biogas Intensive biogas
Year X] X2 Xj X4 Y] Y2 Y_; Y4 Y5 VA
2006 43416 11,734 42,482 119 287 0 30 0 3,800 140

2007 41,837 11,156 42,238 134 575 180 723 816 54,200 272
2008 73,019 19,028 44,089 146 2,462 1,500 743 1,927 53,200 490
2009 19485 7,215 49,698 152 3,202 1,828 816 16,334 101,990 2,387
2010 15,888 6,252 49474 160 5,107 2,288 2,452 39,729 136,790 3,152

Station (the former Jiangxi Rural Energy Management Station) and Jiangxi Statis-
tical Yearbook from 2006 to 2010. In order to directly observe and analyze the trend
of swine biogas, each group data of household biogas and intensive biogas are
respectively defined, which household biogas: X, total investment (ten thousands
yuan); X5, government subsidy (ten thousands yuan); X3, annul output of biogas (ten
thousands cubic metre); X,, household of gas supply (ten thousands household);
intensive biogas: Y;, total investment (ten thousands yuan); Y5, government subsidy
(ten thousands yuan); Y3, annul output of biogas (ten thousands cubic metre); Y.,
household of gas supply (ten thousands household); Y5, area of biogas digester
(cubic metre); Z, technical service person (person).

The data in Table 33.2 was processed so as to reflect directly the development
trend of rural biogas supply chain. Then two different supply chain trend figure
were illustrate in which technical service person was put the figure of household
biogas.

As it shown in Figs. 33.3 and 33.4, the resources allocation of biogas project is
transforms from the household to joint household and livestock production biogas
engineering due to the change of pig culture structure in Poyang Lake Ecological
Economic Zone.

The Trend of Swine Biogas Supply Chain in Poyang Lake
Ecological Economic Zone

Based on above data analysis and the investigation in stockholder of supply chain
such as government and the farmer, and pig farm, we can find the tendency of swine
biogas supply chain as follows.

The Development Household Biogas Became Slow with Rapid
Growth of Large-Scale Farming Biogas

The pig culture mode in Poyang Lake Ecological Economic Zone has been changed
continually in recent years especially during the eleventh 5-year which transformation
from traditional scatter-feed to scale feed and factory farming is obvious
(Chen et al. 2010). The data from authority shows that the number of pig farming
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is 1,373 thousands which account for 15.8% of the peasants in Poyang Lake
Ecological Economic Zone, decreased by 27.9% compared to 2005. The pig farming
which slaughtered fattened hogs in current year over 500 head reached ten thousands
and the proportion of scale feeding increased to 80.6. As the withdrawal of the
peasants, the development household biogas became slow which its investment
decrease year by year after reach to peak in 2008.0ne reason is The popular rate
of household biogas is high in adaptive region which on one hand economically
developed region is not suitable again for household biogas, on the other hand the
undeveloped region such as the remote mountain areas it is hard to build the biogas
digest which the peasants can not afford. The other reason is function of the
traditional theory of the diminishing marginal utility. As the fast development
of scale feeding, joint household biogas and scale biogas developed fastly which
the annual output of biogas is rising constantly and the gas supply household is
increasing continuously due to the increasing input.

The Biogas Supply Chain Become Stable Because
of Diversification of Raw Material and Widely
Product Application

The core node of household biogas supply chain is peasants which quantity
decrease result in seriously affecting the stable supply of raw material. Jiangxi
Agriculture Bureau is developing the pilot program concerning replacing animal
manure for straw (rice straw, cotton’s stalk, straw of wheat) (Srivastava 2007). The
core node of intensive biogas supply chain is pig farming which have the produc-
tion of waste. In intensive biogas supply chain, fermenting materials is positively
correlated with productivity of pigs which is depend on price of pork due to the
relation between supply and demand, so that it is inevitable with the development of
substituted material. For stable supply chain, different utilization of biogas and by-
product conforming to circumstances are adapted to prolong supply chain such as
biogas power generation, high-value-use of biogas slurry and biogas residues.

Construction of Biogas Service Systems Is Strengthening
and Corresponding Equipment Develop Fastly

Construction of rural biogas service systems in Poyang Lake Ecological Economic
Zone is energetically promoted by national assistance fund and local counterpart
funds. Service network in country and village are encouraged to set up by
supporting according to different function of service. Not only the professional
person but also various relevant equipments such as transporter, electric pump,
biogas tester and repair tools are necessary. The enterprise which product these
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equipments concerning biogas engineering were given opportunity to expand under
the circumstance that the equipments are bidding by local government.

Clean Development Mechanism and Distributed Energy
Bring New Opportunities

Biogas engineering is methane recovery and utilization project in clean develop-
ment mechanism which can effectively reduce the greenhouse gas emission
(Berglund and Borjesson 2006). Biogas power generation project of pig base in
Jinxian country of Jiangxi province is such a project which is constructed by Jiangxi
Huidenen Ecological Science and Technology Company. It was approved by
National Development and Reform Commission which can reduce 63,633 t CO,
emissions annually. With the constantly improvement of CDM methodology and
more and more success application experience, CDM project concerning biogas
will be increasing which can give more contribution for biogas industry in Poyang
Lake Ecological Economic Zone. As the policy of distributed energy was issued,
biogas will be industry pioneer due to its characteristic such as mature technology,
easy to spread and wide range of applications with the improvement of relevant
policies and smart grid construction under the circumstance of vigorously develop-
ing renewable energy in China.

Conclusion

With the adjustment of pig breeding structure in Poyang Lake Ecological Economic
Zone, swine biogas supply chain is changing significantly. The transform from the
household to joint household and livestock production biogas engineering is inevi-
table. Diversification of raw material biogas supply chain, different utilization of
biogas and by-product, construction of biogas Service Systems, CDM and
distributed energy will make the biogas industry enter into a new stage which
gives more contribution to improving the energy structure, protecting from a
Poyang lake of clean water and reducing GHG emission in Poyang Lake Ecological
Economic Zone.
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Chapter 34

Market Orientation, Operational Synergistic
Capability and Performance: 3PLs User
Perspective

Xiao-yu Wang

Abstract This study concentrates on the relationships among market orientation,
operational synergistic capability and performance from 3PL perspective. A sample
of 201 companies in Guangdong province with experiences in 3PL services are
identified for this study. The data analysis shows 5 of 7 hypotheses are supported.
The results show that market orientation affects performance indirectly, operational
synergistic capability is the key mediator that market orientation affects perfor-
mance, which indicates the whole process of operational synergistic capability
affects performance. Based on these findings, it is suggested that firms have to
consider outsourcing non-core logistics functions to 3PLs for better logistics ser-
vice performance and market performance. So, a conclusion is reached that the
collaboration with 3PLs is one potential strategic action for firms in advancing the
operations.

Keywords Market orientation » Operational synergistic capability « Performance
*3PL

Introduction

As a central tenet of the modern marketing sciences, market orientation (MO) has
been heralded by academics and practitioners for decades (Qu 2009). China’s
average economic growth ranked among the highest in the world in the past two
decades, and is deemed one of the world’s economic powerhouses with increasing
importance to the world economy (Sternquist et al. 2010). Its dramatic development
in the market provides big opportunities for companies in China. In order to catch
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these opportunities, the marketing literature suggests firms to be market oriented.
A company’s market orientation is verified to be the original predictor of its
performance (Harris and Ogbonna 2001). However, research papers recently
revealed that the relationship between market orientation and performance may
not fully explain the company’s practice (Sinkovics and Roath 2004; Singh 2009).
Relationship theory is held that companies can get more by working closely with
third parties (Nesheim 2001). This may explain the company’s performance and
mediate the market orientation and performance relationship. So, working with third
parties could be one of the key determinants of company’s performance. Based on
this research propositions, this study empirically investigates the relationship among
market orientation, operational synergistic capability and performance.

In the following parts, past research papers on market orientation, operational
synergistic capability and performance are first reviewed, then a conceptual model
and hypotheses are developed. Data analysis and results are then reported after
research methods. Finally, conclusions are drawn based on the findings.

Literature Review

In this part, literatures on market orientation, operational synergistic capability and
performance are reviewed separately.

Market Orientation

According to Narver and Slater (1990, p 21) market orientation is the organization
culture that most effectively and efficiently creates the necessary behaviors for the
creation of superior value for buyers and, thus, superior performance for the
business. Based on in-depth interview, market orientation is composed of two
dimensions: customer orientation and competitor orientation. Such market orienta-
tion is consisted with some of the research works and tested to strongly affect the
company’s performance (Sin et al. 2003; (Sinkovics and Roath 2004).

Customer orientation is the idea that the organization focus on providing supe-
rior service quality to customers (Sinkovics and Roath 2004). According to Zhou
et al. (2007) customer orientation positively affect company’s performance.

Competitor orientation is the notion that a company gathers information about
its competitor and competitor reactions to the company’s movement (Sinkovics and
Roath 2004). It was tested that this orientation is significantly related to perfor-
mance (Sin et al. 2003).



34 Market Orientation, Operational Synergistic Capability and Performance. . . 337
Operational Synergistic Capability

In order to focus on their competencies to face market competition, companies in
the world are outsourcing their logistics activities increasingly (Mitra 2006). Based
on this cooperative relationship, it is good for companies to reduce logistics cost
due to the economies of scale and expertise of 3PLs, to improve service resulting
from 3PLs’ efficiency and focus (Maloni and Carter 2006), and to increase flexibil-
ity (Laarhoven et al. 2000), (Skjoett-Larsen 2000). Synergy means the outcome or
effect of cooperative interactions that individual parts cannot achieve alone, and
then some resource can be absorbed (Persaud 2005). This study concentrates on
companies cooperate with 3PL. When they are working together, the companies
need to coordinate internally and externally, and to operate flexibly, which is
helpful to produce operational synergistic capability and to make better perfor-
mance eventually. Operational synergistic capability is defined as a higher order
operational capability due to logistics outsourcing, which is composed of three
factors: external coordination, internal coordination, operational flexibility.

1. External coordination: In this study, external coordination means the ability that
the company and third party logistics providers work closely to help the com-
pany to be better in the market. Some research works have concentrated on how
companies make full use of their special resources through managing their
relationships to enhance cooperation and collaboration among them (Anderson
and Narcus 1990; Borys and Jemison 1989; Hamel 1991), which improve the
companies’ performance finally (Achrol 1997; Bello and Gilliland 1997; Hunt
1995). It is verified that the extent of external collaboration shows the intense of
relative parties, resulting in a better performance (Byrne and Javed 1992). It is
held that coordinating with third parties can lead to a better performance (Yeung
et al. 2006).

2. Internal coordination: In this study, internal coordination means the ability that
the different units, departments or individuals in a company keep communicat-
ing and sharing information in order to enhance the coordination between the
company and the 3PLs. Companies that seek to gain advantages in competition
by external collaborating must be much more concentrated on internally; there-
fore it should better react to customers’ expectations and satisfy their needs
(Germain and Iyer 2006). It is held that internal coordination positively affects
performance (Atuahene-Gima 1996).

3. Operational flexibility: In this study, operational flexibility means the ability to
flexibly accommodate to external environment and customers’ changing needs
based on making full use of one’s own advantages during the process of
coordinating with 3PLs. Previous research showed that companies with better
operational flexibilities resulting in a better performance (Suarez et al. 1995).
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Fig. 34.1 Conceptual model

Performance

In this study, logistics service performance refers to the effect distributing the
products or materials to customers with the help of 3PLs service providers. The
original reason for companies to collaborate with 3PLs is to improve operational
flexibility, logistics performance and even market performance.

In this study, market performance refers to the effect satisfying customers’
needs, reacting to environmental changes, seizing the opportunity and improving
over all performance with the help of 3PLs service providers. It is shown that a
company’ performance is affected by some factors like company’s market orienta-
tion and the external coordination (Narver and Slater 1990; Yeung et al. 2006).

Conceptual Model and Hypotheses

The conceptual model in Fig. 34.1 presents the interrelationship among market
orientation, operational synergistic capability and performance. It is proposes that a
company’s market orientation contributes to the level of operational synergistic
capability, which subsequently affects logistics service performance and market
performance. In short, the following hypotheses are going to test in this study.

H;j: Operational synergistic capability refers to higher order operational capability
due to logistics outsourcing, which is consists of three factors: external coordi-
nation between companies and 3PLs, internal coordination within the firm, and
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operational flexibility. These three factors of operational synergistic capability
are integrated coexistence, mutual alternative and complementary.

H,: Logistics service performance positively affects market performance. That is to
say, the better the logistics service performance, the better the performance of
the company in the market.

Hj;: Operational synergistic capability positively affects market performance. That
is to say, the more external coordination, internal coordination, and operational
flexibility of the company, the better the performance of it in the market.

H,: Operational synergistic capability positively affects logistics service perfor-
mance. That is to say, the more external coordination, internal coordination, and
operational flexibility of the company, the better the logistics service perfor-
mance it presents.

Hs: Market orientation positively affects operational synergistic capability. That is to
say, the more customer and competitor oriented of the company, the more external
coordination, internal coordination, and operational flexibility it presents.

Hg: Market orientation positively affects market performance. That is to say, the
more customer and competitor oriented of the company, the better the perfor-
mance of it in the market.

H;: Market orientation positively affects logistics service performance. That is to
say, the more customer and competitor oriented of the company, the better the
logistics service performance it presents.

Research Methods and Data Analysis

Research Methods

A survey was conducted in Guangdong province aiming at companies collaborating
with 3PLs. A sample of 201 companies was successfully recruited from varied
industries like manufacturers, retailers, and traders. According to Table 34.1, most
of these companies were manufacturers and traders. One possible reason is that
manufacturers and traders focus much on logistics than retailers from the distribu-
tion perspective. Another likely reason is usually the big or chain stores require less
3PL service.

As shown in Table 34.1, the private-owned enterprises accounted for the most.
Due to political and economic reforms and geographic strength of Guangdong
province, many entrepreneurs are able to start their own businesses. Therefore, it
is acceptable to have a high ratio of private-owned companies and manufacturers,
traders in the sample, which reflects the changes and situation in Guangdong
province economy. Most of the respondents were senior staff members like general
managers, market managers or logistics managers. They were requested to answer a
group of questions about company’s customer orientation, competitor orientation,
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Table 34.1 Characteristics of samples
All companies Man. (50.7%) Traders (38.8%) Retailers (10.5%)

No. % No. % No. % No. %
Ownership
State-owned 31 15.4 16 15.7 13 16.7 2 9.5
Private-owned 96 47.8 40 39.2 48 61.5 8 38.1
Collective/joint-owned 21 10.5 15 14.7 4 5.1 2 9.5
Foreign-owned 53 26.3 31 304 13 16.7 9 429
Employees’ Number
100 or below 69 343 17 16.7 42 53.9 10 47.6
100-300 43 214 19 186 21 26.9 3 143
300-500 11 55 8 7.8 1 1.3 2 9.5
500-1,000 19 9.5 12 11.8 6 7.7 1 4.8
1,000-5,000 30 14.9 22 21.6 5 6.4 3 14.3
More than 5,000 29 14.4 24 23.5 3 3.8 2 9.5
Working with 3PLs
1 31 15.4 13 12.8 15 19.2 3 14.3
2 46 22.9 19 18.6 18 23.1 9 429
3 37 18.4 19 18.6 14 17.9 4 19.1
4 18 9.0 11 10.8 6 7.7 1 4.8
5 or more 69 343 40 39.2 25 32.1 4 19.0
Respondents’ positions
General manager 39 19.4 13 12.7 19 24.4 7 333
Market manager 70 34.8 32 314 32 41.0 6 28.6
Logistics manager 17 8.5 9 8.8 7 9.0 1 4.8
Others 67 333 41 402 20 25.6 6 28.6
Not answer 8 4.0 7 6.9 0 0 1 4.2

logistics service performance, market performance, coordination with 3PLs, internal
coordination and operational flexibility using a five point Likert type scale ranging from
1 = Strongly disagree to 5 = Strongly agree. Most questions were accommodated
from the previous scales (Sinkovics and Roath 2004; Narver and Slater 1990).

Three steps were adopted to analyze the data for testing hypotheses and conceptual
model. Step 1, exploratory factor analysis was used to achieve factor structures of
market orientation and operational synergistic capability. Furthermore, Pearson
correlations and Cronbach’s alphas of these research variables were calculated. Step
2, MANOVA is performed to confirm whether business type, ownership, employee
number and respondents’ position or their interactions have significant difference to
the research variables. Step 3, structural equation modeling (SEM) was conducted to
examine the interrelationships of these research variables and test the hypotheses.
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Factor Analysis

Principal component method with varimax rotation was used to factor items of
market orientation and operational synergistic capability separately. A two-factor
solution was achieved to stand for market orientation. A three-factor solution
was achieved to stand for operational synergistic capability. All remained items
reported a loading value greater than 0.50, indicating a plain and incontestable
structure. Market orientation is represented by customer orientation and competitor
orientation. Customer orientation has 4 items and competitor orientation has 3
items, which explain 61.05% of the variance in market orientation.

Similarly, a 58.82% variance of operational synergistic capability was found
to be explained by 6-item external coordination, 4-item internal coordination
and 4-item operational flexibility. The composite reliabilities were 0.79 and 0.85
separately for market orientation and operational synergistic capability, which
stated a good internal consistency of reported factor structures.

Pearson Correlations and MANOVA

A positive and moderate link was discovered among relative variables in a correla-
tion analysis (see Table 34.2). Besides, all correlations were significant, which
suggested a possibility of causal relationship among these research variables.

This study used MANOVA to test simultaneously whether the four background
variables (business type, ownership, employees’ number, and respondents’
positions) have significant different effect and significant cross effect on research
variables. The total results showed that the values of Pillai’s Trace, Wilks” Lambda,
Hotelling Trace for the four background variables were all not significant. So it was
concluded that business type, ownership, employees’ number, and respondents’
positions had no significant effect on research variables. In another word, the
sampled companies had similar opinions on research variables.

Structural Equation Modeling

Fine factor structures and significant correlations guarantee proceeding with SEM
to explore the mutual relationship among market orientation, operational synergis-
tic capability, logistics service performance and market performance. Firstly, from
Fig. 34.2 it is concluded that the conceptual model and actual model was seemed to
be the same, which was learned from the data (y*> = 608.94, df = 339, p < 0.001).
Secondly, alternative fit indices were performed to evaluate the overall model fit
including GFI, RMR, and (¢%/df). All indices were verified to fit the usual degree of
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Table 34.2 Results of Pearson correlations

X.-y. Wang

Market Operational synthetic Logistics service Market
Variance orientation capability performance performance
Market orientation 1
Operational synthetic 0.530%* 1
capability
Logistics service 0.412%%* 0.477%%* 1
performance
Market performance 0.411%%* 0.586%%* 0.617%* 1
Note: ¥*=p < .01
¥
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Fig. 34.2 Structural model

Table 34.3 Results of hypotheses

Hyp. Sta. path coefficient Factor loading Standard error C.R. P Result

H, 0.582 0.710 0.124 5.742  0.000***  Support
0.756 1.000 0.000***  Support
0.776 0.779 0.121 6.449  0.000***  Support

H, 0.503 0.672 0.169 3.964 0.000%**  Support

Hj 0.676 0.905 0.308 2936 0.003**  Support

H, 0.475 0.476 0.212 2.245 0.025% Support

Hs 0.784 0.802 0.157 5.115  0.000***  Support

He —0.289 0.166 Not support

H; 0.261 0.267 0.215 1.243 0214 Not support

Note: *=p < .05, #*=p < .01, #*=p < 001

acceptances (GFI = 0.83, RMR = 0.06, y%/df = 1.80). The conceptual model was
proved to be built.

From Table 34.3, factor loading of customer orientation and competitor orienta-
tion were significant to market orientation. Similarly, external coordination,
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internal coordination and operational flexibility loaded significantly onto opera-
tional synergistic capability, which were 0.76, 0.58 and 0.78 separately, so H;
is supported. Market performance was explained by logistics service performance
(p =0.50,t =3.96, p < 0.001), so H, is supported too. Operational synergistic
capability was verified to significantly affect market performance (f = 0.68,
t =294, p <0.01) and logistics service performance (f = 048, t = 2.25,
p < 0.05). Hence, H3 and Hy are supported too. Market orientation was found to
significantly predict operational synergistic capability (f = 0.78, t = 5.12,
p < 0.001), but it did not significantly affect logistics service and market perfor-
mance, Thus, Hs is supported while Hg and H; are not.

Although market orientation appears to have weak direct effect on logistic
performance and market performance, it may be absorbed by operational synergis-
tic capability.

Conclusions

This study contributes to the strategic marketing literature in four aspects. Firstly, it
creates and empirically tests the three-factor structure of operational synergistic
capability which emphasizes that external coordination, internal coordination and
operational flexibility are all important for the company that collaborates with
3PLs. This construct is measures by a multiple-item scale consisting of 13 items.
Secondly, market orientation is verified to positively affect operational synergistic
capability. It suggests companies to have a closer coordination with 3PLs, internal
departments and better operational flexibility to strategically concentrate their
resources according to customer needs and competitor activities. Thirdly, opera-
tional synergistic capability is found to positively predict logistics service perfor-
mance and market performance. The operational synergistic capability appears to
be a favorable factor of logistics service performance and market performance.
Fourthly, logistics service performance positively affects market performance. The
better logistics service performance the better market performance is which in some
extent tests the importance of logistics to a company.
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Chapter 35
Research on the Inventory Model of ERP System
in Unstable Demand

Jin-li Zhang

Abstract Based on the cost and profit, considering the unit cost of materials and
the material utilization, with the methods of probability theory and mathematical
statistics, an ERP inventory control model is proposed under the condition of
fluctuating demand. Afterwards, the supply volume and safety stock can be
reasonably determined. The rationality and effectiveness of this model is
demonstrated from real samples. The model can be applied to and will bring
practical guiding significance for the inventory control of modern enterprises.

Keywords Discrete variables « ERP theory « Inventory model » Unstable demand

Introduction

For most organizations in any sector of the economy, Supply Chain Management,
i.e., the inventory management from upstream to downstream is a crucial problem
(Axater 2007), and having inventories on hand can account for 20-40% of their
value per year (Yue Gu et al. 2008). If the inventory is small, it may be out of stock
and the enterprise will lose the market opportunity while the sale rapidly increases.
On the other hand, if the inventory is lager, it may pay more warehouse costs and
emerge opportunity costs (Brown 1967). So, the enterprise must adjust the inven-
tory level to match the demand in order to obtain greater economic benefits (Jiang
Wu et al. 2010). The ERP inventory system is rather effective in ensuring the
organization supply and reducing the inventory even inventory costs; what’s more,
it can cut the opportunity cost, save the logistics cost, and improve the competitive-
ness. Therefore, careful managing inventory level makes the economic sense
(Silver et al. 1998; Sherbrtooke 2004; Muller 2003).
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ERP (Enterprise Resource Planning) is a set of business management system
standards proposed by the famous American Garter Group, Inc. ERP system
integrates all of the manufacturing functional areas within an organization by
providing a common software platform and shared database (Xiao-jun Wang
2005). It includes sales, production planning, quality management, human resource,
workflow, financial accounting, controlling and so on (Xiao-zhuang Zhou 2009).
What’s more, inventory management is an important subsystem in ERP.

Inventory are stockpiles of raw materials, supplies, components, work in process,
and finished goods that appear at numerous points throughout a firm’s production and
logistics channel (Hui-qiang Yu 2004). Holding inventory has many functions. It can
provide the production continuity, improve the custom service, and reduce the risk.
But excessive inventory tend to conceal a wide variety of problems (Hax and Canda
1984). Moreover, it is rather costly (Zipkin 2000). For all the reasons, inventory
should be reduced or eliminated wherever possible (Guo-fang Song et al. 2002). ERP
system can manage the inventory effectively.

Recent progress has been witnessed in former inventory research about continu-
ous and stable demand, while this paper will throw light on the Inventory manage-
ment in discrete unstable demand.

Inventory Model of the Discrete Variables in Unstable Demand

Description of Unstable Demand

Assume the firm’s production capacity is fixed in the period.
Let

Q = productivity,

r = demand,

k = overage price per unit,
h = inventory cost per unit,
s = production cost per unit.

To minimum the cost and maximum the profit, we must decide the reasonable Q.

Build the Model

1. The newsboy model considering the cost

(a) If Q > r, the firm can’t sell all products, the cost is

[
ZP(r)Zk_S (35.1)
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(b) If r > Q, the products must be stockout, the opportunity cost is
> k(r—Q)P(r) (35.2)

The expected costs C(Q) can be expressed as
c) = f;h@ —OP() + i; KE-OR(+50  (353)

r= =0+

To find the optimal solution we can use
C(Q) <Cc(e+1) (35.4)
c(Q)<ce-1) (35.5)

Calculating, the model about O

P

P <k_S<QP 35.6
(r)—k+h—; (r) (35.6)

i
=

2. The newsboy model considering the profit
(c) If Q' > r, the firm can sell part of all products, the excepted profit is
Q/
> [kr —h(Q' - 1)IP(r) (35.7)

r=0

(d) when r>Q’, the firm can sell all products, the excepted profit is

o0

> kQ'P(r) (35.8)

r=0'+1

The expected profit R (Q’) can expressed as

o' o 00
R(Q) =) kiP(r) =Y h(@ —nP()+ Y kOP(r)—sQ' (359
r=0 r=0 r=0'+1

To find the optimal solution we can use

R(Q'+1) <R(Q) (35.10)
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R(Q' —1) <R(Q) (35.11)

Calculating, the model about Q'

g-1 ks <
P(r) < < P 12
; (r>_k+h_; (r) (35.12)

From now, the Q in the minimum cost is equal to the Q' in the maximum
profit (Porteus 2002; Chikan 1990). When the profit get the largest, the cost
get the least at the same time, mark O* as the optimal production.

Decide Safety Stock

In fact, the materials can’t be used 100%. It’s inevitable to produce less quality
products or deteriorations. Assume the material utilization is vy, the safety stock is
necessary, and it is decided by the unstable demand, stockout costs and holding
costs. The production should be satisfied O, = O*/y, so as to meet the supply Q*.
Then the total supply will be O* + S, that is, YO, + SS, when the safety stock is
considered.

(e) when yQ, + SS > r, the expect profit is

70p+SS

> [kr—h(Qp +SS —1)]P(r) (35.13)

r=0

(f) when r>yQ, + SS, the expect profit is

o0

Z k(yQp + SS)P(r) (35.14)

r=yQp+S5+1

The cost about material utilization is: h(1—y)Q,,
The profit can be expressed as

yQp+SS

R[Qp,SS] =KE(r) — { > h[yQp + 58S —r1]P(r)
r=0

+ > k=70, = SS|P(r) + h(1 =)0y +5Qp p  (35.15)
r=70p+S5+1
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To mark the cost as C (@), SS)

yQp+SS
C(0p.8S) = > h[yQy +SS —1|P(r) + 50, + h(1 — )0, (35.16)

=0
So, we can conclude
R(QP,SS) = SE(r) — C(QP,SS) (35.17)

From those, the profit and the cost can get the optimal solution meanwhile.
Consider minimum cost, it should be subjected to

C(QP,SS) < C(Qp,SS + 1) (35.18)
C(QP,SS) < C(QP,SS — 1) (35.19)
So, safety stock and optimal production Q, should be subjected to (35.21)

70p+55—1

k
Pr) < —< P 35.20
2 POSiggs 2 PO (35.20)
As a result, we can obtain
o -1 (Y]
> P(r) <ER <Y P()
=0 r=0
y0p+SS—1 yQp+SS (3521)
r:EO P(r) <5 < ;0 P(r)
Qp = %

Case Study

X is a large pharmaceutical enterprise with advanced production equipments and
management systems. It has professional processing to produce excellent quality
medicines. But inventory management system is traditional, and inventory cost is
high for a long time. Finally, we reduce the inventory cost by the discrete inventory
model of ERP in unstable demand, and enhance the enterprise competitiveness.

Take X enterprise’ Amoxicillin Capsules for example. The average cost per unit
is 230 yuan, the price per unit is 1,000 yuan, the inventory cost per unit in a month is
5 yuan, the capsule deadline is 2 years, so depreciation per unit in a month is
41.7 yuan.

Take the inventory data in 2010 for research. It is shown in Table 35.1.
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Table 35.1 Amoxicillin capsules inventory data in 2010

Planned
Month Demand production Production Utilization (%) Initial stock Receipts Library
1 1,265 1,300 1,248 96 705 1,248 1,265
2 1,092 1,200 1,140 95 688 1,140 1,092
3 1,276 1,200 1,116 93 736 1,116 1,276
4 1,338 1,300 1,222 94 576 1,222 1,338
5 1,396 1,400 1,300 95 460 1,330 1,396
6 1,403 1,500 1,455 97 394 1,455 1,403
7 1,491 1,500 1,440 96 446 1,440 1,491
8 1,574 1,600 1,552 97 395 1,552 1,574
9 1,687 1,700 1,666 98 373 1,666 1,687
10 1,651 1,800 1,728 96 352 1,728 1,651
11 1,589 1,800 1,746 97 429 1,746 1,589
12 1,518 1,700 1,632 96 586 1,632 1,518

Take the 100 as the group range, the demand probability is shown in Table 35.2
and the material utilization is shown in Table 35.3.
Calculating:

1. the cost per unit: ¢ = 230 yuan
2. the sale per unit: k = 1,000 yuan
3. the holding cost per unit and mouth: h = 5 + 41.7 = 46.7 yuan
4. the expect utilization of material:
v =93% x 0.08 + 94% x 0.08 + 95% x 0.17 + 96% x 0.34 + 97% x 0.25
+98% x 0.08
=96%

9,1

. the optimal planned products without utilization is:

k—s 1000 — 230

= =0.74
k+h 1000 +46.7

1450
> P(r) =0.08+0+0.17+0.17 +0.17 = 0.59
r=0

1450 K_g 5%

P(r) < < P
; (1) _k+h_; (1)
O = 1550,

6. the optimal planned products with utilization is:

0" 1550
== = 2 _ 1615
Q vy 096
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Table 35.2 Probability

Gt os Group range Middle Count Probability
distribution
1,000-1,100 1,050 1 0.08
1,100-1,200 1,150 0 0.00
1,200-1,300 1,250 2 0.17
1,300-1,400 1,350 2 0.17
1,400-1,500 1,450 2 0.17
1,500-1,600 1,550 3 0.24
1,600-1,700 1,650 2 0.17
In total / 12 1.00
Table 35.3 Material Utilization (%) Count Probability
utilization
93 1 0.08
94 1 0.08
95 2 0.17
96 4 0.33
97 3 0.25
98 1 0.08
7. the safety stock is:
k _ 1000 —0.96
k-+h 1000+ 46.4
1550
ZP(r) =0.08+0.08+0.17+0.33 4+ 0.25 = 0.92
=0

1650

> P =1
r=0

70p+55—100 K 70p+5S
Ph) < —< P
; (r)_k+h_; (r)

So, YO, + 8§ = 1,550 + 8§ = 1,650, that is SS = 100.

Take those data for application in first half year of 2011, the original inven-
tory data is illustrated in Table 35.4, and updating inventory data by ERP model
is shown in Table 35.5.

The planned production is calculated by (1,615 + safety stock — initial stock)/
utilization;

Supply is planned production times utilization;

The initial stock is equal to last period ending stock;
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Table 35.4 Original inventory data

Mouth Demand Plan production Production Utilization (%) Initial stock Receipts Library

1 1,463 1,600 1,536 96 700 1,536 1,463
2 1,246 1,500 1,455 95 773 1,455 1,246
3 1,483 1,400 1,358 93 982 1,358 1,483
4 1,567 1,400 1,372 94 857 1,372 1,567
5 1,676 1,500 1,470 95 662 1,470 1,676
6 1,729 1,700 1,649 97 456 1,649 1,729

Table 35.5 Updated inventory data

Utilization Safety Initial Original
Mouth Demand Plan production (%) Supply stock stock Optimal cost cost
1 1,463 1,057 96 1,015 100 700 11,768 36,099
2 1,246 1,524 97 1,478 100 252 22,603 45,859
3 1,483 1,282 97 1,244 100 484 11442 40,022
4 1,567 1,531 98 1,501 100 245 8,359 30,915
5 1,676 1,600 98 1,568 100 179 3,316 21,295
6 1,729 1,713 97 1,661 100 71 140 17,559
Ending Stock
1200
1000
§ 800 ('/\‘\\ —e— original stock
g 600 \ —s— updated stock
< 400 \//\\\
200
o
Fig. 35.1 Comparison of two 1 2 3 4 5 6
inventory levels Month

Inventory cost is the ending stock multiply inventory cost per unit, that is h;

The two different inventory level distributions are compared in Figs. 35.1 and
35.2.

From those comparisons, it is clear that the updating cost by ERP inventory
model is 57,628 yuan, which is much less than original cost by 134,121 yuan and
superior to original inventory control.
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Fig. 35.2 Comparison of two Inventory Cost
inventory costs 50000
40000 _//\
S 30000 —e— original cost
> A \-\ —=— optimal cost
S 20000 N —
10000 ~—
O i i T

Conclusion

The supply is determined by demand or orders in ERP inventory management, so
the supply can’t be too large or too small in order to avoid huge cost and stockout.
We must make optimal inventory control model to meet the market with a low cost.

At last, the ERP inventory control model, which is based on the unstable
demand, considers the factors of the production cost and material utilization and
applies probability theory and mathematical statistics to decide the optimal supply
and safety stock, is an effective way to reduce the inventory cost. This model can
not only reduce the inventory cost but also avoid the risk of stockout and ensure the
supply. What’s more, it can improve the customers’ service. In practice, it has been
proved that the model can reduce the inventory account and improve the enterprise
management. It has become a trend to put ERP system into practice in modern
business.
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Chapter 36
Helix of Logistics

Dian-jun Fang and Klaus Spicher

Abstract The paper de scribes the evolution of logistics and supply chain manage-
ment in different business environments and identifies the structure of the driving
forces. A cyclic development structure along technology improvements will be
identified and illustrated as a 3D development cycle (“Helix of Logistics”). The results
are based on several research projects which are supported by the German Federal
Government.

Keywords SCM - Logistics ¢ Helix of logistics « Development cycle of logistics

Foreword

In business literature the term “Helix” was introduced by (Fine 1998) in 1996 while
analyzing Value Chain Dynamics and Rapid Response Capabilities of industries. In
spite of utilizing the same visualization model (term) there are no conceptual
similarities compared to the authors’ findings presented in this paper.

D.-j. Fang (<)
Department of Mechanical Engineering, CDHK of Tongji-University, Shanghai, China
e-mail: fang.dianjun@cdhk.tongji.edu.cn

K. Spicher
Department of Enterprise Logistics, Fraunhofer Institute for Material Flow and Logistics,
Dortmund, Germany

R. Dou (ed.), Proceedings of 2012 3rd International Asia Conference on Industrial 355
Engineering and Management Innovation(IEMI12012),
DOI 10.1007/978-3-642-33012-4_36, © Springer-Verlag Berlin Heidelberg 2013


mailto:fang.dianjun@cdhk.tongji.edu.cn

356 D.-j. Fang and K. Spicher

Introduction
The “Faces” of Logistics

Depending on the specific perspective, the role of logistics can be seen in different
ways. For example, a logistics service provider (LSP) considers logistics as a
“product” while a producer potentially considers logistics as a “cost cutting tool”
or “competitive factor”. Moreover, an economist may regard logistics as a location
attribute as part of a certain infrastructure. Logistics can even become an issue of
added value between traders and producers. The following Fig. 36.1 illustrates the
different faces of logistics.

According to this view, the meaning of logistical competence varies for the
involved players. In this paper, production oriented companies are put in the focus
so that the logistical competence is defined as the “ability to organize the business
processes efficiently in line with logistical principles”.

Logistics and Supply Chain Management as Part
of the Business Structure

In general, the role of logistics and supply chain management within a company is
determined by specific product and market requirements. Therefore, the logistical and
SCM competence differs between industries. The pharmaceutical, automotive and
FMCQG industry (“fast moving consumer goods”’) considered logistics as an important
discipline the first. Nowadays, these industries are ahead in their logistical compe-
tence and serve as best practices for other industries. These industries are following
and adapting logistical principles. As a consequence, each industry has its own
logistical competence profile. Figure 36.2 illustrates the development graphically.

Observer Competitive Factor
Involved Product
Science / Research Area
Affected Product Attribute
Actor see Source of Added Value
Cost Element
Producer
LOGISTICS Synergy Potential
Trader Technology Field
~~ ogy

Market Power Tool
Location Attribute / Infra-Structure

Service provider

Customer
Strategy Issue
Researcher Trend
oo Cost Cutting Tool

Fig. 36.1 The faces of logistics
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SC.-/Logistical - Competence
of different Industries
( Selection)

Total Industry
s / Competence

high Log-Competence

Wood-Furniture Chemistry Engineering. FMCG/Food Pharma
Agriculture Plant Construction Packaging Automotive

Fig. 36.2 Logistical competence of industries

Company-Size Distributions of different
Business Sectors

A
Frequency
Size of
Companies
Automotive
SCM-/ Logistics
Competence
100%
,;‘\;Ié ?Tf] bs;:gf i) ) 200 400:100% . =
Small 5o

'«— Relative SC-Level —y!

Absolute SC-Level ————
Company X

Fig. 36.3 Logistical- and SCM-competence of companies

In Fig. 36.2, each “distribution” represents an industry, consisting of all
companies belonging to this industry. The companies of each industry are sorted
according to their logistical competence. So, the high-end of each “distribution”
represents the logistically most competent companies. The shapes of the
“distributions” and the location along the competence axis differ due to product-
related logistical requirements and regional economy structure.

As a matter of fact, the size of company also determines the logistical competence
of a company. Due to the organizational structure and capacity restrictions (e.g.
infrastructure and human resources), small and medium sized companies are limited
in their attempts to drive logistical progress forward. The influence of a company’s
size in terms of employees on the logistical competence can be seen in Fig. 36.3.
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Fig. 36.4 Levels of logistics-/supply chain competence

Levels of Logistics and Supply Chain Competence

The logistics and supply chain competence of a company can be measured according
to a five level approach. Companies that are not considering logistics as a relevant
issue at all are part of Level 0. Level 1 describes companies that have a basic
understanding of logistics and are at an initial phase of implementing logistical
principles. Companies with some logistical know-how and standard cooperations
with suppliers and customers are considered at level 2 of the competence scale. Level
3 describes companies that have supplier and customer cooperations supported by
logistics service providers. Companies operating integrated supply networks with
logistics service providers and logistical principles like LSP-based delivery services
or vendor-managed inventory concepts are considered at level 4. Finally, production
networks with integrated sourcing, planning, production and distribution are classified
as level 5. Following Fig. 36.4 illustrates the levels of logistics and supply chain
competence graphically.

In order to further classify the level of logistical competence, the authors
have developed a methodology to classify small and medium sized production
companies up to 400 employees according to their “Supply Chain Fitness” (Spicher
2009). Based on this concept a methodology for measuring of the ‘Supply Chain
Fitness’ of small and medium sized production companies was developed by Koch
(2010).
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Why Did Logistics Become a Long-Term Trend? — The Helix
Cycle of Logistics

The helix (spiral) has widely been used for the visualization of business develop-
ment. In this article, the authors use the helix model to describe the development of
logistics in a 30-year period of business trends. This “Helix of Logistics”, shown in
Fig. 36.5, provides a rough understanding of logistics as a business trend.

We start the description of the development of logistics as a business trend in the
year 1970 (a company in the centre of the helix). Following the arrows in clockwise
direction, we find a sequence of business trends influenced the development of
logistics. First organizational experiments and management principles emerged in
the early 1970s. Some examples for it are the Harzburger model and the Manage-
ment by Objectives (MbO). Those were followed by the development of direct
costing. Throughout the 1970s, quantitative methods (Operations Research — OR)
became supportive tools for managerial decisions. The quality issue (also known as
the “Japanese challenge”) was mastered by further managerial activities.

In the middle of the 1970s traditional, departmental rationalization did not offer
significant potentials any more. New rationalization conceptions were needed
urgently. “In-House Logistics” was the answer. Savings and synergies could be
realized by integrating business activities (processes).

By the end of the 1970s, the first computer integrated system like Computer
Aided Design (CAD) or Computer Integrated Manufacturing (CIM) appeared. They
opened the way for further system developments. In the following, Production

Methods IT-Technology &
for internal New Business
Processes o Conceptions
EU R0~Log istics
> 1995 .,

-

Ecolo,

A
& “PROCESS”
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Fig. 36.5 30 years business-trends — development of logistics
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Planning Systems (PPS) and MRP-Systems (Material Requirement Planning and
Manufacturing Resource Planning) collected high attention.

Taking a look at the development of information technologies, the Time Sharing
Option (TSO) concept by IBM represented the standard of decentralized comput-
ing. The first ancestors of modern Personal Computers (PCs), Commodore, Amiga
and Atari appeared on the market. Office computing in Germany was dominated by
Midrange Computing (e.g. Nixdorf, Philips, Adler-Triumpf). World-wide remote
computing e.g. was offered by Honeywell-Bull timesharing. In Germany, compa-
rable progress in information technology was prevented by the post monopoly.

Before what we now know as logistics was called “Logistics”, the basic idea was
called “cross departmental integration approaches”. This concept offered new
synergy potentials: The automotive industry forced their suppliers to implement
more efficient processes (e.g. telefax communication). The FMCG-industry (espe-
cially food companies) started the development of operational in-house logistics.
It is interesting to mention that the big trade companies did not even think about
logistics at that time. Reducing costs was simply achieved by using their huge
market power to put high pressure on purchasing price — as long as suppliers could
afford reducing the prices. This gave trade companies a rather easy living. The big
trade companies focused their effort on extending their outlet network and testing
shop concept improvements. At that time, the customizing of products became an
issue.

The foundation of the German Logistics Society (BVL) in 1978 finally
represents the establishment of “Logistics” as an integral part of business and
research activities. Thus, this event marks the beginning of the blue cloud in
Fig. 36.5 representing the growing impact of logistics.

The period of time from year 1980 to about 2000 can be seen as a first “Helix
Cycle” of logistics. A helix cycle is defined as a sequence of business trends along
technology progress, business needs and supportive scientific methods.
Diminishing returns will cap the helix development. Therefore the capped (conver-
gent) helix structure — represented by “Trochus stellatus” — serves as a visualization
instrument. Each “turn” represents one development cycle.

The key words displayed in the four corners around the “Helix of Logistics”
summarize the development:

— Rationalization:
The early development was mostly affected by the rationalization trend. Ideas
and concepts were based on Tayloristic approaches
— Methods for supporting internal processes:
The following development was highly influenced by the emergence of
operations research methods and business process view (Olhager 2010)
— IT-technology & new virtual (internet-based) business concepts:
The use of IT and internet based business concepts led to new logistics concepts
— IPO’s (Initial Public Offerings):
The development in the new millennium based on apparent new technology
product opportunities (“New Economy”)



36 Helix of Logistics 361

Synergy S
Management Potential Company Logistics / SCM
Decision 1 |
(Drivers) | l--—::'“}
,-v-"/""]\?artn ershiﬁ\""‘ &
&5 - ®
S ¢ Collaboration ¥ _
trategy lo SCM »
f'-,‘ ‘:'\\.
Comfipetitive S Sto.m e\l',‘
Cdmpetence Relations §
Marketing Y 4 CRM ’,
1[}"’ \\"‘ v
:> Efficiency Efficiency
Efficiency Cost Cutting Intralogistics
Time

Fig. 36.6 Development cycle of logistics/SCM

Over time the role of logistics in business changed considerably. Starting in the
late 1970s as a rationalization approach, logistics became a competitive factor
(Fig. 36.6). In the next step of development the role of logistics turned into a
strategic issue and supported the supply chain being the basis for exploiting
additional synergies. One reason for making logistics an important business trend
is given by the fact that marketing successfully utilized logistics as a competitive
issue. All major business trends are based on marketing. In the late 1980s one
marketing strategy was the offering of incentives to support sales. At that time
ecology based on eco-balances became a short term dominating marketing issue.
But delivery time and distribution services offered a better and a more simple USP.
Finally, JiT (Just-in-Time) and 24 h services or even shorter became dominant and
thus time-oriented logistics became a major trend. The figure below visualizes
the development cycle of logistics and supply chain management (Tan 2001),
(Kuhn and Hellingrath 2002).

After the first helix cycle of logistics (covering the period from the 1970s until
the beginning of the millennium), the second helix cycle of logistics starts around
the year 2005. Following Fig. 36.7 visualizes the second helix cycle graphically.

The red dotted arrow indicates recent developments in the second helix cycle
until now. The comparison between the first and second helix cycle reveals signifi-
cant similarities. The key similarities are:

— The first helix cycle (see Fig. 36.5) started integrating and synchronizing pro-
cesses inside the companies (e.g. in-house logistics). Quantitative methods (e.g.
OR) were used to improve and optimize logistics, whereas data availability and
quality was a problem. The traditional rationalization potentials seemed to be
exploited. Quality and computer technologies were the dominating issues and
logistics became the new key to rationalization. Now, in the second cycle,
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powerful IT-structures have been implemented and the lack of data quality is
getting obvious. For instance, ERP-systems tend to produce “junk results”
because of lacking consistent data maintenance, organizational changes and
market requirements. Again, companies are facing a data problem now.

— In the first cycle new organizational structures (e.g. matrix or divisional
organizations, profit- and cost centers) have been developed. Now, these company
structures have to be reorganized due to developments like outsourcing or virtual
company structures (Williamson 2008). Moreover, companies — especially in
western countries — are facing relevant problems at the recruitment of qualified
staff at the same point in the cycle time. So, corporate identity again is problem
initiating HR-programs for developing and ensuring expertise — at least in western
countries

— In the field of In-House logistics — which is now called intra-logistics — OR-
methods are used again for optimization problems. The applications of basic
methods that are integrated in most ERP-Systems are no longer sufficient. While
OR-methods for optimizing single supply chains are under development there is
a lack of adequate methods for supply nets. Simulation methods are the key tool
for assessing supply net operations.

— Just at the same point in cycle-time, ecology became an issue in the second helix
cycle again. While eco-balancing was discussed in cycle one, CO2-footprints
and global warming are in focus now.

— After an incubation time of 15 years or more, RFID-Solutions now have become
operational. Open-ID-Centers present many options for improvements for trade
(e.g. GS1) and production companies (Schmitt et al. 2007).

— In the past, most SC-cooperations were set up as 1-1 relations. At the moment,
cooperations are being based on 1-n relations. But data integration still suffers
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from managerial hesitations. Therefore, effective n—n relations seem to be
unrealistic (at least as long as shareholder value drives business).

— The implementation of in-house logistics (cycle 1) now compares with
SCM/SC-Net cooperation. Following the same development, this process is
swapping from the “early birds” (trend leaders) to the “followers” (SME’s).
Many technical, organizational and relational preconditions (like CRM) have
been installed and paved the way for tighter co-operations. The “early birds” are
starting optimization and tuning their systems, while the “followers” will apply
standard methods and procedures.

Obviously, the basic problems behind logistics and supply chain management in
general do not change over time. The differences are based on the fact that now we
are discussing supply chains with a much higher level of (IT-) technology instead of
individual companies. This insight enables the development of “future scenarios”.

Future of Logistical Industry Profiles

From an industry point of view there are two structured approaches for forecasting
technology-based trends:

1. There are “lead industries” that apply more advance technologies due to product
and market requirements which are also relevant for identifying benchmarking
candidates

2. The helix-approach allows forecasting solutions based on revolving similar
problem structures in the past as the same problems require the same or similar
remedies. It is to be noted that in this case the ‘rotational’ speed of the Helix has
to be considered (Fig. 36.8).

Figure 36.8 demonstrates the idea of leading industries. Each coloured sector
represents the logistical/SCM competence of all companies belonging to the sector.
For instance FMCG and automotive represent the leading industries for the elec-
tronics sector.

Future of Internet

Key future trend will be “Internet of (“physical’’) Things” (IoT). Main idea is to
create self-organizing material flow. Moreover, the Internet of Things will be the
driver for multi-dimensional communication processes and has a high potential for
becoming an important part of business strategies. In connection with advanced
RFID-Technology IoT offers great business chances.

As SC-Implementations require a new level of scientific methods, research in
involved divisions is required and its importance for practical solution increases.
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Fig. 36.8 Business-future of logistics

Systems that are able to adapt dynamically will set a future standard. Therefore it
might be necessary to develop new simulation programming languages for supply
net simulations. In current business a trend towards advanced optimization and
simulation methodologies can be extinguished.

There is a high correlation between the current publicity of IoT and the corre-
spondent occurrences during the new economy era. Based on the aforementioned
the authors forecast a new drive for the next product generation relying on IoT
technology that will lead to a second “New Economy” as maturity of IoT-related
products increases. The learning that can be extracted from the new economy
experience (in 2000/2001) tend to be limited.

The blue cloud of helix cycle 1 states “lean, EDI and Sourcing” as development
principles. In future the LEAN-Approach will be applied to the management of
supply chains (Baudin 2004; Hellingrath et al. 2007). The so called “ubiquitous
computing” (as part of the Internet of Things) might represent the “EDI” in B2C-
business, linking consumers with all kinds of companies.

While marketing tries to identify real time consumer behaviour, the future of
technology enables to link companies with home equipment. An example could be an
RFID-chip in the refrigerator that selects the suppliers and orders missing products.

The structures and social impact of Internet 3.0 goes beyond of the scope of this
paper. Therefore this aspect is omitted.
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Summary

Logistics and of course SCM can be understood in various ways. The paper presents
an overview about different perceptions and describes basic intuitive relations
between logistical competence and company size as well as affiliation to industries.
The relevant business trends over the last 30 years then are analyzed and the drivers
are scrutinized. The question why logistics and SCM became a mega trends are
answered. The result of analysis provides some insight in the structures of business
development, which can be used for general business trend forecasting.
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Chapter 37
Research on Risk Identification and Control
of Medicine Supply Chain

Hong-qi Wang, Xiang Gao, and Shan-shan Wang

Abstract With the deepening of medical and health system reform in China, it is
necessary to strengthen risk management of medicine supply chain so as to improve
the medicine distribution level and cut down the medicine price, and increasingly
great concern has been aroused by government, pharmaceutical industry and
society. In light of the complexity and uncertainty of medicine market, this paper
makes analysis on the composition of medicine supply chain and its risks,
constructs a risk identification hierarchy structure of medicine supply chain, and
then designs the risk control model. This paper aims at providing support for
medicine supply chain to reduce the risks and increase the operational level.

Keywords Medicine supply chain  Risk identification ¢ Risk control

Introduction

In the tangled warfare of Chinese medical market, there are intensified competitions
among pharmaceutical companies which lead to the abnormal competitive costs
shifting to the consumers, therefore, how to optimize the medicine circulation and
further reduce medicine price have become the focus both for government and for
pharmaceutical industry. In the pharmaceutical industrial competition which has
transformed from the single company or group competition to the alliance
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competition, a medicine supply chain of high efficiency and low cost is playing an
increasingly important role. Due to the special function of medicine compared with
other commodities which is featured by curing the sickness and saving the lives,
there are higher demands for the supply of medical raw materials as well as the
medicine preservation and timely medicine supply; meanwhile, the great complex-
ity and uncertainty of medical market bring high risks to the medicine supply chain.
Therefore, to quickly identify the risks of medicine supply chain and effectively
control the risks to the lowest level are beneficial to accelerating the medicine
circulation, reducing the medicine price and solving the contradictions between
medicine supply and demand.

Analysis on the Composition and Risk of Medicine Supply Chain

Medicine supply chain is a complete medicine supply network from the raw
materials supply to the medicine sales terminal which is composed of the pharma-
ceutical companies, related institutions, logistics companies and end users, as
shown in Fig. 37.1.

In the medicine supply chain from raw material suppliers to end users, each
member accounts for each node of supply chain, in which medicines are generally
sold to the end users by hospital or pharmacy. In such operational process, supply
chain can’t run effectively and smoothly without a modern logistics system, while in
the network environment, resource sharing, management decision making and coor-
dinated operation of each node in supply chain can be achieved through information
flow, so logistics and information flow are the key factors that influence the stability
and performance of supply chain. The operation of medicine supply chain is
influenced by a lot of favorable and unfavorable factors, thus the behavior of each
body in supply chain, the smoothness of logistics and information flow as well as the
uncertainty of market environment commonly cause the medicine supply chain risks
namely the interest loss or the possibility of loss compared with the objective.

Learning from the literatures and according to the characteristics of China’s
pharmaceutical market and the development state of medicine supply chains, medicine
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supply chain risks can be departed into nine types including R&D, quality, demand,
logistics, information, collaboration, policy, law and competition (Shen et al. 2009).

R&D Risk

R&D risk refers to that new medicine can not achieve the expected effect, or fail to
be developed so that new medicine is unable to be continuously introduced due to
the high investment, high risk and long R&D cycle. New medicine development is a
long and complex engineering, so successful development of new medicine will be
strongly related to the operational efficiency and performance of the entire medi-
cine supply chain.

Quality Risk

Quality risk is the risk related to the production characterized with low quality or
negative medicine effect that bring harm to the human health which is caused by
raw materials, manufacturing process, production safety and technical personnel’s
operational activities.

Demand Risk

Demand risk refers that the medicine fails to meet the demand or there is medicine
backlog because of changes in customer demand. Changes in customer demand
include periodic fluctuations of part seasonal medicine demand, sharp demand
increase or decrease of medicine caused by public emergencies and so on (Shen
et al. 2009).

Logistics Risk

Logistics risk means that due to the imperfect logistics and distribution system, or
impacts of natural disasters and emergencies, the delivery time, storage time,
storage temperature and so on are unable to reach the medicine management
standards which result in the medicine damage during storage and transportation,
or failure of timely delivery. The specificity of medicine determines its particularity
for storage and transportation, and proposes more stringent requirements for medi-
cine logistics and distribution system.
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Information Risk

Information risk is the phenomenon of information asymmetry or information
distortion because each node in supply chain can not effectively share information
in the information bidirectional transmission process from raw material suppliers to
end users. From the view of end users, the information risk is information asymme-
try which makes the hospital almost determine the medicine needs without under-
standing the real requirements of patients. From the view of medicine developers
and manufacturers, because they are in the front of medicine supply chain and
nearly fail to access market information, they can not accurately determine the
direction of technology development, adjust product output, arrange the logistics
and make market forecast which lead to their inferior positions in the whole supply
chain in the aspects of medicine supply capability, cost and so on.

Collaboration Risk

Collaboration risk refers to the incomplete collaboration degree of supply chain
members or the vicious competition among members due to credit and information
barrier in their resource sharing and interaction process (Faemsl et al. 2010), which
result in absence of resource optimal allocation, low operational efficiency and
profitability, and furthermore lead to the lack of overall competitive advantage of
supply chain.

Policy Risk

Policy risk means that due to the government regulations on pharmaceutical
industry by introducing various policies such as medicine price reduction control,
new rural cooperation and the construction of two networks which result in the cost
rise, profit decrease and necessary adjustment of business for medicine supply
chain, thereby affecting the timely and adequate supply of medicine (Shen et al.
2009; Sachs et al. 2008).

Legal Risk

Legal risk refers to that the operating activities in medicine supply chain cannot
comply with the law’s changes and new requirements, or the contracts of medicine
supply chain are unable to be executed because of conflicting with the laws and
regulations. To reflect the requirements of the times, government has constantly
introduced various laws and regulations to normalize medicine R&D, production
and business activities, so the medicine supply chain must grasp and conform to the
requirements of laws and regulations in time (Shen et al. 2009).
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Competition Risk

Competition risk means that one medicine supply chain may face competitive
pressures of other similar medicines in price, function and other aspects, and it
may compete with several external medicine supply chains.

The Identical Hierarchy Structure of Medicine Supply
Chain Risk

By referencing the literatures, the process of identifying medicine supply chain risk
is as follows: firstly identify risk events, and then find out various factors that lead to
the risk events, finally classify the various types of risk events (Shao and Lin 2010),
as shown in Fig. 37.2.

Figure 37.2 shows part of the risk events and risk factors in medicine supply chain,
for different types of medicines and their supply chains, the risk events and risk
factors are also different. As is shown in Fig. 37.2, the medicine supply chain risk
consists of a range of different types of risk events, and various risk factors lead to the
risk events; in which a variety of factors may lead to a certain risk event and a risk
factor may result in multiple risk events. For example, the inadequate investment may
lead to the failure and long cycle of new medicine development which makes the
supply chain miss opportunities and operate in poor efficiency. In addition, the not
enough investment, inadequate degree of coordination among members and the
changes of members are the main factors leading to inefficient operations of supply
chain. Therefore, the essence of identifying medicine supply chain risk is to further
find out risk factors from different risk events to provide basis for risk control.
Because these risk factors are the sources of risk events or losses, they are the basic
objects of risk control for medicine supply chain (Shao and Lin 2010).
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Risk Control Model and Measures of Medicine Supply Chain

Risk Control Model of Medicine Supply Chain

The medicine supply chain risk control is to adopt control measures to eliminate
risk factors after finding out risk factors, thus the risk can be reduced. The risk
control model of medicine supply chain is shown in Fig. 37.3.

After analyzing internal and external environment and conditions of medicine
supply chain and making clear the risk events, there is need to make a further factor
analysis to identify risk factors, draw an impact degree matrix of risk factors to
understand risk factors’ impact degree on risk events, take some control measures
to eliminate or reduce the impact of risk factors, and ultimately achieve the goal of
eliminating risk or reducing the probability of risk events.

Impact Degree Matrix of Medicine Supply Chain Risk Factors

After finding out the risk factors, the impact degree matrix of risk factors should be
drawn so as to grasp the key factors, as shown in Table 37.1.

In Table 37.1, the impact degree values for all risk factors that belong to a same
risk event sum to 100, and a larger value of a single risk factor’s influence on the
risk event indicates that the factor has a greater impact on the risk event which
should be regarded as the focus of risk control.
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Table 37.1 Impact degree matrix of risk factors

Impactdegrei vent Risk Risk Risk Risk
Factor event 1 | event 2 | event 3 event m
Risk factor 1 60 80 30
Risk factor 2 100 50
i 20
Risk factor n 40 20

Control Measures of Medicine Supply Chain Risk

According to the general characteristics of the medicine supply chain, risk control
measures can be taken as flows, in which what should be focused on are quality risk,
information risk and collaboration risk.

1. R&D risk control: The R&D companies in medicine supply chain need long-term
and sustained investments, if possible, they should apply for the patent when
there is a more satisfactory result in medicine effect or production process. In this
process, the patent map analysis tools can be used to formulate R&D strategies
in order to determine the time and objective of R&D, resource distribution
structure as well as specific development, application and implementation tactics
of patent (Wang and Tian 2010).

2. Quality risk control: As mentioned earlier, quality risk is related to the produc-

tion, so not only the production process should be managed, but also the source
in the front of supply chain should be controlled, and the timely feedback in sales
process is necessary. The main points of quality risk control of supply chain are
shown in Fig. 37.4.
In the link of raw material purchase, the supplied raw materials must get
approval of use in order to control the medicine quality from source. Besides,
the incoming raw materials should be strictly examined according to the
standards and requirements. In the process of medicine production, pharmaceu-
tical machinery, medical formula and manufacturing process should be strictly
in accordance with GMP standard, and all production and inspection records
should be arranged I n file to ensure the pharmaceutical manufacturing process
error-free and pollution-free. If conditions permit, pharmaceutical production
monitoring system should be established, thereby increasing off-site supervision
capability. In the sales link, the supervision system and medicine recall system
should be built up to reply to hidden dangers and undesirable reactions.

3. Demand risk control: Medicine supply chain must strengthen the customer
relationship management and seriously seek the patients’ needs and feedback
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information; simultaneously medicine distributors may also respond to market
demands timely by establishing flexible stock.

4. Logistics risk control: Logistics risk should be controlled from two ways
including quality and speed.

@ Guarantee the logistics quality. For pharmaceutical companies, sellers and

other medicine business institutions, the medicine circulation including
medicine purchase, warehouse-in inspection, storage, sales and service
must be in strict management according to GSP standard, so that the hard-
ware, software and business practices of medicine business units can meet
the requirements to ensure the medicine quality in circulation. Logistics
enterprises should establish the assessment and prevention system on the
uncertainty impact of natural environment so as to prevent or reduce disrup-
tion of logistics tasks caused by flooding, fires and other natural disasters.
Improve the speed of logistics services. The bar code technology can be used
to improve logistics speed. When a medicine supply chain’s transportation,
packaging, handling and other logistics services are executed by a number of
logistics service providers, in order to avoid the risk transmission among
logistics enterprises, close cooperation and synergistic development among
the logistics enterprises should be maintained (Li et al. 2010).

5. Information risk control: Information risk can be prevented from the following
three aspects.

@ The status of hospital in presentation of patients’ demands must be changed,

and hospital should strengthen exchanges and communications with patients
by utilizing their professional advantages thus establishing a good relation-
ship between health care staff and patients, understanding the needs of
patients, establishing patients’ files and feeding back information to the
upstream businesses in medicine supply chain (Jiang et al. 2008).

For pharmacies, in the course of medicine sales, information on medicine
sales should be arranged, analyzed, and forecasted in order to provide basis
for pharmaceutical production and inventory decision.
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® An information system of supply chain ought to be established both for each
member and for the network of supply chain. For pharmaceutical companies,
ordering and inventory systems for hospitals and medicine distributors should
be set up so as to learn sales information and guide the replenishment and
sales. For the logistics system, logistics and distribution system should be
perfected to speed up the medicine circulation speed and to reduce error rate.
For hospitals, the establishment of information management system and the
use of bar code technology for managing medicine incoming and outgoing
inventory will help constructing new upstream and downstream relationships
so that the needs of patients and medicine storage state can be rapidly grasped
(Chen and Chen 2009). For the entire medicine supply chain, the use of
information technology can enhance supply chain network management
level, thus contributing to the optimization of resource allocation and supply
chain scientific decision as well as the improvement of supply chain efficiency.

6. Collaboration risk control: The management focus of collaboration risk can be
seen from Fig. 37.5.

@® In light of the dynamic development needs of supply chain, the mechanism
for selecting members of supply chain is to be constructed so that comple-
mentary enterprises or organizations will be introduced. In order to maintain
supply chain stability, it is important to consider the relation capital, cultural
compatibility and credibility (Chen and Sheng 2009). Besides, a database of
backup participants should also be developed to timely supplement the
supply chain’s missing or weak links.

®@ A clear division of tasks and the behavior standard of supply chain make all
members accomplish their missions in quality and quantity according to the
schedule.

® Building up effective channels such as information platform for the resource
sharing of supply chain will contribute to the effective integration of supply
chain network resources, thus it will reduce transaction costs, improve
operational efficiency and effectiveness of collaboration as well as enhance
the overall capacity of supply chain.
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® Pharmaceutical industry association should play a coordinating and guiding
role in recommending partners to supply chain, monitoring supply chain
activities, counting up and publishing industrial information, organizing
medical exhibitions and fairs, etc. When supply chain members encounter
serious problems, the industry association should help providing solutions to
them (Zhang and Wang 2010).

7. Policy and law risk control: Medicine supply chain should pay close attention to
the dynamic policies, laws and regulations of its resident region, strengthen the
utilization of relevant policies and adapt to laws and regulations. On the one
hand, supply chain should seize opportunities, obtain policy support and adjust
business, behavior and management methods in response to the development
requirements; on the other hand, it should better bear the social responsibilities
including complying with business ethics, product safety, resource conservation
and environmental protection (Meng et al. 2010). Meanwhile, in the course of
providing support for medicine supply chain, the industry association should
timely feed back the problems and requirements to the relevant government
departments so that the formulation of planning, policies, laws and regulations of
government are more in line with the needs of medicine supply chain and much
closer to the global pharmaceutical industry standards.

8. Competition risk control: In response to the rapidly changes of industrial
environment and challenges from competitors, medicine supply chain should
pay close attention to industrial technology and market trends, and enhance
prediction ability in order to understand the development trend. Also, the supply
chain should know the competitors’ dynamics and seek differentiations so as to
occupy the favorable position in medicine competition.

Conclusion

At present, for most medicine supply chains, the low level of risk management is
the main reason for low performance, high price, incardination between supply and
demand as well as imperfect health care system, which has also become the main
problem for supply chain’s sustainable development. As the medicine supply chain
risk does not attract enough attention, strengthening the risk management is of
significance both for the national health care reform and for the human health. This
paper first makes an analysis of composition and risks of medicine supply chain,
then it proposes risk identification hierarchy structure, at last it designs the risk
control model and relative measures, which may provide reference for medicine
supply chain risk management. Although this paper has made a preliminary explo-
ration in medicine supply chain risk management, it is only limited to qualitative
description, in the future the quantification and the early warning system of risk
needs to be constructed by use of quantitative methods and information
technologies.
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Chapter 38

The Implementation of Green Supply Chain
Management in Chinese Food Industry:

A Multi-case Study

Rui-dong Chang, Yi Zhang, and Yu-long Chen

Abstract As it concerns more than one billion people, Chinese food manufacturing
industry is on a large scale and adopting green supply chain management (GSCM)
in this industry is significant to environmental protection. This paper aims at
providing information on the implementation of GSCM in Chinese food industry.
Using multi-case study on five case enterprises, this paper analyzed the practical
experience and difficulties of the GSCM implementation in four aspects, namely
green procurement, green manufacturing, green logistics and green marketing. The
results show that sample enterprises did well in green procurement and green
marketing while the green manufacturing and green logistics have encountered
some objective difficulties and still call for improvement. The joint effort of the
government and food enterprises needs to be formed to ameliorate the implementa-
tion situation of GSCM in Chinese food industry.

Keywords Chinese food industry » Green supply chain management « Implemen-
tation « Multi-case study

Introduction

The energy intensity, measured by energy consumption per unit GDP of China is
2.4 times of the world average. China pledges to reduce the CO, emission per unit
of GDP by 40-45% in 2020 compared to the level of 2005 (Zhen-Yu Zhao and Lei-
Lei Fan 2011). In order to achieve the emission reduction targets, China has
constantly popularized the sustainable development concept. Academic and corpo-
rate interest in sustainable supply chain management has risen considerably in
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recent years (Joseph Sarkis et al. 2011). In manufacturing enterprises, green supply
chain management (GSCM) has got widespread concern, because it merges envi-
ronmental protection into the entire manufacturing process (Seuring and Muller
2008). According to “China Procurement Development Report 20117, 56% of the
surveyors in manufacturing system decide to implement GSCM concept in the next
2 years (China Association of Logistics and Purchasing 2011). Food manufacturing
is on a large scale which means implementing GSCM in this industry is of great
significance to the world’s carbon reduction.

However, the majority existing empirical researches on GSCM are mostly based
on the samples of foreign enterprises (Luo and Wang 2003). Few literatures
systematically studied the GSCM under the Chinese food companies’ background.
In what areas did some food companies adopt GSCM; what problems did their
GSCM practices encounter? This paper attempts to answer these questions prelim-
inarily. Multi-case analysis is an important method of management issues. Based on
data collection and telephone interviews, this paper selected five enterprises using
the multi-case analysis to study the implementation of GSCM in Chinese food
industry. Based on a theoretical model of GSCM in Chinese food industry, this
paper then conducted a multi-case study of four major aspects, namely green
procurement, green manufacturing, green logistics and green marketing. The key
factors, implementation and problems of GSCM in Chinese food industries are
identified, summarized and analyzed in this paper which can be referred by more
enterprises in the future.

The Analysis of the Implementation of GSCM in Chinese Food
Industry

There are two methods about multi-case studies: (1) summarize findings to find
some useful information to form a theoretical framework under no guidelines of
existing theoretical framework; (2) under a new or existing theoretical framework,
research the sample companies (Li Fei et al. 2009). This paper adopted the second
method, namely first put forward a theoretical framework and then analyzed the
sample companies. Reference to Professor Wang Yingluo’ GSCM conceptual
model (Wang Yingluo et al. 2003), combined with the reality of Chinese food
industry, this paper established a theoretical model of GSCM in the food industry as
shown in Fig. 38.1.

This theoretical model incorporates the key aspects of GSCM into the existing
operation level of GSCM model. Because the concept of green design needs to be
achieved by green procurement, green manufacturing, green logistics and green
marketing, green design is omitted in this model.

The next step of the multi-case study is to choose the cases. The principles of
ideal cases in this paper are as follows.

« Established more than 5 years

e Adopted GSCM

» Chosen as the national green food enterprises by experts selected by the Chinese
Green Food Association.
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Fig. 38.1 The GSCM concept model of Chinese food industry

Table 38.1 The basic information of the analytical cases of GSCM in this paper

Enterprises Established year Industry segments Location of headquarters
Kweichou Moutai Co.Ltd. 1999 Alcohol Guizhou

GuiTang Co.Ltd. 1993 Carbohydrate Guangxi

Wondersun Dairy Co.Ltd. 1996 Dairy products Heilongjiang
Beidahuang Beilv Food Co.Ltd. 2005 Vegetable Heilongjiang

Ginsber Beer Co.Ltd. 2000 Alcohol Jilin

Table 38.1 summarized the basic information of the cases in this paper. The
following sections will analyze four aspects about the five chosen enterprises
respectively, namely green procurement, green manufacturing, green logistics and
green marketing.

Green Procurement

The green procurement of the cases is summarized in Table 38.2. The above
enterprises, adopting green procurement program, strictly controlled the safety of
the raw material source. In order to improve the quality of raw material, some cases set
up their own raw material bases. Through that way, the whole process of access to raw
materials can be under the supervision of the enterprise as much as possible. For
example, because the consuming group of Wondersun Dairy Co. Ltd is mainly infants,
the safety of raw materials should be paid more attention to. While implementing
supervision and management system internally, the enterprise considered the external
local conditions and developed their own geographic advantages to set up raw material
bases in one of the world’s last three major black soil zones. Furthermore, the use of
new techniques has been promoting the development of enterprises. For instance,
Beidahuang Beilv Food Co. Ltd used advanced planting technique, fine field manage-
ment technique and biological disinfestations technique to improve the security of raw
material. In order to further standardize the raw material, the sample enterprises also
detect and evaluate the raw materials with appropriate systems of supervision. Ginsber
Beer Co.Ltd. established a strict safety assessment process of raw materials and a
method of testing pesticide and heavy metal.
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Table 38.2 Green procurement implementation of the cases

Company
name Safety Cooperation
Kweichou Newly built organic raw materials base The company holds National
Moutai The information management system, Supplier Conference of Moutai
Co.Ltd. covering all aspects from seeds to every year. In 2011, the
manure, enhances the safety of the raw conference summed up the
materials achievements and problems of
materials procurement. Suppliers
from around the country
promised to control quality
strictly
GuiTang Co. The company built the modern sugarcane  Considering the profit of the farmers,
Ltd. park and recommended famers to use the company purchases improved
provided seeds. In this way, the seeds of high price and sells them
resource of the procurement is safe and to farmers at a lower price
reliable
Wondersun ~ The pasture located in one of the world’s  The company will pay the suppliers
Dairy Co. remaining three black soil areas which on the basis of quality test results.
Ltd. are far away from pollution. The good Therefore, the suppliers will
environment is the foundation of the compete for better quality of
high-quality raw milk their milk

The company established immunity
quarantine files for the cows
Beidahuang It owns a huge plant base and cold storage Company adopts the

Beilv Skilled in seed cultivation technique, “company + base” agriculture
Food Co. advanced planting technique, fine field industrial model. Plant, produce
Ltd. management technique and biological and process on their own

disinfestations technique. Using
pollution-free fertilizer
Ginsber Beer They passed the water certification to make Cooperated with many suppliers

Co.Ltd. sure that the procedures of production from around the world. The
were pollution-free barley is from Canadian and
Having established a strict safety Australian production bases. The
assessment process and testing method rice is from Heilongjiang green
of green raw materials. The main raw food paddy rice production base.
materials are from the green base Hops are from Xinjiang

production and construction
corps green base

The enterprises have deepened the relationships with the raw material suppliers
through further cooperation. In order to acquire raw materials which are of high
quality and more suitable for their enterprises, they should consider more about the
supplier’s profit. Take GuiTang Co.Ltd. for example. The enterprise purchases
improved seeds but sells them to farmers at a lower price. During the planting time,
the company keeps in touch with the farmers to find and correct plant problems in
time. This kind of cooperation can not only guarantee the quality of raw materials but
also improve the competitiveness of the suppliers.
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Table 38.3 Green manufacturing implementation of the cases

Company name

Clean energy

Clean production processes

Kweichou
Moutai Co.
Ltd

GuiTang Co.
Ltd.

Wondersun
Dairy Co.
Ltd

Beidahuang
Beilv Food
Co.Ltd.

Ginsber Beer
Co.Ltd.

None for the present

A certain percent of electricity
is generated by industrial
waste

None for the present

None for the present

None for the present

Make use of waste lees in a circular economic
approach, thus making Moutai step into a
pollution-free and clean production track

Make cane molasses produced by the sugar into
alcohol and the waste produced by the
alcohol into fertilizer which is back to the
cane fields

Treatment of exhaust gas: the use of Surge-
watered turbine and Venturi granite water
film dust collector makes dust removal
efficiency over 97%

The cooling water circulation device makes
water recycling rate exceeding 60%. It saves
about 600,000 t of water annually

Treatment of residues: the company purchases
the hollow brick machine to turn residues
into hollow bricks for constructing the
workshop, thus following their basic
principle of turning waste into treasure

Full range of industrial, agricultural technology
and scientific management system.
Vegetable planting technology of Japan,
processing technology of Taiwan, the
domestic first-class processing equipment,
first-class refrigeration system and
advanced post-mature processing
technology ensure the safety of the north
green vegetables

In order to ensure green production, the
company invests 70 million Yuan to
complete more than 30 kinds of upgrading
of technology equipment and facilities

Develop a series of safety assessment processes
of raw materials. Establish a set of detection
methods of pesticide residues, heavy metals,
harmful anions and mycotoxin

Green Manufacturing

Table 38.3 shows the information of green manufacturing of the cases. The above
case enterprises didn’t do very well in the use of clean energy in their green
manufacturing sector. There are two reasons accounting for this issue. The first
one is that Chinese clean energy started later than Western countries. Although the
government emphasizes and invests a lot on clean energy, it is still in the develop-
ing phase in China (International-energy.com 2012; Wen Liu et al. 2011). The
second is the technological innovation of the food manufacturing industry is
inadequate. Take Moutai for example. If the left lees can be used for fuel and
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energy production, not only can Moutai use resources to the maximize degree, but
also it can reduce environmental pollution and solve the problem of energy shortage
(Jiangpen Ag 2008). GuiTang Co.Ltd. sets an example for the rest of the above case
enterprises in using clean energy.

The above case enterprises are common in adopting the concept of circular
economy in the production process. Take GuiTang Co.Ltd. for example. Its cane
molasses produced by the sugar plays a great part in making alcohol; the waste
produced by the alcohol then serves as the cane fields’ fertilizer, which has formed a
closed loop chain. So does the Wondersun Dairy Co.Ltd. It uses its cooling water
circulation device to the most, making water recycling rate exceed 60% and at the
same time saving about 600,000 t of water per year.

Green Logistics

Table 38.4 shows the green logistics of the cases. Due to the lack of logistics
infrastructures, the transportation is difficult. The above case enterprises are trying
to strengthen the logistic conditions through a variety of ways. For example, in
order to support the transportation of the products, GuiTang used 41.8 million to
purchase 100% shareholding of Anda Logistics Company. Wondersun Dairy Co.,
Ltd. plan to set up Wondersun Logistics Company in 2012. Furthermore, the
enterprise established a quality tracking system to ensure quality throughout the
life cycle of each product. Forward-logistics is obviously important to the enter-
prise; however, most companies still do not have the concept of backward-logistics.
Though Kweichou Moutai Co.Ltd. has the recycle channel for bottles, many
counterfeit product manufacturers get the bottles to make counterfeit wine.
Today, more and more people recognize the importance of circular economy, and
in the future the backward-logistics will become the focus in the resource planning.

Green Marketing

The above case enterprises all pay much attention to image advertising as shown in
Table 38.5, setting green products as their core competitiveness. They make
extensive use of the website, TV and other media. Take Heilongjiang Beidahuang
Beilv Food Co.Ltd. for example. The company uses various ways to publicize its
corporate image, so it is able to get cross-border orders from the United States,
Canada, South Korea and other countries. Ginsber Beer Co.Ltd. also has its
characteristics. It sets up environmental professional department 10 years ago for
the purpose of adapting itself into GSCM. The department is occupied in research,
management and enhancing the company’s green manufacturing and technological
upgrading work. The price has little effect on green products. The price of most
green products corresponds with normal goods (except Moutai). Like Wondersun
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Table 38.4 Green logistics implementation of the cases

Company

name Forward-logistics Backward-logistics

Kweichou Moutai Town has not built the highway so The recycling of Moutai bottle is
Moutai the transportation is extremely difficult. difficult to return to the factory.
Co.Ltd. During busy time, they even used A lot of them flow to counterfeit

military vehicles to convey the product product manufacturers

GuiTang Co. Because of the large amounts of raw None for the present

Ltd. materials and products every year, the

enterprise needs to solve the storage
problem urgently. GuiTang used 41.8
million to purchase 100% shareholding
of Anda Logistics Company

Wondersun The enterprise plans to set up Wondersun  None for the present

Dairy Co. Logistics Company in 2012 to ensure
Ltd. the product quality during transport
Establish a record and traceability program
and every batch of products can
retrospect to the origin place of raw
milk, raw materials suppliers, the
storage location and shipping

whereabouts
Beidahuang  Through the TBS system, consumers can ~ None for the present
Beilv check up the original place of the
Food Co. product, specific information of the raw
Ltd. material producers, packagers and
retailers

Ginsber Beer Use ERP Enterprise Resource Planning to  None for the present

Co.Ltd. plan suppliers

Table 38.5 Green logistics implementation of the cases

Company name Green image

Green pricing

Kweichou Moutai  Publicizing green organic Moutai wine through
Co.Ltd advertising
Moutai Town holds production safety & environmental
protection training meeting regularly
GuiTang Co.Ltd.  Develop its own green image through the promotion of
circular economy
Wondersun Dairy  Advertising

Co.Ld Educate the staff on the environmental protection
knowledge
Beidahuang Beilv  Positively propaganda got the cross-border orders from
Food Co.Ltd. the United States, Canada, South Korea and other
countries

Ginsber Beer Co.  In order to meet the needs of green environmental

Ltd. protection and energy conservation, Ginsber Beer Co.

Ltd. established its environmental professional
departments 10 years ago

Luxury brands
with high
price

Moderate

Moderate

Moderate

Moderate
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milk powder (version Gold parental wisdom, section Introduction) for 0—6 months
babies. (400 g/bag) priced 35 Yuan/bag. It’s because the food industry is highly
competitive in the Chinese market and Chinese consumers pay more attention to
price, if they think one goods is overpriced, they can turn to other alternatives. But
there is also an exception — the price of Moutai is high, that’s because the unique
and complex production processes make it a naturally luxury property.

Conclusions

For the purpose of reducing carbon emissions and the cost of environmental
governance, many food enterprises plan to adopt the GSCM in the near future. As
a multi-case study, this paper selected five food companies which have adopted
GSCM to analyze the implementation situation of their GSCM practice. Based on a
GSCM model of Chinese food industry, the case enterprises’ green procurement,
green manufacturing, green logistics and green marketing are summarized and
analyzed. The results show that: (1) The case enterprises do well in green procure-
ment. They ensure the green and safety of raw materials through the establishment
of their own green food base and a series of technological equipment and manage-
ment systems. Meanwhile they also give full consideration to the interests of the
suppliers, and cooperate with them actively; (2) The five case enterprises adopted
the concept of circular economy in their green manufacturing. However, due to the
development status of Chinese renewable energy and the lack of innovation, only
one company (GuiTang Co.Ltd.) has adopted clean energy; (3) The case
enterprises’ logistics situation is not so optimistic, which is resulted from Chinese
imperfect logistics infrastructures. Many companies purchase logistics companies
or set up their own logistic companies to strengthen their own forward-logistics. But
till now, only Moutai has backward-logistics, and its implementation encounters the
problem of counterfeit manufacturing; (4) The above case enterprises all take
“green” as their core competitiveness and vigorously publicized it through a variety
of ways. But due to the fierce competition in the food industry, the price of most
green food corresponds with ordinary goods.

This study can be used as a practical reference both for the domestic managers
and foreign investors relevant to the Chinese food industry and logistic system.
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Chapter 39
Logistics Capability and Performance of

Container Ports: An Empirical Research
Basing on SEM

Jin-shan Dai, Han-bin Xiao, and Ting-ting Cui

Abstract Container ports expect more competitive advantages and performance
improvement on their extinctive logistics capabilities in the circumstance of ongo-
ing integration of supply chain and port fields. Whereas, the connotation and
denotation of port logistics capabilities and port performance have been undergoing
significant changes. Meanwhile, the competition between container ports is
presented in multitiered and wide-ranging arena. This research focuses on container
ports and conceptualizes port logistics capability from five dimensions (positioning,
integration, infrastructure, operation and agility) and port performance from four
aspects (productivity, finance, social and satisfactory performance), then tests the
relationships among port logistics capability, competitiveness advantages and per-
formance. Data from 30 container ports and 181 responses and results from
structural equitation modeling indicate that the comprehensive improvement of
port logistics capability can directly raise port efficiency and effectiveness perfor-
mance concurrently. Moreover, via the competitiveness advantages in market, port
logistics capability has an indirect positive impact on performance.

Keywords Container logistics * Container ports ¢ Port competitiveness ¢ Port
performance ¢ Structural equation modeling

Introduction

Modern ports are undergoing the shift from gateway to logistics hub (Robinson
2002). Logistics service, which having the instinctive close connection with
customers, is increasingly regarded as the one of the main new sources for corporate
differentiation strategy especially in the global wide and time-based competition.
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The development and practice of ports indicate that port is growing to be a key and
functional element in the chain of logistics services with a trend of supply chain
integration, namely, the 4th generation port which based on logistics and supply
chain. Therefore, it is necessary to rethinking of port and its logistics from the view
of supply chain.

Serving as a productive unit, port service is evolving to customer orientation,
namely, gaining competitive edge by attracting the customers and satisfying the
stakeholders, and eventually obtaining expected performance. The port
stakeholders mainly include shipping lines, consignees, international freight for-
wards, ship operators, logistics managers and etc. In order to improving the
performance whole dimensionally, ports need to explore the unique predominance
in logistics business and establish the advantages in competitive market and related
community.

Currently, there are consensuses in port logistics and related performance
research, that port logistics capability possess an effect on performance and the
level of port logistics capability can influence the location of ports on target
logistics and shipping market. The research is undertaken with the purpose to
investigate the effects and also the extent of effect of port logistics capability on
performance besides discussing the composition of this capability and their differ-
ence in influencing effect, direction on the performance. It is followed by descrip-
tion of the research framework for the instrument and methodology which is chosen
via an empirical investigation and data analysis using confirmatory factor analysis
(CFA) providing by structural equation modeling (SEM). The results are discussed
about limits and further research in port logistics area.

Framework and Hypotheses
Port Logistics Capability

Representing the power of providing service for customer of port as a whole,
logistics capability can be constructed from the five dimensions: positioning,
integration, infrastructure, operation and agility.

1. Positioning

Positioning involves the self-location of logistics development target and choice
of strategy. From Olavarrieta and Ellinger’s view, the logistics competency
approach can be regarded as a key strategic resource for acquiring sustained
competitive advantage when resources are valuable, scarce and difficult to
imitate (Olavarrieta and Ellinger 1997). The positioning can be described by
the sub-items of strategy, supply chain, network and organization.

The definition of port strategy power refers from the finding of Michigan
State University Global Logistics Research Team Bowersox et al. (1995), in
which the strategic positioning is the essential starting point to logistical
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excellence, and world class firms view logistics positioning competency as a
differentiator that can lead to competitive advantage. Supply chain refers the
alignment of logistics resources through channel alliances Bowersox et al.
(1995). Network embodies the structure and deployment of physical resources,
e.g., the layout of business and capital world widely. Organization capability
reflects the structure and deployment of human resources (Gilmour 1999)
besides the governance model for ports such as privatization (Notteboom 2002).
2. Integration

Integration competency measures the degree to which logistics tasks and
activities within the port and across the supply chain are managed in a coordi-
nated fashion. Typically, the port integration can be evaluated by the integration
of information and communication (ICT), the integration of multimodal trans-
portation (MOD), and the integration of supply chain (SCI).

ICT refers to the application of IT to facilitate the data exchange and share.
As distribution channel be larger and larger, the information flow play more and
more important role in logistics context (Closs et al. 1997). Integration of MOD
of container ports, ensuring the seamless connection between kinds of transport
modes, also guarantying the reliability and availability of logistics service, is
always the main focus of academic research, e.g. Robinson (2002), Paixdo and
Marlow (2003), and Bichou and Gray (2005). Port SCI competency is
accompanied with the upward trend of business integration and cooperation
between ports with other partners in the supply chain.

3. Infrastructure
According to the resources-based view (RBV), the level of operation and
development of ports logistics business is depend on the utilization of their
resource. Estache et al. 2005, made a conclusion by case study that the reform
in port infrastructure can lead to an obvious promote in port performance. The
hardware elements which consist of the infrastructure of ports mainly include
berths and water front, devices for material handling and facilities for warehouse
and yard.

4. Operation
Operation competency of port, also regarded as managerial competency, is
related with the production and operation management which is accompanied
with material handling and logistics service providing. Basing on the literature,
the operation capability of port can be coded into four parts: standardization,
measurement, innovation and value-added ability.

MSUGLRT regarded standardization as one of the key elements for logistics
capabilities and conceptualized it as the establishment of common policies and
procedures to facilitate logistics operations Bowersox et al. (1995). As for
container ports, measurement capability counts the operational competency in
process and functional assessment and bench marking (de Martino et al. 2009).
Innovation competency weighs the vitality of port in technical creation, manage-
ment model and service innovation. Value-added ability caters to the prominent
trend that logistics industry pays more attentions to the service-orientation
activities besides providing traditional cargo and ship related treatment
(de Martino et al. 2009).
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5. Agility

Borrowed from definition of MSUGLRT for logistics agility, port agility
competency represents the port ability of providing flexible logistics services
in the ever-changing market. It is a kind of time-related competency targeting at
quickly responsiveness to customers. Zhang JZ note that 4th generation port
should be featured by differentiation, lean and agility with the SCM background.
Three elements make up for the port agility: relevance, accommodation
& responsiveness, and flexibility.

Relevancy competency states for the port ability of maintain focus on the
changing needs of customers. Accommodation and Responsiveness reflect the port
ability to respond to unique customer requests. Flexibility represents the port ability
to adapt to unexpected circumstances. Paixao and Marlow (2003) define the 4th
generation port and also suggest the paths for arriving 4th generation and agile port.

Competitive Advantages of Ports

Based on RBV, logistics capability is regarded as the source of competitive
advantage, and the competitive advantages will finally become the determinants
by which the customers choose their target call port or hub port. The determinants
mainly include port charge and cost advantages, operation efficiency and service
advantages, and market share advantages.

1. Charge and Cost advantages
The Rates of port, including charge and price, serve as the means for competition
among container ports. This is also the same case with cost that port saved for the
customers. The combination of high efficiency in production and low cost in
operation, together with great cost-cut for customer, enable the ports to utilize
pricing tactics to attract more shipping lines and consigners.

2. Service advantages
As a kind of productive services, port and its logistics rest the advantages on the
service level, such as service quality, time-cutting, and availability of service.
The indicators for quality of service mainly include precision ratio of ship lines,
precision ratio of ships and container. The indicators for time-cutting dominance
mainly focus on three time-related elements, namely, average time ships delay
on port, average time container trucks delay on port, average time of clearance
for cargoes, which reflect the degree of port congestion. The availability of port
service covers the hinterland connection, feeding port connection, and stability
of logistics service delivery.

3. Market share advantages
The advantages of port can also be shown as market share dominance, such as
shipping lines, cargo source of hinterland, transit quota of container transporta-
tion, and etc. Notteboom and Winkelmans regard the shipping lines of port play
a critical role during port choice from user (Notteboom and Winkelmans 2001).
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Basing on the research on container ports in Taiwan Straits area, Tai HH argues
that cargo source of hinterland has the most significant influence on competi-
tiveness advantages of container ports.

Port Performance

Port performance can be measured from the perspectives of productivity, finance,
social and satisfactory. The productivity and financial performance are efficiency-
oriented and financial-oriented respectively, considering from the port internally.
The social and satisfactory performances are effectiveness-focused viewing from
the stakeholders of ports, and they are becoming hot issues in the field of port
logistics research recently, e.g. Bichou and Gray (2004), and Brooks (2006).

1. Productivity performance
Productivity performance, which reflects the handling efficiency of ships and
container, firstly and mainly makes up for the whole performance of container
ports. It can be classified into the performance in ship/container handling and
performance in utilization of berth resource.

2. Financial performance
Financial performance always counts the top goals for profitable organization
without exception in port industry. Financial performance is classified into total
volumes, current profitable index, and ratio-like index standing for potential. The
sub-items for total volumes are total assets of port, total operation income, total
profit. The sub-items for profitable index are return on equity, return on total
assets, operation profit ratio, and ratio of cost-profit. The ratio-like index includes
operating income growth rate, total assets growth rate, and profit growth rate.

3. Social performance
With the regionalization and fusion of ports into the community where they are
located, container ports can advance development of economic, promotion of
trade, improvement of employment, along with the influence they made for local
transportation and environment. All of this can be assessed by social performance
of container ports. Peter de Langer points out that a comprehensively and newly
established performance index of port should not only satisfy the request from
port authority, but also cater to the interests of stakeholders (Langen et al. 2007).

4. Satisfactory performance
With background of service-oriented industry and enlightenment from service
assess practice, satisfactory performance of port can be defined as the satisfac-
tory perception of stakeholders, such as direct customers, partners along the
service chain, other roles. It can be viewed as effectiveness-oriented perfor-
mance index.

Reference from the design of scales on port performance by MR. Brooks in a
special research project on port governance and performance in 2006 (Brooks
2006), this paper presents a comprehensive measurement framework of container
port performance as followed Table 39.1.
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Fig. 39.1 Concept model about the relationship among PLC, PP and PCA
Model Construction and Hypotheses

Figure 39.1 describes the research framework conceptualized in this research. The
framework proposes that port logistics capacity (PLC) will have impacts both on
port performance (PP) and on port competitive advantage (PCA), which are labeled
as H1 and H2 respectively. Port competitive advantage will also influence the port
performance as noted as H3. Basing on the literature support, the upper relationship
and hypotheses among the PLC, PP and PCA are discussed.

Methodology

During the pre-pilot study, the initial questionnaire was reviewed by six experts in
port, logistics and firm performance through structured interviews. Based on the
feedback, redundant and ambiguous items were either modified or eliminated. The
revised questionnaire was composed of three independent topics, namely, establishing
of port logistics capability (PLC), assessment of port competitive advantages (PCA)
in logistics and shipping market and evaluation of port performance (PP) which were
unfolded with 17, 9 and 12 sub-items respectively. The total 38 items were 5-point
Likert scales.

The final questionnaire was sent to around 600 target respondents who are
mainly the managers or with higher job title of each company spreading in the
main 30 large and medium-sized ports which are engaging in container business
and located coastally or inland in China. The survey was carried in two waves to
ensure the response rate. 29 of the 181 returned questionnaires were discarded owe
to the reason of data integrity or information missing. The response rate was
therefore 25.3% (152/600), an acceptable value for logistics empirical research.

This study adopted the two-step SEM approach. Firstly, the validity of the
measurement model, including unidimensionality, reliability, convergent validity,
and discriminant validity, was assessed by using CFA. Secondly, the model
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validation by SEM software can be applied to estimate the structural model, which
was followed by the explanation of the good-of-fit the model and the structural
relationship between PLC, PCA and PP.

Empirical Analysis and Results

Results for the Measurement Model

Factor analysis was conducted for the loading values of the items belong to the
sub-factors of the PLC, PCA and PP. All the item loadings are acceptable (>0.70),
and they were statistically significant (p < 0.05), which indicates that the
conceptualization and the decoding of PLC, PCA and PP are all acceptable for
unidimensionality.

The construct reliabilities of PLC, PCA and PP are assessed by Cronbach’s
Alpha, composite reliability, and average variance extracted (AVE). Table 39.2
shows the means, standard deviations (SDs), AVE, correlations, and composite
reliability values for each of constructs. The reliability values are above 0.70, which
are acceptable.

In the paper, PLC, PCA and PP, are conceptualized as second-order constructs
which are composed of five, three and four factors respectively. Beside the general
first-order CFA analysis, SEM powered by AMOS software can also support fit
statistics analysis for high-order factor model. Table 39.3 shows the fit statistics
analysis of the first-order and second-order model. The RMSEA, CFI and NNFI
values from the table indicate a reasonable model-data fit of the measurement of
constructs and the existences of the high-order constructs PLC, PCA and PP.

Results for the Structural Model

As for the structural model conceptualized shown in Fig. 39.1, structural model
results are obtained by applying AMOS to the samples and the results of path
diagram are displayed in Fig. 39.2. The model fit indices are y*/df = 2.17 (<3.0),
RMSEA = 0.065 (<0.08), CFI = 0.91 (>0.90) and NNFI = 0.92 (>0.90), which
indicate that the model adequately fits the data. The path coefficients between PLC,
PCA and PP are, 0.58 (+ = 3.81), 0.65 (t = 4.12) and 0.37 (t+ = 2.18), which are
statistically at the level of 0.05. The data supports the formed claim that PLC has
significant and positive, and direct impacts on PP, namely hypotheses H1. H2 and
H3 are all confirmed.

Based on the standardized coefficients of hypotheses, indirect effects and total
effects can be calculated, as shown in Table 39.4. The standardized coefficient of
indirect effect of PLC on PP is 0.21, indicating that PLC can have a direct, positive
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Table 39.2 Results of reliability assessment

Items Mean SD 1 2 3 4 5
PLC

1.POS 3.70 0.73 0.86°

49 0.79°

2INT 3.96 0.69 0.52% 0.86°

(39 0.79°

3.INF 3.34 0.64 0.56* 0.39% 0.86°

(3% 0.79°

4.0PE 333 0.63 0.39 0.33 0.59% 0.86°

49 0.79°

5.AGI 3.24 0.88 0.18 0.12 0.08 0.15 0.86°
39 0.79°
PCA

1.pCC 3.37 0.67 0.74*

4% 0.71°

2.SRV 3.65 0.72 0.32% 0.82°

(39 0.76"

3.MAR 3.84 0.82 0.42% 0.53* 0.87°

(3% 0.83°

PP

1.PRO 3.74 0.85 0.85°

2% 0.71°

2.FIN 3.69 0.81 0.68* 0.79*

(39 0.75°

3.80C 3.53 0.77 0.37* 0.21% 0.82°

4% 0.79°

4.SAT 3.49 0.72 0.36 0.23 0.49% 0.88°

4% 0.76°

Note: (1) *correlation is significant at the 0.05 level (two-tailed), (2) “composite reliability;
l’average variance extracted, (3) “number of sub-item

influence on PP as well as an indirect one through PCA. And the total effects value

is 0.86, which is a considerable high path coefficient.

Conclusion and Limitations

The paper is engaged to justify the elements and structural relationships among
port logistics capability, port competitive advantage and port performance in
container transport. The empirical research also supports the recognitions of the
inner leverage power of logistics capability on port performance and the outer
means value of logistics capability for port competitive advantage. Firstly, during
the construction of port logistics capability in the era of global logistics and
SCM integration, more attentions should be paid to the intangible factors e.g.
strategic positioning, integration, operation and agility besides the infrastructure.
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Table 39.3 Results from CFA model for PLC, PCA, PP

items Ve Df 2ldf p RMSEA CFI NNFI
PLC? 421.56 154 2.74 0.079 0.91 0.92
POS 7.19 5 1.438 0.207 0.040 0.99 0.99
INT 3.348 3 1.116 0.490 0.035 0.99 0.97
INF 3.855 3 1.285 0.112 0.062 0.99 0.99
OPE 7.24 5 1.447 0.146 0.069 0.97 0.98
AGI 5.17 3 1.724 0.231 0.053 0.99 0.99
PCA* 221.88 85 2.61 0.072 0.94 0.91
PCC 8.872 4 2218 0.174 0.053 0.98 0.99
SRV 9.452 4 2.363 0.369 0.042 0.99 0.99
MAR 5.526 3 1.842 0.203 0.032 0.97 0.97
PP? 201.40 95 2.12 0.076 0.92 0.93
PRO 4.854 2 2.427 0.197 0.051 0.98 0.99
FIN 5.502 3 1.834 0.492 0.045 0.98 0.97
SOC 9.615 5 1.923 0.182 0.068 0.99 0.99
SAT 6.966 3 2322 0.177 0.071 0.99 0.99

Note: (1) *First-order items, (2) RMSEA root mean square error of approximation, CFI compara-
tive fit index, NNFI nonnormed fit index

Note: (1) x2=581.564, df=268, 2/df=2.17(<3.0); RMSEA=0.065(<0.08);
CFI=0.91(>0.9); NNFI=0.92(>0.9);
(2)** Significant at level of 0.05(two-tail test)

Fig. 39.2 Result of hypotheses test basing on SEM

Table 39.4 Statistics Results of structural equation model

H Total effects Direct effects Indirect effects Result

Hl1 0.86 0.65%*(4.12) 0.21 = 0.58 x 0.37 Support
H2 0.58*%*(3.81) 0.58**(3.81) Support
H3 0.37*%(2.18) 0.37%*%(2.18) Support

Note: (1) RMSR = 0.065; CFI = 0.91; NNFI = 0.92; (2) **significant at o < 0.05; (3) H1 for
PLC — PCA, H2 for PLC — PCA and H3 for PCA — PP
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Secondly, effectiveness-oriented performance counts for more in the all-around
port performance evaluation which making breakthrough out of efficiency
or financial-focus measurement limits. Thirdly, port competiveness advantage do
has positive impacts on performance; whereas, port logistics capability can also
convert the better perform in competitive market to the comprehensive promotions
in production, finance, satisfactory perception and social performance.

Due to the limits in the samples and first-hand resource, there are some
limitations in this research. (1) The absence of longitudinal and historical analysis
basing on specific container port; (2) The lack of evaluation from the view of
shipping lines, forwarders, consignee, and local community parties besides the
angle of port itself. (3) Without the consideration of third-party for the investigation
of service satisfactory. Further research in port logistics should be done to
overcome the mentioned issues for more persuasive findings.
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Chapter 40
Socially Responsible Supply Chain
Coordination from Brand Equity Perspective

Rong Wang and S.H. Ying

Abstract The issues in socially responsible supply chain coordination from brand
equity perspective are discussed in the current study. Socially responsible supply
chain coordination that integrates all efforts of CSR initiatives from brand distributors
to upstream partner-suppliers shall be surely needed within the uncertainly
globalizing and networklizing knowledge economy era. This paper develops a five-
step CSR performance evaluation from brand equity perspective for modeling and
analysis of socially responsible supply chain coordination and shows relevant optimal
coordination strategies to improve and reconcile economic, social and environmental
benefits of all partners in the socially responsible supply chain system.

Keywords CSR ¢ Socially Responsible Supply Chain ¢ Supply Chain Coordina-
tion ¢ Brand Equity Perspective

Introduction

China has become the world’s second largest economy, with Japan surrendering its
42-year-old ranking after its economy shrank in the final months of 2010.
According to the primary accounting statistics issued by National Bureau of
Statistics of China on February 22, 2012, China’s annual GDP in 2011 is
47,156.4 billion yuan (7.3 trillion U.S. dollars), up by 9.2% over the previous
year and more than 90-times bigger than the 1978 introduction of economic reforms
with 364.5 billion yuan (216.4 billion U.S. dollars), exhibited in Fig. 40.1.
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Fig. 40.1 China GDP and GDP Annual Growth Rate in 1978-2011 (Source: Created from
Statistical Communiqué on the Annual National Economic and Social Development, National
Bureau of Statistics of China, 1978-2011; China Statistical Yearbook 1978-2011)
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Fig. 40.2 China Exports and Imports as a Share of GDP in 1978-2011 (Source: Created from
Statistical Communiqué on the Annual National Economic and Social Development, National
Bureau of Statistics of China, 1978-2011; China Statistical Yearbook 1978-2011)

Asillustrated in Fig. 40.2, China’s annual total foreign trade in 2011 reaches 3.6421
trillion U.S. dollars, up by 22.5% over the previous year and more than 175-times
bigger than the foreign trade volume 20.6 billion U.S. dollars in 1978. After more than
30 years of development since the launch of the reform and opening-up policy, China
now is the world’s biggest exporter and the world’s second largest importer, with
annual exports up 20.3% to $1.8986 trillion and annual imports up 24.9% to $1.7435
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trillion in 2011. It is now well known that China is one of the three pillars of the global
economy together with the United States and the European Union.

However, a serious urgent issue of global consequences as well as a major obstacle
in the process of China’s economic development is a lack of corporate social
responsibility involving in consumer responsibility, transaction process responsibil-
ity, employee responsibility, community responsibility, environment responsibility,
and so forth.

The issue of social responsibility is first presented by Bowen who sets forth an
initial definition of the social responsibilities of businessmen: “It refers to the
obligations of businessmen to pursue those policies, to make those decisions, or
to follow those lines of action which are desirable in terms of the objectives and
values of our society” (Bowen 1953). Carroll traced the evolution of the Corporate
Social Responsibility (CSR) concept and proposed a universal four-part definition
of CSR as following: “The social responsibility of business encompasses the
economic, legal, ethical, and discretionary expectations that society has of
organizations at a given point in time” (Carroll 1979, 1991). Wartick and Coghran
traced the evolution of the corporate social performance model by focusing on three
challenges to the concept of CSR: economic responsibility, public responsibility,
and social responsiveness (Wartick and Coghran 1985).

The green business guru Elkington convincingly argues that twenty first century
business leaders should satisfy the triple bottom line that is economic, social and
environmental sustainability (Elkington 1998). According to the standard definition
of the European Commission which describes CSR as “a two-dimensional concept
whereby companies integrate social and environmental concerns in their business
operations and in their interaction with their stakeholders on a voluntary basis”
(Commission of the European Communities 2001).

Nowadays the general agreement on the new notion of “product” is defined not
only embedding with goods and services, but also social and environmental behaviors
and obligations. And the companies shall commit to social accountable conduct, full
compliance to applicable national and international laws and respect for human rights
in the spirit of internationally recognized social accountable standards, such as
SA8000 (Larson and Cox 2003). The SAI’s first social accountability system,
SAB8000, is a way for retailers, brand firms, suppliers and other organizations to
maintain just and decent working conditions throughout the supply chain. Further-
more the SA8000 firms are required to apply these same standards to their own
suppliers and to support this through monitoring social accountable practices.

CSR issues surrounding supply chains have only recently come to the fore, notably,
in the context of conceptual and survey studies. Carter and Dresner examined environ-
mental risks in supply management based on case studies that tapped the perspectives
of purchasing managers and the managers in multiple, additional functional areas with
whom they interacted when initiating environmental projects (Carter and Dresner
2001). Roberts concerned labor practices of ethical sourcing initiatives and effective
approaches to managing sustainability issues in supply networks (Roberts 2003). Carter
and Jennings empirically identified the dimensions of purchasing involvement in CSR
and applied the label purchasing social responsibility (PSR) (Carter and Jennings
2004). Wang focused on social responsible supply coordinating relationship and
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strategies based on the social responsible “relational rent” (Wang 2005). Cruz consid-
ered the behaviors of various decision makers on the impact of corporate social
responsibility in supply chain management and showed that social responsibility
activities can potentially reduce transaction costs, risk and environmental impact
(Cruz 2009).

Nevertheless, socially responsible supply chain coordination that integrates all
efforts of CSR initiatives from brand distributors to upstream partner-suppliers
shall be surely needed within the uncertainly globalizing and networklizing knowl-
edge economy era. The current study develops a CSR performance evaluation from
brand equity perspective for modeling and analysis of socially responsible supply
chain coordination and shows relevant optimal coordination strategies to improve
and reconcile the economic, social and environmental benefits of all partners in the
socially responsible supply chain system.

CSR Performance Evaluation from Brand Equity Perspective

Many management research literatures confirm that CSR has positive and distinct
effects on financial value of brand equity (Sen and Bhattacharya 2001; Brammer
and Pavelin 2004; Fombrun 2005; Tingfeng et al. 2007; Zhou and Zhang 2007; Chi-
Shiun 2009; Haiqin 2010; Hoyer and Brown 1990). Keller defines customer-based
brand equity as the differential effect of brand knowledge on consumer response to
the marketing of the brand and conceptualizes that customer-based brand equity
occurs when the consumer holds some strong, favorable, and unique brand
associations in memory. As to how to build customer-based brand equity, Keller
designed the classical Customer-Based Brand Equity (CBBE) model thought of
four steps, where each step is contingent on successfully achieving the previous step
(Keller 1993, 2001). According to the CBBE model, the first step is to establish the
proper brand identity, that is, establish breadth and depth of brand awareness. The
second step is to create the appropriate brand meaning through strong, favorable,
and unique brand associations. The third step is to elicit positive, accessible brand
responses. Furthermore, these brand responses can be distinguished according to
brand judgments and brand feelings depending on whether they stem from the head
or heart (Keller 2007). And the final step is to forging brand relationships with
customers that are characterized by intense, active brand loyalty.

Chaudhur and Holbrook emphasized that the brand Loyalty can be broken down
into two key dimensions: behavioral loyalty (as well as purchase loyalty) and attitudi-
nal loyalty. The behavioral loyalty consists of repeated purchases of the brand, whereas
the attitudinal loyalty includes a degree of dispositional commitment in terms of some
unique value associated with the brand (Chaudhuri and Holbrook 2001). Both attitudi-
nal loyalty and behavioral loyalty link to better corporate reputation (or corporate
goodwill) with greater market share and premium in the marketplace.

Therefore, on the basis of the fore research literatures, especially, the standard
CSR definition of the European Commission and the Keller’s customer-based brand
equity model (Commission of the European Communities 2001; Keller 2001,
2007), this paper proposes a five-step CSR performance evaluation from brand
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equity perspective in Fig. 40.3 for modeling and analysis of socially responsible
supply chain coordination, which maps out component analysis and management of
CSR brand equity.

The critical components and the key drivers of the five-step CSR performance
evaluation from brand equity perspective are identified as follows: voluntary and
sustainable CSR effort; positive and trustworthy brand awareness; strong and
favorable brand associations; intense and desirable customer reactions; and intense
and desirable customer loyalty.

Models and Assumptions

For analytical convenience, the modeling framework considering the socially
responsible supply chain with two members: one brand firm and one upstream
partner-supplier. Firstly, the notations and assumptions in the models developed
will be stated in details as following:

It is clearly seen from Fig. 40.3, since the voluntary and sustainable CSR efforts
are important in building CSR brand equity regarded as vital intangible assets to
corporate equity, which is determined by better corporate reputation or corporate
goodwill with greater market share and premium in the marketplace.
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Suppose the brand firm and his partner-supplier can exert the total investment on
CSR efforts e, and ey, respectively. Clearly it can generate the market demand
functions about aggregate impact of both investment parameters D(e,,, e;) and can
let D(e,,, €,) be continuously differentiable on (e,,, e5) € (0,00) x (0, 00) and using
right-hand derivatives at 0, strictly increasing in both parameters. And then we find
the brand firm’s expected market demand under the sort of goodwill is

D(epm, e5) = Do — ey ey ” (40.1)

where Dy, a and f are constants; a and f is the leverage rate of CSR efforts ¢,, and
e, respectively, a > 0, f > 0; Dy is the potential market demand which is
implemented relying on both CSR efforts ¢,, and ey, that is, either ¢, or ¢ is O,
the actual market demand D (e, e;) shall turn to be disappeared due to the infinitely
negative leverage rate of CSR efforts ¢,, or e,.

Next consider the brand firm and his partner-supplier can gain the marginal
revenue MR, and MR, respectively, and suppose MR,, and MR, are constants for
analytical convenience. We now show that the brand firm’s and his partner-
supplier’s expected revenue function under the sort of goodwill is as shown by
express (40.2) and (40.3), respectively:

ﬂm(emy es) = MRm : D(ema es) —€m

= MR,, - (Do — e,,f"e;ﬁ) —en (40.2)
ﬂs(emves) = MR, - D(emaes) — €

= MRy - (D — e, “es ) — e, (40.3)

At first, from the view in non-cooperative static games, the two members choose
strategies simultaneously and are thereafter committed to their chosen strategies,
i.e., these are simultaneous move, one-shot games. So we have the following:

Max m,, = Max [MR,, - (Do — e,,,_“ex_ﬁ) — e

req r.es
s20<r<l,e,>0 (40.4)
Max g = Max [MR; - (Do — em %eg P) — e

st0<r<l,e, >0 (40.5)

From differentiation,

O
dey,

Ong
Odeg

=MR,, -ae, “ e, —1=0 (40.6)

= MRy - fe,, %e, P71 —1=0 (40.7)
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Thus the Nash equilibrium in non-cooperative static games is found

== [(,. pe1]
o (L N (@ MRy 40.8)
MR, - aes™" (8- MR,
- f r . a+1 W
o = e N\ % (40.9)
MR, - fen— (@ MR,)

Asa > 0, > 0, observe the above express (40.9) that the optimal strategy e,,*
and e;* are positive relevant with the member’s marginal revenue (i.e. MR,,, MR,)
and the leverage rate of CSR efforts (i.e. a, f) respectively, whereas negative
relevant with the partner’s marginal revenue (i.e. MR, MR,,) and the leverage
rate of CSR efforts (i.e. f, a), respectively. In other words, no one of them has
incentive to implement pareto optimal policy for socially responsible supply chain
coordination in non-cooperative static games.

Cost Sharing Contract Coordination

Next considering in the case of socially responsible supply chain coordination
strategy with cost sharing contract, the brand firm shall provide seriously a share
rate of (0 < r < 1) of the total investment of partner-supplier’s CSR efforts ey,
while the upstream supplier will be proposed a share of 1 — r, (0 < r < 1).

Consequently, as the Stackelberg follower, the supplier makes his own investment
strategy of the CSR efforts is dependent upon the corresponding “share rate” of
coordination strategy with cost sharing contract of his downstream partner-firm. For
the brand firm may offer a “share rate” as the incentive for the supplier to increase
CSR efforts and to be socially responsible partner integrated into the social responsi-
ble supply chain so as to improve his own aggregate goodwill. Thus it can be seen, as
the Stackelberg leader, the brand firm must make the investment and “share rate” of
coordination strategy with cost sharing contract first and then the partner-supplier
observes this strategy and makes his own investment strategy choice.

Consider the above Stackelberg equilibrium policy, letting the brand firm first
make investment level e,, on his own CSR efforts and “share rate” r of the
investment of partner-supplier’s CSR efforts.

In virtue of backwards induction, firstly, find the supplier’s optimal CSR policy
as a response to any strategies made by the Stackelberg leader:

Omy  OIMR, - (Do — en %es ) — (1 —r)ey]

ey Oeg
= MR, - fe,, e, P 1 —(1-7r)=0 (40.10)
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Therefore, the investment of partner-supplier’s CSR efforts generated is
expressed as following

Asa > 0,5 > 0,0 < r < 1, then the following propositions may be given from
the express (11),

Proposition 1. The optimal strategy e,** for partner-supplier is positive relevant
with the “share rate” r, besides his marginal revenue (i.e. MR,) and his leverage rate
of CSR efforts (i.e. f);

Proposition 2. The optimal strategy e;* is negative relevant with his partner-firm
exerting the total investment on CSR efforts ¢,, and leverage rate of CSR efforts a.

From these two propositions, it can be able to observe that, in addition to the
marginal revenue MR and leverage rate of CSR efforts f, the partner-supplier only
has incentive to increase his investment on CSR efforts as the brand firm increases
the “share rate” r. Even if the brand firm solely increases investment level e, and
the leverage rate a on his own CSR efforts, his partner-supplier prefer to be a “free-
rider” of partner’s goodwill effect so as to have incentive to reduce the investment
on CSR efforts instead.

Secondly, find the optimal CSR policy for the brand firm anticipating the
response by his partner-supplier.

Max z,, = Max [MR,, - (Do — e,, “e,P) — e,, — rey]

r«,"x ]‘\EV

s.0<r<l,e,>0 (40.12)

Intuitively, the brand firm chooses the best possible point on his follower’s best
response function.

Max r,, = Max {MR,, - [Dy — em %(es) "] = em — r(es*)}

s.0<r<l,e,">0 (40.13)

From differentiation,

aﬂm o a{MRm : [DO - emia(es**)iﬁ] — €y — F(ES**)}
or Oey,

=0 (40.14)

Then,

r**_%i,s:—w“) MR,,

> 41 (40.15)
MR, )
Wi p MR,
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Considering 0 < r < 1, only as %ﬁj > f + 1, the brand firm shall provide the

“share rate” r(0 < r < 1) for partner-supplier’s CSR efforts. And propositions is
given below,

Proposition 3. The “share rate” r is positive relevant with firm’s marginal revenue
(i.e. MR,);

Proposition 4. The “share rate” r is negative relevant with his partner-supplier’s
marginal revenue MR, and his leverage rate of CSR efforts /.

In the same way from differentiation,

a7l'm _ a{MRm : [D() - emia(es**)iﬂ] —€m — r(es**)}

— =0 40.16
Oep, Oey, ( )
Then we have the following Stackelberg equilibrium policy,
1
1 p a+p+1
em** — |flﬁ+1 <> . (MRm _/)7 . MRV)‘| ,
p (40.17)
MR,
> 1
MR, — Pt

Asa>0, >0 and %L;e’: > f+ 1, then the following propositions may be
given,

Proposition 5. The firm’s optimal strategy e,,,** is positive relevant with his marginal
revenue MR,, and leverage rate of CSR efforts a, whereas negative relevant with the
partner’s marginal revenue MR and the leverage rate of CSR efforts /.

Aggregating the Propositions (1) and (5), it can be reached the “share rate (r)”
shall be the critical contract clause to coordinate the socially responsible supply
chain to implement Pareto optimal policy with cost sharing contract.

Conclusion

The purpose of the current study is to develop a five-step CSR performance
evaluation from brand equity perspective for modeling and analysis of socially
responsible supply chain coordination and show relevant optimal coordination
strategies to improve and reconcile economic, social and environmental benefits
of all partners in the socially responsible supply chain system.

The critical components and the key drivers of the five-step CSR performance
evaluation from brand equity perspective are identified as follows: voluntary and
sustainable CSR effort; positive and trustworthy brand awareness; strong and
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favorable brand associations; intense and desirable customer reactions; and intense
and desirable customer loyalty.

From all propositions in the socially responsible supply chain coordination strategy
with cost sharing contract, it notes that the “share rate ()" shall be the critical contract
clause to coordinate the socially responsible supply chain to implement Pareto optimal
policy in Stackelberg games to achieve the fully integrated social responsible supply
chain performance, along with improving and reconciling economic, social and
environmental benefits of all partners in the socially responsible supply chain system.
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Chapter 41

Prediction Analysis of Logistics Demand
in ShanXi Province Based on Gray
System Theory

Hai-lan Wang and Dao-zhi Zhao

Abstract With the resource-based economy transition in Shanxi Province, the
demand of logistics and freight will be further increased in the future, it is necessary
to analyze the history and estimate further logistics demand in Shanxi Province.
This paper regards gray systematic theory as guidelines, based on the present
situation of logistics demand and actual data in Shanxi province, establishes a
gray forecast GM(1, 1) model, then forecasts the next 5 years logistics demand of
Shanxi province, based on this, develops the logistics development plan from the
government level and corporate level, according to some calculation, which could
provide a quantitative base for government to plan the development of logistics.

Keywords Forecasting « GM(1, 1) « Logistics demand « Model

Introduction

Shanxi is an important energy resource province in China’s Midwest junction,
exploiting the accessibility of geographical advantages and energy chemical indus-
try base of industrial advantages, a modern logistics center is actively building
around the Bohai Sea, the Yellow River region, and logistics demand and freight
volume are presenting increasing trend by degrees year after year. Meanwhile, with
the resource-based economy transition in Shanxi Province, comprehensive reform
pilot area is approved, it can foresee that the future of logistics and freight demand
will further increase, logistics services of the road logistics industry will also be
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further enhanced. Therefore, it is necessary to analyze the history of logistics
demand in Shanxi Province to predict future demand for logistics.

There have been lots of logistics analysis and forecasting researches based on
gray system theory, most of the scholars establish model then predict based on
existing historical data. Xianbing Ping establishes a theoretical model based on gray
system, then applies DPS9.50 standard edition to test the accuracy, which has a
certain credibility and scientific (Xianbing Ping 2010). Fangbing Niu predicts the
logistics demand in Shandong in the next 5 years according to GM(1, 1) model and
actual data (Fangbing Niu 2011). As the founder of the gray system theory, Julong
Deng analysis the gray system at the theoretical level deeply (Hassan and Gibreel
2000). Hassan Y puts forward the principle of consistency and safety evaluation on
demand forecast (Murray and Mahmassani 2003). These research results provide a
theoretical and methodological basis for this paper research.

The paper establishes a gray forecast GM(1, 1) model, then forecasts the next
several years logistics demand of Shanxi province, according to some calculation.
Different from the other papers, the paper is not limited by model data, but based on
this, develops the logistics development plan from the government level and
corporate level, according to the characteristics and trends of the logistics needs
as well as the fair market analysis and research.

Construction of the Gray Predicting Model

Logistics system, much interfered by unpredictable factors, is a complex and
uncertain system, it not only contains certain information but also contains
unknown or uncertain information. Uncertain method is needed to forecast the
logistics system, while gray system theory, which study and predict unknown
information by known information, is providing a new way to solve the systematic
problem of poor information. Based on the Gray system theory, this paper
constructs a gray system theory Model of the planning of logistics industry in
Shanxi Province, GM(Gray Model) can make global observation of the develop-
ment and changement of the studying system, and also analyze and make long-term
forecasts (Julong Deng 1998). It is the most common model with only one variable
in first order differential equation prediction model, the base of the gray forecast.
The model requires data with less simple in principle, calculate the amount of
moderate, high precision results and many other advantages, and on this basis,
make a scientific prediction of the logistics needs of Shanxi province.

Calculation Steps

First step: suppose the original sequence of number as
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Second step, make a accumulated generating operation to generate a new sequence
of number as

Among them:

And xXO(1) =xD() k=1,2,....n
Third step: Construct matrix B and
vector Y,

Use least square method to get the coefficients a and b

P= (Z) = (8"B)'B"Y,
Fourth step: get the GM(1, 1)model

{Xa)( ):( 0(1) b/a)e*awb/a (41.1)

Equations (41.1) and (41.2) are predictive equation of the GM(1, 1) model, £©
(k+ 1) is predicted value, —a is development coefficient. b is gray action, —a

reflects the development trend of W and 20

Accuracy Analysis

First step: to test the applicability of the GM(1, 1) model.

When —a < 0.3, GM(1, 1)can be used for long term forecasting; when 0.3 < —a
< 0.5, GM(1, 1) can be used for short-term forecasts and long-term forecast use
with caution; when 0.5 < —a < 0.8, GM(1, 1) for short-term forecasts should be
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Table 41.1 Testing of the accuracy grade reference table

The grade of accuracy of critical value Mean variance ratio C Small error probability p
Good <0.35 >0.95
Qualified <0.50 >0.80
Unsatisfactory <0.65 >0.70
Fail >0.65 <0.70

very cautious, when 0.8 < —a < 1, should use residual fixed GM(1, 1) model;
when —a > 1, should not use the GM(1, 1) model (Hauser John and Don Clausing
1988; Cong Peng 2012).
Second step: using a posteriori residual to test precision of the GM(1, 1) model.
The mean and variance of the original data:

1< 1< ) Py
0 == ;x,@) s?=23 (x,@) ﬂz(o)) 5= (41.3)

Residual mean and residual variance:

0 — % z; g0 52— % Z (e,-<°> — g(°>)2 5, = nsizl (41.4)
A posteriori residual ratio C and small error probability p:
C = s./5y
p=P{|& — & <0.67455.} (41.5)

According to the value C or p, contrast with form of the gray prediction model’s
precision grade, to ascertain the precision of the model, as is shown in Table 41.1.

Construct and Test the Logistics Demand Prediction Model

Selection of Predictors

During the whole logistics process, transport is a fundamental activity. Although
the demand for transport can not reflect all of the logistics needs, throughout the
logistics activities, it is the key link to achieve the displacement in the logistics
course, bond to contact the other logistics services, it can determine the amount
of the logistics. According to statistics, the region’s annual transportation costs
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Table 41.2 The actual

. Year Actual volume  Forecasting volume  Offset value
volume of Freight and

Forecast Volume of Freight 2001 61,489 61,489 0
Statistics (2001-2010) 2002 65,098 64,364 734
million tons 2003 67,671 67,245 426
2004 72,621 72,223 398
2005 76,201 76,879 —678
2006 78,513 79,294 —1781
2007 82,084 81,396 688
2008 66,709 67,973 —1,264
2009 54,786 53,545 1,241
2010 60,819 59,896 923

accounted for more than half of the total cost of logistics. Therefore, the amount of
logistics needs is based on the traffic volume, and traffic is generally be measured
based on volume of freight.

Data provided by the Shanxi Statistical Yearbook, volume of freight during
2001-2010 is used as reference quantity for model forecast to represent the actual
logistics demands, based on this, the paper build a gray forecasting model, the
specific data shown in Table 41.2.

Analysis of Model Data

First, set up the sequence of volume of freight as

xO (1) = (61489, 65098, 67671,72621, . .. 54786, 60819)

Second, make a accumulated generating operation to generate a new sequence
of number as

XV (1) = (61489, 126587, 194258, 266879, . .. 685991)

Cumulative matrix as:

—1(61489 + 126587) 1 65098
| 67671
— (126587 + 194258) 1 o

B = : S|y = :
—3(570386 + 625172) 1 54786
~1(625172 + 685991) 1 0819

(SN

52712.315

-

) _ (5'B) By, = <—0.069003)
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Then calculated, —a = 0.069003 < 0.3, therefore, here can use for long-term
forecasting.
Calculated to get the Shanxi Province logistics needs GM(1, 1), as follows:

2D (k + 1) = 8633770069003 _ 763913 (41.6)
X(())(k—i— 1) = )2(1>(k +1) —)2(1>(k) (41.7)

According to formula (41.7), then calculate the predicted value and relative error
of the logistics needs of 2001-2010 shown as Table 41.2. Put the relevant data into
(41.3), (41.4) and (41.5) and make a posteriori residual test, will get the result as:

C =0.12431 < 0.35, p=0.96 > 0.95

Therefore, it is believed that the model can be applied with good accuracy
(Tianshe Yang et al. 2005; Zhuwen et al. 2004; Yufeng et al. 2004).

Discussion

Through Gray theory model predictions, we can get that logistics demand of Shanxi
in the year of 2011-2014 are 620.19 million tons, 641.19 million tons, 717.19
million tons, 867.37 million tons, showing increasing trend. These data largely
provided decision-making basis for the relevant departments to develop appropriate
logistics policies. In addition, from the data in Table 41.2, it can be seen that the
freight volume in 2005-2007 are in good posture, increased from 762.01 million
tons in 2005 to 820.84 million tons, due to the impact of financial crisis, the volume
of cargo in 2008 reduced, reduced to 667.09 million tons, to a certain extent,
indicating that the logistics industry was damaged. However, with the global
economic recovery, internal and external trade will become more active, so demand
for logistics will further increase (Ji-ying Zhang and Peng Xiao 2011; Ruo-bing Yu
2011; Bin 2011; Xian-zhen Guo et al. 2011; Ping-fan Liao et al. 2012).

With the implementation and promulgation of the “logistics industry restructuring
and revitalization of planning”, in order to promote modern logistics industry in
Shanxi Province in transition leaps and bounds, scientifically and rationally plan and
construct logistics service system, enable it to meet the further needs of economic
development, to take a more refined, accurate and effective measures to accelerate
industrial upgrading of the road logistics, continue to vigorously develop modermn
logistics industry is essential. Therefore, I recommend:

From the View of Government to Industry

First, accelerate the introduction of policies to encourage and support in the
construction and operation of logistics parks or road freight hub, in the priority of
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the arrangement on land using, enjoy the policy of industrial land; allows for
logistics enterprises implement the state-owned construction leaseholds years rent
system. through the leasing of state-owned land tenancy, annual rent is to reduce
the cost of inputs of the one-time land of enterprises.

The second is to establish and promote a modern logistics coordination mecha-
nism, and drawn up regulations, implementing rules and detailed guidelines to lead
the development of logistics industry.

The third is to perfect relevant industry standard to promote the intensification
and scale of the industry.

Fourth, vigorously advocate, and promote socialized and professional logistics
services, develop specialized, sophisticated and characteristic logistics services
market.

Fifth, take financial discount or subsidy, to foster large-scale logistics enter-
prises, and guide the integration of logistics resources and transformation and
upgrade traditional logistics.

Sixth, Promote regional logistics information platform construction, and
improve the wide application of IT in the “Internet of Things”, to play a better
role of technological progress and informalization on the support and leading of
development of the logistics industry.

View of the Development of Logistics Enterprises

First, actively integrate into the supply chain system, offer a comprehensive, high
quality of integrated logistics services, that is to say specialized, informationized,
refined, networked and “one-stop” logistics services to the core customers.

Second, integrate the advantage of scale network and node into the value of the
product stream system, and actively establish business relationship with supply
base as large enterprises and groups, customers, and maintain the stability of supply
and cooperative relations.

The third is to strengthen optimization, integration with industry resources, and
improve network coverage and intensification and scale.

Fourth, develop high access threshold, high value-added specialized, refined,
characteristic logistics to avoid the homogenization of the low-end competition, to
achieve differential development.

Fifth, speed up logistics informatization construction, form real-time tracking of
the various links of the logistics, effective control and throughout management,
improve logistics monitoring and response speed.

Sixth, accelerate the talent introduction and mechanism of long-term cultivation,
draw up scientific goals and plans, develop multi-level education system and job
training system, focus on the combination of short-term training and long-term
introduction to improve logistics practitioners the ability to operate.
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Conclusion

It plays an important role of analyzing the data model, which forecast the development
trend of science, planning, coordination, and guide the health of the logistics industry
in sustainable development, on the other hand, what the data model tells us will never
be the answer at best only for our judgment to provide information. This requires that
we develop appropriate logistics development plan according to the characteristics
and trends of the logistics needs as well as the fair market analysis and research,
government and enterprises move together to promote each other, to minimize total
logistics costs and improve the efficiency of logistics, support and promote healthy
and rapid development of economic in Shanxi promote transition across development.
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