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PROCESS DESGN AND EVALUATION
OF GLOBAL SOURCING STRATEGY AN
EXPERIENCE FROM THE US AVIATION
INDUSTRY

1{F

Department of Management

Amy Z. Zen
Worcester Palytechnic Institute USA my g

ABSTRACT This paper adopts the process viewpoint and examines the design and manage-
ment issues associated with the global sourcing process based on a case study at a leading firmin the
U. S. aviation industry. The effectiveness of the company s global sourcing process is evaluated the
design dternatives of the supply chain structure are compared and the critical issues of efficient
management of the process are summarized. Specifically three logistics-based criteria are devel oped
to indicate the effectiveness of the transportation and distribution network. The paper also demon-
strates that the process design can be assessed based on the dimensions of supply chain integration.
Finaly aflow-level matrix is developed to identify the critical issues of managing the global sourcing
process.

KEYWORDS globa sourcing logistics and distribution  process management  case study

1 INTRODUCTION

The most successful manufacturing companies are characterized by having their products devel-
oped in Europe and the U. S, manufactured in Asia and Latin America and sold worldwide. This
strategy in its more advanced form is known as global sourcing and is defined by Monczka and
Trent ® as the integration and coordination of procurement requirements across worldwide business
units looking a common items processes technologies and suppliers. These successful compa-
nies whose supply chains currently span the globe have spurned their remaining competitors to
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consider global sourcing as an important procurement strategy.

One of the findings provided by Peterson et a. ° indicates that the global sourcing structures
and processes including logistics processes supply chain processes and interorganizational infor-
mation systems are important to the effectiveness of global sourcing. However until recently busi-
ness process modeling and engineering has nat been a common approach to studying an organization s
effectiveness * . Bearing this mind and with the awareness that few previous research efforts have fo-
cused on the processes of global sourcing we have conducted a detailed study of the necessary pro-
cedures needed in the global sourcing process and identified the associated challenges. This effort is
accomplished by a comprehensive case study at a leading firm in the U. S. aviation industry and its
manufacturer in China. To protect the identity of the companies we will use Company P to refer to
the U. S. -based parent company and JV for the Chinese manufacturing joint venture throughout this

paper.
2 THE CASE STUDY

2.1 The Two Companies Involved in the Study

Company P is a leader in the design manufacture and support of engines for commercial  mili-
tary and general aviation aircraft and space propulsion systems as well as a pioneer in flight and in
technology. Since the competition is today s aviation industry emphasizes cost and reliability the
company dtrives to provide its customers with the services they need to concentrate on flying people
and cargo safely around the world. In a business that shrinks the globe Company P is truly world-
wide having representatives in 76 cities in 47 nations. Its partnerships and joint ventures have
reached to Asia and Europe and have kept the company at the forefront of flight.

In order to penetrate China which was forecasted in the late 80 s to have the greatest increase
in demand for jet engines over the next decade Company P was asked to provide China with certain
benefits as part of the overall purchase of Company P s jet engines. Chinas requests focused on hard
currency infusion and technology transfer. In order to comply with this agreement  Company P estab-
lished a joint venture in Chengdu Schuan Province Chinain 1996.

The joint venture in China is a green-field operation as a means to provide low cost machining
and manufacturing to Company P and to help meet the obligations to its purchase agreements with the
Chinese government. It is also the first joint venture established in the aviation industry of China.
The partners are Company P a local aircraft engine company and the Aviation Authority of China

AVAC . Company P isa50.5% owner and has supplied the capital and machinery for the project
while the local company provided the land and many of the first employees. In addition to the initia
investment Company P continues to provide technical assistance capita and todling for the JV.
The second partner which is a state owned local company owns 39. 5% of the JV and possesses
abundant land and a large number of skilled workers. The last partner AVAC is a state agency
contralling the aviation industry in China and its participation ensures that the Chinese Government
has influence over a foreign controlled company operating in China.

Management of the JV is very similar to that of the U. S. corporations and possesses three tiers
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a board of directors a general manager and the managers of the four main operating groups human
resources finance operations and quality. Snce Company P provided the mgjority of the capital
it contrals the day-to-day operation of the JV through placing its own employees in the positions of
General Manager Finance Manager and Operations Manager. These ex-patriots are contracted to
two-year assignment at the JV with the option to renew. Local employees manage the remaining func-
tional departments quality contra logistics and human resources. Manufacturing at the JV is divid-
ed into four mgjor centers. These centers manufacture three types of parts burner cans pin disks
and shroud assemblies. The JV is considered a world-class manufacturer of sheet metal fabrication
and its general machining quality competes with other experienced U. S. manufacturers.

2.2 The Characteristics of This Global Sourcing Process

In order to fully appreciate the complexity of implementing a global sourcing strategy three
characteristics that distinguish the aviation industry s supply chain from aother industries need to be
completely understood. First a regulated and specific procurement process for raw materials is re-
quired for the aircraft manufacturers which adds one more layer to the entire supply chain. Given
the nature of aircraft engines the quality of raw materials must meet the requirements of Federal A-
viation Association FAA . As aresult there are alimited number of raw material suppliersin the
world that satisfy the FAA standards and these suppliers are mainly located in Europe and North A-
merica. To overcome these difficulties  Company P has established two methods to acquire raw meate-
rials subassemblies and consumable raw materials—materials that are destroyed in the manufactur-
ing process. Detailed discussions of the pros and cons of the two relationships will be given in the
following sections.

The second challenge of the global sourcing process lies in the nature of the materials and prod-
ucts. In the aviation industry the goods are classified into the Spares Group and the Assembly
Group. The former group has an intermittent consumption rate due to the erratic nature of the over-
haul and repair business. This unpredictability stems from an increased reliance on just-in-time pro-
curement processes by aircraft owners and the fact that required repairs are nat fully realized until the
engine has been removed from the aircraft and partialy disassembled. Pressures on Company P are
further increased due to the high cost of having aircraft out of service. Repair shops hedge their bets
by ordering parts and then canceling the order once the engine problem has been properly diagnosed.
The Assembly Group has a well-planned part consumption rate but places incredible demands on the
procurement specialists.

If apart ismissing or late the Assembly Group will charge the procurement specialist responsi-
ble for this part at an hourly rate equivalent to the cost of shutting down production. Company P fur-
ther complicates its supply chain by differentiating external customer spare parts and parts needed for
internal engine assembly. The two groups Assembly and Spares manage separate physical locations
and part inventory data. The third characteristic is revealed by the high standard of quality and the
high value of the finished engine parts. Unlike those low valued consumer goods and commercial
merchandise that are commonly sourced in China the engine parts are normally of high value and
require complicated manufacturing facilities and techniques. The pin disks and burner cans are im-
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portant parts used on Company P s two popular commercial engine models.
2.3 Analysis of the Effectiveness of the Global Sourcing Process

The materials flow comprises the visible and physical artery of any supply chain. The materias
we consider in this project take on the following fooms raw materials such as metal sheets and
finished engine components and subassemblies. The emphasis of the project is placed on designing
and managing the sourcing process that links Company P and the JV.

In addition to the U. S. -based Company P and the JV in China there are cther key trading
partners in this globa sourcing chain.

1 Raw Material Supplier and Sub-tier Supplier As described before raw materials are sup-
plied through long-term agreements with suppliers that have passed a series of quality assurance tests
set forth by the FAA. The raw material suppliers are primarily located in the United States and Eu-
rope. China presently does nat have the acceptable mining and metallurgical resources to provide the
raw materials nor does the JV have the financia ability to purchase the raw meterials directly from
the suppliers.

2 The International Product Center at Company P is comprised of a number of people in-
volved in technical assistance quality management and materials management. This center repre-
sents the central point of the supply chain starting monitoring and contralling various chain activi-
ties.

3 Freight Forwarders/International Expeditors Their typical services include air and ocean
freight forwarding brokering vendor consolidation customs clearance marine insurance distribu-
tion and other value added global logistics services.

4  Export Management Agency A firm that helps a domestic company becomes involved in
foreign sales. It often locates foreign firms that can be licensed to manufacture the product in the for-
eign country and takes care of the details involved in exporting.

5 Customs Customs procedure is a typical and important requirement when goods need to
go across borders. In this case since the V does not import anything for sale within China and
Company P is a protected industry there are no duties that need to be paid at both frontiers. Howev-
er the container materials must pass the* bug law' set forth by the U. S

Based on the availability of the informeation and data at the two companies and the possibility to
derive the needed parameters we have adopted three measures to evaluate the effectiveness of the
transportation and distribution network. The three measures are explained as follows.

2.4 Process Cycle Time

This parameter consists of two portions. The firgt is the manufacturing time at the IV which is
on average three weeks for each order batch. The other is the total transportation lead-time which is
spent on a series of events that take place when moving materials between the two companies. The
transportation lead-time is most difficult for accurate estimation and yet an important indicator of the
operational effectiveness of the global sourcing strategy. For this study we have learned that the de-
livery process typically begins with consolidation involves the transfer of the consolidated goods to
the airport/sea port by rail or truck storage in warehouses loading actual transit unloading Cus-
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toms clearance transfer to the destination and ends with receiving. Based on the locations of the

two companies five transportation modes are considered possible al air  weter-rail full container

load W-R FCL  water-rail less than container load W-R LCL  water-truck full container load
W-K FCL  and water truck less than container load W-K LCL .

Due to the number of stopping points and trading partners involved a high degree of uncertain-
ty and a high possibility of delay and damage may occur. We have compiled two time figures for each
activity an absolute time value under a normal condition under which every step is completed cor-
rectly and a delay caused by reasonable and yet unexpected events such as a ssorm . Using total
transportation lead-time can also quickly identify the preference of transportation mode. The data
clearly shows that air shipment involves lowest uncertainty and requires the shortest amount of deliv-
ery time. Honever at least two congtraints may limit the use of air the shipping quantity of each
delivery and the freight cost. In what follows we will discuss how to take logistics cost into consider-
ation when evaluating the possible delivery alternatives.

2.5 Logistics Cost

The second useful measure of the global sourcing process is cost. As pointed out by Murphy and
Daley * logistics problems have posed the biggest challenge to U. S. -based firms in global sour-
cing hence logistics cost is frequently used when making outsourcing decisions. The first step in
dealing with logistics cost is to identify the cost items. To accommodate the two companies concerns
and situations we have classified the cost elements into a Six category system transportation  inven-
tory holding administration customs charges risk and materia handling and packaging with
each category consisting of a number of cost items.

The second step in dealing with the cost is to calculate the total for each transportation mode. In
our case al cost elements can be converted to a per-shipment basis for a given annual shipping fre-
guency and an annual demand and hence the total cost per shipment can be obtained and then an
annual cost figure can be derived. We have used the dightly modified data to complete the calcula-
tions for various scenarios. For each scenario determined by the annual shipping frequency and de-
mand the results are organized into a cost matrix. Note that the average unit value or unit weight of
the two magjor outsourced parts namely pin disks and burner cans and their aggregate demand are
used in calculations. The matrix format is a convenient way to display the total logistics costs based
on export and import activities and further to compare the economic performance of various transpor-
tation modes. We see that the quickest service with the lowest variability provided by air is compen-
sated by a higher cost. Therefore seeking a balance among reliability speed and cost is essentia
and inevitable.

To account for the logistics cost invalved in this global sourcing process we have designed two
computational procedures. The first procedure consists of five steps (1) determine evaluation abjec-
tive (2 identify transportation alternatives (3) select evaluation criteria (@) classification of criteria
into one of the three groups weight-based value-based and frequency-based and (5) calculation.
We have illustrated how this framework can be implemented using the data we callected from the two
companies in the case study ® . The framework not only identifies the key logistics cost items  but
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also suggests a way of quantifying each of the cost elements. The computational part of the framework
can be easily implemented on spreadsheets and offers substantial flexibility to accommodate assess-
ment of various transportation aternatives and sensitivity analysis. The second procedure treats the
annual shipping frequency as a decision variable and relies on an optimization modeling technique.
Maost of the input data from the first procedure can be used in the optimization model and the end re-
sults are same.  Details can be found in ° .
2.6 Cost-to-Value Ratio
Frequently transportation/logistics managers are concerned with the percentage of the value of
the outsourced parts that is spent on the logistical activities. The cost figures in the cost matrix can
help abtain a series of percentages of the logistics cost relative to the values of raw materials value-
added services or the finished parts respectively. These percentages are extremely useful in evalu-
ating the effectiveness of strategic sourcing alternatives as well as providing increased awareness of
total logistics costs. These percentages can be calculated in the following way
_Annual Logistics Cost $ /Annual Demand units

@y Origina Value of Raw Material  $/unit 61
Annual Logistics Costqy ,s/Annual Demand  units

@va = Added Value by the V. $/unit 62
_Annua Taota Logistics $ /Annua Demand units

@i~ Value of Finished Part $/unit 63

Cur analysis of the companies data indicates that al these percentage values imply that logistics
cost comprise a significant portion of the total global sourcing cost.

3 LESSONS AND INSIGHTS

3.1 Issues in Designing the Global Sourcing Process

As discussed earlier procurement of the raw materials from FAA certified suppliers is an im-
portant feature of the global sourcing process under study. Since China does nat have qualified
sources of raw materials the JV has been operating on a vendor-required-meterial  VRM  structure
with Company P since its first day of operation. In this structure Company P purchases the raw ma-
terias from the certified suppliers and then ships the raw meaterials to the V. An aternative struc-
ture of the giobal sourcing processis called a vendor-supplied-material VSM  in which the JV will
have direct contact with the raw material suppliers and have full responsibility for decisions on pro-
curement materials management production planning and delivery. Note that the VSM approach
is smilar to vendor-managed inventory in the retail sector. This method will reduce Company P sin-
volvement in forecasting demand and developing internal schedule requirements.

The effects of the two global sourcing process designs can be assessed in two ways. The first is
to look at the advantages and challenges faced by the two companies in the two scenarios. In a VRM
structure  Company P retains the central contrd over the supply chain  especialy the information
and cash flons. Additionally Company P makes all critical decisions with minimal input from the JV
on the amount of raw materials to be procured and shipped delivery schedules and production
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guantities. The disadvantage is quickly revealed by the substantial financial burden posed on Com-
pany P since most of the major expenses except the labor cost  are al paid by Company P. On the
other hand JV has far fewer decisions to make and financial payment responsibilities more positive
cash flow and a higher return on assets. The JV fdlows a make-to-order system and does not hold
safety stock of finished parts. However the JV has virtually no flexibility and contrd over their ma-
terials production schedules and other key resources. As aresult if there is a discrepancy between
the amount of raw materials needed to complete the orders and the amount available which frequent-
ly happens the entire production schedule must be shifted often resulting in delivery delays. The
VSM structure overcomes most of the problems associated with its counterpart but requires more coor-
dination cooperation and communication. Especially channels of communication are not only vita
to the effectiveness of this chain structure but also represent the biggest challenges. We have found
that information technology especialy the Internet is still playing a minor role in inter-organizational
communication and information sharing due in part to Chinas insufficient infrastructure of informa-
tion systems. This is one of the mgjor reasons that the VRM chain structure has been adopted since
the establishment of the JV. Company P has indicated to us that as the information infrastructure im-
proves and the partnership matures it will gradually move to the VSM structure.

The ather way to identify the differences between the two design alternatives is to examine their
impact on supply chain integration. Dimensions of supply chain integration fall into three categories
information integration coordination and organizational linkage which can be further decomposed
into ten elements. Our comparison shows that the VSM structure outperforms VRM structure on most
elements.

3.2 lIssues in Managing the Global Sourcing Process A Flow-Level Matrix

The preceding sections provide a detailed description of the key processes procedures and
steps involved in Company P s global sourcing strategy. It is not difficult to see that in a global envi-
ronment both the parent company and the joint venture are facing numerous challenges and prob-
lems which come from a great number of sources such as economic palitical and legal social and
cultural geographical and technological. In addition to these uncontrollable factors some problems
commonly seen also exist for example the lack of local process equipment and technologies inade-
guate transportation and telecommunication infrastructure and complicated customs procedure and
rules.

To make global sourcing work  a set of key issues needs to be carefully addressed and consid-
ered. Based on the lessons we learned from this case study we have expanded those questions in
McGowan s study > and derived a two-dimensional matrix of essential questions to be answered peri-
odically in order to ensure the smooth operation of the global sourcing strategy. The supply chain
flows and the levels of decisions where the former refers to material information and cash deter-
mine the two dimensions and the latter refers to strategic tactical and operational decisions.

All the details and results discussed above can be found in * .
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4 CONCLUDING REMARKS

In order to gain insights into the complex processes that develop within the context of global
sourcing strategies  we conducted a detailed field research at a leading firm in the U. S. commercial
aviation industry and its joint venture in China in the summer of 2000. We studied this global sour-
cing approach from a process perspective with particular interests being focused on the procedures
and issues associated with the design and management. The chain structure design is critical as it af-
fects significantly how information can be integrated how the trading partners deploy their decision
rights divide their accountabilities and coordinate their decisons and how the performance of the
gobal sourcing process can be evaluated and improved. Finaly we developed a two-dimensional
matrix that contains critical questions regarding the successful operation of a global sourcing strategy.
Although most of the results are obtained through a case study the formet of analyses presents an ex-
cellent example for studying ather global sourcing processes.
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RESEARCH AND DEVELOPMENT OF

THIRD PARTY LOGISTICS 3PL IN
HONG KONG

1{E

Department of Finance and Decision Sciences Hong Kong Baptist Uni-
versty Smon S. M. Yuen & X. SHI

ABSTRACT  Third party logistics 3PL has become an important source of competitive ad-
vantages through increasing the efficiency and effectiveness of a company s logistics function. This
paper aims to review of research and current developments of the 3PL industry in Hong Kong and to
provide ideas and a basis for the future research. Review of the literature in this study has found that
the linkage between 3PL service providers and its supply chain partners and 3PL quality performance
are required to fill the research gap in the current literature.

KEYWORDS Supply Chain  Third Party Logistics Outsourcing Research and Develop-
ment

1 INTRODUCTION

As a result of the globalization of the economy and the development of information technol ogy
logistics and Supply Chain Management SCM  have become the critial factors for a firms success
in today s business world ® . As defined by the Council of Logistics Management logistics is that
part of supply chain process that plan implements and contrals the efficient effective flow and
storage of goods services and related information from the point of origin to point of consumption in
order to meet customers requirements.

SCM represents a new management philosophy which addresses the modern business demand
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such as business globalization long-term strategic alliance cross-organizational logistics manage-
ment jaint planning and contrd of inventory > ® . It particularly focuses on integration with a few
competent suppliers in both product development and inventory control. The participants of supply
chain aim to achieve reduced cost decreased response time minimized inventory investment and
improved product quality through seamless process integration and cooperation.

The use of third party logistics 3PL services providers has gained the above benefits in SCM
context. 3PL is defined as the outsourcing of logistics activities to another company * . Firms em-
ploying this approach employ an outside company to perform some or al of the firms logistics activi-
ties. 3PL firms can provide improved inventory and lead time performance while concurrently captu-
ring economies af scale resulting from higher volumes abtained by aggregating demand across a large
number of customer.

Outsourcing of logistics activities to 3PL service providers is widely prevalent in Europe North
America and Audtralia since 1990s. Also some studies would focus on logistics issues in Asia Pa-
cific region like Hong Kong South China Japan and South Korea *® . However it seems to be
lack of comprehensive studies reported in the literature that have focused on the linkage between 3PL
service providers and its supply chain partners in Hong Kong recently. Thus this paper provides a
review of research and current developments of 3PL in Hong Kong and provides ideas and a basis for
the future research.

2 RESEARCH ON THIRD PARTY LOGISTICS 3PL

2.1 Review of Literature in 3PL

There is generally a dearth of literature that deals directly with the strategies and operationa
characteristics of 3PL. Most of the logistics literature focuses on the management of the logistical
function from within supply chain ® * *® . Studies that directly address 3PL issues tend to adopt
narrow scopes and focus on specific areas. Reviewing the previous literature three mgjor aspects of
research directions have been identified. They are

- Extent of the use of 3PL logistics services

- Decision making process for choosing 3PL service provider

- Impact of the usage of 3PL

In the Extent of the use of 3PL logidtics services Lieb e al. ** compare the experience of the
U. S and European manufacturers in using 3PL services. They identify that the longer the relation-
ship between 3PL and its supply chain partners the more extensive would be the use of 3PL  and
the higher level of commitment to either side of the firm would be willing to use 3PL services.

Dapiran e al. ° present an overview of the 3PL usage by large Austrdia firms. Their findings
indicate that Australian firms are comparable to U. S. firms in their usage of 3PL services with
more than one-fifth of the firms characterizing their commitments to 3PL as extensive and one quarter
of the firms allocating more than fifty percent of their total logistics cost to 3PL. Moreover McMul-
lan ** finds that transportation maintenance and warehousing are the most outsourced functions a-
mong the clients of the consulting group in Asia Pacific. In a survey of the transportation practices of
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U. S manufacturers Bardi and Tracey * find that freight bill auditing and payment and transporta-
tion reports are among the most frequently outsourced transportation functions. Thus it appears that
the usage of 3PL services and commitments of resources increase over time as the two parties become
more comfortable in their interaction with one ancther.

Ancther research on 3PL focuses on deddon-making process for choosng 3PL senvices. Firms
outsource logistics functions for a variety of reasons. Sheffi ° suggests several reasons for the gronth
of 3PL in USA. They are needs to focus on core business better transportation solutions cost sav-
ings and improved services development of necessary technological expertise and computerized sys-
tems that are beyond the scope of many companies and the need for more professional and better
equipped logistics services.

Richardson *® finds that 3PL brings about several benefits for the companies surveyed. These
benefits include distribution saving greater control of business better customer service and satisfac-
tion and the addition of expertise to supplement the capabilities of the internal organization. Other
benefits include reduction in capital investment in facilities equipment and information technology
improved customer service and delivery and reduction in the complexity of logistics opera-
timse 7 12 17 18 .

As discussed earlier 3PL is a complex decison arising out of a variety of reasons. 3PL serv-
ice providers need to understand the objectives that buyers are seeking to accomplish by 3PL serv-
ices.

For the impact of usage of 3PL savicss on the arganization 3PL is a strategic partnership be-
tween 3PL and its supply chain partners. Before making the decision to outsource the impact on the
organization should be considered. Bowersox * indicates that a necessary imperative for the relation-
ship to succeed is a match between the cultures of the two organizations.

Dapiran e al. ° find that the impact of 3PL on the internal logistics performance and the logis-
tics costs have been positive among Australia companies. However  introduction of 3PL services into
a company represents an important shift in the way business is conducted and related training of the
internal staff is found to be necessary.

Also Dapiran e al. ° find that the company must plan for the implementation of the partner-
ship by educating the 3PL about the firms requirements developing programs to place redundant
employees correcting attitude of internal staff and integrating the information systems of both 3PL
service providers and its supply chain partners.

In summary there are three mgjor aspects of research directions identified by 3PL  Extent of
the use of 3PL logistics services decision-making process for choosing 3PL service providers and
impact of the usage of 3PL. However it islack of a sound and comprehensive foundation for the re-
search framework for analyzing the 3PL industry. Also the quality performance trends of 3PL serv-
ice in future and industrial practices in 3PL are required in future research.

2.2 Research on 3PL in Asia and Hong Kong

As growing importance of 3PL the extent of its usage has been widely examined in the

U. S and Europe. Sheffi * describes how the 3PL industry in the U. S has developed and he



E 3

mentions several economic regulatory and technological trends that are driving the development.
Kakabadse ** studies the trends of 3PL in the U. S and Europe. It identifies that both U. S and
European companies provide the most preferred relationship between 3PL service providers and their
supply chain partners who have an industry focused and proven track record.

In Asa some studies have outlined the linkage between manufacturing firms and 3PL service
providers in Hong Kong South China Japan and South Korea *® . In the southeast region it is re-
ported that Singapore-based firms are generally satisfied with the services of 3PL service provid-
er ? . Also it has a survey of 3PL services in Maaysia ® .

In Hong Kong academic studies on logistics management in Hong Kong are confined to severa
commercial reports and consultation papers on specific topics. Wong et a. » investigate the rela-
tionships for quality improvement in the Hong Kong supply chain by using theory of co-operation and
competition. Voon and Ho * study the economic impacts of logistics infrastructure development in
Hong Kong. It concludes that substantial social benefits could be derived from investment in logistics
development in Hong Kong. Both public and private sectors will be interested in assessing the re-
turns on their investments and to know the impact of their investments on the economy.

However there is rather limited research that focuses on either logistics in the supply chain
context and 3PL in Hong Kong. A comprehensive study reported in the literature that has a focus on
the linkage between 3PL service providers and its supply chain partners and 3PL quality performance
are required to fill the research gap.

3 DEVELOPMENT OF 3PL IN HONG KONG

Over the years the economy of Hong Kong has gradually evolved into a fully-fledged service-
based economy which is at present dominated by such sectors as finance marketing professional
services international trade information technology design and tourism.

Honever the SCM discipline originates from the manufacturing sector. The key concepts and
strategies of SCM such as bullwhip effect economic packaging value added services mass customi-
zation etc. seem to be far from applicable or relevant to Hong Kong companies since the majority
of business are engaged in non-manufacturing business.

Also outsourcing of logistics activities to 3PL is widely prevalent in Europe North America
Singapore  and Australia®  but not in Hong Kong ** . For example Hong Kong appears to be lag-
ging behind Singapore in logistics and technology particularly in development of the 3PL industry.
Thus the development of 3PL in Hong Kong is vital to maintaining its transshipment and logistics
hub in Asia Pacific region.

Moreover many companies in Hong Kong and South China lack modern logistics management
expertise and capital to upgrade their services and facilities. The value adding of 3PL specidlist in-
dustry is crucia to the development in competitiveness of the business sector. Hong Kongs interna-
tional competitiveness hinges on the development of the 3PL industry.

Furthermore the value adding 3PL industry in Hong Kong however is rather small compare
with worldwide standard. The current size of the industry is difficult to estimate for several reasons.
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First of all many 3PL providers are part of a larger company and do nat publish individual data on
their revenues. Also government statistics are not available since 3PL is not yet recognized as a
separate industry in Hong Kong. Besides there is still alat of confusion about terminology in Hong
Kong. Infact any self-respecting traditional transport company tends to bill itself as a logistics com+
pany or even as a supply chain partner. According to our study of Hong Kongs logistics industry
there are presently not many 3PL operators providing value added services to the business sector.

In fact the demand for better and integrated logistics services becomes higher in Hong Kong to
cater for the structural transformation of manufacturing and outsourcing/3PL service providers e.
0. Kerry Logistics Sun Logigtics Oriental Logistics Jardine Logistics ABX Logistics etc. to
form a cadlaborative relationship with upstream and downstream partners in supply chain in Hong
Kong and South China. Outsourced supporting activities do not only reduce comprehensive logistics
cost but also strengthen our core business. It is suitable for Hong Kong especially small and medi-
um enterprises SMES  to maintain its competitive advantage.

Although there is still a large proportion of firms especially small and medium enterprises

SMEs that have nat outsourced their logistics functions mainly due to the fear of losing contrd
and the unpredictable cost associated with 3PL  we believe that the vision of developing Hong Kong
into a logistics hub in Asia Pecific region will further enhance the use of 3PL in the years to come.
Thus further study of 3PL in Hong Kong is necessary to confine our 3PL services through a compre-
hensive decision-marking framework.

4 CONCLUSION AND FUTURE RESEARCH

Third party logistics 3PL has become an important source of competitive advantages the out-
sourcing of logistics activities to specialized 3PL service providers can help to increase the efficiency
and effectiveness of a company s logistics function. In order to maintain a competitive advantage in
3PL firms must enhance their ability to plan take action and manage and contral products serv-
ices and information from supplier through customer as an integrated process rather than as a series
of discrete functions.

To achieve this review of the literature has found the linkage between 3PL service providers
and their supply chain partners. And future research will be found on changing their performance
measurement systems of 3PL in order to provide improvement in its service quality within the supply
chain.
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THE ORDER-PICKING PROBLEM IN
A DISTRIBUTION CENTER

1{F

Department of Industrial Engineering and Management  I-Shou University
Yu-Min Chiang & Shih-Hsin Chen

ABSTRACT Order-picking and stock location assignment operations affect the cost and effi-
ciency of a distribution center deeply. This paper focuses on the former one and applies the Genetic
Algorithm  GA to solve it. In addition there are few previous researches take practical issues
such as level of shelves and capacity of picking vehicle into consideration. This research attempts
to control parameters such as crossover rate mutation rate  population size  and number of gen-
erations which affect the performance of the GA dignificantly. After the experiments we use
ANOVA to analyze these data. The conclusion of the paper is the suggestion for the configuration of
GA parameters and the number of generations when using GA algorithm to solve the order picking
prablem.

KEYWORDS Order-Picking Sequential Problem Genetic Algorithm  Optimization.

1 INTRODUCTION

One problem existing in the supply chain is the highly changeable demand of customers  which
make it more difficult for manufacturers to schedule their production. Furthermore it is inefficient
and time consuming to deliver goods from manufacturers to end consumers ® © ° . Consequently it
is common to store a large amount of stock with the result of rising hading costs. Therefore the
traditional business model is no longer proper to the current environment and they should take
changes to deal with these problems. Didtribution Centers DC form a good way to increase firm
efficiency and save their expenses.
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Although distribution centers can bring quite a lot of advantages to firms the competition is
keen in the logistics industry. For example the process of material handling such as order pick-
ing has alarge proportion of cost owing to most processes that are till labor-intensive and repetitive
in the distribution center *° . It follows that the location of stock and the order picking operations di-
rectly affect the total meaterial-handling cost ® . Hence if we can increase the efficiency of the
picking work it can bring great improvement to operations performance. Moreover it is the key to
achieve the goal of high frequency delivery and satisfy customers requirement for the distribution
center. Generally numerous considerations are considered  such as the Stock Location Assignment
Problem SLAP and designing the order picking sequence to increase the order operation efficien-
cy. The research concentrates on the latter one. Its goal is to minimize the travel distance and the
time of picking operation. Suppose that there are many items to be picked the order-picking labor
will go to the specific locations to get them. Therefore the order-picking sequence is a Combinato-
rial Optimization Problem COP  which can be reduced to an NP-hard problem as well as the
Traveling Salesman Problem TSP transportation  allocating  and scheduling problems ® .
Obvioudy if we apply optimization algorithms it is a time-consuming work. Hence we apply a
heuristic method namely Genetic Algorithm GA  to solve the order picking sequence problem in
a distribution center.

Although the order picking sequence problem has been discussed extensively we find that
there are practical issues that have not been taken into consideration before. One is the level of
shelf anather is the capacity limitation of picking vehicle in weight. Few of the previous researches
have mentioned that. Therefore we discuss the two issues in this paper. Besides we will discuss
the factors including number of generations crossover rate  mutation rate  and population size
under different treatments  which critically influence the performance of the GA ** . Besides ase-
rious problem of GA is the heavy computational effort required to yield good solutions * . We wish to
know what number of generations is efficient and economical based on the requirement of practical
operations. In other words  we will conclude what number of generations is appropriate to stop the
computation.

Section 2 discusses our research method and Section 3 presents the implementation result by
using Analysis of Variance ANOVA with SAS software. Finally Section 4 is the conclusion and
suggestion of the further research.

2 RESEARCH METHOD

2.1 Introduction of Genetic Algorithm

GA iswidely used in many areas because it can provide a good solution when the problem is a
Combinatorial Optimization Problem. GA can help us to get the optimal solution or an approximation
of the global optimal solution owing to the problem of local minima. Characteristics of GA imitate
the natural evolution of biological creatures and it turns out to be an intelligent exploitation of a
random search > . The three basic genetic operators are reproduction crossover and mutation
which are kernel of GA * . It needs to generate initial values and then produces offspring. Genetic
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reproduction is a weighted selection of copies of solution that depends on fitness values to create off-
spring. Crossover is to select chromosomes and then recombine them to create new structures in the
population. As far as these steps of Genetic Algorithm are concerned  the mast important thing is to
randomize in every process for example the determination of which chromasomes should be cho-
sen  where the cut-point is when it goes to crossover  the rate of mutation and so on. We will il-
lustrate the construction of GA below.

2.2 Assumptions and Initial Step of GA

In the research  we suppase the width of the aide should be taken into consideration  and the
locations of shelves have their oamn coordinates including x y and z. The width of the aide is 2
meters. Furthermore the length of each location is3 meters  the width is1 meter and the height
is1 meter. The original point Oisa 0 0 . As far as the capacity of picking vehicle is con-
cerned itsweight limit is set to 60 kilograms. Besides the order type is single order picking rath-
er than order batching.

There are many preparatory jobs at the beginning such as the gene into chromosomes we
should encode what the gene type is the length of chromosomes and how many chromosomes
numbers are in a population. The chromasomes are the set of possible solutions. The first step of
GA is that encoding the sdlutions into binary 0 1 as well as alphabet type A B C or Path
Representation 1 2 3 for different problems. |If its binary type it will be represented as
010001 for example. The order-picking sequence problem here uses Path Representation. In the
paper we discuss the order picking sequence of an order with 15 items. Table 4-6-1 shows the fif-
teen items and the corresponding locations as well as each items weight.

Table 4-6-1 Items are needed to be picked at fifteen locations

items 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Location 1D 11 31 82 102 | 143 | 104 | 145 | 95 36 127 | 138 | 107 | 87 69 50

Weight 10 6 2 1 8 4 16 12 2 6 9 17 13 3 6

Item 1 will be picked at location 11 item 2 at location 31  item 3 at location 82 and so on.
Hence the length of the chromosomes depends on how many items have to be picked. The value of
every gene is the number of locations. Table 4-6-2 shows the coordinates of these locations.

Table 4-6-2 Coordinates of fifteen locations

Location 1D 11 31 82 102 | 143 | 104 | 145 | 95 36 127 | 138 | 107 | 87 69 50

X 10.0|10.0|12.0 |12.0 | 14.0 | 16.0 | 18.0 | 18.0 | 20.0 | 22.0 | 24.0 | 22.0 | 22.0 | 26.0 | 28.0
Y 10.0|13.0|16.0|19.0|22.0|19.0|22.0|19.0|13.0|22.0|22.0|19.0|16.0 |16.0| 13.0
z 2.00 ({0.00 | 0.00 | 1.00 (2.000| 1.00 | 2.00 | 0.00 | 0.00 | 0.00 | 1.00 | 1.00 | 2.00 | 0.00 | 1.00

2.3 Reproduction
The reproduction is to select better chromosomes and let them survive or to get better offspring
in a population through recombination. Determination of the survival probability of a chromasome
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depends on the fitness value. If it is higher it will make sense to let the chromasomes have great
chance to survive. To calculate the fitness value it is necessary to set the objective function first.
The objective function of order-picking sequence prablem is the total traveling distance. Recti-
linear distances are used instead of Euclidean distances in the research. Let D; dencte the distance
fromlocationi X, y, z tothelocationj x, y, z . Then the rectilinear distance of D; is
D; = (% =% |+ ]y -y, | + 7z +2 A=A
Dy= X -% | +mn{ [2Y-y, -y, [ [y, +y, |} + z+2 If A=A
where Y is the total length of an aide
Ak represents the aise number of the location k k=i or j.

6-1

The criterion of judging A is equal to A is dependent on the column number of the shelves.

The calculation of A is as fdlons
i/2 +1ifiisodd
A={ "~ 6-2
[ i/2 ifiiseven

The route of order picking is a Hamiltonian cycle. At the beginning it starts from the input/
output 1/O point to the first location and then the order picker will go to next location to pick
the second item. Finaly when the picker finishes picking the itemsin an order it will go to back
to the I/O point. Besides the paper considers the capacity limitation of a picking vehicle in
weight. [f the total weight of picked items exceeds the capacity while picking the picking vehicle
will go to 1/0O to release these items and then return back to warehouse to continue picking items that
have nat been picked yet. Therefore the equation of the objective value of any chromosome is as
follows

n-1
mnZ =Dy + D, + Y D+ Y Do+ Y Dyisy - DDy 6-3
i=1 ieS ieS ieS
Where n is the number of itemsin an order. D, denates the distance from the 1/0 point to the

first picking item and D, is the distance from the final picking item point to the I /O point. C is

the weight capacity of picking vehicle. S is the set of location s indicating the picking vehicle

should come back to the | /O paint to release goods when the weight of goods is going to exceed the

capacity. The folowing pseudo code describes the process of picking vehicle returning to the 1/0

paint while the carrying weight is going to exceed its capacity.

Check Weight Capacity of Picking Vehicle

weight Current cumulative weight

W  Exactly capacity of picking vehicle

N Total number of picking items

Weight Of Goodsk Each weight of every items

weight«0

weight = Weight Of Goods0

fork=1 to N-1 do

if weight >W then
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weight =0
return To Input Output
Input Output To Next Location
else
Go To Next Location
wei ght«—weight + WeightOfGoodsk + 1
end for

There is one problem when calculating the objective function. We hope to minimize the trave-
ling distance of order picking. However the rule of GA attempts to maximize the objective value
but not a minimization. Hence it should be transformed into a maximization problem. The way to
transform the minimization objective function to a maximization one is described as folows. Let wi
be the maximum objective value from a generation and use it to subtract al objective values at the
same population. The objective function of each chromosome becomes

n-1
mexzZ' = w, - (Dol + Dy, + 2 b i1 T Z D, + Z Do i1 - zDi i+1) 6-4
=1 ieS ieS ieS
There are many methods to select chromasomes.  One of the commonly used methods is called
Roulette Wheel method  which imitates a wheel rotating randomly.  When the wheel stops  we will
select the chromosome of the corresponding area.  The step is dependent on the fitness value of each
chromasome. If the fitness is high it has a high probability to survive. The formulation of individ-
ual fitness function is as folows

: z
fitness, = 6-5

n

2.4 Crossover

The operation of crossover is that there is a pair of chromosomes that will interchange gene that
is part of the chromosomes. We will determine the crossover rate by ANOVA. While it is less than
the value the chromosomes will crossover. By this way it can produce new chromosomes that fit
the environment more. In other words we can get higher fitness value.

There are many methods for crossover procedure such as Order Crossover Cycle Crassover
and Partial Mapped Crossover PMX . The Partial Mapped Crossover method that was proposed by
Goldberg * divided a pair of chromosomes one point or two points randomly. The authors adopt the
PMX as the GA crassover procedure.

2.5 Mutation

The mutation rate of a creature is low. There are some trade-off effects by using mutation. If
the mutation rate is high the solution will disperse easily. On the other hand if the mutation rate
islow the solution will converge early. Nevertheless in order to overcome sinking into local opti-
mal  the mutation rate adopted in the paper is high.

The mutation method of chromosome we utilized is the Inverse Method  which generate two ran-



E 4

dom poaints and the two paints changed inversely. It is suitable for Path Representation of chromo-
somes in our study.
2.6 The Experiment Model
There are many parameters that have to be set in the execution process of GA. According to
Sinivas and Patnaik s ™' suggestions  when the population sizeissmall  e. g when the population
szeis30 the crossover rate is 0. 9 and the mutation rate is 0. 01. Moreover for larger popula-
tion sze e g when the number of chromosomes is100  the crossover rate is 0. 6 and the muta-
tion rate is 0. 001. Instead of applying their suggestions directly we attempt to examine the proper
settings of parameters for the order-picking sequence problem in the research. In addition they did
not provide what the economical generations are for the requirement of real time environment. The
research will consider the setting of GA factors including population size  number of generations
crossover rate  and mutation rate. The crossover rate mutation rate  and population size influence
the result of converging to global optimum and these genetic operators cannot be considered inde-
pendently. We first built a statistical model which is showmn as Eq. 6 and utilize ANOVA to de-
termine the best combination of the factors. Besides more number of generations always improves
the result. We construct anather model that isshom asEq. 7 to explore the impacts of the num-
ber of generations.
X =7 B+ B vt 1y wt By wF By i tei 6-6
Yi =pt 0 te 6-7
where x; Distance of order picking
7; Crossover Rate
B; Mutation Rate
v, Population size
e Error of experiment
78 ; Interaction between Crossover Rate 7, and Mutation Rate g,
Ty « Interaction between Crossover Rate +; and number of populations vy,
By i Interaction between Mutation Rate 3, number of populations vy,
7By i« Interaction among Crossover Rater; Mutation Rate 3,  and number of pop-
ulations -y,
y; Distance of order picking
0, Number of generations.
Table 4-6-3 shows the setting of these factors and treatments of the first model  where treatment
1 is shown as positive sign + and treatment 2 is shown as negative sign - . In the second model
we take three treatments for the factor® number of generations’ as 300 450 and 600.
Table 4-6-3 Factors and treatments in the experiment

Treatment 1+ Treatment 2 -
Crossover Rate 0.9 0.6
Mutation Rate 0.05 0. 005

Populations 50 100




21 =1

3 RESULTS AND DISCUSSION

The authors execute the model which is constructed on IBM X220 Dua CPU 1. 3G and use SAS
software to analyze the experimental data. First we check whether the data fir to the normal distri-
bution by using Normal Probability Plat  Figure 4-6-1 . From Figure 4-6-1 we can say that the
data are in accordance with the Normal distribution. The next step is to perform ANOVA for these
data. Because the factors of crossover rate mutation rate  and population size are related to the
convergence we should examine the average picking distance. In addition the more generations
of GA aways yield better solution. Therefore we divide the experiment into two segments.
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Figure 4-6-1 Normal Probability Plot
3.1 Consider the Factors Crossover Rate Mutation Rate and Populations
Table 4-6-4 presents the factors including crossover rate  crossover rate” mutation rate
mutation rate” Population and crossover rate” mutation rate” Population  reflecting signifi-
cant difference when the significant level is0. 05. Since there exists interactive effect in the experi-
ment  we will first perform analysis of the primary single effect of these interactions.
Table 4-6-4 ANOVA table of the experiment Average Distance

Source DF Type ISS Mean Square F Vaue Pr>F
crassoverRate 1 444, 5342793 444. 5342793 8.02" 0. 0047
mutationRate 1 150. 8134964 150. 8134964 2.72 0. 0991
crassover * mutationRa 1 893. 4728748 893. 4728748 16.12* <0. 0001
Populations 1 37. 2924050 37. 2924050 0.67 0.4121
crassover * Population 1 2. 1940829 2.1940829 0.04 0. 8423
mutationR * Population 1 427. 8792647 427. 8792647 7.72*F 0. 0055
crosso” mutati * Popula 1 301. 2900559 301. 2900559 5.44" 0.0198
Error 2400 133004. 9051 55. 4187
Corrected Total 2407 135262. 3815

Figure 4-6-2 shows how crossover rate and mutation rate affect the average distance when we fix
the population a a 50 and b at 100. Moreover Figure 4-6-3 shows the interactive effect of
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mutation rate and Population when we fix the crossover a a 0.6 and b a 0.9. Therefore we
obtain one better setting of parameters is that lower population size with lower crossover rate and
higher mutation rate. The ather is higher population with the higher crossover rate and lower muta-
tion rate. The result is not in accordance with Srinvas and Patnaik s ** experimental result in cross-
over rate. That is because these parameters critically depend on the nature of the objective function.
Therefore this is our key finding. We conclude that there are two sets of parameter combinations in
Table 4-6-5 which converge to lower average distance.

—€— m utation rate 0.005 —&— mumtion mate 0.005
—&— g utaton mte 0.05 —&—muaton mte (.05
290 ‘\ 288.5 i~ —_—
289 < 288 ~
288 \
fyes — S 287.5 v
286 287
285 286.5 L
(a) Population is 50 (b) Population is 100
Figure 4-6-2 The effect of crossover rate” mutation rate
when the factor population size is fixed
—&— mutation rate 0.005 —@— mutation rate 0.005
—— mutation rate 0.05 ;
291 289 —— nutation rate 0.05
290 /A -
289 288 —
288 ‘/\ 0-\_.
287 - 287
286
285 L 286 .
population100 lation50 population100 population 50
(a) Crossover rate is 0.6 (b) Crossover rate is 0.9
Figure 4-6-3 The effect of mutation rate” population size
when the factor crossover rate is fixed
Table 4-6-5 Suggested configurations from our experiment
Factors SuggestedConfigurationl SuggestedConfiguration2
Crossover Rate 0.6 0.9
Mutation Rate 0.05 0. 005
Population 50 100
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3.2 Consider the Factor Generation Times
After we determine the configuration of the crossover rate mutation and population  we
should find out the proper number of generations of GA for the order-picking problem. We adopt the
second configuration and compare three treatments 300 450 and 600 generations. Table 4-6-6
shows the AVOVA table of the model considering number of generations.
Table 4-6-6 ANOVA result of the number of generations best result in every generation
Source DF Type ISS Mean Square F Vaue Pr>F
No. of Generations 2 11427.8 5713.9 144. 69 <0. 0001
Error 1350 53312. 27 39. 49057
Corrected Total 1352 64740. 07

Because the result reflects that the number of generations can impact the result significantly
we use Newman-Kuals to examine these treatments. The following table see Table 4-6-7 isthe re-
sult of the Newman-Kuals method. The treatment 300 is different from 450 and 600 and there is
no difference between 450 and 600. Therefore if we wish to get better solution and not to spend too

much time on computation we can choose 450 generations.
Table 4-6-7 Result of Newman-Kuals for number of generations

SNK Grouping Mean N Generations
A 210. 2525 301 300
B 203. 3858 451 450
B 203. 1797 601 600

4 CONCLUSION AND SUGGESTIONS

The order picking process is quite important for distribution centers. A good picking sequence
can increase the performance and save the expenses of DCs. The research considered the practical
issues of weight capacity of the picking vehicle and the level of shelves and utilized GA to sdlve the
in order to contra the parameters of the GA this paper ex-
amined these factors by using experiment design. After the experiment  the analysis shows two in-
teresting results. One is that there are two sets of parameters of GA we can apply the other is the
economic number of generations. First if the order picking process uses the combination of param-
eters it can get lower average distance while we apply GA to solve it. Second by taking 450 gen-
erations we not only get better solutions of picking sequence but also require less computational
time to solve it.

Finally the suggestions for further research are as fdlows

1 The effect of different item numbers There are fifteen items that need to be picked in the
research. The number of items will influence the convergence of GA. Therefore it should examine

order picking problem. Furthermore

how many generations are required for order picking operation.
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2 Weight capacity of picking vehicle and item weight It directly impacts the distance and

should need more study on their interaction.

Time-complexity If there exists an agorithm that incorporates GA for salving the order-picking

problem efficiently we can reduce the time-complexity of GA. For instance the divide-and-con-
quer strategy is good for geometry problem ” . If GA combines with the strategy  then it takes less
time to complete the algorithm.
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A FAST HEURISTIC FOR THE STATIC
DIAL-A-RIDE PROBLEM

1{E

The Industrial Systemes Optimisation Laboratory University of Technology
of Troyes France Zhihai Xiang Chengbin Chu Haoxun Chen

ABSTRACT Aheuristic is detailed in this paper which concentrates on solving the large-
scale static dia-a-ride problem bearing complex constraints. In this heuristic  bias free initial solu-
tions are simply generated in a construction phase. These solutions are further improved in a tuning
phase that consists of a properly organized local search strategy and two levels of diversification strat-
egies. The performance of this heuristic was evaluated by intensive computational tests on some ran-
domly generated instances. Small gaps to the lower bounds from the Coumn Generation Method
were obtained in very short time for instances up to 200 customers. Larger instances up to 2000 cus-
tomers were solved in a few hours on a popular personal computer.

KEYWORDS Vehicle routing Dial-a-ride problem Heuristic

1 INTRODUCTION

In this paper we consider a kind of Dia-a-Ride Problem DARP  which involves schedu-
ling a heterogeneous vehicle fleet and a group of drivers with different qualifications based at a singe
depat to cover the transportation requests of customers.

DARP is a generalization of the Capacitated Pickup and Delivery Problem with Time Win-
dows which was first examined by Wilson et al.  * . Thereafter extensive studies were car-

2 4

ried out over the past three decades Early exact approaches > *® focused on solving sin-
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gle-vehicle problems using pure Dynamic Programming DP method. Then the concept of
dominance was introduced to reduce intermediate states ® . This technique greatly speeds up
the DP process if the problem subjects to strong constraints. Based on this work  some multi-
vehicle problems can be exactly solved by the combination of the Coumn Generation CG
method and the Branch-and-Bound process ® . Instead of using the DP algorithm some heuris-
tics can also be used to get approximate solutions of the auxiliary sub problem in the CG frame-
work * # . Thus this method is capable of approximately solving large-scale and less strongly
constrained problems.

Owing to the complexity of DARP the most popular approaches are still various heuristics
which are usually characterized with two phases the construction phase in which an initial schedule
is obtained and a tuning phase in which the solution is further improved. In the construction
phase the techniques of sequential insertion® * ™ and parallel insertion ®® * are commonly
used. The concept of cluster first and route second * may aso be introduced into this step. To
overcome the difficulty arising from the dispersion of the two locations pickup and delivery repre-
sented by each customer the use of mini-clusters is recommended ® * ™ . In the tuning phase
Lin-Kernighan ** kind of local search * # and various taboo searches ®* ** * are generally adopt-
ed. The common interests of these methods are the intensification technique at the local region and
the diversification strategy to drive the search process away from the local minimum. It is noticed
that the construction phase usually takes only a few seconds or even less for the problem with
hundreds of customers while the tuning phase is the most time consuming part in the whole solving
process. Therefore the quality of the initial schedule and the efficiency of the tuning operation are
two critical aspects should be concerned. In this heuristic  we simply generate bias free initial solu-
tions and leave more room for the tuning phase which consists of efficient intensification strategies
and two levels of diversfication strategies. Computational experiments reveal that this heuristic is
capable of generating good solutions quickly.

2 THE PROBLEM

In this paper the depot pickup site and delivery site are represented by the vertex set V =
v, \,,  where n isthe number of requests \,isthedepat v, i=1 2 n denctes the
pickup site of request i and v, , is the corresponding delivery site.  The traffic congestion is ignored.
Hence the travelling speed is constant. Three types of congtraints are considered in the DARP in-
terested here. They are
Condraints on vertices  every trip starts and ends at the depot v, the pair of v and v, ,, belongs
to the same trip pairing constraint and v, , is visited after v, priority constraint  at each vertex
i the arrival time is denoted as a, and the service begins at time b, which is in the interval of the
timewindow e I, i.e b =max a € and b <lI,. Atthedepat v, e and |, are the open
time and close time of the agency respectively. At the pickup site v, the time window is the re-
sult of the negatiation between the customer and the agency. If @ islessthan ¢ awaiting time is
incurred. At the delivery sitev.,, wedefinee,, ,=¢ +5 +t;,,, Wwheres isthe servicetime at v,
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and t, .., is the direct travelling time from v, to v;,,,. This definition implies that the unreasonable
waiting time at the delivery site is not alloved. Moreover  each customer specifies a tolerable extra
travelling time t™ beyond t, ,, .. Thus thetimewindowatt, ,, isdefinedas g,, g,, +t™ . All
time windows are hard.

Condraints on vehides each vehicle has limited number of places for different types of custom-
ers capacity constraint . Some places may be suitable for more than one type of customers. With-
out loss of generality customers are classified into different levels according to their types and vehi-
cles have places of the corresponding levels. Each customer can only take a place on the same or
upper level.

Condraints on drivers the duration of any trip should not exceed an upper bound after
each trip the driver must take a break before executing the next task the maximum working
time including driving time waiting time and break time per day should not exceed an upper
bound according to their qualifications drivers are also classified into the same levels as those
of the customers. The driver can drive only a vehicle which has the places of the same or lower
level.

The cost of one trip is calculated as
C = Cfix + Cm’leﬁge

where C,, is the fixed cost of one trip
C

+ Cyive T Chait T Conice 7-1
mieage — Mil€2QE rate x total mileage of the trip
Caie = driving rate x total driving time of the trip
C,.i: =Waiting rate x total waiting time of the trip
Caice = SEYViCing rate x total servicing time of the trip.
C;, and the mileage rate vary with different type of vehicles. Different drivers have different
driving rates waiting rates and servidng rates.

3 THE HEURISTIC

In this heuristic the start time of a trip is specified in two steps. In the first step  set a4 =
e, ld isthe first pickup site in the trip  then sequentialy calculate the arrival time at each ver-
tex up to the last one. The task of the second step is to calculate the margin time from the last vertex
of the trip back to the first one. The margin time at a vertex is defined as the maximum delay of the
arrival time at this vertex and this delay will not cause the vidation of the time windows at the later
vertices. Let m; denote the margin time at vertex i it is calculated as

m =min b +m |, - a 7-2

where m,, is the margin time of the next vertex in the trip. In the beginning m., =+ . Thus
the start time of the trip is determined as e - t, ;o + M.

The framework of this heuristic is depicted in Figure 4-7-1.




Create arc table A
Construct list L
Construct conflict table C

!

| Set the total cost of the PBT as +°° |

:

| Create routes from unvisited vertices |

:

Create initial trips |

:

Refine trips

The total cost less than the cost
of the PBT?

Replace the PBT with the newly refined trips

|
y

Extract trips with lesser AWC from the PBT.
Add them to the FTL and update the PBT

'

Is it possible to service
more customers?

Refine the trip in the FTL

!

Output the better schedule

End

Figure 4-7-1 The framework of the heuristic
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3.1 Pre-processing

Firgly the initial arc table A which keeps the information of the distance and the traveling
time between two vertices is modified by removing inadmissible arcs according to the constraints of
the pairing the priority the vehicle capacity the time windows the time windows and pairing of
requests °  and the maximum driving duration. This treatment which takesO n®> time greatly
improves the efficiency of the later operations.

Then alist L is constructed which contains all vertices except for the depot. These vertices
are sorted in ascending order with respect to the late time of the time window. The late time is used
to determine the sequence of vertices in the initial route. This operation can be done in no more
than O n* time.

According to the arc table A a conflict table C is constructed  which maintains the informa-
tion of whether two customers can be serviced in one trip in the worst case  regardless of the vehicle
capacity constraint and the constraints imposed on drivers. Let suffix’ +' represent the pickup

site and suffix' -’ represent the ddivery site. In a partia trip there are three possible se-
guences which containscustomer i andj i.e i+—j+—i-—j- i+—oj+—oj- —>i-andi

+—i- —j+—j- assumel, <l;, . If none of the partial trip is feasible with a;, =I;, cus
tomer i and customer j are marked conflict.
3.2 The construction phase

Initial trips are constructed following the idea of bias free  which means these trips are not re-
fined deeply into some local regions but keep the flexibility for further improvement. The initial trips
are obtained in two steps  firstly cluster unvisited vertices into routes in order to ensure that any
two customers in the same route do not conflict with each other. This operation see Figure 4-7-2
takes O n> time then just like the snvegp algorithm ®  customers in a route are sequentially as-
signed to a given vehicle and a given driver until further assignments of customers would vidlate the
constraints.  This process continues until all customers have been assigned to a trip. Instead of actu-
ally assigning the vehicle and the driver only the types of the available vehicle and the driver are
considered here.

For each unvisited vertex i in list L Do
If vertex i is a pickup site Then
Add vertex i as the first pickup site in a new route.
For each unvisited vertex j after vertex i in list L Do
If vertex j is a pickup site and dase nat conflict with any
customer aready in this route or vertex j is a delivery site and
its corresponding pickup site is aready in this route Then
Add vertex j to the tail of this route.
End If
End For
End If
End For
End

Figure 4-7-2  The algorithm of creating routes
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3.3 The tuning phase

A properly organized local search scheme see Figure 4-7-3 is adopted to improve the solution
in local regions. Removing a customer from a trip is smple and straightforward while inserting a
customer into a trip is more complicated. In the current work  the best insertion isadopted i, e.
the pickup site and delivery site of a customer are inserted to the optimal positions in the trip yielding
the least value of the objective function. Owing to the pre-calculated margin time at each vertex it
is very easy and fast to determine whether a vertex can be inserted to that position. Moreover  when
it fails to insert one customer into anather trip the best insertion strategy will also be implemented
to insert this customer back to its original trip. This operation acts like the intra-trip exchange.
Thus the inter-trip exchange and the intra-trip exchange are carried out in parallel  which im-
proves the efficiency of the local search.

Procedure Refine _ trip
Do
Do
Try to move two customers from one trip to the first one in the rest trips
that reduce the value of the abjective function. The number of trips can
possibly be reduced by this operation. Thistakes O n?  time at most.
Try to move one customer from one trip to the first one in the rest trips
that reduce the value of the objective function. This operation is aso
possible to reduce the number of trips. This is approximately in O n  time.
While the total cost is reduced
Try to exchange two customers is two trips to reduce the total cost. This is
approximately inO n?  time.
While the total cost is reduced
End

Figure 4-7-3 The local search scheme

The state of no customer on board is called the idle state of the trip. The cost incurred in this
period is assumed as the wasted cost. Based on this concept the diversification hierarchy in this
heurigtic is designed in two levels.

The first level of diversification uses the Second Objective Function SOF to drive the search
out of the local optima. This idea can be traced back to the work of Healy and Mall * . In our
opinion the ideal SOF should light a different path that directs to the same global minimum as ex-
pected by the premier objective function. Since a cheaper schedule must have lesser-wasted cost  a
kind of Modified Wasted Cost  MWC is used as the SOF in this paper. It is defined as

MWC = @ X ( MCS,g, + MCS, + %) 73

where MCH“®

'mileage

=mileage ratex tota idle mileage of the trip — the mileage of boundary trips
MCi2e =driving rate x total idle driving time of the trip — the driving time of boundary
trips .
The boundary trips are the trip from the depat to the first pickup site and the trip from the last
delivery site back to the depot and
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2 actual traveling time of each customer

- 2 expected traveling time of each customer

o 7-4

Here « is introduced to suppress some detours which can also reduce the idleness but increase
the cost. Incorporating MWC  two local searches are iteratively carried out to refine the trips until
the total cost cannot be reduced. The refined trips with lesser total cost are called Probably Best
Trips PBT .

If some trips were already in good quality there could be few chances for them to be changed
in later local search steps. Therefore the idea of the second level of diversification is to exclude
these good trips from the local search neighbourhood to avoid blind explorations. In this heuristic
the quality of an individual trip is evaluated by the Average Wasted Cost AWC

AWC = ( Cy, + Crifege + Cuve + Ciir) / the number of customers 75
where  Cir... =Mileage rate x total idle mileage of the trip
Cide =driving rate x total idle driving time of the trip
C =waiting rate x total idle waiting time of the trip.

An AWC over al customers in the PBT is calculated. It is called the Global Average Wasted
Cost GAWC . According to the GAWC some trips whose AWCs are less than the threshold
are extracted. One strategy for specifying the threshold is simply taking the GAWC  which is called
the large threshold. Ancther strategy is dynamically generating the small threshald as

GAWC/2. 0 If updated. 0
Small threshold = HGAWC/1. 5 If not updated for one time S 7-6
LGAWC/1. 0 If naot updated for more than one timell

Where updated is the state of the first iteration or when the PBT is replaced with the resched-
uled better trips.

Then the available vehicles and drivers are assigned to the extracted trips  according to the rule
of Maximum Spare Time Block MSTB that requires the spare time blocks of al vehicles and driv-
ers are maximized after the assgnment. All feasible extracted trips are added into the Feasible Trip
Lis FTL  while the customers in the remaining trips are rescheduled from the beginning. If the
total cost of the rescheduled trips is greater than the total cost of the PBT the rescheduled trips are
discarded. Otherwise the PBT is replaced with the rescheduled trips. The extraction and resched-
uling operations are iteratively carried out until all customers have been serviced or no customer can
be serviced see Figure 4-7-1 .

Finaly the tripsin the final FTL are refined to reduce the total cost further. After assigning
vehicles and drivers to al refined trips a new FTL is obtained. The better result is the schedule
that services more customers at lesser cost.

4 COMPUTATIONAL EXPERIMENTS

The lower bound obtained from a modified CG method  follows the work of Dumas e al. ®  is
used to evaluate the results from the heuristic. The heuristic and the CG algorithm have been coded
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into two standard C programs.  All the falowing computations were carried out on a Pentium4 2. 4
GHz persona computer with 1 GB memory.
4.1 Configuration of instances
The agency provides the service over the region of 40 x50 km from 6 00 to 18 00. There are
three types of customers vehicles and drivers. The corresponding parameters are listed in Table
4-7-1.
Table4-7-1 The parameters of three types of customers vehicles and drivers

typel type2 type3
service time min 3 4 5
maX _ tw at pickup site min 15 30 15 30 15 30
customer ) .
min_ext mn 20 30 20 30 20 30
max _ext min 30 60 30 60 30 60
speed km/h 36 36 36
fixed cost 100 125 150
) the number of place [ 4 2 2
vehicle
the number of placell 0 2 0
the number of placelll 0 0 2
mileage rate Fr/km 2 3 3
maximum trip duration min 510 510 510
break time min 105 105 105
driver maximum working time min 600 600 600
driving rate Fr/h 42 48 54
waiting rate Fr/h 39 45 51

The parameters in the parentheses are of wide time window instances

For every instance the positions of the depot  the pickup sites and the delivery sites are uni-
formly generated at random over the service region. The type of each customer is also randomly gen-
erated with the probabilities of 50% totype | 25% to type Il and 25% to type I1l  respectively.
The time windows are specified as folows

e=g+t,, trandx Il - e - t,, 7-7
=g +g+randx max _tw- s 7-8
t™ =min_edt+randx max ext- min _ext 79

where max _ tw represents the maximum time window at the pickup site min _ ext represents
the minimum tolerable extra travelling time  max _ ext represents the maximum tolerable extra trav-
dling time and rand is a uniform pseudo-random number in the interval of 0 1 which simu-
lates the negatiation between the customer and the agency. Euclidean distances are adopted to cal-
culate the distance between two vertices. All the values generated if fractional are rounded into
the closest integers. To ensure the service of each singe customer is feasible ife,, +s +t,,,>
lbore,, +s +t,,,- € +t,;, >maximum driving time  all information on the pickup vertex and the
delivery vertex will be regenerated. Two groups of instances with the time window of different width
see Table 1  were generated. Each group contains seven classes of instances with the number of
customers from 50 to 2000. Ten instances were generated for each class.
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4.2 Computational results
The modified CG process is very time-consuming for the instances with a large number of cus-
tomers. Therefore this method was only used to obtain the loner bounds of the instances with no
more than 200 customers. The comparison between the results of the heuristic and the results from
CG are listed in Table 4-7-2. From these results it is observed that
1 Solutions with small gaps to the results from the CG can be obtained in very short time.
2 BEven the first local search to reduce the cost can generate good results in short time.
These solutions can be further improved by the diversification which approximately reduces the gap
by three to five percentages.
Table 4-7-2 Computational results of small-scale instances
time total number of customers
window 50 100 150 200
, narrow 0.7 17.2 144. 4 714.6
CG Average CPU Time s .
wide 6.3 3332  3264.7 25873. 3
narrow 4.27 7.89 8.25 10.53
Average Gap % .
First local search wide 7.11 10.71 13.71 16.51
to reduce cost ) narrow 0 0.4 16 3.1
Average CPU Time s .
wide 0.3 0.3 1.9 3.4
A o narrow 3.31 4.68 6.75 7.39
Ver
e ’ wide 4.92 8.39 12.03 12.95
First refined trips
narrow 0.3 1.9 57 12.8
Average CPU Time s .
wide 0.4 1.7 5.2 13.5
A o narrow 1.42 3.33 4.83 5.9
ver
o ’ wide 2.94 6.28 8.98 10.8
small . narrow 2.07 5.27 6. 56 6.83
Maximum Gap % .
threshdld wide 4.63 10.01 10.72 14.02
narrow 0.7 6.5 21.8 53.3
Average CPU Time s .
wide 0.8 7.1 20.7 53.2
Fina result
A o narrow 2.65 4.45 5.98 6.91
ver
e ’ wide 4.09 7.8 10.27 11.36
Large . narrow 4.32 6. 55 7.45 8.29
Maximum Gap % .
threshdld wide 12.18 10.14 14.23 14.02
) narrov 0.2 2.5 8.3 18
Average CPU Time s .
wide 0.5 2.7 8.7 22

3 As expected the heurigtic with the large threshold runs much faster than that with the
small threshold. Although the large threshold generates a gap larger than that of the small threshold
the difference between these two gaps seems to be smaller and smaller with the increase of the num-
ber of customers especialy for wide time window instances. This is probably because there are
more diversification chances for such instances. Therefore for instances with a large number of
customers it is better to use the large threshold to save computational time while for instances with
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a small number of customers it is better to use the small threshold to obtain a smaller gap. Finaly
the instances with more than 200 customers were calculated to further evaluate the performance of
this heuristic. The maximum computational times of the instances with 500 1000 and 2000 cus-
tomers are less than eight minutes one hour ten minutes and ten hours respectively.

5 CONCLUSIONS

In this paper a heuristic dedicated to solving the large-scale static DARP with complex con-
straints is presented. In the heuristic a simple and fast construction method is proposed to generate
bias free initial solutions. These initial solutions are further improved in the tuning phase that con-
sists of a local search based intengification strategy and two levels of diversification strategies. The
efficiency of the tuning phase is mainly benefited from the falowing features

1 The properly organized local search strategies which provide a strong intensification in the
local region.

2 The properly selected SOF  which helps to drive the search out from local minima.

3 The quality of an individual trip is evaluated by the AWC which helps to exclude good
trips from local search neighbourhood and thus reduces the blind exploration. Intensive numerical
experiments of instances with no more than 200 customers illustrate that this heuristic is capable of
quickly obtaining results with small gaps to the loner bounds provided by the CG method. Moreo-
ver instances with up to 2000 customers can be solved in a few hours.  This meets the requirements
of daily planning.
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