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PREFACE

Thiswork started on October 1997. The aim of the Ph.D. research was to find an optimal
methodology and tools to automate the supplier selection procedures, especialy for small
and medium-sized enterprises, as these enterprises often lack in-house knowledge of
achieving this. This dissertation solves the problem using a methodology consisting three
components. The three components are a data collection system (based on mobile agents
and XML) for information gathering, an inference engine (based on array-based logic) to
make on-line decisions real-time, and a performance evauation engine (based on
Manufacturing systems theory and Petri net) to evaluate the performance of a supplier in
real-time.

In the first chapter (introduction) the key concepts such as agile virtual enterprise, supply
chain management, and small and medium-sized enterprises are introduced. At the end of
this chapter, the problem statement of this Ph.D. research and the results of this research
(significance) are stated. The second chapter is about a modeling approach for modeling
supplier selection procedures.

The third chapter introduces the methodology for automating supplier selection
procedures. The fourth, fifth and sixth chapters are about the components of the
methodology for automation. The components are the data collection system, the
inference engine, and the performance eval uation engine respectively.

| would like to thank professors Zigiong Deng and @yvind Bjgrke for their useful advice
and helps. My thanks goes to the library staff at Narvik Institute of Technology for their
kind cooperation. Finally, | owe a big thank you to my wife Ruglin Romeula for her love
and patience.

Reggie Davidrajuh
Narvik, 18. December 2000






ABSTRACT

This dissertation describes a methodology, tools, and implementation techniques of automating
supplier selection procedures of a small and medium-sized agile virtual enterprise.

Firstly, a modeling approach is devised that can be used to model the supplier selection
procedures of an enterprise. This modeling approach divides the supplier selection procedures
broadly into three stages, the pre-selection, selection, and post-sel ection stages.

Secondly, a methodology is presented for automating the supplier selection procedures. The
methodology first divides the selection process into three stages, such as pre-selection, selection,
and post-selection stages. Then the methodology identifies the steps within the selection stage
that can automated. Automating the steps within the pre-selection and the post-selection stages
are not considered here. The methodology also proposes three modules for automating the
selection stage. To assist automation, the selection stage is further divided into three sub-stages,
namely, bidder selection, partner selection and performance evaluation sub-stages. By this
methodology, each sub-stage of the selection stage employs a module for automation; the
modules used for automation at these sub-stages are the data collection system, the inference
engine and the performance evaluation engine.

Thirdly, modeling, design and implementation of the three modules for automation are described:

The data collection system is for automating on-site selection sub-stage. The data collection
system sends mobile agents to collects data (or quotes) from suppliers' web sites; to enable this,
data provided by suppliers on their web sites must be structured-information using XML
conforming to a publicly available uniform grammar. The mobile agents then accepts the supplier
as a potential supplier and bring backs the data to the main assembler for further scrutiny, only if
the supplier data satisfies the critical condition sets by the assembler with broad margins.

The inference engine is the second module for automation, which is used for selecting the best
supplier from a list of potential suppliers; this is done in the sub-stage partner selection. Array-
based logic is used for redizing the inference engine because, array-based logic offers fast
computation, compact code, and compl ete solution.

The last module for automating supplier selection procedures is the performance evaluation
engine. The performance evaluation engine is a simple yet effective tool for performance
evaluation of the supplier that is selected as the best supplier by the inference engine. The
performance evaluation engine put the new supplier in collaboration with the other existing
collaborating enterprises for a specific project, and carry out simulations to see whether the
supplier will perform satisfactorily in collaboration. Redlization of the performance evaluation
engine is done in three stages. The first stage is the modeling stage where the manufacturing
systems theory approach is used to establish a higher-level model of the agile virtua enterprise.
The second stage is the simulation stage, where the higher-level model is converted into the
lower-level Petri net model. The third stage is the implementation stage at which the lower-level
Petri net model is converted to C++ programming language code and compiled into a executable
system - the performance evaluation engine. To model the lower-level we make use of timed
colored Petri net.
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1. INTRODUCTION

The title of this dissertation is "automating supplier selection procedures for small
and medium-sized agile virtual enterprises’. Supplier selection is an important part of
supply chain management. In this introductory chapter, firstly, the key concepts such as
agile virtual enterprise, small and mediumrsized enterprise (SME), supply chain
management are explained;, supplier selection procedures are explained in the next
chapter. Secondly, the main problem that is solved in this dissertation is presented.
Finally, significance of this research is presented.

1.1 INTRODUCING THE KEY CONCEPTS

In the beginning of the eighties, competition in the market increased enormously, because
of the increased customer awareness of the products and due to the open economic
policies of the nations. New concepts evolved and tried to meet the new challenges;
concepts like computer integrated manufacturing, lean manufacturing, agile
manufacturing, and lately, agile virtual management practices or agile virtual enterprise.

1.1.1 A short historical excursion from CIM to agile virtual enterprise

Computer integrated manufacturing (CIM) combines the activities such as computer
aided design (CAD), computer aided planning (CAP), computer aided manufacturing
(CAM), computer aided quality control (CAQ), and production planning and control
(PP&C) in one system [Rembold et al, 1993]. The combination is an internal integration
within an enterprise. During the period of development and implementation of CIM, the
Japanese employed just-in-time (JIT) concept to minimize costs; the JIT concept is about
production where delivery of parts and materials for production happens in exact amount,
at the correct time, in right quality. Also, production uses a minimum amount of time,
facilities, equipment, materials, and human resources [Deng, 1997]. Zero inventory cost
in JT dueto arrival of materials at the correct time means JIT depends on the interaction
between the suppliers and the purchaser; thus, as opposed to CIM, JIT is no longer an
internal issue (intra-enterprise’) but an 'inter-enterprise issue. JIT concepts are part of the
wider lean production practices, invented by Toyota to produce high quality automobiles,
cheaper and faster. The principles of lean production included teamwork of dedicated
team players (unskilled workers in mass production, practiced by the European and
American counterparts at that time), communication at the horizontal levels to confront
conflicts in the early stage (no horizontal communication in mass production), efficient
use of resources and elimination of waste, and continuous improvement [Womak et al,
1991]. Lean production incorporated supply and distribution chains which posses first
signs of fuzzy business boundaries (virtual enterprise) and agility.

Agile manufacturing and virtual enterprise concepts were formally presented, for the first

timein [Nagel et a, 1991]. Nagel et a (1991) and Goldman (1993) emphasized agility or
the ability to react quickly as the central factor for survival of an enterprise, and to
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incorporate entire supply base and customers into a virtual corporation. Thus, agile
virtual enterprise is based on two concepts; agility is the ability to react quickly to
changing conditions; virtual enterprise means the ability to have fuzzy business
boundaries for a project, extending the enterprise to include newer collaborating
enterprises [Goranson, 1999].

With the advent and widespread use of Internet, internet-based applications are now used
to improve competitiveness of the agile virtual enterprises. This new applications, known
as e-commerce (electronic commerce) applications, enable an agile virtua enterprise to
not only retain its distinctive partnership role in a collaborative manufacturing
environment, but also build up its responsive production by delivering creative, timely
and quality productsto the global market [Yam et. al., 2000].

1.1.2 Introduction to agile virtual enterprise

Figure-1.1 shows both new and old, supply and distribution chain of an agile enterprise.
In figure-1.1, the main producer or assembler integrates a number of collaborating
enterprises (suppliers and distributors), to manufacture a certain class of product. When
market conditions change, a new class of product or an improved version of the product
should be quickly turned out to meet the new market requirements; that is, the main
assembler has to be agile. In this case, the main assembler may seek for a new
combination of suppliers and distributors that are more suitable to manufacture the new
class of products [Deng, 1994; Davidrguh and Deng, 1998].

As shown in figure-1.1, our view of the collaboration is 'main assembler-centered’. This
means, the main assembler- the enterprise that owns the trademark of the product being
produced by collaboration, decides whether to change the collaborating enterprises
(accept any new enterprise into collaboration or to reject any existing collaborating
enterprises), change the volume and properties of the product, etc.

Thelife cycle phases of agile virtual enterprise

The life cycle of agile virtual enterprise includes phases such as business opportunity
identification, partner selection, formation, operation, and reconfiguration [Enator,
1998]. Before forming an agile virtual enterprise, profitability of a product (that is going
to be produced) has to be assessed. This is done in the opportunity identification part of
the formation phase. Profitability of a product is assessed by extensive market analysis
and research. After the opportunity identification part, the right collaborating enterprises
must be found to manufacture the product; thus the supply chain is established at this
stage.

After forming an agile virtual enterprise, the collaboration is put to use for producing a
class of products; this is the operation phase. During the operation phase and after, the
main assembler constantly monitor the performance of the supply chain so as to
determine whether to establish a new supply chain for producing the same class of
product or a new class of product, by changing the collaborating enterprises; this phase is
called the reconfiguration phase. Clearly, formation and reconfiguration phases are
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similar. In reconfiguration phase, the performance of an existing collaborating enterprise
is compared with anew potential supplier.

1.1.3 Supply chain management in agile virtual enterprise

The supply chain management is an important part of an enterprise’s strategy to optimize
planning and execution processes to respond to the changes in the market. It is not an
exaggeration to say that supply chain management has now become more important than
the manufacturing processes themselves [Yam et. al., 2000].

Figure-1.1 shows the traditional supply chain management, spanning the full supply
chain, from procuring raw materials from the raw materials suppliers to the delivering the
finished good to the consumers; though the supply chain in figure-1.1 shows only two
layers (two tiers) of suppliers and distributors, in reality there will be many layers.

There exist many definitions for the term supply chain management depending on the
approach of the respective firm or branch. Germany’s Fraunhofer Institute (IPA) defines
Supply Chain Management (SCM) as the integrated planning, handling, co-ordination
and management of material and information flows in single-level or multi-level supply
chains [Sihn et a, 2000]. In this context, Supply Chain Management requires the
extended cooperation of all partners in the supply chain in the following areas: ordering,
forecasting, transport, material requirements planning, resource planning and scheduling.
This cooperation can be achieved through the process-oriented reorganization of the
supply chain and the introduction of the appropriate IT infrastructure, control system or
other management principles[Sihn et a, 2000].

Supply planning Production )
s planning Demand planning
O—=00 AL~
,/.
‘Q ' Main d ,< a }
° assembler
e Part Distributors
Suppliers
Material Sales
suppliers agents
—— Old supply chain ——— New supply chain

Figure-1.1: Smplified supply management system for a virtual enterprise

SCM s truly a multidisciplinary subject, evolving from diverse subjects like internal
supply chaining [Harland, 1996]; business re-engineering [Dae, 1994; Croom et 4,
2000]; operations management [Slack et al, 1998]; logistics and transportation and
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network [Handfield and Nichols, 1999]; marketing; organization behavior, industrial
organization, systems engineering [ Towers, 2000; Stevens, 1989].

1.1.4 Why supply chain management is important?

Supply chain management is very important for an agile virtual enterprise because, by
proper supply chain management practices, current and future profitability of an
enterprise is maximized. The following works [Christopher, 1993; Christopher,1998;
Kjenstad, 1998; Croom et a, 2000; Fingar et al, 2000] cites many examples of supply
chain management strategies whereby billions of dollars were saved (earned).

Though supply chain management is about strategically managing the procurement,
movement and storage of materials, and the related information flow, in this dissertation-
we shall concentrate only on one topic within supply chain management namely, the
supplier selection procedures. The supplier selection procedures is the topic of the next
chapter (chapter 2).

1.2 SMALL AND MEDIUM-SIZED ENTERPRISES

In general, small and medium-sized enterprises (SMES) are classified as enterprises
carrying out small to medium-scale manufacturing, employing fewer than 500 persons,

and an annual turnover of £20 million [Gunasekaran, 2000]. The aim of this dissertation
is to assist SMEs to automate supplier selection procedures mainly because of the four
attributes attached to SMEs:

1. SMEs are the most important portion of the economy of any nation.

2. SMEs are flexible and innovative, taking into account the size and business structure
3. SMEs primarily satisfy local market

4. SMEs can not afford expensive application packages

1.2.1 SMEs are the largest component of advanced economies

In Germany, out of the 2.1 million enterprises, 99.8% employ less than 500 people and
94.7% less than 20 people [Bundesamt, 1987] as quoted in [Engelhardt, 1997]. In the
UK economy, the influence of manufacturing businesses with less than 250 employees
has been steadily increasing over the last twenty years [Storey, 1994]. In the USA, there
were more than 5.7 million businesses in 1992, out of them, only 14 000 had more than
500 workers [US Small Business Administration, 1992].

1.2.2 SMEs are flexible and innovative

SMEs are flexible and innovative taking into account the size and business structure. The
cost structure of an SME is different from larger enterprises; SME production is

characterized by relatively high wages costs, but they spend less (compared to larger
enterprises) on raw material, semi-finished products, and other products and services
supplied to them [Gunasekaran, 2000]. Thus, one of the primary goals of the strategies
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adopted by SMEs is to be flexible on the procurements in-order to save as much as
possible on the supplies without compromising quality and delivery time aspects.
Because of their small size, the autonomous agents in-charge of procurement, can be
more agile (without time-consuming internal consultations) in responding to newer
opportunities, e.g. seeking suppliers with better bids.

1.2.3 SMEs primarily satisfy local market

SMEs generally manufacture more for local markets, of items such as consumer goods,
investment goods, and suppliers products and services [Gunasekaran, 2000]. In
Australia, for example, only 11 percent of SMEs exported in 1995 [Yellow Pages
Australia, 1995a; quoted in [Graham, 1999]. This implies, the supplier selection
procedures for seeking optimum suppliers around the globe is much more important than
seeking distributors overseas, for SMEs.

1.2.4 SMEs can not afford expensive application packages
SMEs cant always afford expensve SCM software like products from Baan, JD

Edwards, SAP, PeopleSoft, i2 Technologies or Manugistics. SME need inexpensive but
effective and powerful software to cooperate in their supply chain.

1.3 PROBLEM STATEMENT
The aim of this dissertation is three-folded:

» Thefirst oneisto find a methodology to automate supplier selection procedures.

* The second aim is to find or develop optimal tools for automating supplier selection
procedures.

» Thethird am isto conduct research leading to realization of a system or systems that
can be implemented to pursue potential suppliers automaticaly.

1.4 SIGNIFICANCE OF THIS RESEARCH

This research involves applied mathematics (discrete mathematics and mathematical
logic), distributed/applied computing (mobile agents, Java, CORBA, and XML) and
management issues, thus a good example for cross-disciplinary research within industrial
engineering. Considering the four flows that exist between collaborating enterprises in a
virtual enterprise (the four flows are information, material, work, and fund), this research
is about information flow and material flow.

This dissertation consists of some surveys, many algorithms for realizations of newer
tools or improvement of existing tools. During the course of this Ph.D. research, two
tools were developed that have potentials for many applications. More details are given
below.
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1.4.1 Why this research is necessary?

The Internet is bringing profound change to the business world and has enabled new
ways of conducting business; to compete in the emerging digital economy, enterprises
will need to change their business models, rethink the way they work and form new
relationships with their collaborating enterprises. Even the way the new relationships are
formed need to be changed to gain competitive advantage; this research is about how the
new relationships (through supplier selection) should be established in an agile virtual
environment using the global business channel - the Internet.

The Internet or World Wide Web precisely, alows enterprises from the smallest
enterprise to largest corporations to establish global presence. Hence, small enterprise
(SMESs) now have the opportunity to reach geographically dispersed markets that would
otherwise been cost prohibitive to consider. SMEs also now have the opportunity to
select the best suppliers, by utilizing suppliers’ bids on WWW, thus averting time
consuming and costly outside sources (or middlemen) like professional contacts, trade
journals, directories, and import brokers. By best supplier, we mean the supplier who can
supply an SME with right amount of materia at the right time - thus preventing physical
inventories at the SME, at right price (or cheap) of the right quality (for example, by
adhering to 1SO standards).

What we have said so far, is that ussng WWW for supplier selection is very important for
survival of an SME. But this research goes further ahead; what we are going to say and
show how is that, automating the supplier selection utilizing WWW is highly beneficia
for an SME.

Automating the supplier selection procedures are very important for three reasons:

1. Thefirst reason is that the volume of data that is available on the Internet is simply
too much for manual processing; there must fully or semi- automated system to
collect and process the huge amounts of data available on hundreds or even thousands
of potential suppliersweb sites.

2. The second reason is that, Internet enables business ubiquity, allowing an enterprise
to conduct business all the time; certainly an autonomous system would be
preferential than humans to work on a 24x7x365 basis.

3. Thethird reason is that, as we have aready stated- SMEs with restricted revenue and
production characterized by relatively high wages costs, can not afford further labor
costs for processing the enormous data from suppliers. Therefore, this research was
initiated to find a methodology, tools, and implementation of automating supplier
selection procedures.

1.4.2 In what sense this research is new and what are the achievements?

Extensive literature study shows that automating supplier selection (fully or partialy) is
not done elsewhere. Therefore, the idea of automating supplier selection itself is new.
The main contribution of this research can be summarized as follows:
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We have proposed and evaluated a methodology for automating supplier selection
procedures addressing the requirements like agility, reliability, extensibility,
interoperability and legacy integration (chapters 2 and 3). The methodology is divided
into different phases reflecting the current supplier selection practices, aso
introducing new trends to support automation. The methodology provides an
automation system consisting of three engines for data collection, inference, and
performance evaluation respectively.

By the methodology, the proposed system is cheap to build, can be build and
implemented quickly, and require few staff to maintain. The proposed system is also
scalable, and provides possibilities to coordinating with the rest of the supplier
selection procedures that are not automated.

We have proposed a data collection system that make use of WWW, based on XML
and mobile agents (chapter 4). We have surveyed the enabling technologies most
suitable for realizing the data collection system. We devised the data collection
systems so as to satisfy the requirements such as portable, scalable, extensible, secure,
affordable, and qualitative. The data collection system searches data from supplier
autonomously, with no human intervention from the management, and frequently.
The system is able to handle RFP (request for proposals) autonomously. The system
is aso self-starting and self-correcting. We made a prototype for the data collection
system for the operation phase of an agile virtual enterprise where the main assembler
uses the data collection system as the information infrastructure for collaboration with
the other enterprises. We have aso shown how to make use of the legacy systems
efficiently.

We have proposed an inference engine for making decisions based on the data
collected from the potential suppliers (chapter 5). The inference engine has the
qualities such as fast processing time for online real-time operation; compact size so
that it does not require large memory, disk or extra processor; easy to build and
maintain. We have developed a toolbox of logic functions based on array-based logic,
which we call structured array-based logic. Thistoolbox allows direct implementation
of the inference engine from the modeling and simulation stage, as well as is fast,
compact, and complete.

We developed the toolbox structured array-based logic with MATLAB with the aim
of computing with words, in-addition to fast, compact and complete computation.

Numerous mathematical methods are available for measuring the performance of a
supplier, and the supply chain as awhole. However, we devised asimple yet effective
method for performance measurement of a supplier, and of the whole supply chain.
This method is based on manufacturing systems theory and Petri Net; see chapter 6.
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* The proposed methodology for modeling and simulation supply chain using Petri nets
is new concept (chapter 6). Modeling and simulation of supply chain using Petri nets
is not done elsewhere'. We have also devised a set of new firing rules for the timed
colored Petri net for this purpose. In addition, we developed two toolboxes of
function for realizing the performance evaluation engine from the Petri net model.
The toolboxes are AgileSIM and PenSIM, which run on MATLAB simulation
system.

AgileSIM is atoolbox of functions for modeling supply chain in a higher-level model
(based on manufacturing systems theory approach) and then for yielding a lower-
level Petri net model. PenSIM is a simulator based on the timed colored Petri net, for
simulating lower-level Petri net model.

! according to discussions in the Petri nets Email List PetriNets@dai mi.au.dk, dated 12 October 00.
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2. MODELING SUPPLIER SELECTION PROCEDURES

The selection of suppliersis the responsibility of the purchasing enterprise and requires a
consideration of severa factors. Some enterprises employ simple procedures with few
criteria for supplier selection, while others use complex procedures with many criteria
divided into many categories. The complexity of the selection process depends on the
size, business type and revenue of the purchasing enterprise, the total costs involved in
purchasing, and on the fact that how often the purchase is to be repeated, etc.

The aim of this chapter is to develop a generic modeling approach for modeling supplier
selection procedures, so that in the next chapter, this modeling approach can be used to
identify the steps of supplier selection procedures that can be automated.

2.1 SOME FACTORS IN MODELING SUPPLIER SELECTION

Supplier selection is complicated by the fact that various criteria must be considered in
the decision making process. The analysis of criteria for selection and measuring the
performance of the suppliers has been the focus of many research papers; see for example
[Weber et a, 1991], which reviews atotal of 74 research papers on supplier selection.

In this section, first we shall go through the most important criteria for supplier selection,
and then on the issues on the performance measurement of suppliers.

Supplier selection criteria No. of research %
papers

1 | Net price 61 80
2. | Delivery 44 58
3. | Quality 40 53
4. | Production capability 23 30
5. | Geographic location 16 21
6. | Technical capability 15 20
7. | Management and organization 10 13
8. | Reputation and position in industry 8 11
9. | Financial position 7 9
10. | Performance history 7 9

Table-2.1: Supplier selection criteria sited in various resear ch papers
[adapted from Weber et al, 1991]

2.1.1 The selection criteria

There are many criteria for supplier selection; since the first extensive review on supplier
selection criteria by [Dickson, 1966], and then by [Weber et al, 1991] and the most recent
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ones [Chick et al, 2000; Ghingold and Wilson, 1998; Motwani et al, 1999] discusses the
most important selection criteria which remain almost invariant.

Table-2.1 lists the top ten most important criteria discussed in numerous research papers.
Table-2.1 lists each criterion together with number of research papers which embrace the
criterion as well as the rank given to the criterion. Table-2.1 indicates that the (net) price,
delivery (time) and quality as the most important supplier selection criteria, as these
criteria were sited in 80%, 58% and 53% of the research papers. Consequently, our
supplier selection modeling approach, and our methodology for automating supplier
selection, are based on these three most important criteria only; this limitation is only for
brevity. The ideas discussed in this dissertation can be extended to include other selection
criteriatoo.

2.1.2 Measuring the performance of suppliers

When measuring the performance of a supplier, there are some performance factors that
can be quantified or evaluated in monetary terms (like cost of product, delivery delay
costs etc.); these quantifiable factors can be used in mathematical equation to measure the
overall performance of asupplier.

There exist some factors that can not be quantified or can not be quantified easily (e.g.
goodwill or reputation and position of an enterprise in industry). These factors can be till
used for performance measurement if the techniques that deals with computations with
words are employed. Fuzzy logic is a technology that computes factors that can not be
quantified easily; structured array-based logic is yet another technology that deals with
computing with words; both fuzzy logic and structured array-based logic are introduced
in chapter-5.

In some literature (e.g. [Housshyar and Lyth, 1992]), quantifiable factors are termed
objective factors and non-quantifiable factors are termed subjective factors.

2.2 A MODELING APPROACH

Severa research studies attempt to develop models of supplier selection procedures for

various reasons,; for reviews, see [Chick et. al, 2000; Ghingold and Wilson, 1998;

Motwani et al, 1999; Woodside et a, 1999; Yousef, 1992; Yousef et al, 1996].

Developing a generic model for the supplier selection procedure is not an easy task,

because:

1. It is multiple-person activity: Supplier selection involves persons at severa authority
levels (vertical involvement), and across several departments (lateral involvement)
within the purchasing enterprise.

2. Type of procurement: Supplier selection procedures vary for procurement of capital
equipment and for commodities and MRO (maintenance, repair and operating) items.
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3. Duration of collaboration: Supplier selection criteria depends on the duration of
expected collaboration between the supplier and the purchaser; from short term
commitment to long term alliance.

4. Type of collaboration: Selection criteria aso depends on the closeness of
collaboration between the supplier and the purchaser. Extensiveness of the selection
criteriawill be high if the potential supplier isto become a strategic partner.

Though severa research studies have attempted to model supplier selection procedure,
they are mostly about buying capital equipment, and about the behavior of the
professional buyers; these research studies are not about creating a model of the supplier
selection procedure that is suitable for utilizing the Internet technology for automating
supplier selection procedures (e.g. as an e-commerce application). In this section, we
attempt to create a generic modeling approach by going through the literature study first;
the modeling approach is developed by examining the complete buying process in an
abstract manner, but general enough with regard to the dynamic nature of supplier
selection and its implications for automating it. In the next section, we shall go through
some case studies to verify whether our generic modeling approach is general enough to
model the procedures utilized by the enterprises.

2.2.1 The modeling approach

We start with a broad classification of supplier selection procedures. Let us begin with a
supplier selection procedure broadly categorized into the following three stages:
1. Pre- Selection stage: Management sets the strategic goals for procurement,
2. Slection stage: The main selection procedures, starting with many potential
suppliers and ending with a most preferred supplier.
3. Post Selection stage: Establishing collaboration with the selected supplier.

The modeling approach is shown in figure-2.1. The modeling approach distinctly
partition the supplier selection procedures into the pre-selection, selection and post-
selection stages. This is because, we want to separate the steps of the supplier selection
procedures that can be automated from the steps that are best left for human intervention.

The pre-selection stage and the post-selection stage are mainly about managerial issues
that are subjective, therefore should be left to humans rather than machines. Only the
steps that fall within the selection stage are considered for automation in this dissertation.
The methodology, and modules for automating the steps are discussed in chapter-3.

2.2.2 Verifying the modeling approach

In this subsection, first we shall study some models of supplier selection procedures that
exist in literature; these models emphasize different aspects of supplier selection. By
studying these models, we could verify whether our modeling approach (shown in figure-
2.1) is general enough to create the models containing the main components emphasized
in the these models.
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For brevity, we limit ourselves to three models only; we could confidently state that the
these three models are representative as numerous other models developed in many
literature vary only slightly from these three models.

stage sub-stage steps
Pre- Strategic goal Management sets the strategic goals for procurement;
Selection setting also defines criteria such as low cost, JIT delivery,
hiah quality etc
stage sub-stage steps

Make the request for proposal /quote (RFP/ RFQ); Receive
guotes from suppliers and select a pool of suppliers who
satisfy the basic requirements (such as cost, quality, etc.)

Bidder s selection
(1% level selection)

Selection Partner sdection  Analyze the supplier quotation and select best

stage (2™ level selection)  supplier based on numeric calculation results

Performance The selected supplier is placed in a collaborative
Evaluation environment for a specific project; performance evaluation
(3 |evel sdlection) is done to see the supplier will perform well in collaboration.

stage sub-stage steps
Post Selection of the Continuous communication with the selected supplier
Sdlection most preferred on materials, product development & testing, costing,
supplier etc

Figure-2.1: Our modeling approach for modeling supplier selection procedures

The C&N six-phase model

A six-phase model identifying several steps of the supplier selection procedure is
discussed in [Carter and Narashiman, 1990]; the C&N six-phase model focuses on a
purchasing cycle that takes into account international purchasing. The six phases of the
model is shown in figure-2.2.

Let us reemodel the supplier selection processes described by the C&N six-phase model
by our modeling approach. The resulting model obtained by our modeling approach is
shown in tabular form in table-2.2; we call this model "the modified C& N model".

Let us compare the C&N six-phase model shown in figure-2.2 and the modified C&N
model shown in table-2.2. These two models has the same steps; however, modified
C&N mode clearly illustrates the pre-selection, selection and post-selection stages,
whereas in the C&N six-phase model the division is not visible. Therefore, after re-
modeling by our modeling approach, the new model now shows the steps within the
selection stage that are now ready for automation; how the automation is achieved is
further discussed in chapter-3.
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PHASE PHASE PHASE PHASE PHASE PHASE
I I 11 v Vv VI
Sep-1: Step-1: Step-1: Step-1: Sep-1: Step-1:

Source & Analyze Analyze Manage the
Definition product Supplier supplier subjective contract
of need identificat- evaluation quotes issues
ion
Step-2: Step-2:
Sep-2: Sep-2: Sep-2: Quotes Perform
Review Locate List include final
purchase potential qualified _ hecessary comparison
requisition sources suppliers information?
Step-3: Step-3:
Perform
Step-3: Step-3: Step-3: comparison Select
Re-evaluate analysis supplier
Prepare decision to qualified
RFQ buy supplier list
Sep-4: Sep-4:
Rank order Negotiate
suppliers Price&
terms
Sep-5: Sep-5:
Prepare
final Place the
list order

Figure-2.2: The C& N six-phase modéd for supplier selection

A multi-agent model
Li et a (2000) proposes a multi-agent model for partner selection in virtual enterprises; a
modified (ssimplified) version of this model is shown in figure-2.3.

In this multi-agent based supplier selection process, after the goals of the virtual
enterprise are identified, the virtual enterprise coordinator agent (VCA) decomposes the
goal into sub-goals so that individual enterprise agents (EAS) can receive these sub-goals
as requests (or requests for bids). When the EAs respond with bids, these bids are
evaluated using distributed constraint satisfaction techniques, so that a single most
qualified supplier results.

Let us divide the multi-agent model into sectors so that it conforms to the three selection

stages of our model; the re-worked model is shown in figure-2.4. It is notable that in the
model shown in figure-2.4, the selection sub-stage performance evauation is missing,
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despite our modeling approach indicates the necessity for that sub-stage. We may assume

that this sub-stage too is included in the post-sel ection stage.

stage sub-stage C&N steps
Phases
Pre- Strategic goal I 1. Definition of need
selection Setting 2. Review purchase requisition
Bidders 11 | 1. Prepare RFQ
selection 2. Source and product identification
(1% level 3. Locate potential sources
selection) 4. Decision to buy
5. Supplier evaluation
6. List qualified suppliers
Partner selection | 111/1V | 1. Re-evaluate qualified supplier list
(2" level 2. Analyze supplier quotes
Selection selection) 3. Make sure quotesinclude
stage necessary information
4. Perform comparison analysis
5. Rank order suppliers
6. Preparefinal list
Performance \Y 1. Analyze subjective issues
evaluation 2. Performfinal comparison
(3" level 3. Select supplier
selection) 4. Negotiate prices and terms
5. Place orders
Post- Relationship \ 1. Manage the contract
selection mai ntenance

Table-2.2: Themodified C& N model with emphasis on international purchase

We believe that it is correct to say that by constraint satisfaction problem, the best set (of
supplier quotes) can be selected out of many competing sets; but by only placing the
winning supplier together with the other existing collaborating partners and measure the
performance of the selected supplier in collaboration, we can be sure that the selected
supplier will perform optimally as a new partner in the collaboration. In our modeling
approach, the measurement of performance of the selected supplier in collaboration is
done at the sub-stage performance evaluation of the supplier selection stage, which is a
crucial part of the supplier selection stage for any virtual enterprise. However, many
research papers (including [Li et al, 2000]) overlook this stage.
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Analyze degree of
satisfaction

One satisfied
EA set
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Figure-2.3: The multi-agent model for partner selection

Multi-attribute model for configurable machining system selection

Chick et al (2000) presents a multi-attribute model for selection of complex and capital
intensive machining tools. Chick et al (2000) claim that this model was developed after
severa interviews with buyers and suppliers of machine tools. The multi-attribute model
isshown in figure-2.5.

The multi-attribute emphasi ze the buyer-supplier relationship that is important for a long-
life capital intensive purchase. One of the aims behind of development of this model is to
identify the parts of the supplier selection process that can be supported by decision
support systems; in this sense, Chick et a (2000) work has some aims that are similar to
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our work; but our am is to identify the steps in supplier selection process that can be
automated.

strategic goals

Pre-
selection
stage

Enterprise

sub-goals
’ agents (EA)

Send request

v c
o}
Receive proposals <\) % §
VCA i : v
Coordinator * bids § A
i Set evaluation o) _g
criteria & i)
* m

Relax L | Evaluate proposals

constraints

Number of satisfied
5
era =
NO satisfied i g9
EA set EA set s B
50
Analyze degree of & ‘%
satisfaction o

One satisfied
EA set

Pl

c
S o
Post-selection communication & "g ‘8' or
coordination with the winning bidder a 7 B

Figure-2.4: Re-maodding 'multi-agent model’ by our modeling approach

The revised multi-attribute model created by our modeling approach is shown in figure-
2.6. Comparing the two models (shown in fgure-2.5 and 2.6) reveals that though they
look similar; the revised model shown in figure-2.6 is a good starting point to explore the
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possibilities of automating supplier selection procedures. We want to emphasize that in-
order to use the methodology we present in chapter-3, the supplier selection procedures
must be divided into the three stages, as our methodology automates only the steps that
falls within the selection stage.

Strategic goal setting

e Define characteristics
e Volumes, products, requirements, etc.

Commodity
purchase

Commodity or complex
machining system?

machining system

Complex or re-configurable

Pre-Bid
Formation of selection team

Options definition - define product specifications

Objectives hierarchy construction
Compilelist of suppliers
Compose the RFP/RFQ

v

Post-bid, Pre-best & Final
Options scoring
Options reduction
Information sharing

v

Option selection

e Select supplier or supplier as required by options definitions

No

System design

v

fully specified?

Yes

v

Select Machining System
e Option generation

e Objective hierarchy

e Scorethe hierarchy

e Select system

Post option selection
communication

Relationship with winning bidder
Selection process evaluation

Figure-2.5: The multi-attribute model for capital intensive machinetool procurement
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PRE-SELECTION STAGE
Define characteristics
Volumes, products, requirements, etc.

SELECTION STAGE: Bidder selection

Formation of selection team

Options definition - define product specifications
Objectives hierarchy construction

Compilelist of suppliers

Compose the RFP/RFQ

SELECTION STAGE: Partner selection

Options scoring
Options reduction
Information sharing

SELECTION STAGE: Performance evaluation

Select supplier or supplier as required by options
definitions

POST-SELECTION STAGE

Post option selection communication
Relationship with winning bidder

Figure-2.6: Therevised multi-attribute model for capital intensive machine

tool procurement
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2.3 CASE STUDIES

In the previous section, we used our modeling approach to develop models of supplier
selection procedures. The common item in these models is the division of the selection
process into the three stages, and further division of the stages into steps. The models we
derived in the previous section emphasize different aspects of the supplier selection
procedures, like international purchasing (C&N model), coordinating processes with a
coordinator agent (multi-agent model), and buying capital equipment (multi-attribute
model).

In this section, we shall go through some case studies; the two case studies discussed
below, show the multitudes of supplier selection procedures in practice. When we go
through each case study, we examine whether the supplier selection procedure practiced
by the enterprise can be modeled by our modeling approach; that is, we verify whether
our modeling approach is applicable to model the supplier selection procedures of known
enterprises.

2.3.1 Case Study-I: Dynamic Instruments, Inc., San Diego

Dynamic Instruments, Inc. (founded 1984) in San Diego-USA, can be classified as an
SME with its 220 full-time employees®. DI is a leading manufacture of industrial and
military voice recording and instrumentation products, supplying to the military sector
(e.g. U.S. Navy) and commercial sector (e.g. US Postal service).

Current situation analysis - supplier selection proceduresfor DI [DI, 2000]

DI does not use an automated supplier selection process. The suppliers have to submit
their bids to DI on paper, as DI's web pages does not hosts any forms for suppliers to
submit their bids electronically; In making the selection, DI will obtain further
specifications from the suppliers. The supplier selection procedure is also ssmple one,
with few criteria (besides some ethical ones like bribing or buying influence through
offering valuable personal gifts or entertainment, is not acceptable). The supplier
selection process is modeled by our modeling approach and shown in tabular form in
table-2.3.

From table-2.3, it is clear that the model of supplier selection procedures of DI look
similar to the models we have seen previoudly, also somewhat ssimplistic; that is, DI does
not practice al the sub-stages of the selection stage as prepared for in our modeling
approach; for example, after the initial 1% level selection stage for selection of a pool of
potential suppliers, DI jumps to the 3 level selection stage to select the most preferred
supplier. Also, the performance evaluation of the most preferred supplier is not vigorous;
rather than using mathematical computations for performance measurement, DI evaluate
a supplier based on the subjective issues like previous involvement of the supplier with

2 the number of full-time employees is yet to be confirmed by DI
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DI, location of the supplier (how close to DI), and whether the supplier is a US
enterprise.

2.3.2 Case Study-Il: Kveener Oil & Gas, Norway

Kvaerner Oil & Gas Norway (KOG Norway) is alarge corporation in the offshore sector
[KOG, 2000]. KOG’s main business is offering complete installations and services to the
oil and gas industry, with specialist competence in project management and execution,
sub-sea and process technology and products, and maintenance and operation of
platforms. KOG has five divisions (in KOG’s terminology, "business streams') which
work closely together, both in projects and in the development of new technology and
new products.

We modeled supplier selection procedure by our modeling approach; the model is shown
in table-2.4. Table-2.4 clearly indicates that the three-stage selection process is further
divided into many sub stages, owing to the complexity and cost of procurement.

The supplier selection procedure starts with the pre-selection stage at which the
management sets the criteria for procurement such as local contents requirements,
logistics, lead time, costs and service possibilities.

stage sub-stage steps
(Strategic (Corporate) management sets the strategic goas for the
Pre- Godl purchase. Management also defines the criteria such as loca
Selection Setting) contents requirements, logistics, lead time, costs and service
possibilities.

The supplier is SO 9001 compliant (quality factor).

The price of the product (price factor)

"Bidders The good reputation of the supplier for adhering to

Selection Selection” specifications and delivery schedules (agility factor)

The dependability and service record of the supplier, and the

nature of the guaranty and warranty of the product, and the

supplier's adequate financial strength (performance factors)

Preferred supplier is:

"Performance | 1. The suppliers who are dready involved with DI,
Evauation"” | 2. Supplierslocated near the company operation, and

3. Supplierswho qualify under the "Buy American Act".

(Selection of | Continuous communication with the supplier on materials,

Post the most product development, costing, product testing, etc.
Selection preferred
supplier)

Table-2.3: A mode of supplier selection proceduresof Dynamic Instrumentsinc, US
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In the selection stage, the first sub-stage is the "bidders selection stage”, a which the
competence of the potential suppliers are measured. The references, quality assurance
system, internal control, health, environment and safety policies of the bidders are
investigated at this stage. After this stage, a group of qualified suppliers are selected for
further scrutiny. The second sub-stage under the selection stage is the "partner selection
stage”, at which all the request for proposals have been received from the qualified
suppliers and under evaluation. At this stage, the relationship or fitness of the supplier
with the rest of the manufacturing enterprises is measured.

The final sub-stage of the selection stage is the "project level evaluation” at which the
supplier is placed on a specific project situation to evaluate how it will perform in
collaboration between the customers, KOG and the rest of the collaborating enterprises.

The final stage, the post selection stage has a number of steps; the main job at this stage
IS communicating with the winning supplier.

stage sub-stage steps
(Strategic (Corporate) management sets the strategic goals for the
Pre- Godl purchase. Management also defines the criteria such as
Selection Setting) local contents requirements, logistics, lead time, costs and

service possibilities.

"Bidders Ability of the supplier to provide support in pre-sales
Selection” Good references from offshore oil and gas industry
Ability to meet typical delivery times

Project execution capability, dedicated people, availability
Selection of testing facilities.
Broad product range satisfying | SO standards

"Partner Fit for close relationship
Selection” Performance in example configuration
Technology partnering capabilities, operation capabilities
"Performance | Operator and region specific criteria

Evaluation"” | Additiona criteria for a Specific Project; on work load,
technical configuration, commercia performance
Continuous communication with the supplier; Key suppliers

Post (Selection of | are kept up to date on issues, such as planned projects

Selection the most Basic relationship models. one time contract, short term
preferred commitment, close relationship, alliance or strategic
supplier) partnership
Value added relationship evaluation
Joint development initiatives

Table-2.4: A model of supplier selection proceduresof KOG, Norway

31



2.4 SUMMARY

In this section, a modeling approach is devised for modeling supplier selection
procedures. The aim of this approach is to model the selection processes of an enterprise
so that the steps of the selection procedures that can be automated are easily identified for
automation.

The modeling approach partition the selection procedure into three stages:

* Pre- Sdlection stage: Management sets the strategic goals for procurement.

» Selection stage: The main selection procedures, starting with many potentia
suppliers and ending with a most preferred supplier. The selection stage is further
divided into three sub-stages caled bidder selection, partner selection and
performance evaluation.

» Post- Selection stage: Establishing collaboration with the selected supplier.

The modeling approach is shown in tabular form below (table-2.5). By this modeling
approach, we were able to model some supplier selection procedures mentioned in
literature as well asin industry.

stage sub-stage steps
Pre- Strategic goal Management sets the strategic goals for procurement;
selection Setting also defines criteria such as low cost, JIT delivery,
stage high quality etc.
Bidders selection | Make the request for proposal (RFP)/ request for
(1% level selection) | quotes (RFQ); Receive quotes from suppliers and
select apool of potentia suppliers satisfying the basic
Selection requirements (such as cost, quality, etc.)
stage Partner selection | Analyze the supplier quotation and selection best
(2™ level selection) | suppliers based on the numerical calculation results
Performance The selected supplier is placed in a collaborative
evaluation environment for a specific project, and performance
(3" level selection) | evaluation is done to see whether the supplier will
perform well in collaboration.
Post- Selection of the | Continuous communication with the selected supplier
selection most preferred on materials, product development & testing, costing,
stage supplier etc.

Table-2.5: Our basic modeling approach for modeling supplier selection procedures

The pre-selection stage and the post-selection stage are mainly about managerial issues
that are subjective. Only the steps that fall within the selection stage are considered
further for automation.

32



3. AMETHODOLOGY FOR AUTOMATING SUPPLIER SELECTION
PROCEDURES

This chapter is about a methodology for automating supplier selection procedures. We
start with our model for supplier selection, the model that was developed in the previous
chapter. We then identify the steps in the model that can be automated. And finally show
how these steps can be automated.

3.1 AUTOMATING STEPS IN SUPPLIER SELECTION

Table-3.1 shows the modeling approach that was developed in the previous chapter. In

addition to the stages, sub-stages, and steps for supplier selection, table-3.1 also shows

the steps that can be automated and the modules (the data collection system, the inference

engine, and the performance evaluation engine) that perform the automation. Other than

the column “automation” under which the modules responsible for automation are given,
the only change in the model shown in table-3.1 and the model developed in the previous
chapter is the change of the name of théetel selection sub-stage to “on-site” selection
(from “bidder” selection).

stage sub-stage automation steps
Pre- Strategic - 1. Definition of need
selection goal setting - 2. Review purchase requisition
On-site - 1. Prepare RFQ
selection Data collection 2. Source and product identification
(1% level Data collection 3. Locate potentia suppliers
selection) Data collection 4. Accept supplier based on broad margin
Partner Inference engine 1. Re-evaluate qualified supplier list
selection Inference engine 2. Analyze supplier quotes
(znd level Inference engine 3. Perform comparison analysis
; Inference engine 4. Rank order suppliers
Selection selection) Inference engine 5. Preparefinal list
stage
Performance | Performance evaluation | 1. Analyze subjective issues
evaluation | Performance evaluation | 2. Perform final comparison
(;:',"j level Performance evaluation | 3. Select supplier
selection) - 4. Negotiate prices and terms
- 5. Place orders
Post Relationship - 1. Manage the contract
selection | maintenance

It is visible from table-3.1 this dissertation only deals with automating supplier selection

Table-3.1: Themodel of supplier selection procedure

procedure that falls within the selection stage.
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3.1.1 The pre-selection stage

The pre-selection stage (“strategic goal setting”) is where the management first takes
decision on profitability of a product that is going to be produced, and then sets the
strategic goals for the procurement and the criteria for purchase such as local contents
requirements, logistics, lead time, costs and service possibilities. Certainly, the management will

be using ERP software to assist taking decisions, but this stage can not be fully automated, that is

we can not leave the decision making process (like setting goals) to amachine entirely.

3.1.2 The post-selection stage

The post selection stage is at which the management establish relations with the selected
supplier; Finishing off the final deals, maintaining a good communication with the
suppliers, monitoring, quality control of the received materials and parts from the
suppliers, reporting about the difference in the agreed and received supplies, etc. are to be
done by the humans.

3.1.3 Automating steps in the selection stage

As shown in table-3.1, many steps within the selection stage can be automated. The
selection stage is divided into three sub-stages to help automation. The first sub-stage is
naturally about the collection of supplier data; this selection sub-stage is called the on-site
selection stage, because the selection is done on the suppliers’ web servers. The steps
within the on-site selection stage is automated with the help of the data collection system.
The second sub-stage of the selection stage is the partner selection stage, where a supplier
selected out of many competing suppliers by analyzing suppliers data. The inference
engine is used to automate the steps within the partner selection stage. And finally, the
performance evaluation engine is used to automate the performance evaluation stage,
which is the third sub-stage of the selection stage. At this stage, a selected supplier is
checked whether it will perform well during the collaboration. Detailed description about
automating these stages are given in the next section, see also table-3.2.

3.2 THE MODULES FOR AUTOMATING SUPPLIER SELECTION

Before forming a virtual enterprise, profitability of a product (that is going to be
produced) has to be assessed. This is done in the opportunity identification part of the
formation phase. Profitability of a product is assessed by extensive market analysis and
research. After the opportunity identification part, the right collaborating enterprises must
be found to manufacture and distribute the product; this is the collaborator (supplier and
distributor) selection part of the formation phase. Making the selection criteria for
supplier selection, and searching for the suppliers, and accepting a supplier as a
collaborating enterprise are done in this supplier selection part. The first thing done under
this part is the preparation of the supplier selection criteria list (see the model given in
table-3.1). Then the main assembler employs three modules to automate the supplier
selection; these applications of these three modules are summarized in the following
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subsections, see aso table-3.2. The next three chapters fully describe about these three

modules.
Selection Module
stage responsible Purpose Deciding factors input output
1 Data To select asupplier after | Broad margins | supplier A list of
On-site Coallection | reading its product data | for web potential
selection System and supplier quotes. delivery time pagesin | suppliers
Selection isdone on the | (agility), XML
suppliers server; if cost (leaness),
selected, then the and quality
supplier datais taken (1SO standard)
back to the main
assembler.
2. Inference | Selecting asupplier out | Overall Alistof | Selected
Partner engine of competing suppliers | production potential supplier
selection based on numeric costs, quaity suppliers
performance. The assurance, and
inference engineusesa | responsetime.
mathematical logic
model instead of pure
mathematical models.
3. Performance | To evaluate how the performancein | Selected | Accepted
Performance | evaluation | selected supplier will collaborative supplier partner
evaluation engine | performin environment
collaboration. This for aspecific
collaborationisto project
produce a specific
product / project.

Table-3.2: Different sub-stages of the selection stage for automation

3.2.1 On-site selection stage with data collection system

In the on-site selection stage, mobile agents are launched by the main assembler to seek
data from supplier web sites. The selection is done by the mobile agents themselves, on
suppliers server. After reading the supplier data, which is encoded in XML format, the
mobile agent selects the supplier subject to the broad selection margins set for data like
delivery time (agility), cost (Ieaness), quality (SO standard), etc.

The main aim of the on-site selection stage is to decide whether a supplier satisfy the
critical performance issues (such as delivery, cost, quality). To enable the mobile agent
to make such decision, it is equipped with a simple logic controller; the mechanism of the
logic controller is explained below:

Thein-built logic controller of the mobile agents

First we define the critical performance measure (CPM) as a multiplicand of three
factors, one for each critical performance issues; if there are more than three critica
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issues (for example, the main assembler could set "buy-British" as a critical performance
issue) then CPM will be a multiplicand of many factors, the number of which will be
equivalent to the number of critical performance issues. For each critical performance
issue, there will be two margins, an upper margin and a lower margin, both of which are
set by the assembler. For example,

CFr:  Time factor
CFc:  Cost factor
CFq:  Quality factor

(LOWER_DELIVERY < delivery time <= UPPER_DELIVERY)
(LOWER_COST < cost <=  UPPER_COST)
(LOWER Q INDEX < qualty <= UPPER_Q INDEX)

CPM = CFr+CFc+CFqo-

The evaluation of each critical factor will result in either 1 (meaning, the critical factor is
within the broad margin) or O (meaning, the critical factor fals outside the margin), see
table-3.3. Since CPM is a multiplicand the of the critical factors, it will also result is
either 1 (means selection of the supplier as a potential supplier for further scrutiny) or O
(means, the supplier is rejected).

Supplier critical factors CPM
cost delivery quality
S 0 0 0 0
S 0 0 1 0
S 0 1 0 0
S 0 1 1 0
S 1 0 0 0
S 1 0 1 0
S 1 1 0 0
S 1 1 1 1

Table-3.3: on-site selection of a supplier based on critical
performance measure

If asupplier is selected as a potential supplier, then the supplier data is taken back to the
main assembler. Thus, output of this on-site selection stageis alist of potential suppliers.

The simple logic controller enabling the mobile agent to make decisions on supplier data
with the help of the critical factors and CPM is similar to the procedures discussed in
[Houshyar and Lyth, 1992] and [Brown and Gibson, 1980].

A final note on cost factor: It is important to note that in addition to the supplier quotes,
there are many costs that will incur due to international purchase such as export taxes,
international transportation cost, insurance & tariff, costs of money, risk of obsolescence
and rejects due to transportation, employees travel costs, survey & inspection costs, etc.
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A complete list of costs is given in [Carter and Narashiman, 1990]. Ideally, these costs
must be considered when calculating critical factor for cost.

The design and implementation of the data collection system for the on-site selection
stage is described in chapter 4.

3.2.2 Partner selection stage with inference engine

After initial selection of a supplier by the mobile agent (on-site selection stage), the
product data from the supplier is brought back to the main assembler. Among these
competing suppliers, the best supplier for the main assembler can be determined by the
distribution of the expected performance scores from the numeric performance measures
on overal production costs, quality assurance (or adopting to 1SO standards), response-
time (ability to meet random fluctuations in demand) and flexibility (capability to tailor
product). It is possible that by on-site selection, mobile agents bring supplier quotes from
numerous potential suppliers. Thus, when realizing the inference engine, the technology
that is used to implement the inference engine must offer fast computation to process
these numerous data. We make use of array-based logic (a mathematical logic system) for
realizing the inference engine.

The design and implementation of the inference engine is described in chapter 5.

3.2.3 Performance evaluation in collaboration

When a supplier passes the second stage of the selection process (partner selection stage),
it has to go through the final selection stage before being accepted as a collaborating
enterprise. In this stage, the numeric performance measure of the supplier is extended to
include all other aready accepted collaborating enterprises to see whether the supplier
will perform satisfactorily under collaboration.

The performance evauation engine does not consider the supplier’s potentials for
dependable partnership based on its economic strength (financia strength, 'Keiretsu- or
financial partners, inventory levels), infrastructure (communication lines, country
regulations and standards, regional standards, exchange rate implications), and
experience (years in business, leadership, goodwill); the top management of the main
assembler enterprise should make evaluation of these factors.

The design and implementation of the performance evauation engine is described in
chapter 6.
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3.3 SUMMARY

Supply Chain Management System

Automatl ng Suppller Selectl on Procedur%

|
Data from List of The supplier
suppliers potential Selected is accepted

web sites suppliers supplier asa partner
Data Performance
Collection Evaluation
on-site partner performance
selection stage selection stage evaluation

stage

Figure-3.1: Thethree modulesfor automating supplier selection procedures

The methodology for automating supplier selection procedures divides the supplier
selection stages into three stages; the pre- selection stage, the selection stage, and the post
selection stage. The selection stage is further divided into three sub-stages by the
methodology, where each stage employs a module for automation. The three sub-stages
are on-site selection stage, partner selection stage, and the performance evaluation stage,
see figure-3.1. The modules used for automation at these sub-stages are the data
collection system, the inference engine and the performance evaluation engine

respectively.

38



4. DATA COLLECTION SYSTEM

Supply Chain Management System

m&ppha Selectlonm

Data from List of The supplier
suppliers potential Selected is accepted

web sites suppliers supplier asa partner
Data Inference Performance
Collection Engine Evaluation
on-site partner performance
selection stage selection stage evaluation stage

Figure-4.1: The data collection system asa part of automating supplier selection procedures

This chapter is about data collection system; Data collection is the starting point for
automating supplier selection procedures as shown in figure-4.1. The primary function of
data collection systems is to collect supplier quotations from suppliers web sites, and to
bring the data to the main assembler's computer system for further analysis. As explained
in the previous chapter, the data is accepted from the suppliers web sites (‘on-site’
selection), only if the data satisfy preliminary requirements.

Also explained in the previous chapter, that supplier selection is for the formation phase
of an agile virtual enterprise. The data collection system we have designed, works for
both formation phase and operation phase of the agile virtual enterprise. During the
formation phase, there will be hundreds, or even thousands of potential suppliers; during
the formation phase, the data collection system will perform as an open systems,
gathering data from the potential suppliers. During the operation phase, there will be only
a specified number of collaborating enterprises; in this case, the data collection system
will serve as a closed system, providing information infrastructure to the collaborating
enterprises. It must be emphasized that when we talk about formation phase, we are
referring to re-configuration phase as well.

During modeling, designing and implementation of the data collection system, the
following qualifying factors were taken into consideration; the data collection system
should be,

1. portable: That is, the data collection system should be able to be installed and run on
different platform (different hardware, operating systems) with minima or no
modifications.

2. interoperable: That it should be able to use the resources and software running on
different platforms.
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3. scalable: Agile virtual enterprise deals with hundreds of collaborating enterprises and
perhaps thousands of potentia collaborators; thus the system should be designed to
tackle this large number of enterprises, users and transactions.

4. extensible: The ability to permit additional functionality over time; specialy, the
incorporation of legacy software systems.

5. secure: That if offers basic security and safety mechanisms. Security and safety
measures against tampering and misuse of the data (on transmission or not), and of
the computing systems must be guaranteed by adhering to the standards like secure
socket layer (SSLv3), encryption, etc.

6. affordable: The system should be cheap to build and maintain, as the system is
intended for use by SMES; should be to easy to build and use.

7. qualitative: That the systems offer high quality of servicesthat are fast and reliable.

During the initial design stage of the data collection system, a survey of the enabling
technologies for information infrastructure in the inter-enterprise environment was done.
The survey is very important, as there are too many competing technologies available for
implementing the information infrastructure. The first section of this chapter is about the
survey.

The second section of this chapter is description of two scenarios; the first scenario is
about the formation phase and the second scenario is about the operations phase. These
scenarios describe what to expect from the data collection system, whereas the survey on
enabling technol ogies pinpoint where to go for implementing the data collection system.

The third sections about an architecture for the data collection system. This architecture
provides the blueprints, the structural abstractions, and a style that rationalize
arrangement and connection of technology components to realize the data collection
system.

The fourth, fifth and sixth sections describe implementation of atesting prototype of data
collection system for formation and operation phases of an agile virtual enterprise.

4.1 SURVEY ON ENABLING TECHNOLOGIES

Building a data collection system satisfying the 7 requirements (or qualifying factors)
stated above is not an easy task. In this section, a survey is done on available enabling
technologies that are suitable for realizing the data collection system. The technologies
such as Object-oriented technology / Java, Common Object Request Broker Architecture
(CORBA), mobile agents and extended markup language (XML) are reviewed here.

4.1.1 Object-oriented technology

The choice of object oriented technology is very important for larger and complex
systems such as data collection, because the object oriented technology allows
independent construction and stepwise refinement of code that can be reused.
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Particularly, the object oriented programming language Java offers some unique features
that include portability across platforms. Applications written in the Java language is
platform independent, that means, these applications developed for a specific platform
(say UNIX) will also run on other platforms (say Windows NT, Mac OS) as well. In
addition to this property, Java also offers a cleaner and simpler code (than C++) and
component model (Beans) [Vogel and Duddy, 1998]. With severa layers of security
control protection against malicious code, Java is claimed to be one of the most secure
language; Java is a strongly typed language, with security control mechanisms such as
byte-code verification, "sandbox-model”, and digital signature attachment [Flanagan,
1997]. The main shortcoming is that, because Java complied code are interpreted, they
are somewhat slower than C++ compiled code.

4.1.2 Common Object Request Broker Architecture (CORBA)

CORBA is based on distributed object oriented technology and is a vendor independent
standard developed by the Object Management Group [Object Management Group,
2000]. CORBA aso offers many unique features that include access to objects regardless
of their location (location transparency). Other features are interfaces defined
independently of implementations, access to standard CORBA services and facilities, and
access to objects written in other languages [Vogel and Duddy, 1998]. Access to objects
written in other languages (e.g. legacy code) is possible, even across networks, with the
help of CORBA's interface definition language (IDL). When used together, network
transparent CORBA with Java's implementation transparency yields 'distributed objects'.
In addition, Transactional Java Beans based on CORBA Object Transaction Service
(OTS) offers atomic, consistent, isolated, and durable (ACID) protection to the
distributed objects [Orfali, 1997].

4.1.3 Mobile Agents

The agent view provides a level of abstraction at which we construe of computational
systems that inter-operate across networks linking people, organizations, and machines
on a single virtual platform [Barbuceanu and Fox, 1996]. Agents typically posses
characteristics such as autonomous, adaptive (learning), mobile, persistent, goal oriented,
collaborative, flexible, and reactive [Sundsted, 1998; Venners, 1997]. Agents decide
where they will go and what they will do, and they control their lifetime (‘autonomous)).
They may receive requests from external sources, such as other agents, but each
individual agent decides whether or not to comply with external request [V enners, 1997].
When a new task is delegated by the user, the agent should determine its goal precisely,
evaluate how the goa can be reached effectively and perform the necessary actions
('goal-oriented’, 'flexible). An agent should also be capable of learning from past
experience (‘adaptive’), and should be reactive’, so that it can sense the current stage of its
environment and act accordingly. Agent interacts with other agents to perform its task
(‘collaborative’). The Agent is persistent’ because it is a continuously running process and
it is 'mobile’ because of its ability to transport itself from one machine to another
[Franklin and Graesser, 1996].
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Mobile agents offer a great deal of advantages over the ’'static’ agents (or traditiona

client-server paradigm):

1. Compared to the client-server architecture, mobile agents reduce the network
bandwidth by moving a query or transaction from client (or remote assembler) to
server (or local assembler), thus the repetitive request/response handshake is
eliminated,

2. Agents reduce design risks by allowing decisions about the location of code to be
pushed toward the end of the development effort when more is known about how the
application will perform,

3. Because the repetitive request/response handshake is eliminated, mobile agent
architecture allows applications run on low-reliable or partially disconnected
networks [ Sundsted, 1998].

4. Immediate reaction to incoming streams of real-time data by an agent that acts as a
digital proxy for a human user,

5. Complex or larger calculations can be broken into simpler units and then assigned to
agents that are forked from an "agent farm". The agents can perform the calculations
on different hosts, and upon completion, the results from the agents can be
summarized [Sommers, 1997].

Because of the large amount of data available from the suppliers (web sites), the
(geographically) distributed nature of the suppliers, and because of the action needed for
continuously collecting data, the mobile agent is a suitable enabling technology for
realizing the data collection system.

4.1.4 eXtended Markup Language (XML)

Because of the fact that XML is extensible, a new set of rules (grammar) can be created,
agreed upon, and standardized for product data encoding, say product-data markup
language (PDML) together with a specification for it (data type definition - DTD).
However, defining a grammar is a chalenging task, requiring specialized skills and
comprehensive domain knowledge. A poor definition of grammar may lead to expensive
inefficiencies into processing of data, and the enterprises may soon find that the grammar
is insufficient for their work [Leventhal et al, 1998]. At present, there is no publicly
agreed DTD for product data description.

4.1.5 Concluding remarks

Java (because of its platform neutrality), CORBA (location transparency), XML (data
portability), and mobile agents enable building large heterogeneous systems (such as data
collection system).
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4.2 THE DOMAIN OF DATA COLLECTION SYSTEM APPLICATIONS

This section is about two scenarios; the first scenario is about the formation phase (also
reconfiguration phase), and the second scenario is about the operation phase. By going
through these two scenarios, we will be able to decide what to expect from the data
collection system.

The fundamental difference between data collection in the formation phase and in
operation phase is that, in the operation phase, mobile agents are launched only to the
collaborating enterprises whose |IP address (Internet Protocol address or number; mobile
agents visit collaborating enterprises based on this address) are kept in the man
assembler’s collaborators list (itinerary). Whereas, during the formation phase, mobile
agents are sent to any supplier who's web address (URL) islocated by the search engine.

4.2.1 Description of the scenario: the formation phase

When the main assembler looks for the potential suppliers and distributors, it looks for
data about the price, quantity, delivery time, etc. Traditionally, enterprises turn to outside
sources such as professional contacts, trade journals, directories, and import brokers for
supplier selection. However, we believe that the enterprises (in our case, the main
assembler) can avoid costly and time-consuming middlemen for supplier selection, by
using the data collection system for supplier selection that is based on world wide web
(WWW) technology, extensible markup language (XML), mobile agent and Java
technology. There are many advantages of using a mechanized system over the

traditional methods, because (see also [Boyd, 1999; Deadman, 1999; Kojima et al, 1999;

Leventhal et al, 1998)):

1. As Internet applications is easy to develop and inexpensive to run, many suppliers
will embrace Internet to distribute their information. These suppliers may take
information from their databases and render it as XML documents for easy sharing
and consumption.

2. A large quantity of data that can be distributed. Though we do not expect that the
assembler needs to collect large amounts of data from a supplier web, XML based
system does allow a whole document to be transferred if needed.

3. Up-to-date data can be used at al the times. The suppliers can frequently update the
web sites with the newest data.

4. In addition to supporting the mobile agents for automatic retrieval of product data,
XML based documents are (like HTML) human readable too. Therefore even if the
mobile agents based data collection is not utilized, XML documents pave way for
human intervention (traditional methods).

5. Java based systems (mobile agents) offer platform neutrality, whereas XML offers
data portability. By combining these two technologies, resulting system is suitable for
inter-application data exchange that is vital for application sharing among multiple
enterprises as in the agile virtual enterprises. A publicly available base DTD
(document type definition) may serve as a vehicle for information interchange
between enterprises (inter-enterprise), whereas additional DTDs within an enterprise
enable separate intra-enterprise interpretation.
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The main assembler should launch mobile agents to hundreds of suppliers to fetch these
data from their web pages. With the current HTML (hypertext markup language) based
web dsites, it is not possible to fetch product data, as HTML only deals with the
appearance of the web page and does not support automatic retrieval of data by any
visiting mobile agents. Another problem is searching potential suppliers’ web sites among
thousands of web sites. To solve this problem, 1) extensible markup language (XML) and
2) Search engine, could be used as described in figure-4.2 [Davidrajuh and Deng,
2000A].

Mobile agent

search ¢ - —D
results/ To other XML based
web sites of supply
and distribution
Search enterprises
Engine <ProductData>

<title> Product A </title>

. XML based
<price>

<unit_price> NOK 20 </unit_price> web S't(:j' of an
<kilo_price> NOK 1200 </kilo_price> enterprise
</price>

<delivery>
<kilo_dt> 10 days </kilo_dt>
</delivery>

</ProductData> V

Figure-4.2: Data collection using mobile agent and XML

By referencing search engine as shown in figure-4.2, the main assembler gets the web
addresses or uniform resource locators (URL) of the web sites of the suppliers that are

dealing with manufacturer of a specific product class. Then the main assembler or a unit

that is central in forming collaboration- let us cal it the main coordinator agent (MCA)

sends mobile agents to all the web sites in order to retrieve data from these web sites. To

allow this information exchange, the product data on these web pages are tagged with

XML tags (for example, <ProductData> <price> ... </price> </ProductData>, see figure-
4.2) so that the visiting mobile agents can recognize these data. However, before such a
page is constructed, there must be agreement on 1) The tags that are allowed, 2) How tags
are nested within one another, and 3) How tags should be processed [Bosak, 1999]. There
is no agreement for product data description based on XML up to now; until such an



agreement is made, our proposed data collection system for formation phase will only be
aconceptual one.

After arriving at a supplier's web site, the mobile agent then checks whether the supplier
guotations falls within the broad margins set by the main assembler. Only if the supplier
data satisfy the broad margins set by the main assembler, then the data is brought back to
main assembler for further scrutiny; the mobile agents thus do some selectivity at the
supplier web sites, therefore this stage is called the 'on-site’ selection stage.

4.2.2 Description of the scenario: the operation phase

During the operation phase, the main assembler coordinates with the supply and
distribution enterprises in the supply chain, as shown in figure-1.1. During the operation
phase, only a specified number of enterprises participate in the collaboration. Therefore,
we need a virtua enterprise coordinator to coordinate with the main assembler
coordinator which represents the main assembler and a number of supply enterprise
coordinators and distribution enterprise coordinators.

Figure-4.3 shows the coordination and collaboration during the operation phase, with the
help of agent