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The virtual enterprise (VE) concept is one of the most important
ways to raise the agility and competitiveness of a manufactur-
ing enterprise. Under this concept a master company develops
its products by using the manufacturing resources of external
partners. Thus product design and partner selection or partner
synthesis become two important issues. In this paper, we
propose an integrated product design and partner synthesis
process model, and develop an architecture of computer-aided
product design and partner synthesis system for the VE
(CAPDPS), in which product design and the partner synthesis
module and the respective databases are implemented. Partner
synthesis activity, in this paper, is divided into two phases:
partner type synthesis and partner instance synthesis. In the
partner type synthesis phase, group technology (GT) is applied
for retrieving and selecting potential partners. In the partner
instance synthesis phase, more factors other than the cost are
identified, and the analytic hierarchy process (AHP) method is
employed to select the best partner from the potential ones.
A specific automobile manufacturing group (including master
company and its partner factories) and its typical product –
automobile steering assembly – are used as a case to verify
the feasibility of the proposed approach.

Keywords: Partner synthesis; Multiple-attribute decision mak-
ing; Product design; Agile manufacturing; Virtual enterprise;
Partnership synthesis for virtual enterprises

1. Introduction

Today, with the continuous changes in the global competitive
environment and the rapid growth of information technologies,
manufacturing is entering a new era, where product life is
rapidly decreasing, product structure is more frequently changed
and customer-oriented, and all activities related to the product
life cycle are being affected by globalisation.
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In this new manufacturing era, manufacturers have to
develop and produce more complex products in less time while
still competing in global markets. For many, these requirements
are too demanding to allow them to develop and produce a
product within a single manufacturing plant. It is increasingly
seen that the development and production of a product is
becoming a joint venture between suppliers, manufacturers,
distributors, and customers. This dispersion of manufacturing
functions throughout the globe is a major factor which has led
to the development of the extended enterprise [1] or virtual
enterprise (VE) [2–4].

VE is attracting increasing attention from both the academic
and industrial communities. Extensive programs are being con-
ducted worldwide on relevant issues to propagate the VE
concept, to build VE prototypes, and to realise VEs. Many
terms and definitions have been proposed for VE, but so far,
there is no unified definition. For instance, for the NIIIP project
[2]: “A Virtual Enterprise is a temporary consortium or alliance
of companies formed to share costs and skills and exploit fast-
changing market opportunities”. To Walton and Whicker [3]:
‘The Virtual Enterprise consists of a series of co-operating
“nodes” of core competence which form into a supply chain
in order to address a specific opportunity in the market place’.
From Song and Nagi [4]: ‘A virtual enterprise, different from
a traditional enterprise, is constructed by partners from different
companies, who collaborate with each other to design and
manufacture high quality and customized products. It is product-
oriented, team-collaboration styled, and featured as fast and
flexible’.

A set of common characteristics can be identified from the
various definitions:

1. There is a master company which takes charge of selecting
and managing its partner factories.

2. The partner members and organisation structure of a VE is
product oriented.

3. The product development and production are distributed
among the master company and all partner factories.

4. The partnership of the master company with its partner
factories may not be permanent.

It is clear that in a VE, the partner factory selection or
synthesis is the basis and premise for building and operating
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a VE enterprise, and this synthesis process is strongly coupled
with the product design process. This makes sense of “design
for partnership” for a VE being equivalent to design for
manufacturing in conventional manufacturing plants. The part-
ner synthesis and product design as well as their computer
implementation in the context of a VE is thus worthy of being
studied. In this paper, the emphasis will be placed on the
partner synthesis or selection issue.

2. Related Work

Partner synthesis has been addressed by analysis of the infor-
mation needs in agile manufacturing. Candadai et al. [5] dis-
cussed three types of data necessary for product design and
partner synthesis. They proposed modelling product data by
using the STandard for the Exchange of Product (STEP) model
and group technology (GT) codes. Two other types of data
about partner factories and technological processes were also
described, but no detailed implementation was reported. Zhang
[6] identified the complexity in product data and partner data
modelling in the global manufacturing environment, and dis-
cussed a product conceptual model that is able to describe both
product families and product variants in one unified structure.

For partner selection, Zhang et al. [7] discussed some attri-
butes for partner company selection, e.g. the price that a
partner company asks for, the delivery date, etc. They have
also developed a computational model with these attributes to
select partner companies. The attributes proposed by them will
be further enriched and improved in our research. Qin et al.
[8] presented a computational model to select partner compa-
nies with the objective of completing the project in the shortest
time while keeping existing project progress unaffected. Start-
ing from the project management viewpoint, their method
decomposes a project into tasks that will subsequently be
completed by partner companies. The computational model is
an optimisation model with the variable time as the objective
function. Their approach has considered each task related to a
particular part module (of a whole product). However, the
effects on product configuration from the partner company
selection are not considered. Halevi [9] presented a matrix
method to achieve the global optimisation of a manufacturing
process. In particular, his work considers the cost or time as
the optimisation criterion. The decision-making process when
introducing new equipment in a company has also been dis-
cussed in his study. Since the new equipment is purchased
from other companies, his work implies a methodology to
justify why a partner company should be chosen. Mak et al.
[10] reported on the design of a system to handle customer
orders in geographically different areas, by taking into account
the capacity of the manufacturing factories, the schedule and
tariff payment, with the overall objective of reducing the costs
associated with the transportation, the manufacturing process,
stock, early delivery, and late delivery. Mak’s work has con-
sidered the global manufacturing scenario. However, the manu-
facturing plant concerned is not organised under the virtual
enterprise principle. Tabucanon et al. [11] proposed an approach
to the design and development of an intelligent decision-
support system for selecting a machine for a flexible manufac-

turing system. Their method is relevant to this research project.
In their approach, the analytic hierarchy process (AHP) and
rule-based techniques were applied for multicriteria decision-
making in machine selection. A “best” machine can be selected
from several potential ones. Tabucanon’s work is limited to
machine selection, but the VE concept has not been involved.

Ping et al. [12] proposed a framework for an automatic
configuration design system, in which the product design
activity is represented by configuration design and product data
is expressed in STEP format so that a designer can collect
mechanical parts from different factories through the network.
When designing a new product, the user sends design require-
ments into the system and the system responds with the
required components, by retrieving from the component data-
base in which components have previously been classified and
stored. Ping’s method can be used directly in the VE scenario.
However, the partner synthesis issue has not been directly con-
sidered.

From this review, it can be seen that product design and
partner synthesis are two important activities for the VE.
Current work involves either product design or partner synthesis
but has not successfully integrated the two. The combination
of these two activities has the potential to improve the partner
selection greatly and to lead to better designs from the view-
point of “design for partnership”.

3. The Partner Selection Process

Normally in traditional enterprises, the approach for selecting
partner factories is quite cumbersome. First of all, the master
company has to find some candidate factories through business
relationships or friendly recommendations, and then obtain
information from these factories by means of telephone or fax.
After initial filtration, some interested factories are left, and
the master company will send managers and technicians to
these interested partners to investigate on site. After obtaining
detailed information and direct impressions, the master com-
pany will negotiate with the most promising ones, and finally
select the most satisfactory factory and enter into a contract
with it. This selection process is very time-consuming and has
some critical drawbacks. First, by using traditional methods
and communication tools, only a small number of all available
partners are reached by the master company. This may not
lead to an optimal global selection. Secondly, owing to the
lack of a systematic selection approach and the inability to
quantify intangible factors, cost has been seen as the safest
and the most uncontroversial factor in partner selection. Other
factors which may sometimes prove to be important are
ignored. Thirdly, partner selection is separated from product
design, which may cause more repeated design. A systematic
partner selection approach is necessary to help the master
company qualify partners by consideration of both tangible
and intangible factors.

4. Proposed Approach

Under the VE concept, partner selection is strongly coupled
with product design. For this reason, we propose an integrated
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product design and partner synthesis process model for VE as
shown in Fig. 1. In this model, product design and partner
synthesis are totally integrated. The distinction between these
two types of activity is somewhat blurred, e.g. product compo-
nent selection and partner type synthesis are carried out simul-
taneously in the same phase.

Product design activities, based on general design theory
[13], are divided into four phases: product requirement analysis,
product function design, product layout design and components
selection. Product requirement analysis is necessary to analyse,
clarify, and define the requirements that the final design has
to fulfil. The result is a detailed product requirement (including
lead time, cost, quality, quantity, and other constraints) for the
product to be designed. Product function design decomposes
the overall function of the product to be designed into several
subfunctions. The arrangement of the individual functions or
the relationships between the overall function and the
subfunctions can be expressed with the help of the function
structure. In product layout design, some principal solutions
are selected from a solution database to match these
subfunctions, and then these principal solutions are divided
into realisable components or assemblies. These components
or assemblies, together with their links (interfaces), form the
product layout that is normally represented by a scale drawing
in which only component type and parameter value intervals
are determined. The final component and its parameter values
will be determined in the components selection phase, (or
partner type synthesis phase) that will be discussed in the fol-
lowing.

To reduce the complexity of the problem, we divide partner
synthesis into two phases: partner type synthesis and partner
instance synthesis. These two kinds of synthesis are explained
by Li et al. [14] through the following examples:

1. For partner type synthesis, a decision that we often make
in the product design process: e.g. “We need a partner
company which can produce a telephone handset.” (In the
case of telephone product development.)

Fig. 1. Integrated product design and partner synthesis process model.

2. For partner instance synthesis, a decision that we often
make in product design process: e.g. “There are n companies
which can produce a telephone handset. We decide to
choose company i.”

In the partner type synthesis phase, apart from the selection
of product components, a group of potential partners that can
produce these types of components are also determined by
using GT technology. In the partner instance synthesis phase,
factors other than cost are identified, and such factors are of
both tangible and intangible types, e.g. time, quality, and
customer service, etc. Thus, this problem becomes a multiple-
attribute decision making (MADM) problem. A selected
MADM theory, i.e. analytic hierarchary process (AHP), is
proposed to determine the best partner from those derived from
the partner type synthesis.

Activity feedback has two meanings. First, the feedback
from the partner type synthesis to the product layout design
or the preceding activities may imply that a prescribed product
structure cannot be implemented using the current state-of-the-
art of manufacturing technology adopted by any partner factor-
ies. There is therefore a request for a modification of a
preceding decision on the product structure. Secondly, the
feedback from the partner instance synthesis to the partner
type synthesis or preceding activities may imply that no partner
factory can be found which is commited to the production or
delivery of a portion of the product owing to the limits of
time, quality, quantity, or cost. This calls for re-activating the
type synthesis or the preceding activities. The presence of the
activity feedback implies that a concurrent decision process
may be needed in pursuance of the global optimisation of a
VE system design.

5. System Architecture

Under the methodology aforementioned, we propose an archi-
tecture for a computer-aided product design and partner syn-
thesis system for VE (CAPDPS) as shown in Fig. 2, which
contains five function modules, and a knowledge base and
partners’ databases.

The product design module provides the designer with a
platform, on which a designer can perform the requirement
analysis, the product function design and the layout design
with the support of the knowledge base and partners’ databases.
In the partner synthesis module, the designer selects the compo-
nent and potential partner factories by using the GT code, and
finds the best partner factory for each component by means
of the AHP method. The man–machine interface gives the
designer a user-friendly interface which interprets the user’s
commands and displays the intermidiate or final results from
the system in human-readable formats. Knowledge acquisition
and maintenance tools are employed by the system expert to
create and maintain the knowledge stored in the knowledge
base. The knowledge base contains (i) knowledge about the
product design and the partner synthesis, e.g. the rules for
decomposing the product function and matching these functions
against principal solutions, the rules for selecting partner syn-
thesis criteria and the criteria weighting methods, (ii) algor-
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Fig. 2. Architecture of CAPDPS.

ithms, e.g. geometric means algorithm for calculating weights
of the criteria. The Web browser is used for browsing, retriev-
ing, and selecting data concerning the product and partner
factories from the partners’ databases distributed through the
Internet. The partners’ databases are of two kinds: product
database and partner database. The product database stores the
detailed information of products that are expressed in STEP
format. The partner database contains some information about
the factory business, such as factory production capability,
track record, types of product that could be delivered, quality,
cost and time to delivery, etc.

In the rest of this paper, we will concentrate on the partner
synthesis as well as the respective data models. A specific
automobile manufacturing group (including the master company
and its partner factories) and its typical product – automobile
steering assembly – will be used as a case to verify the
feasibility of the proposed approach.

5.1 Product Data Model

Two types of product data are critical within the VE environ-
ment. Standardised models of part designs, such as STEP,
allow firms and suppliers to represent, express, and exchange
all useful product information. Furthermore, concise product
descriptors, such as GT codes, allow firms to search for and
retrieve similar product designs efficiently [5].

STEP is an international standard which provides a complete
representation of product data throughout the life cycle of a
product. Different STEP models are included within ISO 10303
for the representation and exchange of product data, such as
recourse models and application protocols (AP). These models
are developed in a formal data specification language called
EXPRESS (ISO 10303–11). Each consists of a number of
entities whose attributes and relationships describe some portion

of the product data. In our work, based on recourse and
application protocols, a product data schema model of an
automobile steering system is formed and expressed by
EXPRESS. Owing to the object-oriented features of EXPRESS,
the schema models preserve extensibility and modularity ability,
and new types or similar product types are formed by referenc-
ing the related schema. Product data are exchanged between
the master company and partner factories by means of a
neutral file.

Group technology is a manufacturing philosophy that exploits
similarities in the design and manufacturing attributes of pro-
ducts. It allows a designer to search for parts which are similar
to a candidate design. The implementation of group technology
depends upon the GT code, which is a sequence of alpha-
numeric characters which describe important part attributes.
GT coding schemes for mechanical parts include MICLASS
and Opitz. These schemes capture critical part characteristics
such as main shape, machined feature description, machined
feature orientation, dimensions, dimensional accuracy, material
and company-specific information such as lot size and raw
material shape. For the automobile steering system, we have
established a GT coding schema which can describe important
attributes of the product.

5.2 Partner Factory Data Model

The partner factory business information such as types of
products that could be delivered, quality, capacity, cost, time,
and software and hardware production facilities, should be
made available through the Internet to increase an individual
factory’s business opportunities. For each particular factory
which adopts the VE concept in its business, a partner factory
database must be built. A conceptual model for this database
has been proposed by Zhang (see [6] for a more detailed
discussion). This model strategically structures the data, focus-
ing on those assemblies and parts related to particular products
that a business entity (factory) may deliver. This database aids
the type and instance synthesis process in such a way that all
relevant partner factories with a particular part stored in the
product database can be retrieved straightforwardly, together
with detailed production information. With some selection cri-
teria given, the best partner factory can thus be determined.

5.3 Partner Type Synthesis

The flow of partner type synthesis is shown in Fig. 3. Input
to partner type synthesis is the result of product layout design,
namely, the components file and their assembly relationships
file. Partner type synthesis is a two-stage process. Stage 1
requires knowledge about the product catalogue for selecting
possible components and their potential partners by matching
the component type against the product type in the vendors’
(or partners’) product databases distributed through the Internet.
Stage 2 checks the constraints among all selected components
according to their assembly relationships. If there is a conflict,
one or more components should be reselected. After these two
stages, a final product configuration and their potential partner
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Fig. 3. Partner type synthesis process.

factories are determined. The final partner factories will be
determined in the partner instance synthesis phase.

5.3.1 Stage 1. Component GT Search

Before GT component search, a GT code should be assigned
to each component from the component file. This task, in our
project, is now performed by a human interactively, in accord-
ance with the GT classification and coding system specially
designed for the automobile steering system. The GT search,
through the Internet, compares the GT code of the component
to be designed, with the GT code of products stored in every
vendor’s product database. If there is a match, there is one
(or more) partner factory that can produce this kind of compo-
nent. If there is no match, with the current state-of-the-art of
manufacturing technology, this kind of component cannot be
produced by any of the partner factories. Thus, a request for
modification of the product layout is fed back to the designer.

5.3.2 Stage 2. Constraints Check

Assembly relationships from the product layout design phase
can be expressed by means of a group of constraint equations.
Variables in these equations stand for the parameters of differ-
ent components selected in stage 1. The constraint equations
should be satisfied so that the assembly relationships among
these components can be guaranteed. A constraints check pro-
gram has been developed to check whether these equations are
satisfied by inputting component parameters. If the equations
are not satisfied, one or more components should be reselected
in stage 1. If all the equation are satisfied, all these components
and corresponding partner factories are stored in two files,
respectively: the product configuration file and the potential
partner factories file. The latter will be used in partner instance
synthesis to determine optimally the final partner factories.

5.4 Partner Instance Synthesis

Partner instance synthesis is required only if partner type
synthesis leads to more than one partner factory for each

Fig. 4. Partner instance synthesis process.

component. The flow of partner instance synthesis is shown in
Fig. 4. In this phase, AHP is applied to the selected partner
factories to result in a “best partner” for each component. This
phase uses the knowledge of experts and the user’s preference
and judgement. An important feature of this phase is that it
could be applied to the selection of any type of partner factory
with little modification.

5.4.1 The Criteria for Partner Selection

The partner selection problem is decomposed in a hierarchy,
shown in Fig. 5. The criteria and their levels were obtained
from a consensus of experts. Level 1 contains the overall goal,
level 2 consists of five main criteria, and level 3 consists of
alternatives. The main criteria are cost, time, quality, customer
service, and financial stability.

The criterion “cost” is determined by the price asked for
by a potential partner factory, which may be composed of
manufacturing cost and transportation cost.

The criterion “time” of a partner factory can be justified by
the “delivery lead time” (DLT), since DLT of a part will
severely affect the production schedule of the master company.
We propose to determine each partner factory’s time criterion
as: TC = Dx + Dy, where Dx is the previous actual delivery
record of a partner factory, for the part concerned, and Dy is
the time offered by the partner factory. TC is related to DLT.

The criterion “quality” of a partner factory can be justified
by the “history” of that factory, that is, the previous record of
the factory’s performance associated with a particular part

Fig. 5. Hierarchy of partners selection problem in AHP.
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which is of interest to the master company. We use the
percentage of defective parts in several previous deliveries as
an index to evaluate the quality of the partner company, for
which a statistical analysis method is employed.

The criterion “customer service” of a partner factory can be
measured by the following factors:

1. Delivery delay rate.
2. Average delivery delay time.
3. Average response time to customer inquiry.
4. Time for repairing a product.

The criterion “financial stability” of a partner factory can
be described simply by the average percentage profit increase
over the last three years, FS′ = �fsi/3, where, fsi is the percent-
age profit increase of the ith year. In order to be consistent
with other criteria, set FS = 1/FS′.

There are two kinds of criteria: objective and subjective.
Objective criteria are those that can be modelled mathemat-
ically, and those that cannot are treated as subjective criteria.
There are cases in which the method of measurement for some
of the criteria is stated mathematically (for definition purposes),
but the criterion is treated subjectively because of unavailable
data, e.g. some “ history data” of a partner factory.

It is noted that according to the AHP theory, the criterion
values must be normalised to avoid some potential compu-
tational problems inherent to the presence of different units
associated with the criteria. A method called linear normalis-
ation [15] is chosen.

5.4.2 Weighting of Criteria

The role of weightings serves to express the importance of
each attribute relative to the others. Hence, the assignment of
weightings plays a key role in the MADM process and may
vary from user to user. Weightings should, of course, reflect
the purpose of the evaluation. Moreover, the weightings them-
selves are useful information and are knowledge features.
Ranking n criteria at the same time may place a heavy cognitive
burden on the user and needs “expertise” knowledge. Therefore,
a method by which a complete ranking can be obtained from
a set of pairwise judgements is the preferred approach [15] in
this paper. The pairwise judgement data are stored in a matrix
that is used as an input to a program to calculate the weightings
of criteria by using the geometric means approximation
method [15].

5.4.3 Rating of Partner Factories

The user may rate “suitable partner factories” on the basis of
different criteria. For those criteria defined mathematically,
equation calculations are carried out for the determination of
the contribution of each alternative. For subjective criteria or
for objective criteria in the absence of the required data, a
convenient scale is chosen, e.g. a scale of 1–9 (a rating of 1
means the worst while a rating of 9 means the best among
the alternatives). Using his judgements and needs, as well as
knowledge of partner factory features, the user will rate the
partner factories relatively. If the user feels that a criterion is
unimportant for his case, he can show no perference (in which

case default ratings are used, treating each alternative partner
factory the same) or give equal ratings to all alternative
partners. The definition and measurement method for the user
is the same as for the experts so that uniformity of definition
is maintained. This is where the user is expected to use
his “expertise” in rating the partner factories. The relative
contributions among all the alternatives for every criterion are
stored in pairwise comparison matrices.

5.4.4 Synthesis of Results

After inputting weight matrices and comparison matrices at
level 3, the system will compute the contribution of each
alternative to the overall goal by aggregating the resulting
weightings vertically. The overall priority for each alternative
is obtained by summing the product of the criteria weight and
the contribution of the alternative, with respect to that criterion.
The optimal partner factory can then be deduced.

5.4.5 Rationality Analysis on Results

An analysis on the rationality of the results can be carried out
by comparing the decision made by the experienced expert
with that made by the system. The analysis results can be
used as feedback for improving the performance of the system
by means of adjustment of the weights and criteria.

6. Test Results

Using the architecture of the CAPDPS system, the partner
synthesis module as well as the respective databases have been
implemented with Microsoft VB and ACCESS. A specific
automobile manufacturing group (including a master company
and its partner factories) together with its typical product – an
automobile steering shaft assembly as shown in Fig. 6 – is
chosen for this case study. The sample product consists of
several components, e.g. steering shaft, steering wheel, univer-
sal joint, and combination switch, which are made in different
partner factories. According to the methodology proposed in
this paper, partner synthesis starts with the end of product
layout design. Table 1 shows part of the results of layout
design which contains a list of components with their name,
parameters, and GT code that are added by the designer
interactively. In the partner type synthesis phase, a search

Table 1. Components list.

Number GT code Name Parameters

1 520401 Steering shaft D1
1, D1

2, D1
3, D1

4,
D1

5, D1
6, R1

1, L1
1

2 520012 Steering wheel D2
1, D2

2, B2
1, B2

2

3 520220 Universal joint D3
1, R3

1, D3
2, D3

3

4 520311 Combination switch D4
1, L4

1, L4
2

5 520110 Steering column D1
10, D2

10, L1
10

6 012000 Bearing D5
1, D5

2, B5
1

7 012000 Bearing D6
1, D6

2, B6
1

8 021100 Nut D7
1, E7

1

9 041000 Snap ring D8
1, D8

2, H8
1

10 041000 Snap ring D9
1, D9

2, H9
1



390 X.-N. Chu et al.

Fig. 6. The layout drawing of a steering shaft assembly.

Table 2. GT search result for component “Universal joint”.

Number ID code GT code Name Parameters Partner ID codes

1 3404130Z1 520220 Universal joint D1 = 14; R1 = 8; . . . 101; 102; 105; 107; 110;
2 3404130Z2 520220 Universal joint D1 = 16; R1 = 8.5; . . . 101; 102; 105; 107;
3 3404130Z3 520220 Universal joint D1 = 20; R1 = 10; . . . 101; 102; 103;
4 3404130Z4 520220 Universal joint D1 = 22; R1 = 10; . . . 102; 103; 104; 110;
5 3404130Z5 520220 Universal joint D1 = 24; R1 = 12; . . . 105; 107;

program is first triggered, in which the GT code of every
component listed in Table 1 is compared with the GT code of
products stored in every vendor’s product database distributed
through the Internet. One of the results of the search is shown
in Table 2 for the component “Universal joint”. In this table,
five universal joints, with the same type (GT code) but different
parameter values, have been found. Each of them can be
produced or delivered by several different partner factories
which are identified by their ID codes listed in Table 2. From
these five components, the designer could select one as a
candidate. In this case, the universal joint with
IDcode = 3404130Z2 is selected. For other components listed
in Table 1, the search process is the same. The next step in
the partner type synthesis phase is to check all the constraints
expressed by a group of equations, as shown in Fig. 7 in this
case. A VB program has been developed to check whether all
these constraint equations are satisfied. If they are not, one or

Fig. 7. Constraint equations.

Table 3. Weights of criteria.

Cost Time Quality CS FS

0.385 0.234 0.169 0.148 0.064

more of the components will be reselected until all these
constraint equations are satisfied. In the partner instance syn-
thesis phase, taking the universal joint (ID code = 3404130Z2)
and its alternative partner factories (ID code = 101, 102, 105,
107) as an example, the designer first determines the weightings
of the criteria, as shown in Table 3, by a pairwise judgement
method, and rates each alternative partner factory with respect
to the different criteria. Table 4 shows the contributions of the
four alternative partner factories to the different criteria. The
last step in partner instance synthesis is to compute the contri-
bution of each alternative to the overall goal by summing the

Table 4. Contributions of alternative partner factories on different cri-
teria.

Partner Cost Time Quality CS FS
factories
(ID Code)

101 0.232 0.287 0.262 0.231 0.241
102 0.275 0.277 0.271 0.296 0.256
105 0.221 0.211 0.254 0.212 0.266
107 0.272 0.225 0.213 0.261 0.237
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product of the criteria weights and the contributions of the
alternatives. In this case, the overall contributions are 0.250368,
0.276684, 0.225785, and 0.247163, respectively, for partner
factories 101, 102, 105, and 107, Hence, partner factory 105
is selected as the most “satisfactory” partner for the universal
joint (ID code = 3404130Z2) component.

The other nine components in Table 1 go through similar
processes for selecting their partner factories. Verification is
made by comparing the decisions made by an experienced
designer with those made by the system for these 10 compo-
nents, in which 7 are in agreement and 3 are not. A closer
examination of these 3 failure cases reveals that:

1. The proper experience and knowledge on criteria weighting
and partners rating are still important for obtaining the
correct results.

2. Taking more criteria into consideration and accumulating
correct “history data” of the partner factory can further
improve the performance of the system.

7. Conclusions

The VE concept is one of the most important ways to raise
the agility and competitiveness of a manufacturing enterprise.
In this paper, after illustrating definitions, we identify the
characteristics of VEs, which show that product design and
partner synthesis are two important activities for the VE, and
these two activities should be strongly coupled with each other.
Based on this, we propose an integrated product design and
partner synthesis process model, and develop the architecture
of a computer-aided product design and partner synthesis sys-
tem for the VE (CAPDPS), in which the partner synthesis
module and the respective databases are both implemented.

Product data and partner factory data are two important
types of data for supporting partner synthesis. Concerning
product data, STEP has been proposed as a standardised model
for representing and exchanging useful product information
among factories. The GT code, as a concise product description,
is employed for classifying and retrieving product design
efficiently. For partner factory data, a conceptual model is
proposed, which describes the cost, time, and the types of
products the factory can deliver, as well as other general
information concerning the partner factory.

For reducing the complexity of the whole problem, we
divide the partner synthesis activity into two phases: partner
type synthesis and partner instance synthesis. In the partner
type synthesis phase, GT is applied for retrieving and selecting
potential partners. In the partner instance synthesis phase, more
factors other than the cost have been identified, and the AHP
method is employed to find the best partner from the poten-
tial partners.

The test results show a basic agreement between the system
and the experienced designer. In addition, the decision frame-
work and approach employed in this research is generic and

could be used for other types of products and factories when
different types of partners are added onto the Internet. The
performance of the system could be further improved by
taking more criteria into consideration and accumulating correct
“history data” of the partner factories.
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