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Capturing the dynamics of

facility allocation

Bart Vos
Tilburg University, The Netherlands, and

Henk Akkermans
Origin International, Eindhoven, The Netherlands

Introduction: a globalizing world

Recent developments such as the establishment of regional blocs like the
European Union and NAFTA, the economic and political reforms in Eastern
Europe and the rapid industrialization of the Asia Pacific region, illustrate the
changing scene for companies nowadays. “Globalization” has become a
buzzword 1n business; many observers consider it to be one of the big
challenges for the 1990s and beyond[1,2]. Location-specific variables such as
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labour costs, labour productivity, energy prices, transportation rates, tariff and

non-tariff barriers, taxation policies, and exchange rates tend to change rapidly.
Such rapid changes alter the competitive advantage of countries and regions,
resulting in shifting patterns of economic activities. These global shifts are by
no means a new phenomenon. What 1s different in the 1990s is the sheer weight
and speed of emerging competition, implying that cheap, educated labour-
forces in industrializing countries are capable of operating sophisticated
machinery|[3]. In addition, developments in transportation and communications
technologies have enabled multinational companies to monitor and co-ordinate
their geographically dispersed subsidiaries, thus overcoming frictions of space
and time[4]. |

The dynamics in the macro-economic environment poses both opportunities
and threats at the micro-level of companies. This affects the “optimum”
configuration of facilities in international networks. The essence of a
globalization strategy at the company level is to allocate various parts of the
value chain to those geographic locations where performance can be optimized.
The focus in this optimization is usually on economic criteria or, to put it
differently, driven by the logic of the bottom line[2]. Although maximizing
profitability 1s of course a key 1ssue 1n allocation decisions, more service-related
criteria like quality and lead time reliability have become important as well.
This need to consider multiple criteria implies that establishing proper
allocation strategies has become a complex managerial 1ssue indeed.
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Nowadays, large multinationals tend to have logistic networks with facilities in
multiple countries and increasing volumes of border-crossing good flows.

The increasing complexity of managerial decision making on allocation
issues has been met by scientific research in various disciplies. A review of the
recent literature, presented 1n the next section, reveals that many contemporary
models fail to incorporate dynamic elements. The main aim of this article is to
fill this gap by presenting a dynamic allocation method to support managers in
the (re)design of international facility networks. The results of a successful
application of this method in a case study are also presented.

Strategic allocation issues for multinationals |
Allocating facilities of multinational companies has been a popular research
theme in the past decades, especially in disciplines like (business) economics
and operations management. In this paper allocation is defined as determining
the location, number, and capacity of manufacturing and/or distribution
facilities of multinationals[5]. The focus 1s on strategic decisions concerning the
(re)design of international networks, for example by establishing new plants
abroad.

An 1mportant contribution of economic research in this field has been to
establish explanatory forces for changing patterns in the international
dispersion of economic activities[4,6]. In short, this type of research basically
results 1n ex post facto explanations of allocation behaviour, whereas the main
focus in this paper is to develop ex ante models to support managerial decision
making.

The operations research literature contains numerous examples of such
decision support models[7,8]. The objective function is usually defined in terms
of cost minimization or profit maximization. These OR-models typically
emphasize the mathematical formulation of allocation problems, without
paying much attention to support the managerial processes involved. An
interesting exception concerns a recent contribution by Billington and Davis[9]
on facility strategy models at Hewlett-Packard. They describe a practical
method to use mathematical programming models to support managers in
developing multisite manufacturing strategies.

The literature on tools which focus more explicitly on ex-ante decision
support is rather scarce. Recently, frameworks claiming to provide this support
have been developed by Vos[5], Bartmess and Cerny[10] and MacCormack ef
al[11]. The main contents of Vos's design method for international
manufacturing and logistics will be described here, since it forms the basis for
the remainder of the article. Comparisons with the two other frameworks are

made whenever appropriate. Vos’s design method is primarily based on three
Premisses:

(1) Focus support on the identification and design phases of strategic
decision-making processes. Regarding the focus on identification and



design phases, field research by Mintzberg et al[12] has shown that these
are far more important than evaluation/choice activities.
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(2) Active participation of decision makers in practical applications. facility allocation

Regarding management participation, managerial understanding on
strategic issues can be enhanced by a proper diagnosis and the
subsequent design of alternative courses of action. Previous research has
also shown that participative business modelling techniques facilitate
this increased managerial learning{13,14). Bartmess and Cerny[10] and
MacCormack et al[11] are not so specific on the type of decision support
provided by their frameworks.

(3) An integral chain approach as underlying conceptual model. Regarding
the chain perspective, previous research demonstrated that an integral
approach prevented sub-optimum allocation decisions and heavy
organizational efforts on the wrong parts of the value chain[15]. Chain
analysis is used to quantify the impact of changes in the location and/or
capacity of facilities on supply, manufacturing, and distribution
activities. This impact can be measured by determining the required
input quantities (materials, labour, capital and energy) and the respective
unit prices for alternative locations and capacity levels. In addition,
factors in the international environment like taxes, barriers to trade, and
exchange rates, will affect allocation strategies.

The final evaluation of alternative allocation strategies will primarily be based
on economic considerations, like the estimated profitability over a period of “»”
years. Bartmess and Cerny’s[10] framework claims to have a broader scope,
aiming to build a network of capabilities rather than just a network of facilities.
Nevertheless, the final step in their framework also consists of a ROI-model to
assess the bottom-line implications of alternative facility networks.

An attractive feature of Vos's design method is that several real-world case
studies were executed. These cases all involved multinationals planning to
redesign their existing networks. Subsequently, the value of the decision
support provided was evaluated with the participating managers. This type of
detailed empirical testing is lacking in the other two frameworks.

A drawback to all three frameworks is their static nature. which has been
acknowledged in the recent literature[16,17] as well as by the participating
managers in Vos’s research. Still, one scarcely finds actual incorporation of
dynamic elements in existing allocation models. Some mathematical models do
incorporate dynamics by adding a subscript “¢” to the variables. Given the
relatively long time horizon required in strategic allocation issues, this indeed
allows decision makers to capture developments over time. However, this 1s
usually not sufficient to gain insight into crucial causal relations between key
variables.

In summary, various recent publications on strategic allocation issues claim
that existing models in this field can be improved by incorporating dynamics
and “soft” variables. Still, there is hardly any empirical evidence on the practical
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applicability of such extended models in terms of ex anite decision support. The
purpose of this paper is to bridge this gap between management theory and
management practice.

Towards a dynamic allocation method
Extension of existing design method
Vos’s original method for the (re)design of international facility networks[5],
briefly described in the previous section, has been extended by incorporating a
system dynamics component in the design phase. It is beyond the scope of this
article to discuss this extension in full detail. Previous research has sufficiently
demonstrated the applicability of system dynamics in modelling supply
chains[18-20].

In essence, the extension offers several advantages:

First of all, the dynamic behaviour of all variables can be incorporated.
These variables can be endogenous (e.g. production costs, product

quality) or exogenous (e.g. market demand, exchange rates, transport
costs). |

It becomes possible to model explicitly an incremental implementation
strategy for relocation, thus improving the fit with reality. Moreover, the
implementation stage tends to be a critical period for the eventual
success of allocation strategies.

« Another advantage is that system dynamics models allow decision
makers to obtain additional insight into critical cause-effect
relationships. Active management participation in model building, using

graphical (causal) models, is essential in facilitating this learning
- process[5,20].

« A practical advantage of most system dynamics software packages 1s
that they allow for a rapid execution of various scenario analyses. Such
analyses are always necessary to assess inherent risks and uncertainties

in the global business environment, but often such assessments prove to
be technically cumbersome.

» Finally, the system dynamics modelling “toolkit” contains various
techniques for mcorporating “soft” variables, such as employee skills
and the impact of expatriate management on foreign plant performance.
Such variables can be difficult to quantify but are crucial for a proper
assessment of alternative allocation strategies. Very few allocation
models explicitly mmcorporate soft variables{11].

Tools to support dynamic modelling

Various tools and techniques are available to provide support in strategic
decision-making processes[20]. The tools described in this section (causal
diagramming, stocks and flows diagramming, graphical functions, and
dynamic simulation models) are primarily intended to show how the benefits of
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dynamic modelling can be operationalized to extend Vos's design method. Capturing the

Examples of the case1 studfy to be presented in the next section are used to dynamics of
lllustrate the applicability of these tools in studies on strategic facility allocation > :
e facility allocation

Causal diagramming. The main purpose of causal diagramming is to
identify the causal links that exist between the relevant variables. Often, these
causal links lead to circular connections, to so-called feedback loops. This 61
“feedback thinking™ lies at the heart of system dynamics modelling and is
fundamentally different from so-called “linear thinking”[21]. Figure 1 shows
some key causal relations that determine the economic feasibility of plant
locations in less-developed countries.
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In Figure 1 it can be seen that several interrelated trade-offs have to be made,
also involving “soft” variables. Simply focusing on prevailing low wage rates
will cause disappointing results if other aspects like logistics, local productivity,
co-ordination, and quality 1ssues are 1gnored[5,10,15]. Explanatory factors for a
lower performance in less developed countries can broadly be classified into
three categories: organization, technical system, and human skills. Some
specific measures to increase local performance are respectively to appoint
expatriate managers, technology transfer, and training of employees. Such
measures do have a negative effect on the economic feasibility in the short run,
but the time delays depicted in Figure 1 imply that benefits due to performance
improvement can be expected in the long run.

Stocks and flows diagramming. Stocks and flows diagrams are used to model
the relations between various variables in a continuous system. A distinction 1s
made between flows of resources and the mechanisms that regulate these flows.
An interesting feature is that this technique can be applied to model multiple
resource flows such as materials, orders, money, and personnel. Figure 2 shows
an example of a stock and flows diagram for material and personnel flows 1n a
production system.
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Figure 2.

Stocks and flows
diagram of some
material and personnel
flows 1n case study
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A supply chain consists of various processes in which raw materials are
transformed into finished products. Each process has different characteristics,
making it more or less attractive for a relocation to less developed countries. An
important success factor is the labour productivity in such countries. As shown
in Figure 2, one of the factors influencing average productivity is the mix
between new and experienced employees. Training of new employees will
increase their productivity, but also their attractiveness on the labour market. In
combination with a low level of loyalty to the employer, this 1s likely to result in
a high percentage of labour turnover, which in turn has a negative impact on
the average labour productivity.

Graphical functions. Strategic business modelling exercises are often plagued
by a limited availability of data, particularly when dealing with soft variables.
Graphical functions can be useful to overcome this lack of data by drawing a
plausible relation between two variables. Drawing such a relation typically
requires an iterative procedure with participating managers. Eventually, a
curving of the relation that is acceptable to everyone will be developed. An
example of such a graphical function 1s shown 1n Figure 3.

Training of employees is likely to have a positive effect on performance (see
Figure 1). The ability to learn new skills to a great extent determines the
magnitude of this effect. An S-shaped growth curve, rather typical for learning
processes, is used in Figure 3 to model the impact of this “soft” variable. The
steepness of this curve can, for example, be influenced by expatriate
management support and by varying the intensity of training programmes. A
steeper curve implies enhanced performance on indicators like labour
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productivity and reliable product quality. The latter 1s a necessary condition to
supply Western export markets.

Dynamuc stmulation models. The tools described in this section are important
butlding blocks of system dynamics simulation models. The main aim in these
models 1s to reproduce the behaviour of a (real-life) network of interconnected
flows over time. In mathematical terms, such continuous systems are
represented by linear and non-linear differential equations. In most available
software packages, these equations are created simultaneously with the
creation of stocks and flows diagrams[20].

System dynamics models usually comprise a large number of interrelated
variables. It has become common practice to summarize the values of key
variables in a so-called control panel. The dozens of other model variables are
kept out of sight. This presentation technique allows managers toc monitor
patterns in a system’s behaviour without being bothered by too much detail.

Management participation

The importance of managerial involvement in applications of Vos'’s (extended)
design method has already been emphasized earlier in this article. Still, the
extent of this participation has not yet been operationalized. Figure 4 shows
some 1mportant roles of participating managers m various phases of the design
method.

At the outset of a study, it is important to arrive at a proper problem
definition. Participating managers should explicitly state their perception of
opportunities, problems, and/or crises evoking decision making. Management’s
main participative role is in the design phase. In the static part, their expertise

Capturing the
dynamics of
facility allocation

63

Figure 3.

Graphical function for
the relation between
learning ability and
performance
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Figure 4.
Management
participation in various
phases of Vos's design
method
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\
4. Evaluation of alternatives Sensitivity analyses —»
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is required to construct so-called model plants for alternative locations and/or
annual capacity levels[5]. At least one of the participating managers should be
actively involved in the subsequent building of the system dynamics model.
This facilitates the communication of results to other members of the
management team, needed to actually contribute to enhanced understanding of
strategic allocation issues. Structured discussions should evoke managers to
come with their main “what-if” questions, thus providing the input for
sensitivity analyses.

Finally, it is unlikely that ultimate decisions will solely be based on results of
this rational-analytical approach. Decision makers have to make a subjective
trade-off between estimated profitability and perceived rnisks and uncertainties.
Stated differently, the rather factual evaluation of alternatives is supplemented
with managerial experience and intuition|5,12].

Case study: to relocate or not to relocate

The strategic allocation issue of the client company

The client company was a-mid-sized company i1n the Dutch metalworking
industry. Its annual turnover in 1994 was about US$15 million, mainly
supplying sanitary-ware products to the construction sector. The company
realized over 95 per cent of its sales in The Netherlands. This “local for local”
strategy is a rather common characteristic for this industry in Europe.

The client company’s management team was considering to establish a plant
in China, primarily to increase its cost competitiveness. Low costs were
regarded as a critical success factor for this manufacturer of a relatively small
range of standardized products, utilizing mature technologies. A secondary
motive for choosing China as a potential location was to become mvolved as a
supplier for the rapidly growing local building industry. A combination of these
motives was expected to result in a gradual implementation of a relocation
strategy, as shown in Figure 5. Initially, a Chinese plant would sell its products
on the local market, gradually starting exports to Europe, provided that reliable
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product quality and lead-times could be achieved. In the final phase, all
manufacturing activities might be relocated to China. The remaining European
organization would be responsible for activities like sales, distribution, and
after-sales service.

Project synopsis

Vos’s design method extended with the tools described in the previous section,
was applied to provide support in this strategic decision-making process. In this
way, the participating managers should be able to evaluate the bottom-line
benefits, and the underlying causes, of a potential relocation to less developed
countries.

The research team for this project consisted of three persons. Each of these
three focused on a particular aspect of the modelling process. In the
terminology of Akkermans[20], the first author acted as an expert coach with
specific knowledge on international allocation issues. The process coach role,
facilitating and monitoring the model building process, was the second author’s
main responsibility. The third team member acted as model coach, responsible
for data collection and analysis and the actual programming of the simulation
model. The client company was also represented by three persons. The
manufacturing manager was mainly involved in the static part of the analysis,
the controller provided the required access to financial data. The general
manager was the project sponsor and the main problem owner.

Total project duration was about ten months. The main project aim was not
merely to “solve” the China issue, but rather to develop a tool to support future
strategic allocation decisions. Various workshops were organized throughout
the project, particularly to support the modelling process. In these workshops
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Figure 5.

Gradual implementation
of a potential relocation
to China
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management assumptions about the anticipated consequences of a relocation
were systematically made explicit, challenged, and further refined.

Static analysis: production function comparison

A cost comparison was made between the existing Dutch situation and a
situation in which all production activities would be relocated to China. This
limitation to the final phase of a relocation (see Figure 5) was one of the reasons
to label this part of the analysis as static. Two other reasons were the use of
current cost figures, without taking anticipated changes into account, and a
fixed annual capacity of 500,000 pieces, being the present output of the Dutch
plant.

Due to these restrictions, the results of this static analysis were merely useful
to obtain some initial insight into the potential benefits of a relocation to China.
This was achieved by establishing a production function for a Chinese plant.
This implied determining the required quantities of input materials and of the
production factors labour, capital and energy, given a certain volume of finished
products. Since these inputs are far from homogeneous categories, this
production function should be as detailed as possible[5]. Important subjects in
the production function analysis were technology selection and estimates of the
Chinese productivity level. Subsequently, a cost function was obtained by
multiplying the required quantities of the various inputs with the respective
local unit prices. The initial data on relevant Chinese unit prices were based on
desk research, verified during a field trip to China.

The results of the static analysis revealed that the estimated Chinese cost
advantage would be very small, less than 5 per cent, given the current output
level. This rather surprising result was mainly caused by the relatively high
costs associated with the remaining Dutch organization (see Figure 5). Thus,
the present scale of the client company appeared to be too small to justify a cost-
driven relocation. Additional calculations demonstrated that the company’s
strategy to increase its turnover in Europe would indeed enhance the
attractiveness of investing in China. The estimated Chinese cost advantage,
using current cost data, would increase up to 25 per cént for a European
turnover of US$100 million. These findings reconfirmed the general manager’s
intuitive ideas at the start of this project.

Dynamic analysis: system dynamics modelling

Building the system dynamics model was basically a joint effort of the model
coach and the controller, with regular feedback from the other members of the
project team. Causal diagrams, stocks and flows diagrams, and graphical
functions, like the ones shown in the previous section, were used in this
modelling process. The resulting system dynamics model looked rather
complex, incorporating a considerable number of relevant causal relations and
linking physical, personnel, and financial flows. Validation of such a complex
model 1s always essential if it is to be used by a company’s management team to
support strategic decision-making processes. One relatively straightforward
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test in this case was to use the detailed data of the static production function
analysis as input for the system dynamics model. A comparison of the
calculated profitability in both models yielded a difference of less than 5 per
cent.

Some important simulation results regarding the cummulative profitahility in
five scenarios are shown in Figure 6. The time frame has been limited to a
period of seven years. Beyond this period it is impossible to predict the value of
certain variables in the highly volatile Chinese environment. The base run (line
1 1n Figure 6) reflected the most likely scenario, as perceived by the project
team. This base scenario was deliberately kept on the safe side. Rather
pessimistic estimates were made of Chinese price increases (e.g. for wages,
housing and materials), productivity improvements and of the time period
during which expatriates would be required. Obviously, this had a negative
effect on the fmancial feasibility of an mvestment i China. However, reported
experiences with establishing and operating manufacturing plants in China
provided support for this cautious approach[22-24].

Cumulative net profit (in US$)
15,000,000-

10,000,000~
5,000,000~
0.._

-5,000,000-

-10,000,000— l
0 1

Time (years)
Key

N~
S
D
&)
.
~J

Scenario 1: base run

—3Scenario 2: lower local demand (-50 per cent)

""""""""""""" Scenario 3: higher local demand (+50 per cent)
-—-~—=3cenario 4. higher local labour costs (30 per cent annually)

----———--—3cenario 5: higher housing costs (30 per cent annually)

The results of this base case were not very promising in terms of profitability,
mainly due to relatively low utilization rates in the start-up phase and to
relatively high costs for expatriate management support. Building on this,
sensitivity analyses were made to quantify the consequences of changing
certain assumptions. The main uncertainty perceived by the client company’s
managers concerned market demand 1n China: What happens with profitability
if our Chinese sales volume is substantially lower (e.g. 50 per cent) than

Wil
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Figure 6.

Cumulative profitability
of a Chinese plant for
five scenarios
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assumed in the base scenario? And what if Chinese sales are substantially
higher? As might have been expected, financial performance indeed proved to
be very sensitive to demand fluctuations (see Figure 6).

The financial results were far less sensitive to increases in wages and lease
prices of buildings. The latter findings were important since the field research
in China indicated that it was quite plausible for wages and lease prices to
increase more rapidly than assumed in the base case. Lines 4 and 5 in Figure 6
reveal that the impact of annual price increases in these categories of 30 per cent
instead of 10 per cent for the next seven years would be rather limited. One
explanation for this finding was that a large part of labour costs consisted of
compensation for expatriate management, which is not sensitive to changes in
local wage levels.

Managerial implications

As will be obvious from looking at Figure 6, the management team decided not
to establish a plant in China. The present turnover of the client company was
too small to justity a cost-driven relocation. In addition, the start-up phase in
China would require substantial efforts, thus costs, to assure satisfactory
performance levels. Establishing a plant in China might still have been
attractive for more strategic, market-oriented motives. However, market share
would have to be built up from scratch, whereas other, bigger competitors had
already established themselves in China. A thorough market analysis, not
included in this project, would be required prior to a market-driven investment
decision, especially given the sensitivity to lower sales volumes,

This “no go” decision also illustrates the importance of managerial
judgement in decisions on strategic allocation issues. The perceived risks and
uncertainties associated with investing 1in China were too high. Nevertheless,
the participating managers were very positive in an evaluation of the process.
The participative modelling approach greatly enhanced their understanding of
the trade-offs involved in the (re)design of international facility configurations.
Management indicated that they intended to use the system dynamics model to
investigate the potential for a gradual relocation to Eastern Europe. A sister
company established a joint-venture with a local partner several years ago.
Substantial efforts in terms of management and technological support had
already been made. It was anticipated that the start-up of an additional
manufacturing unmt in this existing Eastern European joint venture would be
considerably easier compared with starting from scratch in China.

Conclusions

It can be argued that one case study 1s not enough to arrive at general
conclusions regarding the value and applicability of the proposed dynamic
allocation method. Still, experiences with system dynamics modelling
techniques in other strategic decision-making processes have yielded valuable
results for the participating managers as well[20]. Positive feedback was also
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obtained from the managers participating in the practical applications of Vos’s
original design method[5].

Therefore, it 1s plausible to translate the results presented in this article into facili

three tentative messages for the field of operations management (OM). First,
recent advances in both software and new facilitation-oriented approaches to
modelling, can increase managerial acceptance and use of system dynamics
techniques for OM issues. The system dynamics model developed in the case
study was tested for only one specific problem (relocation to China), but due to
the participative approach it can also be applied to support future allocation
decisions. In this sense, the case results have definitely contributed to increased
organizational learning for the client company.

Second, static analyses of complex facility allocation 1ssues do not do full
justice to the inherent dynamic nature of these issues. In this case study,
particularly the variables market demand forecasts and the time to realize a
satisfactory local performance level were found to be critical success factors.
Estimated changes in required quantities and unit prices of the various imputs
should be taken into account as well.

And finally, “soft” variables are important in assessing the performance of
foreign plants. In the case company’s relocation problem, training of Chinese
employees in combination with a relatively low level of employee loyalty
resulted in a substantial labour turnover in the course of time. This dynamic
behaviour in turn reduced the anticipated positive impact of training on the
Chinese plant performance. This study thus demonstrated that it is feasible and
indeed essential to incorporate “soft” variables as employee skills, employee
loyalty, and the impact of expatriates on local performance into predominantly
quantitative analyses of strategic allocation 1ssues.

References

1. Dunning, J.H., The Globalization of Business: The Challenge of the 1990s, Routledge,
L.ondon, 1993.

2. Barnet, R]. and Cavanagh, J., Global Dreams. Imperial Corporations and the New World
Order, Simon & Schuster, New York, NY, 1994,

3. Woodall, P, “Survey: the global economy”, The Economist, 1 October 1994, p. 45.

4, Dicken, P, Global Shift: The Internationalization of Economic Actinity, 2nd ed., Paul
Chapman, London, 1992.

5. Vos, G.C].M,, “International manufacturing and logistics: a design method”, doctoral
dissertation, Eindhoven University of Technology, 1993.

6. Dunning, JH., Explaining International Production, Unwin Hyman, London, 1988.

7. Zimmermann, H.J. and Sovereign, M.G., Quantitative Models for Production Management,
Prentice-Hall, Englewood Cliffs, NJ, 1974.

8. Cohen, M.A. and Lee, HL., “Resource deployment analysis of global manufacturing and

distribution networks”, Journal of Manufacturing and Operations Management, Vol. 2,
1989, pp. 81-104.

9. Billington, C.A. and Davis, T.C., “Manufacturing strategy analysis: models and practice”,
Omega, Vol. 20 No. 5/6, 1992, pp. 587-95.

10. Bartmess, A. and Cerny, K., “Building competitive advantage through a global network of
capabilities”, California Management Review, Winter 1993, pp. 78-103.

Capturing the
dynamics of
ty allocation

69




[JOPM
16,11

70

ekl

11.

12.

13.

14.

16.

16.

17.

18.
19.

20.

21.

22.

23.

MacCormack, A.D.,, Newman III, LJ. and Rosenfield, D.B., “The new dynamics of global
manufacturing site location”, Sloan Management Review, Vol. 35 No. 4, 1994, pp. 69-80.

Mintzberg, H., Raisinghani, ). and Théorét, A., “The structure of ‘unstructured’ decision
processes’, Administrative Science Quarterly, Vol. 21, June 1976, pp. 246-75.

Senge, P, The Fifth Discipline: The Art and Praclice of the Learning Organization,
Doubleday, New York, NY, 1990.

Morecroft, JWM. and Sterman, J.D., Modelling as Learning, Productivity Press, Portland,
OR, 1994.

van de Ven, A.DM. and Ribbers, AM.A., “International logistics: a diagnostic method for
the allocation of production and distribution facilities”, International Journal of Logistics
Management, Vol. 4 No. 1, 1993, pp. 67-83.

Verter, V. and Dincer, M.C., “An integrated evaluation of facility location, capacity
acqguisition, and technology selection for designing global manufacturing strategies”,
European Journal of Operational Research, Vol. 60, 1992, pp. 1-18.

Lootsma, F.A,, “Alternative optimization strategies for large-scale production-allocation
problems”, European Journal of Operational Research, Vol. 75, 1994, pp. 13-40.

Forrester, |.W., Industrial Dynamics, MIT Press, Cambridge, MA, 1961.

Berry, D. and Naim, M.M,, “Quantifying the relative improvements of redesign strategies in
a P.C. supply chain”, in Pre-prints of Eighth International Working Seminar on Production
Economics, Vol. 3, 1gls, Austria, 1994, pp. 131-51.

Akkermans, H.A,, “Modelling with managers: participative business modelling for
effective strategic decision making”, doctoral dissertation, Eindhoven University of
Technology, 1995.

Vennix, JA.M.,, “The design and evaluation of a computer-based learning environment”,
doctoral dissertation, Catholic University, Nijmegen, 1990.

Chan, J.CM,, Sculli, D. and S, K., “The cost of manufacturing toys in the Shenzhen special
economic zone of China”, Inilernational Journal of Production Economics, Vol. 25, 1991,
pp. 181-90.

Van Den Bulcke, D. and Zhang, H., “Belgian equity joint ventures in China: some
considerations and evidence”, CIMDA Discusston Papers, University of Antwerp, 1992
No. 1992/E/7, p. 35.

Auty, RM., Economic Development and Industrial Policy: Korea, Brazil, Mexico, ndia and
China, Mansell, London, 1994, pp. 213-15.



