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ABSTRACT

It has become a matter of survival that many companies
improve their supply chain efficiency. This presents an
opportunity for simulation. However, there are many chal-
lenges that must be overcome for simulation to be a con-
tributor to play an effective role. Four contributors discuss
the opportunities that they see for simulation to play a
meaningful role in the area of supply chain management.

1 INTRODUCTION

Simulation has been used in supply chain management
(SCM). But, there are many additional opportunities for
application of the methodology. However, many of these
opportunities require that challenges be overcome.

This article includes the responses of four knowledge-
able people on the opportunities and challenges. Steve
Buckley discusses the use of simulation in process control,
decision support, and proactive planning. Sanjay Jain dis-
cusses how simulation can be used through the supply
chain life cycle. Peter Lenderman discusses characteristics
of firms for which simulation appears to be particularly
feasible for SCM. Mani Manivannan provides some ten
opportunities for simulation in SCM.
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2 STEVE BUCKLEY, IBM THOMAS
J. WATSON RESEARCH CENTER

IBM Research has been very active in supply chain simula-
tion for over ten years. The bulk of our work in this area has
been strategic in nature — standalone, one-time simulations
used to make structural or policy decisions in IBM’s internal
supply chain or a supply chain of an IBM customer.

For example, IBM reengineered its global supply
chain during this period to achieve quick responsiveness to
its customers with minimal inventory. To support this ef-
fort, we developed a supply chain analysis tool called the
Asset Management Tool (AMT). AMT integrated graphi-
cal process modeling, analytical performance optimization,
simulation, and activity-based costing into a system that
supports quantitative analysis of extended supply chains.
IBM used AMT to study such issues as inventory budgets,
turnover objectives, customer-service targets and new
product introductions. It was used at a number of IBM
business units and their channel partners. AMT benefits
included over $750 million in material costs and price-
protection expenses saved in 1998. IBM was awarded the
prestigious Franz Edelman award from INFORMS in 1999
for this work (Lin et al. 2000).

AMT was later made into an IBM product called the
Supply Chain Analyzer (SCA) which was used in consult-
ing engagements by IBM Global Services (Bagchi et al.



Banks, Buckley, Jain, Lendermann, and Manivannan

1998). SCA was used to perform strategic studies for IBM
customers addressing issues which include:

e Number and location of manufacturers and DC’s
Stocking level of each product at each site
Manufacturing and replenishment policies, e.g.
Build To Plan (BTP), Build To Order (BTO), As-
semble To Order, Continuous Replenishment
Transportation policies
Supply planning policies
Lead times
Supplier performance
Demand variability

SCA was a standalone tool running on Windows with
a user-friendly graphical interface. In order to provide
model data to SCA one had to prepare a number of flat
files in a specified format. In most cases this was a one-
time manual process using query tools and spreadsheets.

During the past two years we have been more focused
on operational supply chain simulation. We are develop-
ing operational supply chain simulators that have the fol-
lowing characteristics:

e Simulation model data is integrated with the en-
terprise IT system.
The simulation tool is integrated into the enter-
prise business processes.
The user interface of the simulation tool is cus-
tomized to the needs of each user.
The simulation tool is web-enabled since business
process management is shifting to the web and
data is readily available on the Internet. Modern
web portal technology supports customizable user
interfaces.
The simulation is very fast due to improvements
in computer technology coupled with careful de-
sign of simulation granularity.

We have recently identified three valuable scenarios
for operational supply chain simulation:

1. Process control. Simulate a process, then track
the process against the simulated results. For ex-
ample, we are engaged with one of our divisions
to predict their product inventory levels for future
periods. Actual inventory will be tracked against
predicted inventory for early detection of unex-
pected situations.

Decision support. Value assessment of potential
responses in an event driven enterprise (Lin et al.
2002). For example, the potential responses to a
late supplier delivery may include a re-
optimization of inventory levels. Simulation can
be used within the current business environment
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to predict the cost, serviceability and revenue im-
pact of the new inventory levels. From multiple
runs these predictions can be stated in stochastic
terms and used for risk management.

3. Proactive planning. Prediction of potentially
harmful business trends using intelligent sensing
of the business environment (Lin et al. 2002).
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3 SANJAY JAIN, VIRGINIA POLYTECHNIC
INSTITUTE AND STATE UNIVERSITY

Simulation has wide ranging opportunities to support
SCM. The role of simulation in SCM has to be established
in reference to a defined scope of such models of supply
chains. The scope of such models is discussed first, fol-
lowed by examination of the role of simulation in SCM
through supply chain life cycle stages. Approaches to meet
the challenges to the increased role of simulation in SCM
are suggested in the last section.

3.1 Scope of Supply Chain Simulation Models

The scope for modeling supply chains is different from
traditional modeling of manufacturing systems.  Tradi-
tionally, simulations of manufacturing systems modeled
the material flow through different machines and material
handling systems. Parts release was usually modeled us-
ing an inter-arrival distribution or some basic rules. These
models provided value through determination of machine
utilizations, cycle times, bottleneck analysis, etc.

One may model a supply chain by integrating a num-
ber of manufacturing and logistics models and studying the
flow of material. While flow of material is the purpose of
the supply chain, a simulation that only models the mate-
rial flow may not be very valuable. The model has to in-
clude other major processes and flows in the supply chain,
in particular the flow of information through major busi-
ness processes that trigger and control the flow of material.

A supply chain simulation model should be built by
integrating models of manufacturing and logistics systems
only if these component models include sub-models of the
business processes and information flows in addition to the
material flow. Such holistic models of manufacturing and
logistics systems have been referred to as Virtual Factory
and Virtual Logistics (Jain et al. 2002). These models can
be integrated together to form a Virtual Supply Chain, a
simulation model that includes integrated models of mate-
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rial and information flows. Ideally, it should also include
the third major flow, that of money transactions through
the supply chain.

3.2 Simulation through Supply Chain Life Cycle

The role of a Virtual Factory to support a manufacturing
system through its life cycle has been described (Jain et al.
2001). A Virtual Supply Chain can be similarly used to
support a supply chain throughout its life-cycle phases of
design, operation and termination.

During the supply chain design phase, simulation can
be used to evaluate different configurations of a supply
chain. These can include those formed with different
manufacturing and logistics companies as supply chain
members and those with different locations of manufactur-
ing and distribution facilities. The models can also sup-
port evaluation of different product configuration post-
ponement decisions. More often than any of the preceding
decisions, the supply chain partners may use simulation for
establishing desired inventory levels at different stages of
the supply chain such that the performance can be main-
tained within an established range in face of inherent un-
certainties. The partners can set service level goals and de-
termine the inventory levels at successive stages that will
allow them to achieve the goals based on the uncertainties
at each of the stages.

Virtual Supply Chain models can provide valuable
support during the operational phase of the supply chain.
The use of simulation during this phase can support supply
chain planning and scheduling and supply chain execution.
Simulation can be used in a generation and an evaluation
role for establishing the production and logistics plans and
schedules to meet long and short term demands. For sup-
ply chain execution, simulation can be used for event man-
agement by evaluating alternative courses of action avail-
able on the occurrence of an interruption. Distributed
simulation is well suited for this role as it allows speedy
execution and allows supply chain partners to maintain
their proprietary data (Gan et al. 2000).

During the supply chain termination phase, simulation
models can be used for evaluating product phase out and
phase in plans. Alternative plans for “emptying the pipe-
line” can be evaluated. The plan for phased shut down of
manufacturing and distribution facilities can be evaluated
for its volume and cost impact. The ability of the supply
chain to provide service parts for maintenance and repair
operations can be verified and the cost impact quantified.

3.3 Meeting the Challenges

The simulation community has to rise to meet a number of
challenges before these opportunities can be fully ex-
ploited. Modeling approaches that allow execution at dif-
ferent levels of detail will help counter the need for multi-
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ple models. Advancements in integration of existing
models and their execution in a distributed framework are
required to address the issues of model building effort, exe-
cution time and the reluctance for sharing proprietary data
among supply chain members. Advances in integration
with operating systems such as ERP systems, manu-
facturing execution systems, databases, event monitoring
systems, and the Internet should make it easier to establish
simulation in the SCM arena. Interfaces with expert sys-
tems and rule bases that rapidly create desirable alterna-
tives on the occurrence of unplanned events can reduce the
user expertise requirement and provide the needed support
to the supply chain managers.

Simulation has a promising future in supporting the
design and operation of supply chains if the scope of mod-
els includes the material and information flows and if the
simulation community exerts itself to meet the various
challenges to such applications.

4 PETER LENDERMANN, SINGAPORE
INSTITUTE OF MANUFACTURING
TECHNOLOGY

Excellence in operational execution in manufacturing and
logistics along the supply chain depends on the timely and
effective translation of customer demand into material con-
trol decisions across the supply chain. This challenge is
complicated by the range of products, complex processes
at each stage of the supply chain, suppliers and customers
who also may be competitors, third party logistics, and a
variety of technical, business, and economic constraints.

Supply chain operational planning is essential in order
to know “how execution should be” such that products can
be made at the lowest possible cost and delivered to cus-
tomers on time. Many of today’s state-of-the-art supply
chain planning (SCP) systems take information about cus-
tomer demand and historical information about supply
chain performance, and generate material planning and
control decisions in an analytical manner.

The limitations of such deterministic planning ap-
proaches are realized at the moment when it comes to the
actual execution of such plans:

e The operational performance can be assessed only
on the real history of the system. But parameters
in the past cannot be changed.

Experimentation with the real system is often dis-
ruptive, seldom cost-effective and sometimes just
impossible.

Random effects do occur and are difficult to por-
tray.

Precise prediction of the dynamic evolution of the
system over time is not possible.
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Discrete event simulation (DES) technology is able to
address these shortcomings. Simulation has in fact been
used to address issues regarding how to manage supply
chains within the four factory walls for a long time by veri-
fying what effect different system configurations have on
“how execution would be.” But the concern that “averages
kill” (Grabau 2001) is of course an issue beyond the fac-
tory walls as well. Unlike on the shop floor, along the lo-
gistics nodes of supply chains a lot of potential for lead-
time reduction and throughput optimization is yet to be
exploited in many industries. And on a supply chain scale
with larger quantities involved, even small relative changes
may have a high impact in absolute terms.

Simulation tools specifically for supply chain simula-
tion are already available in the market. An example is de-
scribed in Archibald, Karabakal and Karlsson (1999). Us-
ing a centralized approach, these tools integrate supply
chains into one single simulation model.

However, a high degree of flexibility and scalability is
required to be able to address a wide range of strategic, tac-
tical and operational challenges in a fast changing business
environment. In fact it must be possible to address the en-
tire cycle from simulation modeling, model validation,
configuration of simulation runs, data input, execution of
simulation, analysis of output data, optimization, and im-
plementation of optimized business execution models all
the way to model maintenance sufficiently fast.

Development of robust, high-performance distributed
simulation has enabled tackling the issues of geographical
distribution of supply chains, data shielding, local mainte-
nance and scalability. Application of distributed simulation
technology for supply chain management has been pio-
neered for example by the Manufacturing Planning and
Scheduling Group at Singapore Institute of Manufacturing
Technology (SIMTech) in collaboration with Nanyang
Technological University (Gan et al. 2000) and the Geor-
gia Institute of Technology (Julka et al. 2002), and also by
the Manufacturing Engineering Laboratory of the National
Institute of Standard and Technology (McLean and Rid-
dick, 2000).

Depending on the challenges to be tackled, two alter-
native implementation approaches for distributed supply
chain simulation can be applied: Simulation models can be
developed from scratch, adding additional layers of granu-
larity over time (top-down-approach). Alternatively, very
complex simulation models can be integrated with each
other and refined to create high-fidelity simulations (bot-
tom-up approach).

While simulation models are quite useful in understand-
ing the interactions between supply chain components, they
generally incorporate a relatively crude abstraction of the
associated planning processes mentioned above. Simulation
models are typically fed by release of materials into the sys-
tem. These input releases, however, are difficult to generate
in today’s pull-environments with high demand variability
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and frequent phase-in of new products. The systems repre-
sented by the simulation models are ultimately driven by
customer demand scenarios. In this setting, the more appro-
priate term to be used would be “demand fulfillment man-
agement” rather than “supply chain management”.

The most straightforward way of translating customer
demand into feasible input release rates is to integrate the
underlying planning and customer order management pro-
cedure(s) into the simulation (Lendermann et al. 2002).
Current efforts at the Singapore Institute of Manufacturing
Technology are focusing on how to even make use of ex-
isting (novel types of) business application software as far
as possible for order management simulation.

As feasibility of operational execution plans is an is-
sue more that ever before to enable high-fidelity commit-
ments to the customer, this opens up possibilities for simu-
lation-based scheduling methodologies in the supply chain
as well.

Last, but not least, discrete event simulation will also al-
low the assessment of the dynamic behavior of supply
chains in a non-steady state, for example a system recovery
after perturbations such as breakdowns of critical resources.

Taking these considerations into account, discrete
event simulation appears to be particularly feasible for
supply chain management in industries that are subject to
characteristics as follows:

A mass production environment which is subject
to high variability and stochastic uncertainties
across the entire supply chain.

A lot of complex operational interdependencies
between suppliers and customers (e.g. waferfab
and semiconductor assembly & test) bear signifi-
cant potential for optimization and therefore foster
the search for collaborative performance im-
provement.

The need for optimization of sequence and capac-
ity utilization in manufacturing is high and there-
fore the flexibility regarding capacity adaptations
(e.g. because of high capital costs) is low.

The logistics content of the value-added opera-
tions is significant.

The non-repetitive labor content of the value
added operations is low.

It will be possible to exploit the opportunities for dis-
crete event simulation in supply chain management if we
are able to clearly point out what the differences are com-
pared to the challenges that can be tackled with “conven-
tional” supply chain planning systems as described above.

5 MANI MANIVANNAN, VECTOR SCM

In recent years, it is becoming more evident for large and
medium size corporations to spin off under-performing op-
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erating units, and/or merge with the diversified, cash
strapped competitors. The unsettling macro-economic con-
ditions, a huge glut in the supply base, uncertainties in con-
sumer behavior, and stochastic demand patterns further ag-
gravate this situation. Such dynamics impact the entire
supply chain and thus it has become a matter of survival for
many companies to improve their supply chain efficiency,
and reduce costs as a result of mergers and spin-offs.

A supply chain network typically consists of four lev-
els of facilities integrated to accomplish the efficient flow
and least-cost supply, manufacture and delivery of prod-
ucts and services. Products flow downstream from vendors
to plants, plants to distribution centers (DC’s), and distri-
bution centers to final customer or the markets. There can
be many other intermediate facilities between any two lev-
els of facilities (see Figure 1).

Moreover, products may sometimes flow upstream
when intermediate products are returned to plants for re-
work, or reusable products are returned back from markets
to distribution centers for recycling. Often, large complex
supply chains involve multi-commodity, multi-modal,
multi-echelon, and multi-periods. All these need to be ei-
ther decomposed or aggregated to simplify supply chain
redesign, analysis, and management.

&m;aﬁ e T

Material cost Transportation cost

Customer
Manufacturing cost

Suppliers, Warehouses, Final Markets and
Vendors Plants Distribution Centers | Delivery Points

Figure 1: A Typical Supply Chain Network

There are a growing number of opportunities for simu-
lation in providing decision support as part of SCM. Simu-
lation is used in a variety of problem domains within a sup-
ply chain to

Optimize network and materials flows,
Reduce costs and cash consumption,

Reduce Transit time and increase velocity,
Streamline, align, and focus information flow,
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e Streamline and refocus the organization from
functional and national to process and cross-
border, and so on.

Supply chain simulation encompasses the behavior of
an integrated logistics and manufacturing networks depict-
ing complex characteristics of both inter- and intra-
facilities, physical entities and resources, e.g., finished
products, subassemblies, service parts, trucks, airplanes,
ships, barges, containers, etc.

In general, simulation is applied to investigate the sto-
chastic impact and variability caused by production sched-
ules, supply base changes, final customer demand, trans-
portation mode shifts, container/packaging changes, etc.
The following provides a list of key opportunities for simu-
lation in a supply chain (not exhaustive):

e Perform simulation and scenario analysis to vali-
date existing supply chain(s) to identify the short-
comings and opportunities for redesign.

e Investigate the impact of changes in major de-
mand changes on supply chain components.

e Investigate the impact of new and innovative
ways of setting up and operating a large supply
chain.

e Investigate the impact of eliminating an existing
or adding a new infrastructure component to an
existing supply chain.

e Investigate the impact of changing operational
strategies within a supply chain, due to major
shifts in products, processes, location and use of
facilities, etc.

e Investigate the impact of (i) making parts in-
house, (ii) outsourcing to existing supply base,
(iii) developing a new supply base, or (iv) a com-
bination of (i), (ii) and (iii), based on the tradeoffs
between inventory impact and other supply chain
metrics.

e Investigate the impact of merging two supply
chains or impact of separating a portion of the ex-
isting components of a supply chain.

e Investigate the relationships between suppliers
and other critical components of a supply chain by
rationalizing the number and size of supply points
based on total costs, quality, flexibility, respon-
siveness, etc.

e Investigate the opportunities for postponement, a
concept used in reducing product and process va-
riety and achieving standardization across the
supply chain.

e Investigate the impact of current and new in-plant
and pipeline inventory strategies on the overall
performance of a supply chain.
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Certainly, other opportunities exist for simulation in sup-
port of SCM. In order to investigate the aforementioned
opportunities, commercial off-the-shelf (COTS) software
packages are often used for modeling and analysis of a
supply chain.

Many COTS packages utilize simulation combined
with optimization and heuristic/genetic algorithms in the
redesign and analysis of large, complex supply chains.
Such packages include Extend/SDI, Insight, Simflex, Sup-
ply Chain Guru, CAPS Supply Chain Designer, i2 Strate-
gist, Manugistics SC Suite, Logic Net, Synquest, etc.
These are loaded with capabilities to capture both the de-
terministic and stochastic nature of a supply chain.

There are many challenges to applying simulation in
solving complex supply chain problems. The reason is that
supply chain components are tightly coupled and the simu-
lation model could easily become large and cumbersome to
make a variety of decisions. This issue is engorged by the
facts that the supply chain simulation involves (i) a long
and arduous data gathering and model development proc-
ess, (ii) evaluation of a large number of alternative scenar-
ios, and (iii) an extensive validation. Therefore, it is criti-
cal that a supply chain simulation model not become too
large and unwieldy. Adequate levels of aggregation or de-
composition of a supply chain are necessary. Again, for
simulation experts, these are known facts in extracting the
intrinsic value of simulation.

In conclusion, the emergence of SCM is an essential
concept underlying the strategy/operations of virtually all
companies that manufacture and distribute products. There
is torrid pace of improvements in information technology,
computer architecture, flexible software for creating user
interfaces and managing data, enterprise resource planning
(ERP) systems, and e-commerce. Last, but not the least,
there is a strong realization by senior management that
they must adapt and embrace the entire supply chain im-
provement and total cost management through redesign
and decision support tools. All these definitely point to the
fact that there are ever-growing opportunities for simula-
tion in SCM.

6 SUMMARY

Simulation has been used in a variety of problem domains
within the supply chain. But, there are many other oppor-
tunities where simulation can play a key role. Each of the
contributors offers a range of possibilities. But, each con-
tributor also mentions challenges that must be met to turn
the possibilities into realities.
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