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ABSTRACT

Supply chain management involves understanding com-
plex interactions between many factors and using the un-
derstanding to achieve balance between conflicting objec-
tives. Simulation is a very useful technique to evaluate the
impact of changes in factors such as inventory control and
business process parameters. This paper describes a simu-
lation based study for analyzing the tradeoffs among ser-
vice level, inventory and lead times for a large logistics
supply chain. The study highlights the use of simulation in
understanding seemingly non-intuitive results and guiding
the effort for performance improvement.

1 INTRODUCTION

Supply chain management involves dealing with a whole
range of control parameters and a multitude of key per-
formance indicators. SCOR model (Supply Chain Council
2003) lists a number of performance indicators to track the
performance of a supply chain. These include measures
such as: delivery performance, order-fulfillment lead time,
and supply chain management costs. Effective manage-
ment of supply chain requires understanding how high
level business objectives translate to selected performance
metrics. The supply chain manager then has to focus on
improving the performance of these selected metrics.

Typically, management of supply chain requires im-
proving performance of conflicting objectives. The push is
to reduce inventory while at the same time improving the
service levels. Generally speaking, high service levels can
be achieved using high inventories. The manager has to
find a balance between these two conflicting objectives.
The cost of potential lost sales has to be balanced with cost
of carrying large amounts of inventory. Similarly, there
are other conflicting objectives that need to be balanced
such as maintaining high service levels while keeping the
transportation costs low.

Ideally, an optimum operating point should be deter-
mined that balances multiple conflicting objectives. A
supply chain can be visualized as a large network. Net-
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work optimization problems have been found to be NP-
optimal, that is, they cannot be solved optimally within a
reasonable amount of time. This is the case for supply
chains providing a large variety of parts which move
across multiple suppliers and distribution points.

Discrete event simulation provides a viable alternative
to determine operating points that achieve the desired bal-
ance between conflicting objectives. It can be iteratively
used to understand the impact of varying multiple control
parameters and to identify the desired operating points.

This paper reports on a study for understanding the
impact of control parameters for a large logistics supply
chain. The understanding is used to identify the potential
operating ranges that balance the desired performance ob-
jectives. Section 2 briefly describes the supply chain that
was the subject of this study and the key performance
measures of interest. The parameters that were selected for
sensitivity analyses are discussed in section 3. Section 4
presents the discrete event simulation based methodology
used. The experiments and results for developing insights
into the interrelationship among major factors is provided
in section 5. Section 6 describes the experiments for un-
derstanding the trade-offs and identifying the operating re-
gion that balances the objectives. Section 7 concludes the
paper with potential future steps.

2  BACKGROUND

The subject of this study is a large logistics supply chain
with customers located in all 50 states of USA and 27
countries around the world. The distribution operations
involve over 500 sites located close to, and partnered with,
customers and suppliers. It maintains two main channels
for meeting customer demand. A majority of parts are
maintained in inventory at its own distribution centers and
supplied to customers from these centers on demand. The
second channel is based on vendor-managed inventories
with the vendor shipping the products directly to customers
based on the orders communicated to them through the or-
ganization. Figure 1 shows a conceptual representation of
the supply chain.
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Figure 1. Conceptual Repre-
sentation of the Logistics
Supply Chain

The organization is focused on following key perform-
ance indicators (KPIs):

1. Service levels
2. Inventory investment
3. Order to delivery lead time

More details on the organization and scope of the effort are
available in Jain et al. (2001a) and (2001 b).

The original simulation model of this supply chain
was built a few years ago to estimate the potential benefits
of a large project involving business process improvements
and implementation of ERP, Supply Chain Planning and
procurement software. The simulation model has been
continually updated to reflect the improved understanding
and estimates of process parameters as the project has pro-
gressed through its implementation.

3 CONTROL PARAMETERS

The overall study included sensitivity analysis on a number
of potential control parameters. This paper reports on the
experiments carried out to understand the impact of the
administrative business process time for processing of cus-
tomer orders and using the understanding to identify the
operating range in conjunction with results from earlier
similar studies.

The administrative business process time (ABPT) is a
component of the customer order to delivery process. It
starts from the time a customer order arrives at the cus-
tomer service center and ends when a shipment order is re-
ceived at a distribution center. It is followed by the execu-
tion process time (EPT) that starts from the time the
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shipment order is received at a distribution center to the
time the shipment is delivered to the customer. Thus,

Total customer order to delivery time = ABPT +EPT.

The ABPT is comprised of the following components:
order processing time, time for waiting for arrival of inven-
tory if enough inventory is not available, and the time for
transmission of shipment order from customer service cen-
ter to the assigned distribution center. The order process-
ing time is the activity of ensuring the order is valid and
checking the availability of inventory to meet the order.
Orders and requests are managed several different ways:

If enough inventory is available the order is
transmitted to the distribution center that is near-
est to the customer and has enough inventory.

If enough inventory is not available, the order is
placed on the backorder list and a request for re-
plenishment is sent to the planning department.

If the part is under a standing supplier contract,
the planning department generates a purchase or-
der and sends it to the supplier.

If no standing contract is available, a request is
sent to the procurement department to establish a
new contract.

A purchase order is generated once the contract is es-
tablished. Once the material is received from the supplier
at the distribution center, a material receipt notification is
sent and, in turn, a shipment order is transmitted to the dis-
tribution center for sending the ordered quantity to the cus-
tomer. The ABPT time thus can range from under a day in
case sufficient inventory is available to months at the other
extreme when a new contract has to be established for ac-
quiring the material. Most of the parts that receive regular
demands are on standing long term contracts. Only rarely
requested parts may require establishment of new con-
tracts.

It should be clear from the above discussion that
ABPT is really a result of several decisions that impact the
components comprising the measured time as shown in
Figure 2. Two of the components, the order processing
time and shipment order transmission time, were already in
the range of few hours and did not have much variation.
The following parameters from the planning and procure-
ment activities were identified as those that would poten-
tially impact the ABPT:

1. Manual processing time for purchase orders: Some
of the purchase orders required manual modifica-
tion and approvals that added to lead time.

Cancellation rate of purchase orders: Some of the
purchase orders had to be cancelled due to several
factors including, cancellation of customer order,
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Figure 2. Customer Order to Delivery Process Flow
with Definition of ABPT

combining multiple purchase orders into one order,
and errors. Such orders took up valuable process
time thus delaying other orders and further time
from personnel for tracking and cancellation.
Percentage of purchase orders processed through
automation: Higher the percentage of orders that
can processed automatically, lower the lead time.
Time for corrections of technical specifications:
Some of the parts that had not been ordered for a
long time would have outdated technical specifi-
cations and drawings. These were sent to engi-
neering department for corrections.

Procurement time for large purchases: Large pur-
chases required lot of personnel time and thus
added to the lead time.
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Maximum procurement time for medium pur-
chases: Medium size purchases comprised a large
percentage of procurements and thus influenced
the lead time.

The study had to first identify the parameters from the
above list that had a large influence on the ABPT and can
provide an easy way to control the ABPT values. The
study hence was executed in two stages:

1. The first stage experiments focused on developing
insights into relationships. First, control parame-
ters were identified for the administrative business
process time (ABPT) for order processing. Then,
the control parameters were used to vary the
ABPT over desired range and understand its im-
pact on key performance indicators.

The second stage identified the operating range
based on the desired balance between conflicting
objectives.

4 METHODOLOGY

The study used a methodology based on discrete event
simulation. A model of the customer order to delivery
process and the supporting activities in the supply chain
was developed using the software ARENA (Bapat and
Sturrock 2003). The business processes included in the
model were selected based on their relevance to the cus-
tomer order to delivery process and included:

1. Order Fulfillment
2. Procurement
3. Demand and Supply Planning

The organization supplies millions of part numbers to
its customers. A representative set of products from the
wide population was selected for use in the model. The
products were selected to provide a representation of the
cross-section of the product population across all major
business units. Please see Jain et al. (2001a) for more de-
tails on the development of the simulation model.

The study used experimentation with the developed
simulation model for both the stages. The model was used
in first stage to develop insights into the relationships
among major factors. It was used to determine the control
parameters that have the most impact on the measured
business process time. Then the model was used to vary
the values of the identified control parameters to generate a
range of values of the measured business process time and
associated performance. In stage II, further experiments
were carried out to vary other related control parameters to
map out the performance space and to identify the desired
operating region.

A designed experiment with multiple factors at multi-
ple levels was not used as the interest was to understand



the mechanics of how change in value of identified pa-
rameters propagates to change in KPIs. The purpose of the
study was primarily developing insights into the mechanics
and relationships and using the insights for tradeoffs. In
future, a designed experiment may be considered for set-
ting multiple control parameter values.

The supply chain decision makers from the organiza-
tion focused on in this study had specific questions regard-
ing supply chain performance, and hence specific scenarios
of input variable combinations were evaluated. Project
timelines, as well as, constraints associated with the
lengthy run time of this enterprise supply chain model pre-
vented a more rigorous design of experiments approach or
a more isolated analysis of specific factors of interest.

5 USING SIMULATION TO DEVELOP INSIGHTS
The results of the experiments in the first stage are dis-
cussed in this section.

5.1 Determining Control Lever for ABPT

This step involved varying the values of the six factors,
listed in section 3, one at a time to determine their influ-
ence on the ABPT. The objective was to identify a control
lever for ABPT that can be use in turn to vary the values of
ABPT and understand the impact on the key performance
indicators. The experiments identified that factor six,
maximum procurement time for medium size purchases,
had a large influence on the ABPT. The relationship is al-
most linear and is show in Figure 3. Please note that the
base case refers to a designated To-Be performance level
that was used at the early stages of the project to establish
the business case for the project.
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Figure 3: Relationship between Maximum Procurement
Time for Medium Sized Purchases and ABPT
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The large influence of the single factor on ABPT was
understandable since this factor affected the a large percent-
age of orders that had to go through procurement. Other fac-
tors in the list affected smaller fractions of the purchase or-
der. The single factor was selected as the control lever to
realize the variation in administrative business process time
for experiments in the next step discussed below.

5.2 Impact of ABPT Changes

In this step, the experiments results were analyzed to un-
derstand the relationship between the administrative busi-
ness process time (ABPT) and the key performance indica-
tors (KPI) of interest. While the service level KPI showed
an intuitive trend of decreasing with the increase in ABPT
as shown in Figure 4, the inventory KPI showed a non-
intuitive trend of decreasing with the same change as
shown in Figure 5.
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Figure 4: Relationship between ABPT and Service Level
meeting Intuitive Expectations

The service level deteriorates as the ABPT increases.
This is expected since as the ABPT increases, the delivery
to customers are delayed. More importantly, delayed de-
liveries to customers results in delayed placement of re-
plenishment orders in turn resulting in delayed arrival of
inventories. This leads to deterioration in service level.

The relationship between ABPT and inventory level ap-
pears to be non-intuitive at first glance. A poorer perform-
ance on one aspect, that is, longer ABPT, is leading to a bet-
ter performance on the inventory KPI! However, on further
analyzing in the relationships the result is quite understand-
able, a hint of which is provided in the explanation of the in-
tuitive results presented in Figure 4. Essentially, longer
ABPT leads to delayed deliveries and hence delayed replen-
ishment orders. This leads to inventories arriving later than
in the base case while the order are arriving at the same time.



As a result, material is staying in inventory for shorter time
and hence the lower inventory levels. Please note that the
percentage change in inventory levels on the Y-axis in Fig-
ure 5 is defined with respect to As-Is model.
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Figure 5: Non-Intuitive Relationship between ABPT and
Inventory Level

As pointed out earlier, the supply chain management
involves dealing with conflicting objectives. The reduction
in inventory level is coming at the cost of reduction in ser-
vice level. The decision of whether such a tradeoff is ac-
ceptable depends on the cost of the inventory, cost of lost
sales and on their perceived value by the supply chain
managers. It should also be noted that there are several
other aspects that need to be considered before making a
decision. For example, a reduction in ABPT may lead to
reduced personnel requirements and free up manpower for
use elsewhere in the organization. Also, the above results
are based on changes in one parameter only. If the base
service level is in acceptable range, the benefit of reduced
ABPT can be translated into reduced inventories by adjust-
ing the inventory control parameters. Such balancing of
objectives is the subject of the next sub-section.

6 ACHIEVING BALANCE

This stage focused on balancing KPIs of interest within the
desired operating range. The decision makers for the sub-
ject organization had indicated the desire to maintain the
service levels in the same range as in the As-Is model
while reducing the costs of operation through business
process improvements and implementation of advanced
software solutions.

The identified business process improvements were
anticipated to decrease the ABPT. As presented in preced-
ing sub-section, this would result in increased service lev-
els but at the cost of increased inventories. To achieve the
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goal of reduced cost with the same service levels, the next
step was to translate the benefits of reduced ABPT into re-
duced inventory levels. The basic idea is from the classical
inventory theory — a shorter replenishment lead time
should lead to lower inventory requirement for covering
the lead time demand. This can be achieved by reducing
the reorder points (ROP) for the inventories maintained in
the distribution centers.

A reduction in reorder points was implemented by us-
ing a reorder reduction factor across all the part inventory
parameters. The subject organization supplies millions of
part numbers, and as a first step an across the board reduc-
tion in reorder points was evaluated. This was done with
the motivation of ease of implementation of the reduction.
The reorder reduction factor is a simple fractional multi-
plier used with each of the defined reorder points, a smaller
value of reduction factor indicates a lower reorder point,
i.e., a larger reduction in inventories.

The balancing of service level was done by changing
the reorder reduction factor corresponding to range of
ABPT identified in stage I experiments. The change in re-
order points not only changes the inventory but also the
ABPT since one of its constituent is based on the availabil-
ity of inventory to meet incoming demand. The result is
effectively a reduction in the range of ABPT variation and
maintenance of service level within the desired range as
shown in Figure 6.
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Figure 6: Holding the Service Level at Acceptable

Value with Reorder Point Adjustments

Figure 6 shows that with ROP adjustments the service
levels are held close to the specified value. The earlier
change in service level with ABPT from stage 1 experi-
ments is shown for reference and is identified as “No ROP
adjustment”. The control parameter for ABPT is still var-
ied through the same range as for stage I experiments.
However, ROP reductions are used to avoid the inventory



build up caused by the previous ABPT reductions in -10%
to -20% range. A reduction in ROP results in replenish-
ment orders to be placed later than earlier case and thus in-
ventory arrivals are delayed resulting in lower service lev-
els and holding the ABPT closer to the base value.

The use of ROP adjustments allows trading off the
gains in service levels and ABPT reductions against inven-
tory gains as shown in Figure 7. The lower ROP values
lead to lower inventory levels and thus reduce the cost of
operations. The experiments thus helped identify the
mechanism for translating the ABPT reductions through
process improvement and software implementations to in-
ventory reductions.
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Figure 7: Reduction in Inventory Level Achieved by
Trading Off Service Level and ABPT Gains

The results also point to the desired operating region
for this supply chain as shown in Figures 6 and 7. The de-
sired operating region allows maintaining the service level
close to its existing value (change near 0%) while bringing
the inventory down (between 12% to 13%). A higher
value of service level (up to +1%) could have been
achieved but at a cost of higher inventory (reduction be-
tween 10-11% instead of 12-13%). A lower value of in-
ventory could have been achieved (reduction of up to 13%)
but at the cost of lower service level (up to -2%). The
identified region not only provides a balance between the
two extremes, it improves on it through judicious use of
other control parameters.

7 CONCLUSION

This paper presented a discrete event simulation based
study for tradeoffs analysis of a logistics supply chain op-
eration. Simulation modeling was used to identify control
parameters that affected the administrative business proc-
ess time (ABPT) in customer order processing. The con-
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trol parameters were used to understand the impact of
ABPT on key performance indicators. This understanding
of the behavior was instrumental in identifying that reorder
points (ROP) can be used to trade-off the gains in service
level and ABPT against inventory levels. Targeted ex-
periments helped identify an operating region that balanced
the service level goals with desired inventory reductions.

The mechanism used for ROP reduction was the use of
a fractional multiplier across all parts. This method offers
ease of implementation for the large number of parts han-
dled by the subject organization. Recommendations for
future work suggest identifying customized ROP adjust-
ments based on part classifications for targeted increase in
service levels for important customers and targeted reduc-
tion in inventories of expensive parts. A designed experi-
ment to determine the settings across multiple control pa-
rameters should also be carried out.

The case study described in this paper demonstrates
the applicability of simulation to improving the supply
chain performance. The effort used simulation to gain in-
sights into the interrelationship among major factors and
used these insights to identify the operating region that
aligns the supply chain performance with the strategic ob-
jectives of the organization.

REFERENCES

Bapat, V. and D. Sturrock, 2003. The Arena Product Fam-
ily: Enterprise Modeling Solutions, In: Proceedings of
the 2003 Winter Simulation Conference, eds: S.
Chick, P.J. Sanchez, D. Ferrin and D.J. Morrice, 210-
217. Piscataway, New Jersey: Institute of Electrical
and Electronics Engineers.

Jain, S., R.W. Workman, L.M. Collins, E.C. Ervin and
A.P. Lathrop, 2001a. Development of a High Level
Supply Chain Simulation Model. In: Proceedings of
the 2001 Winter Simulation Conference, eds: B. A.
Peters, J. S. Smith, D. J. Medeiros, and M. W. Rohrer,
1129-1137. Piscataway, New Jersey: Institute of Elec-
trical and Electronics Engineers.

Jain, S., E.C. Ervin, A.P. Lathrop, R.W. Workman and
L.M. Collins, 2001b. Analyzing the supply chain for a
large logistics operation using simulation. In Proceed-
ings of the 2001 Winter Simulation Conference, eds:
B.A. Peters, J.S. Smith, D.J. Medeiros, and M.W.
Rohrer, 1123-1128. Piscataway, New Jersey: Institute
of Electrical and Electronics Engineers.

Supply Chain Council, 2003, Supply-Chain Operations
Reference-Model Overview Version 6.0.  Supply
Chain Council, Inc., Pittsburgh, PA. Available online
via <www.supply-chain.org> (accessed July
15, 2004).



AUTHOR BIOGRAPHY

SANJAY JAIN is a Research Associate Professor with the
Grado Industrial & Systems Engineering Department at
Virginia Tech, and works with the Center for High Per-
formance Manufacturing. Prior to joining Virginia Tech,
he accumulated several years of industrial R&D and con-
sulting experience working at Accenture in Reston, VA,
USA, Singapore Institute of Manufacturing Technology,
Singapore and General Motors North American Operations
Technical Center in Warren, MI, USA. His research inter-
ests are in the area of using modeling and analysis tech-
niques in development and operation of complex systems.
He received a Bachelors of Engineering from University of
Roorkee, India in 1982, a Post Graduate Diploma from Na-
tional Institute for Training in Industrial Engineering,
Bombay, India in 1984, and a Ph.D. in Engineering Sci-
ence from Rensselaer Polytechnic Institute, Troy, New
York in 1988. He is a member of the Institute of Industrial
Engineers, APICS - The Educational Society for Resource
Management, and of the editorial board of International
Journal of Industrial Engineering. He is also currently
serving as the guest editor for the special issue on “Supply
Chain Modeling and Simulation” of the International
Journal of Simulation and Process Modelling. His email
address is <sanjay.jaine@vt.edu>.

Jain

1364



	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print

	01: 1358
	02: 1359
	03: 1360
	04: 1361
	05: 1362
	06: 1363
	07: 1364


