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ABSTRACT
THE PERFORMANCE OF A PHYSICAL DISTRIBUTION CHANNEL

SYSTEM UNDER VARIOUS CONDITIONS OF DEMAND
UNCERTAINTY: A SIMULATION EXPERIMENT

By
Thomas W. Speh

To effectively and efficiently administer physical distribution
channel systems the various types of uncertainty which effect the
channel must be recognized and their impacts evaluated. One form of
uncertainty which potentially has significant impact on channel perfor-
mance is demand uncertainty. Variations in the number of units demanded
per unit of time have the potential to influence the performance of all
physical distributions activity centers, and thus the entire system in
terms of cost and service capability. Therefore, the objective of this
research was to measure the impact of demand uncertainties on the cost
and service performance of a.three echelon physical channel system.

Demand uncertainties may be described by three measures: the
probability distribution of daily demand; the average demand per day;
the variance of daily demand. These three characteristics of demand
uncertainty were the experimental factors of this research. A number
of levels of each factor were evaluated, including six probability
distributions of daily demand, three levels of demand variance and

two levels of average demand per day.
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Thomas W. Speh

Two general hypotheses were tested. They were:

1. Uncertain demand leads to higher costs and lower service
gg;formance than would occur if demand was constant per

2. Different levels of each type of demand uncertainty have
different impacts on physical channel system cost and

service performance.

The LREPS physical channel simulation model was used to test the
research hypotheses. Thirty experimental simulation runs were made for
a test period of ninety days each. Two runs were made with fixed demand,
i.e., the same number of units were demanded each day. The demand for
each of the remaining runs was generated from a specific demand distri-
bution, with a given average demand and demand variance. The measure
of each simulation run included total demand stocked out, total cost,
transport cost, facility cost, thruput cost and inventory cost. These
results were used to test the research hypotheses using analysis of
variance techniques.

The major conclusions of the research are:

1. The comparison of the simulation runs made with each type
of demand uncertainty to the runs with fixed demand per day revealed
that overall channel total cost was not measurably affected by various
demand uncertainties. However, the amount of demand stocked out was
significantly higher as a result of demand uncertainties.

2. The comparison of cost and service performance of the
channel among the types of uncertainty and among the different levels

of each type revealed significant differences in selected cases.

However, certain levels of each type demand uncertainty consistely
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Thomas W. Speh

affected channel performance. The exponential and normal were the
demand distributions which created the greatest impact on channel
performance. High levels of demand variability repeatedly led to high
stockout percentages, and in some cases, high activity center costs.
The costs and stockouts resulting from low average level of demand were
always different than those resulting from the high average level of
demand.

3. The three characteristics of demand uncertainty differed
in terms of the response variables they affected. The impact of dis-
tributions was primarily on inventory and transport costs; the level
of variance affected transport costs; the impact of the average demand
level was observed on all response variables. All three types of
demand uncertainty affected the amount of demand stocked out.

4. In general, the amount of demand stocked out is more
sensitive to demand uncertainty than are total costs. Total cost
varied only as the average demand level varied; it was not sensitive
to variances and distributions.

5. The effects of different characteristics of demand
uncertainty were felt at different echelons in the channel. The more
symmetrical distributions, the lower demand variances, and the high
average demand level appeared to create cost and service impacts at
the wholesaler and manufacturer level in the channel. The less sym-
metrical distributions, the high variances and low average demand level
led to a higher incidence of stockouts at the retail level. However,
the most extreme variability of demand resulted in large amounts of

stockouts at all levels in the channel.
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Thomas W. Speh

6. A number of implications for physical channel system
administration follow from the results of this research. The research
suggests the need for empirically estimating the nature of the demand
pattern faced by the channel. Then, policies may be formulated to plan
for, or mitigate the effects of the type of demand uncertainty that pre-
vails. For some types of demand uncertainty retail performance was most
affected, while for other types the impacts were felt at the wholesale
and manufacturer level. Not only must these impacts be considered in
determining individual firm policies, but total channel-wide planning
is called for. Thus, because uncertainty had different effects within
the entire channel, the systems approach to integrated channel operation
is reaffirmed. Because some types of demand uncertainties have more
favorable effects on channel performance, efforts to alter the demand
pattern may lead to improved channel performance. Adjustments to the
marketing mix, in the area of advertising and special promotions, might
be employed in an effort to affect demand patterns. Conversely, adjust-
ments in the marketing and/or the physical distribution mix may produce
demand patterns which negatively influence the performance of the chan-
nel. Thus, such adjustments must be evaluated in 1ight of their impact
on the pattern of demand.

7. In an effort to provide a tentative indication as to the
nature and scope of future research in this area, three additional
simulation runs were completed where both demand and lead time in the
channel were allowed to vary in a controlled experiment. The results

of these runs indicated that lead time variations may have a much
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Thomas W. Speh

greater impact on channel performance than does demand uncertainty.

In addition, the effects of uncertain demand and lead time were not
multiplicative, i.e., cost and service performance did not change
perceptively from that achieved when lead time was variable and demand

was constant per day.
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CHAPTER I

INTRODUCTION

General Problem Statement

The physical distribution of goods represents a significant
portion and an integral segment of the economy. The importance of
physical distribution to the firm and to the economic sector at large
cannot be denied. It has been variously reported that physical dis-
tribution costs account for 20% of the total sales dollar and in some
cases may be as high as 50%.! In addition to aggregate cost, physical
distribution is an integral part of overall distribution performance.
Goods destined for consumption must be physically moved to the location
of purchase or no transactions will result. Without physical distribu-
tion the economic sector would not function. To achieve efficiency and
effectiveness in physical distribution, it is important to understand
how the overall channel system operates, the forces which impinge upon
the system and the effects of the forces on the successful operation of
the system.

Only recently have serious attempts been made to understand
these interrelationships. Although research has been conducted on all
aspects of channel relationships, it has not been exhaustive nor have
the conclusions been definitive. As a result, there is much research

still to be done in the physical distribution of goods.?
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Certain aspects of physical channel structure have been
inYestigated. Decisions as to the overall structural design of the
physical channel system have been effectively improved through the use
of simulation models of such systems. Bowersox,® Shycon,* and Ballou®
have made important contributions in the area of physical channel system
simulation modeling. Behavioral dimensions of the channel are receiving
more attention, with the works of Stern® and Bucklin’ making significant
impacts in this area. In addition, the location and inventory decisions
have been exhaustively researched® and a number of effective models
constructed.®

One aspect of physical distribution operations that has not been
exhaustively researched is the impact of uncertainty upon system perfor-
mance. Uncertainty influences physical distribution operations by
introducing variable sales patterns and replenishment times. To the
degree a better understanding of the impact of uncertainty is understood,
it should lead to more effective planning and control of the system. If
we were able to assess the impacts of uncertainty upon various aspects
of the channel system, we would then be in a good position to account
for these effects and take action to overcome them. The purpose of this
research is to measure the impact of uncertainties (demand and lead time)
on the performance (cost and service) of a physical distribution channel

system.
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An Overview of Physical Distribution

Physical distribution though variously defined will be used in
this research to encompass the movement of finished goods from the
manufacturing plant to the ultimate consumer.!® The purpose of physical
distribution is to move finished goods between these points in an effi-
cient and effective manner. Performance is measured in terms of cost
and service. Physical distribution is defined for this research to
include transportation, warehousing, inventory, communication and
handling.

The basic structure of a physical channel system is that of
echeloned arrangement of institutions and/or functions. Echelon refers
to a steplike formation. In the physical distribution context the
echelon structure refers to the levels through which a product proceeds
from production to a point of ultimate consumption. To measure the
impact of uncertainty in this research an echelon structure is used.
The echelon system rather than the direct system (one where there are
no steps between the manufacturer of the product and the ultimate con-
sumer) was selected for study for several reasons. Namely, it is a
close replication of the real world, few products are directly dis-
tributed, the advent of the increasing number of products available
both in kind and degree and the increase in scrambled merchandise
necessitates the use of an echelon system for efficient distribution.!
Furthermore, the effects of uncertainty on the system would seem to be

magnified as additional levels are added to the system. Time delays,
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additional order cycles and the increased number of inventory points
would account for these effects.

For this research each echelon has the following characteristics.
They will hold inventory to facilitate the discrepancies between demand
and production; they will be break bulk points, that is, they exist for
the purpose of receiving larger volume shipments and dispersing these
shipments to various customers and they will offer all the necessary
facilitating activities to complete these operations such as handling
and communication.

The operation of the physical channel system is defined as a
system in which all the components interact to minimize the cost of the
total system for a given level of service. System has been variously
defined, but generally can be defined as, "a set or arrangement of
things so related or connected as to form a unity or organic whole."?
Bowersox defines the systems concept as, "one of total integrated effort
toward the accomplishment of a predetermined objective."!®* The systems
concept as cited by Alderson' can be viewed at any level of generaliza-
tion. In terms of physical distribution the system can be seen as the
components, i.e., the parts of the physical distribution system con-
trolled by the firm such as transportation, handling, warehousing,
inventory and communication.

Because the physical distribution segment of the overall
economic sector is a system, these components or activity centers can
be viewed as interrelated subsystems. Therefore, they behave not as

entities but as interrelated parts of a whole. Trade-offs occur between
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and within these subsystems. The trade-offs can be arranged in such
a way so as to influence total cost and service capability. The task
of channel design is one of finding favorable trade-off relationships.
The system can also be viewed at a higher level. That is, it would
not only encompass the parts specific to an individual firm but could
also include all the firms in a channel from manufacturer to ultimate
consumption. It is in this context that system is defined for this
research.

The argument for viewing the physical channel of distribution
as a system rests upon the fact that all participants share in a
unified goal. Thus, working in concert has the greatest potential
for achieving desired results. That is, all the members of the channel
have similar objectives. The objectives can be best reached through
the systems approach which implies cooperation and concentration on a
unified goal.

Attempts to improve unified operations across channel echelons
can be witnessed by the increased moves to vertically integrate the
channel in various ways.!® Furthermore, the position has been presented
by several authors that it is the channel that competes with other
channels rather than firms competing against other firms.

For instance,

Traditional economic and business analysis of strategic
planning has tended to focus on the behavior of individual
firms. More recent thinking suggests that the total
channel systems might be the more appropriate unit of
analysis. This view is taken below because, basically,

economic systems are designed to satisfy customer needs
and these needs are not completely satisfied until some
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package of goods and/or services has moved all along

a channel of distribution to users or final consumers.
The members of a channel system may not think of them-
selves as members of a system, but nevertheless their
system will continue to exist only as long as their
unique combination ?erforms more effectively than
competing channels.®

In this research, therefore, measures of performance relating to cost
and service, are those associated with the channel system, rather than

the individual channel members.

Uncertainty

A major force which affects the structure and operation of a
physical distribution system is uncertainty. Uncertainty in the phys-
ical distribution context can be generally defined as not knowing what
will occur or when it will occur. Although the sources of uncertainty
are varied, it manifests itself in two general ways on the physical
distribution system. First, there is demand uncertainty and, second,
lead time uncertainty.

Demand can be defined as a request by the ultimate consumer
made upon the system to deliver a product or service. Demand presents
itself to the system in an uncertain fashion (i.e., it is a random
variable). It is uncertain as to when demand will occur over time
and when demand occurs it is uncertain as to how much will be demanded
(i.e., level).

Lead time can be defined as the amount of time between placement
of an order and receipt of that order. Specifically, it can be broken

down into three components: order communication, order processing and
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transportation (see Figure 1-1). Each of these components represents a
source of uncertainty. It is not known with certainty how long each
one of these activities will take, thus taken together it is not known
with certainty the overall time duration from placement to receipt of
an order.

As pointed out previously, demand and lead time uncertainty
affect the structure and operation of the physical distribution system.
Uncertainty also affects the planning and control of the system. On
planning and control, Lewis énd Erickson say, "Management planning
and control should concern itself with maximizing the efficiency and
effectiveness of efforts used in attaining desired purposes."?

Thus, the significance of planning and control to the physical
distribution system is established. Ideally, to plan and control
effectively, we must know what will occur and when. However, the
physical distribution system operates in a world of uncertainty,
thus planning and control are adversely affected. Without effective
planning and control, efficiency and effectiveness are difficult to
achieve.

Uncertainty is not new and it will always be with us as a simple
fact of business. The majority of efforts in the past designed to cope
with uncertainty have attempted to reduce its impact. For 1nstaﬁce,
more accurate sales forecasting, more accurate budgeting, etc. However,
a potentially fruitful approach to solving the same problem is to first
accept the fact that there will always be uncertainty and asking, can it

be categorized and described, and if so, can one isolate how the various
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types of uncertainty will affect a physical channel system. If one
could isolate the impacts of uncertainty, which is the objective of

this research, planning and control would be improved.

Research Procedure

The purpose of this research, as indicated earlier in this
chapter, is to measure the impact of demand and lead time uncertainty
on the cost and service capabilities of a physical channel of distri-
bution. Demand and lead time uncertainty is evidenced in three material
ways: (1) the level of demand and lead time, or average demand and lead
time; (2) the variability or dispersion of demand and lead time about
its average; and (3) the pattern or probability distribution of demand
and lead time. Consequently, the research problem to be solved involves
the development of a means by which the three material aspects of uncer-
tainty may be impacted upon a physical channel system and the resultant
cost and service levels measured.

Ideally, the solution to this problem could be obtained by per-
forming a series of experiments on an existing channel of distribution.
In this manner, the researcher could then observe how the system reacted
to the changes in demand and lead time levels, variability and patterns.
However, such a procedure is not feasible nor practical. It would not
be possible to control all the relevant variables in the system in that
cost and service measures could not be determined under "controlled"
or identical conditions. Nor would it be possible to manipulate the

level, variability and pattern of demand and lead time as is experienced
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10

by an ongoing physical channel of distribution. Therefore, the solution
to the research problem lies not in actual experimentation, but with
experimentation on a replication or model of a real world physical
channel system.

A model is generally regarded as an abstraction or simplifi-
cation of a system. A mathematical model describes the system, its
components and their interactions in quantitative terms. The model
thus allows one to abstract the essential characteristics of a system
and thereby observe and eventually predict how that system will function.
Models cannot replace actual experience; at best they reduce a complex
system to manageable proportions or serve to crystallize our thinking
or perceptions.!® Once the analyst has achieved a parallelism between
the actual situation and his model, it is usually easier to manipulate
the model to study the characteristics in which he is interested than
it is to try to work with the real world system. The model of a
system then provides the researcher with the means to experiment with
variables both internal and external to the system model and thereby
observe the reaction of the system to such variations.

Simulation is one form of modeling which has been successfully
employed to replicate physical channel systems.?® Simulation models
mathematically represent a system, but when applied to problem solving
do not necessarily lead to an optimal solution. Teichroew and Lubin

provide insight into the nature of computer simulation:
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11

Computer simulation has come into increasingly widespread
use to study the behavior of systems whose state changes
over time. . . . Alternatives to the use of simulation
are mathematical analysis, experimentation with either
the actual system or a prototype of the actual system,
or reliance upon experience and intuition. All, in-
cluding simulation, have limitations. Mathematical
analysis of complex systems is very often impossible;
experimentation with actual or pilot systems is costly
and time consuming, and relevant variables are not
always subject to control. Intuition and experience
are often the only alternatives to computer simulation
available but can be very inadequate.

Simulation problems are characterized by being
mathematically intractable and having resisted solution
by analytical methods. The problems usually involve
many variables, many parameters, functions which are
not well behaved mathematically, and random variables.
Thus simulation is a technique of last resort. Yet,
much effort is now devoted to "computer simulation"
because it is a technique that gives answers in spite
of its difficulties, costs and time required.?

Thus, simulation is a viable technique for modeling systems
characterized by great complexity, probabilistic or stochastic processes
and whose variables are difficult to analyze in precise mathematical
terms. Simulation is also quite tractable for experimentation in that
after a computer model of the system has been developed, the model may
be sampled under different input conditions.?? Therefore, a simulation
model of a physical channel system has been selected as the means by
which to measure the cost and service response of such a system to
various types and levels of uncertainty.

The specific simulation model to be used in this research is
the LREPS model.?® The LREPS model has the following important char-
acteristics:?®

1. It provides a comprehensive model of physical distribution

operations as an integrated system capable of total cost
and customer service performance measurement.
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12

2. The model incorporates a multiechelon structure.

3. The unifying dimension of the model is both spatial
and temporal,

4, The model is dynamic, which permits physical distri-
bution planning over time.

5. The model allows for both demand and lead time to be

expressed in probabilistic terms. Thus, the model is

capable of introducing simulated demand and lead time

patterns based upon any one of a variety of probability

distributions.

The design and operation of the LREPS model have been well documented
in various works.?

The LREPS model provides the basic framework for the experimen-
tation involving demand and lead time level, variability and pattern.
The basic LREPS model was modified in accordance with the model descrip-
tion in Chapter II. Thus, one phase of the present research was to
develop the necessary operating rules and cost functions to be employed
in the modified model.

The effects of three material measures of uncertainty related
to demand and lead time upon system cost and service are examined in
the research. Each experimental run consists of impressing demand and
lead time at a given level, with a given variability and a given prob-
ability distribution on the channel system model. In this manner, the
impact of level, variability and pattern of uncertainty can be measured.
The measures of system performance which serve as the output of each
experiment include:

1. Total system cost.

2. Individual activity center costs for the channel system.

3. System service level.
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13

The probability distributions used in the experimental runs
are computer generated. Each distribution reflects a particular
probability function, mean and variance. The resulting distributions
then serve as daily demand and lead time input for each experiment.

The probability distributions selected for experimentation are those
which have empirical justification and which have the potential to
measurably affect channel performance.

Two "controlled" simulation runs were made for comparison
purposes. The control or base system is completely deterministic in
nature, that is, demand and lead time are given and fixed. As a result
of this total certainty, no provision for safety stock is made. Thus,
the experimental runs are also devoid of safety stock.

The experimental runs are short run in nature, i.e., the
system's output is measured for a time span (simulated days) of less
than one year. Because the system is evaluated over a short period of
time, facility locations and numbers are not allowed to vary. Addition-
ally, a time series of demand is not considered. In other words, the
trend, seasonal and cyclical values of demand over the period are zero.
A11 combinations of patterns, levels and variances are imposed on a model
that has no provision for backorders at the customer level. There are
provisions for backorders within the system.

The method of experimentation in the simulation model is to make
changes in the external and internal variables (demand and lead time)
and then analyze the effects of these changes on the cost and service

of the physical channel system. To study the results in some meaningful
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manner, a proper method of analysis, i.e., experimental design must
be selected.

The experimental design employed in the research is a factorial
design. A factorial experiment is one in which the effects of all the
factors and factor combinations in the design are investigated simul-
taneously. In this case, three factors are to be analyzed: the
probability distribution of demand and lead time, the average or level
of demand and lead time; and the variance or dispersion of demand and
lead time about the average. The factorial design is advantageous to
the extent that effects of a particular factor are evaluated by averag-
ing over a broad range of other experimental variables. For example,
the factorial design will permit statements to be made as to the effect
of a particular demand and lead time distribution, where the distribu-
tion is considered over a range of demand and lead time levels and
variances.

The data is analyzed by standard analysis of variance techniques
in addition to two multiple comparison techniques and standard t tests.
Thus, the research develops comparisons, on the ba<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>