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I. _INTRODUCTION

This paper is concerned with the evaluation
of proposed policies for expanding the market
of a speciality industrial product and is
based on an actual industrial case study.

The product under comsideration is relatively
new and unique with the company holding
excellent raw material and technical knowl-
edge positions. While some completely mew
industrial processes using the new product
are feasible, it is anticipated that the
major use of the product will be as a replace-
ment for existing products possessing signif-
icantly less advantageous use characteristics
at a comparable price. Thus, the potential
market for the new product is reasonably well
known and the problem becomes one of seeking
a greater market share rather than creating

a strictly new market.

Historically, the marketing and distribution
system for this industrial speciality has
involved the use of numerous independently
owned outlets (often loosely chain affiliated).
These distributors are geographically widely
spread across the United States and provide
the storage and immediate customer shipping
and contact work necessary. This is similar
to the usual industrial goods outlet handling
a wide variety of products (occasionally
offering two or more competitive products of
the same type)l Because of the extreme
financial outlay required, the lack of actual
customer marketing experience, the lack of a
complete speciality product line in this
general market, and time, it is not possible
for the company to set up a distribution
network of its own. Rather, the expansion

of the use of the new product must take place
by developing contractual relationships with
existing distributors. Thus, a technical
sales force must be organized and trained to
act as the representative of the company to
the various distributors (and also to the
distributors'’ oustomers). By company policy,
this route was preferred rather than, for
example, the use of manufacturers agents, etc.

The company managers responsible Ffor the new
product were, therefore, faced with the
problems of planning the new product growth.
Questions to be answered were: How many

and at what rate should distributors be

added (contracted) to the network? How many
and at what rate should salesmen be added

and trained? What size of production facility
is required to maintain future growth? The
alternative question is whether or not the
company would be better off selling its
manufacturing rights to one or more of the
existing competitive companies in this
market? Due to a number of influences,
time available for such an analysis was
short. Whatever study and decisions were *o
be made, had to be based essentially on
existing information which the product
managers had previously collected. Taking
into consideration the nature of the problem

the

and the data at hand, it was decided by the
authors to formulate a straight-forward
simulation model containing a mixture of
deterministic and random elements. By
manipulating this model, the effect of +the
possible decision parameters could be at
least qualitatively evaluated. The simula-~
tion system chosen was the recently devel-
oped SPURT! system (Simulation Package for
University Research and Teaching) from
Northwestern University. This system is
Fortran IV based so that the model could be
quickly written in a language familiar to
the authors and used on a computer system
readily available to us.

IT. BASIC ITERATIVE MODEL STRUCTURE

In this section, the basic iterative model
equations are briefly outlined with actual
data, methods of random selection, model
complications, etc., being described in
Section ITI. It is assumed that sales of
the new product are increased only by adding
new distributors and by increasing the
effectiveness of old distributors. Assuming
the current year to be t vyears into the
operation, and given a relationship which
applies for each distributor giving average
sales per year versus years of distributor
service, then:

(TT-1)

= distributor class 1 average sales at
time t
Number of class 1 distributors (class 1
would be distributors added during
first year of operation)

total sales at time +

+ distributor class 2 average sales at
time t
Number of class 2 distributors

+ distributor class t
time t .
Number of class

average sales at
t distributors

In order to mdintain sales of o0ld distrib-
utors as well as introducing new distributors,
a highly trained somewhat specialized sales
force needs to be developed and maintained.
Unfortunately, there is little interchange-
ability between these salesmen and the
remainder of the company's sales force. The
hiring and training of these new salesmen is
further complicated by a company policy of
providing long term stable employment so
that large scale lay~offs are to be avoided
if possible.

Assuming for the moment that all salesmen are
100% effective salesmen (fully experienced
and trained), the time requirements by a
given distributor of these salesmen differs



according to the experience level (time of
operation in dealing with the new product) of
the distributor. Thus given a relationship
of the number of distributor locations a

100% salesman can handle versus the experi-
ence level of these locations:

the total number of 100% effective sales-
men required at time ¢ (II-2)

= number of class 1 distributors . average
of 2 physical locations per distributor / by
number of locations of class 1 distributors
that 100% effective salesman can handle

+ number of class t distributors - 2/
by number of class t locations that 100%
effective salesman can handle.

However, there is a distinct training period
required for a given salesman from the time
he is hired (salesmen not 100% effective for
a number of vears) that can be guantified

so that:

actual number of salesmen required at
time (IT-3)

= number of salesmen of class 1 (class 1
would be salesmen added during first year of
operation) + efficiency of class 1 salesmen
by 100 .

4+ number of salesmen of class 2 .« effi-
ciency of class 2 salesmen / by 100

+(that number of new salesmen . efficiency
of new salesmen / 100 ) mnecessary to make
?quation (II-3) an equality with equation
II-2).

Given a relationship between salesman
experience and cost:

total cost of salesman at time % (TT-4)

= number of class 1 salesmen + cost of
class 1 salesmen

+ number of class t salesmen . cost of
class t salesmen
Also to a first approximation:

total expense for year t = (II-S)

Total cost of salesmen + sales (1lbs) -
manufacturing cost/lb + sales (lbs) ¢« trans-

portation cost/lb + sales (1b) . wresearch
cost / 1b .
and

total profit for year t = (11-6)

sales (lbs) . price received / 1b =~
expense .

total

TII. DETAILS OF THE STMULATION MODEL

The backbone of this distribution simulation
is the distributor performance data repre-
sented in Figure 1. The overall average was
taken as the mean of a mormal distribution
with the high and low averages assumed to lie
two standard deviations on either side. Each
year a distribubtor was in the system, his
sales were approximated by drawing from the
normal distribution representing the sales
spread for distributors in his experience
group. These annual sales for the system
were accumulated using equation II-1. (The
lower, poor performance curve approximates
the worst expected distributor performance
distributions. )

From the number of distributors in the system,
how long they have been in service and the
fact that each distributor has an average of
two locations, the number of 100% efficient
salesmen needed to service the system can be
found using equation II-2. The horizontal
bar with the curve passing through it in
Figure 2 represents the midpoint annual value
used as the mean. The diagonally lined area
in each vertical bar represents the two
standard deviation limits on either side of
the mean. (Distributors in the system longer
than five years are assumed to require the
same salesman effectiveness as that during
the fifth year.)

To simulate the loss of salesmen, for what-
ever reason, a simple draw is made for each
class of salesmen (i.e., salesmen hired in
the same year). The probability of losing a
salesman from any class in a given year is an
input parameter. The salesmen counts are
adjusted as mnecessary.

Using the salesman efficiency distributions
represented in Figure 3, an estimate of the
relative number of 100% effective salesmen
in the organization is made. These distri-
butions are assumed to be normal with a very
small variance. Any salesman in the system
longer than eight years is considered to be
100% efficient.

The number of new salesmen needed, if any, is
determined by comparing the value of equation
II-2 to equation II-3 (the later not including
the last term representing the current year).
If the difference is positive, it is divided
by dinitial salesman efficiency and that num-
ber of new men added to the system as a new
salesman class.

In order to take into account the difference
in salesmen's compensations, the new sales-
man class is adjusted by drawings from the
distribution in Figure 4. This value is

used in conjunction with the data in Figure J
to calculate sales expense each year for each
salesman class.

The raw material costs were calculated in
stages. The first increment of raw material
is a quantity of byproduct of existing
facilities whose level and price are fixed for
a given length of time. The volume level,
price and duration of further increments are
similation parameters. This and the following
supplies are assumed to be available through-



out the life of the simulation.

In order to satisfy demands beyond this, two
new production plants were assumed. One was
of intermediate size (25,000,000 1b/yr.) and
the next one of large size (50,000,000
ib/yr.). Both were assumed to have linear
economies of scale from the first pound to
the last. The cost and production limits
are data input to the simulation. Prices
and cost are plotted in Pigure 6.

The net for the year is determined by mul~
tiplying the sales by price and subtracting
raw materials cost, sales expense and
shipping and research costs. The latter two
are assumed to be fractions of sales and

the coefficients are simulation input
parameters. N

Finally the number of distributors to be
added and the selling price for the following
yvear are read in and the next annual cycle
started. The simulation is terminated after
a specified number of annual cycles.

IV. THE CHOICE OF THE SPURT! SYSTEM

The primary consideration in designing a
computer implemented simulation should be
ease of translation of the conceptual model
into a computer program while maintaining
easy data input, getting controlled output
and not sacrificing model realism. The
points recommending the SPURT system can be
listed as follows:

1. It was written in FORTRAN making it
compatible with many computer systems
plus easy to augment and/or modify;

It contains routines for generation
random samples from most of the
standard distributions, e.g., Normal,
Poisson, Erlang, Uniform, etc.
Provision is made for using both
discrete and comntinuous empirical
distributions defined by the user;

It has an internal clock or timing
routine to keep track of current and
future events. With the clock, events
may be scheduled, bypassed, rescheduled,
or deleted;

The list processing routines necessary
to the clock routine are also available
to the user;

Several routines are included which
accumulate, classify and statistically
analyze data. FEach has the capability
of displaying the results in tabular
form;

6. Plotting of histograms is available for
either input data or results.

The easy program alteration during the
evolution of this model demonstrated the
usefulness of points 1 and 2 above. As
understanding of the real life system
increased during modeling, the changes
necessary in the program to reflect this
better understanding were made easily and
quickly. (As an aside, this is due not
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insignificantly to the excellent diagmnostic
messages included in the Burroughs 5500
FORTRAN compiler on which the runs were
made.)
V. EXPERIMENTAL DESIGN AND ANALYSIS
In order to amalyze the simulation results, a
single value representing each run is desir-
able., Since the model generates annual
profit values, an economic measure is indi-
cated. A generally accepted measure of this
type s net present value using some spec-
ified discount rate. It is outside the scope
of this work to justify either the choice of
net present value or the discount rate used
since the virtues and pitfalls of economic
criteria are covered elsewhere in the
literature. The nature of the model and
the results obtained were felt to be justi-
fication enough for this choice.

The annual profits were assumed to have been
generated comtinuously throughout the year.
Consequently they were discounted uniformly
over the year of gemeration and instan-
taneously back to the beginning of the
simulation using the following formulas:

P ("~ 1)/r

By (v-1)

(v-2)

where annual profit in year t
discount rate
natural log base

vears simulated

mwunn

For the purpose of illustrating typical out-
put data and also dindicating the effect of
primary factors, several full factorial
statistical experiments were carried out and
analyzed., Table I lists the factors of an
experiment of this type, having three
factors, two levels of each factor, and two
replicates. The error variation, in this
case, reflects the relative effect of the
random selection procedure of the primary
factors on the output as well as other
sources of random behavior implemented in the
model. Since an P2 5'321,8 for & = 0,05

indicates significance, it can be seen that
the primary factor levels are important, at
least qualitatively, even with the presence
of random interaction and fluctuations in
the model.

In summary, the results of the simulation
indicate that the market expansion possible
using estimated raw data under conditions/or
policies known and acceptable to the company
is finamncially attractive only if certain
conditions can be met. The results are
summarized in Table I, The marketing
organization subsequently organized to main-
tain the higher sales price and to operate
at a distributor addition rate of at least
six per year. At this time it is too early
to assess the results of this effort.
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