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SUMMARY

The main purpose of this study is to develop a theoretical feed-
back model that could help understand the dynamics of a consumer product
exhibiting the characteristic of being infrequently purchased.

The system analyzed includes a simplified representation of the
producer sector, a distributor sector, and a consumer sector.

After formulating the dynamic hypothesis, a model is constructed
and equations are developed for levels, rates, auxiliaries and general
assumptions are made for the initial conditions of the system.

The simulation language used is DYNAMO III which proves suitable
for feedback models.

The study tries to analyze, based on the theoretical model, what
differences in the dynamic structure are casuing the differences in
pattern behavior, as in the case of the sales pattern vs time.

After the running of the original model, the bahavior of it is
analyzed, changing some parameters and initial conditions which are
thought to be influential. These might be market size, awareness delay,
purchasing delay, delay in the production decision at the producer and
the delay in the ordering decision at the distributor.

Important conclusions were drawn concerning market size which
resulted in a sensitive parameter. Other parameters that showed some
sensitivity, although not significant, were: the production decision
delay at the producer sector and the ordering delay at the distributor

sector.
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It is believed that although the model has many limitations it
provides a good initial approach to the problem of simulating a marketing

system.



CHAPTER I
INTRODUCTION

The research hereby reported addresses the need for a better under-
standing of the dynamic marketing environment which in the present has
increased in complexity and has forced marketing managers to reexamine
their methods and techniques for solving marketing problems and to
develop better marketing strategies.

Methods which proved successful in the past are far tao risky
in today's rapidiy-changing economy. The effect of rapid technological
and social changes, the shortening of a product's life cycle, and the
complexity of dynamic systems demands methods and techniques more suitable
for more effective decision making.

Feedback Dynamics is one of the best analytical tools available
in the present in dealing with dynamic systems and has been successfully
applied in industry.

A marketing system, like an industrial system, can be represented
and analyzed through a simulation model, and this study is an attempt to

achjeve this goal,

A. Objectives

The present study has been organized to meet a series of

objectives:

(1) Develop a theoretical approach within which a dynamic

marketing system may be studied and analyzed.



(2)

Develop a theoretical structure through which the interrela-

tions of the variables of the system may be evaluated and analyzed.

(3)

Develop a model that could describe as c1os¢ as possible

the system assumed.

(4)
(5)
(6)

Develop the equations for the model proposed.
Evaluate the results obtained by simulation methods.

Study the effect in the overall performance of the system

when changes take place.

(7)

Assess the contribution of studying the model to marketing

decision making.

The approach followed to analyze the system is based on the

Feedback Dynamics Methodology as developed at M.I.T. (1} and extended at

Georgia Institute of Technology (2).

A feedback dynamics study consists of the following steps:

(1)
(2)
(3)
(4)
(5)
(5)
(7)
(8)
(9)

Problem Identification

Dynamic Hypothesis Development
Model Building

Model Analysis

Model Validation

Model Synthesis

Implementation

Evaluation

Institutionalization

This study will follow up to model analysis deriving from this

the conclusions and recommendations for the problem under study. The

analysis of 1ife cycles of infrequently purchased products will be done

mainly on sales peak time and accumulated average profit.



8. Perspectives of Study

Relationships and interactions within a marketing system will be
considered assuming that the system is composed of three subsystems: The
producer subsystem, which manufactures the product; the distributor
subsystem which will be considered as selling directly to consumers;
and the consumer subsystem,

The central objective is to develop a framework within which
marketing behavior could be described and some general marketing manage-
ment decisions could be tested and evaluated.

Consumer behavior is extremely difficult to analyze and even
more difficult to predict so some assumptions need to be made such as:
in general consumers react to marketing stimuli, also that people buy
based on an attached utility to the product and other assumptiaons that
will be discussed in detail when dealing with the consumer sector.

Emphasis will be placed on some management policies and decisions
concerning the introduction of the product such as price and promotion
decisions.

The dynamics of a system as created by the component interrela-
tionships and the feedback Toops of a system are sometimes overlooked
in the decision making process. The formulation of a model of the system
facilitates the understanding of these relationships, so we believe that
forhu1at1ng a simple marketing system will help us understand and
learn more about the decision making in marketing.

The producer subsystem will be viewed as a producing agent that

transfers goods directly to the distributor.



The distributor subsystem will be assumed that sells directiy to

consumers.

The consumer subsystem will be based on a fixed population of

potential buyers and will be analyzed in terms of purchasing behavior.

C. Producer Objectives

It will be assumed that the major objective of the producer are

short term accumulated profits.

Finally, it is expected that this study will contribute to the
development of market dynamics and as a broader application of the

Feedback Dynamics field.



CHAPTER I1I1
LITERATURE REVIEW

Beginning in 1950, a rich variety of models have been developed in
the marketing area providing qua]itafive and quantitative approaches to
solve marketing problems. Model building and quantitative methods of
analysis are the basis of today's analytical approach. Since the types of
problems faced by the marketing manager vary in complexity and in nature,
different models are constructed_to meet different purposes. The manager
then instead of studying the actual system, studies a model of tae
system, thus enabling him to look at the effect in the overall performance
of the system when a change takes place in it.

It would be almost impossible to ennumerate all the marketing
model that have been proposed in the literature. Important contribu-
tions have been made by the following authors:

Frank 8. Bass (3) proposed a growth model for the timing of
initial purchase of new products making the basic assumption that the
timing of a consumer's initial purchase is related to the number of
previous buyers. The behavioral assumption is based on innovative and
imitative behavior. The model yields good predictions of the sales peak
when applied to historical data.

The model proposed by Frank Bass does not consider the effect

that advertising, pricing and promotion have on sales. Rather he

focuses mainly in the assumption that the probability that an initial



purchase will be made at time T, given that no purchase has yet
been made, is a linear function of the number of previous buyers.

This model implies exponential growth of initial purchases to
a peak and then exponential decay.

This model has been applied to data for consumer durables and has
shown good agreement in the timing and magnitude of the sales peak.

Bartlett, M.S. (4) proposes the theory of adoption as related with
some epidemological models.

Haines (5), Fourt and Woodlock (6), and others have suggested growth
models for new brands or new products which suggests exponential growth
to some asymntote.

David F. Midgley (7) develops a quantitative theory of innovative
behavior based on extant behavioral knowledge as expressed by a set of
differential equations. It is an approach to quantify complex areas of
human behavior as mathematical theories. He developes his theory based
on the concepts of potential adopters, active adopters, active rejectors
and passives.

Everett, M. Rogers {8) discusses the process on innovation and
develops a model based on the diffusion process.

Rogers classifies the adopters on the basis of relative time of
adoption. It is very interesting that what he proposes is that the
individual consumer goes through a series of stages of acceptance in the
process of adopting a new product. The value of this model of the adoption
process is that it requires the innovator to think carefully about new-

product acceptance.



The concept of product Tife cycle has also been discussed thoroughly
in the literature. The main concern of marketing management is to
identify distinct opportunities and problems with respect to marketing
strategy and profit potential.

By identffying the stage that a product is in, or may be headed
toward, better marketing plans can be formuiated.

Most discussions of product life cycle rely on the sales and
profit history of the product. However no attention is given to how and
why this time pattérn is created. William E. Cox {(9) goes into an analysis
of product Tife cycles as marketing models and gives some suggestions for
marketing strategies.

Theodore Levitt (10) deals also with an analysis of the product
life cycle establishing better marketing plans at different stages of the
product's life.

Although marketing models usually are not completely integrative,
since they deal with general theories focused on few elements of the
marketing system rather than following an integrative approach, in the
present there has been concern to develop more complete and detailed
models. These models have been developed for setting advertising budget,
consumer reaction to advertising, sales response to price, as a planning
and control tool, as promotional spending, and many others which are
difficult to ennumerate.

Vidale-Wolfe (11) developed a model based on the assumption that
the change in the sales rate at a given time t is a function of four
factors: the advertising budget, the sales-response, the saturation

level of sales, and the sales decay constant. This model has been



applied in long-run profit analysis and to determine alternative
advertising-budgeting strategies.

Another model proposed by David B. Learner (12) called DEMON, 1is
oriented toward a new product, and has a profit maximization approach to
sales.

A11 the models mentioned above do not use the Feedback Dynamic
Methodology.

Jay W. Forrester (13) has proposed an approach to test alternative
seasonal advertising policies. He suggests that advertising has a lagged
impact on consumer awareness, making this problem suitable for simulation
analysis.

The model based on market-advertising interaction makes the
assumption that for a total industry such as household appliances, there
exists a pool of prospective customers which are at least vaguely aware
of their need for the product and whose actual purchase time will vary
depending presumably by the sales effort.

The system considered by Forrester's study deals only with a part
of the total market, since it considers only the purchasers whose existence
is independent of advertising. So the main effect that advertising has on
the system is the shortening of the delay in the purchasing decision.

Forrester examines some of the implications of an advertising
policy that is proportional to sales. As a result of this analysis,
Forrester establishes that a system could achieve better stability when
restructuring the system with-a different assumption than advertising
proportional to sales. A policy of reducing advertising when sales

are increasing would produce greater stability on the system; but



discusses that it may not occur that way since this may create other
kinds of problems in the system.

It could be concluded from Forrester's advertising model that,
it is very important to consider the awareness delay in advertising
in order to coordinate batter invantory and production decisions.
Awareness delay has an important effect on the industrial system.

Arnold E. Amstutz (26) presents an organized benavioral theory of
market interactions and suggests an approach to management hased on the
use of microanalytic computer simulations of interactions within the
marketing environment.

Amstutz focuses on the development and implementation of behavioral
models and system configurations designed to provide an adequate structure
of this system within which management problems invaolving the environment
external to the firm can be defined and analyzed.

The total system includes the manufacturer, the distributor, the
retailer, the consumer, the salesman, and even research and government.
Amstutz presents complete models for each of the components.

It should be pointed out that Amnstutz presents a complete simulation
model, providing an excellent contribution in the field of simulation in
management decision making.

The work previously described provided an important input in the
development of this research work, especially when dealing with the
consumer sector model and for the formulation of the purchasing rate

equation.
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In order to gain a better understanding in consumer behavior,
several theories were studied (15).

It is a fact that to develop a model of a consumer behavior is not
an easy task. Customers are neither simple in themselves nor in their
behavior toward the purchasing activity.

Innumerable studies have been made in consumer behavior. Many
theories have been developed in order to explain why consumers buy.

Among the more important are the following:

1. The Marshallian Economic Model. The theory of Alfred Marshall
holds that purchasing decisions are the result of largely "rational" and
conscious economic calculations. The individual buyer seeks to spend his
income on goods that will deliver the most utility according to his desires
and relative price of the product. By utility he means satisfaction.

His theoretical work was aimed at realism, but his method was to start with
simplifying assumptions and to examine the effect of a change in a simple
variable, such as price, while holding all other variables constant. Over
the years his methods and assumptions have been refined creating the

modern utility theory.

Marshall's model suggests useful behavioral hypothesis; such as,
there is a relationship between price and demand, and it suggests the
effect of promotional efforts in highér sales. However, the major emphasis
of Marshall's theory is on economic factors alone; and, these cannot
explain all the variations in sales and purchasing behavior.

2. The Pavlovian Learning Model. This model suggested by Ivan
Pavlov is based on four central concepts which are drive, cue, response,

and reinforcement,
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A drive, also called "need" or "motive", iis an individual's strong
internal stimuli impelling action. A drive is general and impels a
particular response only in relation to a particular configuration of
cues. Cues were defined by Paviov as weaker stimuli in the environment
and/or in the individual which determine when, where, and how the subject
responds.

The response is the organism's reaction to the configuration of
cues; and, if the experience Had been rewarded, a particular response is
reinforced. So there is the tendency of repeating the same response when
the same configuration of cues reappears.

Although this theory does not i#ncorporate many variables which are
important to consider in purchasing behavior,; it does provide guidelines
in the area of advertising. Repetition reinforces the Tearning process
and may stimulate the repurchasing activity.

3. The Freudian Model. This model suggests that buyers are moti-
vated by symbolic as well as economic-functional product concerns. It
aims basically to explain the behavioral phenomena although several
philosophical divergencies have debilitated the model.

4. The Veblenian Social-Psychological Model. Thorstein Vablen
established that the wants and behavior of people are largely molded by
their present group memberships and the group memberships to which they
aspire. He said that consumption habits were not motivated by intrinsic
needs or satisfaction but mainly by the search for prestige. He divides
the social influences as social levels which are: culture, subcultures,
and social classes.

Veblen's input to modern theories is based on the influence of
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social and psychological effects on purchasing behavior.

An important conclusion is that buyers' minds are complicated,
and no one has succeeded in putting all buying motivations together into
one coherent instrument for behavioral analysis. This is one goal of
behavioral science. This thesis is intended to be a step in that

direction,
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CHAPTER III
DESCRIPTION OF THE SYSTEM

As previously stated, we will consider the system as formed by
three subsystems: the producer, the distributor and the consumer.

As indicated in the total model diagram {Figure 5.1), the system
has as elements of flow materials, orders, money, people and information.

The flow of goods from the producer subsystem to the distributor
{Figure 5.1) is the product we are dealing with, i.e., an infrequently
purchased product. It is assumed that the marketing system is for this
single product, and that all the marketing affort is directed to promoting
and selling onlty this single product. |

As indicated in Figure 3.1, a simple marketing system can be

generalized as:

Company Distributor Consumer
" R i
| Money (sales) | Money (sales) ,
I P I
U U dlo o o ]

Information

Figure 3.1. Simple Marketing System
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A comprehensive marketing system map for our system may be

represented as in Figure 3.2.

Company Marketing Sales
Marketing Decision Marketing Buyer and
Environment  Strategy Variables Channels  Behavior Cost
r
Product

L AJ

Company
Environment—»Marketing
Strategy

Characteristics

————> Price —m———>

Physical
Jistribution

Advertising
[ 5 and Sales ———

A4

.
Distributor—»3uyer ——>Company

A

Behavior

)r\}

h

ProW?Qjon

Sales

Company__|
Costs

|

Figure 3.2.

[1lustration of the System Under Study
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As it is observed from Figure 3.2, there are two major decisions
that the company must face: trade decisions and consumer decisions.

To influence the trade, i.e., sales to the distributor, the company
uses the wholesale price, trade advertising, co-op advertising allowances
and service and delivery policy. To influence the consumer, the company
uses product characteristics, retail price, promotion deals, and consumer
advertising.

" The distributor will be viewed as an active element having the
function of selling the product directly to the consumer, and also as an
important agent in stimulating buyer behavior, mainly through advertising
and sales promotion.

Buyer behavior has an important contribution toithe marketing
system since it defines the sales rate and acceptance of the product.
This effect on the sales rate will define the time pattern of sale during
the life cycle of the product.

In this study we will try to analyze what characteristics of the
feedback structure influences the time pattern of the sales responsé, and
to hopefully achieve a better understanding of the simple marketing system
previously described. Also we will try to identify and understand the
cause of different patterns that a product life cycle may exhibit.

In order to construct a model that could permit us to analyze the
system, it has been necessary to make several assumptions:

(1) The producer is marketing an infrequently purchased product

in a single market.

{2) The producer must define the better marketing strategies

during the 1ife cycle of the product which could be more

profitable.
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{3) The producer controls the marketing decisions of product
characteristics, price, distribution policy and advertising
policy.

(4) The distributor is an active agent of the system. The major
decisions that the distributor makes are: Inventory decision,
and ordering decisions,

(5) The buyer behavior is influenced mainly by the product
characteristics, by advertising, and considering the price
of the product.

(6) External environmental factors are not considered neither the
infTuence that uncontrollable factors may have on the system.

(7} The market may be identified as homogeneous. So buyers tend
to react in the same way to marketing stimuli. (18},

(8) The infrequently purchased product falls in the category of
an homogeneous product.

(9) The producer's interest in introducing the new product is
first to develop the primary demand, and to achieve the best
results and profits during the introductory stage of the
product.

(TO) No competitive sector has been considered.

These are the major important assumptions of our system.



17

CHAPTER IV
DYNAMIC HYPOTHESIS DEVELOPMENT

A. Introduction

A product’'s sales position and profitability can be expected to
change over time. The product T1ife cycie is an attempt to identify dis-
tinct stages in the sales history of the product.

This study tries to identify and understand the cause of some of
the variations in the sales history of an infrequently purchased product.

Most discussions af product life cycle (15) are based on the typical

S-shaped sales as indicated in Figure 4.1.

Sales
and
Profits

Introduction arowth Maturity Decline
Time

Figure 4.1. Sales and Profit Life Cycles

Hypothetically four stages are described in a typical product Tife cycle.
Introduction, which is a period of slow growth since the product has just
been introduced in the market, usually has no profits or very low ones

due to the marketing expense required to introduce the product. Growth
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is a period of positive mérket acceptance of the product and of increasing
profits to the manufacturer. Maturity is characterized as a period of
not so rapid sales growth, and it is a period in which profits peak and
start to decline. The last period is the deciine period where sales and
profits decline. Often this is a period when substitutes of the product
are made, new product uses are advertised, and innovations for the old
product are introduced; all of which can counteract the drop on sales of
the product.

However, not all products exhibit during their 1ife cycle the
idealized S-shaped product Tife shown in Figure 4.1. Some products may
exhibit variations, such as shown in Figure 4.2; some may experience
rapid growth from the very beginning; still others do not successfully

grow. We are interested in analyzing possible causes for these variations.

Sales

Time

Figure 4.2. Other Life Cycle Variations

William E. Cox {19} in his studies of 1ife cycles has found for

some products, the cycle-recycle product Tife cycle (see Figure 4.3).
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Time

Figure 4.3. Other Possible Variations of a Product Life Cycle

Cox explained that the second cycle, which he denominated recycle,
probably was caused by the traditional push of the product in the decline
state, such as price reductions, product improvements and other marketing
strategies which tend to stimulate sales at the declining stage.

We believe that the literature offers a good but not complete
and detailed explanation of the time pattern behavior of the life cycle of
& product.

The Tife cycle of a product may exhibit different variations
depending on the conditions of the system and the interrelationships of
feedback loops which create the 1ife cycle pattern.

Factors such as product characteristics, inventory policies,
pricing policies, advertising strategies, consumer behavior, environment,
and many others effect the pattern behavior of sales for a given product.

The basic structure of a system is the totality of relationships
between the variables that form the feedback loops. Forrester points out

that the basic structure of alternating levels and flow rates seems to
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represent the nature of industrial management system.

Levels are the accumulations within the system and determine the
decisions that control flow rates (see Figure 4.%).

Flow rates define the present, instantaneous flows between the
levels in the system {see Figure 4.4),

The control of the rates of flow between levels is exerted by the
decision functions (see Figure 4.4).

A general structure of a model is therefore represented as levels
interconnected by rates of flow and the fundamental time sequence of
computation can be described in terms of levels and rates. Time delays
arise in every stage of system activity and are important to consider in
the model formulation.

It is important that in order to do a proper formulation of a
dynamic simulation model there should exist a close correspondence be-
tween the real world situation or real system and the model to be construc-
ted, Model variables have to be represented in the same units as the real
variables.

It must also be distinguished between the actual conditions of
the system and the desired conditions of the system. An information feed-
back loop usually includes accumulations, flows and auxiliaries. The
difference between an actual accumulation and a desired accumulation 1leads
to a decision that will correct the discrepancy. This is represented in

Figure 4.4,
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Accumulation N >
lLevel
Rate Rate

Figure 4.4. Negative Feedback Loop

Feedback loops may either be positive or negative. A positive
feedback loop is characterized by a positive change in the accumulation
value coming around the loop after an initial positive change in the
accumulation was made. Positive loops have zero or an even number of sign
alternations (negative 1ink gains} around the loop, and negative feedback
1oops have an odd number of sign alternations.

For example, the sign of the link between an inflow and an accumu-
Tation is plus and between an outflow and an accumulation is minus. A

general loop structure representation is illustrated in Figure 4.5.
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Figure 4.5. Feedback Loop Representation

Positive feedback loops are associated with trends, usually growth,
and negative feedback loops are usually associated with oscillatory
behavior.

The coupling of several feedback loops creates the time pattern
behavior of a system and in a real situation a variable's time history
is the result of how the feedback loops are combined. It becomes impor-
tant to analyze which Toop influences more the variable behavior and
how this Toop is interrelated with other loops in the system.

The feedback structure of the system is the result of the totality
of relationships between the variables that form the feedback loops.

Feedback Dynamics focuses its analysis on the interrelated loops
of a system. It analyzes the performance patterns of the variables from
the past through the present and to the future; and after evaluating per-

formance, it focuses on a continuing improvement of the system.
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The analysis of the feedback loops of our system are discussed

in the next section of this chapter.

B, Feedback Loops Analysis

The 1ife cycle of a product may exhibit different variations
depending on the marketing system and basically on the interrelationship
of feedback Toops which create the 1ife cycle pattern.

The 1ife cycle of a product is created by a feedback system that
should be analyzed considering all or at least the most important
feedback Toops in its marketing system.

The most important feedback loops in the marketing system
assumed are exhibited in Figure 4.6.

Another important feedback loop in the system involving product
availability is illustrated in Figure 4.7.

Inventory decisions for both producer and distributor is also
an important feedback loop. The inventory decision is made considering
actual inventory, average sales during a certain period of time and con-
sidering an estimate time of desired inventory. This important decision
is j1lustrated in Figure 4.8.

The effect of price reduction is exhibited in Figure 4.9, and
Figure 4.10 exhibits some of the simple life cycle variations to be
studied, which are mainly based on sales peak time and accumulated

average profits during the project's 1ife.
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We can identify two important positive loops and one negative
Toop. One positive loop is present as an increase of sales and leads
to more revenue, increasing thus the advertising. Advertising as
a means of communication will influence the awareness rate.

Another.important positive loop is that increasing sales
increases order rate from the distributor, this will tend to increase
production rate and if the pricing of the product is based on cost;
and if price is dependent of production output, an increase in produc-
tion will tend to reduce the cost of producing the product. This price
reduction favors consumer response and can be assumed that has a
positive influence on the sales variable.

An important negative feedback loop is the assumption of a
Timited population of prospective purchasers, with the decrease of
potential customers, sales will gradually drop to unprofitable levels.

It is expected that the sales pattern history may change
depending on many factors such as: product characteristics, product
availability, reordering policies, inventory policies, manufacturing
decisions, pricing and advertising strategies and consumer response.

Two important feedback loops coupled together that involve

product availability are indicated in the next Fiqure: 4.7.
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Product Availability

Product availability is an important marketing variable that has effect
in the sales response pattern of a product.

Inventory decisions for both producer and distributor are
basea on actual inventory data, desired inventory evaluation and
corrective action needed to eliminate discrepancy (see Figure 4.8).
As, for example, in the case of the producer the corrective action is
directed toward an increase or decrease of production, while in the

case of the distributor the action leads to an increase or decrease

of the order rate.
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Figure 4.8. Inventory Control

Once product availability is established by adequate reordering
policies and inventory policies, it is important to focus our attention
in the advertising variable.

Advertising is an importatn variable in the promotional effort.
Peoplie unaware of the product may become aware of it through advertising.

Advertising is an important tool by which the producer directs
persuasive communications to target buyers. Advertising has the
important task of enhancing potential buyers by providing them valuable
information about the product such as product characteristics, quality,
company service and many other factors which a potential buyer associates
when making the purchasing decision.

Promotion and advertising are really lines of communication between
the producer organization and the prospective buyer. Whether the
customer will buy or not the product depends on many factors as the
product and the utility that the prospective buyer has attached to it;

the price, promotional effort, money availability, and other aspects.
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jnvolved in the marketing process. The effect of advertising was
illustrated in Figure 34.6.

Many economic models have considered price as an important
variable and tend to emphasize the effect of price in demand without
considering other factors such as customer psychological reaction
to increases or decreases in price, competition, price determination
in short and long term analysis, and other factors which are important.

Several practices of pricing have been applied in practice, some
of them are:

(1) Market Penetration Objective - It establishes that some
companies set a realtively low price in order to stimulate the growth
of the market and to capture a large share of it. Several conditions
may favor a low price setting such as: {a) The market appears to be
highly price-sensitive, so a Tower price may bring additional buyers
into the market. (b) The unit costs of production and distribution
decrease with increased output. (c) A Tow price would discourage
actual and potential competition.

This is represented in Figure 4.9.
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Figure 4.9. Effect of Price reduction in Market Penetration Objective
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(2) Market-Skimming Objective - The abjective of skimming pricing
is to gain profit from the initial buyers which for several reasons:
are willing to pay a higher price for a product, and only graduaily
reduce the price to draw in the more price-elastic segments of the
market. Several conditions favor this bo11cy such as: a) There exists
a sufficiently large number of buyers with the dispasition of paying a
higher price. b} The unit production cost of producing a smdller volume
is not so much higher than the advantage of charging the higher price.

{3} Early Cash Recovery Policy - This policy leads to set a
price to a product which can lead to a rapid recovery of cash. Usually
it exists when a company requires funds or is uncertéin about the
future‘of the market or market response to their product in the future.

Qther pricing policies are based on rate of return goal of
the company, product-line promotion objective, demand oriented pricing,
markup pricing and competition oriented pricing.

Other decisions that must be made in any marketing system such
as production rate, shipping rate, advertising rate and some others
will be explained later. We have just focused in whaf we believe are the
more imporfant feedback Toops of the system and which dominate the time
pattern response of sales in the marketing system‘that we have assumed.

Some of the variations in a simple life cycle time history to be
studied here are different times of peak point of sales. The time when
the peak occurs may vary depending on different policies and consumer

response. {see Figure 4.10).
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Figure 4.10. Simple Life Cycle Variations to be Studied

The growth of sales is associated with the positive loop of
promotional effort influencing sales and decreasing price as a resuit
of 1hcrea51ng production output. The initial stage of the Tife cycle
is characterized by a Tow volume of sales, potential customers are
minimum and price is usually high due to Tow volume of production.
Growth starts when the product begins to make rapid sales gains due to
cumulative effects of introductory promotion and distribution. At the
maturity stage sales growth continues but at a declining rate; this
is due to the declining number of potential customers in the market.
Finally the T1ife cycle may exhibit maturity which is a level of stable
sales, reaching gradually the decline stage characterized by the decreas-

ing rate of potential customers in the market.



31

Product profits are usually absent in the introductory stage,
tend to increase substantially in the growth stage, slow down and then
stabilize in the maturity and saturation stages, and decrease in the
declining stage.

Since all the stages of the life cycle have different characteris-
tics, it is important to analyze the effect of the marketing variables
under control such as price, advertising and distribution at different
stages of the life cycle.

In this study we will analyze thesedifferent stages with different
pricing, advertising and distribution strategies.

Simple variations of the Tife cycle of a product to be explored
in this study are mainly concerned with peak time, sales growth, sales

decline and profitability (see Figure 4.10).
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CHAPTER V¥

MODEL STRUCTURE

A. Introduction

After defining the marketing system and the main elements to be
included in the analysis we then proceed to formulate the model.

The system diagram is exhibited in Figure 5.1, Qther diagrams
representing each subsystem are idcluded along with the discussion of
each subsystem.

The mathematical equations for the variables are represented in
this chapter. Parameters are estimated within reasonable ranges and
initial values are selected.

We will first describe the producer subsystem, followed by the

distributor and finally the consumer subsystem will be discussed.

B. Producer Subsystem

The producer subsystem to be considered is very simple but
~adequate to meet our objectives. A flow diagram is illustrated in Figure
5.2.

It is considered that after some marketing effort in the initial
stage, orders arrive at the producer as requisition orders from the
distributor.

Unfilled orders at the producer sector may be represented as:

L UOP.K = UOP.J + (DT) * (OR.JK - ASHR.JK)
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Model Flow Diagram

Figure 5.1,
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UoP Unfilled orders at producer (units)
OR Order rate from distributor {units/week)
ASHR  Actual shipping rate at producer {(units/week)

DT Time interval (weeks)

Unfilled orders will be shipped to the distributor depending on
the availability of inventory at the plant and considering a canstant

shipping deTay.

R ASHR.KL = MIN (UOP.K/SDE, AIP.K/DT)

ASHR  Actual shipping rate to distributor {units/week)
uop Unfilled orders at producer {(units)
AIP Actual inventory at producer {units)

SDE Delay (weeks)

The order rate from the distributor is smoothed over a period of
time since this infromation will be helpful in estimating desired inventary

availability. This is represented by a smooth equation of the form:

L ROS.K = ROS.J + (1/SCT) * OT * {QR.JK - ROS.J)
CSCT =14

ROS Order rate from the distributor
smoothed over a period of time. {units/week)

OR Order rate from distributor {units/week)

SCT  Smoothing constant {weeks )

Desired inventory at the producer will be based on the

smoothing equation for order rate previously described multiplied by a
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time constant that represents the weeks of provision desired;

A DIP.K = (IC) * {ROS.K)
DIP Desired inventory at producer (units)
IC Weeks of provision desired {weeks)
ROS  Order rate from the distributor
smoothed over a period of time {units/week)
The actual inventory at the plant is a level, this accumulation of
goods is expressed as the difference between the plant production rate and
the actual shipping rate of goods to the distributor. The equation is
represented as:
L AIP.K = (DT) * (SHIN.JK - ASHR.JK)
AIP  Actual inventory at producer (units)

SHIN Shipping of goods from production to (units/week)
plant inventory

ASHR Actual shipping rate from producer {units/week)
to distributor

0T Time interval {weeks)

The desired production rate subject to the maximum capacity
lTimitation of the facility will be based on the company's reguistion
orders smoothed and the consideration of desired and actual inventory at

the plant.

1
ADEL

DPR  Desired production rate at producer
facility (units/week)

A DPR.K =R0S .K + { ) (DIP.K - AIP.K)
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DIP Desired inventory at producer (units)
AIP  Actual inventory at producer (units)

ADEL Adjustment delay (weeks)

After defining the desired production rate we need to consider the
plant maximum capacity limitation, so the effective production rate is

expressed as:

R PR.KL = MIN{DPR.K, MAXCAP)
PR Effective production rate at plant (units/week)
DPR Desired production rate at plant {units/week)

MAXCAP  Maximum capacity installed of
production at plant {units/week}

MIN DYNAMO decision function (minimum value)

The shipping of goods to plant inventory will be expressed as a
third order delay. This is expressed by the following equation:
R SHIN.KL = DELAY3({PR.JK, PLT}

SHIN  Shipping of goods from production to
plant inventory (units/week)

PR Production rate at plant (units/week)
PLT Production lead time (weeks)
The actual shipping rate to the distributor smoothed over a

given period of time is an equation represented as:

L ASHRS.K = ASHRS.J + (gT%TJ * (DT) * (ASHR.JK - ASHRS.J)
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ASHRS  Actual shipping rate to distributor
smoothed {units/week)

STCT Smoothing time constant {weeks)
DT Time interval {week) .
ASHR Actual shipping rate to distributer
(units/week)
The average production rate over a given period of time is repre-

sented by the following equation:

A SPR.K = SMOOTH {SHIN.JK,CSPR}
SPR Average production rate {units/week)

SHIN  Shipping of goods to plant
inventory {units/week)

CSPR  Smoothing constant (weeks)

C. Distributor Sector

A flow diagram of the distributor sector is shown in Fiqure 5;3.

The distributor sector is an important part of the total system
due to the impact that delays and ordering policies have on the overall
system.

The distributor sector has been simplified in order to focus our
attention more in the variables that we believe have a major influence
on the system; such as, ordering decision, desired inventory level,
cash_and profit position,

We will descirbe briefly the equations associated with this sector.

Equations for the Distributor Sector

One important decision that the distributor must take is the order

rate. The desired order rate is calculated considering the factors:
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desired inventory, actual inventory and average sales rate. This

equation is expressed as:

A DOR.K = ASR.K + {1/AD} (DID.K - AID.K)

DOR
ASR
AD

DID

AID

The average sales that the distributor makes may be calculated

Desired order rate {units/week)
Average sales rate (units/week)
Adjusted Delay (weeks)

Desired inventory at distributor
(units)

Actual inventory at distributor
{units)

as a smoothing equation expressed:

L ASR.K = ASR.J + {1/TSR) (DT) (SR.JX - ASR.J)

ASR
TSR
SR

The actual order rate involves a delay which may be represented as a

Sales rate smoothed (units/week)
Smoothing time (weeks)

Sales rate (units/week)

third order delay. This consideration is expressed as:

R OR.KL = DELAY3 (ORD.JK,MD)

OR Order rate from distributor {units/week)

QRD Order rate decision (units/week)

MD Mail delay {(weeks)

40

The desired inventory at the distributor is based on the average

sales and a constant factor.

This is represented by the equation:
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A DID.K = (ASR.K} * (CONSF)
oID Desired inventory at distributor (units)
ASR Average sales rate {units/week)

CONSF  Constant factor (weeks)

In order to formulate the equation for the actual inventory at
the distributor, we need to specify the receiving rate equation and

the sales rate equation.

The receiving rate of goods from the manufacturer may be expressed

as a third order delay:

R RRD.KL = DELAY3 (ASHR.JK, ADD)
RRD Receiving rate at distributor (units/week)
ASHR  Actual shipping rate from manufacturer (units/week)

ADD Arriving delay {weeks)

The sales rate is determined by the flow of people from the
potential Tevel to the actual customer level. A unit of flow in the
consumer sector between these two levels will be eguivalent to a unit of

flow of product from the distributor's inventory to the customer inventory

level.

The equation for the sales rate will be discussed in the consumer

sector,

The actual inventory at the distributor is a level equation

represented as:

L AID.K = AID.J + (DT) * (RRD.JK - SR.JK)
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AID Actual inventory at distirbutor (units)
RRD  Receiving rate of goods from producer {units/week)

SR Sales rate of goods to customers (units/week)

The order rate decision is based on the desired grder rate, this is
expressed as:
R ORD.KL = DOR.K
ORD  Order rate decision at distributor (units/week)
DOR  Desired order rate (units/week)

The equations concerning financial position are described in the financial
sector.

D. Consumer Sector

Purchase behavior although very complex is best understoqd if we
start with practical definitions of the concepts of demand énd product.

The essence of these cohcepts as pointed by Wasson C. [22] does
not lie in the easily seen objective manifestations of them but in the
highly varied subjective reactions of individuals.

The demand observed as a desire for some physical product is really
a desire for satisfaction of some set of internal needs which the buyer
believes will be gratified once he purchases the physical objact.

Thuesen, G.J. [14] defines the purchasing action as when the buyer
having money available, believes that the product has equal or greater
utility for him than the amount required to purchase it. He defines
utility as the power to satisfy human wants and that the utility that an
object has for the individual is determined by him. Thus, the utility
of an object is not inharent in the object itself but is inherent in the

regard that a person has for it.
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It is important to consider the complexity that consumer behavior
has, and the difficulties involved in trying to simulate consumer
behavior.

This sector of consumer behavior is an attempt to simulate with
a very simple model consumer response to product characteristics such as
utility, and to promotional efforts such as pricing strategies and
advertising.

It has heen suggested by some authors [27] that the task of
advertising is to move the consumer from a state or disposition of
unawareness of a product'’s existence to the state or disposition of being
brand loyal to the product.

Others have argued that advertising only has the task of moving
the consumer from a lower disposition state to a higher disposition

state. This would involve a process such as:

UNAWARE — AWARE —— INTEREST —> PURCHASE

An important conclusion is that advertising has an effect in

disposition states.

Another model proposed by Howard J. and Sheth J. [28] suggests

the following model:

Information Evaluation Purchase Postpurchase

— . . s .
Nead arousal search Behavior Decision Feelings

The modal emphasizes that purchase decision making starts before the

actual purchase and encourages the marketer to focus on the process rather
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than on the sale.
In our model of the consumer sector we will consider three hypo-
thetical states in which a consumer may be before deciding to purchase

the product. These are:

UNAWARE —> AWARE — POTENTIAL

It will be assumed that an important task of advertising is to
move peopte from the unaware state to the awareness level. Although we
will not give a detailed consideration to all the elements of the
advertising process the rate of people becoming aware of the product will
depend mainly on thé company's advertising expense.

Hypothetically people in the aware state will attach a utility
value to'the product. This utility value will be incorporated in the
simulation program as an auxiliary being function of time. People will
move to a potential customer state depending onithe disposition state
at the awareness stage.

The use of attitudinal scales for simulation has been done by
Amstutz A. [26] in his simulation model of competitive market response
and will be used here also for the purpase of simulation.

Finally the purchase decision will be based on the interest in the
product, the price effect and the advertising effort. The higher the
value of these three factors combined together , the more likely it is
that the consumer will buy in a shorter period of time. Forrester
suggests that the time of purchasing may vary depending mainly on the

advertising effort and on the change in consumer needs. This involves
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a variable delay of several weeks up to several years. This criteria
will be used in this model concerning the delay involved in the purchasing
decision from prospective purchases of the product.

The following sectienof this chapter will inciude the equations

for this sector.

Equations for the Consumer Sector

A flow diagram of the consumer sector is shown in Figure 5-4.

We shall begin by identifying four levels of people at the con-
sumer sector. The unaware level includes people who have never heard of
the product, the awareness level includes people who have been exposed
to advertising and know about the product, the potential customer level
incTudes people who after being exposed to advertising and information
about the product have the interest of purchasing it. Becoming adopters
is the last level denmominated as "actual customer level".

The following equation for the unaware level is based on the
consideration of a fixed population (single level) from which flows a
single output rate, the equation for UN (Unaware People) is then expressed

as:

L UN.K = UN.J + (DT) * (-AWR.JK)

UN Unaware people (people)
AWR Awareness rate (people/week)
oT Time interval {weeks)

The second equation, describing the number of people in the

aware stage, is indicated considering the inflow rate, this is people
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aware per week, and the outflow rate which is people interested in the
product per week and who become potential customers. This equation is

a level represented as:

L AW.K = AW.J + (DT) * (AWR.JK - PCR.JK)

Al Level of aware people (people)
AWR Awareness rate ->(pedple/week)
PCR Potential customer rate (people/week)

The third equation is also simple and describes the people who
state in the system as potential customers, this equation is a Tevel

and is represented as:

L PC.K = PC.J + {DT) * (PCR.JK - PUR.JK)

PC Potential customers (people)
PCR Potential customer rate (people/week)
PUR Actual Purchasing rate {people/week )

It is assumed that when people transfer from the potential customer
level to the actual customer Tevel each person will buy only one product
unit provided that it exits at the distributor's inventory. A conversion
factor is included in the eguation of sales rate to be described later.

The fourth equation describes the number of people who actually
have bought the product, we will describe it as the actual customer

level and is represented as:

L AC.K = AC.J + (DT) * {PUR.JK)

AC Actual customers (people)
PUR Actual purchasing rate {people/week)
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The actual purchasing rate considering the availability of inventory
is expressed as sales rate, assuming that one unit is sold when one

person becomes an actual customer, i.e.,

( people ) Jnit ) = ( units sold )
week pecple week

This will be explained Tater when describing the actual purchasing rate
equation.

The equations for the consumer levels are simple and straight
forward; however the equations for rates are not so easily obtained
and require a deeper understanding.

We will describe the awareness rate equation, i.e., people
becoming aware of the product. As discussed previously, one of the
major functions of advertising is to create awareness of the existence
of the product.

It will be assumed that mainly advertising will influence aware-
ness and also the use descriptor value of the product. The hypothetical
use descriptor value as explained by Amstutz [30] is a probability of
use of the product.

The awareness rate will be formulated as a function of unaware
people and a variable delay determined by advertising and the use
descriptor value,

Advertising will be identified as information value. The effect
that advertising will have in the variable delay will denend on the
ratio, advertising expense and saturated advertising expense.

The following equations are then reguired:
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A UDO.K = TABHL (YUDO,TIME.K)

Uoo Use descriptor opportunity (dimensionless)

In order to quantify the total effect of advertising and use of the

product the following relationship is assumed:

60 b _ _
|
Effect |
on I
Awareness i
|
0 |
J 1.0 UDo

Figure 5.5. Effect of Use Descriptor on Awareness

It will be assumed also a linear effect depending on the

advertising ratio. This is represented by Figure 5.6.
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Figure 5.6. Advertising Ratio Effect

The advertising ratio is just an auxiliary expressed as:

ADEX. K
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ADEXR Advertising expense ratio {(diminsionless)
ADEX Weekly advertising expense ($/week)
LTDEX Saturated advertising expense ($/week)

Both effects are expressed as an additive function:

A AWD.K = INFV.K + UDO.K

AWD Additive effect in awareness

_ delay {(dimensionless)
INFV Advertising effect {(dimensiontess)
uno Probability of use effect {dimensionless)

Where INF.K is a table function; A INFV.K=TABHL{YINFV,ADEXR.K)

The variable delay will be then expressed as a table function:

A AWDE.K = TABHL({YAWDE,AWD.K,0,2,INC)

AWDE Awareness delay (week)
AWD Effect on awareness delay (dimensionless)

We will assume a targe value of the delay for small values of AWD
and short values of the delay for larger values of AWD. Two extreme values
used for simulation were 200 weeks and one week. See Figure 5.7.

20Q

AWDE

AWD

Figure 5-7. Awareness delay as a Function of Awareness Effect
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The awareness rate is then expressed as:

_ UN.K
RAWR.KL = moE.K
AWR Awareness rate (people/week)
UN Unaware people (people)
AWDE Awareness delay {weeks)

The next rate equation to be considered is the potential customer
rate equation. We will assume that in order to become a potential
customer two major considerations exist. First, a positive attitude
toward the product; this is based on the utility that the product has
for the person and is a degree of satisfaction that he derives from it.

The utility of the product may remain constant or change during

the project's 1ife. It will be represented as a table function:

A UY.K = TABHL (YUY,TIME.K)

uy . Utility of product (dimensiaonless)

The utility value will be guantified in a scale of Q0 to 1.
Second, advertising has also an influence on the delay in becoming
a potential customer. The potential customer disposition will be

considered as an additive effect of promotion and utility.

A PCD.K = INFV.K + UY.K

PCD Disposition state affecting

potential customer delay (dimensionless)
INFV Advertising effect (dimensionless)
uy Utility attached to the

product (dimensionless)
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Increases in this disposition state will reduce the delay in
becoming a potential customer. This delay is expressed as a table

function.
A POD.K = TABHL{YPOD,PCD.K,0,2,1)

We will again assume that the higher the value of PCD the shorter

the delay in becoming a potential customer,

The rate equation that will relate the flow from aware to poten-

tial customer is expressed as:

_ AW.K
R PCR.KL = POD. K
PCR Potential customer rate {People/week)
AW People aware level (pecple)
POD Potential customer delay (weeks )

The purchasing decision involves the consideration of several
factors. A quantitative form to evaluate the impact of these factors
is again considering an additive effect of potential customer disposi-
tion and the price effect.

Assuming an additive effect, the higher the disposition state
toward purchasing the shorter the delay in purchasing.

The following equations are involved in the purchasing

decision:
A PUD.K = PCD.K + PATT.K

PUD Purchasing disposition {dimensionless)

PCD Potential customer disposi- (dimensionless)
tion

PATT Price effect (dimensionless)

The purchasing disposition depends then on four factors: promotion,

utility, price and opportunity of use of the product,
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The purchasing delay will depend on this quantitative measure-
ment of purchasing disposition, this delay is expressed as a table

function:

A DPUR.K = TABHL(YDPUR,PUD.K)

DPUR Delay in purchasing (weeks }
YDPUR Table values for the
delay (weeks)
PUD Purchasing disposition (dimensionless)

The price effect is also a table function that depends on the
ratio of price of the product and an average normal price for the

product. This is expressed as:

_ CONPRI.K
A PRAT.K = PPN
PRAT Ratio of consumer price (dimensionless)

and perceived value of
the product

CONPRI Consumer price ($/unit)
PPN Average price of the
product (3/unit)

The price effect is represented as a table function:

A PATT.K = TABHL (YPATT,PRAT.K)
The values assumed for YPATT are indicated in the Appendix.

The purchase rate will then be expressed as:
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PURD Purchase rate (people/week)
PC Potential customers {people)
DPUR Delay in purchasing {(weeks)

The equation above is expressed as an auxiliary since we need
to consider the product availability at the distributors inventory. The

sales rate equation is then expressed:

R SR.KL = MIN (AID.K/DT, PURD.K * CONF)

SR Sales rate {units/week)
AID Inventory of
distibutor (units)
DT Time interval (weeks)
PURD Purchase rate { people/week)
CONF Conversion factor (1 unit
peopbe)

E. Financial Sector

A simplified financial sector will be considered for the producer
subsystem. A flow diagram of this sector is represented in Figure 5.3.

First it is assumed that the producer has an estimate of its
total overhead costs during the life of the project. Total overhead

costs will be represented by the equation:

A TOC.K = TABHL{YTOC, TIME.K)
YTOC = values for overhead costs during projects' Tife.
A constant direct cost associated with the product will be
expressed as:
C UbDC = 20
UDC  Utility direct costs ($/unit)

It will be assumed constant during the project's Tife.
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Overhead as used here includes taxes insurance, interest,
rent, depreciation and maintenance of buildings, furniture and equip-
ment, and salaries of factory supervision.

We will assume in this study a very small enterprise, with
limited resources and we will focus our analysis in only one product.

Considering the average production rate the overhead cost spread

over each unit of production leads to the following equation:

, _ T0C.XK
A UDC.K = SPR ¥
uac Unitary overhead cost (3/unit)
TOC Total overhead cost ($/unit)
SPR Average production rate  (Units/week)

The total cost par unit produced is expressed as the sum of the

direct cost and the unitary overhead cost:

A TUC.K = UDC + UOC.K

TUc Total unitary cost ($/unit)
uDe Constant direct cost ($/unit)
uac Unitary overhead cost {$/unit)

The cost above mentioned does not consider the advertising expense,
the cost of advertising associated with each unit of product produced

will be expressed as:

ADEX.K

A UADEX.K = SPR ¥
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UADEX Cost of advertising per unit

of product produced ($/unit)
ADEX Advertising expense at

producer's sector ($/unit)
SPR Average production rate (units/week)

Considering that the producer wiil price the product on a Tixed mark up

policy, the price given to the distributor is:

A PRICE.K = (TUC.K)(1 + MKP)

PRICE Price to distributor ($/1imit)
TuC Total unitary cost ($/unit)
MKP “arkup at producer as
percentage. (dimensionless)

Assuming that the distributor pays the product upon receipt,

cash received from sales at producer is expressed as:

REV.K = (CFD.JK)(PRICE.K)

REV Revenue from sales at

producer (S$/week)
CFD Acknowledgment of units

received at distributor

and payment (units/week)
PRICE Producer price ($/unit)

The term CFD is just a third order delay of the receiving rate

at the consumer.

R CFD.KL = DELAY3 (RRD.JK,ARRD)
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Acknowledgment of units received {units/week)
at distributor sector

Receiving rate at distributor (units/week)
Payment delay (weeks)

The advertising expense will be assumed to be a fraction of the

sales revenue. It is therefore represented:

ADEX
REV

PSAD

A ADEX.K = (REV.K)(PSAD)

Advertising expense (§/week)
Review from sales at ($/week)
producer

Fraction of sales allacated (dimensionless)
to advertising

The profit at the producer based on price and products cost

also considering the advertising expense is expressed as:

A AVPRP.K = (PRICE.K - TUC.K)(CFD.JK) - ADEX.K

AVPRP
PRICE
CFD
ADEX

Profit at producer ($/week)
Producer's price (5/unit)
Units received at distributor {units/week)
Advertising expense at

producer sector ($/week)

The profit rate is just expressed in terms of the auxiliary

function.

R AYPRR.KL = AVPRP.K

The accumulation of profits during the project's 1ife is expressed

as:
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L TAPP.K = TAPP.J + (OT)(AVPRR.JK)

TAPP Accumulated profits at producer (%)
AVPRR Profit at producer ($/week)
DT Time interval (weeks)

Cash at the producer sector is a level represented by the

following equation:

| CASHP.K = CASHP.J + (DT)(CFD.JK){PRICE.J)
- (DT)(SHIN.JK)(TUC.J) - (DT)(RADEX.JK)

CASHP Cash at producer sector ($)

CFD Acknowledgment of units (units/week)
received of product at
Distributor

PRICE Producter's price ($/unit)
SHIN Production rate (units/week)
TUC Total unitary cost ($/unit)
RADEX Advertising expense rate ($/week)

0T Time interval (weeks)

The rate equation for advertising is expressed as:
R RADEX.KL = ADEX.K
RADEX Advertising expense rate ($/week)

ADEX Advertising expense ($/week)
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CHAPTER VI

MODEL SIMULATION

A. Introduction

In this chapter we will analyze the behavior of the original model
based on the assumptions previously established. The simulation language
used was DYNAMO III.

Several plots are presented in this chapter, varying some
parameters, or changing certain policies such as pricing and advertising.
The plots presented here are for a 500 week project's 1ife and results
are plotted every 15 week interval. Only the behavior of the most
important variables is plotted on the graphs.

The main objective of working with the initial model is to obtain
a better understanding of the system and analyze the influence that
different pb]icies and parameters values might have on the system,

The variables shown in the plots exhibited in this chapter are
summarized in Table 6.1. The letters at the top of the plots represent
the variables.

The following section will deal with the original model behavior

and the analysis of different simulation runs.



Table 6.0. Variables Shown in Plgts

Variable Variable Name Symbol

People aware AW A

Revenue from sales REY 3
at producer

Average profit at AVPRP *
producer

Accumulated profit TAPP [
at producer

Actual inventory at AIP v
at producer

Actual inventory at ALD D
distributor

Sales rate of product SR S

Shipping of product to SHIN P

producer's inventory

T Thousand
M Million

61
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B. Original Model Behavior

The behavior of the original model through 600 weeks of simulation
will be presented first. The interval of time chosen is 15 weeks. The
plot is shown in Figure 6.1.

As described previously in the dynamic hypothesis chapter, it is
expected that the 1ife-cycle sales for one-time purchased products starts
very low in the introduction stage and then rise to a maximum level,
falling at the deciine stage when no potential buyers are left.

Products that are purchased infrequently are exemplified by
household appliances, furniture, and many durables. We will assume as
a product a small household appliance.

Estimating sales is a very difficult task. There is no way to
estimate future sales with certainty. Phillip Kotler (18) refers the
purchase intention as a function of affect (attitude), social factors
and anticipated situational factors. But purchase intention may not
result in the actual purchase of the intended object. Purchase behavior
he says, is a function of the purchase intention and the nonpredictable
situational factors. The decision of an individual to modify, postpone,
or avoid a purchase decision is heavily influenced by perceived risk.
Buying therefore is not a single act but a multicomponent act influenced
by innumerable factors.

In this study we have simplified the purchasing decision
considering only four elements: information value, utility, use oppor-
tunity, and price.

The fixed costs per week during the life's project are assumed to
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increase each 100 weeks. These are represented by the following equation:

A TFC.K = TABHL{YTFC,TIME.K,0,600,100)
T YTFC = 2000/2500/3000/3500/4000/4500/5000

The cost of production per unit is therefore affected by the
level of production since the total fixed cost per unit decreases as
production increases. The variable cost per unit will be assumed to be
$20.

The pricing policy in the original model is based on a markup of
98% for the producer and 38% for the distributor. The price decision
is therefore based on a cost basis.

The advertising decision is based on a percentage of sales.
Initially this percentage will be assumed to be 4%.

The inventory decision for the producer and distributor is based
on average sales, actual inventory and desired inventory. It has been
assumed three hypothetical stages in which a consumer may be prior to
reaching the purchasing decision. These states are: unaware, aware and
potentjal customer.

OQur first task will be to analyze an adequate marketing strategy
for the introduction stage of the product.

It is important to mention that this model is not intended to
be predictive, but rather an initial step that could lead us to understand
the system assumed and obtain a better insight of market dynamics.

The initial run is exhibited in Fiqure 6.1, The reader may observe

that at the introduction stage sales are at a low level, profits are
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absent, and that this stage is characterized by a slow growth in sales.

The main reasons for the slow growth in sales at the introduction
stage are mainly: (1) costs are high due to relatively low output
rates, (2) setting advertising and promotional effort as a percentage of
sales revenue slows even more the sales rate at this stage, and (3) takes
time to increase the disposition state of the potential market toward
the purchasing decision.

It is important to mention that it has been assumed a constant
utility value of 0.5 for the product and also a constant use descriptor
value of 0.5 during the simulation period.

Analyzing the growth stage we observe that approximately at week
100, sales begin to increase from 150 units per week to approximately
350 units per week at time 300 weeks. During this stage price
reductions take place since pricing is on a markup basis, so as produc-
tion increases, unitary costs decrease so final price also decreases.

It can be observed that at the maturity stage sales remain in a
range of 300 and 275 units per week from week 300 to 425 approximately.

Finally sales begin to decline in this case not so rapidly, however
costs of production increases again and also this slowdown in the rate
of sales growth has the effect of producing some overcapacity in the
producer sector,

It is important to observe the behavior of other variables of the
system. As stated before profits are absent at the introduction stage,
profits accumulate through the 1ife cycle of the product reaching a final
value of 3.5 million at the end of the products 1ife cycle.

Another run, not shown, plotting the cost of production variable
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shows that due to the low level of production in the introduction stage,
the cost of production per unit is high and this cost decreases as
production reaches higher output levels. Since the pricing decision is on
a cost basis the consumer price is high at the initial stage, declines

as sales grow, stabilizes at the maturity stage and then increases again
as sales diminish in the declining stage. This pricing policy based on
cost of production and a markup creates several problems which will be
discussed later. The main problem is that markups should vary inversely

with production costs so more stable prices could be attained.

C. Behavior of the Original Model with Selected Changes in Policies

In this section the original model's behavior will be analyzed
when several changes are made. An interesting point to analyze s
the variations exhibited by the production rate variable. An analysis
of these variations was focused on the production rate decision. After
running several simulations changing the values of IC which is the constant
affecting desired inventory we found that instead of using IC = 4 weeks
a value of IC = 10 weeks reduced the production rate variation, but also
increased the value of actual inventory at the producer. Here on a value
of IC = 10 weeks is assumed for further simulations. A plot with this
change in the constant affecting the desired inventory decision is shown
in Figure 6.2.

It can be observed from Figure 6.2 that production rate exhibits
less oscillation compared with Figure 6.1 which considers IC = 4 weeks.

The oscillation exhibited by the production rate in Figure 6.1 may

be explained considering that the producticn rate decision is based on
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requisition orders from the distributor smoothed over a certain period of
time, the actual inventory at the producer and the desired inventory at
the producer. In this case, four weeks of desired inventory is not
enough to compenéate the increased sales at the distributor sector, so
the variations of the actual inventory at the producer contributes to

the variations in the production rate decision.

It will be analyzed the effect of low and high promotion and a low
or high initial price at the introduction stage. Policy 1 will be identi-
fied as a high promotion and high initial price strategy. (High profile
strategy). Policy 2 will be identifed as a high price and low promotion
level strategy. (Selective penetration strategy) Policy 3 will be
identified as a low price and high promotion level strategy, (Pre-emptive
penetration strategy) and Policy 4 will consist of launching the product
with a Tow price and low promotional effort. (Low profile strategy)

It will be assumed that a producer's price of $50 per unit will be
a low price for the product, while $70 per unit will be a high price to
be paid for the product.

Also a high promotional effort will be, since in this case adver-
tising is expressed as a percent of the revenue from sales, as 15%;
while a Tow promotional effort will be considered to be 4% of the sales
revenue.

A high-profile strategy consists of launching a new product
with a high price and a high promotion level. This strategy
tries to meet mainly two objectives: charging a high price enabies the

company to recover as much as possible gross profit per unit of product;
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and the second objective attained by a high promotional affort is tn
accelerate the rate of initial sales of the produc:.

As pointed out by Philip Kotler (18) this marketing strategy
is useful when (a) most of the potential market is unaware of the product,
and (b) initial buyers will pay a higher price for the product.

The following equations will be related with this strategy:

A TPRICE.K = (TUC.K) * (1+MKP)

TPRICE Tentative price per unit ($/unit)
Tuc Cost of production per unit ($/unit)
MKP Producer's markup (expressed as percentage)

A PRICE.K = MIN{TPRICE.K,IPRI)

PRICE Price set up by the producer ($/unit)
TPRICE Tentative price based on cost of ($/unit)
production and producer's
markup
IPRI Initial price for the product at ($/unit}

the introduction stage

In order to achieve a high promotional level at the introduction
stage, we will assume that advertising expense is high at the introduction
stage of the product and decreases as the number of actual customers
increases. This will be represented as a table function and the equations

relating this policy are expressed as:
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AC.K
A MARR.K = SR
MARR Ratio of actual customers and (dimensionless)
estimated initial market
AC Number of people who have bought (people)
the product, actual customers
ESTH Estimated initial market {people)

Advertising expense will be based on a percentage of revenue from
sales. We will assume that this percentage will be high at the initial
stage and will eventually decrease as the ratio of actual customers and

estimated market increases. This is represented as a table function.

A PSAD.K = TABHL{YPSAD,MARR.K,0,1, 0.5)

T YPSAD = 0.15/0.04/0.02

The results obtained using a high profile marketing strategy
are illustrated in Figure 6.3. The plot corresponds to an initial producer
price of $65/unit.

It can be observed from the results obtained in Figure 6.3, that
sales reach almost 250 units per week at week 150; sales peak at time 255
weeks at approximately 580 units/week. From data in the printing sectien
we observe that producer's price is reduced from the initial $65/unit to
$55/unit. We need to remember that price in this case is on a markup
basis.

The growth stage is characterized by high profits. Average profits
reach a maximum vaiue at time week 300, and after this week they gradually

decline as sales decrease during the declining stage of the product.



Several simulations were run assuming a high profile strategy.

summary of the results obtained is exhibited in Table 6.1.

Table 6.1. Summary of Results with High Profile Strategy

Price per Unit Peak Time Accumulated Profits

at Producer on Sales When Peak Qccurs
{weeks)
65 255 $1,082,500
70 265 $1,135,400
75 270 $1,330,200

80 270 $1,228,800
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Some important conclusions may be derived from the analysis
of the high profile policy, these are:

{a) The high initial price and high promotional level allows the
producer to compensate the initial high costs of production and at the
same time accelerate the rate of market penetration.

{b) The reduction in price occurring at approximately week 180
favors the potential customers disposition toward purchasing thus
increasing the sales rate of the product during the growth stage of the
product. Also the increase in sales revenue increases the promotional
effort.

The second marketing strategy to be tested is the selective
penetration strategy. This strategy consists of lTaunching the new
product with a high price and a low level of promotion. The purpose of
the high price is to recover as much as gross profit per unit as is
possible, and the purpose of the low promotion is to keep marketing
expenses down.

The results obtained using a selective penetration strategy are
represented by Figure 6.5 with an initial price of $65/unit.

We can observe that the 1ife cycle curve reaches a maximum sales
value at week 315 approximately with 331 units/week. The introduction
stage is characterized by slow growth as well as the growth stage which
does not show a notorious increasing rate. The advertising expense is
at a Tow Tevel during the introduction stage; approximately $250/week,
and gradually increases during the growth stage to approximately $500/week
at week 180.

As indicated in the printing section, the price of $65/unit is
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kept up to week 195, price begins to decrease at this time to week 300
reading a final value of $61.50. This price reduction does not accelerate
significantly the sales rate during the growth stage of the life cycle,
however sales after reaching the peak point remain relatively stable
during the mature and declining stages of the product's life cycle.

This strategy, in contrast with the high profile strategy, leads
to a Tower level of sales and also to a later sales peak time.

Several simulations with different prices per unit were run with
this type of strategy. A summary of the results from these simulations

is exhibited in the following table:

Table 6.2. Summary of Results with Selection Penetration Strategy

Price per Unit Peak Time on Accumulated Profits
at Producer Sales (weeks) When Peak Occurs

65 315 $1,386,200

70 300 $1,474,300

75 323 $1,623,500

80 330 $1,845,000

Considering this strategy the following conclusion is obtained:

Compared with the high profile strateqy, time of sales peak is
delayed, also the number of units at the sales peak has a lower number.

The third marketing strategy that is to be analyzed is the pre-
emptive penetration strategy. This strategy consists of launching the

product with a low price and high promotion. This strategy should bring
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a fast rate of penetration in the potential market.

The results obtained with this strategy are exhibited in Figure 6.7,
We can observe that this strategy in effect accelerates the rate of initial
penetration. Sales reached a value of approximately 800 units/week at
time 120 weeks; profits however are totally absent up to week 90 and are
better during the growth stage of the product. Sales peak at week 180
reaching a level in sales of 451 units/week, Although a low price has a
positive effect in the consumer’s disposition toward purchasing, as well
as the high promotion level, the increase in sales does not bring, however,
a good profit figure. At a producer's price of $50/unit, accumulated
profits at the end of the project's life are only $2,7265,900.

This strategy is applicable when most of the buyers are price-
sensitive as in this case. Since we have assumed a price effect
equation, price has an effect on the customer's disposition toward
purchasing.

Another important piece of information derived from this strategy
is that sales attain higher levels due to the price and promotional
efforts; this favors a reduction in the manufacturing cost of the product.
Profits however are not adequate for a producer's price of $50/unit.

Figure 6.8 shows the results of the same strategy but considering a
producer's price of $55/unit.

Analyzing the results obtained from Figure 6.8 and the printing
section, we observe the sales peak at week 210, reaching a level of sales
of 407 units per week. We can observe that the rate of penetration is
high during the introduction stage, the growth stage is not as high as
with the lower price strategy; however, in the mature stage 150 to 300

week sales are kept at a good level of approximately 350 units/week,
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gradually then decreasing during the decline stage.
This strategy was tested with different prices per unit. A

summary of the results obtained is exhibited in Table 6.3.

Table 6.3. Summary of Results with Preemptive Penetration Strategy

Price per Unit Peak Time Accumulated Profits
at Producer on Sales (weeks) When Peak Qccurs
50 180 $345,800
55 210 $550,600
60 255 $934,000

The fourth strategy to be tested is the low-profile strategy.
This strategy consists of launching the new product with a low price
and a low level of promotion., The low price will encourage the market's
rapid acceptance of the product; at the same time the producer keeps the
promotion cost down in order to achieve more net profit.

The results obtained are illustrated in Figure 6.9. An initial
prdducer's price of $50/unit will be considered. It can be observed
that a Tow price accelerates the sales rate even though the Tevel of
promotion is low. Sales start at a low level and increase by week 115
to approximately 250 units/week. Sales peak at approximately week 280
with a sales rate of 383 units/week. Although the growth stage is not
substantial, sales reaching the mature stage continue at an acceptable
level of approximately 325 units/week. The introduction stage is

characterized with no profits at all and showing some improvement by
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week 90 of approximately $1,150/week.

After sales had reached the peak point they begin to decrease
gradually from approximately 383 units/week at time 280 weeks to a rate
of 159 units/week at the end of the simulation period.

The results obtained assuming various initial prices with this

strategy are summarized in Table 6.4.

Table 6.4. Summary of Results with Low Profile Strategy

Price per Unit Peak Time Accumulated Profits
at Producer on Sales (weeks) at Time of Peak
50 280 $ 984,500
55 270 $1,030,600
60 300 $1,326,100

D. Behavior of the Original Model with Changes in
Influential Parameters and Initial Conditions

In this section several changes in parameters and initial
conditions in the original model will be analyzed to test the

response to these factors.

Sensitivity will be considered for the four different policies
stated in the last section. A producer price of $70 per unit as high
price and $50 per unit as low price will be assumed. High promotion
will be based on a higher percentage (15%) of sales revenue, while low

promotion will be based on a lower percentage of sales revenue {4%). The
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equations for promotion are those described at the beginning of section
C of this chapter.

Comparisons between the different results obtained from the
selected changes in some parameters and initial conditions will be based
on cumulative profits and the time when the peak of sales occurs. A
table will be constructed for comparative purposes and some graphs will
be included for the sensitivity analysis of some parameters.

The four policies will betested when changing the following
parameters:

1} Double market size. In this case the initial estimated
market of 180,000 people will be changed to 360,000 people,

2) Another interesting change is an increase in the number of
people aware of the product. As for example, analyze the effect if 20%
of the potential market would have been already aware of the product.

3) The analysis of an increase and decrease of 20% the delay
influenced by promotion, i.e. the awareness delay.

4) The analysis of the sensitivity of the delay influenced by
price, the time before purchase. An increase and decrease in this delay
of 20% will be used.

5) A parameter in the producer sector that might be thought to
be sensitive is the delay in the production decision PLT. A change of
+20% in this parameter will be analyzed. Also in the distributor sector,
the parameter MD which is the ordering delay, will be considered with a
+20% variation.

A summary of the results obtained from the simulation runs is

exhibited in Tables 6.5 and 6.6. The first table is based on comparative



86

cumulative profits for different conditions and the second table is
based on comparative peak time on sales. It should be recalled that
these results are based on the assumptions made for the theoretical model
under study.

Based on the resuits obtained it is observed that the selective
strategy results in the greatest profit, although for a larger market,
the profit differences between policies are small. The size of the
market appears to be an important variable which is sensitive to the
different policies that we have tested.

As it can be observed in Table 6.5, an increase in the market leads
to important results. Qoubling the initial estimated market from 180,000
people to 360,000 people, leads to differences for the different policies
that are very sensitive when compared to the normal conditions in which
the selective strategy produced the most profit.

It is important to notice that with a larger market, the low
profile and preemptive strategies lead to very much improved results when
compared with the normal conditions run. The high nrofile strategy shows
only an increase of 90% in cumulative profits with a larger market. The
selective strategy shows a 75% increase in cumulative profits. The reasons
for the dramatic improvement in the low profile and preemptive results are
not clear. However, the change does make the choice of a best policy
uncertain. Additional analysis of market size influences is needed.

Analyzing the effect of doubling the size of the initial market for
the case of the selective strategy, it appears that this strategy should

be used when the estimated market is limited in size.



Table 6.5.

Comparative Cumulative Profit for Different Conditions {Thousands)

Conditions/Policy

High Profile
High Price
High Promotion

Selective
High Price
Low Promotion

Preemptive
Low Price
High Promotion

Low Profile
Low Price
Low Promotion

Normal

Larger Market

20% of the Estimated
Market is Aware of
the Product

Awareness Delay
20% Increase

Awareness Delay
20% Decrease

Purchasing Delay
20% Increase

Purchasing Delay
20% Decrease

Change of PLT =8
Change of PLT = 2
Change of MD = §

]
—

Change of MD

3,579

6,796

3,595

3,478

3,624

3,398

3,705

3,562
3,583
3,537

3,580

3,900
6,839

3,973

3,760

4,012

3,669

4,087

3,886
3.902
3,995
4,039

2,265

6,257

2,673

2,072

2,456

2,095

2,569

2,266
2,261
2,257

2,258

2,386

6,263

2,611

2,201

2,567

2,220

2,544

2,399
2,383
2,368
2,381

L8



Table 6.6. Comparative Peak Time for Different Conditions (weeks)

High Profile
High Price

Selective
High Price

Preemptive
Low Price

Low Profile
Low Price

Conditions/Policy High Promotion Low Promotion High Promotion Low Promotion
Normal 265 300 180 280
Larger Market 180 210 120 240
20% of the Potential
Market is Aware of 210 270 120 210
the Product
Increase of 20% on
Awareness Delay 300 330 210 300
Decrease of 20% on
Awareness Delay 240 270 180 240
Increase of 20% on
Purchasing Delay 285 330 210 300
Decrease of 20% on
Purchasing Delay 240 270 180 240
Change of PLT = 8 270 300 180 270
Change of PLT = 2 270 300 180 270
Change of MD = 5 270 300 180 270
Change of MD = 1 270 300 180 270
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This strategy in contrast with the high profile strategy leads to a
lower level of sales and also to a later sales peak time. However, at
the end of the simulation period the cumulative profits are better
when this strategy is selected.

Another important result that can be observed from Table 6.5
is for the preemptive strategy. This strategy shows a 276% increase in
cummulative profits when compared with the normal conditions run. It
appears then that this policy leads to good results when the initial
market is larger in size than the one initially assumed.

The fourth strategy also leads to interasting results when the
initial market is doubied in size. Cumuylative profits show an increase
of 262% when compared with the normal conditions run. This strategy
appears to be also adequate when the initial market is larger in size,
although for this case the cumulative profits were near the same as
with the preemptive strategy policy.

An important conclusion may be reached at this point stating that
the market size is a very important and sensitive parameter for the four
policies tested with the model.

Aralyzing the condition of having 20% of the estimated market
aware of the product, the high profile strategy did not show a significant
profit improvement compared with the initial condition run, although as
observed from Table 6.6, the peak in sales decreases from week 265 to week
210, For the selective policy case the increase in cumulative profits
is also very small (2%) and the peak in sales decreases from week 300
in the normal conditions run to week 270. For the presmptive policy the
cumulative profits increase is 18%, and the peak in sales decreases

from 180 weeks in the normal conditions to 120 weeks. The last policy
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which is the low profile shows an increase in profits of 9% when compared
with the normal conditions run, and the peak in sales decreases from
week 280 to week 240.

An important conclusion is that this change was more signi-
ficant for the preemptive strategy case,

An increase of 20% in the awareness delay, as expected, increases
the time of the peak in sales and leads to less cumulative profits at
the end of the simulation period. A decrease however, of 20% in the
awareness delay shortens the time of the peak in sales and also leads
to a better figure in the final cumulative profits as may be observed
from Table 6.5. This result is also expected since based on the model
formulation people at the unaware state will eventually buy the product
s0 an increase or decrease in the awareness delay influences how fast
or how slow a potential customer will become an actual customer. This
is of course a major limitation in the model since outflows from the
different levels of the consumer sector should have been provided.
Figures 6.11 and 6.12 exhibit the effect of the increase and the decrease
of the awareness delay by 20% under Tow promotion and high promotion
considerations. It can be observed that in general a decrease in the
awareness delay will result in higher cumulative profits. An increase
of 20% in the purchasing delay, also as expected, increases the time of
the peak in sales and leads to Tess profits compared with the normal
conditions, while a decrease of 20% favors the final cumulative profits
as may be observed from Table 6.5. Figures 6.13 and 6.14 show the effect
of increasing and decreasing by 20% the purchasing delay for the low

promotion and high promotion conditions.
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An increase of 20% in the purchasing delay decreases the cumula-
tive profits by the following percentages with respect to the normal
conditions; for the high profile strategy the decrease is of 5%, in the
case of the selective strategy the decrease in cumulative profits is
6%, and 8% with the selective strategy. Considering the low price
policies the decrease is 8% for the preemptive strategy and 7% for the
Tow profile strategy.

An important conclusion considering the 20% decrease in purchasing
delay is that as observed from Table 6.5, the preemptive and lTow profile
strategies lead to similar cumulative profit figures favoring slightly
the preemptive policy. Analyzing the parameter PLT which is the delay
in production decision which for normal conditions was set up to 4 weeks,
it can be observed that no change is observed when varying this parameter
to 8 or 2 weeks. Another parameter in the distributor sector which was
thought to be sensitive is MD. It corresponds to the ordering delay.

It did not show sensitivity at all when changed from 3 weeks to 5 and 1
week .

An important conclusion, however, as observed from Table 6.5, is
that in the case of the high profile and selective strategies an increase
in PLT decreases slightly the cumulative profit figure; but in the
case of the preemptive and low profile strategies, the profit fiqure is
slightly improved. The decrease of PLT increases the cummulative profit
figure very slightly for the high profile and selective strategy, while
for the preemptive and low profile strategy the cumulative profit figure

is slightly Towered.
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Analyzing for the parameter MD, an increase in this parameter
decreased slightly the profit figure for the high profile, preemptive and
low profile strategies as compared with the normal conditions run,
However, for the selective strategy the profit figure was better by 2%.

A decrease of MD produced more or less equal results except for the
selective strategy which showed a 4% increase in the cumulative profit
figure. An important parameter, tested later in additional runs and
which demonstrated to have an effect in the system when varied, was the
parameter PPN which is the perceived value of the product by the customer.
In the original model this parameter was assumed to be $65 per unit.
Changing this value to 390 per unit, the cumulative profits were much
better during the project's life. This is illustrated in Figure 6.15.
A higher perceived value from the customer than the price of sale from

the distributor favored the customer response toward purchasing.

E. Limitations and Validation Section

Some selected changes in parameters and initial conditions have
been explored. The results obtained cannot, however, be generalized.
The model that has been assumed is theoretical. One of the major limita-
tions in this model is that a competitive sector has not been considered.
A competitive sector should have had a major impact on the system. It
should have influenced the advertising and pricing decisions, and market
share should have been an important variable to analyze,

Another major limitation has been the consumer sector; much more
detail is required in developing an adequate consumer sector. In this

model almost all the people in the initial estimated market eventually
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buy the product. This is of course an unrealistic assumption. Peopie

at the aware and potential levels may become non-buyers. Also there could
be an influence from satisfied or disatisfied customers, such that potential
customers may be reluctant to buy.

The purchasing decision was viewed here only in terms of a
higher disposition state; in the real world there is a multicomponent act
consisting of decisions involving product class, product form, brand,
vendor, advertising, promotions, perceived risk and many other factors
which affect the purchasing act.

Another important limitation is that products are viewed by
consumers as multiattribute objects, and the consumer is likely to have
a utility function for each attribute of the product. This model has
included only one utility function.

Advertising should also be viewed as an important subsystem and
not only in terms of one variable as has been done in this model,

By far extensive research is still required to improve the model
presented. References from the literature instead of actual data have
been used as a justification for the model., The sensitivity analysis for
some important parameters have been included in this chapter to show
that the conclusions reached by this study would not be greatly changed
if different values were used. It is clear however that this model is an
initial step toward market simulations.

Lastly, simulation of purchasing behavior, although a very complex
area, has greatly improved with the aid of psychology and behavioral
sciences. The consumer states assumed here as unaware, aware, potential

and actual customers have been suggested in the literature as a consumer
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buying process. However, the real behavior is much more compliex than is

assumed for this model.
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CHAPTER VII

CONCLUSIONS AND RECOMMENDATIONS

The theoretical model proposed for this study was explored in the
last chapter. Under the conditions assumed and the limitations described
earlier, a selective penetration strategy results in better overall
cumulated profits.

[t is found that the size of the market was a very important and
sensitive parameter for the four policies tested.

Concerning the producer's policies of advertising as a percentage
of sales revenue and pricing in a mark-up basis, both have certain
limitations. At the introductory stage of the product substantial
promotional effort is regquired. Since sales are at a Tow level during
this stage, a fixed percentage of sales revenue produced inadequate
promotion for the product at the initial stage.

The pricing policy on a mark-up basis also was not very practical.
Mark-up pricing in this case should be a variable mark-up varying inversely
with production costs. The reason is that prices resuited very high at
low levels of production; this was avoided with a fixed price initial
policy.

It has been identified that the major feedback loops related to
growth of sales are the loop containing the price decision and the loop

relating to sales and promotional effort. The limiting loop is the one
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involving the fixed population of the consumer sector and not considering
a repurchase activity.

One of the major limitations of this study is not having included
a competitive sector. This has limited the analysis of the results
obtained in this work.

A sensitivity analysis of various parameters and selected changes
in initial conditions led to important results. For both cases, the normal
market and a larger market, a selective policy produced more cumulative
profits during the simulation period of 600 weeks. The results obtained
when varying the awareness and purchasing delays were as expected. The
mode]l showed some sensitivity to these parameters although not significant.

Changes in the parameter PLT involving the delay in production
decision led to equivalent results as in normal conditions. The same
result was obtained when varying the ordering delay MD at the distributor
sector.

A parameter which showed greater sensitivity was PPN which repre-
sents the perceived value of the product by the consumer. Cumulative
profits were much better when this value was higher than the consumer
price, i.e., the price offered by the distributor to the consumer,

The value of DT used for simulation was OT = 0.2 weeks. Smaller
values of DT did not show variations in the final results.

Concerning future work in this area a first step should be to
create a better model relating the consumer sector and simulate the
consumer behavior after selecting a particular product. The selection
of one product will permit one to focus the analysis on the attributes

of the product selected and the utility functions attached by the potential
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consumer to the product.

Also after selecting one product it may be possible to include
curves relating price elasticity and promotion elasticity if these curves
are known or also may be assumed with different values. Interesting
results may be expected from this analysis.

Future work could also include an interesting area invoiving costs
of distribution, ordering costs, and inventory holding costs. A more
detailed financial sector would be helpful,

One of the most important factors to be included in a model of
this sort in future work is a competitive sector. This sector should
have an important influence on the pricing decision and on the sales
variabie.

Another interesting area to be explored would be an advertising
subsystem. Many variables related with advertising could be analyzed
in their impact on awareness and sales response. Feedback Dynamics would
be extremely helpful in analyzing the effect of different advertising
timing patterns such as concentrated continuous and intermittent messages
with different variations such as rising, falling, alternating or

continuous.
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A
C

IFR.K=ROS.K+{1/ALEL)X(DIF.K-AIF.K}
ALEL=10

R FR+KL=MIN(DFR.KryMAXCAF)

ZD|_IDODDODI‘"U:'."I'JDOZ‘Z'OI‘I'JDCDZZ‘I".ID!-DGDUZ'F'?JDUDUDFIDDDF!DUI—43]}02‘0

MAXCAF=1000
SHIN.KL=IELAY3(FR.JKrFLT)

FLT=4

UOC,K=TOC.K/AFR.K
TOC,K=TARHL (YTOC» TIME . K5 OrLENs INC)
YTOC=2000/2500/3000/3500/4000/4500/5000

APR.K=AFR, J+{1/CSFR>*% (DT ¥ (SHIN. JK~-AFR.J)

CSFPR=30
TUC.K=U0C.K+UDC

unc=20

UADEX .K=ALEX . K/ASHRS K
TFRIE.K=(TUC.KY*{1+HKF)
FRICE.R=MIN(TFRICE.K:IFRI>

IFRI=45
REV.K=(CFD. JK)* (FRICE.K)
MKF=0.98

ASHRS . K=5SMO0TH(ASHR . JKsSTCT)
STCT=4

AVFRFP.K=(FRICE.K~-TUC,K)*LCFD. JK-ANEX.K
AVFRR .KL=AVFPRF . K

TAFF K=TAFF . J+DTR(AVFRR . JK)
CFI.KL=DELAY3I (RRE. JKrARRI)
ARRD=20

ADEX .K=REV.KXFSAD

FSAD=,04

MARR . K=AL.K/ESTHM

CASHF . K=CASHF . J+ITXAVFRF . JXCFD . JK
ADEXR,K=ADEX.K/LTULEX

LTOEX=35000

RADEX . KL=ADREX.K

aTE LOISTRIBUTOR SECTOR

TOHOR .K=ASR.K+ (1 /AN X (DINLK-AID.K)
[OR . K=MAX (0» TDOR. KD

All=4
ASR.K=ASR.J+{1/TSRIX(LT)X (SR, JK-ASR.J}
TSR=4

QRIN. KL=DDR . K
ORKL=DELAY3(ORD, JK»HLD

HO=3 :

DID.K=ASR.K¥CONSF

CONSF=4
RRID.KL=DELAY3(ASHR.JKsALD)

ADD=2

AILLK=AID, J+DTH(RRD.JK=8R.JK)
UFCD.K=FCD/ASR.K

FCD=1000

TCPUDLK=FRICE.K+UFCD.K
CONFRI.K=(PRICE.K) X (1+DHUF)
OMURP=0.328

UFD.K=CONFRI .K-TCFUL.K

CASHD . K=CASHD . J+ (DT>X (Sk. JK) ¥ (UFE. J)
AVFRD.RK=(ASR.KY X (UFDL,K)
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120
121
122
123
124

125

124

NOTE CONSUMER SECTOR
UNK=UN.J-UTkAWR . IK

AWR . KL=LN . K/AWLE . K

AW R=AW, JH (DT IR (AWK« IK-FCR . JK?
FC+K=FC.J+(OTr* (FCR . JK=-FUR.JK?
FCR+.KL=AW.K/FOL. K
AC.K=AC . J+ (DT 3* (PUR.JK?
FURL.K=FC.K/FUR.K

UY . K=TAEBHL (YUY » TIME.K»QrLENs INC)

YUY=.3/+:5/.5/.5/.5/.,5/.5
YUNIO=45/45/.5/.5/:3/.5/.5

YINFU=,2/,2/.4/.6/.8/1
FATT+K=TAEHL(YPATTFRAT.K,052,.5)
YFATT=1/.5/0/-1/-1

FRAT .K=CONFRI.K/FFN

FFN=63

AWDE .K=TAEBHL (YAWDE » AWD . Kr0s2,s,S)
YAWDE=Z00/150/100/50/0

AWD L K=INFV,K+ULD.K

FCO L K=INFU.K+UY.K
FOO.K=TAEHL(YFOD-FCO.KrOr2s1)
YFOD=200/150/50
FUD.K=FCLH.K+FATT.K

DFUR .K=TAEKHL (YDFUR rFUD.Ks02341)
YOFUR=200/50/25/5

IGF .K=MAX (0 FURD. K)

IGF .K=MAX (0 AID.K/LT)
SR.KL=MIN(IGF.KsDGF.K)
FUR.KL=SR.JK

CONVF=1

JoF=R0S

ROS=FC*CONVF /FURDN

FURDIN=4

ESTH=180000

AIF=IC¥ROS

AID=CONSFXROS

SFR=ROS

ASR=ROS

AFR=R0S

UN=ESTH

AL=ESTHZ2

FC=ESTH3

AC=ESTH4

CASHF=150000

CASHI=150000

TAFF=10000

ESTM2=12000

ESTHM3=500

ESTH4=500

LEN=400

INC=100

OO0O0O0DNZETZIZZIZZZZZZZOOZZONNDDDADDPADPDD4D20DADADSDHD>DDCACr DT

FLOT AW=A(0»200000)/REV=$/AVFRF=X(0r100000)/TAFF=I/AIF=V,Al

X R=5(0,1000)sSHIN=F(0,1000)

FLOT FRICE=E/AVFRF=%/FRAT=R/UJ0OF=N/OR=R/ALEX=A/FUL=U/5R=5

FRINT PRICE:CONFRI-ALEXsADEXR:INFV
FRINT AWRyFCD,FOD:PULFFUR SR

SFEC DIT=,2/LENGTH=600/FRTFER=0/FLTFER=15

OFT SKFRRN
RUN BASE

UD0. K=TABHL(YUDDO  TIME.KsQrLENs INC)

INFU K=TABEHL (YINFVUsADEXR.Ky Q1. 2)
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