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This research is a computer simulation experiment

involving a limited number of factors that affect the

productivity of a business organization. The focus is on

the psychological motivation of the individual in a

business organization, and how that motivation influences

the productivity of the organization. The primary

objective of the research is to demonstrate how computer

simulation can be useful as an experimental vehicle to

develop additional insight into the behavior of

individuals in organizations.

The specific setting is a hypothetical business firm

that manufactures and markets a multi-product line. The

primary decision considered in the model is the allocation

of sales effort among different products in the product

line, and the effect of that allocation on the firm's

profitability.
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For behavioral theoretical background, the research

relies primarily on the work of Vroom regarding partici-

pation in decision-making. The Specific mechanisms

through which participation may influence productivity

are examined, particularly the classification of

participation effects into "decision quality" and "ego-

involvement."

The model also draws upon the work of Likert

regarding the effects of communication links in an

organization. Selected communication links are incor-

porated for study. In particular, the link between

production and sales concerning knowledge of inventory

position is considered. Also included for investigation

is an intercommunication link between territorial

salesmen regarding characteristics of the market.

The primary reSponse variable that is selected for

analysis is the profitability of the firm. A complete

26 factoral experimental design is utilized, concentrating

on the following experimental variables:

° Stability of demand: stable vs. volatile.

' Market reSponse to sales effort: uniform

response vs. non-uniform response.

- Knowledge of inventory by sales department:

no knowledge vs. knowledge.

° Salesmen intercommunication: no information

exchange vs. information exchange.

- Sales manager style: authoritarian vs.

equalitarian.
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' Salesmen personality: low vs. high need for

’ independence.

Two factors, stability of demand and the inventory

communication link, were found to have little effect on

profitability, primarily because of counterbalancing

mechanisms that tended to result in Opposing effects.

The intercommunication of salesmen was found to be

insignificant because of the lack of substantive infor-

mation transfer. The strongest effect on profitability

was caused by participation in the sales-effort allocation

decision, eSpecially when considered in conjunction with

valid market information and salesmen characterized by a

high need for independence.

The model demonstrated a structure which explicated

the partialling of the effects of participation into an

information transfer component and an ego involvement

component, each acting independently of the other.

The experiment has provided an initial step toward

the integration of "macro" and "micro" type simulations,

as well as demonstrated the viability of simulation as a

means of explicating the structural mechanism underlying

behavioral theory. The major contribution of the

experiment is the demonstration of the usefulness of

computer simulation as a vehicle for the exploration of

behavioral theory.
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CHAPTER 1

INTRODUCTION

What causes people to willinaly contribute to the pro-

ductivity of an organization? The quest for the answer to

this question is a continuinr challenge to both managers

and behavioral scientists. Occasionally relatively simple

answers are proposed, e.r.. a "Theory Y" versus a "Theory X."

But simplified theories cannot adequately explain the ex-

ceedingly complex interactions of the myriad of factors that

influence an organization's performance. Indeed, even the

concept of "productivity" has become rather blurred in recent

years. In the past, profitability was normally a sufficient

measure of productivity. Today, however, a business organi-

zation is accountable not only to stockholders or owners, but

also to employees, customers. and ultimately to society as a

whole. In addition to the responsibility of achievinm prof-

it objectives. management must also face the problem of ful-

filling a multitude of objectives which are frequently ill-

defined and difficult to measure. In an overall sense, a

business firm continually attempts to optimize an ill-defined

multiple criterion function, with constantly changinr oper-

ating constraints.

This research is an experiment involving a limited
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number of factors that affect the productivity of a business

organization. The focus is on the psychological motivation

of the individual in a business organization, and how that

motivation influences the productivity (as measured by prof-

itability) of the organization. A secondary focus is con-

cerned with the effect of selected communication links on

productivity. The level of technology as well as the tech-

nical competence of individuals is assumed to be constant

and is not directly considered. The primary objective of

the research is to demonstrate how a relatively new methodol-

ogy-~computer simulation--can be useful as an experimental

vehicle to develop additional insizht into the behavior of

individuals in oraanizations. It is an exploration aimed at

elucidating behavioral theory by subjecting that theory to a

simulation process and observing whether or not the simula-

tion approach leads to an understanding of gaps. or incon-

sistencies, that may exist within the formulation.

Theoretical Background

In discussing the interrelationship of work and motiva-

tion, Vroom (196a, p. 6) specified three phenomena which

have attracted the attention of behavioral scientists:

1. The choices made by persons among work roles.

2. The extent of their satisfaction with their chosen

work roles.

3. The level of their performance or effectiveness in

their chosen work roles.

This research concentrates on the third phenomenon. In
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particular. it focuses on the effect participation in deci-

sion—making has on productivity. The specific setting is a

hypothetical business firm that manufactures and markets a

multi-product line. The primary decision considered in the

model is the allocation of sales effort among different prod-

ucts in the product line, and the effect of that allocation

on the firm's profitability.

For behavioral theoretical background, the research re-

lies primarily on the work of Vroom (1960. 1964) regarding

participation in decision-making. In a study of supervisors,

he found that individual personality differences constitute

important moderators in the relationship between participa-

tion in decision-making and performance. The amount of

psychological participation was found to be highly related

to performance in those subjects who were high in need for

independence: however, such participation was unrelated to

the level of performance in those scoring low in measured

need for independence. Vroom's findings regarding the mod-

erating effects of subordinates' need for independence are

incorporated into this model.

In this experiment. two types of individual salesmen are

specified. The first type has high need for independence and

derives intrinsic satisfaction from the opportunity to exert

perceived influence on the decision-making of his superiors.

The second type has low need for independence and places no

personal value on the opportunity to influence decision-mak-

ing. It is recognized that in a given population of actual
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individuals, the attribute of need-independence will be dis-

tributed along a continuum. For purposes of experimental

control, however, the model assumes dichotomous polar levels

of need-for-independence.

The specific mechanisms through which participation may

influence productivity are also examined by this research--

particularly the classification of participation effects into

"decision quality" and "ego-involvement." In discussing

decision quality, Vroom (i96h, p. 7) observed that:

Differences in the quality of decisions reached demo-

cratically and autocratically are probably dependent

on a large number of factors. including the extent to

which supervisors and subordinates have information

relevant to judging the organizational consequences of

different courses of action and the extent to which the

interests of each are in harmony with organizational

objectives. It is extremely unlikely that democratic

decisions are always higher in quality than autocratic

ones or vice versa.

In addition to the information quality aspects of deci-

sion-making, this experiment also attempts to demonstrate the

relationship between participation and ego-involvement in de-

cisions. and how this relationship can influence the produc-

tivity of the organization.

It is also possible that people become "ego involved"

in decisions in which they have had influence. If they

have helped to make a decision it is "their decision,"

and the success or failure of the decision is their

success or failure. Intuitively it would appear that

the amount of personal involvement of people in de-

cisions is dependent on the amount of influence they

have had in the decision and on the extent to which

they pride themselves on their ability to make that

kind of decision. If, for example, a person who con-

ceives himself to be a brilliant scientist shares in

the making of a decision which he believes requires

scientific judgement. the outcome of that decision is

a test of the adequacy of his self-conception. A
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successful decision confirms his self-concept: an

unsuccessful decision threatens it. On the other

hand, when he helps to make a decision on an ad-

ministrative matter he has less "at stake." Nei-

ther a successful nor an unsuccessful decision

would be greatly inconsistent with his self-con-

cept (Vroom. 196a, p. 7).

The model also relates individual motivation and per-

formance to the overall performance of the organization. in-

corporating an elementary theory of individual motivation.

the Vroom concept of "Expectancy Theory" (1964). The struc-

ture of the model thus is dependent on the theoretical and

empirical framework used to portray individual behavior in

organizations .

Vroom's conceptualization of Expectancy Theory may be

referred to as the instrumentality-valence model. which is

stated in two propositions:

Proposition 1. The valence of an outcome to a person

is a monotonically increasing function of the alge-

braic sum of the products of the valences of all other

outcomes and his conceptions of its instrumentality

for the attainment of these outcomes.

Valence is defined as "anticipated satisfaction from an

Outcome."

Proposition 2. The force on a person to perform

an act is a monotonically increasing function of

the algebraic sum of the products of the valences

of all outcomes and the strength of his expectancies

that the act will be followed by the attainment of

these outcomes.

It is also assumed that people choose from among

alternative acts the one corresponding to the

strongest positive (or weakest negative) forces

(vrocm, i96u. p. 17).

Thus, in Vroom's model, each individual has internal

attributes such as expectancies. instrumentalities, valences
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of particular states. forces to perform particular acts, and

skill levels.

An individual's performance may be regarded as a func-

tion of his ability and motivation. In this model. all sales-

men are assumed to have equal and constant ability and tech-

nical competence. variations in performance. then. depend

only on changing levels of motivation.

vroom specified three possible relationships between

motivation and performance: linear. negatively accelerated

approaching an upper limit. and an inverted U function. vroom

generally favors the inverted U function. quoting evidence,

and offering two possible explanations. One reason for the

decline of performance under very high levels of motivation

may be a narrowing of the cognitive field. Another reason

may be an association between anxiety and a high level of

motivation. In this model. it is assumed that the levels of

motivation in organizations are generally not the very high

levels that are associated with a reduced cognitive field or

high anxiety. Therefore. the declining portion of the in-

verted U function is ignored. resulting in a negatively

accelerated relationship between motivation and performance

that reaches an upper limit.

PERFORMANCE

 
 

MOTIVATION

Figure 1-1. Vroom's Concept of the Relationship Between

Motivation and Performance
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In the model. individual performance of a salesman is

defined in terms of the total amount of personal effort that

a salesman expends in selling his products to customers. The

individual level of motivation (effort) is regarded as a

choice made by the individual. In terms of the instrumental—

ity-valence model, he selects a level of effort that is con-

sistent with the highest possible force. For salesmen with

high need-independence, the opportunity of influencing his

superior's decision-making is regarded as possessing high in-

strumentality because the outcome of perceived influence with

the superior is intrinsically rewarding. Opportunity to parti-

cipate therefore becomes a motivating factor for the sales-

man. For salesmen with low need-independence. the oppor-

tunity to exert influence in decision-making is regarded as

possessing low instrumentality because the outcome of per-

ceived influence with the superior is not regarded as re-

warding in itself and is therefore not a motivating factor.

The model provides a mechanism by which the effect of

the salesman's motivation-effort reaction is related to the

determination of the overall performance of the firm.

This experiment also draws upon the work of Likert re-

garding the effects of communication links in an organiza—

tion. In particular, the model incorporates selected cross-

communication links that are included as determinants in

decision processes.

Likert defined the "linking-pin" communication link

concept as a key causal variable that differentiates a
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"System 2" from a "System 4" type of managerial style.

System h management...uses an overlapping group

form of structure with each work group linked to

the.rest of the organization by means of persons

who are members of more than one group. These

individuals who hold overlapping group member-

ship are called "linking pins" (likert, 1967.

p. 50).

He concluded that the information transfer and motiva-

tional effects of group decision-making are key behavioral

elements that lead to high performance by an organization.

Likert defined his System 2 as "benevolent-authorita-

tive" while System h was described as "participative-group."

System 2 is characterized by a traditional "chain-of-command"

authority structure while System h is characterized by

supportive relationships. group decision-making, and high

performance goals.

In this experiment. selected communication links are

incorporated for study. In particular, the link between

production and sales concerning knowledge of inventory posi-

tion was considered. Also included for investigation is an

intercommunication link between territorial salesmen regard-

ing characteristics of the market.

In summary. this research attempts to incorporate se-

lected theoretical and empirical conclusions of Vroom and

Likert as the primary theoretical framework for the experi-

ment.

Methodology Background

The influence of human behavior on the performance of an

organization is a complex. interactive process. Various
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investigative techniques have traditionally been useful in the

quest for knowledge about behavioral processes. One meth-

odology that has been in the forefront in the development of

social science theories is field research, or "survey" re-

search (as typified by the work of the Institute for Social

Research at the University of Michigan, or the Ohio State

Leadership Studies). A second technique. laboratory experi-

mentation. has been useful in isolating specific behavioral

variables from random variations and confounding factors. thus

facilitating the observation of outcomes that are strictly

controlled by the experimental treatment.

A.third methodology that has received significant and

increasing attention is computer simulation. Simulation. as

a technique, has been primarily utilized as a tool for the

prediction, understanding. and explanation of existing sys-

tems (system analysis) or systems undergoing design (system

design). In the field of business. computer simulation has

been most frequently applied to the analysis of production,

transportation. or marketing systems by focusing on the

dynamic flow of materials or products. It has served as a

substitute for more precise analytical optimization methods

when such methods were inapplicable to complex systems. This

experiment, however, is concerned with the use of simulation

as a means of exploring social science theory in the context

of the business firm. Since the focus is on behavior, rather

than on the flow of materials, the experiment is classified

as'a "behavioral" simulation.
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Simulation. of course. is far from new: "...man has

been simulating things ever since he first scratched a pic-

torial representation of some real object on the wall of a

cave" (Conway, et al.. 1959. p. 92). Simulation is new, how-

ever. if one considers the subtle changes in the definition

of the word. Webster's (1967. p. 811) rather broad defini-

tion of "simulate” ("to give the appearance of") can be

applied to a wide variety of pictures. schematics, physical

models, mathematical models. etc. In management and be-

havioral science literature. however. the word simulation

has taken on a variety of new connotations: "One fact is

certain. There is a computer simulation semantic jungle..

..no consensus exists among writers on a definition of com-

puter simulation" (Tarter. 1970. p. 2).

The following definition. however, best characterizes

the intent of the present research:

Computer simulation is an experimental method which

utilizes a digital computer to operate a dynamic model

for the purpose of theory development.

The subtle distinctions between the terms theory. model.

and simulation are not always apparent. Theories are pur-

posely broad. They attempt to provide a generalization to

explain many specific cases. In the physical sciences.

theories are generally formulated in mathematical terms. but.

in the social sciences, real-world phenomena are not so amen-

able to mathematical expression. Social science theories

are typically depicted verbally. although attempts are fre-

quently made to reduce verbal expression to the more precise



11

and rigorous mode of mathematics.

. . .some social scientists have sought refuge

in the domain of mathematics. The introduction

of strict. emotionally neutral definitions and

rigorously logical reasoning has considerable

appeal. . . (Gullahorns Emonograph. forthcoming] ).

A theory. in entirety, may be too general to be tested

in any meaningful way. A more specific expression may be

required if a theory is to be tested: ergo, the need for a

model. A model may thus be regarded as a specific manifes-

tation of a theory. It is the unique mechanism by which

theory is translated into a specific set of conditions and

circumstances for the purposes of explanation and experimen-

tation. Theory provides the basic framework for specifica-

tion of a model and is the starting point for building the

model. Barton (1970, p. 25) has discussed the relationship

between theory and models:

Theories are purposely broad; they try to generalize

over many specific cases. This is really an economy

of communication so that man does not need to pass

hundreds and hundreds of detailed instances from one

generation to the next. . . . To use theory. one must

make the generalizations of theory specific enough

to guide the making of observations and the taking

of actions. Models serve this purpose.

Theory, therefore. is frequently expressed as a mathe-

matical model. For complex systems. however, a mathematical

description may be intractable to a closed analytical solu-

tion. Also, the restrictions imposed by the number of vari-

ables that can be interrelated by a mathematical model are

limited. Other alternatives are needed. Because of its

speed and symbol-manipulating capabilities, the digital
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computer provides a tool for the implementation of such an al-

ternative. Not only mathematical. but logical models as

well, can be specifically formulated for operation on a com-

puter. The result is a computer simulation.

A computer simulation is a unique kind of model. It

serves not only as an explication of a theory, but also pro-

vides the opportunity to set the model to work: to observe

the behavior of the model over time and under varied sets of

conditions. Since it typically incorporates the interrela-

tionships of the system variables over time, a computer

simulation is generally dynamic. A simulation is an abstrac-

tion of not only the static structural relationships. but

the dynamic, process relationships as well. "It is the

exhibition of process that distinguishes simulation from

such static models as blueprints. dolls. etc." (Crow. 1967.

pp. 11. 12). A behavioral simulation may thus be thought of

as a special kind of dynamic model. i.e.. an abstraction of

reality that attempts to describe the socio-psychological'

components of the reality and to specify the dynamic nature

of the relationships among those components.

Computer simulation provides a unique vehicle for the

study, development, and explication of theory. Verba (196a.

p. #99) discussed the role of simulation in the development of

theory:

One of the major contributions of simulation

research L' 13:] to the development of theory. .

. . The process of designing a simulation forces

the designer to explicate his model. . . . One

is forced to make explicit what may have been
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the implicit assumptions about the subject matter

--in order that these assumptions may be placed in

the operating model . . . . a simulation differs

[in] that it goes on from there. The explicated

model is set to work and. over time. generates data

on subsequent states of the simulation.

A computer simulation can be regarded somewhat analagous

to a laboratory experiment in that it provides the advantage

of being able to attain a high degree of experimental con-

trol. Like a laboratory experiment. the results may thus

lead to further confidence in the theory. disprove the theory.

or possibly lead to further investigation that may modify the

theory. Frijda (1967) also supports the concept of computer

simulation as a useful tool for the development of theory:

. . .computer programs can serve as unambiguous

formulations of a theory. The program language

is precise: the meaning of a given process is

fully defined by what it does. . . . [It] is a

means to demonstrate and test the consistency and

sufficiency of a theory. If the behavioral data

which the theory wants to explain are in fact re-

produced by running the program. the theory has

been proved capable of explaining these facts.

Moreover. running the program under a variety of

conditions may generate consequences of the theory

which can be tested against new evidence. These

consequences may be unforeseen and they may be

quite important. . . . Extensive experimentation

is possible by running different versions of the

program 0 e e 0

One of the byproducts of simulation is the necessity of

guaranteeing sufficiency and completeness. "The computer

simulation model will not operate if you forget anything. If

you fail to take into account some necessary mechanism that.

in the verbal description of a theory you might readily pass

over. the computer simulation will not run" (Feigenbaum. 1963,

p. 5). The Gullahorns found the same in their simulation of
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George Homans' theory of social exchange:

. . .the very process of translation [from verbal

theory to computer programZJforces one to be pre-

cise about variables and their relationships and

thus helps one to recognize ambiguities in ex-

pression and implicit assumption in the verbal mod-

el. For example. if the verbal formulation con-

tains qualifying phrases such as "other things

being equal." in programming one must define pre-

cisely what these "other things" are and what it

means for them to be "equal“: otherwise the computer

simply will not operate--the programmed theory will

not generate the expected consequences (Gullahorns.

1962. p. 5).

In the past. the primary development of theory has re-

sulted from the collection of empirical data. The social

scientists' objective was to devise a theory that would ex-

plain the data. The more data explained by the theory. the

more confidence in the validity of the theory.

Computer simulation does not alter this objective, nor

will simulation replace empirical data as the primary source

of theory development. Rather, simulation becomes an addi-

tional tool. one that can lead to further insight regarding

the theory. Through the computer. it becomes possible to

perform analyses that would otherwise be impossible: to make

further deductions regarding the dynamic implications of com-

plex systems.

The use of computer simulation as a tool for theory de-

velopment has been recently established in all the behavioral

sciences, ranging from political science (which focuses on

the nation as a behavioral entity) to psychology (which

focuses on the individual as a behavioral entity). Selected

examples may be found in Ableson and Bernstein (1963), Amstutz
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(1967), Carroll (1969), Guetzkow (1962). Guetzkow, et. a1.

(1963). McPhee (1961). Schelling (1961), and Tomkins and

Messick (1963). Some attention has also been directed to-

ward the use of computer simulation as a methodological

technique in doctoral dissertation research. A number of

dissertations that employ computer simulation as a research

methodology can be found in Tuason (1965), Bellman (1969).

Uhr (1969), Chervany (1968). Siemens (1967). Cleveland (1967).

Miller (1962). Summit (1965). Desjardins (196a). Hutchinson

(196h), Wallace (1961), Green (1960), Benson (1963). Hershaur

(1969). Stallings (1970), Parker (1970), Hunt (1970), Fondren

(1963), Kaczka (1966). Gensch. (1967), Norek (1970). Bright—

man (1970), Srinivas (1970), Bettman (1969), and Weber (1970).

Macro and Micro Models

In this investigation of human behavior in organiza-

tions. computer simulation is employed to generate an arti-

ficial history of a hypothetical firm for purposes of an-

alysis. The research attempted to integrate two major trends

which have characterized behavioral simulation: the "macro"

versus the "micro" approach. The Gullahorns (1969. p. 3)

take note of these trends in their review of social system

simulations:

In endeavoring to organize the varied types of

simulations that were retrieved in our biblio-

graphic search, we have distinguished between

models that emphasize universal processes affec-

ting a social system as opposed to those that

focus on micro-behavioral processes within socio-

cultural contexts. The distinction is by no means

clear-cut. However, while not all of the models
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simulating total system process exhibit a "black

box" approach to individual decision making, they

nevertheless tend to trivialize autonomous infor-

mation processing. The simulations we have termed

micro-behavioral, on the other hand, incorporate

social psychological considerations and tend to de-

emphasize total system processes.

In business-related simulations. the "macro" approach

typically involves modeling the marketing. production, and

financial functions as well as the flow of materials. prod-

ucts. information. and profits along with associated de-

cision processes. The decisions in such a large-scale

simulation generally are not associated with an individual

nor specified in detail. Examples of the large-scale ap-

proach include the Cyert and March model of price and out-

put behavior in the firm, the Bonini simulation of informa-

tion and decision processes. and the Kaczka model of the

behavior of work groups.

The Cyert and March (1963) simulation dealt with the

output and price decisions of a business firm operating in

an oligopoly market. The basic decision processes of the

firm reflected the March and Simon (1958) concepts of

"satisficing."

The firm in the model makes three basic decisions

during each time period. First, the price to be charged for

the product is determined. Second, the number of units to be

produced in the next time period is decided. Finally, the

firm decides on the amount of sales effort and the amount

allocated to sales promotion.

The decisions are made subsequent to a comparison of
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past performance with goals. In effect. decisions are made

on the basis of past results. Goals are adjusted according

to a lagged relationship with performance. If problems

exist, the firm may implement a search for alternatives to

solve the problem. The firm operates under a type of manage-

ment by exception since search is avoided if all appears to

be going well.

The experiment on the Cyert and Xarch model is imple—

mented through the use of a number of runs. each with random

variations in the values of the model parameters. The re-

sults are analyzed by regression techniques to determine

which parameters exert the strongest influence over the per-

formance of the firm. In summary. the Cyert and Narch model

presents empirically based behavioral processes that are rel-

evant to the determination of the price and output deci-

sions of the business firm.

Bonini's work incorporated the simulation of the infor-

mation and decision process in a hypothetical business firm.

His model was an attempt to synthesize some of the relevant

theory from several disciplines--economics, accounting,

marketing, organization theory, and behavioral science. His

:nodel of the business firm included the traditional functions

0f production and marketing along with an executive group

in) oversee the operations. The objective of the simulation

was: to study the effects of certain environmental, informa-

tiomual, and organizational factors upon the performance of

the firm.
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The decision processes in the Bonini model were heavily

influenced by the work of Narch and Simon (1958). and Cyert

and March (1963). concerning the concepts of "satisficing"

rather than "maximizing." The model was distinctive because

of its emphasis on the behavioral aspects of the organization.

In particular. Bonini incorporated the concept of an "index

of pressure." which is a function of performance relative to

goals.

When an organization is failing to perform up to

expectations. there is a tendency for pressure to

build up within an organization. and this pressure

generally results in attempts to achieve better

performance. (Bonini. 1963. p. 19)

The study was basically an experimental simulation that

investigated the effects of changes in the external environ-

ment. the information system. and the decision system.

Among other findings. one major conclusion was that firms

with relatively stable environments were slow to take advan-

tage of profit opportunities. while firms faced with highly

variable environments generally. after considerable search,

ended up with higher sales and/or lower costs.

An important conclusion generated by the study was the

Point contrasting a priori versus a posteriori theorizing.

IHe emphasized how it was often easy. after the fact. to ex-

Dlain how a mechanism would work. but emphasized that such

explanations should not mean that the results were necessarily

trdsvial or obvious beforehand.

Although the Bonini simulation was not intended to be

appfilicable to any particular company's problems. it was
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important because of the demonstration of the capability to

abstract selected behavioral aspects of the information sys-

ten and decision processes in the firm.

Eugene Kaczka has constructed a computer simulation

model that concentrates on the behavioral aspects of the

production sector of the business firm. His experiment ad-

dressed the question of whether a managerial climate which is

employee oriented results in higher levels of performance

than a task oriented climate. His research employed a fac-

torial experiment on a complex model of a hypothetical in-

dustrial organization that was composed of four structural

components: the market. the executive level. middle and

lower management levels. and work groups.

As measured by both economic and socio-psychological

criteria. he found performance to be significantly affected

by managerial climate. His model demonstrated general sup-

port of the hypotheses of Likert (1967):

Several of the dimensions of managerial climate.

and interactions of these dimensions yielded

higher levels of organizational performance under

employee-orientation than were realized under

task-orientation. The notable exception was low

cost emphasis which yielded poorer performance.

In summary. the findings indicate that the most

efficient levels of performance result when con-

cern for cost performance is wed with a concern

for the employees of the organization. (Kaczka,

1966. p. 230-231)

The "micro" approach, on the other hand. has typically

beern.concerned with the simulation of individual decision

Processes. but generally ignores the process by which the

outczome of these decisions affects the total operation of the



20

organization. Examples of the micro approach include the

Smith simulation of the personnel selection decision process.

the Clarkson simulation of the stock selection decision proc-

ess. and the Gullahorn and Gullahorn simulation of George

Homans' theory of exchange in interpersonal behavior.

Smith's (1968: Smith and Greenlaw. 1967) simulation

dealt with a decision process in personnel selection. In

particular. the simulation attempted to emulate the decision

process of a personnel psychologist who utilized test scores

and other data about individuals for selection and placement

into various types of clerical-administrative positions.

The simulation was designed to produce not only a specific

employment recommentation. but also various interpretive

comments about each applicant.

His model was proven capable of producing a strong

correspondence between the human psychologist and the output

of the computer simulation. In his experiment. he found a

9&1 level of agreement between the human decisions and the

simulated psychological inferences.

His research suggested the possibility of utilizing

computerized interpretive programs as prescriptive models

for personnel selection. Also mentioned was the possibility

of utilizing a similar model for computer-assisted instruc-

tion of industrial psychology students. In the long run.

however. his major contribution lies in the fact that . . .

Research of this type gives deeper insight into

the manner in which people resolve problems. The

methodology allows the researcher to map an



21

equivalent thought process at a particular

point in time and could permit the study of

the effects of aging and experience on decision-

making capabilities of individuals and groups.

(Smith. 1968. p. 329)

Another research effort that involved the simulation of

individual decision-making was the Clarkson model of the

trust investment process. The principal objective of the

study was to develop a behavioral. as opposed to normative.

theory of trust investment. A.trust investment office is

charged with the responsibility of allocating a given invest-

ment amount among various stock investment alternatives.

Clarkson's model was constructed by observing the decision

logic of an investment officer and by incorporating that

logic into a heuristic program for computer simulation.

Clarkson's basic findings indicated that his model provided

a reasonable prediction of both the actual portfolios as well

as the decision processes by which selection was made.

One of the better known micro-models is HOMUNCULUS. the

Gullahorns' simulation of interaction between two (or more)

individuals (196“. i969). HOMUNCULUS is not only a model of

a social system but is also a micro-process because of the

elaborate decision system of each individual in the model.

Each individual is defined by a list structure representing

personal attributes such as identity. values. attitudes. and

a memory structure that may change with each interaction

event. The decision that each individual makes is contingent

upon his values. attitudes. and memory structure.

The model is based on George Homans' theory of social
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exchange. where two individuals act in face-to-face inter-

action and provide rewards and punishments to each other.

The construction of the model requires the translation of

five verbal prepositions advanced by Homans (1961. pp. 53-111)

into operational computer statements. The particular situa-

tion described by the model is a dyad. where one person re-

quests help from another in a Job related task. In the in-

teraction event. both may benefit and both may pay a price

in a sort of psychoeconomic exchange. The decision process

that guides each individual's actions depends on the payoffs

that his past interactions have elicited.

The input is composed of the personalities and past

histories. defined by attributes assigned to the two in-

dividuals. The output data consists of the verbal responses

of the two individuals as they proceed through a sequence of

interaction events.

HOMUNCULUS has also been used to investigate triads

(196a) and has found that. for individuals who were initially

strangers. an isolate and a dyad results. For triads who

are initially friends. the results are similar to the dyadic

interaction.

The primary value of the Gullahorns' work is the fact

that a social science theory. formerly expressed only ver-

bally. was proven tractable to expression by a computer pro-

gram which demonstrated the internal consistency of the

theory.
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The Nature And Purpose Of This Experiment

Currently. the Gullahorns are undertaking a project

whose long-term objective is to integrate a "microprocess"

individual decision-making model (similar to their HOMUNCU-

LUS model) into a "macroprocess" that models the functions of

a large-scale firm. The interfaces between the microproc-

esses and macroprocesses of the system will occur at the

decision nodes. When the need for a decision is specified

by the macrosystem. the inputs to the decision node will be-

come the inputs (or stimuli) to the microsystem. The micro-

system will emulate the decision process of an individual

and will emit a decision (to the macrosystem) after being

operated on by the socio-psychological attributes of that

individual.

The current simulation endeavor provides the

challenging opportunity to advance. . .by

building a model of an organization in which

individual values. decisions. and behavior pro-

duce system results; and in turn. organization

values. adaption. and integration feed back to

influence individual's values and behavior

(Gullahorns. 1970. p. 1).

As an intermediate step in this endeavor. this experi-

ment involves a simplistic firm with a relatively simplified

decision process in order to concentrate on the feasibility

of integrating a macro and micro process into the same model.

In essence. the model is designed to be complex enough

to produce realism in terms of output. but simple enough to

be manageable. Considering time constraints and considering

the state of the art. the experiment. therefore. is designed
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to meet three limited objectives:

1. To provide a means of incorporating and

analyzing complex organizational relation-

ships and selected communication and indi-

vidual behavior factors that may. in com-

bination. impinge on the performance of the

organization.

2. To provide experimental control in order to

isolate specific causal relationships.

3. To provide a means of evaluating the inte-

gration of micro- and macro-processes into

a single model.

In summary. the research is a planned experiment on a

hypothetical business firm. performed by computer simulation.

to investigate the conditions under which selected person-

ality variables and communication links can affect the pro-

ductivity of the firm. The experiment is intended to be an

exploration into the use of computer simulation for explica-

tion of behavioral theory.



CHAPTER 2

STRUCTURE OF THE MODEL

The model developed for this research is a simplified

representation of the operations of a hypothetical business

firm that manufactures and markets a line of products. The

model utilizes a "fixed-time" interval (of one month) of

timekeeping and transcends a total time of 100 months for

each run. The model was written in FORTRAN Iv and computa-

tions were performed on a Control Data Corporation Model

6500 computer.

Nominal demand for each of the firm's products is

exogenously defined and may be described by a unique product

life cycle (see Subroutine SLSGEN). Demand. of course. is

influenced by pricing and promotion policies. sales effort.

and random factors.

Since the model assumes that the firm is a well estab-

lished existing organization with a history. initial condi-

tions (primarily attributes of the existing product line)

must be assigned to simulate the history of the firm. A pro-

gram which was used for random generation of initial condi-

tions is shown in Appendix IV (PROGRAM IC).

The model also assumes a given and constant production

capacity function over the length of the run. Therefore.

capital investment decisions are not considered. The

25



26

manpower system is also assumed to be constant (both in a

qualitative and quantitative sense). and the flow of man-

power is not considered.1

The Organization

The firm in the model is composed of a chief executive

officer. an accounting department. a production function.

and a marketing function. Figure 2-1 shows a breakdown of

these functions. This chart is a representation of the for-

mal structure of the firm. The elements in the chart are

restricted to only those elements of the firm which are

actually incorporated into the model. It is recognized that

a firm. which exists in the real world. even a small busi-

ness. will be considerably more complex than the organiza-

tion reflected by the chart.

.A general summary of the organization activities is shown

in figure 2-2. This chart specifies the primary responsi-

bilities. decisions. and actions that are assigned to each

position and department in the firm.

Each of the individuals and/or departments in the model

receives specific types of information and makes an explicit

set of decisions or performs a specific set of actions.

Figure 2-3 is a summary of the information-decision flow pro-

cesses in the model. listed according to position.

 

1For a Capital Investment simulation. see Cleveland,

(1967). For a Manpower Planning simulation. see Weber,

(1970L
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Program PAJAMA

ProgravaAJAMA is the executive program that implements

and controls each replication.2 After the values for the

block initial conditions are read in. a loop is then estab-

lished for each run with the values for the experimental

variables defined by a zero-one generating algorithm. For

each subsequent run. initial conditions are then reset.

. The program also calls each of the subroutines that

perform the dynamics of the simulation. An overall flow

chart showing the executive program and subroutines is

shown in Figure Z-h.

 

28cc Chapter 3 for definition of replication and run.
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ORGANIZATIONAL ACTIVITIES

 

CHIEF EXECUTIVE OFFICER

 

. ESTABLISHES PROFIT GOALS

. MAKES PRICE ECISIW

. MAKES PROIJOTION IICISIW

. INTRODUCES NEH PROM

HITHORANS OBSOLETE PRODUCT   
 

 

 

 

  
 

 
 

  

‘IPRODUCTIOIIVICE-PRESIDENT] . K I -

' . SETS INVENTORY LIMITS . AGGREGATES SALES FORECASTS

. SOIIEOOLES INVENTORY LEVEL . waxes PRIOE REMNDATION

. SCHEDULES PRODUCTION . MAKES PROMOTION REcowENOATION

' . SETS OVEPALL SALES PRIORITIES

IPROOUCTION DEPARTMENTI ISALES NANICER ”j

l . MNIUFAC’TURES PROOUCTS I I . ADJUSTS SALES PRIORITIES J

 
 

 
 

ISHIPPINC DEPARTMENT I ‘TE'S'TT'NS-I 3
 

L . SHIPS ms l . FOECASTS SALES

' . SETS PERSCNAL SALES

PRIORITIES AND EFFORT

. SELLS m5

 

   
WW

. CALCULATES WITS

. CALCULATES INVENTORY-m-HMD

’Pigure 2-2. Organizational Activities
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Subroutine FCAST

The objective of this subroutine is to provide a mecha-

nism by which each salesman is able to forecast the next-

period sales for each product in his territory. The fore-

cast is based on the sales of the last period, adjusted for

a trend factor.

The forecasting algorithm is based on the double expo-

nential smoothing method (Clark and Schkade. 1969. pp. 705-6;

Brown. 1963, pp. 128-132). The double exponential method is

used because of the capability to correct for trend.

The steps in computing a double-smoothed forecast are:

. Calculate new smoothed average

SAVE(K.L) = ALPI * OHDERS(K.L) + (l-ALPl) *

PSAVE(K,I)

where: SAVE = New smoothed average

ALFi = Smoothing constant

ORDERS = Current orders

PSAVE = Previous smoothed average

. Calculate change in smoothed averages

CHANGE = SAVE(K.L) - PSAVE(K.L)

. Forecast change in orders

DELOR(K.I) = AIPI * CHANGE + (l-ALPI) *

DELOR(K.L)

where: DEIOR = Smoothed change in orders

. Compute forecast of orders for next period

FORC(K,L) = SAVE(K,I) + (l-ALPI) *

DELOR(K,L)/ALP1



36

 

EORECAST ‘PORPCAST SALES

TEICE‘SALESEAN (BASED ON LAST

RACE PRODUCT) NONIR'S SALES A

TREND CF SAIFS)
 

     

   

 

 

 

INVENTORY

(EACH PRODUCT) CALCULA E INVENTORY

LEFT PRON LAST MONTH

ADJUST LINITS ON INVENTORY

(BASED ON LAST MONTH'S SALES)

EELON LL ' 1' EXCESS
 

  

 

COMPARE INVENTORY WITH LIMITS

 

  
 

‘PROPOSE INCREASE WITHIN

IN INVENTORY

  LINITS ‘PROPOSE DECREASE ‘

VIN INVENTORY
  

 

DECREASE PRESS E SE RESSURE

ON SALES DEPT. | '19N SALES DEPT.

PROPCSE SMALL

INCREASE IN

INVENTORY

Figure 2-5. Subroutines FCAST and INVFNT

 

Subroutine INVENT

The level of inventory to be scheduled for the end of

the next period is determined by the Production Vice-Presi-

dent. The objective of this subroutine is to provide a mech-

anism for establishing the scheduled inventory level. The

logic used in this subroutine is adapted from the Cyert and

March (1963. pp. 149-236) general model of price and out-

put determination.

Two limits are pertinent in the scheduling of inven-

tory; UINL. the upper inventory level limit, and HINT. the

lJower (or "runout") inventory level limit. The upper limit

.143 a level that, when exceeded, leads to excessive cost of



37

maintaining unneeded inventory. The lower limit. when breech-

ed. leads to excessive opportunity costs because of lost

sales. The limits are a lagged function of sales--rising as

sales rise. falling as sales fall.

UINL(K) = .ALP? * UINI(K) + (l-AlP?) * 0.3 * TSAL(K)

RINL(K) = LALP7 * RINL(K) + (l-ALP?) * 0.1 * TSAL(K)

where: UINL ‘= Upper inventory limit.

ALP? = Smoothing constant.

TSAL = monthly sales.

RINL = Runout inventory limit.

Subsequent to adjusting the limits to reflect the most

recent sales information, the current inventory level is com-

pared with the limits. If current inventory level is in ex-

cess of the upper limit. a decreased level of inventory (for

next month) is scheduled, pressure on the Sales Department

is increased to sell the excess inventory, and the inVentory

limits are decreased.

If current inventory is below the lower limit, an in-

creased level of inventory (for next month) is scheduled.

pressure on the Sales Department is decreased, and inventory

limits are raised.

If current inventory is within limits, a small increase

in the level of inventory is scheduled.

This logic, defined by Cyert and Xarch, (1963, p. 151)

118 a.form of adaptive behavior in the face of incomplete in-

formation:

Each firm makes decisions on the basis of feedback
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from past results. The firms adjust goals. . .

on the basis of such feedback.

In investigating the production planning procedures of

a number of real firms. Wilson (1969, p. 152) found strong

support for the Cyert and March model:

We have been using. . .a technique, which is

heuristic rather than a mathematical model. work-

ing with upper and lower bounds. . .on inven-

tory. . . The problem is based on trying to keep

inventory between a maximum level and a minimum

level. . . .

Subroutine GENPRO

The objective of subroutine GENPRO is to provide a

mechanism for scheduling and generating the actual produc-

tion of each product.

The amount of production to be scheduled depends on the

forecast, inventory-on-hand, and scheduled inventory:

SCHED = TFORC(K) - INV(K) + SCINL(K)

where: SCEFD Production schedule. in units

-TPORC = Sales forecast

INV = Current inventory

SCINL = Scheduled inventory level

Actual production for each product is randomly generated

in the model from a normal distribution with mean equal to

the scheduled production, and a standard deviation equal to

2&5 of the scheduled production.
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Figure 2-6. Flow Chart: Subroutine GENPRO

Subroutine PRREC

In subroutine PRREC. the marketing vice president makes

recommendations to the executive committee regarding price

and promotion decisions. The logic underlying this section

Of the model is based on the work of Cyert and March (1963)

and Kaczka (1966).

From the marketing vice-president's viewpoint. his goal

is to accomplish the sales forecasts that have previously

been made, (subroutine FCAST). His decisions depend on a

comparison of current forecast with previous forecast, and

the actual performance of sales in relation to the previous

forecast.

The behavior he exhibits is, thus. dependent upon

whether or not the sales goal of the previous fore-

cast was met. If this forecast is higher than the

previous one and the previous forecast was realized,

then the situation is viewed as favorable. The pres-

sure for sales effectiveness is decreased..... and

he recommends that the promotion percentage be main-

tained. If the previous forecast was not met. he

increases sales effectiveness pressure and may rec-

ommend either a price cut or an increase in pro-

motion percentage. Uhder the condition where the

current forecast is lower than the previous and the
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ious forecast was met, he is inclined to

that the new goal can be met with little

As a result. he maintains the

sure on his salesmen and maintains the pro-

on percentage. However. if the previous

cast was not met, he reacts with a request

increase in sales promotion and (increases)

current pressure on salesmen.

In brief, the marketing vice-president's

main functions are the development of sales

fore

tion of sales goals,

to r

the

are

pp-

The

motion ar

subroutine EXEC).

casts which serve as sales goals. the direc-

the direction of salesmen

ealize these goals and the recommendation of

price and promotion strategies which he feels

needed to achieve the sales goal. (Aaczka. 1966,

153-5h).

actual decisions regarding changes in price and pro-

e made quarterly by the chief executive officer (see

The recommendation of the marketing vice-
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Subroutine SLSMEN

Subroutine SLSMEN is the primary representation of the

individual salesmen in the organization and their work per-

formance. The behavior of the salesmen. as structured in

this model. is primarily based on the theoretical framework

established in Chapter 1.

The particular decision that is considered is the prob-

lem of allocating of sales effort among the different prod-

ucts.

. . . the objective of many sales force manage-

ment activities is really to achieve a desired

allocation of effort. . . . (Simon and Freimer,

1970. p. 173).

The implementation of the sales effort allocation pro-

cess is summarized by the flow diagram shown in Figure 2-8.

A more detailed flow diagram is contained in Appendix I. The

subroutine involves the following sequence of events:3

1. The marketing vice-president. on a monthly basis.'

evaluates each product in the company line in order

to determine the relative priority of each product.

The relative priority. in turn. is used as an input

in alloCating sales effort among the different prod-

ucts.

The basic information utilized by the marketing

vice-president is the "index of pressure" that is an

attribute of each product. Each product begins its

 

3The paragraph numbers in this section correspond to the

box numbers in the flow diagram in Figure 2-8.
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life cycle with a nominal pressure index of 1.0. but

pressure may be adjusted due to the inventory posi-

tion (subroutine INVENT), sales in relation to fore-

cast (subroutine PRREC). or profitability in rela-

tion to profit goals (subroutine EXEC). Pressure

varies between a maximum value of 1.2 and a minimum

value of 0.8.

The output of the marketing vice president's

decision process is a priority ranking of the firm's

products. In effect. products are ranked according

to relative pressure, with the product under highest

pressure assigned the first rank. The information

(priority ranking) is then transmitted to the sales

force through the regional sales manager.

Meanwhile. each salesman is undergoing a similar

evaluation process regarding the relative behavior of

the product line in his sales territory. The basis

for the salesman's evaluation is his perception of

the marginal response of the market to the marginal

effort that he expands on each product. In effect.

he attempts to evaluate how much sales have in-

creased as a result of additional effort expended on

"pushing" each product.

The output of the salesman's evaluation process

is a priority ranking. based on marginal response to

marginal effort. He attempts to rank the products

on the basis of those products which he expects to
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. Sales Effort Allocation Process

This

evaluation and ranking process is the mechanism

by which each salesman "learns" about the unique

peculiarities of his sales territory. and how his

territory will uniquely respond to sales effort.

3. After receiving the priority ranking from the market-

ing vice president, each salesman compares this rank-

ing to his own ranking regarding the marginal re-

sponse of the market. The disparity in priority
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rankings then becomes a base upon which the salesman

can evaluate his ability to influence his super-

visor, the regional sales manager.

The salesman may be provided with the opportunity to

communicate with other salesmen in his sales terri-

tory. In doing so. the salesmen exchange information

regarding the estimated response of the different prod-

ucts. Each salesman then modifies his response

ranking because of the new information. He considers

the evaluations of the other salesmen and adjusts his

ranking accordingly.

The information regarding the estimate of poten-

tial market response is then transmitted to the re-

gional sales manager in an attempt to influence his

final priority ranking.

If the sales manager encourages and permits influence

in decision-making, he then considers the information

from the salesmen in establishing final priorities.

The sales manager combines three sources of informa-

tion in the decision process: the ranking from the

marketing vice president. the unit contribution to

margin of each product (". . .an approach to alloca-

tion of effort based on contribution margin would

seem fruitful" [:Simon and Freimer, 1970, p. 173:) )

and the information furnished by each salesman. His

final priority ranking is then transmitted back to

each salesman.
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When the priority ranking is received from the sales

manager. each salesman then compares the ranking

with the suggested ranking (response rank) that he

had initially transmitted to the sales manager. He

is thus able to estimate the difference between his

ranking and the sales manager's ranking after his

attempt to influence.

The salesman is then able to perceive if there has

been any change in priorities received from manage-

ment due to his (the salesman's) attempt to influence

the decision-making. If a change in priorities has

occurred. the salesman concludes that he has. in fact.

exerted influence in the decision process.

If the salesman has a high need for independence.

he derives intrinsic satisfaction from the opportu-

nity to participate in the priority setting process:

The amount of influence of subordinates in

decision making. . .affect(s) the speed

and efficiency with which the decision is

carried out . . . .it is clear that the

effects of participation in decision-making

are not confined to the nature of the deci-

sion. but also extend to the probability that

the decision will be effectively implemented

(vroom. p. 227-228).

In effect, a salesman's motivating force to carry

out an assignment tends to be enhanced by the

opportunity to exert influence in the decision pro-

cess.

In the model. the salesman is motivated by per-

ceived participation with a negatively accelerating



N6

relationship between effort and motivation.“

 

EFFORT

 

MOngggéNG = f (perceived participation)

It is also assumed that, for a salesman with a

high need for independence. a lack of perceived

participation will result in a negatively motivating

force:

REPORT “-.____

  
MOTIVATIHG = f erceived artici a-

PORCE (Siam) p p'

The motivating force to sell each product is also

dependent on the index of the pressure exerted on

each individual product.

Since the salesman is paid by commission. he tends

to emphasize those products that are high volume

"movers." He ranks the products with the product of

highest gross volume given the first ranking.

The salesman's final priority ranking that governs
‘

his allocation of effort among the different products

 

“See previous discussion Chapter 1 regarding relation-

ship between motivation and performance.
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is a combination of his own "volume" ranking and

the priority that is received from the sales manager.

In the model, the allocation process assumes

that a given amount of total effort is to be dis-

tributed among the different products. The product

given the highest priority is assigned an allocation

index number of 1.2. with lower ranking products

assigned progressively lower index numbers. until

the lowest ranking product is assigned the number

0.8. The mean allocation index number of all the

products is 1.0. The salesman thus decides the rela-

tive allocation of his time among the full range of

products.

10. Finally, the effort that each salesman expends on

each product is a combination of his final priority

ranking (the allocation index number) and his motiva-

ting force:

EFFORT = MOTIVATING FORCE X ALLOCATION RANK

Subroutine SAIESGEN

During each time period, the demand for each product is

defined by an exogenous function that calculates the orders

as a function of the age of the product, price. promotion. ef-

fort by the salesman. and a random component.

229 Product Life Cycle.

The demand for a particular product can be expected to

 

‘change over time. For many products the variation in
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lifetime sales may reveal a typical pattern of development

known in marketing literature as the'product life-cycle."

According to Kotler (1967, p. 291), five stages in the growth

and decline of sales of this kind of product can be distin-

guished (Figure 1):

Stage 1.

Stage 2.

Stage 3.

Stage A.

Stage 5.

SALES

VOLUME

(Introduction.) The product is put on the

market: awareness and acceptance are minimal.

(Growth.) The product begins to make rapid

sales gains because of the cumulative effect

of introductory promotion, distribution, and

word-of-mouth influence.

(Maturity.) Sales growth continues but at a

declining rate because of the diminishing

number of potential customers who remain un-

aware of the product or who have taken no

action.

(Saturation.) Sales reach and remain on a

plateau marked by the level of replacement

demand.

(Decline.) Sales begin to diminish absolute-

ly as the product is gradually edged out by

better products or substitutes.

  
 

Figure 2-9. Stages in the Product Life Cycle

The validity of the product life-cycle concept is well

established in marketing literature. Cox (1967), sampled 75h

ethical drug products introduced in the United States in the
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years 1955 to 1960 and concluded the following: "Product

life cycles not only can be determined: they are particularly

useful as marketing models." Polli and Cook. (1969) attempted

to empirically verify the product life cycle as a descriptive

model of sales behavior for 1&0 categories of non-durable

consumer products. These product categories included health

and personal care. food, and tobacco products. They found

strong theoretical support for the concept in Rogers' (1962)

theory of the diffusion and adoption of innovations:

"Essentially. the concept implies that a product

finds initial resistance of some new ways of be-

having, and is purchased by only a limited segment

of the buying population. later. as the product's

performance and value are known and communicated, a

larger segment of buyers adopts and sales begin to

increase at a faster pace. Eventually, the rate of

growth decreases as the proportion of adopters get

closer and closer to a maximum, with most sales

representirg repeat purchases. The rate of adop-

tion remains constant throughout the maturity phase

and diminishes in the declining phase. The link be-

tween Rogers' theory and the life cycle concept be-

comes obvious if one considers that the logistic

curve usually employed to represent the life cycle is

the cumulative equivalent of the normal density func-

tion. which is precisely the shape of Rogers' adoption

function." (Polli and Cook. 1969, p. 386)

Based on empirical evidence, they further concluded:

"It is clearly a good model of sales behavior in

certain market situations - especially so in the

case of different product forms competing for

essentially the same market segment within a gen-

eral Class of products." (Polli and Cook. 1969,

p. #00)

In the model. a hypothetical sequence of demand that

approximates the life-cycle. is generated through the use of

a.Weibull (1951) distribution:
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DEN = KON*AA*ITINE*(8XP(-AA*ITIME2))

where: DEM Nominal Demand during time period t.

KON,AA Constants

 

 

 

IT ME (Age of product)

Figure 2-10. Hypothetical Weibull Distribution

For each time period. ITINE. a nominal demand, DEM. can

be generated from the Weibull equation. Random fluctuations

in sales (for each time period), can be simulated by sampling

from a normal distribution with mean DEM, in order to obtain

an adjusted value for sales. The nominal demand (DEN) thus

reflects the age and the current life-cycle stage of the

product. For each product. unique values of the constants

of KON and AA are randomly generated by the initial condition

program IC. Since the values of these parameters define the

shape of the life-cycle curve. the underlying nominal demand

is uniquely and exogenously defined over the life of the prod-

uct. Nominal demand for each product is thus generated

during each time period from a Weibull equation (with unique

values of KON and AA) that includes the age of the product

(ITIME(K)) as a parameter.
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Price and Promotion

The effect of pricing on the demand for each product is

represented by the equation:

uprice = (PRICE)PBEL/(20)PREL

where: Mprice = Index for the level of sales due to

the price elasticity factor

PRICE = Price of the product

FRET ~ Price elasticity

(20)PREL = Normalizing factor. of representing

initial condition of PRICE = 20.

Price elasticity is randomly generated for each product

by the subroutine GENPR. Thus, the response of the market to

changes in price is assumed to be exogenously defined.

Promotion is assumed to be an aggregate marketing expendi-

ture that includes advertising, publicity. field promotion.

etc.. but excludes personal selling effort. The response of

the market to promotion expenditures is determined exogenously

for each product. in a manner similar to the price response:

MPROM = (PRON)P"EL/(1OOO)PMEL

where : NPRQM
Index for the level of sales due to

the promotion elasticity factor.

PROM = Promotion expenditure

PMEL = Promotion elasticity

(1OOO)PMEL = Normalizing factor. representing

initial conditions of PROM = 1000.

Promotion elasticity is also randomly generated for each

product (by subroutine GENPM). Thus, the response of the

market to changes in promotion expenditure is also exogenously
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defined. Price and promotion policies. therefore. influence

nominal demand according to the following relationship:

(Adjusted Demand) = (Nominal Demand) x MPRICE *‘N PROM

The logic underlying the use of elasticities to define an

aggregate marketing response function is discussed by Urban

(1969. Do “1)

It can be expected that the consumer's willing-

ness to buy a product at a given price will depend

on his attitude toward the product's characteristics

and appeals. This implies a marketing mix effect be-

tween price and advertising. . .an aggregate sales

response function will be postulated. The function

should include three basic marketing variables: ad-

vertising. price, and distribution. . . In unlogged

form the formulation would be:

- EPI -EAI EDI
X31 ‘ 3P31 A 31 31 '

{31 is industry sales of Product j.

a is scale constant.

le is average price level of all brands in

product group j,

Ajl is total advertising of all brands in

product group j,

Djl is total distribution level for all brands

in product group j

EPl is industry price elasticity for Product j.

EAl is industry advertising elasticity for Prod-

uct j.

EDl is industry distribution elasticity for

Product j.

This function captures marketing mix effects and

allows nonlinearity in response to marketing variables.

The nonlinearity is reflected in the parameters EPl.

EAl. AND EDl. For example, if 0< EA1< 1. the marginal

sales response to advertising would be constantly de-

creasing as advertising increases. . . In general. EAl

and EDI should be expected to fall between zero and plus

one. The price parameter EPl should be negative because

as price increases. sales should decrease. The para—

meters EAl. EDI. and EPl are elasticities and reflect the

proportionate changes in the product group's sales
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resulting from a proportionate change inmone variable.

Equation 1 reflects marketing mix effects since the

sales response of one variable depends on other vari-

ables as established, for example. by differentiating

Equation 1 with respect to price. The marginal response

to price changes (dXJ /dP1) depends on the level of

advertising and distr but on.

In this model. for purposes of simplification, advertising

and distribution have been aggregated into the promotion ex-

penditure. Also, interdependencies. (complementarity and

substitutability) with competitors' products and other prod-

ucts of the firm are assumed to be zero.

Similar uses of elasticities as a means of defining mar-

ket response have been employed in simulations by Bonini

(1963), Kaczka (1966), and Kotler (1965).

Random Deviation from Nominal Demand

Any other factors which may have an effect on demand are

assumed to occur randomly and are therefore not explicitly

defined in the model. The aggregate effect of these factors

is assumed to be contained in a random error adjustment to

demand. A percentage deviation from nominal demand is gen-

erated from subroutine RNDUX. This random adjustment to

nominal demand is calculated by the equation:

NOISE = SIGl * ERR x DEM

where: NOISE = Random deviation (in units) from

nominal demand.

ERR = Percentage deviation (returned from

subroutine RNDUM) from nominal demand.

DEM = Nominal demand.

SIGI = Scaling factor.
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The scaling factor. SIGi. controls the stability of the

demand function. For increasing values of $161. the effect

of random deviation from nominal demand is increased, and

the market becomes more volatile. The value of NOISE is

additive to nominal demand.

Effort of the Salesman.

In the model, the response of the market to the effort

of the salesman is approached in much the same way as pro-

motion elasticity. Effort is represented by an index num-

ber which is utilized to characterize the relative personal

selling emphasis that a salesman places on a particular prod-

uct. An effort index larger than one means that a salesman

spends a larger proportional amount of time "pushing" that

particular product. Conversely. an effort index of less than

one means that a salesman spends a less than proportional

amount of time on that product.

The effect of a salesman's effort on the demand for each

product is represented by the equation:

MEFF = (EFF)EFEL/(1.O)EFEL

where: “EFF = Index for the level of sales due to the

effort elasticity factor.

EFF = Index of relative effort expended by a

particular salesman.

EFEL = Effort elasticity.

(1.0)EFEL = Normalizing factor representing normal

conditions of EFF = 1.0.
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An "elasticity of effort" concept is not new. Lambert

and Kniffin (1970. p. 3.“. & 8) used this idea to model a

market response to personal selling effort:

The response of the market to alternative

levels of selling effort can be measured and ex-

pressed . . . Sales volume is probably the most

easily utilized measure of market reaction . . .

it may be very illuminating to examine the magni-

tude by which sales volume changes in relation to

varying increases and decreases in the level of

selling effort . . .

Conceptually any measure of market reaction

can be coupled with each measure of selling effort

for purposes of constructing response functions. .

an exponential expression was found to provide the

best fit. . . . The equation that approximated the

behavior of medical x-ray film sales in relation to

number of salesmen became:

sv1 = a . PMlbl - Pi‘bz . sib3

where: 3V1 = Sales volume of medical x-ray film

in Districti,

a = Constant.

PM1 = Product mix being sold in Districti.

P1 = Prevailing selling price in Districti.

$1 = Number of salesmen in Districti.

b1. b2. b3 = Exponents.

Final Sales

The adjusted demand (orders) is compared with the amount

available from inventory and production. If orders exceed

the amount available. then sales equal the amount available

(no backorders allowed). If orders are equal to or less than

the amount available. then sales equal orders.
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Figure 2-11. Flow Chart: Subroutine SLSGEN

Subroutine BOOK

The purpose of subroutine BOOK is to calculate profits.

collect summary statistics, and adjust model parameters if a

product is dropped.

Profit Calculation

where: PRICE

The basic profit calculation for each product is:

PROF(K) = REV(K) - COSTS(K)

where: PROF = Profit

REV = Revenue

COSTS : Total Costs

K Product Number K.

Revenue is calculated thus:

REV(K) PRICE(K) * TSAL(K)

Unit Price

Sales in unitsTSAL
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Costs for each product are composed of inventory holding

costs. production cost. promotion expenditure. and fixed

cost allocation. For simplification, all costs in the firm

are assumed to be aggregated into one of these catagories.

Inventory holding cost is calculated thus:

INHCOS(K)

INHCOS(K)

where: INHCOS

STDIC

INV

PREINV

The production

STDIC * (Average Inventory)

STDIC * (INV(K) + PREINV(K))/2

Inventory holding cost

Standard cost of holding one unit of

inventory

Current inventory level

Inventory level in previous period

cost for each product, in each period. is

a function of the age of the product. It is assumed that a

"learning curve" effect occurs. and. because of learning. the

unit cost of producing one additional unit is less than the

unit cost of producing the previous unit:

The. . .learning curve (concept). . .has evolved from

experience in airframe manufacture. which found that

the number of manhours spent in building a plane de-

clined at a rate over a wide range of production

(Hirschmann. 196“).

The functional form of the learning curve is assumed to

be exponential (Andress. 195A):

U(1)

where: U(1)

U(1)

b

U(1) . 1"

Cost to produce the ith unit

Cost to produce the first unit

Learning parameter
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For each product. the total cumulative cost (of all units

produced to date) can be calculated from the approximation

(Teichroew, 196A, p. 30).

T(n) = U(k)nb+1/(b+1)

where: T(n) = Total cost of all units produced to date

U(1) = Cost to produce the first unit

n = Number of units produced to date

b = Learning parameter

This formula is used in the model to calculate direct

production costs for each time period. The cumulative pro-

duction cost is computed and then the cumulative production

cost for the previous period is subtracted. Setup cost is

then included in cost of production:

COSTPR(K) = (CUMCST(K)t- CUMCST(K)t_1) + SETUP

where: COSTPR = Total cost of production

CUMCST = Cumulative direct product cost

SETUP = Setup costs

The average unit cost for each product in inventory is

then computed:5

AVCOIN(K) = (COSTPR(K) +.AVCOIN(K) * PREINV(K))/

(ACTPRO(K) + PREINV(K))

 

5The method of inventory valuation is average cost

(Anthony. 1964). The value of each unit in inven-

tory is equal to the value of the previous inventory.

plus the value of production added to inventory.

divided by the total number of units in inventory.
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where: AVCOIN = Average unit cost of inventory

COSTPR = Total cost of production

PREINV = Previous inventory level

ACTPRO = Actual production

Fixed cost allocation is calculated on a percentage of

total production basis:

(Fixed cost allocation) = FCOS * (ACTPRO(K)/TPROD)

where: FCOS = Total fixed costs

ACTPRO = Actual production of product K (units)

TPROD = Total production (in units) of all products

Total cost of sales are then computed:

COSTS(K) = (TSAL(K) * AVCOIN (K) + PROM(K) +

INHCOS(K) + FCOS(ACTPRO(K)/TPROD)

where: COSTS = Total cost of sales

TSAL = Sales (units)

AVCOIN = .Average unit cost on inventory

PROM = Promotion expenditure

INHCOS = Inventory holding costs

Adjust Parameters and Summary Statistics

If a product is scheduled to be withdrawn from the mar-

ket, and all inventory of that product has been disposed. a

housekeeping operation to adjust the parameters of each prod-

uct is performed. Summary statistics are then accumulated

for analysis at the end of the run.
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Subroutine NEWPRO

The purpose of subroutine NEWPRO is to provide a mech-

anism in the model by which new products may be introduced

into the market and obsolete products withdrawn from the mar-

ket. Since the major focus of this experiment is not direct-

ed towards the product planning process. the decision pro-

cesses involved in this routine are simplified and merely

fulfill the objective of defining a means of moving products

into and out of the market.

Just as new products should be introduced to infuse new

blood into a product line, so should obsolete products (be-

cause of fashion or technology) be withdrawn. The need for

selective elimination of products is well recognized in the

literature (Alexander. 196A: Kotler. 1965: Levitt. 1965).

Profits can be enhanced by eliminating certain costs

associated with products in the later stages of their

life. . .the proper performance of the (withdrawal)

program should result in increased profitability. . .

since resources will be assigned to more productive

uses . . . (Rothe. 1970, p. 45).

Profits typically are reduced or disappear in the de-

clining stages of a product's life cycle. At some point. it

becomes marginally profitable to transfer resources from

dying products to newer endeavors. After studying over 2000

companies. Booz, Allen, and Hamilton (1960) concluded:

"Sooner or later every product is preempted by another or

else degenerates into profitless price competition."

Rothe (1970). in surveying 17“ companies found a number

of factors to be important in the product elimination de-

cision. Among them were:
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1. A minimum sales volume

2. A minimum market share percentage

3. Comparison of market share with previous years

b. Profitability

These factors are not explicitly considered in the model

because of the potential of confounding with the primary

experimental variables. In the model. the product deletion

decision occurs when a product's nominal demand has declined

to a point of less than 50% of the past maximum nominal de-

mand. "A possible policy with respect to timing may be to

let one product almost complete its life cycle before taking

on another." (Simon and Freimer, 1970. p. 93)

Subsequent to the decision to drop a product. further

production scheduled for that product is canceled, but sales

continue until remaining inventory is depleted.

In the model, when a new product is withdrawn from the

market, a new product is introduced to replace the obsolete

product. It is assumed that the full research and develop-

ment process has transpired, less attractive potential prod-

ucts have been discarded, and a steady supply of approved

new products is readily available. Each new product has

successfully completed the stages of screening. economic

analysis. product development, market testing, commerciali-

zation. risk analysis, etc. Each new product and the market

to receive that product is therefore assumed to be developed

and ready for introduction. The degree of acceptance of the

product by the market is defined exogenously (and specified
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by the generation of values for the variables KON and AA).

Cross elasticity effects with existing products are assumed

to be zero.

Although not explicitly handled in this model. the sub-

ject of new product decision process has been examined else-

where (Freimer and Simon. 1970: Kotler. 1968: Pessemier.

1969) and would appear to be a fertile field for exploration

with computer simulation. An experimental model designed to

study the factors controlling the product deletion process

would also appear to be a potentially fruitful line of

investigation.

Subroutine EXEC

At quarterly intervals. the chief executive officer makes

strategic decisions regarding pricing and promotion for

each product. In general. pricing and promotion decisions

are a response to a comparison of profits with profit goals.

The logic in subroutine EXEC is adapted from the Cyert and

March (1963). and Kaczka (1966) models.

The profit goal is established as a lagged function of

past profit. As profits rise or fall. the profit goal follows

a similar trend. Thus. profit goals are continually chang-

ing. reflecting the past history of actual profits.

The firm learns. over time. which strategies are most

successful in achieving profit goals. When a profit goal is

achieved. greater emphasis is given to the strategy employed.

Conversely. when a profit goal is not achieved. less
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emphasis is given to the strategy employed and a search for

a new strategy may be initiated.

If the price for a product changed at the beginning of

the previous quarter. the chief executive officer reviews

the effect of the price change on profit. If profits have

improved as a result of the change. the price change rule is

altered to further emphasize the direction of the previous

price change. Conversely. if profits have not improved as

a result of the price change, then the price change rule is

revised in order to decrease (or possibly) reverse the direc-

tion of the previous price change.

Future prospects are then revised. If the projected pro-

fit exceeds the profit goal. then the requests for a price

cut or promotion increase are evaluated and acted upon. If

there are no requests for price or promotion changes. and

price has not recently been changed. the price is revised in

the best past direction.

If projected profits do not meet the profit goal. then

price and promotion requests are denied. and a search routine

is entered. There are four possible actions which may be

taken:

1. Increase sales pressure.

2. Increase sales promotion.

3. Decrease sales promotion.

h. Decrease profit goal.

These strategies are employed. each in turn. until a suc-

cessful strategy is found. (As a last resort. the profit goal
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is decreased.) If projected profits still do not meet the pro-

fit goal. and price was recently successfully raised (or un-

successfully lowered) then price is increased.

In summary. subroutine EXEC determines strategy for the

future marketing of each product. based on the performance of

that product in the past. At the end of each quarter. the

performance history of each product is reviewed. and market-

ing strategy is revised based on the degree of success of

past strategies.

Subroutine EXEC also computes a number of quarterly

"housekeeping" statistics which are necessary for the opera-

tion of the model.

 

 

 

EXECUTIVE / DID PROFIT EXCEED

COMMITTEE NC \Lg PROFIT GOAL YES

ODUCT)  

[ RAISE PROFIT GOAL]
 

 
LOWER PROFIT GOAL Se

4L (WAS STRATEGY SEARCR>

wAS STRATEGY SEARCH) EMPLOYED?

NO' *

NO JYES

WAS PROFIT GOAL

 

 

    

 

 

 

    

   
 

 

 

 

 

‘MOVE STRATEGY REDUCED

TO BOTTOM

OF LIST

l DECREASE EMPHASIS ‘INCREASE EMPR-

ON RECENT FAILURE ASIS ON RECENT

 

 
 

NO A we

0“—LwAS PROFIT > 9M0. PROFIT AVE.?

Figure 2-12. Flow Chart: Subroutine EXEC



65
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Utility78ubroutines

FUNCTION RNDUM is a service routine for generating a

random variate from a normal distribution with a mean of 0.0

and a standard deviation of 1.0

Let r1 and r2 be two uniformly distributed independent

random variates defined on the (0.1) interval. then

X = {-2 loge r1) 1/2 cos 21rr2

fis aJ'random variate from a standard normal distribu-

tion. This method produces exact results . . . .

(MC Millan and Gonzalez. 1968. p. 260: Naylor et a1.

1966. p. 260)

The pseudo-random numbers are generated by the standard

multiplicative method (Rotenberg. 1960) which has been tested

by Clark (unpublished).

FUNCTION PRJPRO is a service routine that calculates the

projected unit profit for a product. The routine is called

from subroutine EXEC as a part of the pricing and promotion

decision process.

The projected profit is estimated on the basis of price

less estimated unit inventory costs. estimated unit produc-

tion,cost. estimated fixed cost allocation. and estimation

promotion expense.

SUBROUTINE RANK is a service routine that provides a

mechanism for assigning a rank to any entity based on the

value of some designated attribute. The routine assigns the

first rank to the entity with the smallest attribute value.

and then assigns progressively higher ranks to entities with

progressively larger attribute values.
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The routine ranks on the basis of smallest attribute

value assigned rank number one. If it is necessary to rank

on the basis of largest attribute value first. then the

attribute values must be multiplied by minus one before the

ranking routine is called.

SW!

This chapter has described. in a general way. the con-

tent of the model. A more detailed description is provided

in.Appendix I. the detailed flow chart. and Appendix II. the

computer program.



CHAPTER 3

EXPERIMENTAI DESIGN

A simulation is basically used to compare the conse-

quences of alternate types and levels of independent var-

iables. While it would be interesting to examine the sen-

sitivity of the model to each parameter value and decision

process. the fulfillment of that objective is obviously

impossible.

While. in principle. simulation can be used to investi-

gate the effects of any factors. conditions. procedures.

and interactions of which the investigator can con-

ceive. in practice this results in factorial experi-

ments whose dimensions dwarf the most powerful com-

puter and the most lavish budget. so that the experi-

mental designs actually used are rather modest (Con-

way. et al.. 1959. p. 104).

The current experiment. therefore is limited to an

investigation of the impact of a selected set of environmental.

communication. and personality variables on selected depen-

dent variables.

The experiment was conducted by making changes in the

medel and analyzing the effects of the changes on the per-

fdrmance of the firm. As in any experiment. it is useful to

focus on the terms factor and reaponse. The changes to be

made to the model. the independent variables. are classified

as factors. or as experimental variables. The performance

criteria. the dependent variables. or the output to be

generated by the model. are classified as the response

68
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variable.

The primary response variable that was selected for

analysis is the profitability of the firm (see subroutine

BOOK for details of profit calculation). As noted in the

introduction. it is recognized that profit is not the Single

determinant of a firm's performance and effectiveness:

nevertheless. in a free enterprise society. profit remains

the primary factor upon which the performance of most business

firms is judged. The particular statistic generated by the

model is the mean profit per period for each run.

Another response variable generated by the model is the

mean index of pressure exerted on each product. for each time

period. over the length of the run. Also generated is the

standard deviation in profit for each run and the standard

deviation in the mean index of pressure. These secondary

criterion variables are useful in drawing conclusions regard-

ing the effect of the experimental factors on the primary

response variable. profit.

Several techniques of analyzing the experimental data

were considered. Cyert and March (1963). for example. used

regression analysis to test the sensitivity of parameters in

their general model of price and output behavior. Regression

analysis is well suited to experiments where the factors are

quantitative. rather than qualitative. In this experiment.

most factors are qualitative. in that the "levels" represent

alternative decision processes rather than different values

of the same variable.
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A factor is quantitative if its levels are numbers

which are expected to have a meaningful relation-

ship with the responses. Otherwise. a factor is

qualitative . . . machines. operators, and days of

the week are all considered qualitative factors. .

weather conditions in the form of temperature and/or

humidity would be a quantitative factor (Naylor.

et al.. 1966. p. 32“).

Another analysis technique receiving recent attention

has been spectral analysis. This technique measures the

behavior of the variance of a variable within a time series.

. . .as one becomes more sophisticated in the

analysis of computer simulation data. he may be

interested in analyzing more than expected values

and variances. "When one studies a stochastic

process. he is interested in the average level of

activity. deviations from this level. and how long

these deviations last. once they occur." Spectral

analysis provides us with this kind of informa-

tion. "Spectral analysis studies the salient time

properties of a process and presents them in an

easily interpretable fashion for descriptive and

comparative purposes" (Naylor. et al.. 1966. p. 331:

quoting Fishman and Kiviat. 1965).

In this experiment. the time series of the response

variables is summarized by a single measure. Thus. since the

focus of the present research is on a summary variable rather

than on a detailed study of the time-dependent behavior

patterns. spectral analysis does not appear to be necessary.

If the purpose of the current experiment had been to make

a quantitative. rather than qualitative. evaluation of the

effects of the experimental variables. then further analysis

using a multiple ranking (Beckhofer. et al.. 195k) or mul-

tiple comparison (Tukey. 1959. or Dunette. 1955) technique

would have been useful. In this experiment. however. the

information provided by the analysis of variance appears

enfficient to make qualitative judgments regarding the effects
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of the factors.

Through analysis of variance. it is possible to deter-

mine whether differences between means arose due to chance or

if they constitute real effects generated by factor variations.

The objective of analysis of variance is to explain the re-

lationship between the response variable and the controlled

experimental variables. In this technique. the variations in

the observations around their grand mean are segregated into

those attributable to the main effects. the interaction

effects. and unexplained variations. This technique is em-

ployed to segregate the total variations in the data into

components representing the experimental error. the con-

trolled experimental variables and their combined actions.

For test of significance. an F-ratio test relating the mean

squared residual deviation to the mean squared deviations for

each effect is used.

In this investigation, a complete 26 factorial experi-

mental design was selected in order to explore both main

effects and interactions among six factors that were repre-

sented at two levels. a "standard" level and an "alternate"

level.

The first category of factors selected for study in-

volves two environmental characteristics (so-called because

they are specified exogenously to the firm and thus beyond

the firm's control). Factor A. stability of demand. controls

the random fluctuations of demand in the model (see sub—

routine SLSGEN for details regarding the structuring of
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random fluctuations). At the standard level. demand is con-

sidered to be stable (i.e.. the standard deviation of the

NOISE generating distribution is 2.5% of nominal demand;

SIGI = 0.025). At the alternate level. demand is considered

to be volatile (i.e.. the standard deviation of the NOISE

generating distribution is 10% of nominal demand: SIGI

0.10 ) .

The selection of the degree of random variability in

demand as an experimental variable provides an indirect test

of stability in the model. This factor is a test to ascer-

tain whether the model behaves reasonably under different

conditions in the external environment of the firm. In

Effe ct. the model should not be expected to "blow up" and

PTOCeed to infinity due to relatively minor changes in the

firm '3 external environment.

The other environmental characteristic. factor B.

market response to salesmen effort. controls the marginal

resIbonse of demand to marginal changes in effort by the

sale sman (see Subroutine SLSGEN). At the standard level. the

response of all products to marginal effort is uniform. (i.e..

the value of effort elasticity is a uniform 1.0). At the

a1‘t3ernate level the response of the market is different for

each product. and the returns to marginal units of effort

"111 be different for each product. (i.e.. the value of ef-

fOI‘t elasticity is randomly generated and is not equal to

1'0) . This factor provides a mechanism for contrasting the

effect of a "false" information input to the decision process
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verses a "true" information input. At the standard level.

when elasticity of effort is uniform between products. there

is no potential differential response to marginal sales

effort. {At the alternate level however. elasticity of effort

is different for each product and each product displays a

unique response characteristic to marginal sales effort.

The second category of experimental variables involves

the presence or absence of selected communication links.

Factor C specifies the presence or absence of knowledge of

the current inventory position by the marketing vice presi-

dent. At the standard level. knowledge of current inventory

is absent. At the alternate level. knowledge of the current

inventory level is present and is used by the marketing vice

president in setting priorities among different products.

Factor D specifies the communication link between sales-

men within a given sales territory. At the standard level.

no communication between salesmen exists and each salesman

must rely only upon his own perceptions regarding the poten-

tial response of different products. At the alternate level.

each salesman communicates with other salesmen in the same

sales region and perceptions about market response are

"pooled."

The third category of experimental variables is con-

cerned with personality characteristics of individuals in

the firm. Factor E specifies the personality attribute of

the regional sales manager. At the standard level. the sales

manager is defined as authoritarian. He neither encourages
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nor allows participation in the decision process regarding

the setting of priorities among different products. At the

alternative level. however. the sales manager is defined as

equalitarian. He encourages participation in decision making

and considers information received from salesmen in setting

priorities among products (see Chapter 1 for development of

the theoretical framework underlying the selection of this

factor).

Factor F specifies the personality type of the indivi-

dual salesman. At the standard level. the salesman is de-

fined as having low need for independence. He derives no

satisfaction from an opportunity to influence superior de-

cision making. At the alternate level. however. the sales-

man is defined as having a high need for independence. He

derives intrinsic satisfaction from the opportunity to in-

fluence decision making and is highly motivated by the

opportunity to participate (also see subroutine SLSMEN

description for development of theoretical framework under-

lying classification of salesmen personality types).

It is recognized that personality types in a real firm

will be distributed along a continuum. In the model. how-

ever. personality types are classified as "polar" for pur-

poses of controlled experimental variation.

The selected experimental variables and concomitant

specification of levels are summarized in Table 3-1.



Table 3-1. Experimental Variables

 

Alternative States

 

 

 

 

Factor Standard Alternative

A. Environmental

Characteristics

1. Stability of

Demand Stable Volatile

2. Mkt. Response Uniform Non-Uniform

To Sales Effort Elasticity Elasticity

3. Communication

Links

1. Inventory No Knowledge Knowledge

Position By Sales By Sales

2. Regional Salesmen No Info. Information

Intercommunication Exchange Exchange

C. Personality

1. Sales Mgr. Authoritarian Equalitarian

2. Salesmen Low Need For

Independence

High Need For

Independence
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Factorial experiments involve the simultaneous in-

vestigation of the effects of a number of different indepen-

dent variables. Since, in this experiment. six factors

(each varied at two levels) were selected for study. the

experiment is described as a 26 factorial experiment. The

total number of design points in the full factorial design

is the product of the number of levels for each factor.

Sixty-four runs were therefore required, each with a unique

combination of the Six factors. in order to make up one

complete replicate of the study. The total experiment con-

sisted of six replications. each of which contained sixty-

four runs.

Within a replication. the initial conditions for each

run were idential. while between replications. a different

set of starting conditions was employed. (See appendix IV

for Program IC; random generation of initial conditions.)

The starting conditions are controlled within each

replication in order to increase precision and therefore may

be regarded as "blocks." In experimental design. blocks are

used to reduce the unexplained variation in the observations.

[This practiceZJSharpens the contrast between [bom-

puter runs] by reducing residual variation. Differ-

ences can be detected, their statistical signifi-

cance tested. and their economic Significance

assessed with much smaller sample sizes than would

otherwise be required (Conway. 1963. p. 53).

In order to reduce the effect of any bias that may have

been attributable to initial conditions. the first ten per-

iods in each run were allowed to elapse before any response

variables were measured.
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Within each replication. the values of the experimental

variables for each run were assigned by a zero-one generating

algorithm (Gonzalez and McMillan. 1971. p. 161).



CHAPTER A

DESCRIPTION OF RESULTS

This chapter describes the results of the experiment

with the model of the firm. Results are reported in terms

of the effects of the changes in the experimental variables

on the response variables. The complete output of the

analysis of variance program is shown in Appendix'r. Table

h-i summarizes results of special interest.

The results of changes to each factor will be presented

separately. starting with the main effects and proceeding

through the interaction effects. The description of results

will focus on the primary response variable. profit.

Table h-i. Summary of Analysis of Variance

 

 

AVERAGE MEAN PROFIT

FIRM PER PERIOD = 63.025

 

EFFECTS OF EXPERIMENTAL VARIABLES

Factor Mean Increment In Profit

(From Std. to Alt. Levels)

 

A: Demand Stability -1.20h

B: Market Response +3.321 ***

C: Inv. Comm. Link -0.099

78
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Table h-l (cont'd.)

 

Factor Mean Increment in Profit

(From Std. to Alt. levels)

 

D. Salesmen Comm. Link -O.152

E. Participation +5.2h6***

F. N. Independence +1.73uwe

B-E: Mkt. Response-

Participation +2.053**

E-F: Part. - N. Ind. +3.260***

 

**Significant at .05 Level

*** Significant at .01 Level

The behavior of the "average" firm is also summarized in

Table h-l. The values listed in this table are the overall

means of the response variables for all runs and all rep-

lications.

The values of the response variables for the "average"

firm are the standard of comparison upon which the effects of

the various changes in the model are evaluated. Conclusions

regarding the effect of each experimental variable are de-

rived from examination of the value of the "mean invrement"

(from the average firm) and the approximate level of signifi-

cant of the F statistic. The F-ratio tests for statistical

significance were conducted to determine which of the null

hypotheses could be accepted or rejected.
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Results of the firms under different conditions varied

considerably from the "average" firm. The object of the

analysis was to determine which changes resulted in behavior

that was significantly different from the average. The null

hypotheses are that none of the changes to the experimental

variables produces a change in the response variables. Re-

jection of any or all of these null hypotheses implies that

the specific factor (or combination of factors) exerts a

significant effect to alter the response of the model.1

In terms of the notation. the null hypotheses were:

Factor A: A(2):A(1)

Factor B: B(2)=B(1)

etc.

Interaction AB: AB(22) + AB(11) = AB(21) + AB(12)

etc.

where: A(2) = Mean of the response variable

where factor A is at the alter-

native level.

A (1) = Mean of the response variable where fac-

tor A is at the standard level.

and: AB(22) = Mean of the response variable where both

factors A and B are at the alternate level.

AB(11) = Mean of the response variable where both

factors A and B are at the standard level.

AB(21) = Mean of the response variable where fac-

tor A is at the alternate level and fac-

tor B is at the standard level.

AB(12) = Mean of the response variable where

1This conclusion is subject. of course. to the probabil-

ity of making an incorrect inference. i.e. Type I and

Type II errors (see Clarke and Schade. 1969).
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factor A is at the standard level and

factor B is at the alternate level.

A numerical measure for each main effect was calculated

by the analysis of variance program (A. O. V.. 1966). An

effect is measured as the average difference between the

observations at the standard level and the observations at

the alternate level. In mathematical terms. the main effect

of factor.A is defined as:

A = A(2) -A(1)

where: .A = Main effect of factor A.

In the analysis of variance output. the main effect is

expressed as a "mean increment". or. the difference between

the mean of the runs with the factor at one level and the

overall means of all runs. .

Interaction effects are defined mathematically as:

AB (ab) 1/2 (AB (22) - AB (21) - AB(12) + AE(11))

where: AB(ab) 'Interaction effect of factors A and B.

In the analysis of variance output. the interaction

effect is also expressed as a "mean increment". or. the

difference between the means with the factors at the same

level and the overall mean of all runs.

Following are the findings resulting from the analysis

of variance. The limitations on the findings of this study.

which are a caveat for this research. are explicitly under-

lined in a later section of this chapter.
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Factor A» Stability of Demand

Factor.A controls the stability of nominal demand. At

the standard level. demand is regarded as relatively stable.

i.e. random fluctuations in the demand function are relatively

minor. At the alternate level. however. demand is regarded

as relatively volatile. i.e. random fluctuations in the de-

mand function are substantially higher.

The results indicate that profit was slightly reduced

at the alternate level: the mean increment in profit when

fluctuations in demand increased from the standard to the

alternate level was -1.20’+.2 Revenue was also slightly de-

creased at the alternate level. with a mean increment of 528.

The results therefore indicate that profits and revenue

fell slightly in the more volatile market.

Main Effect -- Factor B: Market Response

Factor B controls the market response to personal sales

effort. .At the standard level. the market elasticity of

effort is set at 1.0 for each product. At the alternate

'level. the market elasticity of effort is randomly generated

and assumes a value between 0.0 and 2.0. This factor is a

useful approach to specifying whether information is actually

present or absent in the market.

If a product has a large elasticity of effort attribute.

it responds well to marginal increments of effort by the

 

ZApprgximate significance probability of F statistic =

0.13 .
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salesman. 0n the other hand. a product with a low elasti-

city of effort will have a sluggish response to marginal

effort. In general. it is much to the salesman's benefit

to direct his marginal effort toward those products with a

high elasticity of effort. and away from those products with

low elasticity of effort. The salesman. however. has no way

of knowing precise elasticity values. He is able to achieve

a rough estimate. however. by continually "testing" the

market on a trial and error basis. In effect. he is con-

tinually undertaking a process of "search" to determine which

products respond best to marginal sales effort. He is con-

tinually attempting to rank the products in his line on the

basis of marginal response to marginal effort. He seeks to

find which products will produce the best "payoff" as a re-

sult of his sales efforts. The validity of his estimate is

of course disturbed by any other elements that may perturb

the demand function.

In this model. factor B is a means of specifying

whether such information is present or not. In the standard

case. where the value of elasticity is always 1.0. all of

the products respond identically to marginal effort. There

is no true basis for differentiating between the products on

'the basis of response even though the salesman may attempt to

do so. Any evaluation of response by the salesman in such a

case results in a false signal. attributable to random fac-

tors alone. since no true differential response characteristic

exists. When factor B is at the alternate level. however.
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and elasticity is not equal to 1.0. then true information

is considered to be present and a relatively correct signal

results.

Factor 8. therefore. is a mechanism for specifying

market response such that "false" information and a false

signal result when factor B is at the standard level. and

"true" information is present when factor B is at the alter-

nate level.

This factor is included for the purpose of evaluating

the effect of valid vs. invalid information in the perfor-

mance of the firm. The results show that when factor B was

at the alternate level. a significant improvement in profits

was produced. The mean increment in profit of factor B at the

alternate level was an increase of 3.188.

The results clearly demonstrate that when unique infor-

mation about the market actually did exist. the firm was able

to make use of the information for an improvement in profit

performance. The particular mechanism by which the firm

took advantage of the information is best shown through

examination of the interaction effects.

Interaction Effect -- BE: Market Response and Participation

The interaction of factors B and E at the alternate

level produced a significant improvement in profits. Recall

that factor E controls participation in decision making. At

the standard level. the regional sales manager is defined as

authoritarian and no participation is allowed. At the alter-

nate level. the regional sales manager is defined as
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equalitarian and the participation of salesmen in the

decision making process is encouraged.

When factors B and E interact. the feedback of "true"

information from the salesmen to the regional sales manager

is accomplished. When valid information is considered by

the sales manager in the allocation of effort decision.

higher profits resulted. Conversely. if the information is

"false". or when participation is not allowed. a lower level

of profits resulted.

Main Effect -- Factor C: Inventory Link

Factor C controls a communication link between the pro-

duction function and the marketing function. .At the standard

level. no communication exists and the marketing vice-presi-

dent has no knowledge of the inventory position. At the

alternate level. the communication link is present. and the

marketing vice-president has knowledge of the inventory posi-

tion.

At the alternate level. if the remaining inventory at the

end of a period is not within acceptable limits. the marketing

vice-president makes the appropriate change in the index of

pressure. which may result in a change in a product's rela-

tive priority. The objective of the communication link.

therefore. is to provide information regarding the inventory

position to the marketing function so that marketing can hope-

fully make improved priority decisions. resulting in higher

profit.

The results. however. showed an effect of factor C on
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profitability that was somewhat unexpected: when the

communication link was "open". profit was unchanged rather

than being improved. The mean index of pressure was sig-

nificantly increased at the alternate level. A tenative de-

duction regarding the cause of this somewhat surprising re-

sult is deferred until the discussion in Chapter 5.

Main Effect -- Factor D: Salesmen Intercommunication

Factor D controls the presence or absence of a com-

munication link between salesmen within a region regarding

response characteristics of the market. At the standard

level. salesmen do not communicate. At the alternate level.

salesmen exchange information regarding marginal response of

the market to marginal sales effort. The results indicate

that factor D had no significant effect on the firm's prof-

itability.

Main Effect -- Factor E: Participation in Decision Making

Factor E controls whether salesmen participate in the

decision process of allocating sales effort among the product

line. At the standard level. the regional sales manager is

defined as authoritarian and he refuses to accept partici-

pation in decision making. At the alternate level. the

regional sales manager is defined as equalitarian and he pro-

vides the opportunity for salesmen to participate. The sales-

men participate by transmitting their perceptions regarding

the response characteristics of the market.
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The results clearly demonstrate that factor E. at the

alternate level. had a definite positive effect on profits.

The mean increment in profit with factor E at the alternate

level was 5.301h6.

Interaction Effect-~Factors BE: Market Response and Partici-

pation

The interaction effect of factors B (response function)

and E (participation) was significant. When "true" infor-

mation was available. and the firm used that information in

the effort allocation decision process. the mean increment

of profits was an improvement of 2.139h9.

Main Effect--Factor F: Need for Independence

Factor F controls the definition of the salesmen per-

sonality types. At the standard level. the salesman is de-

fined as having low need for independence and deriving no

intrinsic satisfaction from the opportunity to participate.

He possesses low instrumentality for the outcome of perceived

influence in decision making. At the alternate level. the

salesman is defined as having high need for independence and

deriving satisfaction and motivation from perceived influence

in decision making.

Profit was significantly improved with salesmen with a

high need for independence. The mean increment in profit

with factor B at the alternate level was a positive 1.7“.

For purposes of drawing conclusions. however. the most rele-

vant aspect of factor E was its interaction effect.
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Interaction Effect--Factors EF: Participation and Need for

__m____.15'<hRome

The interaction of factor F. need for independence. with

factor E. participation. resulted in significant profit im-

provement. When both factors were at the alternate level. the

mean increment in profit was 3.182.

This interaction effect clearly shows that participa-

tion was strongly moderated by the need for independence

factor.

Summary of Results

The factor exerting the strongest effect on the firms

profitability was Factor E. participation. especially in

interaction with factor B. market response. and factor F.

need for independence. The encouragement of participation

in the sales effort allocation decision. in conjunction with

valid market information or need for independence on the

part of the salesman. had significant positive effects on

profitability.

Factor A. market stability. caused a slight decrease in

profitability and revenue under conditions of a more volatile

market. Factors C and D. the inventory link and salesmen

communication link. respectively. caused no significant

changes in profitability. These results are summarized in

Table u-2.
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Table h—Z Summary of Results

 

Factor Result

 

(Demand Stability)

Stable-:>Volatile

(Inventory Communication

Link)

No-Knowledge =7

Knowledge

(Salesmen Communication

Link)

No-Link =7 Link

(Participation)

(Participation-

Market Response)

0
0
0
‘ Profit slightly decreased

Revenue decreased

Promotion decreased

No change in profit

Revenue decreased

No change in profit

Profit increased

Non-Participation: Non-Valid Info=:>

Participation: Valid Info

(Participation-

Need For Independence)

Profit increased

Low N.-Ind.: No Participation=©v

High N-Ind.: Participation
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The Problem of Realism in Simulation

In discussions regarding the relative value of simula-

tion. one dominant advantage is clearly evident: the capabil-

ity to attain a high degree of experimental control at rel-

atively low cost. For theory testing purposes. this ad-

vantage is manifested by the potential ability to system-

atically vary and control conditions which. in the real

world. may be unwittingly confounded with other factors.

The unique advantage of simulation is that not Just

closely identical but absolutely identical conditions

can be maintained through repeated experimental runs.

(McMillan and Gonzalez. 1968. p. R92)

 

However. the advantage of control is not attained with-

out cost. Concomitant with control is the persistent prob-

lem of insuring that the simulation model is an acceptable

representation of reality. Although a simulation is able to

control potential confounding variables. it is impossible for

the simulation to exactly replicate real life.3 Thus the

problem that typically confronts any model builder is the

question of validity: Is the model a realistic representa-

tion of the real world?

Cohen and Cyert (1961) have differentiated between

models for synthesis and models for analysis. Models for

analysis assume knowledge of the overall performance of the

system. The objective of this type of model is to discover

the manner in which the separate system elements function in

 

3Nor in most cases really desirable because of the need

for parsimony.
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order to generate the known overall performance. In con-

trast. models for synthesis assume knowledge of how the

basic elements operate. The objective of this type of

simulation is to determine the effect of the elements on the

performance of the whole system.

The methods for validating these two types of

models are different. Validation of models for

synthesis takes place principally at the level

of the model's basic elements. If essential

characteristics of the elements are judged to be

true representations of real life and if the re-

sults of simulations are plausible. then one tends

to consider the model valid. This. in turn. gene-

rates greater confidence that the results of

simulations can be used as reasonable predictions

of what might happen in the analogous real life

situation. . . .

Models for analysis. on the other hand. are

validated in reverse direction.’ Given information

on how the total system performs. . . a model is

constructed which hypothesizes how the elements of

the system operate. If the model is plausible and

able to predict. within acceptable limits. the per-

formance of the whole system. . . then the model is

accepted as a reasonable explanation of how the

elements of the system operate. (Saltzman. 1965.

pp. h-S.)

One basic test for validity would therefore be to com-

pare the output of the model with that of a real world organi-

zation. This approach is patently impossible. however. in

the present research. because the model simulates a hypo-

thetical organization. No validity testing procedure has

been suggested for surmounting this problem.

Since this experiment would be classified as a model for

synthesis. however. rather than a model for analysis. a

different validation approach is necessary. The focus here

_is on validation of the model elements. not on empirical

validation. Rather than comparing a simulated time series of
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output behavior against an actual time series of behavior.

validation must rely instead on the judicious selection of

the internal components of the model.

The validation approach in this experiment will be

similar to the technique employed by Bonini (1963. p. 22):

The first question to be asked about our model would

properly be. "Does the model correspond to the real

world?" In other words. "Do the information and

decision systems reasonably represent real-world

situations?"

We would not expect. of course. the model to

be an exact replication of the real world--all models

are simplifications to some degree. . . . We do be-

lieve. however. that the model is a reasonable re-

presentation of real-world behavior. We cannot. of

course. completely validate this belief. but what we

can and will do is set forth the major ingredients

of our decision rules for separate examination. We

will attempt to justify these rules by relating them

to existing theory in the scientific literature of

economics. accounting. or the behavioral sciences.

or to the literature on business practice.

In many cases. we have recourse to "rule-of-

thumb" decision rules. . . .validity here essentially

depends upon the correspondence of these rules to

some aspects of business behavior. . . .

Other decision rules rest upon accumulated know—

ledge of economics or the behavioral sciences. We

shall not attempt to justify these concepts but will

merely relate our constructs to the appropriate

literature.

Validation therefore depends on the care that is exer-

cised to clearly indicate the structural variables and re-

lationships in the model. and most importantly. their theoret-

ical and empirical foundations.

It should be clearly recognized that this approach to

validation does not categorically insure that the model is

isomorphic with reality. This test. in fact. may be inter-

‘preted as a null test. If a model failed. it would be sus-

pect: on the other hand. one that has valid elements and
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produces reasonable output cannot be categorically guaranteed

as representing reality. In view of the limited objective

of this experiment. and because the organization is hypo-

thetical. an effort to justify the elements of the model

appears to be the only reasonable method of attempting to

incorporate realism. The value of this experiment. therefore.

will lie in its ability to contribute to the understanding of

the structure and internal consistency of behavioral theory.

rather than its ability to reproduce and predict the actual

behavior of a real firm.

In this approach to validation the relation between

simulation methods and survey methods becomes extremely im-

portant:

. . .the computer model compliments field research

and experimental techniques. it does not replace

them. The working hypotheses contained in the model

must still be developed and verified empirically

and deductively. and the more familiar research

techniques will continue to be important here.

(Meinhart. 1966. p. 30h.)

The limitations of this experiment should be considered

when the findings. implications. and conclusions are examined.

While the model is complex. certainly not all aspects of a

business firm are considered. The emphasis has been on the

marketing sector. and only on selected decisions within the

marketing function. Behavioral characteristics of individ-

uals have been defined to only a limited extent. The sensi-

tivity of the model to many parameters has not been tested

and interaction effects with variables that have not been

included in the experiment could possibly be significant.
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It is believed. however. that despite the limitation

cited above. computer simulation can lead to further insight

regarding behavioral theory and may also provide additional

insight into the world of reality.



CHAPTER 5

_S_U_MMARY AND CONCLUSIONS

This chapter attempts to derive conclusions and impli-

cations regarding the effects of the experimental variables

on the profitability of the firm. Recall from Chapter 3 that

the experimental variables were separated into three cate-

gories: environmental factors. communication factors. and

personality factors. The following discussion will analyze

the reasons why changes in the experimental variables pro-

duced the results described in Chapter h. and will attempt to

relate the findings to the empirical and theoretical concepts

upon which the model was founded.

Effects of Demand Stability

When factor A was at the alternate level. indicating a

volatile demand function. overall revenue and profits were

slightly reduced. This result was somewhat in conflict with

Bonini. who found that a volatile demand function led to an

increased level of profits. He explained his result as

follows:

. . .in a highly variable environment an occasional

crisis is caused within the firm by chance alone

(that is. by factors outside the control of the

firm). Such crises cause the firm to initiate search

for better alternatives. generally ending in finding

higher sales or lower costs. (Bonini. 1963. p. 136)

In this model. however. an effect was present which

tended to counteract the mechanism deduced by Bonini.

95
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Profits in this model were sensitive to the capability of the

salesmen to estimate the marginal response of the market to

marginal changes in selling effort. Any factor which tended

‘to diminish the validity of the salesmen's estimate of

marginal response therefore also tended to reduce the firm's

profitability. If the salesman's perception of marginal

response was impaired. then the company's ability to make a

better sales allocation decision was also impaired. and

decreased profits resulted.

Factor A. at the alternate level. represents a stronger

influence of demand factors exogenous to the firm's sphere

of control. The stronger influence of such extraneous fac-

tors tended to interfere with each salesman's capability of

estimating marginal response. and profits were accordingly

reduced. The strength of this effect completely overshadows

the contrary effect found by Bonini.

No direct evidence is present that the effect found by

Bonini was also found in this model. One result. however.

leads indirectly to the conclusion that the "Bonini effect"

was indeed present. In a limited post experimental run. the

average level of promotion was found to be higher when fac-

tor A.was at the alternate level (see Table 5-1). indirectly

indicating that "search" was more frequently implemented.

.Although promotion was higher at the alternate level. revenue

and profits were lower. indicating that the interference to

the process of estimating marginal response was the pre-

'dominate effect.
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Table 5-1. Variation of Promotion Expenditures with Factor A

  

 

Level of Factor A, Mean Promotion Expenditure

1 63u5

2 6361*

 

*significant at 0.15 level

In summary. the results present indirect. albeit incon-

clusive. evidence that the effect found by Bonini may be pre-

sent. but strong evidence of the effect of the interference

of a volatile market with the process of predicting marginal

response to marginal sales effort.

Effect of Inventory Communication Link

Since the results of factor C. the inventory communica-

tion link. were counter to prior expectations. a post-

experiment investigation was conducted in an attempt to dis-

cover the structural mechanism that would explain why profits

were not improved when the inventory communication link was

open. Recall from Chapter 2 (Subroutine INVEMT). that upper

and lower limits on inventory levels are established as a

lagged function of total sales. In the event these limits

are "breeched"1 by unexpected demand for a particular product.

an adaptive mechanism is initiated. First. the pressure on

 

1In effect. a "breech" means the end-of-month inventory

is outside the previously established upper or lower

limit.
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that product is adjusted (if factor C is at the alternate

level). Second. the limits on inventory levels are also

adjusted as a self-correcting mechanism. The scheduled

level of inventory is also adjusted.

A subsequent trial run was made for the purpose of dis-

covering if subroutine INVEHT behaved differently at the

different levels of factor C. One of the first observations

was concerned with the timing of the "breeches" of the

inventory limits.

Preliminary indications in the trial investigation

demonstrated that the breeches of the lower limit typically

occurred at the beginning and the growth stages of the prod-

uct's life cycle. while breeches of the upper limit typi-

cally occurred at the maturity and declining phases of the

life cycle. It was also noted that the number of breeches of

the lower limit were typically more numerous when factor C

was at the standard level than when factor C was at the

alternate level. This behavior led to the tentative explana-

tion for higher profits at the standard level as shown in

Figure 5-1.

With factor C at the standard level. pressure is 323

lowered in the event of a lower limit breech. thus. sales

tend to be higher. which. in turn causes more lower limit

breeches. Conversely. when Factor C is at the alternate

level. pressure is lowered in the event of a lower limit

breech. which tends to limit sales because of a lower index

‘of pressure. In general. a higher level of sales of a product
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tends to increase profits because of a decreasing ratio

of fixed cost to total sales and also because of a slight

"learning effect". which tends to slightly decrease unit

variable costs as cumulative sales volume rises.

The question should be considered: If lower limit

breeches cause increased sales at the growing stages of the

product life cycle. should not the upper limit breeches at

the declining stage of the life cycle cause a counter and

offsetting effect? In the maturity and declining stages.

the pattern is for upper limit breeches to occur. which

would cause an increase in sales when C was at the alternate

level.

This phenomenon does. in fact. occur. With C at the

standard level. sales tend to be lower in the declining

stages. The loss in sales. however. is not sufficient to

overcome the prior increase in sales that was experienced

in the growth stage. The net effect is that. over the total

life of the product. sales are higher when C is at the stan-

dard level. causing a concomitant increase in profits.
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Figure 5-1. Effect of Inventory Communication Link

As shown in Table 5-2. REV-1 is the mean revenue for the

first 10 periods of a product's life. Note that revenue is

higher when C=1. Higher revenue (at C=1) continues through

the growth stages of the product's life. REV-2 is the mean

revenue for a product's declining stage only. Note that in

the declining stage. when C=1. the mean revenue is lower.

TOTAL REVENUE. the mean revenue over the total product life.

is higher at the standard level.

These statistics can be interpreted as follows: When

C=1. revenues tend to be higher in the growth stage. but

lower in the declining stage. When C=2. revenues tend to be

lower in the growth stage. but higher in the declining stage.

The net total difference in revenues between the standard and
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alternate levels. however. is such that total revenues are

higher at the standard level. The conclusion. therefore. is

that the differences in revenues at the growth stage is the

predominant effect. and has sufficient influence on profits.

In summary. two counter-balancing effects2 occur as a

result of factor C. On the one hand. the inventory communi-

cation link does cause lower inventory costs. On the other

hand. the communication link has an inhibiting effect (be-

cause of decreased pressure) on sales during the crucial

growth stages of the product's life cycle. The unexpected

net result of these counter-current effects is that factor C

has no significant effects on the profitability of the firm.

Effect ofg§alesmen Intercommunication

Somewhat surprisingly. factor D. the communication link

between salesmen within a region. failed to have a significant

effect on profits. It was expected that the presence of the

communication link would significantly improve the quality of

information. A reexamination of the communication link

mechanism as conceptualized in the model is necessary in

order to explain this result.

 

2It is worth noting that Bonini also found counter-

balancing effects: With a "loose" Industrial Engineer-

ing Dept.. profits were expected to be higher because

of higher costs. Costs were. in fact. found to be

higher. but sales rose to counterbalance the increase

in costs.
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Table 5-2. Effects of Standard and Alternate Levels of

  

  

 

 

Factor C

REV-1 REV-2 TOTAL INV.

REV. HOLDING

COST

1 (Standard) 14069 71975 116h17 hh31

C:

2 (Alternate) 13688 73118 115955 4906

Mean Increment -i90 571 -230 -12

 

Each salesman undertakes a "search" process for the

purpose of evaluating how each product will respond to

marginal effort. The result of his "search" is a ranking of

the products on the basis of high marginal response to

marginal effort. His search and ranking. of course. are

subject to error from other extraneous factors that might

affect demand. It was expected that communication with

other salesmen would tend to reduce this error. but the re-

sults generally did not support this expectation.

It is proposed that the reason the communication link

did not reduce error is that the difference between the sales-

men's rankings was negligible in the first place. Therefore.

communication regarding the relative rankings generally

served no useful purpose. In general. the communication was

an attempt to "pool" information when. in fact. there really

»was no substantive difference between the information possessed
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by each salesman.

There was. however. an exception. In the cases where

factors A and B were at the alternate level. profit was

slightly improved when the communication link was present

(see Table 5-3).

Table 5-3. Profit Under Different Conditions of Factor D

 

FACTOR

A B D PROFIT

2 2 1 59.086

2 2 2 59.351

 

This result. although not statistically significant. was

in keeping with expectation. With factor A at the alternate

level. the market was subject to a higher degree of random

changes in demand. With factor B at the alternate level. the

information to be transmitted was truly valid.3 Therefore.

the pooling of information between the salesmen appeared to

result in a reduction of random error. improving the quality

of information. The differences between the salesmen's

error. however. were not sufficiently large to produce a

statistically significant improvement in profits.

It should be noted that. for reasons of simplicity. the

motivational effects of group intercommunication are not

 

3See previous discussion under factor B.
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explicitly modeled in this experiment. Likert (1967) pro-

poses that face-to-face group communication. aside from the

informational transfer effects. also results in favorable

attitudes and higher motivation to produce. It would-seem

reasonable to assume that the effects of group intercommuni-

cation. like participation in decision-making. can be segre-

gated into an information transfer component and a socio-

psychological (ego-involvement) component. but not the socio-

psychological component. was explicitly considered.

The failure of the factor to produce a significant

improvement in performance. therefore. may be explained by

the absence of motivational effects in this model. and also

by the fact that an improvement in the transfer of informa-

tion is not possible under the particular conditions of

information structure proscribed by this model.

Effects of Participation

The effect of participation. factor F. cannot be ade-

quately discussed except in conjunction with factor B. mar-

ket response. and factor F. need for independence. The

interaction effects of these variables provide an excellent

means of demonstrating the partialling of the effects of

participation into a result due to "decision quality" and a

result due to "ego-involvement."

Ihen acting in conjunction with factor B. factor F pro-

duces an improvement in profits due to "decision quality."

.because of the improvement in the quality of information that



105

is utilized as an input to the effort allocation decision.

When factor B is at the alternate level. the elasticity of

effort varies between products. The potential exists for

an improvement in performance if more effort is directed

toward those products with a high elasticity of effort. and

it is the responsibility of the salesman to "search" for

those products which will give a high marginal response to

marginal effort. The results clearly show that when valid

information actually does exist. and when the regional sales

manager does consider the information in making the alloca-

tion decision. profits significantly improve because the sales

manager is in possession of information needed to make a

higher "quality" decision. With the interaction of factors

3 and E. the improvement in decisionemaking is due entirely

to an improvement in the quality of information that is re-

quired for the decision.

The interaction of factors E and F. however. deals

with the motivational aspects of the process of participa-

tion. In the model. a salesman with low need for independ-

ence attaches no instrumentality to the opportunity to

participate. A salesman with high need for independence.

however. attaches high instrumentality to the opportunity to

influence decision making. In the model the results clearly

demonstrate that salesmen with high need for independence,

when allowed to participate in decision making. are motivated

to higher levels of effort which significantly improve the

‘profit performance of the firm. The salesman becomes "ego
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involved" in the decision. and exerts significant supportive

effort to assure that the decision is correct. The results

also show that this effect may occur even though no concomi-

tant improvement in information and decision quality is pres-

ent.

The value of the conclusions derived from these results

lies in the fact that the model clearly demonstrates that.

from a structural standpoint. participation in decision

making can be partialled into a decision quality effect and

an ego involvement effect. (Fig. 5-2) With the decision

quality effect. the improvement in performance occurs be-

cause the decision-maker has improved information upon which

he can base his decision. With the ego-involvement effect.

the improvement comes about because the participant becomes

involved in the decision making process. and strives to in-

sure desired results from his recommendation. This simula-

tion has modeled structural mechanism which segregates the

two effects into independent components: the decision qual-

ity effect can exist independently of the ego-involvement

effect. and vice versa. In other words. the two effects can

act concurrently to improve performance.

In summary. the experiment has demonstrated structural

mechanisms by which participation in decision making can act

independently to improve performance. The conclusions derived

from the experiment serve to demonstrate the consistency and

sufficiency of Vroom's conceptualization of the effects of

'participation and lead to further confidence in his theory.
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Figure 5-2. The Effects of Participation

Future Research

The model suggests a number of directions in which

future research projects could be developed. In the marketing

area. the model could serve as a framework upon which experi-

ments might be constructed that focus on the product intro-

duction process. the product deletion process. or the behav-

ioral process of allocation of sales effort. An experiment

that developed the application of smoothing-type forecasting

techniques (especially adaptive smoothing) to life-cycle

type products might also be appropriate.

Another area of future interest might deal with a more

formal examination and delineation of the counterbalancing

effects found in this experiment.

Without a doubt. this experiment has been distinctly

limited in scope--dealing with only a few of the myriad of

variables that might form the basis of interest for such an

experimental approach. The work of Joan Woodward (1965).

for example. regarding the Juxtaposition of technical and



108

behavioral aspects of the work environment might provide

useful focus for a computer simulation experiment. Alternate

ways of developing attributes of individuals might be con-

sidered. especially various aspects of need-achievement. need-

affiliation. and need-power.

Finally. the original objective of the research was to

provide a step toward the melding of the "macro" and "micro"

simulation approaches into one model. This model has served

to provide a framework (i.e.. the "macro" portion) for such

an integration. but requires considerable in-depth develop-

ment of the micro decision processes if such an objective is

to be completely accomplished. The challenge of the micro-'

process development--perhaps the integration of a HONUNCULUS

type of decision system--will hopefully provide stimulation

for fruitful future research.

Summary

This chapter has described the major mechanism which

produced the experimental results. Two factors. stability of

demand and the inventory communication link. were found to

have little effect on profitability. primarily because of

counterbalancing mechanisms that tended to result in

opposing effects. The intercommunication of salesmen was

also found to be insignificant because of the lack of substan-

tive information transfer. The strongest effect on profit-

ability was caused by participation in the sales-effort

. allocation decision. especially when considered in conjunc-

tion with valid market information and salesmen characterized
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by a high need for independence.

The model has demonstrated a structure which explicated

the partialling of the effects of participation into an

information transfer component and an ego involvement com-

ponent. each independent of the other.

The experiment has provided an initial step toward the

integration of "macro" and "micro" type simulations. as well

as demonstrated the viability of simulation as a means of

explicating the structural mechanism under lying behavioral

theory. .Above all. the experiment has provided a demonstra-

tion of the usefulness of computer simulation as a vehicle

for the exploration of behavioral theory. It is believed

that the conclusions drawn from the experiment. when tempered

by the limitations cited in Chapter h. are useful in demon-

strating the tractability of the dynamic modeling of

behavior in organizations.
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I!

______)(00 M9 R - um» - LOOP roA nth manners

Lproncm - trmcmj - mu nevuous Foams?

[ rmc . 0 I - zno our roams: rm uncut: x

A 00 “.8 L - I,IISAI.S - LOOP ton CVCLINC SALES!“

PSAVE - SAVEIR,L): sAVEmL) - Am. - rust“! SALES

mom“: L) 9 (I-ALPIthCIK memes: -

SAVE(K,L - PSAVE -. PDELOR(K,L) - new!

(ML): 0CL0A(K,L) - AmenANCC o II-ALPI)

IDELm(K,L): FORCIK,L) - SAVE(K,L) o

(ALPIADELGI(K,L)/(I - ALPI) I  
 

 

  
 

 

 

JL

[woncm - woacm o mango] . Accunuuu roams: Iron name: I:

1

I48 I counuufl - tun sALtsm L00?

.2.

| TSLFm . :eron . "new | . ACCUMULATE TOTAL SALES roams:

I

M9 Comm: - no nowc: LOOP
 

sis:
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SIMOUTINE INVENT

 

 

 

—X00 I99 I: - human)

_Jr 

 

me(x) - ALr7amem + (I-ALP7)A

TSAL(K)AO.3 amux) - ALPhRINHR)

O (I-ALP7)ATSAL(K)AO.I

  

 

 

[Is INV(K).LE.VINL(R)\

NO YES

 

 

SCINLIK) - mvm + 0.5A(VINL(K) - mvm ]

‘ [Is INVFAC.EQ.O\

no yes

nesm - ncsm o our

nesm - mu(n£s(x).l.2

4, mem - .SSAVINLIK)

nmux) . .ssanmLm

 

 

     
 
  /IS IW(K).C£.AmL(T)‘€——-—-

O VES

  

SCINLIK) - INV(K) + D.SIIIRINLIK) - mm )]
 

 
‘ vuuth) - 1.05-me60

F nmux) - Los-Alum

M

£0 YES

mes“) - mask) - on?

was“) - HAx(mes(K).o.8I

 

  

  

  
 

  

... a.” H:...- — m--- -. , ...-- . - . _. _. ._

 

LNP ran CVCLIIG PRMIETS

ADJUST INVENTMV LIMITS

IS INVENTMV WITNIN UPPER LIMIT?

UPPER LIMIT EXCEEOED--SCMEDULE DECREASED

LEVEL

IS INVENTMY COIMUNICATION FACTG AT

STANDARD LEVEL?

IKREASE PRESSIRE ON SALES DEPT.

LOVER LIMITS III INVENTMV

IS mvcumnv UITNIN LOVER LIMIT?

LOVER LIMIT DREECNED--SCNEDULE IICREASED

INVENTORY LEVEL

IS INVENTORY FACTM AT STANDARD LEVEL?

DECREASE PRESSURE GI QLES DEPT.

RAISE LIMITS OI IINENTMV

__ _. .-__-—...—



I"

 

SJHIIITINE IINENT (COIL)

I

  ’ ECINLm - mvm § a.mamva— . AggzgaLmI‘muégcgsnuscnmuu susm
 

  
1199 L CONTINE] - cm mower LOOP
 

sumwnut GENPRO

' ZERO WT TOTAL PRQUCTIGITPROD I O

00 29

ROI, NPROD

I ACTPRO(K) - O I ° ZERO OUT ACTUAL PRODUCTIM

Z IS DRUNK) :- I \ YES ' MS PRDUCT R OEEN DROPPED

 

  

 

  

  

' LOOP Fm CYCLII‘ PRWUCTS

 

 

 

 

 

no

rscuzo - vrmcm - mm 9 sum (:03 ° mutant ncoucnou

LACIPAOIK) - SCHEDA (I o .ozsanuourux) )J - GENERATE IAIN)! um AID ACTUAL
 

PRODUCTION

ITPROO . TPRI'DOACTPRIHK) I - ACCIHULATE TOTAL PRQI‘TION

   

l 249 CONTINUE ‘ . ‘ EID OF LOOP
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SUDRWT INE PRREC

 

 

 

00 320. R - I,Im00>
 

 

IS :rancIA).LC.rrmc(x)\ YES

 

 

/ IS TSAL(K).GE.Pch(K)\ us
 

no

I

nzsm - mtsm . 0m 1

.2

  
PRESIK) - MIN (PRESIK), I

I

IS RPCIK).EQ.I.OR API(K).EQ.I\

YES ' NO

[Is ITRPIIK).LT. ITRPCIKKYES

  

 

 

 

ITRPC II RLmK

 
 

 
   ITRPI I RLGR 

 

uncs(x) - PRESIR) . DELP

mzsm - names“). 0.a)‘

 

  
 

 

NO

[mm - xLoch

J!

mes“) - mtsm o 0er

PAESIK) - MINIPRESIK), I.z)

 

 

 

   
   
 

\ll

421224] CONTIIEFI

113E

  
Is TSALIK).GT. "MW“

LOOP FDR PRWCTS

IS PREVIOUS FORECAST NIGMER MN

CIRRENT FORECAST?

CURRENT FORECAST MIGMER-dfls PREVIOUS

FQECAST MET?

IICREASE PRESSURE GI SALES DEPT.

MS A REQJEST rm PROIOTIUI IKREASE

0 PRICE DECREASE OEEN MADE TNIS MRTER?

\AS PROIOTION IIRIREASE REQJESTED NME

RECENT THAN PRICE CUT REQJEST?

REQIEST PRICE CUT

STGE TIME N PRICE CUT NEWEST

REQUEST PROIOTION IICREASE

STQE TIME 6 PROIOTION REQIEST

DECREASE PRESSIRE GI SALES DEPT.

IIS PREVIWS FMECAST MET?

REQIEST PROIOTION IICREASE

STORE TIME N PROIOTIUI REwEST

IKREASE PRESSURE OI “LES DEPT.

ED PRWCT LOOP



 

00 50I K - I,NPROD)
 

 

 
50I I BASISIK) - -PRES(K)I
 

 

 

CALL RANK (IIPROD, BASIS, MKTRNK)]
 

 X00539 L - I,NSALS>

r'——X 00 SUI x - ammo)

 

I
000w - (m0EA5(I<,L)

-PREORD(K,L)) ~PDELORIK,L)

I

 

 

 

  

L—-I su

I

I oarr - (EFFIK,L) - PEFE(K.L))I

 

I BASISIK) - QDORDNEFEI
 

 

I DVDE(K,L) - BASISIK) I
 

 

3’4

CONTINUE J

 

 

CALLIIANIuNpaoo, BASIS, RNKII
 

 
I

 

i

FX 00 525 x - I,Nmoo)

 

IRESRNKIK,

.—J 525

L) - RNKIK)I

4L.—
CONTINUE

    

I PERDIIL) - o. I

  
DO 530 K - I,NPROD

 

 

SUlIOUTINE SLS‘IEN

o LOOP FOR PRODUCTS

ASSIGN PRESSURE AS RANKIN BASIS

RANK PRWUCTS ON THE BASIS IN: PRESSURE

LOOP Fm SALESI EN

LOOP Fm PROOIETS

ESTIMATE MARGIML RESPONSE N ORDERS

ESTIMATE MARGINAL EFFORT

ESTIMATE MARGINAL RESPONSE TO

MARGINAL EFFORT

STME MARGINAL RESPONSE

Em PROOLCT LOOP

RANK PRODUCTS ON THE BASIS OF MARGINAL

RESPONSE

LOOP FOR PROOUCTS‘

STmE RESPONSE RANK

EID PRODIKIT LOOP

ZERO OUT FIRST PERCEIVED DIFFERENCE

IN RANKING

LOOP FOR PRODIKITS



.t I

 

I?
uou'IIIIE SLSIEII (Conn)

 

53o PERDIIL) - PERDIIL) .

  
ABSIMKTRNHK) - RESRNK(K,L))

  

 

 I?” I CONIINu_E]
 

\

IF SLSCOLEQ. O

I
V

IJJ I NSALS/Z JJI - JJ . I]

———X00 5550 K - I,NPNOD

E—Xoo ssn L - IE

33%|] Dun .45.. . Noumm

I

I

YES

I— 

 

 

 

  

  

00 55A} L I JJI,N9LS   

 

    

 

 

5593 I oun - oun o 0VOE(K,L)]
 

00 55% L - JJI,NSALS

I

55% DVDEIK,L) - DUM/JJ

~I sssoI coNnNIIEI

 

  

     

CALCULATE FIRST PERCE IVED

DIFFEREICE IN RANKIIflS

EDD SALESIEN LOOP

IS THE SALESIEN COIMUNICATION

FACT“! AT THE STANDARD LEVEL?

SET UP SALES REGION "DEX IRIIOERS

LOOP ran mooucTS

ZERO OUT DIHMY VAR IAOLE

LOOP FM REGION I SALESAEN

ACCUMULATE MARGINAL RESPONSE VALUES

LOOP FM REGION I SALESIEN

ESTIMATE MEAN MARGIML RESPOISE

ZERO GIT DUMMY VARIABLE

LOO FM REGION 2 SALESIEN

ACCIPIUIATE MARGINAL RESPOISE VALUES

LOOP FOR REGIUI 2 SALESIEN

ESTIMATE MEAN MARGINAL RESPNSE

EID PRwUCT LOOP
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(c)

”INTINE SLSIEN (CONTJ

  I SSSILCONTINUEF—
 

 

 

 

 

  

I—————-X 00 I000 L - I,NSALS3 ° LOOP Eon SALESIEN

00 5&0 K - I,NPROD ) . LOOP Eon "000:1:

J
9.0 BASISIK) - (PRICEIK) . ESTIMATE POTENTIAL MARGINAL CONTRIIJTIOI

   
- ucsrme))t0voE(x.L)
 

 

RANK ON OASIS N POTENTIAL MRGIML

CONTRIBUTION

ICALL RANK(NPRm, RASIS, RNKU

IS PART.NE.I YES 0 IS PARTICIPATIN DleURAGEDT

 

DO SAI K I I,NPROO> LOOP FOR PRODUCTS

I

54] I OASISIK) - RNK(K) . MKTRNK(K)I

v-ICALL RANK (NPROO, IIASIS, ANKH

00 558 K . “WNW——

558 Lamar) - IIImNIIITII - RANK ON IASIS 0r PRIORITY RANK run
,I/ NAAIIEIINC V.P.

L4 559 I CONTINUE]

00 560 K - Immofl

 

 

IKLIDE II‘IIIMATION FRO! SALES‘IEN

 

SALES MANAGER'S RANKIN USIIB NEU

II‘MMATION

  

LOOP rm PRNUCTS

 

 

 

 
ZERO OUT 2m PERCEIVED DIFFEREICE

IN RANKII‘

 

 

  
  

 

 

CALCULATE 2ND PERCEIVED DIFFEREI‘E

IN RANKIIGPERM - PERM + ADSISIRN

SIRNK(K,L) - RNK(K)

K

(K,L) - IIESANx(II,L) )
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suuoInIIIE SLSIEII (coma)

 

/IS ANEEOI.EQ.O \ YES 0 IS NEED-INDEPEIDEICE FACTM AT

STAIDARD LEVEL?

ID

 

CALCULATE CIRNGE IN PRCEIVED OIFFEREI‘E0mm - PERDI - mm]

’IS DPERO.GT.O\ YES

 

MS THERE BEEN A CHANGE IN PERCEIVED

DIFFEREICE?

 

EFPARTIL) - EFPAR‘HL) - DELPAR] IIE0IA:E EFFECTS or PARTICIPATION
 

 

IEFPART(L) I EFPART(L) 9 IDELPARA IKREASE EFFECTS OF PARTICIPATION

0.5.09EA0

 

to” - maSIErpAAnLI) nun - I.02 CALCULATE EFFECT PARAMETER

- (0.025III - EXPI-AIDUMIH )
 

  H 0m - 0.05:“ - ExH-MMARIILH) + m] - CALCULATE EFFECT PARAMETER

l

00 579 K . I,NPRw
 

 

0 LOOP rm PRwUCTS
 

 

579 I non-aux) - ommesu—II - CALCULATE No'IIVAnN: ECIICE
 

 

u!

00 582 K - mama» LOOP roII mowers
 

 

582 aASISm - - moEns(x,LU . SET 0A0EIIS AS IIASIS

ICALL RANKINPRw, IASIS, voumfl

II.

00 587 K . I,NIIII®

 

RANK ON THE OASIS N VOLIDIE

 

LON FM PRQUCTS

 

5871 IASISIK) - SIIINII(K,L) . vouuxm] - SET IIASIS roII EINIL mum:
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sunoImIIE SLDIEN Icon.)

 

 

 

 

[CALL RANKINPROD, IIASIS, $L9INK_)] - MAKE SALESIAN'S FINAL AANIIIIIS

Ion-III - Nm007zj . SET 09 oumv FOR AANE-EACtoI

on 592» K - I,NPROO . LOOP Eon mowers
 

 

Iou-I - SLsuINIx) - Cum - 0.5 CALCULATE NANA-nun

RNRFAC I I.0 . (0.04'IMIIAJM)

 

 

  
 

 

IPEFFIK,” - Err(K.L)| . IIoEx IIIIEVIwS “Fm!

I—Issz] Err(x,L) - MOTFORIKIIIRNKFAC] . CALCULATE NEN man

LI000 CONTINUE . Em SALESIEN Loop
 

535.3
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suaaour INE SLSGEN

0 ZERO WT TOTAL SALES N ALL PRMIITSTTSAL I O.

   

 

LOOP Fm CICLIIG PROOIKTS 

 

,00 749 K - I,NPRw

I

IITIMEIK) . ITIME(K) . II

I

v

oun - -IAAA(K)a((ITIME(K) .2)n2)

DEM - KONIK)IAA(K)II(ITIME(K) oz)aExr(0m)

 

ADVAIC E PRWIIT AGE COUNTER

ZERO WT TOTAL MDERS

GENERATE N04 INAL DDIAID

 

 

Iouu - DEM NmocnIN) - 094I

I SALMAXIK) - NAx(SALNAx(x),0aI)I

510“ MOI IML DEMAI»

 

CALCULATE MAX PAST NOIIML DEMAIO
 

I
v _

0m - (nonpnroma(pamtx)nmu(x)))l] - ADJUST 0mm DUE to PRICE AID

 
((PRICEIKIAAPRELIKHAPMFDIKI) mmonou FACTORS
 

    

   

00 no L - I,NSALS

I PREGIO(K,L) - moENSIK,L)I

I 7IOI CONTINUE

IJJ - NSALS/z JJI - J; 03

00 730 L - I,.I.I N

LOOP FOR SALESIEN
 

"DEX PREVIOUS ORDERS

 

EDD SALEQIEN LOOP
 

 

SET UP "DEX IMOERS FOR SALES REGIONS

 SALESIEN LOOP FM REGIN I”. I
 

 

 

1

[mm - SIGI-ounnNoquEnIII] - GENERATE mom DEVIATION mm NOIINAL

\gl 0mm

 

 
Ce)

Luv- 2*09I'IEFFIK,L) - ErrIx,L)nErrEL(x,L))I - GENERATE Ewan AESPCNSE

I
\1

[ORDERSIK,L) - 0EN.ErE(II,L) -0Ev -+N0ISE] - GENERATE 0AOEIIS
 

I

G)
 



C'P
I

 

©
SUIIIOUTINE SLSGEN Icon.)

730 CONTINUE
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00 m L - JJI, NSALS  

 

BOISE - SIC IaomaIINOUNIEIIIIfl

DEV - r0m(zrr(x,L) -

[—EFF(R,L)"EFFEL(K,L) )

 

  

  

 

I ORDERS(I<,L) - OEMfiEFF(K,L) . DEV . HOISEI

 
 7II CONTINUEJ

 

   

  

  

x- I,NSALS  

 

OO 7II

‘7II’ TORD(K) - TOAOINI .7

OROERS IK,L)

IOUN . ACTPRO(K) . INVIIOI

ZIS T0N0(I<).LE.OUII\ 'YES

TSALIK) - DUM

  

  

  

  
VINLIK) - I.05:IVINL(K)

RINL(K) - I.05.NINL(IL)

L TSAL(K) - Toaom :k-

TTSAL - TTSAL . TSALIK)

 

 

  

 

 

ESALM - QSALIK) . TSALW

 

II 7‘09 I CONTIEEI

0

END REGION I LMP

“LEQIEN LON rm REGION 2

GENERATE RAIDOI DEV IATION FROI NMIML

DEMAND

GENERATE EFFORT RESPINISE

GENERATE MDERS

EIO REGION Z LON

“LESIEN LOOP

ACCUMULATE ORDERS Fm PRMUCT K

CALCULATE AMOUNT N K AVAILABLE

IS ENOUGH AVAILABLE TO MEET MDERS

SET TOTAL SALES EQJAL TO AMwNT AVAILABLE

RAISE INVENTMY L NI ITS

SET TOTAL SALES EQIAL TO TOTAL MDERS

ACCIIIULATE SALES U ALL PROUCTS

ACCUMULATE QINITERLY “LES

EID PRWI‘T LOOP
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SJBRWTINE BOOK

   00 799 K - I,NPAOD
 

PREIINIK) - IINIK)

Jr

IINV(K) - ACTPROIK) . PREINVIK) - TSALIIIII

 

 

' INNCOSm - ((IINIK) .

PAEINv(I<))I2).sTOIC

OJ;
IC_LHP00(N) - CU-mom . ACTPAOINIJ

   

 

 

I am - CUICSTIK)

L
CUMCSTIK) - (ICOSTtCUNPNOIIIIn

(OPRAH o LIN/(OPRAH o I.)

 

   

 

EOSTPMK) - (Cu-ICSTIKI - DUN) . SETUPIKj
 

 

I UCSTPIIIKI . (cuncsflx) - DUM)/ACTPRO(K)]

 

_ Avcomm - (cO'sme) . AVCOIHIK)

APREINHKH/IACTPROIK) . PREINVIKH

 

COSTSIK) - (TSALIK).AVCOIN(K) o noun)

. INNCOSIK) + rcosahSALIIQ/TTSAL)

   

IREV - PRICEIKIATSALIKI I

.1,

moss“) innorm . ,a.pnor9(x)

UPIIOETIK) - .ZIUPROFUC) . .atupnorsnt)
 

norm - REV - COSTSIK)

UPROFIK) - PROFIKIITSALIK)
 

 

  

ZERO OUT TOTAL PROFIT

LOOP FM CYCle PRMUCTS

IIOEK PREVIOUS IINENTMY

CALCULATE INVENTMYIM-IIU

CALCULATE INVENTMY HOLDIIG COST

CALCULATE NEH CIIIULATIVE TOTAL PRMUCTION

STME OLD CIMIULATIVE PRODUCTION COST

CALCULATE NEH CLIIULATIVE PROOUCTIM COST

CALCULATE PRMUCTION COST FM THIS PERIOD

CALCULATE UNIT COST M PRODUCTIM

CALCULATE AVERAGE COST M INVENTMY

CALCULATE TOTAL COSTS FM PRMIIT K

CALCULATE REVEIRIE

CALCULATE PAST 9 MONTH AVERAGE PROFIT

CALCULATE PRM IT
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Q?

SUOAOUTIIIE 000x Icon.)

 

TPROF I TPROF 4- PRMIK) ACCIHUIATE TOTAL PRM IT

 

 

7 non“) - .snaonx) . .wnonm . CALCULATE CURRENT 3-MONTH AVERAGE non:

UPROFHK) - .saupaorm + .saUPNonm

"L799 I CONTINUE I

9793 K I K o I

 

 
 

EID LOOP

INITIALIZE LOM INDEX

IICREMEHT LOOP "DEX

 

 

[Is DROP(K).NE.I.M.IHV(K).NE.I\

No YES

__9I HPROD - Nnoo - fl

[fluST nOOUCT PARAMETER“
11

yes IS K.LT.NPROO '

SHOULD PRODWT IE CONTIIAIED?

 

 

 REDUCE IRIMBER OF PRMIITS

 

  SHIIILD PRMIST LOOP CONTIIRIE?
 

MVE LESS TMN ELEVEN TIME PERIMS

ELAPSED?

 

 

ACCUHU LATE smNAIIv STATISTICS]

“-
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SUBROUT INE NEWRO

 

[TPQSAL - TQSALj . INDEX PREVIOUS QUARTERS SALES

f—TIIILSMTTIj . ACCUNULATE ORAND TOTAL QUARTERLY SALES

WflL + ammo-I

WI<-I,NPR_5) - LOOP FOR CVCLINI: PRODUCTS
v

 

 

 

 

 

IS NMINAL DEMAND LESS THAN 502 OF[IS NOIDsI(I<).LT. O.50ASALMAX(K)\ VES
 

   
  

   
 

 

 
 

NAx PAST SALES

I NO

.1 87OI:CONTINUE - LOOP END

I880 I OROP(I<) - I—K . DROP PRODUCT

NPROD - NPROD + I7 - ADD NEV PRODUCT
L E

SET NEN PRODUCT INITIAL VALUES ANTI

PARAMETERS

I RETURN

 

 



 

Do 999 x - I,NPROD)

 

 

  
 

 

[Is ITINEIK).LE. 6\

VES ND

FROM

’9’ EH

[IS UPROF3(KI.GT.PROG

NO YES

 

BETAI(K) - OETAIIR).(I-ALP3) I

PROGOLIK) - (I - OETA2IR))

.PROCDL(K) . EETA2(N)aUPPOP3(R)

PROCOL(K) - NAx(o.o,PRoc0L(Kn

IISIR) I IS(K) + II

/ 7 Is (IS(K) - h) 21\,
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SUBROUTINE REC

- LOOP FM PRMUCTS

° BYPASS PRICE C PRMOTION DECISIONS

IF PRODUCT IS NEH

° DID PRMIT EXCEED PROFIT GML

° REDUCE EMPMASIS ON RECENT SUCCESS

° REDUCE PROFIT GML

- INDEX SEARCH CWNTER

- HAVE ALL ALTERMTIVES BEEN TRIED?

 

. o .

IS IIsIRI - I)\

o o O

 

  

 

  

 

 

 

' IAS SEARCH DIPLOYEDT

’ SET INDEX OF POSSIBLE PROFIT GML

REOIITION

 
  

   

     

  

DUN - ISOIK,I)

ISOIK,I) - ISOIK,2)

ISOIK,2) - Iso(x.3)

ISOIK,3) - DUM

928I Is(I<) - IF. ° RESET SEARCH CNNTER

- ALTER MDER M SEARCH
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G)
I

amour INE EXEC Icon.)

 

 

930 BETAHK) - ALP3 -

I I .(I-BETAI(R)) . BETAI(K_)I

' PROGOLIK) . (I - DETAIIRII. I

PROGOLIK) . DETAIIN).UPROI'3(N)

I PROGOL(K) . MAX(0.0,PROGOL(K))I

I IS (ISIIO) \

ISIISIKI.CE.II YES

NO

IBETAZIK) - BETA2(R).(I - ALPzfl

BETA2(K) - BETAZIK) .

ALP3.(I - BETAZIK)

 IL

   
 

 

   

 

  

 

 ISIIPcc(x,I))

g -I 0| I.

FSIUPROE3(R).CT.UPROE9(R)) \

no m]

IPCG(K,I) - IPCGIK - I) -j

IS (BETASIK) - I)

.3 .

ED

IIPCG(K,I) - IPcc(x,I) . LEI-I

 

 

 

 

  

  
@O

IIIREASE DIPMSIS ON RECENT SICCESS

RAISE PROFIT GOAL

HS STRATEGY SEARCH DIPLOYED?

HAS PROFIT GML REDUCED

RESET SEARCH IND ICATM

\AS PRICE CHANGED TO IKREASE PROFIT

INS PRMIT GREATER TMN 9 MONTH

AVERAGE PRMIT

IAS PRICE IICREASEDT



1.355

G

SIIwTIIE EXEC (CORTJ

 

LISIBETAHK) . I\

 
  

 

um“) - nm(a£n3(x),s£u

BEIAJIK) - scrum + ALP“

u

mum) - mum) - 3

 

BETAHK) - new“) - ALIA

strum - mu (ovum, BETAL)

mum!) - IPCG(K,I) o 2

  nun - mnemmm, smnc, ucsmzm,

tronc, term, PRICE“), PRoMxn

 v

IS Du«.5£.wor.0|.(x) YES

no

nun) - o

*

IS IPGR(K).EO.I vcs     
NO

cum - ISO(RLI)

[ Is (ow - 2)

l— O o

in£s(x) - PR£S(K) + DELP]

 

 

[953 I PROHIK) - (I - ALPSIIIPRG‘IIK)

 

  
@565

MS PR ICE IICRflSED

IKREASE PRICE CHAIBE HULTIPLIER

DECREASE PRICE CIIAMIE HULTIPLIER

COIPUTE PROJECTED PROFITS

DO PROJECTED PROFITS HEET PROFIT GMLT

DENY PRMOTIOR AND PRICE REQIESTS

HAVE ALL STRATEGIES DEEII TRIED

SEARCH FOR NEH STRATEGIES

IKREASE PRESSIRE ON SALES DEPT.

IMREASE PRO‘IOTIW



Q

SUIROUTIIIE EXEC (COIL)
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cm

 

TFORC (K) I I .O3tTFORC (K)

  

] .

 

  

I Roam - (I - ALPShmoMK)
 P

 

 

  

  
mucux), noun)

Dun - PRJPROUNHK), srouc,

ucstmm, Trout“) Tsuoa,

 

 
a IS DLH.GT.PROGOL(R)\ YES

_|s(IPc¢:(K,I))

1-

I DETAHK) 0 HA! (I .OI,BETA3(K))

  

 

PRICE“) - announce“)

PROGOUK) - (I - ammo)»

PROGOL(K) 4» aEtA2(x)wPRor3(x) ..

nocodx) - nAx(o.o, PROGOL(K))

 

 

   

 

 

om - mum) +

wcc(x,2) + mum)“
3
3
‘

 

IS nPc(x).r:1.o YES

 

   IS RPIIK).GT.O vts

NO

IS DW.GT.O YES

Cy

  
@565

REVISE FMECAST

DECREASE PROIOTIN

REVISE PROJECTED PROFIT

REDUCE PRNIT GOAL

IS PROJECTED PROFIT GREATER THAI

PRU IT GOAL?

\AS PRICE RAISED SIJCCESSFIILLY G

DECREASED UNSJCCESSFULLY

RAISE PRICE

CALCULATE PRICE CHME INDEX

IS THERE A REQJEST re: A PRICE CUT

IS THERE A REWEST Fm A PROTOTIOII IKREASE
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SUMOUTINE EXEC (CONT.)

 

aEfA3(I<) - HIN(I. 0I, BETA3(K))

BETAT3(K)- MAX(. 99, BETA3(K)I

PRICE(K) -BETA3(I<)£I>RIcE(R)

i
IPRoMK) - (I + ALPSIPRoMKn I?

IS DUM.GT.O

CHANGE PRICE IN BEST PAST DIRECTION

   

  
IICREASE PROHOT ION

 

    
   

 
HAS PRICE CHANGED IN LAST 9 MONTHS

N0

  
BETA3(K) = MIN( .99. 8ETA3(K)) ' CUT PRICE

PRICE(K) - BETA3(K):’:PRICE(K)

  

     

   

995 DUM =-

m—

IPcc(K,3) - IPcr.(K,2) . UPDATE PRICE CHANGE RECORD

IPCG(K 2) - IPCG(K I)

IPCG(K I) - oun

Im-

ISAL3Q - 0.5-.ITQSAL + 0.55ALfl

DO 885 K - I,NPROD

ISHARE(K) - 0.2'5- (OSAL(K)/I

- UPDATE PRICE CHANGE INDEX

(PRICE HAS BEEN CHANGED)

0 UPDATE PRICE CHANGE INDEX

(PRICE HAS NOT BEEN CMNGED)

 

   

END OF PRODUCT LOOP

 

CALCULATE 3-QJARTER SALES AVERAGE _

 

    
o LOOP FOR CYCLING PRODLRZTS

 

CALCULATE 3- QJARTER AVERAGE SHARE

ITQSAL) + o. BASH/IRE“) or TOTAL SALES

6) EL
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suaRouIIIIE ExEC (cam)

   RPIIK) - RPCm . o - ZERO our PRICE AID PRonorIou REQJESTS

I OSAL(K) I O I - ZERO OUT QUARTER SALES

‘— 385 CONTIWE ' EID PRMIIT LOOP

I ITIQ I O I . ZERO WT TINE-IN-QIARTER

I RETURN I

 

 

FUICTION PRJPRO

IDlflI I INVASTD IC I . EST IRATE TOTAL INVENTMY HOLDII'G COST

EDUHZ I UCSTéRTFMC 6 SETUP I ESTIMATE PRNIITIGI COST

I nun: - rcoahronnsum) I . ESTIIIATE FIXED cost ALLmAnou

A mm - PRICE - ( (oquoomzoouIIsoPRoI) - ESTINATE UNIT PRom

IIPIIICI

 

 

 

 

[mm
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SUBROUT INE RANK

‘ C-RANR SIALLEST VALUE OF OASIS FIRST--

LARGEST VALUE U BASIS LAST

m . LOOP POR CVCLIIR: PRODICTS

 

 

 

 

 

 

 

 

 

 

 

 

 

   

IOUIII - I. am: - OASISmJ - SET IIIITIAL VALUES or DUIIIIV VARIAILES

___3( DO IO R - LAP)‘ - COIPMISON LOOP CORI'ROL

flS Dm2:LE:aASIs(R) VES - CDIIPARE LOVEST IIUISER UITII IIEIIT VALUE

- OP OASIS

IIO

DUII . R DUHZ - RASISIKI] ~ LET OUR: EQIAL REV LDVEST VALUE

couTIIRIE -‘ EIID OP LOOP

I RIIRIDLIII) . JI - DEPIIIE RANK or IIEV LDUEST VALUE

Bs's‘m’”) . Io.n7] . ASSIGN AROITRARILV HIGH VALUE To RASIS

11° coIIIIIUE - no or LOOP
 

FUKTION RNDIII

 

x - SORT (-2.0PALOG(RANF(-I.O)) ) ACOS . GENERATE A RAROD-I VARIABLE mm A

(6.233I85307RRANFI-2.0I ) NORHAL DISTRIOUTIDII IIITII IIEAII OP HAD

7 AND STANDARD OEVIATIOII OP I.O
 

m:



APPENDIX II

Glossary of Variable Names





G
L
O
S
S
A
R
Y
O
F

V
A
R
I
A
B
L
E

N
A
M
E
S

S
u
b
s
c
r
i
p
t
s

I
n
g
e
n
e
r
a
l
.

t
h
e
s
u
b
s
c
r
i
p
t
K

r
e
l
e
r
s

t
o
a
p
a
r
t
i
c
u
l
a
r

p
r
o
d
u
c
t
.

w
i
t
h

K
I
.
N
P
R
O
D
.

(
N
P
R
O
D

N
u
m
b
e
r

o
f
p
r
o
d
u
c
t
s
)

T
h
e

s
u
b
s
c
r
i
p
t
L

r
e
f
e
r
s

t
o
a
p
a
r
t
i
c
u
l
a
r
s
a
l
e
s
m
a
n
w
i
t
h

L
I
.
N
S
A
L
S
.

(
N
S
A
L
S

N
u
m
b
e
r

o
f
s
a
l
e
s
m
e
n
)

P
r
o
g
r
a
m

P
A
J
A
M
A

K
I
D
C
K

T
h
e
t
i
m
e
k
e
e
p
i
n
g

v
a
r
i
a
b
l
e
.

T
h
e

v
a
l
u
e

o
f

K
L
O
C
K

i
s
t
h
e
p
a
r
t
i
c
u
l
a
r
m
o
n
t
h

o
f
t
h
e

c
u
r
r
e
n
t

r
u
n
.

L
E
N
G
T
H

T
h
e

l
e
n
g
t
h
o
f
t
h
e

r
u
n
.

T
h
e
n
u
m
b
e
r

o
f
t
i
m
e

p
e
r
i
o
d
s

t
o
b
e
c
o
v
e
r
e
d

i
n
t
h
e

r
u
n
.

I
T
I
Q

C
u
r
r
e
n
t
t
i
m
e

i
n
q
u
a
r
t
e
r
.

S
u
b
r
o
u
t
i
n
e

F
C
A
S
T

T
S
L
F
O
R

T
o
t
a
l
s
a
l
e
s

f
o
r
e
c
a
s
t
.

P
F
O
R
C
U
C
)

P
r
e
v
i
o
u
s
m
o
n
t
h
'
s

f
o
r
e
c
a
s
t
.

T
F
O
R
C
H
C
)

F
o
r
e
c
a
s
t

f
o
r
p
r
o
d
u
c
t

K
.

P
S
A
V
E

P
r
e
v
i
o
u
s
s
m
o
o
t
h
e
d
a
v
e
r
a
g
e
.

S
A
V
E
I
K
.
L
)

S
m
o
o
t
h
e
d
a
v
e
r
a
g
e
.

A
L
P
I

S
m
o
o
t
h
i
n
g

c
o
n
s
t
a
n
t
u
s
e
d

i
n
f
o
r
e
c
a
s
t
i
n
g
.

O
R
D
E
R
S
U
C
.
L
)

O
r
d
e
r
s

r
e
c
e
i
v
e
d

(
u
n
i
t
s
)
.

C
H
A
N
G
E

C
h
a
n
g
e

i
n
s
m
o
o
t
h
e
d
a
v
e
r
a
g
e
.

P
D
E
L
O
N
K
.

L
)

P
r
e
v
i
o
u
s
f
o
r
e
c
a
s
t
e
d
c
h
a
n
g
e

i
n
o
r
d
e
r
s
.

D
E
L
O
I
N
K
.

L
)

F
O
R
C
I
K
,

L
)

S
u
b
r
o
u
t
i
n
e

I
N
V
E
N
T

U
I
N
L
I
K
)

A
L
P
?

R
I
N
M
K
)

T
S
A
L
(
K
)

I
N
V
(
K
)

S
C
I
N
H
K
)

I
N
V
F
A
C

F
R
E
S
(
K
)

D
E
L
P

P
o
r
e
c
a
s
t
e
d
c
h
a
n
g
e

i
n
o
r
d
e
r
s
{
r
e
m

c
u
r
r
e
n
t

m
o
n
t
h

t
o
n
e
x
t
m
o
n
t
h
.

F
o
r
e
c
a
s
t
o
f
s
a
l
e
s
.

U
p
p
e
r

l
i
m
i
t
o
n
i
n
v
e
n
t
o
r
y

l
e
v
e
l
.

S
m
o
o
t
h
i
n
g

c
o
n
s
t
a
n
t

i
n

s
e
t
t
i
n
g
i
n
v
e
n
t
o
r
y
l
i
m
i
t
s
.

R
u
n
o
u
t

(
l
o
w
e
r
)

l
i
m
i
t
a
n

i
n
v
e
n
t
o
r
y
l
e
v
e
l
.

M
o
n
t
h
l
y

s
a
l
e
s
.

I
n
v
e
n
t
o
r
y
l
e
v
e
l

a
t
e
n
d

o
f
m
o
n
t
h
.

S
c
h
e
d
u
l
e
d

l
e
v
e
l
o
f
i
n
v
e
n
t
o
r
y
.

E
x
p
e
r
i
m
e
n
t
a
l

v
a
r
i
a
b
l
e

c
o
n
t
r
o
l

(
i
n
v
e
n
t
o
r
y

c
o
m
m
u
n
i
c
a
t
i
o
n

l
i
n
k
)
.

I
n
d
e
x

o
f
p
r
e
s
s
u
r
e
o
n
s
a
l
e
s
d
e
p
a
r
t
m
e
n
t
.

C
h
a
n
g
e

c
o
n
s
t
a
n
t

f
o
r
i
n
d
e
x

o
f
p
r
e
s
s
u
r
e
.

S
u
b
r
o
u
t
i
n
e
G
E
N
P
R
O

T
P
R
O
D

A
C
T
P
R
O
U
C
)

D
R
O
H
K
)

S
C
I
-
I
S
O

T
F
O
R
C
U
C
)

I
N
V
U
C
)

S
C
I
N
V
H
C
)

T
o
t
a
l
m
o
n
t
h
l
y

p
r
o
d
u
c
t
i
o
n
.

A
c
t
u
a
l
a
m
o
u
n
t
p
r
o
d
u
c
e
d

i
n
c
u
r
r
e
n
t
m
o
n
t
h
.

i
n
d
e
x
n
u
m
b
e
r

i
n
d
i
c
a
t
i
n
g

i
f
a
p
r
o
d
u
c
t

i
s
t
o
b
e

d
i
s
c
o
n
t
i
n
u
e
d
.

I
f
D
R
O
P
U
C
)

l
.

t
h
e
p
r
o
d
u
c
t

w
i
l
l
b
e
d
e
l
e
t
e
d
.

P
r
o
d
u
c
t
i
o
n
s
c
h
e
d
u
l
e
d

f
o
r

n
e
x
t
m
o
n
t
h
.

F
o
r
e
c
a
s
t
e
d

s
a
l
e
s
.

C
u
r
r
e
n
t

l
e
v
e
l
o
f
i
n
v
e
n
t
o
r
y
.

S
c
h
e
d
u
l
e
d

l
e
v
e
l
o
f
i
n
v
e
n
t
o
r
y
.
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'
R
N
D
U
M
D
C
)

S
u
b
r
o
u
t
i
n
e
P
R
R
E
C

T
F
O
R
C
U
Q

p
r
o
a
c
u
o

T
S
A
L
I
K
I

P
R
E
S
H
C
)

D
E
L
P

R
P
C
I
K
I

P
H
I
K
I

I
T
R
P
I
I
K
)

I
T
R
P
C
(
K
)

K
L
O
C
K

S
u
b
r
o
u
t
i
n
e
S
L
S
M
E
N

B
A
S
I
S
H
C
)

P
R
E
S
I
K
I

M
K
T
R
N
K
I
K
I

D
D
O
R
D

o
n
n
s
n
s
u
t
.
L
)

9
1
1
2
0
a
n

L
)

P
D
E
l
D
N
K
.

L
)

D
E
P
F

F
u
n
c
t
i
o
n
f
o
r
g
e
n
e
r
a
t
i
n
g
s
t
a
n
d
a
r
d
i
s
e
d
n
o
r
m
a
l

r
a
n
d
o
m

v
a
r
i
a
t
e
.

F
o
r
e
c
a
s
t
e
d

s
a
l
e
s
.

F
o
r
e
c
a
s
t
o
f
s
a
l
e
s

i
n
p
r
e
v
i
o
u
s
m
o
n
t
h
.

M
o
n
t
h
l
y

s
a
l
e
s
.

I
n
d
e
x

o
f
p
r
e
s
s
u
r
e
o
n

s
a
l
e
s
d
e
p
a
r
t
m
e
n
t
.

C
h
a
n
g
e

c
o
n
s
t
a
n
t

f
o
r
i
n
d
e
x

o
f
p
r
e
s
s
u
r
e
.

R
e
q
u
e
s
t

f
o
r
p
r
i
c
e

c
u
t

i
n
d
e
x
.

R
e
q
u
e
s
t

f
o
r
p
r
o
m
o
t
i
o
n

i
n
c
r
e
a
s
e

i
n
d
e
x
.

M
o
n
t
h

i
n
w
h
i
c
h
p
r
o
m
o
t
i
o
n

i
n
c
r
e
a
s
e
w
a
s

l
a
s
t

r
e
q
u
e
s
t
e
d
.

M
o
n
t
h

i
n
w
h
i
c
h
p
r
i
c
e

c
u
t
w
a
s

l
a
s
t
r
e
q
u
e
s
t
e
d
.

"
C
l
o
c
k
t
i
m
e
"
.

C
u
r
r
e
n
t
m
o
n
t
h
.

D
u
m
m
y

v
a
r
i
a
b
l
e
.

u
s
e
d

f
o
r

l
i
s
t
i
n
g
v
a
l
u
e
s
o
f

a
t
t
r
i
b
u
t
e
o
n
w
h
i
c
h
a

r
a
n
k
i
n
g

i
s
m
a
d
e
.

I
n
d
e
x

o
f
p
r
e
s
s
u
r
e
o
n

s
a
l
e
s
d
e
p
a
r
t
m
e
n
t
.

i
n
d
i
c
a
t
e
s
a

p
r
i
o
r
i
t
y
r
a
n
k

o
f
e
a
c
h
p
r
o
d
u
c
t
.

T
h
e
m
a
r
g
i
n
a
l
c
h
a
n
g
e

i
n
o
r
d
e
r
s
.

M
o
n
t
h
l
y
o
r
d
e
r
s
.

P
r
e
v
i
o
u
s
m
o
n
t
h
'
s
o
r
d
e
r
s
.

P
r
e
v
i
o
u
s
m
o
n
t
h
'
s
c
h
a
n
g
e

i
n
o
r
d
e
r
s
.

T
h
e
c
h
a
n
g
e

i
n
a
s
a
l
e
s
m
a
n
'
s

e
f
f
o
r
t
.

E
F
F
I
K
.

L
I

P
E
F
F
U
C
.
L
)

D
V
D
H
K
.

L
)

R
N
K
(
K
)

R
E
S
R
N
K
I
K
.

L
)

P
E
R
D
H
L
)

S
L
S
C
O
M

J
J
.

1
.
“

P
R
I
C
E
U
C
)

U
C
S
T
P
R
(
K
)

M
K
T
R
N
K
H
C
)

S
M
R
N
K
(
K
.

L
)

P
E
R
D
A

D
P
E
R
D

E
P
P
A
R
T
U
J

D
E
L
P
A
R

D
U
M

M
O
T
F
O
R
U
Q

V
O
L
R
N
I
Q
K
)

S
L
S
R
N
K
U
C
)

S
a
l
e
s
m
a
n
'
s

e
f
f
o
r
t
i
n
d
e
x
.

P
r
e
v
i
o
u
s
m
o
n
t
h
'
s

e
f
f
o
r
t

i
n
d
e
x
.

M
a
r
g
i
n
a
l
r
e
s
p
o
n
s
e

v
a
r
i
a
b
l
e
.

D
u
m
m
y

v
a
r
i
a
b
l
e
u
s
e
d

t
o
c
a
r
r
y

r
e
s
u
l
t
o
f

r
a
n
k
i
n
g

s
u
b
r
o
u
t
i
n
e
b
a
c
k

t
o
c
a
l
l
i
n
g
p
r
o
g
r
a
m
.

R
a
n
k

o
f
m
a
r
g
i
n
a
l
r
e
s
p
o
n
s
e
o
f
a
p
r
o
d
u
c
t

t
o

m
a
r
g
i
n
a
l

e
f
f
o
r
t
.

F
i
r
s
t
p
e
r
c
e
i
v
e
d
d
i
f
f
e
r
e
n
c
e
b
e
t
w
e
e
n
s
a
l
e
s
m
a
n
'
s

r
a
n
k
i
n
g
a
n
d

s
a
l
e
s
m
a
n
a
g
e
r
'
s

r
a
n
k
i
n
g
.

E
x
p
e
r
i
m
e
n
t
a
l

v
a
r
i
a
b
l
e

c
o
n
t
r
o
l

(
s
a
l
e
s
m
e
n

c
o
m
m
u
n
i
c
a
t
i
o
n
)
.

I
n
d
e
x
n
u
m
b
e
r
s

f
o
r
s
e
p
a
r
a
t
i
n
g
s
a
l
e
s

r
e
g
i
o
n
s
.

P
r
i
c
e
.

U
n
i
t

c
o
s
t
.

P
r
i
o
r
i
t
y

r
a
n
k
i
n
g
f
r
o
m
m
a
r
k
e
t
i
n
g
v
i
c
e
-

p
r
e
s
i
d
e
n
t
.

S
a
l
e
s
m
a
n
a
g
e
r
'
s

p
r
i
o
r
i
t
y
r
a
n
k
i
n
g

o
f
p
r
o
d
u
c
t
s
.

S
e
c
o
n
d
p
e
r
c
e
i
v
e
d

d
i
f
f
e
r
e
n
c
e
.

C
h
a
n
g
e

i
n
p
e
r
c
e
i
v
e
d
d
i
f
f
e
r
e
n
c
e

i
n
r
a
n
k
i
n
g
s
d
u
e

t
o
p
a
r
t
i
c
i
p
a
t
i
o
n
.

I
n
d
e
x

i
n
d
i
c
a
t
i
n
g
a
c
u
m
u
l
a
t
i
x
e

e
f
f
e
c
t
f
r
o
m

p
a
r
t
i
c
i
p
a
t
i
o
n
.

P
a
r
t
i
c
i
p
a
t
i
o
n
c
h
a
n
g
e

c
o
n
s
t
a
n
t
.

D
u
m
m
y

v
a
r
i
a
b
l
e
.

M
o
t
i
v
a
t
i
n
g

f
o
r
c
e
.

R
a
n
k
i
n
g
o
n

b
a
s
i
s

o
f
v
o
l
u
m
e
.

F
i
n
a
l
p
r
i
o
r
i
t
y
r
a
n
k
i
n
g

o
f
s
a
l
e
s
m
a
n
.
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R
N
K
F
A
C

S
u
b
r
o
u
t
i
n
e
S
L
S
G
E
N

T
T
S
A
L

l
T
l
M
E
(
K
)

T
O
R
D
(
K
)

D
U
M

A
A
(
K
)

D
E
M

N
O
M
D
E
M
H
C
)

S
A
L
M
A
X
I
K
)

K
O
N
(
K
)

P
F
R
D
H
C
)

P
R
O
M
(
K
)

P
M
E
L
I
K
)

P
M
P
D
(
K
)

P
R
E
O
R
D
H
C
.
L
)

O
R
D
E
R
S
H
C
.
L
)

J
J
.

.
1
.
“

D
R
O
P
I
K
)

N
O
I
S
E

S
I
G
I

R
N
D
U
M
(
E
R
R
)

I
n
d
e
x
d
u
e

t
o
f
i
n
a
l
s
a
l
e
s
m
a
n
'
s

r
a
n
k
i
n
g
.

T
o
t
a
l
m
o
n
t
h
l
y

s
a
l
e
s

o
f

a
l
l
p
r
o
d
u
c
t
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.

T
h
e

a
g
e

o
f
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r
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K
.

M
o
n
t
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l
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o
r
d
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.

D
u
m
m
y
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i
a
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e
.

W
i
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u
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l

e
q
u
a
t
i
o
n
p
a
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m
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r
.

N
o
m
i
n
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l
d
e
m
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n
d

f
o
r
p
r
o
d
u
c
t
.

N
o
m
i
n
a
l
d
e
m
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n
d
.

M
a
x
i
m
u
m

p
a
s
t
n
o
m
i
n
a
l
d
e
m
a
n
d
.

W
i
e
b
u
l
l
e
q
u
a
t
i
o
n
p
a
r
a
m
e
t
e
r
.

P
r
i
c
e
f
a
c
t
o
r
d
i
v
i
s
o
r
.

P
r
o
m
o
t
i
o
n

e
x
p
e
n
d
i
t
u
r
e
.

P
r
o
m
o
t
i
o
n

e
l
a
s
t
i
c
i
t
y
.
.

P
r
o
m
o
t
i
o
n

f
a
c
t
o
r

d
i
v
i
s
i
o
n
.

P
r
e
v
i
o
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s
m
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n
t
h
'
s
o
r
d
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s
.

C
u
r
r
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t
m
o
n
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h
'
s
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r
d
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r
s
.

I
n
d
e
x
n
u
m
b
e
r
s

f
o
r
s
a
l
e
s

r
e
g
i
o
n
s
.

D
r
o
p

i
n
d
e
x
.

R
a
n
d
o
m

v
a
r
i
a
t
i
o
n

i
n
d
e
m
a
n
d
.

C
o
n
s
t
a
n
t
u
s
e
d

i
n
c
a
l
c
u
l
a
t
i
n
g
r
a
n
d
o
m

v
a
r
i
a
t
i
o
n
.

F
u
n
c
t
i
o
n
f
o
r
g
e
n
e
r
a
t
i
n
g
s
t
a
n
d
a
r
d
i
s
e
d
n
o
r
m
a
l

v
a
r
i
a
b
l
e
.

E
F
P
H
C
.

L
)

E
F
F
E
L
I
K
.

L
)

D
E
V

A
C
T
P
R
O
U
C
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I
N
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K
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I
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L
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)
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N
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.

E
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.

A
d
j
u
s
t
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o
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t
r
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s
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o
n
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e
.

A
c
t
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l
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r
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t
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o
n

.

C
u
r
r
e
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t
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n
v
e
n
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r
y
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e
v
e
l
.

U
p
p
e
r
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n
v
e
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y

l
i
m
i
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.

R
u
n
o
u
t

(
l
o
w
e
r
)
i
n
v
e
n
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r
y

l
i
m
i
t
.

T
o
t
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l
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n
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h
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l
e
s
.

Q
u
a
r
t
e
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l
y
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l
e
s
.

M
o
n
t
h
l
y

p
r
o
f
i
t
.

P
r
e
v
i
o
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s
m
o
n
t
h
'
s
i
n
v
e
n
t
o
r
y

l
e
v
e
l
.

C
u
r
r
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t

i
n
v
e
n
t
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r
y
l
e
v
e
l
.

A
c
t
u
a
l

p
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t
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n
.
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o
n
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h
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y
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.
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e
n
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y
h
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l
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g
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o
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.

S
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n
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d

c
o
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t

f
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l
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e
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n
i
t
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n
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.

C
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n
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r
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s
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d
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c
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e
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f
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h
e
p
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C
u
m
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o
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p
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.
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p
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o
d
u
c
e
d
.
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o
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y
p
r
o
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u
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t
i
o
n

c
o
s
t
.
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.
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.
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.
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.
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.
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e
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p
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g
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p
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u
r
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.
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u
m
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p
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.

w
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S
u
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t
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n
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f
p
r
e
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u
r
e

i
n
d
e
x
v
a
l
u
e
s
.

A
v
e
r
a
g
e
p
r
e
s
s
u
r
e

v
a
l
u
e
.

S
U
M
X
P
R

S
U
M
P
R
Z

S
U
M
Y

S
U
M
X
Y

S
U
M
Y
2

P
r
o
d
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t
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L
O
C
K
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d
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e
r
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e
p
r
e
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u
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e
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e
.

(
S
L
I
M
P
R
)
z

S
u
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p
r
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t
.

P
r
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d
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t
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l
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.

w
u
u
v
f

S
u
b
r
o
u
t
i
n
e
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E
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P
R
O
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Q
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u
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i
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P
R
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P
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.
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APPENDIX III

Program PAJAMA





~NAIN-~n- -__.u.. ---.-m-- COO 5500 PIN V3.0-L260 OPI=1 07

PASAMA

I PROGRAR NAiNIINPUT.OUTPUT.PUNCHI

;__.__DORROR.ActPRoI15I.OELP,OROPI15I,EPPI15,5I,IRVI15I.

11TIHEI15I.KLOCK,NPROO,NSALS,0RDERS(15,6i,PDELORI15,6I,

, 2PFORCI15I,PREORD(15,6I,PRESt15I,PRICE(15),PROF3(15l,PROF9I15I.

.———u-3PROHIISI,QSALIlSl,RINLi15l,SALHAXilS),SSINLIlSl,TFORGILSl'-———————-

' ~TPROD,TSALI15I,UINLI15I

I conRDR/PcASTa/OELORI15.6),ALP1,PoRcI15,SI

.______conno~/PCASIDISAVEI15.6I_.—

COHHON/FCASTD/TSLFOR

COHHON/INVNTB/ALP?

1.-.HeconnoR/IRVRIc/IRVPAD..--. ---»u_.-w-u.-.- .-. - --..:---m-.

COHHON/GENPRB/SCHEogfiRR

COHHON/PRRECB/RPC(1S),RPIIlS),ITRPIII5),ITRPCI15I

-GONHON/SLSHNB/BASISI15),NKTRNKC15),000RO,DEFF,PEFFf15,6¥r——-——~~——

1 RESRNKi15,6),RNKIlS),PER01(15),PART,SHRNK(15, EI,PER02, DPERO.

2 EPPAR1115I.OELPAR, ROTPDRI15I.VOLRRRI15I,SLSRNRI15I.RRRPAC

_“___-COHNON/SLSHNC/DVOE(15,6L- _......u -m -m.- -.-- .u----_--.-

connoN/SLs1/AREEOI

COHHON/SLSZISLSCON

____—.CORRoR/SLsc~e/TORDI15I,AAII5I.DER,RORI15I,PRPOI15I,PRELI15Ir——————

1 PRELI15I,PRPOI15I,NOISE.SIC1.LOSTSL115I

GONHON/SLSGNCITTSAL

.._._. CONNON/SLSGND/EFFEL(15,6lmfih«.Iu_-_m.fl—m.-~—-—~.- .-.---HM_“__---__.

COHHON/SLSGNX/NOHDEHIIS)

COHHON/BOOKB/TPROF, PREINVI15I, IRHOOSI15I.DURPROI15I,

——————L«CUNCSTt15I,IGOST, OPRAR,OOSTPRI15I.SETUPI15I, AVSOIRI15I.c05t5115L._

2 Pcos, REV,PROPI15I,UPROPI15I.sunx, sunxz.sunv.sunv2.sunxv

3. UCSTPRt15)

-uCOHNON/BOOKCISTOIO ;

COHNON/NEHPRB/ITIQ.TPQSAL, TOSAL,RoncAP.SAL30.nxPROD,SHAREI15I a

CONNON/NEHPRC/EFELFAO

DORRON/UERPRox/EPRARRLLSI

COHNON/NEHPRXX/NAHEilSI

COHHON/NEHPRZIZZI30,8I

—u__.a.CONHON/EXECUBIUPROFSiISI,PROGOLI15l.BETA1f15l,ALP3,8ETAZ(15I,~‘~m_—

1 ISI15I,IPGRI15I,ISOI15.3I,UPROP9I15I,OETA3115I,ALPA,3EIAU.

2 BETAL,ALP5.IPOCI15.3I

.GONHON/SUHl/Itol.u.m_«._--m._~w~_....... _-._"-r_“_-“____u_-__;_..__.__.

connou/SURZISUHPR.SURXPR,SURPR2

COHHON/SUH3/NREP . I

.__--- DIMENSION xxI10,19I - . -.-.-_r_-fl.

2001 PORHATISX,2P5. 0,2PA. 0,P2. 0,PE.5.P5.0,PA.3.PA.2.P5.0 .P6.0.

+F7.0, P~.0. P5. 2.1.3x,2IP9. 2.P6.2I.P5. 3I

~2002—_FORNATf13:2F6.0,2F5.2,F3.0,F7.5.FZ.0,—-m~«

IP5.3,P5.2,P5.0,P7.0.P0.0.PA.0,P6.2,P9.2.

+F6. 2,P9.2.P5. 2. F6. SI

2003 PORRAIIix.12,P15.5) -. -.-- _

2010 PORRAtI////.1x,P K',8x, PPREOP,5X,PEPEL2P.

.ax,PAAP,ax,PPnELP, 5x,PSALnAxP,

e_____¢sx.PcURc5tP.Ax,PAchTUP.9x,PUPROP91.9x,PUPR0P3!,!- %

i Pox,'0RD‘.6X,'EFEL1‘,3X,‘ITIME’.11X,'KON',6X,'PREL’,7X,'SUNPRO‘. ;

. orx,PSEIUPP.10x,PPROP9P.10x,oPROP3P.7x,PaPRAnnP,//I -=

i2°11 PORHAII1R1I ,. .-.--nw----.-.

£2012 FORHATI10X,'REPLTGATTON N0..15. 10x.PSEEO =P,P15. 5. II

?3°°1 P0RRATI13x.2Pu. 2,2x,P5. 5, F6. 0.
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.__HA137 ODD”6A00~EtN—¥3.0vLZSD—OPI=L-01

OF“. 3 HF6.2915X FA. D,’,33X,F5. 3)

—JDDZ__£DRHALLLSX+2E5.2+31+£Z+5F

0F7.D, F5. 3, F5 2,21X,Fh.0 36X,F6. 3)

TYPE REAL INV ICOST

JL_____INITIAL—CONOITIONS

O READ ATTRIBUTES OF EXISTING PRODUCTS

DO 2020 K81,10

______—READ—2003+JXX4K,!K!A¥K=-1;19!

2020 CONTINUE

 

 

 

 
 

 

C READ REPLICATION NO. AND RANOOH NO.SEED

-REA0020035NREP,SEED————————m«n m

C SET SEED FOR RANDOM NUMBER GENERATOR'

CALL RANSET(SEED)

______DUN=RANFL-1!

OUH=RANF(-1)

O READ ATTRIBUTES OF FUTURE PRODUCTS

 

 

 

-0013003WH=1,30 ___

READ 3°01,‘ZZ‘H,KK’,KK3195’

3003 CONTINUE

—C—————RRINI—Ou1mefiooucI_AIIRIBUIEMVALUES___________—__.*~—

PRINT 2010

00 2005 Ks1,10

.2005__PR1NI_2002,R,Lxx1K.xxI.xn=1.191 ....

. no 2006 n:1,30

2006 PRINT 3002,1221", KKI,KK=1,0I

.n____.2RINI_HEA01NGS_EOR_OUL2U17

: PRINT 2011

g PRINT 2012,NREP.SEED

i_____.NVAR=é

E NRUNS=2"NVAR . --

gc ALGORITHM FOR GENERATING ZERO-ONE VALUES 0P EXPERIHENTAL VARIABLES

.______oo_9000_JJJz1,uRuuc I .

; AAAxJJJ-1.

= KKK=1

.3003_- aaaazuttAAA/2.I

i ICNVAR-KKKol)81NTCAAA~2.‘BBB)

; AAAaeaa

_______JP(KKK'NVA219001,9002,9001

9001 KKKSKKKOI

co to 9003

.19002, couttuue _un-___;_____11_1_ 1" A. .-

SIG1=0.025

IF(I(1).EQ.1) 516120.10

EFELFAcaleae

INVPAc:I(3I

SLsconaIIAI

_‘__.__.PARI=1153 .._.-_ -- - -.._.._- 2 -.. “.1.--

ANEEDI=I(6)

SUHPR=SUHXPR=sunPR2=0

________NPR00210

NSALSas

LENGrHs100

._1____m_nxPRoox15 -—

e no 2009 K=1.NPR00

‘ 00 2102 La1.NSALs
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 n—NAIN --»~~+rv CDC 6&00 FIN V3.0-L260 OPT=1 07

g ORDERSIK.LI=xx(K,1I

~EFFEL1K9LL=1oD 1

: IF(EFELFAC¢ E050.) GO ID 30

:32 EFFELCKpL)=XXCK93’

.3Du——VCDNTINUE

’2102 PREDRDTK,L)=XX(K.2)

IIIHETK)=XX(K95)

AA‘KI8XXIK95)

KON(K)=XX(K,7) - .

: PNEL(K)=XX(K.O) '

r—-_~u.PREL‘K)=XX(K,9)"————m———-—-_n———————m-Tm~-—-u—u~_-~-un——»--u-~~--m-«

L SALNAX‘K)=XX(K,ID)

CUHPROCKISNSALS‘XXCK911)

CUNCST‘K)=NSALS‘XXIK9223

SEIUPCK)=NSALS‘XX(K,13)

AVCOINCK)=XX(K91“)

r~un_—~PRDF9(K)=NSALS'XX‘K915IM--—~_»~_m—-P~_u—m--——~n—-f;~--~—~~~-~-—-

UPROFQCKI=XX(K916)

PROF3CK)=NSALS‘XX(K917)

UPROF3(K)=XX(K,18¥

BPRAHN(K)=XX(K,19)

E2009 CONTINUE

A ——00 10~-L=19NSALS—u——-——- -~—-~~——

5 EFPART(L)=0.

' DD 10 K31, NPROD

———«———OELDRCK¢L)=0RDERS‘K9L3.PREORDIK#

FORC(K9L)=ORDERS(K9L)

: SAVECK.L)=PREORD(K9L’

~————~ EFFIKpLISIoD —-- ~-

PEFF(K,L)30o99

10 CONTINUE

.__.__..111030 - .

DELPSDoDI

J_u*w_--SIOIC33.UOU___.HH-.-_-.___“w._~“_~___.w-um_*__fiv_p- -m___ww~~-uu-m____~_

‘ ICOST=19o ' ‘

FCOS=ZOOD‘NPROD’NSALS

-#———_——SUNX=SUNX2=SUHY=SUNY2=SUNX!=D

TQSAL’D

NOHCAP=1DDD’NPROO.NSALS .

A- -mm SAL3Q33’NOHCAP m--mn~---nam.-.«__mnfl_mnm-_--_ ._..- ,._“_,11___-

BETAU=1.Z

BETAL=D.D

-~«—«—_-ALP130.5_m—.——-—————-—-——-«—n—w~~—-—~-———»~~m-~u————-

, ALP3=DoDZ

. ALP53DoDZ

{-—~ ALP5=D.DSH..W-«~~m-- . A- w

I ALP7=Do 5

DUNSD. 999

————————DO—ZD——K=1,NRROO

DU":OUH9000t

. PRES‘KI3DUN

-—m5m~ NANE(K)3K —-_~—~*m~-«~-mm—w-—~—uM-n—m-»—--~w~~—— ~-~wm~—u-

' PROFCK)=PROF3(K’

UPRDFCK)=UPRDF3(K,

 

 
 

 

 

 

 

 

  

 

 

  

 

 

 

 

 

. I

L.

.1 _ ...-.,. , 11~_,...-... I . - 1 .
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CDCM6000-FTN-V3.09L250wORL=L——Dl

; ISALIKI=NSALSPCRCERS(K,1I

, v110=0.2PISALLgI

. UINLCK)=0.3'TSAL(K)

! RINL(K)30.1'TSALCK)

L._____0R0PIKI=0. ._. _

; RPCtK)8RPI(K)80

I ITRPI(K)=0

p——————LTRPCLKLBL

, PROH(K)=1000’NSALS

é PRICE(K)=20

;______LCSISL1xL=0_

- SHARE(K)=TSAL(K)/NOHCAP

 

 

 

 

. PROGOLCK)=UPROF3(K)

:___ISLK110

i IPGR‘K)=D

ISOCK.1)31

...——-—ISO‘K,Z).3?, 1

§ ISO(K,3)=3

i IPCGCK91)=IPCG(K.Z)=IPCG(K03)8D

———————SEIA14Kl-Dc2

; BETA2(K)=0. Z

: BETA3CKT31. 0

————QSAL1J031

PRFDtK)=PRICE(K)"PRELKK’

PHFD(K)=PROH(K)"PHEL(K)

 

 

 

 

 

- DO 1000 KLOCK 8 1p LENGTH

'g CALL_NONTHLY SUBROUTINEST

CALL FCAST

 

4 CALL INVENT

+______CALLHGENPRQ#

CALL PRREC

CALL SLSHEN

._______CALL»SLSGEN::

CALL eoox

 

 

ADVANCE TIHE-IN-JUARTER COUNTER

 

 

9_ 13:2 = the.ui1

'C HAS CUARIER enoeo

! IF (ITIQ.LT.3) co to 1000

.Lcn_—_rm_‘l. - A-.._.__~*a 0*» “-2-.M- CALL QUARTERLY suaRouthES...n-._~

g CALL NEHPRC -

CALL exec

..1000..Coutruuz

5999 coutxuue

; C CALL OUTPUT ROUTINE

 
4——~———~CALLSUMAR¥JLENCIH1 .__L._.

.9000 CONTINUE

END
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 HE—~FCAST ~——-~--~ , CDC 6000 FTN V3.00L260 DPT=1 07/29]?

SUDROUTINE FCAST

- —CDNNON—ACTPRO(15,1DELP,DROP(15),EFF(15,6),INV(15)7~

( 11TINEC15)pKLOCK,NPROD,NSALS,ORDERS(15,6),PDELOR(15,6).

‘ ZPFORC(15),PREORD(15,6),PRES(15),PRICE(15),PROF3C15),PROF9(15)9

§———~——3PROH(15),QSAL‘15),RINL(15),SALNAXKIS),SCINL‘15)9TFORC(15lr—-

hTPROD,TSAL(15),UINL(15)

 

  

-
.
_

-
.
.
L
.
-
.
.
.
.
_
.

l

I

I

  

 

 

 

' COHHON/FCASTB/DELOR(15,6).ALP1,FORC(15.6)

_-——————CONHONIFCASTC/SAVE(15,6)—— -....... '

COHNON/FCASTD/TSLFOR f

C , FORECAST SALES !

f GWV -- u .9- ZERO OJT TOTAL SALES FORECAST W-.W~-~.s

TSLFOR = 0. , ,

00 199 K s A. NPROD ;

C INDEXWPREVIOUS~FORECASL——w————————————%

PPCRCAK) = TFORC(K) :

C ZERO ou: FORECAST FOR PRODUCT K .

.E.W__.__TE0RCCK1.=,0=W_ -_ -_L“___-_u ,_ -._W-__.W.W.W--_.W__.WW;

00 190 L = 1. NSALS

c FORECAST CHANGE IN SALES .

_———————PSAVE=SAVE¢K,LJ _.”-__.-___"H_-u-__-mn___..__.m. '

 

  _ SAVE!K,L)=ALP1'ORDERS(KgL)*(1-ALP1D‘FORC(K,L) .

' CHANCE=SAVE¢K LA—PSAVE E

_W.—W——PDELOR(K, L)=DELOR(K,L) ---.WW _ -._.-_- _-WW-W-W~W- WWW _mm___u__n_--;

DELOR(K,L)=ALP1'CHANGE+(1- ALP1)'DELOR(K,L) ;

FORC(K,L)= SAVE(K, L)+(ALPi‘DELOR(K, L)/(1-ALP1)!

._______1£_4ECRCAK,LA.LI.0.L_ECRCLK,LL_=_0- 

  

 

. C ACCUNULATE FORECAST FOR PRODUCT K

TFORC‘K) 8 TFORC(K) O FORC(K,L) ‘

~_4ht_——CONIINUE —-

C ACCUNULATE TOTAL SALES FORECAST

TSLFOR 3 TSLFOR O TFORC‘K)

_—¢h$__—CONTINUE

RETURN

END

  4.— M-.—— .-—-— -._.__._—_..—. . .——-..-.. -..- _-.-._-__.. .-.—-.—..—.-—-~. —-—-V -.—.—

SUBROUTINE GENPRO

_______C0nnon-ACIPR01150,0ELP, DROP(15),EFF(15,6),INV(15)-

r- 11TIHEC15)gKLOCK,NPR00,NSALS.0RDERS(15, C),P0EL0R(15, a), ———-—-——:

2PFORC¢15),PREORD(15,6),PRESC15),PRICE(15),PROFJ!15),PROF9(15). ;

W—WWW—JPROHtis),QSAL(15),RINL(15),SALHAX(15),SSINLCLS),TFORC(15)r—~~- ;

—- utPRoo,tSAL¢15),UINL(15) --—------- ”I

CONHON/GENPRBISCHEO,ERR

TYPE REALWINv—— -.~W._W..-W_-—— 1

 

 
 

  

 

P- C - zERo our torAL PRODUCTION ————————1

3 rPRoo-o. i

i.___-...00.zu9.K=L,uPR00__.- »--W_--WWWW.. W-.W.WW..W a. W“. W-.--Wu ,

*~ ACTPRO(K)=I. - t

c IS PRODUCT K TO BE 0R0PPE0 5

W_——IF_JDROPJ&)—.£QoU—Go—JO-—Zkl .. __ ,

—- C SCHEDULE PRoouztxon ——-———-7

SCHED a TFORC(K)-INV(K) o SCINL(K) ;

£;: WW.._-WW_W GENERATE PRODUCTION—WW—W. W W i

E~ C GENERATE ERROR --~——u~~{

ACIPRCLK)=SCRE0'11o.025'RN00ncx)0

C ACCUNULATE TOTAL PRooucrxouW  
r- tPRooatPRoooACtPRocK) ~————--—"7

209 CONTINUE '

____.__.RETURN_.- ._ --,,--_.._L ._ _____n. L.-- . _.._ _-_._ _._.__._...

f- _ END _ ‘*“~ -~ ~

'1-

0

 



...... -OL-.~.-- o-»-¢-PL.-~~au

lE——INVEN!W W- -WCDC.5h00-ETNWVS.0°L260~DPT=1~WOIIZQLI4 

SUBROUTINE INVENT

-CDNNONWACTPRO(15),DELP,DROP(15),EFFT15,61,INV(15),

1ITIHET15)gKLOCK,NPROD,NSALS,ORDERS(15,6),PUELOR(15,5),

ZPFORCT15),PREORD(15,6),PREST1S),PRICE(15),PROF3(151,PROF9(15).

_____—3PRON(15),QSAL115ipRINLC15),SALNAX‘LS).SCINLC1519TFORCT1SE;

QTPROD,TSAL(15),UINL(153

CDNHDN/INVNTB/ALP?

______——CDNNONLINVNICIINVFAQ

TYPE REAL INV

 

 

 

SCHEDULING OF INVENTORY

INVENTORYWON-HAND~IS—AVAJLABLE

FROM SUBROUTINE BOOK

  

DO 199 K 8 1, NPROD

  4:
)

0
0
0
0

.ADJUST~LINITS—ON—1NVENLOR¥E

UINLTK) 3 ALP?‘UINL(K) + (1-ALP7)’TSAL(K)‘0.3

RINLCK) 3 ALPT'RINLTK) O (1.-ALP7)‘TSAL(K)’0.1

. H__W ”COMPARE INVENTORY HITH-LINITS—u-——————

IS PRESENT INVENTORY NITHIN UPPER LINIT

 

IF (INV(K).LE.UINL(K)) GO TO 151

———————UPPER-LINITWEXSEEDEO

SCHEDULE DECREASED LEVEL

SCINLTKTSINV(K)§0.5'(UINL(K)-INV(K))

_______IEIINVEACoEQo0.1—50WIOW161 -Wn ._

C INCREASE PRESSURE ON SALES DEPT

PRESTK) 8 PRESTK) O DELP

._______2RESLKL_1_ANIN1LPRES‘KQELEZ!

161 CONTINUE

C LOHER LIMITS ON INVENTORY

.UINL1K1W3_.9S‘UINL!!!

RINLTK) = .95'RINLTK)

GO TO 199

 

(
H
P

c
u
b

   

 

 

IS PRESENI—INVENIDRY—NIININ—LONER—LINII 

I!

151 IF TINVTK).GE.RINL(K)) GO TO 152

C BELOW LOHER LEVEL

WLLW .— “H-.. SCHEDULEWINCREASED LEVEL

SCINLTK)=INV(K)O0.S'(RINL(K)-INV(K)D

IFTINVFAcoEQo0.) GO TO 162

—Qj ' — WW—W—DECREASE-PRESSJRE-ON SALES-OEPI————————

PRESTK) I PRES(K) - DELP

PRESTK) 8 ANAX1TPRES¢KD.0.0)

162W -CONTINUE--WWWH. —. -W. n— _ - .. u

C RAISE LIMITS ON INVENTORY

UINLTK) 8 1.05'UINLIK!

-———————RINLLKJ—x—1C0S’RINL££3

GO TO 199

  

 

 

C NEITHER LINIT BREECHED

452—40INL KJWLINV 00—9—0.-0 1 ’1 INV130-1—— —- ~—

199 CONTINUE

RETURN

END

 

 

 

 

 



IE_WPRREC————————

 

.___F_"«.MHJ-_W- . CDC 6A00 FTN V3.0-L250 OPT=1 .07/2917

SUBROUTINE PRREC

—~————»WCOMMDN.ACTPROI15) DELP,DROP( 15),EFFT15,6J,INVl15),

1ITIMET15), KLOCK, NPROD,NSALS ORDERS(15, 6),PDELOR(15, 6),

ZPFORC(15),PREORD(15,6),PRES(15)pPRICE(15),FROF3(15),PROF9T15),

-—-~-3PROM(15),QSALT15),RINL(15),SALMAXT15),SCINL(15).TFORC(15)ru--—W——«—W——~-

ATPROD,TSAL(15),UINLT15)

CDNMON/PRRECB/RPCT15),RPI‘15),ITRPIK15),ITRPC(15)

-PRICEHAND~PROMOTION~RECOMMENDATIONS—WWW

 

‘
5

DO 32“ K 8 1 NPROD

0 IS CURRENT FORECAST HIGHER THAN PREVIDU

——_—_——WIF—£TEORCIK).LEoPFORClK)D GO TO 320 __._ --u- ~E

CURRENT FORECAST HIGHER

HAS PREVIOUS FORECAST MET

—310———IE—LISAL—(K).M01101XII—GO40-3.10—

PREVIOUS FORECAST NOT MET

INCREASE PRESSURE DN SALES DEPT.

12W-WPRES(K)=PRES(KIPDELP WWWuW—WL ”___-

PRESTK)=AHIN1(PRESTKT,1.2)

G
O

 

N
0
0

1 l  ”-..—... ~—~—-—-~ --..“ ~~—.—_—.¢

HAS PROMOTION INCREASE REQUESTED

a..-“ _“ -LSMDRE RECENT THAN PRICE CUI REQUEST

IFTRPCTK’.EQ-1.0R.RPI(K).EQo1) GO TO 325

IFTITRPITK).LT.ITRPC(K)) GO TO 316

.C ._ W ‘REQUEST PRICE CUTW._WWW_WW--

316 RPCTKD81

ITRPCTK)3 KLOCK

(
D
O

 

  
 

 

 

GO IO 32“

C REQUEST PROMOTION INCREASE

316 RPITK)31

__-_W___ITRPI(K)=KLDC!::

GO TO 32“ .

C PREVIOUS FORECAST NET

C .mDECREASE—PRESSUREWONWSALESWDEPJ+———————- 

310 PRESTKTSPRESCK)-DELP

PRESCK)=AMAX1(PRESTK),0ofl)

 

 

._._-V_.__ -...-50-..t0._3219-___.___,._..__..._..__-_.._. W.L-. _. . . . , - . ._ _ ..-.-_____-.-_-H

C CURRENT FORECAST NOT HIGHER

C HAS PREVIOUS FORECAST MET‘

——320———IEJISAL1&).GT+BFORC(K)I-GO-JO32h WWWWWW-WWWW-__

C PREVIOUS FORECAST NOT NET

C REQUEST PROMOTION INCREASE

-..... ..-9 -. RPI‘flz; - ..-._-,_._.____ .. .._-_ A” - -9 .. .- ...._ .. --- --_._.._. ---.M-

ITRPITK)=KLOCK

C INCREASE PRESSJRE ON SALES DEPT

WWW-__.WPRES(K)=PRES(KIQDELP ——  

PRESTK)=AMIN1(PRES(K),1.2)

32“ CONTINUE

...--L m 7 RETURN--_V-C---___......._._ . --. -..._ .9. _ ,

END

 

  

...—.... ——_.——-.-.—- W —-_. -. ”...—...- -7-..— , -._. . . ...... 

 



--c~-~ ..-..-o..09..v- ..L.. . .‘wu-c‘.

 EWWSLSMEN W— CDC 6A00 FTN V3.0-L260 OPT=1 07/2911

SUBROUTINE SLSMEN

COMMON ACTPROT15),DELP,DROP(15),EFF(15,6),INVC15);

1ITIMES15),KLOCK,NPROD,NSALS,ORDERS(15,6),PDELOR(15,6),

2PFORC(15),PREORD(15,6),PRESK15),PRICET15),PROFST15),PROF9T15).

-—~————3PROM(15),QSALI15),RINL(15),SALMAX(15),SCINL(15),TFORC(151r —_-

hTPROD,TSAL(15),UINL(15)

CDMMON/SLSMNB/BASIS(15),MKTRNK(15),DDORD,DEFF,PEFF(15,6),

—-—————1-RESRNK(15,6),RNK(15),PERD1(15).PART,SMRNK(15,6),PER02gDPERO;

2 EFPARTT15),DELPAR, MOTFORT15),VOLRNK(15)pSLSRNK115),RNKFAC

COMMONISLSMNC/DVDE(15.6)

ru—WWWW-COMMON/SLS1/ANEEDI WWW—WWWWWW--- ~-W«W — —u - ~~- _, _-~—~~~~~~—-w.--

COMMON/SLSZ/SLSCDM

COMMON/BOOKB/TPROF ,PREINVT15),INHCOS(15),CUMPROC15),

-——————1—CUMCST(15),ICOST,BPRAM,COSTPR(15),SETUP(15),AVCOIN(153-,COSTSLL5Lr—————«

2 FCOS, REV, PROF(15) ,UPROFC15),SUMX,SUMX2.SUMY,SUMY2.SUMXY

3,UCSTPR(15)

~——W———~COMMON/EXECUB/UPROF3(15)9PROGOL(15)98ETA1T15),ALP3,8ETA2(15)r—------———

1 IST15),IPGR(15),ISOT15g3),UPROF9(15),BETAST15),ALPA,BETAU9

2 BETAL,ALP5,IPCG(15,3)

—————-—J3PE-REAL—NOTFORgMKTRNK

A=0o075

C RANK PRODUCTS ON THE BASIS OF PRESSURE FROM THE MARKET MANAGER

WWWWW—DO 501 K31’NPROO-_——W—W—W—_WW—W~-——-W-—W -u—~~~-~--~u- »»—-————~un——

501 BASIS(K)=-PRES(K)

CALL RANKTNPRODgBASISANKTRNK)

-—C—————CALCULATEWMARGINAL—RESPONSE-IO—MARGINAL—EFEORT

DO 539 L=1gNSALS

DO 519 K81 NPROD

—£L———WCALCULATE—MARGINAL RESPONSE OF ORDERS -

DDORD=(ORDERSCK,L)-PREORD(K,L))-PDELOR(K,L)

 

 

 

 

 

 

 

C CALCULATE MARGINAL EFFORT

————————DEFE=(EFElKgLL-PEFEIK,LLL21000:

IT=DEFF

DEFF=ITI10.

~WWW-WW.IF(DEFF) 512,510,512,u_"uww_,“.mv-"__-_“--. . -W- 7W - - , -~-1——-—~-«~

510 BASISTK)80. 7

GO TO 513

.WC WWW—CALCULATEMARGINAL RESPONSE

512 BASISTK)=-TODORD/DEFF)

513 CONTINUE

Aw».—w-WDVDEAK,L’38RSIS‘KC~—~-—--~-——-~—~~—————-»-—~—m—1"u-——m‘~—-»-~—m~-—~—~—

51“ CONTINUE

C RANK PRODUCTS ON BASIS OF MARGINAL RESPONSE

-———————CALLWRANK(NPRODpBASIszNK!

DO 525 K=1,NPROD

 

 

RESRNKTK.L)8RNK(K) '

..525_- CONTINUE - A.“ «u ~~

C CALCULATE FIRST PERCEIVED DIFFERENCE IN RANKINGS

PERD1TL)=0

———————OO-—530 K811NPROO

530 PERD1(L)=PERD1(L)OABS(MKTRNK(K)-RESRNK(KgLJ)

539 CONTINUE

-~—W—-—-IF(SLSCOM. EQ.0) GO TO 5551-WWW-- - -—~~ 7»- -m -W~—m~—-~«~~~r

C CALCULATE AVERAGE RESPONSE FOR SALES REGION 1

JJ3NSALSIZ

 

 

 ...---._.__.____, .___.- .. ._C~_-V-.-.__ W_.. _. - ,, .. H,- - H . - .. ----..-~—---“~wv...—'-». W. ..
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NE——SLSMEN W————W—CDC—6AOOMETN—13o0'L26C—OPT31-~07429l11

DO 5550 K31,NPROO

————————DUM=0:

DO 5561 L31gJJ

5551 DUM=UUM§DVDETK0L3

DO-55k2—L81144

5592 DVDETK, LT=DUMIJJ

C CALCULATE AVERAGE RESPONSE FDR SALES REGION 2

[112LIL!

DUH30.

DO 55A3 L=JJ1gNSALS

——55h3—~DUM=DUMODVOE£KpL!

DO 555“ L=JJ1gNSALS

 

 

55Gb DVDETK,L)=DUMIJJ

__5550__CONTINUE

5551 CONTINUE

C ADJUSTMENT IN SALES MANAGERS RANKING DUE TO PARTICIPATION OF SALESMEN

DOC1000_L81,NSALSW—WWWW_WWW-WW__WWW—-WWWWWW—WWW—W.W—W

C CALCULATE MARGINAL CONTRIBUTION PER MARGINAL UNIT OF EFFORT

DO 5&0 K31’NPROD

__$hC———8ASISLK)EJPRICE(KL:UCSTPR(KLL£DVDE!K;L3

C RANK ON BASIS OF MARGINAL CONTRIBUTION

CALL RANKTNPRODyBASIngNK)

__C____WISWPARIICIPATION_RERMIITED

C

__C_____RANKING_EROMWMARKEIING_V.2W

5A1

__C__W.WCALCULATE—SALES MGRS RANKING

__SSC__—CONIINUE

C

IFTPART.NE.1. ) GO TO 550

RANK ON BASIS OF MARGINAL CONTRIBUTION RANK AND PRIORITY

DO 591 K31, NPROD

BASISTK)8RNKCK)§MKTRNK(K)

CALL RANKCNPROD,BASIS.RNK)

GO TO 559

RANK ON BASIS OF PRIORITY RANK FROM MARKETING VoP.

DO 558 K81, NPROD

__555___RNK(KL3MKTRNK1¥1

559 CONTINUE

----560

.PERDZZO

CALCULATE 2ND PERCEIVED DIFFERENCE IN RANKINGS

DO 560 KSISNPROD

SMRNKTK,L)=RNK(KI

PERDZSPERDZOABSTSMRNKTK,L1-RESRNKIK,LII -_.——-—W-.A-W___WWWWW_WWW-.—-_W—.W

DUH3100

IF‘ANEEOIOEQIOO) GO TO 576

-—C—————CALCULATE—CHANGE-IN—PERCEIVEOWDIFFERENCE

C

-—£L___.HAS-THEREWBEEN_A_CHANGEIN PERCEIVEDWOIFFERENCEW—-—

C

DPERD=PERD1(L)-PERDZ

ADJUST EFFECTS OF PARTICIPATION

 

IF(DPERD. GT. 0.) GO TO 573

REDUCE EFFECTS OF PARTICIPATION

—______—EEPARILLL‘EERARIJLlnDELPAR

C

___*5]3m

C

GO TO 575

INCREASE EFFECTS OF PARTICIPATION

EFPARTTLT=EFPART1L)O(DELPAR‘0o5’DPERDI

CALCULATE EFFECT PARAMETER

IF!EFPART(LT.GE.0.) GO TO 575
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DUM1=5.'ABS(EFPART(L))

WDUM=1.09(0.025’11+3EXP1-A‘DUM1--é

GO TO,576

575 CONTINUE

WW—WW———DUM=0.05‘11.-EXPL9A’EFPART(L3)301.0~—-

576 CONTINUE

C CALCULATE MOTIVATING FORCE

._——_—W__DOW579WK=1,NPRODW- ——~-

579 MOTFORTK)=DUM‘PRES(K)

DD 502'K81gNPROD

WWSCZ—W~BASIS(K)8-ORDERS(K9L3WW—n— —«--~wwu—W-m—«u~ r~~_-~—*~-

CALL RANKtNPROD,BASISpVOLRNK)

C MAKE SALESMANS FINAL RANKING

———_W——_DOW587WK=1,NPROD

BASISTK)=SMRNKTK,L)+VDLRNK(K)

587 CONTINUE

-W_WW_. CALL.RANK!NPROD,BASIS,SLSRNKDWW—WWWWWWW.-WWWW—WW~~

C CALCULATE RANK-FACTOR

DUMM=NPRODI2o

___—————DO-59ZWK=19NPROE

IT3$LSRNKKKD

DUM=IT-DUMM-0.5

. WWW—W.RNKFAC=1.0-(0.0AAAA'DUM!

C INCREMENT PREVIOUS EFFORT

PEFF!K,L)=EFF(K,L)

__C—____CALCULAIE—NEHWEEEORLW

592 EFFTK,L)=MOTFDR(K)‘RNKFAC

1000 CONTINUE

VREIURN ---A . ...____.,

END
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SUBROUTINE SLSGEN

_______COMMONWACIPROL15)+OELP,DROPC15l,EFF115y6IqINVI15!;

1ITIME(15),KLOCK,NPROD,NSALS, ORDERS(15,6),PDELOR(15,6).

2PFORCT15),PREORD(15,6),PRES(15),PRICE(15),PROF3(15),PROF9‘15).

—————WSPROM(153,QSALK1519RINLT15),SALMAXT15)ySCINLC15),TEORC415L1—————

hTPROD,TSAL(15).UINL(15)

COMMON/SLSGNB/TDRD(15),AA(15),DEM,KON(15).PRFD(15),PMEL‘15T,

.—_——1—2REL115 1, PMFUnfiquDISEysIGlg-LOSISL—LLS!

COMMON/SLSGNC/TTSAL

COMMON/SLSGND/EFFEL(15,6)

_______COMMON/SLSGNXLNOMDERALS!

COMMON/NEHPROX/BPRAMMC15)

TYPE REAL NOISEglNV

_C_____ZEROWOUT_1DIAL—SALES_DE_ALL_2RODUCIS

 

 

 

 

 

 

. VTSRL300

C SALES GENERATION

._____—DOW1“9—K=1pNPROD

C ADVANCE DEMAND GENERATING TIME PARAMETER

ITIME(KI8ITIMEIK)§1

JC__———ZER0WDUI—IDLAL—DRDERS—OEW!

T0RDTK)3DO

C CALCULATE NOMINAL DEMAND FROM NIEBULL EQUATION

.______DUN391!AA(KLitlITIME(K)§2!“Z!

‘ DEM=KON(K)‘AA(K)‘(ITIME(K)+2)‘EXP(DUMD

DUM=DEM

_C_____SAVE_NOMINAL_DEMANQW

NOMDEMTKT=DEM

 

 

C CALCULATE MAX PAST NOMINAL DEMAND

_“_m-_.SALMAXIK)=AMAX1(SALMAX(KlgDEMLWW—

C ADJUST DEMAND DUE TO PRICE AND PROMOTION FACTORS

DEM:(DEM'PRFD(K)'(PROH(K)"PHEL(K))Tl

______¢JJPRICE(K)"PRELJKII’PHEO!!;L~

00 710 L=1,~SALS

c RESET PREVIOUS PERIODS OROERS

_______PREORD(K,L)80RDERS£K,LLW—W——

110 CONTINUE

SCALEa2000. . :

_______JJ=NSALSIE '

JJ1=JJ01 -

00 730 L-1.JJ .

_. IFTOROPKK) EQ.1.) CO to 720 -. .- -._..L.5__n_.u-.fl

 

 

 

C GENERATE RANDOM DEVIATION FROM NOMINAL DEMAND

NOISE=SIG1‘DUM'RNDUM(ERR)

-~——————GO—IO—72& 

720 NOISE80o

721 CONTINUE

—C_W——WGENERATE~EFFORTWOEVIATION

DEV=DEM‘(EFF(K,L)-EFF(K,L)“EFFEL(K,L’)

DEV=2.‘DEV

—C—————GENERATE~ORDERS

ORDERSTK,L)=DEM'EFF(K,L)-DEV+NOISE

730 CONTINUE

—~-———~DO-731-L=JJ1,NSALS——~-

IFTDROPTK).EQ.1.) GO TO 722

C GENERATE RANDOM DEVIATION FROM NOMINAL DEMAND

 

 

 

 

‘_‘— 7 



SHHSLSGEN- -—- 7 ~- CDC BQDD FTN V3oD-LZSD-OPT31 

N015635161'0UH'RNOUM(ERR)

...50 10.72;

722 NOIsEsO.

723 CONTINUE

c————-GENERATE EFFORI OEVIAIIOM-—-

DEV=DEH’(EFF(K.L)-EFF(K, L)"EFFEL(K. L1)

DEV=2.‘DEV .

—C—-———GENERATEOROERS ' .

ORDERS(K,L)=DEH‘EFF(K, L)+DEYONOISE . ;

731 CONTINUE - ' .

—*~— --00 711 L:1,NSALS ..H"_ «_-_-__—m« -q. .u- ...E.._-_-..~_u

711 70RO¢K1=IORO(K)oOROERSIK.L) _ -

c CALCULATE AMOUNT OF R AVAILABLE

—WOUH=ACTPR0(K)+INV(KL--—~~«w-wm —

O OO OROERS ExcEEO AMOUNT AVAILABLE

IF!TORD(K).LE. OUM) GO TO 715

£»——.—SET IOIAL SALES EQUALto AMOUNT AVAILABLE-m

TSALCK)=OUM

c RAISE INVENTORY LIMITS

-__———~UINL£K)xt.OS‘UINL£!¥

RINL(K)=1.05'RINL(K)

co to 716 .

.c_.”- SET TOTAL SALES EOUALto TOTAL ORDERSwmum —_—— ——————— —«-—————~———;

715 ISALIK1=IOROIK1 ' ‘

 

 

 

 

 

 

 

 

 

C ACCUMULATE SALES OF ALL PRODUCTS

.1L6———TTSAL=TTSALOTSALLEE:

C ACCUMULATE QUARTERLY SALES

QSAL(K)IQSAL(K)§TSAL(K)

4—.7h9 CONTINUE«-- -—_

RETURN

END
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SUDROUTINE BOOK

———————COMMON—ACTPRO(LSL’DELP, DROP£15195FFC15yolyINV415h

1ITIMET15)9KLOCKONPROD,NSALS,ORDERS(15,6),PDELORT15g6),

2PFORC¢15).PREORD(15,6)gPRES(15),PRICE(15),PROF3(15),PROF9(15).

-—————3PROM(15),DSAL(15),RINL(15),SALMAX‘153,SCINL(15),TFORC‘15ly——-——

ATPROD.TSAL(15),UINL(15)

COMMON/SLSGNC/TTSAL

______—COMMON/SLSGNBITORD(15),AA(15),OEMgKON1151gPRFD(1519PMEL415¥r———

1 PREL(15),PMFD(15),NOISE,SIG1,LOSTSL(15) '

 

COMMON/SLSGND/EFFEL(15.6)

———uu~-COMMDN/SLSCNX/NOMDEM(15) —v~--~w ""1 nu-~~~—~—~—»--

COMMON/800KB/TPROF, PREINV(151, INHCOST15),CUMPRO(12),

1 CUMCST(15),ICOST, 8PRAM,COSTPR(15),SETUP(15),AVSOINT15),COSTS(1

———~——2~FCOS,REV,PROEILSL’UPROEI153¢SUM11SUMXZOSUM11SUMYZySUMX¥———————

3,UCSTPR(15)

COMMON/BOOKC/STDIC

-——~~n-COMMON/FCASTB’DELOR115.5,yALPA’FOR611596! -

COMMON/FCASTC/SAVE‘15g6)

COMMON/PRRECB/RPC(15),RPI(15),ITRPIC15),ITRPCC15)

—————~COMMON/SLSMN8£8ASIST15),MKTRNK(15),ODORD,DEFF,PEFF‘15,61¢

1 RESRNK¢15y619RNKT15),PERD1C15),PART,SMRNK(15,6),PERDZ,DPERD.

Z EFPART(15),DELPAR,MOTFOR(1S),VOLRNK(15),SLSRNKClSDgRNKFAC

————--COMMON/NEHPRBIITIQ,TPQSAL,TQSAL,NOMCAPOSAL3Q,MXPRDD,SMARE(15)»—

COMMON/NEHPROX/BPRAMM(15)

COMMON/NEHPRXX/NAMEC15)

-——————C0MMDN/EXECUB/UPROF3115LyPROGOLt151,851A1L1511ALP3,DETAZTLSLr——

1 IST15),IPGR(15)pISO(15,3),UPROF9(15),8ETA3T15),ALPA,BETAU,

Z-OETAL,ALP5,IPCG(15,3)

______—COMMON/SUMZ/SUMPR,SUMXPRrSUMPRZ

TYPE REAL INVpICOST‘

TYPE REAL INHCOS

—C—————CALCULATEmPROEITS-AND—OTNER—OOOKKEERINE

 

 

 

 

 

C ZERO OUT TOTAL PROFIT

TPROF=Do

_———-— DO 799 K31gNPROD~nu_<.-——~—n—_n~~~-~_—u———~«~»r”‘—~-—~—um~——Mm-‘

C INDEX PREVIOUS INVENTORY VALUE

PREINVCK)=INV(K)

._Cv CALCULATE~1NVENTORY~ONMMAND

 

INVTK)BACTPROTK)OPREINV(K)-TSAL(K)

INV(K)=AMAX1(INV(K),D.D)

 

nC—u—u.CALCULATE INVENTORY HOLDING COSTW——~.—————n~_~u_«_nmm~—~——~—_-

INHCOS(K)=((INV(K)+PREINV(K))IZT‘STDIC

C CALCULATE COST OF PRODUCTION

-——m_———CDSTPR(K)=UCSTPR(K130:

IF!ACTPRO(K).E0.0.) GO TO 785

C CALCULATE NEH CUMULATIVE PRODUCTION TOTAL

.10-. CUMPRO(K)=CUMPRO(K)+ACTPRO(K) .w---.4 ~—-

C INCREMENT OLD CUMULATIVE TOTAL PRODUCTION COST

DUM=CUMCST(K)

—C—————CALCULATEwNEH—CUMULATIVE—IOTAL—PRODUCTION COST

BPRAM=8PRAMM(K)

CUMCSTTKD8(ICOST‘TCUMPROCK)"(8PRAM+1.D))ICBPRAM+1.D

—C.———-CALCULATE PRODUCTION COST FOR THIS PERIOD .-.-v.-.~-~~mw—uu—u

COSTPRIKT= (CUMCST(K)-DUM)+SETUP(K)

C CALCULATE UNIT COST OF PRODUCTION
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PNFDTIT8PNFDTIO1T

OPRAH"(I)88PRAHNTI¢1¢—————- -

PRICETI)=PRICE(I+1T -

PREL(I)8PREL(I+1)

-—PRFD(I)8PRFD(IO1}-

LOSTSL(I)=LOSTSL(IO1)

QSAL(I)=QSAL(I+1)

SALHAX(ITZSALHAXII514——4——

PREINV(I)=PREINV(I§1)

CUHPRO(I)=CUHPRO(IO1D -

——m———nCUNCST‘I)=CUHCST(IO1L.—«--«—- —u-—»~» - S - ~u--

DO 9 L819NSALS

PDELORTIgL)=PDELORTI+19LT

-———————DELOR(I,LT=DELOR(IttpLL

ORDERS(I,L)=ORDERS(I+1.LT

PREORD(I,L)=PREORD(I+1.LT

——SAVE(I,LJ=SAVE(I+1,Ll———~ -~ —

FORCTI,L)=FORC(I+1.LD

EFFCI,L)=EFF(I+1,L)

.PEFELI9L1=PEFELIt1¢L)

EFFELTI,L)=EFFEL(IO1,L)

9 CONTINUE

a-UCSTPR(I)=UCSTPRTI£1L——~n——-~————n————~u—-~———--—nn——w—————n——-

SETUP(I)=SETUP(I+1)

PROF(I)8PROF(IO1)

_______PROF3(IJBPROFJLItLL—____.

PROF9(I)=PROF9(I+1)

UPROFTI)8UPROF(I+1)

——————-UPR0F3TITSUPROF3TI51!

UPROF9(I)=UPROF9(IO1)

SHARE(I)=SHARE(I+1T

-—————.mPROGOL1IT=PROGOLLI¢117

BETA1TI)=BETA1(I+1)

8ETA2TI)’BETA2(I+1T

-.___”&-Is(1)=xs(1§1).Hm“m__--m__.._“.u_-~_,m-rpm-__nhfln-”9_“WI".wvn-”

IPGRCIDBIPGRCIO1)

ISO(I,1)=ISO(I¢1,1T

——————~ISO(I,Z)BISO(I91921

ISO(I,3)=ISO(IO1,3)

IPCGTIg1D=IPCGTI+1p1T

-_.u~-uvIPCG(I,2)=IPCG(IO1,2)-—mw—»—~_~~—«~«.~--~_-«—- -—--~ «n —-m-.

IPCG(I,3)=IPCG(IO1,3)

8ETA3TI188ETA3(I§1)

—40———~CONTINUE—- «———~—————-»_

K3K-1

9799 CONTINUE

—«-. IFTK.LT.NPROD) GO TO 9798 -.—~~'~»u~~m_—-r- .__,

IF!KLOCK.LE.10) GO TO 791

C ACCUHULATE SUMMARY STATISTICS

SUNX=SUNX§KLOC¥f

SUHX2=SUHXZO(KLOCK“2)

 

 

 

 

 

 

  

  

 

 

 

 

 

 

 

 

C ZERO-OUT PRESSURE SUHHATION TERM

--Su3P:0..--.__ ,_ _W-_,u_u_m-______w-mW;-n._. 7., _ ,h-”

C SUM UP PRESSURE VALUES

DO 793 K81, NPROD

 

 o— ——.—--__——. -... _..._.._.-..-.._. ,. ~ -.-.uflu-“.- - — — . . .-.-.-...
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ucsTPRcK)=(cuncsr(x)-oun)/AchRo¢K)

.c_____nALCULA15”AVences:.ornxuvanroax

735 IF(ACTPRO(K).E0.0.0.AND.PREINV(K).EQ.0.0) co to 755

AVCOINTK)=(SOSTPRlK)+AVCOIN(K)’PREINV(K))/(ACTPRO(K)+PREINV(K))

____._.50-Io»75?

755 AVCOIN(K)80.

7oz coutruue

-JL————CALCULAI£.C0$IS_EOR_PRDDHQI u

COSTS(K)=(TSAL(K)'AVCOIN(K))§PROH(K)01NHCOS(K)§

oFCOS*(TSAL(K)/TTSAL)

J:_____CALCULATE.REVZNU£_

REV=PRICE(K)'TSAL¢K)

c CALCULATE PAST 9 mourn AVERAGE PROFIT

.______2ROF91K)=.ZQPROFlKlt.8‘PROE9(K1

UPROF9(K)= .2'UPROF(K)9.8'UPROF9(KD

 

 

 

 

 

 

C CALCULATE PROFIT

"__.___2ROF(K)=REV!COSTS(K!

C CALCULATE UNIT PROFIT

UPROF(K)=O.

_______I£1TSALCKLaEQoO..l—CO*T0_1897

UPROF(K)=PROF(K)/TSAL(K)

 

 

C ACCUMULATE TOTAL PROFIT

___ZBB_12ROF=TPROEéPROE1K1_uu_____.

C CALCULATE CURRENT 3 MONTH AVERAGE PROFIT

PROF3(K)=.5'PROF(K)§.5‘PROF3(K)

_______UEROF3LKJESSLURROELK1L+5£UPROEBQK3

799 CONTINUE

 

 

 

C BEGIN LOOP FOR INDEXING OF PARAMETERS HMEN A PRJDJCT IS DROPPED

.__m_._K3l:r

979B KSKO1

C IS PRODUCT K TO BE DROPPED

_______IEJDROP(KL.NE~1.0R.INVIXJ+NE.O+DJ_GO_IO.9299__

C ADJUST PARAMETERS '

C ADJUST PARAMETERS

 ____.__NPROO=NPROO-1 .

no 10 IaK,NPRoo :

NAME(I)=NAHE(I§1)

PEORC¢IT19EORQ£I§1l

tronc«1»=rronc11o1)

UINL(I)=UINL(I§1)

_u-.".hRINLlIitRINL(If1l-um_..fl_m_---..-. --.--- ._ - _-~-v_.-

TSAL(I)=TSAL(I§1)

INVCI)=INV(I&1)

.__.____PRES(IlzPRE$!1‘1!

DROPCI)=DROP(I§1)

NOMDEM(I)=NOMDEM(I+1)

RPOCI)=RPCCI*1!

RPI(I)=RPI(I+1)

ITRPICI)=ITRPI(IO1)

———————IIRP04IL=IIRP9£LQL¥

ITIME(!)zltIME(I+1D

AATI)=AA(I+1) ‘

______~xou(1)=xoucro1;

PROM(I)=PROH(I+1)

PMEL(I)=PMEL(I§1)

 

 

 

 

   

 



160

i__BOO!: CDCEéQOD’FTN-VJ.0zLZSO—ORIBJ

793 SUBP=SUBP§PRES(K) -

JL_____CALCULATE_AVERAGE—PRESSURE—VALUE

SUMPR=SUMPR+(SUBPINPRDD)

SUMXPR=SUMXPR+(KLOCK'SUBP/NPROD)

_______SUMPRZ=SUMPR2t(SUBRLNBRODQ"2

TPROF=TPROFI1000o

SUMY=SUMY+TPROF

_______SUMX13SUMXIt1KLOCK£IBRQEé

IFCTPROFoqufl.) RETURN

SUMYZFSUMYZOTTPROF”2)

.131———CONTINUE

RETURN

END
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SUBROUTINE NEHPRO

.connou.AcTPROT15),OELR,OROPT151,EF£L1S,ST,TNVTTET;

1ITIHET15T,KLOOK,NRROO,NSALS,OROERST15,51.POELOR115,51.

, 2PFORC(15).PREORO(15,6),PRES(15),PRICE(15),PROF3(15),PROF9(15),

x;____spRonT151,OSAL1151,RINL¢1ST,SALnAxT151,SOTNL¢151,TFOROTLSLr__————~_-

~TPROO,TSAL¢151,OTNL(15)

COMMON/NEHPROIITIO.TPOSAL,TOSAL.NOHOAP.SAL3O,nprOO.SHARE1151

OHRON/NEupRc/EFELEAO ‘ _

COHMON/NEHPROX/BPRAMM(15)

COMMON/NEHPRXX/NAHEC15) - .

._m_-_-conuouxueupRz/ZZTso,Al——~~« H. _~“m-,

connON/FOASTa/OELORT15,6),ALP1, FORO¢1S.E)

connONIEcASTOISAvET15,ST

ACOHHON/PRRESB/RPC(15),RPIIiS),ITRPII15),ITRPCT151-—

OOHHONISLsnna/BASIST15T,HKTRNKT15T,OOORO.OEFF,PEFFT15.ST,

1 RESRNKT15,51,RNKT15),PERO11151,PART,SHRNK(15,51.RER02.OPERO.

L-.__,z-EEPART¢15T,OELRAR,HOTFOR¢15),VOLRNRT15),SLSRNK1151,RNKFAO_

i OOHHON/SLscua/TOROT151,AA1151.OER,RON¢15T,PRFOT151,PHELT15).

; 1 PREL(15),PHFD(15),NOISE.SIG1,LOSTSL(15)

r.____._cormow.sLSONO/tat-TELusvéL

r COMMON/SLSGNX/NOMOEM(15)

3 COMMON/800KB/TPROF ,9REINVT15),INHOOS¢151,cunPR0115).

i_.___1.OuHcST1151 IOOST,OPRAH,OOSTPRT151,SETOPT15). AVOOIN¢1ST,OOSTSTLST,.

} 2 FOOS,REV,PROF115),OPROE1151.sunx,sunx2.suuv.sunvz.suuxv

; 3.ucSTpR115)

L"_____COHHONIEXECUBIUPROEJJIS),PROGOL(151,BEJA11151,ALP3,8ETAZL1SJ,_____.

1 IST151.195R(15T,ISOT15,3T,uPROF9115),8ETA3115),ALP~,OETAO,

z BETAL,ALPS.IPOGT15,3)

VTYPE REAL INV~-__

 
 

 

 

 

 

  ..--...

 

 
 

T

'

 

gc NEH PRooucT DECISION SEOTOR

jC INOEx PREVIOUS QUARTER SALES

+______IPQSAL=IQSAL

:c ACCUHULATE GRAND TOTAL QUARTERLY SALES

' TQSAL80.

L.__~H-OO O10 K31gNPROO.._»—~———m_m» 

1 TOSAL= TOSALAQSALTKT

O10 CONTINUE

Lc___.APRooucT ELIMINATION DECISIOM -_ __,EM_. -

g 00 570 K21.NPROO -

. ounx=o. SO‘SALMAXTK)

1m -. IFTNOMOEnTKT.LT.ounx1 GO To 880 u A - m A-

are CONTINUE

  

 

RETURN

L——ABO—CONTINUE

gc DROP PRooucT K

s DROPTK’glo

ic_w_«-ADD NEH PRODUCT—-.._~_n_-n -._n-~_fl-__.- --__A-Hm--w-q

, NPROO=NPROD+1

: SET PARAMETERS FOR NEH PRODUCT 1

Lc.___—SEIINITIAL-VALUES.EOR_NER-RROOUET

: K:NPROD I

1 NAHE(K)=NAME(K-1)O1 |

}~__wu-M=NAMECKD~10~.~~-______num_..._ LL“---___NH__WL_A

- AAtK)=ZZ(H,3) '

KONTK)=ZZTM,A)

Eh”) ‘

 

 

 

——-.»-___~———-——-—-'* - _ ......~_.__.._.—...—-._,__. h-.__..._-.--.4—.q. . _. ... T..-_.. ——....- .—__.
 

w
.
.
1
.
.
.
.
_
_
_
.





453m -.-———-—CDC—ibh0 D-FIN—V3 o O-LZbO—OPTat—O; 

PHELIK)=ZZ(H.5)

______pREL(KTzzzLN,Ee

SETUPTR1=221N,71

BPRAHHtKD8ZZ(H,8)

______Oon821~L=1,NSALS

OROERSTK.LT=zoo

PREOROTK,LT=1OO

______OELORLR,LTzLOO

FOROTK.LT=OROERS(K.LT

SAVE(K,L)=PREORD(K.L)

______EFF1K,LTaT.O,

PEFF(K.L)=0.99

3&1 EFFEL(K,L)=1.0

_______IELEEELFAQ:£QAfl:l 59 TO 8&9

auz EEEELTK.LT=ZZTN.1T

ouo CONTINUE

-nzL__chNTINUE

ITIME(K)=0

SALNAXTK):O.

_______CUMPROLKL=CUMOHI11:9»

PREscha1.o

TSAL(K)=NSALS'OROERS(K.1)

______.UINL(KJ=0.lfTSALJK!

RINL!K)=0.1‘TSAL(K)

INVTKTaO

_______OR0P(K13£E

RPCtK)8RPI(K)80

ITRPTTKTaO

___—___IIRPCIK181,

PROH¢KD=1000’NSALS

PRIOETKTazo.

———————LOSTSL£!!=9:

SHAREtK)=0.

PROGOLTKTso.

151x129

IPGR(K)=0

ISOTK.1T=1

-——————JSO(!;Z!=2

ISOTK,3T=3

IPCG(K.1)= IPOOTK.2)=IPOGTK.31=O

._—~~_-BEIA1(K)80.Z~~ .m—

BEIA2(K)=0. 2

BETAJTKT=1.O

OSALTKT-O

PRFO(K)820"PREL(K)

PMFDtK)!PROM(K)"PMEL(K)

TF0RC¢KL=94 --

AchTNTKTso

PROFSTKTao /

_______RROF3TET:O,

PROF(K)=0.

UPROFSTKTso '

.___._.UPROF3(KT=O_.__- ——

UPROFIK)=0.

RETURN

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- - .. _ _———~.. —._—-_--.....—1.__......__..__ .‘..._-A__..~.._-_..
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EXEC -CDC~6AOOWFTN-V3¢OwL260-OPT=1——OJ

SUBROUTINE EXEC

______COMMON*ACTPRO(15),DELP,DROP(15),EFFI1S,5J,INV(151;

1ITIME(15),KLOCK, NPROD,NSALS, ORDERS(15, 6),PDELOR(15,6),

2PFORCT15),PREORD(1596),PRESTiS),PRICET15),PR0F3(15),PROF9l15),

—————3PROM(15),QSALT15),RINL(15),SALMAXI15),SCINL115),TFORC(15),————————-

ATPROD,TSAL(15),UINL(15)

COMMON/FCASTD/TSLFOR

——————COHHON/NEHPRBLITIQrTPOSALfTOSAL,NOMCAR,SAL3Q,NXPROD,SHAR5415L—————

COMMON/EXECUB/UPROF3(15),PROGOL(15),BETA1(15),ALP3,BETA2(15),

1 IS(15),IPGR(15),ISOT15,3),UPROF9T15),BETA3T15),ALPQ,BETAU,

-—————ZHBETAL,ALPS,IPCGI15,3L—~

COMMON/PRRECB/RPC(15),RPI(15),ITRPIT15),ITRPC(15)

COMMON/BOOKBITPROF,PREINV(15),INHCOST15),CUMPROT15),

_____1_CUMCST(15I,ICOST,BPRAM,COSTPR(151,5ETUP(15L,AVCDINT151,COSTSLL5L,-

2 FCOS,REV,PROF(15),UPROFT15),SUMX,SUMX2,SUMY,SUMYZ,SUMXY

 

 

 

 

3,UCSTPR(15)

“___E_CDNNON/DDDKCISTDICEE.. ~ —

0 PRICE AND PROMOTION DECISIONS

C DECREASE EHPHASIS ON RECENT FAILURE

—_——On-—999.K31,NPRML

c BYPASS PRICE AND PROMOTION DECISIONS IF PRODUCT IS NEH

IFTITIME‘K). LE 6) GO TO 999

JL___“_DID PROFIT_EXCEED PROFIT~GOAL_

IF(UPROF3(K).GT.PROGOL(K)) GO TO 930

 

 

C REDUCE EMPHASIS ON RECENT SUCCESS

___.___BEIA11K)aBETA11KL! eAL23!

C REDUCE PROFIT GOAL

PROGOL(K)=(1.-BETA2(K))‘PROGOL(KTOBETAZTK)'UPROF3(KD

___"_- PROGOLTK)=AMAX1(0.3,PROGOL1XLI____

C INDEX SEARCH COUNTER

IS(K)=IS(K)+1

_C_____HAVE"ALL~ALIERNAIIVES—BEEN—TRLED

IFTIS(K)-h) 926,927,928

 

 

 

C HAS SEARCH EMPLOYED

___926_IEIIS(K)-1T 935,935,929

C SET INDEX FOR POSSIBLE PROFIT GOAL REDUCTION

927 IPGR(K)=1

.__E.__GO_TO_935
 

C RESET SEARCH COUNTER

928 ISTKT=1

C ALTER ORDER OF SEARCH. .- C ,7 --E”- --_.J..H - ...77.”E ,w--m_..

929 DUM=ISO(K,1)

ISOTK,1)=ISO(K,2)

———————ISOLK,2T=ISO£!;3! -

ISOTK,3) =DUM

GO TO 935

—C~—-—~INCREASE EHPHASIS ON RECENT SUCCESS

930 BETA1CK)=ALP3’T1-BETA1CK1)OBETA1CK)

C RAISE PROFIT GOAL

———————PROGOL(—K)=11-BETA1IKl)JPROCOLLXL0BETAA‘KtluPROF34K¥———————————————

PROGOL(K)= AMAX1(D D, PROGOL(K))

 

 

 

C HAS STRATEGY SEARCH EMPLOYED

—~~u——~IF(IS(K)T 935,935,932-—~-

C HAS PROFIT GOAL REDUCED

932 IF(IS(K).GE.Q) GO TO 933
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——EXEC » —---CDC-6“DO FTN V3.0‘LZSO‘OPT=1~"OT

BETAZTK)=BETA2(K)'(1-ALP3)

—CO-TO—93k

C INCREASE EMPHASIS ON RECENT FAILURE

933 BETAZTKT=BETA2(K)+ALP3'(1-BETA2(K)) -

C-—~——RESET~SEARCH INDICATOR (SEARCH HAS SUCCESSFULLm-w—

93k ISTK)3O

 

 

C HAS PRICE CHANGED TO INCREASE PROFIT

-——B35—IFTIPCG(X,1))950, 950,936-~—~w-

C HAS PROFIT GREATER THAN 9 MONTH AVERAGE PROFIT

936 IFTUPROF3TK).GT. UPROF9(K)) GO TO 938

-—-—«-IPCG(K,1)=IPCG(K,1)-3 —~—-~~_—-—~——4————*-—»~-~~»~-~~4—w——--~n-—

C HAS PRICE INCREASED

IFTBETA3¢K)-1) 950,9h1,9k1

——938~IPCC£K,1)=IPCG(K,11+1 

C HAS PRICE INCREASED

IFTBETA3CKT-1) 9h1,940,990

—C—— INCREASE PRICE CHANGE MULTIPLIER —~ .~— ---w»w~J “m_.-_ ~---u—w~

9AO BETA3(K)=BETA3(K)OALPk .

BETA3(K)=AMIN1(BETA3TK),BETAU)

—————-IPCG(K,1)=IPCG¢X,1)-3

GO TO 950

C DECREASE PRICE CHANGE MULTIPLIER

-——9h1~BETA3CK)=BETA3(K)-ALPAMA

BETA3!K)=AMAX1(BETA3(K),BETAL)

IPCGTK,1)=IPCG(K,1)§2

.——————CO—TO—950—

C COMPUTE PROJECTED PROFITS

950 DUM=PRJPROTINV(K),STDIC, UCSTPRTK) ,TFORCCK),SETUP(K),FCOS,

--~E 1TSLFOR,PRICE(K) PROM‘XTD -—-«~ ~.~_‘_—--—-~-~n——-

C DO PROJECT PROFITS MEET PROFIT GOAL

IF(DUM.GE.PROGOL(K)) GO TO 970

JL——m—-DEN¥—PROMOTION—INCREASE—AND-PRICEHCUT—REQUESTS——-

 

 

 

 

 
 

RPICKT=0

RPCTXizfl

—C~_-M HAVE ALL STRATEGIES BEEN TRIED- . ~~~

IFTIPGR(K).EO.1) GO TO 960

C SEARCH FOR NEH STRATEGY

———u_m-OUMM=ISO(K,1) .

IFTDUMM-zT 952,953,959

C INCREASE PRESSURE DN SALES DEPARTMENT

952 PRESTKT=PRES1NIoDELP M v . ..AAm.u~.un-~»

GO To 955

C INCREASE PROMOTION

.“E953 PRDMTRT=11TALPSIzPRDMTRI_....___N_-.m__u___EE-- -m

c REVISE FORECAST

955 TFORCCK)=1. 03’TFORCTK)

Em.. CD TO 955 , .--”.Eu-uu._m .-“E_

C DECREASE PROMOTION

959 PROMtK)=(1-ALPS)’PROM(K)

.C____ REVISE-PROJECTED.PROFIT

956 OUM=PRJPRO(INV(K),STOIC,UCSTPR(K), TFORC(K),SETUP(K),FCOS,

1TSLFOR,PRICE(K), PROM(K)) 4 ~

A- .T._ _ GO TO 961 A .9 - -7 -. . .-.. ..-- .__-u- - I- V -7 .--. . ___.__._.<._AL~_..

C REDUCE PROFIT COAL

960 PROCOLTKT= (1-BETA2(K))‘PROGOL(K)+BETA2(K)'UPROF3(K)

 

  

 

 

._--. --r*—_...—-E -....-r-_1 “...—5“- .. ...“..- --. ._-_-.__. -...”Hfi‘ V.. 



l
1
‘
1
1



E!Eer w-CDC~6bDO~FTN V3.0uL260~OPT=1——03

PROGOLTK)=AMAX1(0.0,PROGOLTK)T

C—————IS—PROJECT—PROFIT—GREATER-THAN_PROFIT4595L

961 IF(OUM.GT.PROGOL(K)) GO TO 996

 

 

C HAS PRICE RAISED SUCCESSFULLY OR DECREASED UNSUCCESSFULLY

——————IF(IPCGCK,1)4-962r996r99é

C RAISE PRICE

962 BETA3(K)=AMAX1(1.01.8ETA3TKT)

.——————PRICEJK)=8EIAJLKLIRRICETK!

 
 

GO TO 995

C CALCULATE PRICE CHANGE INDEX

—9ZO_DUM=LIPCG(K,1I+IPCGCK,2)OIPCG(Kr3IL- L

C IS THERE A REQUEST FOR A PRICE CUT

IF(RPC(K).GT.0) GO TO 980

.LL————lS—JHERE—A~REQUESI_£DR-A—PROMOTION—INCREASE

IFCRPI(K).GT.0.) GO TO 976

 

 

C HAS PRICE CHANGED IN LAST 9 MONTHS

-«~m—HIFTDUM.GT.0.) GOWTO~996

C CHANGE PRICE IN BEST PAST DIRECTION

8ETA3(K)=AMIN1(1.0198ETA3TK))

-——————8ETA3LK1=AHAXL(«99,8ETA3£53‘

PRICETK)=8ETA3TKT’PRICETK)

GO TO 995

JL————_INCREASE—PROMOTION

976 PROM(K)=(1OALP5)'PROMTK)

GO TO 996

—C———m—HAS—PRICE—CHANGED—IH—LASI—Q—MONIHS

980 IFTDUM.GT.0.) GO TO 996

C CUT PRICE

~8ETA3(K)8AMIN1Ca9998ETA3TKLJ

PRICE(K)SBETA3(K)'PRICE(K)

GO TO 995

—C_—_——UPDALE—PRICE_CHANGE—INOEx

995 DUM81

GO TO 997

_C—____UPDATEuPRICE»CHANGE—INDE¥

996 DUM80

C UPDATE PRICE CHANGE RECORD

___S91_IPCGlK,3L=IPCG1K,Zl

IPCG(K,Z)=IPCG(K,1)

IPCG(Kp1)=DUM

-_u999 CONTINUE A ~-. ~_-» -9“--»u .- .—~_ _”Lfl_

C QUARTERLY HOUSEKEEPING

C CALCULATE 3-~QUARTER SALES AVERAGE

————————SAL3Q=OS5!TQSALt0.5£SALJQ——i

DO 885 K=1 NPROD

 

 

 

 

 

 

 

 

    

 

C CALCULATE 3- QUARTER AVERAGE SHARE OF TOTAL SALES

—~—————$HARE(K)= 0. S‘KQSALCK)ITQSAL)+0. 5’5HARE!!!’ * '

C ZERO OUT PRICE AND PROMOTION REQUESTS

RPI(K)=RPC(K)=0.

-—C—————lERD-OUT~QUARTERESALES

QSALCKTSO. .

685 CONTINUE ‘

——C—~—- ZERO-OUT TIME~IN»QUARTER~—~

ITIQ=O

699 CONTINUE

BET Ugh] 1

END
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.—SUMARY , CDC 6&00 FTN-V3.0-LZ60—OPT=1««O-

SUBROUTINE SUMARYTLENGTH)

-COMMON/BODKD/TPROF,PREINVT15),INHCDST15),CUMPROC15if

1 CUMCST(15), ICOST, BPRAM, COSTPRT15),SETUP(15), AVCDINT15),COSTST15),

2 FCDS,REV, PROF(15).UPROFT15),SUMXySUMXZoSUMY:SUMYZ,SUHXY

_m_mn3,UCSTPR(15)«---- _,«_,fl. - a.

COHHONISUHl/ITB)

COHHON/SUHZ/SUHPR,SUHXPR,SUHPRZ

COHHON/SUHJ/NRER

ozuensrou IX(6)

TYPE REAL HEAN .

~203u_.FORHA1411,12,SX,6IZ,F10.k,F10.5,F20.k,F10.AL

c CALCULATE HEAN '

HEAN=SUHYITLENGTH-1D)

______Epnanu=sunpaz(Lsusxusxo;

no 333 KL=1,6

333 IXTKL)=I(KL)+1 o

_C-w—__. CALCULATE VARIANCE---—awm—~w~—~

VAR=TTLENGTH-10)'SUHYZSUHY"2)/(LENGTH-10)"2

VARPR=((LENGTH-10)'SUHPRZ-—SUMPR”Z)I((LENGTH-10)"ZD

._SQVAR=SQRT(VAR! - —.

SQVPR=SQRT(VARPR)

PRINT 203,NREP,(IX(KL),KL=1,6T,PMEAN,SQVPR,MEAN,SQVAR

Jw_wwu.PUNCH 2039NREP,(IX(KL),KL=1,6),PMEAN,SQVPR,MEAN,SQVAR

RETURN

END

 
 

 

 

 

 

 

FUNCTION PRJPROTINV,STDIC,UCSTPRgTFORCaSETUP,FCOSf

 

 

 

 

——“‘“_____tISLFOR,PRICE,PROM)

TYPE REAL INV

9 FORHATTZOX9’TFORC IS 0.0')

—_—-RCH«—-CALCULATION OF PROJECTED PROFIJ-~—

C ESTIMATE TOTAL INVENTORY HOLDING COSTS

DUM1=INV‘STOIC

"__"LC—-——*ESTIMATE—PRODUCTION—COSTS

DUM2=UCSTPR’TFORC+SETUP

C ESTIMATE FIXED COST ALLOCATION

’“‘—“—~— u——DUM3=0. O ~~~-~-—«7 ~--~~-— —~— ~»-—

IT=TSLFOR

IFTIT.EQ.0) GO TO 8

"‘“’n~- - ~OUM3=FCOS’(TFORCITSLFOR)wm~-m--M~‘ — ~i~ ~-- - --”

C ESTIMATE UNIT PROFIT

6 IT=TFORC

'__“—-.--» IFTIT.EQ.O) GO TO 10 -- --~ *"—"""’ """""

PRJPRO=PRICE-((DUM1ODUMZODUM3+PROM)ITFORC)

RETURN

’"“" —1C————PRJPRO=9f7

PRINT 9

RETURN

'___—"——-———END- ---

 

 

 

 

 

 

  

 

._———~_._-__ _.-—_ ...—-H-
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.

w-RNDUM~ -~_m~—-w-~~mr CDC 6&00 FTN V3.0-L260 OPT=1 07/294

FUNCTION RNDUMTX)

C—_—._JHIS SUBROUTINE GENERATES A RANDOM VARIABLE FROM A NORMAL DISTRIBUTIDNA

C HITH MEAN: 0 AND STANDARD DEVEATION=1o O

X=SQRT(-Zo O‘ALOG(RANF(-1.O)))‘COST6.283185307’RANFT-ZBO)I

.m__..~RNDUM=X _w--—w"___--mu—w-~m-mw ———

RETURN

END

 
  

 

-.." r-__.s__.______ .- .. -..... _-__-. -7-
 

__RANK_

 
 

SUBROUTINE RANK(NP,BASIS.RNK)

_—————COMMON~ACIPRDL151,0ELP,DROP(15),EFF415,6LrINVL15};

—- 1ITIME(15),KLOCK,NPRODgNSAL590RDERS(15,6),PDELDR(15, 6), ”’“‘

ZPFORCT15),PREORD(15,6),PREST15),PRICE(15),PROF3C15).PROF9T15Tg

3PR0MT15),QSALT15),RINL(15),SALMAXT15)'53INLI151,1F0RC¢15¥7————-——

——- hTPROD,TSAL(15),UINL(15) ““‘

TYPE INTEGER DUM1

_______DIMENSION—BASISL15lfRNKL45é

 

 

 

 

 

 

 

 

 

—— OUHM=10."7. ——~+

c RANK LOHEST VALUE or BASIS FIRSI, HIGHEST VALUE OF BASIS LAST '

—_—OO..2LJ31,N&

——-c SET INITIAL VALUES or UUMMV VARIABLES ___,

OUH1=1.

_______OUH2=8ASL311!

—_ oo 10 K=z,NP -~—«

c COMPARE Lowasr NUMBER HITH NEXT VALUE or BASIS

-.....»IFTOUHZILEABASIS(Kllunoulom10 - ,

——— OUH1=K . —««

c LET OUMZ EQUAL NEH LouESI VALUE

_______oUM2=BASISAEA

.~— 10 CONTINUE . ‘—-

c DEFINE RANK 0F NEM LOHEST VALUE

____—_nRNK(OUH1t=J _

——- c ASSIGN ARBITRARILY HIGH VALUE to BASIS ——4

BASIS(OUH1)=OUMM

____zn.coNrINUE

— RETURN

END
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Initial Conditions Program
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- PROGRAM ICAYNPLY.CLIPLToPuNCHT

101 FcRNAATAA..!2.2P5 COZP6.¢0129F¢.59160F6. 3.;6.2.F5 .00F6.0 .71,0.

OF9UOOF502T

-102.‘ FCRNATtiziogzoZlF9.Zon.lAOFS 3) -- «u— -..-—~ -m.- - -—-m- m

stoc

Ni!

——m ~ SEEDB21637375.2b189-~~——-»u« ~ «--u -~u‘-~v—— -, __, <-—~~«

CALL RANSEYLSEEDA _ _

cc 1coc Ukaslor

-H." . cc Acoc Aphnoson-~u——w————-—u

CLMCStscLVFcC'O.

CRDEfiS-O.

———-- S‘LVINOOQ '

FPCF38FFCF93LPRCF38LPRCF980.

FCCSIZOYC

Racy-1090 n. a .-L

Accsv-12.

STDIC13.O°

( GENERATE LEARNlhe (ust PAflauEAFR

EDpAys-C.0175o(U.CC3IRANF(-1)!

C GENERATE AGE CF PPCOLCT

C EAABGE CF AGE 15 1 Tc 3:

ITIVEt1.COTACOAUANF(--1A)/3

c GENFFATE EL~511CAIY CF EFFORT

-- EFfthz.anAu;(.AA

EFFELLSEFFEA

C GENERATE DBLPPchn ELASIAEAYV

C HAAGE cF PVEL 19 0.01 16 0.50

pveLSTSAN¢(-1)/3AOOBOT

c GENERAAE PFTCE (LASIAclly

{ RANGE OF PEEL A: l.¢s 1c 3.50

pRLLITFAKF(ol’91.25'0I025I

C GEAEBAIF AexenLl r PAnAPEvER FOR" A NCRHAA DISTRIBLTION httH MEAN

C CF Icuocc AAc STD Ctv Cb zscco --»~.

CLNS$CRT(~2.IALCGIGANF‘-Ao)IlIcO$t6.293185307.RANF(o2. AI

Kch-cLNPZSCPCoIOCOCC

( GENEEITE hETDULO A PARAMETER -.--.

chagc:1(-z .ALCCTRAA t -Ao))DICOSTOBZI31053OTORANF(oz.AA

AAsc. oc1.n. rCCSPcLPOO.OCCI'toLM"2)

-C——u—»GENEFA1E SEVLP (c515 .. in»--_»_m

SETLFSTRANFl-IT'SCCBDOZ5C

no 900 11:1 [11":

 

.C. . INCRLVEKA FLLlegs CR0685 --nwwn-~ _* “----“

C CALCLLAYE CBUERS

PRECHDICRCECS

-.n- CLHS-AIAAlIAAToZAifllA . - -.. "-..-.-n.

cpospsach-EAA(AgozAnEAPACJMA

c CALCLLATE NAA SALES

-—-~ SALNAchNAAA(SALMAxccRoERSA. ,.. , _w,-i,.4

( (ALCLLAIE CC"LLAT1VE PRCCLCTACN

(UPPnc-CLVPocoCHCERS

.c.-.-.-lNCiEw£A1 phEvlCLS CLMLLAYIVE COST- -0. -»

CLHBCLPCST

C CALCLLAYE CL”LLAYAVE (CST

——~—- CLMCSTSACCST.(CUNPHCl'(BPRAM01.))ITBPRAM01.3

C CALCLLATE (r57 0F PRODUCTION

CCSTPAI(CUMch-DLNTOSETUP

AVCCINICCSTrfi/CHOEPS

C A—. CALCLLATE IHVFNTCRY hCLOANG COSTS . ‘. , , -

TNH(CS3C. zfirfiCEHSISTCIC

C CtLCLLAYE PCCFIT

a.“ ‘7 FRCFTTIIZC'ERTEVS)-(CCSTPROINHCCSOFCC80PROMT

LPRCFIFPCFI'ICRDEHS

C CALCLLATE FECFIY ”CVIAG AVERAGES

DQCF38C.SIF:CFI1.6.5IPRCF3 A A A . . I - ,i

PRCstc.2IF:CFA1.0.UIFRC;9

LDACF3SL.5|'PDCFoC.39LPRCF3

--. - LPEcioac. ZRLPQCF.C.8ILPRCF9 .wm...- q,.-m. .i. .-»-I_

900 (CuTT'LF

PAIR! [Cl.hcaCC.CRCtE5.PEECRO,EFFEL.EFFELL .ITTVE.AA,KCN.

oDVEL.DGFL.SALPAX.(L"FRC.CLHCSY. SETUP. AVCOAN
-

FRIPT ICZONLRCCBFRCF9okaCF9QPkOF39UPRCP3.BPRAM

IOCO CChTANLE
...I .....- .I. .- -.-. ——-.. ---.-._._.-v —.—.-... 1"" ..



 

APPENDIX V

Analysis of Variance Output
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