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CHAPTER I

INTRCDUCTION

DERINITICN AND SCOPE OF THE PROBLEM

Competition is an essential characteristic of all living
beinos, The human race is one which has incerporated competition
in all phaseg of its existence., One could see infinitely wvarious
forms of this phenomenon in his daily life, It has becomeé such an
intecral nart of our existence that it usvally goes unnoticed.

A very important kindLof competition is one that exists
between mamfacturing firms producing identical or substitutable
products,,

The most domirant kind of market is the one where there isg]
nroduct differentiation.l The "Infinite number of firms" condi-
tion of vure and monopolistic competition very seldomly holds for
a civen narket, therefore more than offen, in actvwal 1ife monopo-
listie oligopoly conditions prevail, This laet term refers to a
few firms menufacturing differentiated preducts.2

A monopolist expects to change the price~demand relation-
ship for his product by increasing its decree of differentiafion.

This can bhe achieved by marketing strategics., There are however,

1 I=wrence, Abbot, Quality and Competition, (New York:
Colombia University Preas, 1955), v. 10,

Tawrence, Abbot, Ecomomics and the Modern World, (New
York: Harcourt, Brace and Company, 1960), p. 460,
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" eee an enormous number of stratesic possibilities, The dimen-
sions of marketing strategles are so varied that it is inconceiv~

nd Another dif-

able to inclvde all of them in a formal anslysis.
ficulty in this area is the effect of competition, ZEach competi-
tor can have a great number of available strategies and even with
only one competitor the task would be very cemplicated.2

It is usually assumed that there is a small probability
of constructing useful mondels to describe market behavior because
the factors controlling market mechanism are obscure.3 Forrester
says that "This makes the understanding which cen come from the
model construction more, rather than less, essential¥, 4

Our problem ig to be able to select amons the several mar-
keting strateries available to a firm operating in an imperfect
olisopelys . The main problem in such an analysis is adequately
strted in H, Speisht's statement given below.4

Speirht says the following about imperfect oligopal?:?ﬁ
Competition between firms in imperfect oligepoly - 1s rather like

a came of chess, or poker, in which each participant must consider

L pavid W. Miller and Martin K. Starr, Executive Decigicng

and Overations Research, (Prentice-~Hall Internation~l Serier in
Manacement, Bnglewood Cliffg, N.J.: Prentice-Hall, Inc., 1960), Do

171,

2 Ih'd
Ja W. Porrester, Industrial Dynamics, (Cambridse: The
M,T.T. Pr ess, 1961), p.311.

b rnia, o 312,

5 Trperfect oliosopoly 2nd nonopolistic oliogonoly are
rent names clven to the same ﬁheromenon by Speisht and Abbot
ectively. -

D M
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not only his own moves but also the moves which his epponents

might be expected to make".1
There has been a2 substantial amount of analysis resarding

monopolistic competition. A short discussion of this is presented
in the second vart of this chapter. Monopolistic oliogopoly how-
ever was not subject to extensive analysis because of the inherent
uncertainities in the model. The following quotations clarify
this statement,

"We can come to no general conclusions about entrepre-
neural behavior, - not even the tentative kind to which our dis
cussion of perfect eligopoly - led us, "°

MAfter what was said about - 0lizopolistic itndetérminancy
it should be obvious that no general theory of outlay determina-
tion for the nonprice variables in olizopolistic competition can
be formulated, It may be possible to formulate special theories
that make specific assumptions regarding the exact way of thinking
of every one of the - ©ligopolists in the group. Perhaps it would

be interesting to try the congtruction of such models, ">

1 H. Speiecht, Economics: The Science of Prices and
Incones, (Un*verq1tj Paperhqcks, Tondon: WMethuen and Co. Ltd.,
T380), De 3254

2

Ibid, p. 315,

5 prite Machlun, The Economics of SellerQ' Competition:
Mndel Analveig of Sellers Conduct, (Baltimore: The dJonns Honkinsg
Presas, 1959), Py 450=60,
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We will not discuss the validity of these statements yet,
we will try to build a model which will suide the managers of a
firm operating under the above conditions in selecting market
strategies, We do not pretend to predict the bhest strategy, yet
we can make a contribution by demonstrating a method hy which
hetter regults may be obtained,

The main aim of this thegis is to demonstrate how Cost
Effectiveness analysis, the explanation of which will be the sub-
Ject of the third chapter, can be used as a tool in the selection
of a preferred stratezy.

Due to the lack of adequate models explaining market be-
havior under monopolistic oligopoly taking into'account non price
competition, we were compekled te design suich a model. The seleco
tion of this latter and the underlying assumptions are open to
eriticism yet it shovld be stressed at this stage that our aim is
not to construct an economic model but to introduce a decision
tool for the systematic selection of marketing stratesies of a
firm. The economic model designed in the study can be studied
further, refined or redesigned. The procedure developed in this
thesis 13 not affected by such changes in the economic model, If
such a situation arises then thig procedure can be referred fo as
A pregram subroutine,

As such, thfgs thesis seemed to be more of a theoretical
nature rather then a practical application, therefore, to avoid
thie, we decided te gelect a manmufacturing firm in Istanbul and

to vroceed with our study in terms of its products, market, and
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oblectives, The firm has been used as a2 specific example 2and by
no means should the study be considered felevant only for this
firm, The methods could be applied for any other firm provided
that the necessary adjustments are made in the assumptions and the
economic model,

We have not gone into the search and evaluétion of rele-~
vant data owing to lack of data in the form desired for the design
of the models used in this study.

If the methods proposed in this study are te be actually
applied however, such data are indispensable. These should be
rathered by analyzing past data concerning the company's and the
competitor's sales, prices, qualities, advertising and other sel-
lin~ ewnenses, compaﬁy's past cost data, market's total sales 2and
construction trends, This topic is further discussed in the con-
cludinr remarks of the study.

The importance of knowledge about market behavior is quite
clear in Peter P, Drucker's statement that both resources and re-
snlts exist outside the firm and that results in a market economy1
depend on the customer.

The relevance of this quotation can be demonstrated by the

fellowing two examples:

1 Peter P, Druclker, Mans~inc~ for Results; Teoonomic Trsgks
and Rick=Takine Decigions, (New York: Herpewr and Row, 1964),
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Steel has 2lways been referred to as a “Homogénous prcducﬁ"
althonsh this statement is not true.* A few small firms in the
U.5.A. have gone into the production of high-~alloy snecialty
gteela where quality rather than price is the major determinant
of sales.2 With this strﬂtevy they have manaﬂed to increzse thein
gales and their revenues to a much hicher level relative te what
they conld have achieved if they hsad remained in the ordinary
ateel market. ‘ .

The second example comes from the household equisment in-
Anetry, The Ttalian manufacturers have succeeded in increasing
their sales volume by prodncine small refrigerators having a shordf
1life and relatively very low price.3 The importance of the deci-
glong concerning prodnct characteristics and market stratesies is

auite clear,

MON-PRTCE CCI"PETTTTON

Non-price competition is = phenomenon that can occur only
in a market where the vnroducts 2re differentiated by some means on
annther, This is the necessary condition of mononolistic competiJ

tiono

1 Joel Dean, Man~cerial Feconomics, Enclewcod Cliffe, N.J.:
1051}, p. 230,

2

tSpecial Case for Speciality Steelsi", Fortune, Decembex
1968,

3 "The Pirst Common Market Induetry", The Beonomist,
Decerber 2, 1967,
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R

The theory of monopolistic competition was studied exten~

sively by Joan Robinson's The Fconcmics of Imperfect Competitionl

2
and Edward H, Chamberlints The Trespy of Mononaligtic Competition

and althousy the theory states that there is a produect differen-
tintion on the nart of the consumer, the demand is teken as a2 funcl
tion of nrice and no further comsideration 1s givern as to how the
demardorice relatiomehin ean chanoe due to a chanse in the nrodurt

Thig, althoush a differentiation exists, "theory nfforde
an anarer neithar as to hew far diffeventiation will naturally he
corried, nor as to how far 1t shenld he carried“.3

The maior variables thot are included in non-nrice compe-
£ition analyeis are onality and promofion, ~Ilthouzh other varin.
hles exinst, they could be incornornted within the first two or
disresmrded for simplioity.4

The effects of ~mality and prometion on price and ountpud

in momonolictis competition has been studited by Tachlup nuite

1 Jnan Rohinson, Econormics of Imperfect Comnetition, (lon-
Aons MaeMillan, 1932

2 FAward Hastinze Chermberlin, The Theorr of Monomnolistic
Qommetiticn: A Romorientation of the Thesvv of Volue, (7th of,

FomrarA Tnaneorie grualess Gophvidher Fooyo«d Uﬂ;vcrflty PrOTM,
TH:Q) :

3 Ihid, p. 27%

L

4 Prit7 Machlup, On, Cit,, pp. 450-51.
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. 1 . . o .
extensively. He takes quality as the third axis in a three di-
mensional ansalysis where he considers this wvariable 2s a discrete
rroperty of the produet, Points along this axis then have ordinal

valune only. A representative illustration is given helow

Inperfect polypoly2 Price and Quality
Corpetition

Price

Sapec detun g

superapoicd

— S ivie

sf“,;.s‘
5 fonsdart an é"lr

Pipure 1. Aver~ce and Mexcinal Revenue Curves for

. g 3
Sayeral Qualities.,-

1 Thid, pp. 161-97.
2 In this paper referred to as menopolistic competition.
3 Ivid, p. 176,
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ct, other thinms beins the same, of a given sellins effory

n price~demand relationshin is shown as follows:

Q

[__-_,v., —
13
v tf \~
T L
ay
& bt v
an¥ily ]
’ Guankity .

on demand curve

Bffects of sdvertisin
1

o
in moropnlistic competition,

&

An evtensive study of ouality competition can be found in

and Comretition and Eeorormics and

Tavirenca Abhot's works QualitT

In his last text Abbot has rlse included pro-

The Modern World,

rotion as a meens of Bon-price competition.

1 Tpid, pp. 187.

L




THESIS

ROBERT COLLEGE GRADUATE SCHOOL
BEBEK, [STANBUL PAGE 10

THE PRODUCT

The product manufactured by the firm for which the market
strateglies will be evaluated 1s metalllic sanitary equipment. This
can be considered as a famlly of products in which there is a
great degree of similarity among its members with respect to their
functions, raw materlial, parts, manufacturing processes and de-
mand. This product line can be considered as a necesslty because
a functional substitute does not exist. Sanitary equipment are
integral parts of constructions and can Justiflably be classlfied
ag construction materials. Their Indispensablility, however, 1ls a
special characteristic. Durlng the analysls we shall consider an
equivalent product rather than treating each ltem separately. The
most approprlate measure of thé product would be in terms of 1ts
welght., Thus, 1f a tab 1s to be consldered as one equivalent unit
a shower battery will be evaluated by the ratio of the respectlve

welght. The drawing of one item is presented on the following

page.

THE MARKET

The market of metallic sanitary equipment is divided into
three distinct segments according to thelr quality requiremeﬁts,
These behave as different markets except for the fact that there
is an upward trend in quality requirements of consumers resulting

in a net shift from the lower income levels to the upper ones.?t

L Interview with the president and technical plentipoten-
tiary number of the Board of Directors of the XYZ foundry company
| March 6th, 1969.
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Figure 3. Product Sample

The market segment on the above classiflcation are as follows:

1) Low guality products' market. There are many manu-

R facturers operating at this level., The products are not plated

| and due to workshop practices they contaln many defects. Thé
individual capacities of the manufacturers are small, the capital
investments and the prices are low and the assortment of products
is limited. The total sales 1s not known due to the quantity and

dispersion of the manufacturers.l

L Ivia.
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2} Medium gquality products' market. The products in

this market are plated, there 1ls a smaller number of manufacturers
than the previous segment, the assortment ls richer, producers arve
small to medium scale, accordingly fthe capacities, capltal invess-
ments and prices are higher. The products, due to the finishing
operations, have an improved appearance and manufacturing pro-
cesses are more refined,l

3) High qualilty products' market. This market consists

of two large scale manufacturers. The assortments of thelr fac-
torles are much greater than the ones in the previous segments,
Prices are considergbly hilgher, manufacturing processes are much
‘more refined and the companles follow the Innovatlions 1n thelr
field. Quallty requirements are stricter and the XYZ foundry
cpmpany applies 100% quality control. The capital investments
are also much higher.2

During the analysis we shall not consider the replace-
ment market. The managers of the firm have stated that they do
not know the exact magnitude of the replacement market But they
assume 1t to be small, at present, compared to the actual market.

We shall be congidering the two firms market where there

is product differentiation. The following assumptions willl hold

for the rest of the analysis.
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Assumption 1 {Production Potential) 3» Demand

That the production possibllities for any firm in the
market exceeds the demand for the product of that firm. This can
be Justified because in the long run a firm can adjust its pro-
ductlon capabilities and in the short run it 1s ﬁot very likely
that the demardAwill increase by an amount sufficlent to exceed
the firms capacity.

Assumption 2

That the firms in the market can not directly affect the
total demand for the product. This assumption 1s also Justifiled
since if we exclude the replacement market, the demand for metal-
lic sanitary equipment in a periocd wlll be dependent on construc-

tion during that perilod.

Assumption 3 ( sales )i = ( Demand )i

This assumption follows immedlately from Assumption 1.

The assumption regarding the relatlion between the produc
tion potential and the demand of a firm is essential 1f the rest
of this study 1s to make sense. If a firm were engaged in actl-
vities which would result in an increase of its demand but on the
other hand made no capacity adjustment 1ln order to meet this de-
mand then all the efforts would be worthless since the extra
amount would shift-to the competitors.

The actual case for the XYZ firm 1s approximately as
stated by the assumption, yet the margin 1s very small and the
firm sometimes finds it difficult to meetlall the orders.

When the assumption is violated then the market share is
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determined by the capacity rather than the demand.

The second assumptlion was made for convenlence. Actually
it 1s seriously misleadlng since having defined the total market
as the high quallty market and having stated that there exists a
net shift from lower quallity markets to higher ones, we should
conslder this expansion and how the flrm can affect this shift,
that is how 1t can attract customers from lower markets.

The implication of the assumption is that customers
change their habits lrrespective of what the firms in different
markets do,

The importance of being able to select among several
strategliles, one that would lmprove the companiéé‘ performance has
been discussed above, The model that we have attempted to design
and evaluate is a two competiftors model. With additional manupu-
lation the model could be extended to deal with a greater number
of competitors.

The possibiliﬁy that Turkey will enter the Common Market
18 another motivating factor for the better understanding of mar-
ket behavior with respect to product differentiation and marketin%
strategles. If accepted in the Common Market, Turkey will be the
target of numerous European manufacturers. It has been success-
fully argued that when high quality product is involved the most

effective barrier to new competltion 1s product differentiation.l

1 Joe 8. Bain, Barriers to New Competitlon: Thelr Characi
ter and Congsequences in Manufacturing Industries, (Cambridge:
Harvard University Press, 1950).
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The following quotatlon applies to Turkey as much as to Ireland
in explaining what the domestlc manufacutrers' tasks are.

"On the assumptlion that the forces making for such
European unify are irreslstable, the tasks for Ireland's manufac-
turers are to modernize, to learn to exlst wilithout decades-long
tariff and quote protection, and to discover whether they are
¥iable enough to cope with intensive competltion in a free trade

system."l

John E. Welnrich, Optimum Size in Irish Footwear
Manufacturing, part of a project involving the study of eleven
Trish Industries, (New York: Pergamon Press, 1967), p. T4.
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CHAPTER II

METHOD OF APPROACH

GENERAL
The analysis starts wilith a descriptive evaluation: of the
relations between market share and The controllable variables

X These dlscusslons are theoretical

that effect market share.
and will depénd only on loglcal deduction. We admit that such =2
procedure will lead to a justified discusslion on the wvalldity of
the relations yet, as it was previously stated, the purpose of
this thesis is to demonstrate the application of an analytic tool
to such a decision area and the unavailébility of such relations
iet us to the design of a model. This is to berfollowed by a
graphical representation of the relations, and the boundry condi-
tions are defined. The task of formulating mathematical relation;
ships describing the curves, is accomplished by assigning mathe-
matical expressions which best 1t the verbal and graphlcal analy-
sis.

It is recognized that this procedure 1is not a very

sound method of defining mathematical relationships. Neverthe-

1 ‘Market share has been used instead of sales because
the performance of the company is revealed by the former value
rather than the latter since t0ota2l sales can Iincrease indepen-
dently of the compan's policies, If a firm increases its market
share when total sales are declining it is successful, although
its sales may be decreaslng.
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less, having knowledge of the characteristlcs of the curves used
and the phencmena that they are to repfesent, one can fit the
equations which will most adedquately fulfill the necessary re-
gquirements. A better method would have been to analyse past per-
formance; and to use statistlical techniques, yet, 1t would be
quite difficult to isolate enough relevant data which would re-
veal the pure effects of each of the varlables on market share.
The test of the model, however, has to be done with such actual
data and if the predicted results do not match the actual results
the model should be revised.™

The next step in the analysis is to combine the indlvl-
dual effects in such a way that the actual behavior 1s adequately
predicted. The reasons underlying the particular cholce of com-
bination will be dilscussed in Chapter IV,

The method we use to test the models gives the impressioch
that we are going around a circle, and indeed, we are! In
testing the model for several boundary conditlons, our intentlon
was to test the program rather than the model and to demonstrate
the actual procedure to be followed 1f past data were avallable.
Testing the model with actual data would free the circular rea-

soning that 1s apparant in the study.

1 Prediction should be sought within acceptable con-
fidence limits since the actual data will prcbably not be able
tc relate exactly the individual relationshlps.




THESIS

ROBERT COLLEGE GRADUATE SCHOOL
BEBEK, ISTANBUIL PAGB 18

THE VARIABLES

A firm 1s considered to have several strateglies consis-
ting of four varlables. The management has to select the stra-
tegy that wlll best fir the company's objectives. The method of
selection wlll be discussed in Chapter III.

Four variables are considered to affect the market
share of a firm.

1) Price

2) Quality

3) Promotion (Advertisement)

4) Distribution (Selling efforsts other than advertise-
ment.

We assume that the relation between market share and
each of these variables is continuous. The maln advantage of
defining continuous relationships is the ease of expressing the
curves with mathematical equations.

We accept that actually these relafionships are step
functions rather than continuous ones. Yet treating them as such
would excessively compllcate the analysis. The use of continuocus
functions however, does not affect the results because we select
discrete points on the continuum represented by each function.
The difficulty of using step functions would not arise in the
mathematical formulation of the relations, but in the determina-
tion of each interval width, and the change from one step to the
other, |

Price has been the main variable of interest in classl-
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cal economic theory. The concept of non-price competition in-
cludes quality and promotion as additional variables. These
choices are therefore justified. Although Fritz Machlup consi-
ders that services competitlion could be grouped together with

guality or promotion *:3ornpet:'L’t:ion,:L

we treat thls variable sepa-
ratly because distribution and service are important factors of
marketing. "However, a product may be designed, it is of little
use to the customer if 1t 1s not avallable to him at the right
time and place,'?

The four variables chosen are by no means exhaustive,
Other varlables that can be defined could be:

1. Price discounts

2. Quality of advertisement

. Quality of distributors

Incentives offered to distributors

Recommendatlons of distrlibutors

3
i
5
6. Complemantary items in the assortment
7. Supplamentary items in the assortment
8. Repalr service

G. Consulation service

10. Credit terms

1 ppitz Machlup, Op. Cit., p. 450.

2 E, Jerome Macarthy, Baslc Marketing: A Managerial
Approach, Erev. ed., Homewood, Illinois: Richard D. Lrwin, inc.,
;929, 1564(, p. 435. :
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In fact, the list can be made much longer if one wished
to go Into very minute details. The above variables could, how-
ever, be incorporated into the four variables one way or another.
Items 3, 4,8,and 9 could be included in distribution! items 2
and 5 in advertisement; items 1 and 10 in price; and items 6 and
7 in gquality.

| The dependent variable 1s chosen as market share in-
stead of sales. One reason for thils has been given in footnote
1 on page 16. Another reaszon 1s that market share can vary be-
tween O and 1 and the sum of the market shares of all firms in
the market must equal to 1, whereas, the upper limit of sales

may change. ™Mhe curves relating market share to the indlvldual

O<Mi< 1
n
Mi=l
i =1
where: M4 = Market share of company 1
n = Number of companies in the market.

variables will not be affected by the volume of the total sales.
This is an important consideration because 1t elimlnates the

1
necesslty of drawing separate graphs for different total saless

1 The shape of the sales vs quality will not differ
from the graph of market share vs quality but the scale will
need readjustment for each total sales figure.
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ANALYSTS AND EVALUATION OF THE RESULTS

The analytlic tool that 1s used is Cost-Effectiveness
Analysis whose scope and elements are the subject of the next
chapter. This analysis has been chosen because 1t provides a
good criterion of comparing strategles. The analysis does not
guarantee, however, the selectlion of the optimal strategy. It
rather eliminates all strategies for which there are better al-
ternatives, The remaining strategies have to be evaluated by the
decision-maker. The analy’ sls 1is continued as far as this polnt
and the final result is a presentation of a set of strategles

whose evaluation depends on the judgment of the decislon-maker.

PROCEDURE

A computer program was prepared for each of the models
and with selected input data the results were obtalned. The
models that we used are:

1) A deterministic model

2) A simulation model

3) ‘A stochastlic model

The discussion of these models will be found in Chapter

In this analysis we are evaluating our avallable stra-
tegles against our opponent's 1n terms of the effectiveness and
cost of our strategies. Although we take the individual effec-

tiveness functions to be continuous, we are interested only in

some specific regions of the curves represented by these functioqr.
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We, therefore, selected a few discrete points on these curves
énd defined out strateglies as consisting of a comblnatlion cof
these values. It 1s understood that one can in fact choose any
combination of the four variables.

Since the polnt of interest is to illustrate how Cost
Effectiveness Analysis can be useé for the evaluation of such
strategles, it i1s unnecessary and hlghly unpracticle to try a
great number of combinations.t In practice we may elther assume
that the managers have in mind a few levels of each varisble
which they may be interested in knowing the effectlveness of all
the combinations, or that they want to test the effectiveness of

scme predetermined combinatlions, .

1 The computer takes ten seconds to evaluate one of
our strategles against one of the opponent's. Thug, 1f we -are
to consider three values for each of the four variableg, the num-
ber of strategles for each competitor representing all possible
combinations of the abowe mentloned values 1s elghty one and
the amount of the combinations to be evaluated in this square
matrix is 6561 which lasts twelve and a half hours on the
computer.
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CHAPTER III

COST-EFFECTIVERESS ANALYSIS

INTRODUCTION

Cost-Effectiveness analysils is a2 relatively new develop-
ment.l It has found a conslderable application area in the de-
signs, evaluation and comparison of defense, weapon and mlgsle
systems.

The analysis does not bvring forth new concepts in decl-
slon making, 1t ls rather the methodology inherit in the analysis
that is of importance. The following quotatlion 1s characteristic
"The need for considering cost in relation to effectiveness must
have occured -to the earliest planners. Cost—Effectiveness ls
not a catch word to suggest that planners today are doing some-
thing new; at most they are delng somethingebetter. What 1s
novel about Cost-Effectlveness analysis tcday 1s .the marvelous
refinement of the methods for relating cost to effectiveness
that has taken place in the last few years and the acceptance of

these methods aa an ald to decilsion-making at high policy levels?

1 Robert N. Grosse, Preface, Cost-Effectiveness Analy-
sis: New Avproszches in Decision Msking, Ed. Thomas A. Goldman,
Washingfon Operations Research Council, (Praeger Special Studies
in U. S. Zconomic and Soclal Development; New York: Prederik A.
Praeger Publishers, 1967), p. v.

2 Edward S. Quade: "Introduction and Overview”, Ibid,
p. 1. |
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A broad definition of cost-effectiveness analysis could-
be the following: "It is any analytic study designed to assist a
declslon-maker in identifying a prefered choice among possible
alternatives.”l Yet, the author suggests this is too broadly
defined. To cite a more specific definition, "Cost-Effectiveness
Analysis is an analytical technique for evaluating the broad
management and economlc implications of alternative choices of
action with the objective of assistling in the idetification of
the prefered choice."2 A cost effectiveness analysis provides a
quantitatlve basis for evaluating a systems performance in the
light of both its cost and effectiveness.3 It shows the relation
between alternative deéign declsions and system costs In terms
of the system effectiveness. The values of the varlable charac-
teristics to be considered in designing the system are ldentified
by the analysls.

A system can be designed by using one of many alterna-
tive combination of 1ts characteristics. However, these combina-
tions will differ in the amount of resources they use}- The

analysis enables the declsion-maker to identify the prefered

b o1pig.

2 M. C. Hueston and G, Ogawa,"Observations on the
theoretical Basis of Cost Effectiveness”, Journal of Operations
Research Society of America (March-April 19667.

3 pavid S. Fields, ”Cost -Effectiveness Analysis: It's
Tesks and Their Interdependence" , Journal of Operatlions Research
Society of American (May-June 19667.




THESIS

ROBERT COLLEGE GRADUATE SCHOOL
BEBEK, !STANBUL PAGEDF

characteristics and their cost implications to reach a desired
capability level,1 |
In areas such as defense planning, the advice obtained
from experts depends largely on subjecﬁige Judgment, The advice
from Cost-Effectiveness Analysis also depends on thls yet a more
systematic and efficlent use of judgement could be made with the

analysis.2

The following statement by W. A. Nishanen about
Cost-Effectiveness Analysis helps to determine its place in the
analytic spectrum, |

"Cost Effectiveness Analysis 1s part of the general
theory of maximizing behavior-about in the middle of an analytlc
spectrum with the classic theory of the firm at one end and
operations analysis at the other.

It shares with the theory of the firm the problem of
measuring cost, which 1s also faced in a cost-beneflt analysis

of a public investment., It shares with operation analysils the

problem of choosing the appropriate measuee of effectiveness.3

1 1big.

2 Edward S. Quade, Op. cit., p. 3.

3 William A. Niskanen, ""Measures of Effectiveness',
Cost-Effectiveness Analysis New Approaches in Declsion-Making,

Op. Cit., p. 17.

r ROEAZICH DINIVERSITES] KUTUPHANES!
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TASKS AYD WIFNTRTS

The major tosks in Cost-Effectivness Analysis can be
ligted og fo“loWg:I

1) Definition of the problem

2) Synthesize altermative systems

3} Estahlish basis for evalmating performance

4) TFormilate effectivenses (performence) model

5) Tormlate Cost Model

6) Analyze systems costs versus effectiveness

o
@
ih
1

t-aitinn of the Problenm

Since the z2nalyeis is vsed primerily to help choose a
raliecy or course of action, the analysf shomld attempt to discover
what ohiectives the decision-melzer is or shonld be trying o at-
tain and haw to meag re the extewt to which they are attained.

Tt 18 also vital that the snalyst shonld 'mow the environ-

mantal condition in which the ohbjectives are to be satisfied,

Smthegine 2lternative sveotens

MThia ia the maet Adifficnlt task in Cost-~Effectivenczas
analvaie ainge the neafnlness of the snalvaig derendis alrogt ene
‘,.\....- 4..‘) gt mim ML Lot PR -k L e — ™ -
tirely nron the mesninfuiness of the criteria chosen for measuring

2 ffartiveneas,

1 pavia. S. Fields, Op, Cit.
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"The aporopriate measure should have two characteristics.

Plret 1t mst be relevant; secomd it should me measurable.l

In ceneral one of the simrle spA common evelustiong cone
corng the comrerative analrsis of alterrative totasl syatems, The
neval eriterion involves the gelection nf the least cost alterns—
tive, ziven that all alternatives eveluated have been desirmed to
achieve the same nerformance.

Another cormen evaluation concermg an analysis of the
trade~off hetween desieon or zrogram characteristics and the selec-
timm of the hest performance alternative for the momey available,

An interesting discussion on the choice of measures of
effectiveness is given by Wigkanen hut has not been included here
hecanse 1t deals with a very gpecific case of defence system eve-
luatinn.z

Another interestine eubiect wovld be the treatment of mul-
tiple eriteria, TIn this case the crifterion hag heen chosen as
inerease in market shere but an additional criterion conld be pro-
fit consideration. This latter comld either be freated as 2 re-
atrintion on the first mesanre of effectiveness such ag remirine
a minimum profit for any siven strategy or ueing a welished effec-
tivenegs indey that conld be found by considerins both criteria »%

the same +time, Purther effectiveness criteria conld he long ranse

1 William A, Niskenen, Op, Cit., p. 20.
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ohiectives of the firm, long range competability and expansion.
The use of utilityr fransforms could be another approach to
the definition of the effectiveness function, Given the condition
of the firm one could define a utility transformation of the effec.
tiveness valnes of each stratesy and compare these firures with

the cost of each stratesy.

Rormulatine the effectiveness model

Thig task is one of the most immortant parts of the analy-
gstg, The effectiveness model can be described in terms of its
glements and the methods of predicting the value of these latter.
A1l that is required of these elements is that they realistically
ghow the basic relation between themselves and the capabllity of
the sgetem to achieve a desired output.l

. , 2
An effectiveness model is presented as
n

Eff -“-TT—;“ L &4

wrere: EBff = Total effectiveness of the system

7o)
effectiveness at the i element

]

&
i
The total effectiveness function has to be a multiplica—

tive function of the individnal elements because if one of the
elerments ha g mero effectiveness the total effectiveness of the
stratesy should becore zero., This canmot be achieved if an addi-

tive functinon were used, As an evamrle we could show that if the

1 Heuston and Ocawa, Op. Cit.

2 1wid,

e

o—
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products quality is zero sales must be zero no matter what the
effectivenesses of the remaining veriables are, We assume of
course, that the customers are rational.

Anether example conld be given from a weanon selection
problem, If a wezpon that is considered as =2n 3lternative is very
efficient but almost im?ossible-tn manufacture with the existing
technoleorgy, i.e., the manufacturing efficiencr is close to zero,
then the total efficiency of this weanon should be zerei

We must remember that the basic function of the model is
to deterrine the value of the measure of effectiveness an an out-
put when the controllable variables of the system are used as in-
puts, MAnother way of rutting this point is teo reguire that the
model be narticularly sensitive to the differences between the

. : . 1
alternatives beins considered."

Porrmlate (Ongt Model

This task 1s conceived with relating system costs to sye-
tem variables through the use of the mathematical equations, "The
ideai procedure 18 to develon a functiomal relaticnship between
costs and choracteristice so that for everyr value of the charac-

. . 2
teristic there is a corresronding cost.

1 p1fred Dlumstein "The Ghoice of Analytie Technignes®,
CngtmBEffectivenens Analvaiss New An-roaches in Decigion-Makine-,
®Ds Cit., D+ 40

2 Dsvid S. Plelds, Op. Cit.
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Heuston and Ogawa say the following: "There are two as-
pects of the theory of the cost mndel in cosi~effectiveness:
Tisting and definins the aprronriate categories of costs (total
system costs), and the technique of cost »rediction, Both of
these matters are critical because @& 'good cost model is the only
way to provide valid and credible estimates with a high dezree of
coenfidence for cost-effectiveness analysis;"l

The article describes the ceneral scope of the model in
terms of a cost array. The arrey includes develeopment, initial
investment, and onerations costs as major cost elements and these

are divided further into subclasses,

' The general cost matrix can be represented as:

Cp = Cp+ Cp* G

Wheres

C. = Grand Total cost for a proposed plan of actfion

<2
1]

Total costs incurred for research, development, test
and evaluation

Total costs incurred for inifial investment

a a
'di
TR

Potal costs incurred for operations over & periocd of

time.2

1
2

Heuston and Ogawa, Op. Cit.
" Ibid. -
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Analvze Svstem Costs Versus Effectiveness

This tagk indicates the trade-=off between cost and effec-

tivenegs amonz the alternative candidate-systems.

A cost effectiveness schedule shows which alternatives are

to be discarded from further analysis.

r

EFrEeTiveNESS |
—

Fioure 4. Cogt-Effectiveness Schedule1

The analysist will eliminate an alternative that both cost
: 2 .
mare ard is less effective than another alternative,” Also if an

alternative costs as much but is less effective or costs more but

1 peter D, Fox, "A Theecry of Cost=Effectivness Analysis",
Tournal of Operations Research Society of America, (March-April,
1965),

Toid.

va————
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ia as effective as another alternative. If an alternative costs

nore but is more effective than another alternative and vice-verss

then both must be presented to the decisionvmaker.l

This procedure assumes, however, that each alternative has
already been evaluated and the minimum cost required to reach that
effectiveness value determined. System characteristics are sourht
whieh provide the minimum cost for various performance 1evels.2
This is a costeeffectiveness analyeis of System Confipguration
Studies type.3 Cogt=Effectiveness Analysis hag-limitations’as-de
all other formg of 2anslysis. The analvsis is necessarily incem~
plete because of budget restraints and because some considerations
are intacible, measures of effectiveness are approximate and there
ig not satisfaBtory way to predict the future.4 Yet the use eof
the analyseis is not hindered by these limitations. Their exig—

tence, however, should be lmown te the analyst.

1 1via,

2 Herry P, Hatry "The Use of Cost Estimates
Rffectiveness Analvsis: New Apnronches to Decis

3 Thid.

* Bawara s. Quade, OB, Cit.
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CHAPTIR TV

EFFECTIVENESS MNODEL

The requirements and tagks of the effectiveness model were
discussed in the previous chapter., We shall now try to formulate
2 model which meets these recquirements and which also satiasfies
our needs.

We have stated in Chapter II that our independent variabled
are quality (Q), Price (P), Advertising (4), and distribution (D);
and that we. were interegted in finding how these couvld comhine te
affect the ma rket share, A gtraotesy as we define it, will be the
counterpart of a "systém" or an Malternative® mentioned in Chapter
ITI, The objective of the firm has been chosen as sales maximirza-
tion, Althovush in classical theory profit maximization is accep-
ted ag the geal of a firm, it has been recognized that sales
maximinzation is sonetimes desired as a company objective.l The
sdvantage of using market share instead of company sales was aleo
mentioned earlier. Our measure of effectiveness will be then the
level of market share that a stratesy provides, Each variable is
an element of the effectiveness model and the totel effectiveness

of a strategy will be a multiplicative funetion of these elements,

1 Williarm J, Roumo?, Economic Theory and Orow-ticong
Analveig, (2nd ed,, Prentice-Hall Infermationsl Series in Manage-
ments Fmrlewood Cliffe, W, J.1 Prentice-Hall, Inc., 195€), pp. 301
30%.  Josarh W, McGuire, Theories of Business Behavior, (Prentice-

2: Jogerh MeGuir




THESIS

ROBERT COLLEGE GRADUATE SCHOOL
BEBEK, ISTANBUL ‘ PAGE 34

QUATITY

The Concent of Quality

Quality of the product 1ls a very important factor affec-
ting sales in a moncpolistic market yet it is a concept that has
many dimensions and which is usually considered difficult to he
evalinted by the custormers on a2 cardinal scale unione to a linear
transform or to a miltiplication (scale) transform, Qualities are
often evelunated on ordinal scales unioue to monotonic transforms,.

At the factory level, measurement of aquality is on a car-
dinal scale gince it is related to thysieal factors such as agree-—
ment with gnecified gtandards and tolerances, e.g., thiclness of
the platine, enrface defects and operational characteristics such
as wear under specified conditicns, volume of water trensmitted
per unit time and éthers, |

These values, althoush relevant to the engineers and
worlcers, do not have much gignificance to the customers since they
are not aware of the physical and operational requirerents to
gtart with.

The followine statement is true, therefore, only to the
extent that it is accented that the situation is considered from

the customers point of view.

b

Hall Inte»national Series in Manasement and Behaviceral Sciences
in Wnginess Series: Bnrlewood Cliffe, W.J.: Prentice~Hall, TIne,
1964), pr. 91-92,
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"Statements about the relationshin between the cost of
quality imnrovemsnt and the borrespbnding sales exnectations are
comnlicated by the fact that quality canmot be physically measure%

Abbot classifies quality variability as:>

1., Horizontal

2, Vertieal

3, Innovational
The first ¥ind of quality changes are those for which there is no
clemr cut agreement. It is characterized by (a) that different
peoplé will rank them differently, (b) that cost differences are
incidental,

Vertical quality chances are those which can be described
as higher or lower,; They are distinguished by (a) a similar
rankins by all customers, and (b) cost differences.

Innovational changes are considered improvements by all
custorers and the new quality disoplaces the other.

Quantification of gnality is essential for an analysis of
this type. There are mainly two aspects of quality

1. Functirnal quality
3

2., Non functional cquality

Fritz Machlup, Op. Cit., ». 169,

Tawrence Abbot, Quality snd Competition, Op. Cit., ch.

3 Martin X, Starr, Produchiscn VManagement: Syagtems and
Smthegia, (Enslewood Cliffs, W, J.: Prerntire=Hall, Inc,, 1964),
Te <£HD» v
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Punetional quality is relatﬁvely more auantifiable bew
canse it is related to physical cheracteristics, Yet in definins
2 measure of quality for such an ~2nalysis one has to evaluate con-
samers consideration of quality which does not corresmond to the

physiecal values,

Quentification of Quality

Metallic senitary eouimment have two major quality aspects
l. Functional
2. Appearsnce
The fanetinnal guality of the rroduet will he determined
by ench factors as:
1. Product life
2« Service time nntil first renair
3« Rerairabilitz
4, Fasge nf maninmilation
A1l of thege factors can he fechnically qnantﬁfﬁmdl vet
the customer will not evelnate ther *he aame vay, therefare, such
A quantification would not he adeaunte, If one of the frctors
ware more imrortant than the others, 1fs velne conld be deter-
mined in terms of the fechnical meseurements and this value con-

vered to the consurer., Prodnct 1life conld he Frr exemple, esta-

i

hlighed as a basis of quality measmre ~lthough determination of

1 Perharg with the exgentirn of fthe laet factrr which
mas amenme ~mlv An redinal yelie vet ~ menanre of this cowjﬂ h§
B Pnéce nerderd +ta fmen the tor SF Ane vrighed fo he auantitative
ta that avtent,
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produet 1ife wonld depend on anxilisry vorisbles such as auality

of raw matertial, labor per ﬁTodngT “compatability of the parts,
ktc.

Appearance ig a function of the finishing operstions, yet
its value camot be conveyed to the custorer in terrme of time of

irmmersion in the plating hath or number of polish ;1n3 operations
nerformed. Perhaps the time taken for the deterloriation of the
anpenrance could be an 2dequate measure at the consumer level.
We hove chosen to use product life as a mensure of qualityT
Deteriorisation of the 2npearance is congidsred to he a Ffacthor
affag*ine nrodnet life. Thus vroduct 1life is determined hy the
emnlleet value hetreen functional deterinriation tire and appea~-

rance deterinriation time. The units of (Q) are then, (years of

e

naeful 1ifa),
We conld also use a guality index which would be a weishte
‘averace af the ahove considerstisng, Such a measure would, how-

ever, remuire the deterrination of the weishts that are teo be

¥
assirmed to each factor contribvting to the custorerts quality
aoncent, The tasgk is more comrlicated than 1t may seem, bhecause
1% irrlies the invectication of how each faecter ia weished hy the
angtomer,  This conld be aceannliehed by a narket stndy, vet the
atudr shenld he rmeneated fremiently becanse chanzes such as de~
girn modifiecation micht alter the wei~hitg nlaced on apnearance

fracy

an? on the other factors,

Tn nains the more simplified concept of quality as we .

hmwrn Aana hy changins the mast imnorhant £a ctor as the only one
are fane by choosin? ”
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representineg quality, the analyst should be careful to checse the
correct concept. If two factors eaually qualify for this posi-

tion, 1t follows that a weishted averase of the two can be used.

Effectiveness of Quality

The effect of quality on sales should be investigated by
holding all other verishles congtant. One thing that can be said
avbout gquality variation is that, market share (or sales) will be
expected to increase =2s quality is increassed. It is not, however,
possible for a firm to increase onality without bounds for the
following reasons,

1. There ig a techrological limit to quality.

2, There is a limit of quality after which there willv

not be a gieonificant change in demand.

3, Ag quality is increased, nroduction costs increase

exponentially,

Pigure 5 demonstrates these facts,

This repragentation has two defects:

1) Quality is assumed to have the maximum slope at
Q = O whereas, sales will increase slowly at the
beginning, There should 21s0 be a treshold quali-
ty level below which demand is zero.

2) Use of monetary value will hide the effect of
price changes on sales,

Jay W, Forester describes the following relation between

market satisfied (as a percenta~e of the toal market ) and quality
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Pizure 5. Sales and cost as a function of quality
level1

1eve1.2

As ghown in Fisure 6, this representation does not meet
the reanirements of our model becanse:
1) It does not specify competitive behavior.
2) In case of an indispensable product which has‘no
subepitute, the consumers will have to buy what-

ever ig available on the market,

1 1piq., ps 244,

Jay W. Porester, Op. Cit., p. 318,
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Pioure 6. Quality versus percentace of market
satisfied,

In the followings analysis we assume two competitors. The
product has no functional sustitute, therefore, the customers have
to buy from one of the manufacuturers, The curve represents the
effect of quality on market share irresnective of the other vari-
bles, We are snalysing a market where the only consideratinn
about the nroduct is quality. Figure 7 represents the market
ghares bf Compnany I and Comnany IT as Compa ny 1 chances its
qnality And Company II holds its quality fired. The curve given

by Forrester in Figure 6 is used as a basis.
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Firure 7. Market share T and I versus Ql for a

The solid curve in Pigure 7 shows the following charac-

1)

2)

3)

—

-
o

MARANE 7 ShngsE

b
vl

G oatedy s b

fixed walue Q2

As Commany T increases the cuality level of its
product, ifts mar¥et share is increasing.

The market share of Comnany I increases with an
increasins glove, i.e,, the marginal inerease in
the market share gets larcer as ality increases,
The marcinal increase of the market share reaches
ite maxirum at some quality level after which it

derorengses,
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4) As the market share anproaches 1,0 the marsinal
increase in the marlket share approaches zero.

If the only consideration in the market is quality the
two comnranies must share the market half and half when they ove-
rate at the same quality level. The inflection point of the
curve will also be at this point. This implies that ag the qua=-

lity of the product approaches that of the comretitor's, the

mArginal increase in market share will increase but immediately
a,

fter it passes thisg quality level, the marginal incrense will
diminish, '

The dotted curve represents the effect on tThe marlet
ehare of a commany due to the chance is the cuality level of a
eompetitor

Pirure 8 shows the relsticonghin of narket share to qua~

1ity, all other thincg baine equal, for ftwo competative omalities,

v !

The curves reveal the fact that market share as cuslity repre-
sents a family of curves the location of which is determined by
the comnetitors quality.

| In ordeér te find a mathemntica 1 expression that would

£1t the cnrve and the few conditions imnosed on the curve; two

rociong were defined as follows:
T e € 9,
11 Q‘l 2 Q2

The portion of the curve remainins in the first section

can he expressed Aag
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4

4

when

when

obtaine

thus:

The boundary conditions beings
Q=0 In =0

O
i}

g)
I

-

®
It
I

=

YQ = el e (Q/Q2) In 3/2

. Q/Q
=13 /e

(1)

solving (1) for the constants using these houndary values we

(11)

The portion of the curve remaining in the second region

| can ve Aescribed by the relation:

YQ =g - %

Boundary conditions:

(111)
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1/2

o
!
O
N
5
£
n

Solvins for the constents in (iii) using these values

Y=l- (i) 2 (1w

PRIOT.

— i ——

|

The analysiz of the marlket chere ag a function of price

is very much lilke the previous one, It is expected that ~s the

o)

rices of comnony decrences its marlet share will inevenss, When
the wrice emials, rmerc market shave ig expected to 20 to 1. We
Aggme that the eansumers will not buy more than what they need

at very low prices.

0

Mo nasd fa» this atatenent 2rises nnly Becruge of ~esump-

tian 2 om pearce 13, In fewms of the morkat ghore thie doass nnt

S B -

add apwthin~ ta oty ~nclvaie aince sven 1f the cnghtormers honrht
dd anything
mava than their need due to low nrices, the market chare, by
dafirition, covuld nnt he more than one.

Yot if +thig statement were not nade tren we wonld dmply

that +ha Tivem aen ~ffoct the fotel rarlet by raineins nriceq, In
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which cnse we would contradict the assumntion made on nane 13
resayrding the contrel, or rather the lack of control, »f a firm
over the total market, |

As the »product nrice anrrorches the opponental! rvice,
market ghare wilf approach one half with an ever—increasing rate,
Once it hag resched thie rrice, however, the rate of decreass of
market ghare will diminish ag market share annreaches zern, The

evrve showins thig relationghip ie given in Figure 9,

=
Q

T den A mm ma wm W mem e W e oem

MMAPKE T spap

(=23

™. oure Q Mavrket share as a function of ]E‘.L for a fixed
ey e N - AT i

value of P,

. o A . -
The term vprice as it is usged here corrarnonds to the ome of an

eiyalent unit,
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ITn order fto find a suitable mathematical relatiagnghin
P |

twe resiong are defined:
I Pl‘$ P2

IT - P, 2 P2

1
The nortion of the cvrve remainire in resion I can he

degeribed by the fnllowing mathermatical relationshin:

CP
Yo, = a—e (v)
P
Boundery condiftions:

P=0 T, = 1
P, T,

Solving for the marameters in (v) usinz these values:

il

H

H
™~

N

l=na-=1 a = 2

Y. = D e(P/PE) lg13/2

or

v, = 2 - (2% (vi)

Rak avt o€ the onrve hags the mathematieal form
The remaining paxt of the curve h
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Y? = a=-=- b (vii)
Bomndary conditinns:

P = oo Y.

o
]
o

1/2

1\)
"dH:
i

) 2] (Vii)

Ficure 10 shows the reenlt obfained by siving varyines P,,

= eyarythine elase constant for thras differant P, commeti-

2

AT @R MT S TN

The Adiacnugeion on the affant

.....

9]

£ advertiein~ on mar'ret

9]

share 4 exactly the same r2 the ane "m *the effect of ~ualits with
ore excertiom, ‘

We asemad that at zero advertigine ﬁhé firpm will atill
Fgell ite nraducts emd tharefore have a rerlet share, It wee
:further aggumed thot syven if the comnany irereaged its advertising
to infinity, the comretitor will e%ill have a wrorket ghare, Thus
the effect of asdvertiaing on market share is to vary it between

Twa Timitin~s yolneg vhinh haws hpan anhi toopd lr aet at 0,2 =2nd 0.8}
o ldimians neg whtoh >
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The eurve has the same shane as the orne discusged in the section
dealing with dquality.
The two recliong defined are:

I A& .A2
1T A > A2
In the recion I, the fnllowing redation holds

= ba v
T, a + e (ix)

Boundary conditions:

A =0 YA 0.2

o=
il
o

5 Y = 0,5

a

s~lving (ix) for the varameters in terms of the above values.

0,2 = a-—1 a = = 0.8

0.5 =~ 0.8 + a2
bA2 = 1 1.3

thus

Y, = —0.8+ (1.3)2/42 (x)
In recion TI

Y, = - —f— (x1)
Boundary conditions:

A = A, Y, = 0.5

p = @ Y = 0.8
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Solving (xi) for the narameters in terms of the shove values:

thus,

outlay,

0,8 =535 —-0 a = 0,8
0.'5 = 0¢8 — '-IL-—

2
b = 0,3 %2

Y, = 0.8 — (0.3) __%;__ (xii)

!
¢
£ 4

——

]
]
4
i . ., ¥
A RO¥CRIIEimG ‘”u

Picure 11, Market share ve Advertising

Pionre 11 illustfates the abnve hehavior.

The meagure of advertigement ig defined as advertising

T+t 1ig recornized that 2 hetter measure wounld be number

of meonle whose decisions have been influenced by advertiging but
- - »
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this concept is very hard to measure, therefore, the former con-

cept was used, It is ascumed that the advertisement outlay is

used most effectively,

DssTRIBeT ) 00v
———

Picure 12, Market share vs Distribution

DNISTRIVITTON

Definine a nnit for measuring Aietribution is alsc very
difficult since heth the numbher and densit; of distribution out-
lets is important, Distribution expense was accented as the unit
of these warisbles assuning that this was used meost effectively.

The Aiscugsion of the effectiveness of distribution is
identical to the one in the previous chapnter, The only differency

.

ig tre followin~, The company is not able teo sell =ny amount of
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ite product if it has no distribution,  If the firm has infinite

distribution, however, it cannot toke awar all the market from the
connetitor,
The two resions defined on this curve are:
I Dl & Dz
I1 Dl P D2
In region I
| Y, = a+ e’ (xiii)

the boundary conditions are:

b = Yy = 0
D = D2 YD = 1/2
The resulting equation is
= 3 _yD/D2
Ip = -1+ (—=5—) (xiv)
In resion IT:
= b
¥, = a- 5 ( xv)
the bourndary conditionsg are:
D = O YD = 009
Solvin~ (xv) for the paremeters by using the ahove values.
0.9 = a=-=20 a = 0.9
: b
0,5 = 0,9 - “*ﬁg—‘“

The resultingleqnntion ise D

2
Ty = 0.9 — (004) —5— (xovi.)
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Fisure 12 on Page 52 illustrates this behavior,

COMBINED EPRECTIVENTSS MODEL

The combined effectiveness model was shrwn in Chanter TIT

to be: ‘
EFET = 1=, ey
i=13
Thug, _ :
EFFT = (Y ) (v.)° ( 1,)° (v.)¢
a D A ol
where:

a+b+e+d = 1

0€2a, osh, e<c, o044

The parameters show the contribution of each element to
the total effectiveness. Thus, the variahle which has the most
effect on the mérket share will have the hishest coefficient,

The values for a, b, ¢, 4 have been assicned arbitrarily,
Acutally they shmld be found by a market survey and by statis-

tical analysis.

The values chosen for the parameters are ag follows:

a = 0,45
b = 0,20
¢ = 0,25
a = 0,10

TRPT = (Yq)0.45 (Yp)0c20 (YA)O.25 (YD)Oel (X'V'ii)
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EFFECTIVENESS MODEL
SUMMARY
Variable Region Equation Equation
' Numher
Quality Qg Q, Y. =-1 +(—3—)Q/Q2 (i)
Q
=1 _ 2
29 Ltl-g (1v)
- - P/P>
Price ?S P, Yp 2 2 - (—g—) (vi)
1 P
P3P, Yp = - 5 (viid)
Advertiging Ag A, Y, =~ 0.8+ (1.3)A/A2 (x)
Ao g
A2 A2 YA = 0,8 =—0,% Fr) (Xll)
D <
Distribution D £ D, Yy = =1+ (—%) /D2 (xiii)
Do
D>D, Yy = 0.9~ 0.4 (—5—) (xvi)
' . . oL .
EFPT = (1) (15)°°20 (v,)0°2% ()0 (xviii)
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CHAPTER V

COST MODEL

The cost model 1s one of the most important tasks of
cost-effectiveness analysis. Unfortunately, because of lack of
data, we have " iged . : a hypothetlcal quality-cost relationship
and oversimplifled the model. The cost not being reallstic, the
result of the analysis 1s seriously affected. Nevertheless,
assuning that costs are described by the model the analysis gives

us a basls of cholce among several alternatives.

QUALITY COSTS

It is assumed that in initial increase of quallty from
a very low level tc a relatively hlgher one, requires a great
amount of cost, This high initial increase is due to the need
- for new machines, better raw material and more highly skilled
labor. The curve smooths down as quality is increased further
and with small additional cost better duallty 1s achleved. The
reason for this behavior can be explailned in terms of the changes
that are necessitated 1n the inputs by a quality increase require~
ment. At relatively high qualitles, the firm will have the
machinery needed and small improvements in the methods, mach:l.ner'y,1
tooling and labor could result in Hgher qualities with small addi-

tional cost.

As quelity increases further, however, the machlnery
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will have to be changed for high precision equipment and each

incriemental quality will require meticulous care and, therefore,

will increase costs. As the technologlcal limit to quality is

approached the cost will rise very steebly. This relationship 1s

sketched in Figure 13,

Guulity

Figure 13, Quality vs Cost

We should make clear at thls point that the cost curve

conpects all the points which are the minimum costs for achleving

the respective quality levels. This assumes that a previous
study has been done to determine these minimum costs. The pro-

cedure of finding these costs 18 also Cost-Effectiveness analysis
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where the effectlveness level of quallty glven, the minimum cost
is required. The factors that should be considered tc determine
such costs are the productlion factors such as caplital, equipment,

labor, raw material, tools, etc.

The curve presented above 1s the inverse of a curve

given by the equatioh:
- ) B
X =eh -9 (xvii)
s'elving thls for Y, we get

1p X = A — ?

Y= _B
E-lm X

In equation (xvii) X approaches el

agymptotically. In
Figure 13, however, the asymptode is @y referring to maximiam

quality aghigvable with existing technology.

3
Thus,
_ o - A
OR A = ln QM
Thus,
ceSM = B
1n @y — InQ

where
CQSM: Minimum cost per unit required to operate
at quality level in strategy 5.
B- ;:+ an arbitrary constant.
" This was chosen arbitrarly to be 5.‘
measMm = (EFFT) (TS} (CQsM)
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where:
TCQSM: Total cost required to operate at quality
level in strategy S
EFFT:  Effectlveness (Market share)
TS: Total sales in the market.

We assume that the company sells all 1ts production and
produces only as much a8 1t will sell.

Total sales have been taken as constant in this analy-
sls, Actually, TS has to be determined for every perlod of
interest. Since total sales in the market is proportional to
construction, one can determine how many equivalent units are
used per construction elther by survey or statistical analysis.
The statistlcal analysis approach wlll regquire a multiple regres-
sion corrolation analysis since the different types of construc-
tions are expected to use different amounts of product.

Thus,

TCQSM = 5 (EFFT) (18) (xviil)
In Q - ln Q

PRICE COST
Price cost 1s defined as the opportunlty cost of assig-
ning a different prige than the minimum price considered in the
ahalysis,
The amount of sales lost will equal to
TS (EFFN - EFFT)

where:
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EFFM

fl

Market share at minimum price available

EFFT Market share at price used in the strafegy

¢pS = (pM) (TS) (EFFM - EFFT) (xix)

i

where:

CPS

i

cost of prilce

I

PM minimum price

ADVERTISING COST

The cost of advertising 1s the outlay of advertising,
thus:

Cost of advertising = A (xx)

DISTRIBUTION COST

The cost of dilstribution is equal to the distribution
expenses, therefore:'

" Cost of distribution = D (xx1)

TOTAL COST MODEL

Total cost as given by the summation of the cost ele-

ments, therefore:

Cost = TCQSM + CPS + A + D (xx11)
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CHAPTER VI

COMPUTER! PROGRAMS

THE COST AND EFFECTTVENESS MODELS

The computer programs for the cost and effectiveness
models are Fortran II functlon subprograms. The purpose cf the
program 1ls to translate the mathenatical equations given in
Chapters IV and V into computer language. The flow dlagrams of
these programs are presented below; the print-outs are given in
the appendlx. N

| These programs are fed into the computer and stored in
the disk. Whenever one of the main programs which are discussed
below 1s put on the computer, it will call on these subprograms
for evaluatlon of the strategies.

The total market sales in this program has been held
constant at 1.000.000 equlvalent units. In an analysils of g
real-life situation; the total sales must be calculated as descri-
bed in Chapter V. Calculation of TS will require another sub-
program and accordingly on the first operation in the cost sub-
progfam will be calling the TS program which will calculate total
sales.

The minimum price used in the strategles has been f{ixed

: as&B TL, but this value also has to be changed whenever a price
r%gtgﬁr than 8 TL is used.

7

The effectiveness model will need revision whenever the
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coefficients in the model change. Thils change will be malinly

due to varliatlons in the relative importance of the variables on

the part of the consumers.

DETERMINISTIC MODEL PROGRAMS

The first deterministic model is the one to which fur-
ther reference will be made as the model test program. This pro-
gram needs the data concerning the values of the four varilables
for both competitors and determines the effectiveness and cost of
our strategy when 1t is used against the opponents strategy which
has been fed to the compubfer along with ours. This program makes
no selectlon among the competitors' strategies and therefore re-
quires that all combinations are fed in individually.

The program was used toc test the boundary condltions
and to observe the behavior of the quality-market share and price-
market share curves. The tabulated results and the corresponding
graphs are given below,

This program sghould be used when the competitors stra-
tegy 1s known, that 1s for DMUC. Although at flrst glance the
proc¢edure may seem to be one of decislon-making under competitive
behavior because of the competitor, 1t 1s not the case since this
last decision making are implles an analysis of thesituation
from both parties point of view, which 1s not what we are consi-
dering. The strategles of the competitor are given and we are
not considering how he makes hils cholce. The computer wlll read

two cards at a time only, therefore, all the dats can be placed
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TABLE ITI
MARKET SHARE vs PRICE FOR THREE DIFFERENT
COMPETATIVE PRICES, ALL OTHER VARIABLES
BEING EQUAL
(Quality: 20, Advertisement: 1000000,
Distribution: 500000)
Price Market Share (EFFT)
Pyt 8 TL Pyt 11 TL Pyt 12.5 TL
6.5 0,520 0.539 0.54h
7 0.514 0.536 0.545
7.5 0.507 0.532 0.539
8 0.500 0.528 0.535
8.5 0.494 0.524 0.532
9 0.488 0.520 0.529
9.5 0,483 0.515 0.525
10 0.468 0.510 0.521
10.5 0. 47k 0.505 0.518
11 0.469 0.500 0.513
11.5 0.465 0. 445 0.509
12,5 0.457 0.487 0.500
13 0.454 0. 434 0.496
14 0,447 0.476 0.489
15 0.441 0.470 0.482
15.5 0,438 0.467 0,480
16 0.435 0,464 0.476
18.5 0.429 0.451 0.462
See Figure 10.
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TABLE TIII

MARKET SHARE vs QUALITY FOR TWO
DIFFERENT COMPETATIVE QUALITIES, ALL OTHER
VARIABLES BEING EQUAL

Q Q, =12 Qp = 20
10 . 0.453 0.350
12 0.499 0.374
14 - 0.525 0. 414
16 0.553 0.445
18 0.581 0.499
22 _ 0.401 0.532
2l 0.600 0.540
28 0.620 0.570
30 0.622

32 0.629 0.585
36 | 0.635 0.600

See Figure 8.
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together. This willl necessitate, however, punchlng each strategy
and duplicating competitors strategy so as tc have one copy fed
into the computer with each of our alternatives. The flow chart
of the program ls presented below.

The second determinilstic model is used to evaluate a
square matrix consisting of all possible combinations of ours and
the competitors strategles for a given-number of levels for each
variable. Thils model was first intended to be used for DMUU, but
the resulting number of combinations being 4096 (64)2 for the
amount of levels chosen., 'we declded to add to the program a ran-
dom number selector with a rectangular distribution and evaluate
all our straﬁegies agalinst only twelve of the opponents. Among
these two representative samples were chosen and analyzed.

The program choses a level for each of the varlables to
be used by the competitor accordling to the rectangular distribu-
tion. Having selected a combination for the competitor 1t eva-
luates all our strategles against this cholce and then starts the
whole operation once more., Thils continues until twelve combina-
tions for the competitor have been evaluated after which the pro-
gram stops. The flowchart is presented 1in the followlng pages.

We assume that the competitor has the same choice as
we do for the values of the variables that he may select. It
would be possible to choose another set of values for the compe-
titor but since there is not any reason to think otherwlse, the
cholces are made identical. This eliminates any predetermined

supericrity of one firm'over the other and therefore 1s Justifi-
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able.

If a complete analysis of_all competitor behavior versus
our selectlons were made, 1t would create a square matrix whose
size 1s determined by the number of levels considered for each
varlable, | ‘

The 64 by 64 matrix mentioned above results from the
following variable levels. |

Price: 4 levels: 8 TL, 10 TL, 12 TL, 14 TL

Quality: 4 levels: 12, 18, 25, 30

Advertising: 2 levels: 1,000,000, 1,500,000

Distribution: 2 levels: 800,000, 1,000,000

Number of strategies = (4) (4) (2) (2) = 64

SIMULATION MODEL PROGRAM (ONE PERIOD)

This program ls essentlally the same as the previous
bne, the only difference being the probabllity distribution. We
have assumed the following probabllity dilstributlion for the com-
petitors cholce of varilable 1ev§ls, To simplify the evaluatlons,

two levels were assig?ed to eaéh variable.

Price : level 8 IL 12 TL
Prob, 0.7 0.3
Quality : Level 12 18
Prob. .6 0.4
Advertisement : level 1,000,000 1,500,000
Prob. 0.4 0.6
Distribution : level 800,000 1,000,000
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Prob, 0.5 0.5
The results were averaged and the final analysis was
.done for these averages. The tabulation of the final values is
given below,l the initlal values have been omitted for space con-

siderations. The flow chart follows,.

STOCHASTIC MODEL PROGRAM (TWO PERIOD)

A two period simulation provides a clearer view of what
may be expected in_the coming pericd as a result of the successive
cholces of strategles. The competitor has been assumed to select
the value of hils wvariables for any perlod according to his and

our previous values. The probability distribution is as follows:

P (t) =10
Pp(t)
10 14
Po (6 4+ 1) 10l 0.9 0.7
4] 0.1 0.3
P (t) = 1L
Py (t)
10 14
10| 0.6 = 0.8
F2 (? 1) 14] 0.4 0.2

L See table V
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Prob, 0.5 0.5
The results were averaged and the final analysis was
done for these avefages. The tabulqtion of the final values is
giliven below,1 the initial values have been omitted for space con-

giderations. The flow chart follows.

STOCHASTIC MODEL PROGRAM (TWO PERIOD)

A two period simulation provides a clearer view of what
may be expected in the coming period as a result of the successive
choices of strategles. The competitor has been assumed to select
the value of his variables for any period according to his and

our previous values. The probabillty distribution is as followss

P, (t) =10
Po(t)
10 14
10| 0.9 0.7
Po (t + 1)
) 14} 0.1 0.3
Py (%) =1k
Py (%)
10 14
10| 0.6 0.8
Po (£t 4+ 1)
' . 14] 0.4 0.2

See table V
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2, (4)
18 25
18 0. 0.8
Q2 (t + 1) 2
25 C.5 0.2
Q (t) =25
Qo (t)
18 25
18 0.4 0.
Q (t + 1) °
25 0.6 0.5

The advertising outlay and distribution costs were
assumed tc be constant for simplificatlon of the analysis. The
declsion tree 1s glven below, the flow chart follows:.

The computer needs Pq, Ql, P, and Qp for the initial
perlod and selects Pp and Qo for the first perlod. The four stra-
tegies which represent all possible comblinations of our variables
are evaluated using the sub-programs and the computer reselects
P, and Qp for the second period based on Py, Qs Py, and Qo in
the first peridds, The number of selectlons 1s determined by the
combination of our alternatives used in the previous period and
his strategy. The procedures in the second period are ldentlcal
'to the ones in fhe first pericd. There are sixteen evaluatlons
to be done after which the'program ends., We would llke to add

that the simulation could be continued for (n) periocds by making
slight changes in the program,
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CHAPTER ViI
RESULTS

DETERMINTSTIC MODEL

We selected two competitive strateries and evalusted our
possible 64 combinations, The competitors alterratives were not
selected at random but rather chosen so as to be revresentative
of the spectrum formed by all probable combinations of wvariahles

that he could use,

The computer output has not been included in thig naner
to avoid a cumb e:rsome accumulation of data., The cost effective~
ness schednles for each analysis are given in the next na-es,

The values that were considered for the variahles of

both parties are the following:

T P 8. 10, 12, 14,
Q. 12, 18, 25, 30,
A 1, 000, 000 1, 500,000
D 800,000 1, 000, 000

Pirst competitive stratesy selected was the followinm:
P2 :+ 8 Qz 112 A, s 1,000,000 D, : 800,000

The cost effectivencss schedule for thig stratesy is given in
Fieure 21, All stratecies resulting in losses are eliminated

from consideration., Our dominant stratecies are 1, 2, 3, 21’.22’

23, 24, and 42,
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The slternatives represent the follomine selections:

Strateoy P Q A ¢ D EFF. Cost (1000TT)
10 10
1 8 12 1 0,8 0.50 3550
2 g 12 1.5 0.8  0.523 14130
3 8 12 1 10 0.507 3780
21 10 18 1 0.8 0,544 4560
22 10 18 1.5 0.8 0.570 5295
23 10 18 1 1 0.552 4910
24 10 18 1.5 1 0,578 5540
42 12 25 1.5 0.8 0,583 6900
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The second competitive stratesy ig:

Py, t 12 Q, + 30 A, @ 1,000,000 D, ¢ 800,000
The cost effectiveness schedule is given in Pirure 22,

The dominant alternatives indicated by this schedirle are:

Stratesy = P Q A D EPF, Coat
5 8 18 1 0.8 0.408 5780

33 12 12 1 0.8 0,313 Z0R)
n 12 25 1 0.8  0.463 5970
49 12 25 1.5 0.8  0.303 2100

60 14 12 1.5 1.0 0,469 6240

If we were Interested in findine the best stratesy that
would allew us to capture most of the market, such a solutinn
would be ~iven by the analysis as it can be seen shove,

In the first case, the best stratecy is 42, Aand in the
second, 60, The difference between the effectiveness of the hest
and the second best stratesies in the first case is only 0.005
yet the difference in cost is 1,400,000 TL, The choice derends
on how much the mansser values this increase in the marlet ghare,
TIf the value is greater than the difference of cost than he chould
choose it, The merit of thisg analysis is that 1% will not allow
the decision-maker to be attrocted by altematives with hish

{ effectiveness, The mesoure of cost ig a check on thisg evaluation,
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TABRLE IV
SIMUTATION MODEL
The following stratesies have bheen nged in the sirmmlotinn
models
Strateny Price Quality Advertiging Digtrihution
Tamber (x 106) (v 106)
1 8 12 1 0,8
2 8 12 1.5 0.8
3 8 12 1.0 1.0
4 8 12 1.5 1.0
5 8 18 1.0 0.2
6 8 18 1.5 0.8
7 8 18 1.0 1.0
8 8 18 1.5 1.0
9 12 12 1.0 0.8
10 12 12 1,5 0.8
11 12 12 1.0 1.0
12 12 12 1.5 1.0
13 12 18 1.0 0.8
14 12 18 1.5 0.8
15 12 18 1.0 1.0
16 12 18 1.5 1.0
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(Averase over the twelve rendomly chozen altermative cor-

petitor strategies rounded off to three simificant digzita,)

TARIE V

o

The Results of the Simuilation

Stratesy 1 Cosgt (1000TL) Fffectivenezs Revenue
(1000 M)

1 3250 0.439 3500
2 3920 0,464 3700
3 3550 0.446 3580
4 4160 0,472 3780
5 4330 0,518 42.40
6 4980 0,547 4750
7 4590 0,529 4220
8 5240 0,558 44770
9 3480 0,407 4880
10 4080 0,428 5150
11 3720 0.414 5000
12 4300 0.438 5250
13 4450 0, 480 5260
14 5100 0.508 61.00
15 4700 0, 490 5400
16 5%20 0.516 6200




THESI1S

ROBERT COLLEGE GRADUATE SCHOOL
BEBEK, {STANBUL PAGE 77

tae ML oemev Lo, T

.

T o R

T A P o Wi (A A

A - B R



THESIS

ROBERT COLLEGE GRADUATE SCHOOL
BEBEK, 1STANBUL PAGE »n A

Strategies 2, 4, 5, 6, T 2nd 8 will not he further con-
sidered hecause they result in a loss for the firm, Rimure 23
shows thet strategies 1, 3, 12, 14, 15 and 16 dominnte a1l the
other gstrate~ieg, The analysls shows that overatine at the
auality level 18 is desirable only if the price is 12 TL, A+t =

price of 8 TL the firm suffers 2 loss although the warke+t sharen

higher  effectiveness than strateries using 12 TL for the wvalue
of the price alternative. The profit congtroint then, eliminater~
the rossibility of getting a hisher market ghare, The volues
obtained here are expected vﬁlues rather than actual values, The
choice amons the dominant stratesies will devend on the hvdepet of
the firm. If managment decides that a limited smommt of cost enn
be incurred than the alternative givins the hichest effectivensns
for that amount of cost will be chosen.,

Strategy 14 mar be selected due to such 2 reacson, If,
however, the onty consideration is market share, the alternative

providing the hichest value for this meagnre (in this case 16)

sheuld he used,

TWO PERICD STOCFASTIC MODEL

In using this model, we try to investisate what would be
our nmarket share in some future nerind due to the successive

choices that have bheen made before. Por simnlicity, we consider

two pericds only.

The resvlts at the end »f the second perind are ns followd
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Stratesy GCost (1000 TL) - Bffect
1 4620 0,500
> 4720 0,467
3 6120 0.559
4 6250 0,522
5 4250 0,444
6 4330 0.420
7 5910 0.52%0
8 5930 0.500
9 4620 0,500

10 A720 0,470
11 6220 0.559
12 6250 0,522
1% 4250 0.444
14 4330 0,420
15 5910 0,529
16 5930 0,500
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The reason that all strateries are in rairs is due to the
random selection process in the prosram., With the more ADHTODT -
ate probability distribution a more glgnifiecant result counld be
expected,

Assuming that we had obtained such a result the schedule
would again give us a set of alternatives which we would evaluate

depending on our judcment,

CONCIUSION AND RTMARKS

The use of cost effectiveness analyvsis ag we have surreas
ted here, we thinz hag an acceptable desree of applicobility, In
practice the managerg evaluate alternatives in a very rach sinilor
manner althourh they may not be aware of it, The contribution nf
Cost Effectiveness Analysis to decigion-makins igs not the intro-
duction of new methods, but the refinement of the existing omen,

S

1

nce firms are confronted with smech nrohvlems very freynently,
2 syatematic approach that cost effectiveness analysis can bring
on our epinion, is quite desirable.

The two neriosd simulation model that was nsed above has
a motentinl aprlication if evtended (n) perinde to determine
phenomena such as destructive price competition and price le~der-
ship by choosing values for probabilities of the comnretitor he-
havior.
The major réstraint on the use of this method ig the un-

availability of the functional relatisns used for the effective—
availability of

neas madel, In practice the effects of fthe indenomdent vanishlae
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on the Aependent variahle oanmmot he isnloted, The *ack is nome

1

j-de

ecated enoush for the firm's verinhies let alone the ones of

k.

the competitor,

Actuelly the fimctioned relatinsng have to he detarmined
empirically, This wonld invelwe a detailed study of the past
performance of the firm and the comnetitors with resnact 40 their
etrate~ies, consumer preferevce, detectohla trends and other
relevant factars, Advanced statiatical techriciea chanld he used
tn disolate the efifects of thoge factore and the cormon ghoroc—
terietics of the onteomen,

Yet for a duopolistic situation sveh =g the one conaidered

in this atndy, the relatisng inftwnduced are, Zenernlly eneslking

H
lomienl, Their v21idifr conld be ftentad My dsolatiny dzts 2t
Aianre*s time intervals and invecti~nte how closelr the relnftisne
rpproxinate the actual figur@s, taking into account the effect of

noise and other factors.

Te welue of this method is morx

o]

k3
H
3
]
9!
3
0
o
[N
)
o
3
D
0
o
fn]

ho relations are available. Coglt Effentiveneas Analysis

3V
U2
u
o
ct

ag arnlied in this stvdy, 2llows the evaluaticn of 2 great number

2 fime

. b g o e dn 4
Tamledre concerning orpetitive heheovior, to evalunte ©

[

altemmatives for a ~iven set of oplonent stretesies,

: gt ome 4+ A et T
Adthan~h, theoreticnlly, the eanhineftiang thet exe avadl
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able amount o very larce fimves, actnelly, a firm hein

P

s »%
certain levels with reanect to the four variahlaas cannnt awiteh
to any other level drmedistely, Tme, Ynowled~e of +the corpeti-

t

[

re present nosition freiliftates the determinati

.b

2

n oaf Yie future

D
0
E s

s]

3

A furtrer result that conld be schieved with thie mathad
te evaluating all our peoesihle stratesies acainet all ornoment
stratesieon, and after havine determined the domiwating ones
threnoh tha use of Cogt Effectiveneas Sehedules, inveatirnte the
anmmon charantepriating of thege strate priaed ;3' One conld fhus get’

2 general view of the preferred variahle values for a miven
opponent hehavior, ond havine the firmls tudeet limitation, aprro-
imate the stratecies that Are to he evaluated in the fufure if »
milar connatzftive action arises,

A further apnlication of this method with the assumption
that *the relations are known, is to usge zame theory for the
eraluation of the matvix in which case the result will be a (n) by
(m) twomnsveaons sero=sum garme which will have to bha aolved by the

sopronriate methods,

Mos+t of the *ime the market will not he a duopoly, In
e10h cases the analveis will he more cormrlicated then what has
heen Aizmiased in thig atudr, Such sitnetions conld be handled
hr goneidering 211 conpetitors as a single eomvetitor, or taking
intn acecomnt only ane of ther which mizht he *re one with the
“ishest market ghare or the one closest to the firm,

Anz of theas methoda would he, howevew, an Jver eilmp1ifi-
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cetion of the actual asituation, A better method conld he ser-
nenting the market either by scographic or nuality considewctione
such that the resulting sement is a duopoly. In thia case, the
second agsumntion on nage 13 ghould be released and the nossibi-
1ity thet a2 firm can affect the morket in which it orerrtes shofild
he ftaken into covngideration,

A vgefnl extension of the'methods pronosed in thie fThesin
would he to develop 8 stochastic model for (n) periods, Thus,
manasement wovld have a useful tool for the evanlation of ay~il-
7hle atratesies in terme of long-ranse plsnning, future expecte=
tions, exrsrsion plans, etey

In Chapter V, the determination of total sales for a given

market was ontlined, The mathematical ecuation wonld be ae

follows: _
TS = a-lA-l + aZA-?'!' ?3A3 + ‘Proaveserasen + ""‘nAn
oxr
o
TS = 3 a4k
i=1
where;

Ai = The numher of constroetion units of a marticular kind
of wildinrde,, hotel, residential, administrative,
indngtrial, ete., in so. mi, or number of rooms (for
hotals) or vha tever other unit is found aprropriate,

8y = Amount of emuivalent product used per uvnit of Ai;

A miltinle resression and correlation snalysie will re-

cnipe naat data eoncerning the toal sales in the market and the
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meher of YMiildinzss constructed,

The mavrket survey *echnidue econsists of examining fhe
plans of a represeniative sample of uildings constrieted in the
rast and investisate the number of eonivalent products vsed, The
reenlts will repregent the valueg of the ay co=efficients in the
ahove dquaticons

Since we define the total market as the hirh quelity
marke®, only the buildings usging *this quality sheunld he conside-
red., Thig ceovld he achieved by investirating the inveatment per
g1, mE, of construction, We can safely assume that hish quality
produetes will be used only in mildines for which there is at
lezgt some minimum investment,

T™e analysis that wag done 1s by no means complete in
relation to what could have heen done, yet time linmitation and
imaccessibility to relevant data forced us to a2 more thesretic
rather than a nractieal strdy, We feel however, the satisfaction
of hévinj acrormnlighed our task and hope that our efforts have

not ~one in vain, )
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APPENDIX

EFFECTIVENESS MODEL

22.)08B
22DUP
#DELETEFF
2222
ZZJOB
ZZFOR
*LDISK
FUNCTION EFF{(P1lsQlsD1sA1sP2+Q2sD2+A2)
IF(P1-P2)10420,20
10 YP=2,~EXP(P1/P2%L0G(151})
G0 TO 100
20 YP=z=45%P2/P1
100 CONTINUE
IF(Q1-Q2)1109120+120
110 YQ=—1,+EXP(Ql/Q2*LOG(1e5))
GO TO 200
120 YR=1le=e5%Q2/Q1
200  CONTINUE
IF{D1-D2)2104220»220
210 CONTINUE
YD = =1le + 1le5#%%{D1/D2}
GO 710 300
220 CONTINUE
YD = «9 = #4%D2/D1
300 CONTINUE
IF(A1-A2)3109320+320
310 YA=-=o8+EXPLAL/A2%L0G(1e3))
GO TO 400
320 YA=.8-03*A2/A1
400 CONTINUE
EFF = YA®% 258YPHkq2XYQH K o45%YDN%,]1
RETURN
END
2222
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22J0B
Z2ZDUP

CosT MODEL

*DELETCOST

2222
Z2J0B
ZZFOR
*LDISK

2222

FUNCTION COST{ P»QsDsAs EFFTs EFFM
TS = 10e%%g

PM = 8.

TCQSM = EFFT*TS/{ LOG(504) - LOG{Q)
CPS = PM*TS*(EFFM - EFFT )

COST = TCQSM + A + D+ CPS

RETURN

END

)

)

%5,
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MODEL TEST PROGRAM

22J08
2ZFORX &4
99 CONTINUE
READ 1s Pls Q1l» Als Dl
. READ 1» P2s Q2» A2y D2
1 FORMAT{ 4F1062 )
EFFT = EFF( Pls Qls Dls Aly P2s Q2 D2y AZ )
PM = 8,
EFFM = EFF(PMy Qls D1l» Als P2s Q2 D2» A2 )
CST = COSTU Pls Qls Dls Als EFFTs EFFM )
© PUNCH 2 » CSTs EFFT
2 FORMAT{ THCOST = s F20.2 /
1 16HEFFECTIVENESS = » F20e4 )
TS = 104%%5
REV = P1l*EFFT*TS
PUNCH %8s REV
98 FORMAT BHREVENUE F20e2 )
GO TO 99
END
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DETERMINISTIC MODEL PROGRAM

22J0B
ZZFORX 4
DIMENSION P(QQZ)00(492)!A{4’2’!D(4’2)
DO 100 I=1s2
READ 1s(P{LslI)sL=144)
READ 1(Q{Lsl)sL=1ls4)
READ 1s {A(LsI}sl=192)
READ 19(D{Lsl)sb=1s2)
100 CONTINUE

READ 1s X
PM=8,.

1 FORMAT(4F10.1)
DO 200 I! = 1y 12
12 RAND(X}*44 + 1l
42 RAND{ X} %4, + 1l
K2 = RAND(X)#2,4 + 1,
L2 = RAND{X)*2, + 1.
DO 200 Il=1ls4
DO 200 Ji=ls4
DO 200 Kl=1s2
DO 200 Ll=1,2

Pl = P{Ils 1

}

Q1 = Q{Jls 1)
Dl = D{ K1ls 1 )
Al = A(Lls 1 )
P2 = P(I2y 2" )
Q2 = Q{J2y 2)
D2 = D{(K2s 2 )

A2 = Al L2y 2

| I

EFFT = EFF{ Pls Qls Dls Als P2y Q2 D2 A2
EFFM = EFF{ PMsy Qls Dls Als P2y Q2% D2y A2
CRT=COST(P{I1ls1)sQ(Jlsl)sDi{K1ls1)sAlL1s1)sEFFTSEFFM)

TS = 10+%%6

CONTINUED ON NEXT PAGE

)
)
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DETERMINISTIC MODEL PROGRAM
(CONTINUED )

REV = P(Ils 1)*EFFT*TS
PUNCH2sP{ 11y l}oQtJlsll’A(LI:I)9D(Klol)9P(12’21’Q(J2'2}vA(L2!é
1 D{K2y 2)

2 FORMAT(2F54092F154052F54092F1540)
PUNCH 3» CSTsEFFTs REV

3 FORMAT(4HCOST+16XsF20407/

1 13HEFFECTIVENESSy TXsF2045/

2 THREVENUEs 13XsF20,40/ )

C
200 CONTINUE
END
8e © 10 124 14,

12, 18, 25, 30,
1000000, 1500000,

800000, 1000000,

Be 10. 12. lae
12, 18 254 30,
1000000, 1500000,

800000 1000000,

024125

2222
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SIMULATION MODEL PROGRAM (1)

2ZJ0B
2ZFORX &

DIMENSION P(492)9Q{492)2Al492)9D1(412)
DIMENSION PROB (10+4 )
DO 100 I=1s2
READ 1ls(P(Lel)sL=1ls4)
READ ls(Q{Le])obl=lsé)
READ 1s (A(LslIYsl=1+2)
READ 1s(D{Lsl)sl=1,2)

100 CONTINUE
READ 1ls X
READ11+({ (PROB{Isd)eI=191Q)pJ=1ek )

11 FORMAT ( 4(1011s10X) )
PM=8,

1 FORMAT(4F10,.1)
DO 200 II = 1s 12
IPB=10+%RAND(X)+1 e

12=PROB(IPByl)

IPB = 104%RANDI(X) + 1.
J2 = PROB{IPBs 2)
IPB = 1U0+%RANDI(X) + 1l
K2 = PROB{ IPB»y 3)
IPB = 10+*¥RAND(X}) + 1le
L2 = PROB( IPB» &)
DO 200 Il1=142
DO 200 Jl=1ly2
DO 200 Kl=13s2
DO 200 Ll=1s2

Pl = P{I1ly 1 )

Q1 = Q(J1ls 1}

Dl = D( K1l 1 ')

Al = A(Lls 1 1}

P2 = P(I2y 2 }

Q2 = Q{J2s 2)

D2 = D(K2s 2 )

A2 = AL L2y 2 )

EFFT = EFF{ Plsy Qs DIl Ali P2§ Q2s D2y A2 )
EFFM = EFF( PM» Qus Dls Als P2, Q2y D2, A2 )
CST=COST(P(I1s1)9Q(J1s1)sD(K1s1l)sAlLLML)SEFFTHEFFM)
TS = 10e%%6

CONTINUED ON NEXT PAGE
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SIMULATION  MODEL PROGRAM (1)
(CONTINUED )

REV = P{Ils 1)}*EFFT*TS
PUNCHZ2sP(I191)sQ{Jlsl)sA(L1ls1l}sD(K1s1)sP(1252)9Q{J2s2)5A(L2,P)
1 D(K2s 2)

2 FORMAT(2F54092F154092F24092F1540)
PUNCH 3s CSTsEFFTs REV

3 FORMAT (4HCOSTs16XsF2040/

1 13HEFFECTIVENESSs 7XsF2045/

2 THREVENUEs 13XsF2040/ )

C
200 CONTINUE
END
B 124
12, 18,

1000000, 1500000,
800000, 1000000,
Be 12

12 18.
1000000, 1500000,
800000, 1000000,
«34125

1111111222 1111112222 1111222222 111112&2
2222 o
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SIMULATION MODEL PROGRAM ( TWO PERIODS )

2208
ZZFORX 4 ‘
DIMENSION P(Z’Z)QQ(Z’Z)19(2)’A(2)9PR08P(2;292),PROBQ{2:21F

READ 1sX

1 FORMAT(F10e1l)
READ 29{P(1s1)sl=142)
READ 24(Q{1ls1)sl=142)
READ 2y D1 :
READ 2y Al
READ 29({P(221)91=192})
READ 2+(Q(2s1)sl=1s2)
READ 2y D2
READ 2+ A2
PM = 8,
TS=10+%%6

2 FORMAT! 2F10,1 )

READ 33 (((PROBP(IsJsK)sK=192)sJ=1s2)sI=142)
3 FORMAT(8F10.1)
READ 3+ (((PROBQ(IsJoK)sK=192)sJuls2)sl=1s2)

READ 44 Pls Qls P2s @2
PUNCH 4 Pls Ql, P2, Q2

4 FORMAT{ 4F10e2 )
Isw = 0
GO TO 750

500 CONTINUE

PO 600 J=ls2
DO 600 I=192
Pl = Pl1,I)
Ql = Q{lsd )
EFFT=EFF(PlsQlsD1sAlsP2+Q2,D2sA2)
EFFM=EFF(PMsQ1sD1sAlsP2,Q24D2sA2)
CS5T=COST(PLlsQlsD1sALSEFFTHEFFM)
REV=P1#EFFT*TS
PUNCH 5sP1sQ1+sD19sAlsP2sQ2,D25A2
PUNCH 63CSTsEFFTREV

5 FORMAT(2F5e092Fl%e092F5042F1540)

6 FORMAT(4HCOST16X»F200/

(CONTINUED )
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SIMULATION MODEL PROGRAM ( TWO PERIODS )
(CONTINUED )

1 13HEFFECTIVENESSs7XsF2045/
2 THREVENUEs13X9F20,0 / )
600 CONTINUE

DO 700 JJ 12
DO 700 II 1+2
Pl = P(ls I
Q1 = Q(1ls JJ)
750 CONTINUE
XRAND = RANDI(X)
IF( P1 = P(1s1)} 115 10, 11

10 1=1
GO TO 20
111 =2

20 CONTINUE

IF(P2«P(2+1) 122421422
21 K=1
GO TO 25
22 K=2
25 CONTINUE
: IF(XRAND-PROBP(I51sK))1005,1005101
100 J=1
GO TO 102
101 J=2
102 CONTINUE -~
P2 = Pl2sJ)

X=RAND{ X} : :
IF(Q1-Q(1s1))211210,211
210 I=1
GO TO 220
211 I=2
220 CONTINUE
IFI Q2 - Qi{2,1) ) 222y 221y 222
221 K=l

CONTINUED ON NEXT PAGE
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SIMULATION MODEL PROGRAM ( TWO PERIODS )

{CONTINUED )

222
225

300

301
302

800

650
700

GO TO 225

K=2

CONT INUE .
IF(XRAND=-PROBQ(1919K))300+300,301
J=1 :

GO TO 302

J=2

CONTINUE

Q2 = Q(2eJ)

ISW = ISW + 1

IF( ISW - 1 ) 600y 600, 800
CONTINUE

DO 650 J=1s2

DO 650 I=1».2

Pl = P{1s1)

Ql = Q(1sJ )
EFFT=EFF(PlsyQlsD1sAlyP2+4Q2,D2+A2)
EFFM=EFF(PMsQ1sD192AlsP2+sQ2+s02yA2)
CST=COST{PlsQLlsD1lsAlsEFFTSEFFM)
REV=P1#EFFT*TS

PUNCH 59sP19sQlsD19AlsP2:sQ29D29A2
PUNCH 6+CSTsEFFTREV

CONTINUE

CONTINUE

END

51342
10,

18.
1000000,
1000000,
1Qe

is8.
10000004
1000000,
+9

5

10

2212

14,
25

l4s

25e°

o7
+8
18

el 23 ' 5 B8
.5 .2 . l‘.’ .5
10 18,

ok
b
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