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CR~PTER I 

INTRODUCTION 

1)'RFINITTON AND SCOPE OF THE PROBLEM 

PAGE 1 

COMpetition is a.n essential e!1.8.racteristic of all living 

'beine;s. The human r",-ce is one which has incorpora.ted competition 

in all phases of its existence. One could see infinitely various 

forms of thi s pheno!"enon in hi s daily life. It ha,s become such 8. 

intee;ral ::!"rt of our extstence that it usually goes unnoticed. 

A very iMportant kind -of cOl",peti tion is one that ey:i8ts 

between m::mufactnrine; ftrms producine; identical or substitutable 

procl.ncts., 

The nost dominant kind of market is the one where there is 

rroouct differentiat:iJm. l The "Infinite nUJ11ber of ftrms" condi­

t~.on of pure and monopol:i.stic cemreti tion very seldomly holds for 

a e;iven nqrket, therefore more than often, in a,ctual life monopo-

l 't' " ] c1;t;" '1 Th' 1 tte l s l C O._le;OpO .y con._ .. on ,., prev:n. J. S 't S , rrr. 
2 

few f:irms r',8.nuf'l.cturine; differentiated llroduets. 

refers to iii. 

A Monopolist expects to eha.nee the price-der:and rel8.tion­

ship for h~. s product by incre8sine; its dee;ree of differenti"tion. 

This c"n be 8.ehieved by marketing strategies. There are however, 

1 L".wrence, Abbot, Q.u'l,li ty and. COT'l'C)eti tton, (New York: 
Colombia Un4.yc~p;.ty PrE''ls, 1955), :p. 10. 

2 Lawrence, Abbot, Eco'1oT'lics "nd the Hode-rn World, (New 
York: H"rcotlrt, Br'l.ee rmC! Cor-;p".ny, J.960), p. 460. 
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" •••• an enormous number of strateGic possibiltties. The dimen-

stons of MarketinG strategies are so varied that it is inconceiv­

able to include all of them in a formal an~.lysis."l Another dif­

ficulty in this area is the effect of competition. Each competi­

tor can have a great number of avail'3,ble strategies and even with 

only one corrrpeti tor the task would be very complic8.ted. 2 

It is usually assumed that there is a small probability 

of constructine; useful models to describe market behavior because 

the factors controlline; m8,!'ket mech8.nism are obscure. 3 Forrester 

s".ys that "This makes the understandinG whtch c:;,n come from the 

model constrnction more, rather than less, essentia,1".4 

Our problem is to be able to select among the s"lver:'1l mar­

keting stroategies available to a firm operating in A.n imperfect 

oligopoly. . The main problem in such an analysis is ade'lu8,tely 

st".ted in H. Speight's statement ei ven below. 4 

Speicht says the following ::I.bout imperfect oligl1lpoly;~ , 

"Competi tion between firms in imperfect oUGopoly:~- is rather like 

a Game of chess, or poker, in which each participant must consideI 

1 David W. Miller and Martin K. Starr, Executive Decision:: 
8,nd OlJerations Rese8rch, (Prentice-Hall Interl'_9.tion~.1 Series in 
~hnae:el'lent, EnGlewood Cliffs, N.J.: Prentice-Hall, Inc., 1960), p. 
171. 

2 Ibid 
0;- ( - Ja:\' W. Forrester, Industria} Dynm,,:lcs, Cambride;e: The 

M.I.T. Press, 1961), p.31l. 

4 Il2:i1, 1'. 312. 

5 IMperfect olioGopoly ".nd l'1onopolistic olioe;o!,oly are 
(Efferent nanes e;iven to the SA.l'le phenol"'enon by Spei.:;l'.t 8nd Abbot 
respectively. 
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not only his own moves but also the moves which his opponents 

mtght be expected to make".l 

There has been a substanttal amount of analysis ree:ardinc; 

J"lonopcltstic competition. A short discussion of this is presented 

in the second pA,rt of this Chi'l,pter. Monopolistic olioc;opoly how­

ever was not subject to extensive analysis because of the inherent 

uncerti'dni ties in the model. The followine: quotations clarify 

this statement. 

"We can come to no c;eneral conclusions about entrepre-

neuri'll b eh'tvi or, - not even the tentative kind to which our dis­

cussion of perfect oligopoly - led us."2 

"After \7hat was said about ,oli30polistic ll:nd!;ltei'rtlinancy, 

it should be obvious that no general theory of outlay determina­

tion for the nonprice variA,bles in elie;opolistic competition can 

be formulated. It may be possible to formulfl,te special theories 

that make s;;ecific assumptions regardinG the exact way of thinkinG 

of everyone of the' olieopolists in the ~oup. Perhaps it would 

be interesting to try the construction of such models. n3 

1 H. Speie:ht, Econo:m.ics: The Science of Prices and 
I~,coTIes, (UrdverRi ty PA,pE'rhacks, London: Methuen and Co. Ltd., 
1960), p. 3?5. 

2 Ibi.d, p. 315. 

3 Fritz Mac'h.lup, The Econoyoics of Sellers' Com ,eti tion: 
iio;M2:0:.:,n~e;=l:,--::A:;\nr,A,;;' l~~kr R~';;". ;;.:8=o.;:;.f....-EiS:.;;e:"17.1?,io;;:r~R"-, -,0::,:' o::.:n~(j,u c, :B a t i:m 0 re : 'l'h e 0 hn s H 0, Jei ns 
P!.'es8, 195".), P!l 459-60. 
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We will not discuss the validity of these statements yet, 

we will try to build a model which will guide the managers of a 

firm opere,tinp; under the Hbove conditions in selectinG market 

strrctegies. We do not pretend to predict the best strateey, yet 

we can make a contribution by demonstrating a method by which 

hetter results may be obtained. 

The main ai!:] of this thesis is to demonstrAte how Cost 

Effectiv~mess enalysis, the explan?tion of which wtll be tjo,e sub-

ject of the tr,ird chapter, can be used as a tool in the selection 

of a preferred strategy. 

Due to the 18,ck of adequate models explaining market be­

havior under monopolistic oligopoly teking into account non price 

competition, we were compemled to design such a model. The selec­

tion of this latter and the underlying assunptions are open to 

criticism yet it should be stressed at this st8,2:e that our r;dm is 

not to construct an economic model but to introduce a decision 

tool for the systematic selection of marketing strategies of a 

firm. The economic model designed in the study can be stt1died 

fUrther, refined or redesiGned. The procedure developed in this 

thesis is n~t affected by such changes in the economic model. If 

such a situation arises then this procedure can be referred to as 

a, program subroutine. 

As such, th~s thesis seemed to be more of a theoretical 

n8,ture r"tther th:m a pr8ctical ?,pplication, therefore, to ,proid 

th~, s, we decided to select a manuf8.cturing fi= in I stanbul and 

to proceed wi.th our study in teCTIls of its products, market, "tnd 
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objectives. The fi= has been used as a spec:!.fic example and by 

no me~ms should the study be considereCl relevant only for thts 

ftrm. The methods could be applied for any other firm provided 

that the necessary adjustments are made in the assumptions and the 

economic moo.e1. 

We have not gone into the segrch and eva1ufttion of re1e­

v8 .. nt data owing to lack of data in the form desired for the desie;n 

of the !'loCl.e1s used in this study. 

If the methods proposed in this stuo.y are to be actually 

applied however, such data are indispensable. These should be 

gathered by analyzinG past data concerninc: the com:xmy' s and the 

cO!'lI'etitor's sales, prices, qualities, advertisin£,; and other se1-

lin::; expenses, cO!'lI'any's past cost data, market's total sales !'.nd 

constru.ction trends. This toric is further discussed in the con-

cludi.n:: rem8.rks of the study. 

The ir.rportance of knowledge about ma.rket beh8.vior is quite 

cJ.ea.r in Peter F. Drucker's statement that both resources 8.nCl. re-

l t . t t id th ... · d th t 1t i ~rket economyl su_ s exJ.s ou s e. e ~J.rm <U1 _ a resu s n a m~. -

depend on the customer. 

The re1ev8.nce of this quotation can be demonstrated by the 

fcJ.lowin2: two exar'.I'les: 
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Steel h8.9 8.1w8.ys been referred to RS a "Homoc;enous produc II 

".lthonc;h this statement is not true. 1 A few small firms in the 

U.S.A. hRve c;one into the production of high-alloy specialty 

steels where C].uali ty r<l.ther thR.n price is tlce l'lRjor detert".in".nt 

2 of sRles. Wi th thi s str"tec;y they have l'l'?naeed to incre9.se the:L 

s::l.les Rnd their revenues to a ll'llch h:i.eher level relRtive to Wh8.t 

tl1ey c01.lld !l'we achieved if thf"Y h9.d re1'1ained in the ordin".ry 

steel ll'8.rket. 

The second example COll'es from the hous.;-h01d equj.!'TI1ent in-

,j1, stry. The Its.li''n mRnuf8.cturers h<l.ve succeedeo. in inct'e8.s~.ng 

tlce:i.:o:- s8.1"!s vnlu"1'? h~r :prodnein,; SJnil.ll refriger'1.tors hrwin::: a short 

life 8.no. rel".ttvely very low price. 3 The ~."lport'"'.nce of tr.e dect-

sions crmce=ine; pro ih1ct ch?rnctoristics and l'!8.rket strfl.tec;ies is 

r'l~1.:l..te cle:~.r. 

Non-prtce eompetition is '? phenomenon that c~m occur only 

:i.n ::l. "1Q .. rk:et whe:o:-e the products " . .1:'e different:!.'"'. ted by S01"e m.M.ns 0 

8ncother. This is the necess8:ry conc1ttion of monopolistic competj. 

1 Joel Dean, Mctn".n"e:d '"'.1 Econol'li.cs, En::;lewood Cliffs, N.3.: 
1951), p. 230. 

2 "Spectal C".f'e for Speci8.1i ty Steels!", Fortune, Decembe 
1968. 

3 "The First COJ'l'7lon M?rlr.et Indu8try", The EconCln';. st, 
nece~ber 2, 1967. 
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The theory of monopo15.stic competition 'Ims stud.:Led exten­

sively by Jo'm Rohinson' 1'1 The '8concr dcs of IlTpe1"fect Co~petitionl 
" imd ECl,'r"lrd H. Chamberltn IS The lllV-.er<r'T of J'TouoDol'.stic Compf'ti tion" 

".no. ".1 thouCh th8 theory st".tee t!1!l.t th8re is a proil.uot clif:feren-

t;ation on the pArt of the consuMer, the den'md is tAken as ". fune 

t; on of price "nO. no furthlOr cnD.Fd.iler"ti 0'1. is civ">n 1".1'1 to how the 

~!1 r1,Y'l.8~rer nei thpr nc: to ~J"lV'T f3..r dj ffe~pn.tj_~ ... tj.0n wtlJ. l1.at~_'.rp.J_l~r b o 

('~ rrj. ed, nor ~.R to brwr f8,r it Sh011J.d ~e C8J'."!,j. P0 It. :3 

1)}e8 exist, t'h.8:r C(1)1.<'1. oe :Lncorpo!"'.tec'i ·,"'4 t'h' D. th8 :first two or 

01. sre::T.rd,,>l\ fo-r:' si.w;>licity. 4-

The e.':fects of ';.1181i t;r pD.cl proI".('t;on on ::,r; 010 ".nd ontput 

:i.n 1'1o").op01;. "tic co1'1reti tion has oeen st1.1.dmed by f1s,ohlup 1\,·i te 

rion: 
i T n '-' E ' ~ I ftC t't' . ° 'en ,,0 '.'~nson, ;:.:c::.;o,",n~o.;.rr-.".;.:. c;;..' "::;._ ..,;;:o.;;"."-,,:;.:m-",, 1'l,!;:! ;:;;e",r;.;;e;;..c~,~:.::o::;r.::.'1D..:; ;:;;e.:,:.,;:];..' :::;l;;...;;:;o""n, 

~.~o d'i.lJ.an, 1932). 
(Lon-

2 F,r1.'.'.1l!ri1 H".stiYl::;s C'c'2molOrlin, 'T'}1" '1Ihco~;.' at' Monm""o15.stic 
CC)'~;:~"H:;t:t ttl)::.: A Uo-ori 0yd:-;'i ·1-.:~.O1'"~_ of the rr:n,.A?~:'~; cf iT'lJ1J0, (7t'-:. nA, 
:T.-.!,~.:,-,!,,, F(!')Y'~o:·'j_c S~r~.0"~.f:8; fj'"')T:1):':'i(l':;0~ !1'i~~·~,,~-'-:'·c. U:"'.:."\t-:::.:'si_t::r P:::'C28, 

J.'):;R) • 

3 ~, p. 273. 

4 FrHo: ~hol'1111J?, 0T" Cit., PI" 4·50-51. 
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+ . 1 1 e:'LenS1.Ve y. He ta,kes tl').ali ty as the th"\,rt' axis in a tr_ree di-

mensioYl""l 8J'1.8,lysis where he ccmsiders thi s vari8.ble 8S ", oj. screte 

property of the proo.l1ct. Points p"lon~'t]ojp, 8,:ds t1:en !12,Ve ordin'll 

value only. A represenh,tive illustrati.o'1 is c;jveC'"l below: 

1 

2 

:3 

Il'1perfect polypoll Price cmd Quality 
COl!'.peti tj.on 

-_._----- .... ,--_._--_._-- -._--- - _._----.. 

I!oot~ .... e_~------ "'v'''''''fe(,~ 

,,-~u... ___ -.:S_f_~ __ ,J ______ ~1I1, 

AYe""v",--p 'lnc1. M~.X'S:i Y\!"\'. R0.yen.ne Curves for 
- '~Several Qll".1i ties.:3 

Tl)i ~, PI'. 161-97. 

IC'"l th~.s p~rer referrecl to p,s 1'l0nopolistic co",peti ti.on. 

Il'..i.2i p. 176. 
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The effect, otloer thin~fl bejn~ t':J.e s,,"me, of (l cj.ven se1l:i.:tl,S effrl)'·t 

,..' d d ' ~. h" h f 11 on ILJ.ce- ell'8.n re_8.'oJ.onR :LlJ :Lfl S .own as o .. OVIIS: 

r----~.-

" • l\-

Fi0l1rA 2. Effects of ,..c.vertiflinc on demand curve 

in monop01ifltic co~retition.1 

• 
An eztensi. ve stllrty of '1118.11 ty co"'pet i . tion Cfm be found in 

T"WTrence Abbot I s 1I!0:rks QUI'.lit~T ".n". Con'et~.tion "'.nd. Econoroj.cs l'.nc'. 

~ MocJ.e,..n ~orJd.. In 11:1.s 18.st text Abbot h8.S p].GO inclucJ.eo rro-

1 lJ&2., PI" 187. 
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The product manufactured by the firm for which the market 

strategies will be evaluated is metallic sanitary equipment. This 

can be considered as a family of products in which there is a 

great degree of similarity among its members with respect to their 

functions, raw material, parts, manufacturing processes and de-

mand. This product line can be considered as a necessity because 

a functional substitute does not exist. Sanitary equipment are 

integral parts of constructions and can justifiably be classified 

as construction materials. Their indispensability, however, is a 

special characteristic. During the analysis we shall consider an 

equivalent product rather than treating each item separately. The 

most appropriate measure of the product would be in terms of its 

weight. Thus, if a tab is to be considered as one equivalent unit 

a shower battery will be evaluated by the ratio of the respective 

weight. The drawing of one item is presented on- th~ following 

page. 

• 

THE MARKET 

The market of metallic sanitary equipment is divided into 

three distinct segments according to their quality requirements, 

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. l 

1 Interview with the president and technical plentipoten­
tiary number of the Board ~f Directors of the XYZ foundry company 
March 6th, 1969. 
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Figure 3. Product Sample 
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The market segment on the above classification are as follows: 

1) Low quality products' market. There are many manu­

facturers operating at this level. The products are not plated 

and due to workshop practices they contain many defects. The 

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 is not known due to the quantity and 

dispersion of the manufacturers.1 

-r- Ibid. 
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2) Medium quality products' market. The products in 

this market are plated, there is a smaller number of manufacturers 

than the previous segment, the assortment is richer, producers are 

small to medium scale, accordingly the capacities, capital invest-

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 quality products' market. This market consists 

of two large scale manufacturers. The assortments of their fac­

tories are much greater than the ones in the previous segments. 

Prices are considerably higher, manufacturing processes are much 

more refined and the companies follow the innovations in their 

field. Quality 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 it to be sma.ll, at present, compared to the actual market. 

We shall be considering the two firms market where there 

is product differentiation. The following assumptions will hold 

for the rest of the analysis. 

1 

2 
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Assumption 1 (Production Potential) > Demand 

That the production possibilities 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

duction capabilities and in the short run it is not very likely 

that the demand will increase by an amount sufficient 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 is also justified 

since if we exclude the replacement market, the demand for metal-

lic sanitary equipment in a period will be dependent on construc­

tion during that period. 

Assumption 3 

This assumption follows immediately from Assumption 1. 

The assumption regarding the relation between the produc 

tion potential and the demand of a firm is essential if the rest 

of this study is to make sense. If a firm were engaged in acti­

vities which would result in an increase of its demand but on the 

other hand made no capacity adjustment in 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 is approximately as 

stated by the assumption, yet the margin is very small and the 

firm sometimes finds it difficult to meet all the orders. 

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

PAGE 14 

The second assumption was made for convenience. ActuallJ 

it is seriously misleading since having defined the total market 

as the high quality market and having stated that there exists a 

net shift from lower quality markets to higher ones, we should 

consider this expansion and how the firm can affect this shift, 

that is how it can attract customers from lower markets. 

The implication of the assumption is that customers 

change their habits irrespective of what the firms in different 

markets do. 

The importance of being able to select among several . 
strategies, one that would improve the companies' performance has 

been discussed above. The model that we have attempted to design 

and evaluate is a two competitors model. With additional manupu­

lation the model could be extended to deal with a greater number 

of competitors. 

The possibility that Turkey will enter the Common Market 

is another motivating factor for the better understanding of mar­

ket behavior with respect to product differentiation and marketin§ 

strategies. 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 competition is product differentiation. 1 

I Joe S. Bain, Barriers to New Competition: Their Charac 
ter and Consequences in Manufacturing Industries, lCambridge: 
Harvard University Press, 1956). 
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The following quotation applies to Turkey as much as to Ireland 

in explaining what the domestic manufacutrers' tasks are. 

"On the assumption that the forces making for such 

European unibJare irresistable, the tasks for Ireland's manufac­

turers are to modernize, to learn to exist without decades-long 

tariff and quota protection, and to discover whether they are 

'i!:iable enough to cope with intensive competition in a free tr'ade 

system." 1 

]; 
John E. vleinrich, Optimum Size in Irish Footwear 

Manufacturi~, part of a project involving the study of eleven 
Irish Indus ries, (New York: Pergamon Press, 1967), p. 74. 

-'- \ 
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METHOD OF APPROACH 
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The analysis starts with a descriptive evaluation' of the 

relations between market share and the controllable variables 

that effect market share. l These discussions are theoretical 

and will depend only on logical deduction. We admit that such a 

procedure will lead to a justified discussion on the validity 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 unavailability of such relations 

let us to the design of a model. This is to be followed 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 fit the verbal and graphical analy 

sis. 

It is recognized that this procedure is 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 total sales can increase indepen­
dently of the companls policies. If a firm increases its market 
share when total sales are declining it is successful, although 
its sales may be decreasing. 
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less, having knowledge of the characteristics of the curves used 

and the phenomena that they are to represent, one can fit the 

equations which will most adequately fulfill the necessary re­

quirements. A better method would have been to analyse past per­

formance; and to use statistical techniques, yet, it would be 

quite difficult to isolate enough relevant data which would re-

veal the pure effects of each of the variables 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. l 

The next step in the analysis is to combine the indivi­

dual effects in such a way that the actual behavior is adequately 

predicted. The reasons underlying the particular choice of com­

bination will be discussed in Chapter IV. 

The method we use to test the models gives the impressio 

that we are going around a circle, and indeed, we are: In 

testing the model for several boundary conditions, our intention 

was to test the program rather than the model and to demonstrate 

the actual procedure to be follovled if past data were available. 

Testing the model with actual data would free the circular rea­

soning that is apparant in the study. 

1 Prediction should be sought within acceptable con­
fidence limits since the actual data will probably not be able 
to relate exactly the individual relationships. 
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A firm is considered to have several strategies consis­

ting of four variables. The management has to select the stra­

tegy that will best fir the company's objectives. The method of 

selection will 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 main advantage of 

defining continuous relationships is the ease of expressing the 

curves with mathematical equations. 

We accept that actually these rela~onships are step 

functions rather than continuous ones. Yet treating them as such 

would excessively complicate the analysis. The use of continuous 

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

tionof each interval width, and the change from one step to the 

other. 

Price has been the main variable of interest in classi-
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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 competition could be grouped together with 

quality or promotion competition,l we treat this 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 it is not available to him at the right 

time and place."2 

The four variables chosen a~e by no means exhaustive. 

Other variables that can be defined could be: 

1. 

2. 

Price discounts 

Quality of advertisement 

Quality of distributors 

Incentives offered to distributors 

Recommendations of distributors 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Complemantary items in the assortment 

Supplamentary items in the assortment 

Repair service 

Consulation service 

10. Credit terms 

1 Fritz Machlup, Op. C1t., p. 450. 

2 E. Jerome Macarthy, Basic Marketing: 
Ap;roach, (rev. ed., Homewood, Illinois: Richard 
;9 9, 1964(, p. 435. 

A Managerial 
D. Ir\'Tin, Inc., 
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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 quality. 

The dependent variable is chosen as market share in-

stead of sales. One reason for this has been given in footnote 

1 on page 16. Another reason is that market share can vary be-

tween 0 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. ~he curves relating market share to the individual 

0< Mi< 1 

n L Mi = 1 
i =1 

where: Mi = Market share of company i 

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 it eliminates the 
1 

necessity of drawing separate graphs for different total sales. 

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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ANALYSIS AND EVALUATION OF THE RESULTS 
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The analytic tool that is used is Cost-Effectiveness 

Analysis whose scope and elements are the subject of the next 

chapter. This analysis has been chosen because it provides a 

good criterion of comparing strategies. The analysis does not 

guarantee, however, the selection 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:-.sis is continued as far as this point 

and the final result is a presentation of a set of strategies 

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

PROCEDURE 

A computer program was prepared for each of the models 

and with selected input data the results were obtained. The 

models that we used are: 

1) A deterministic model 

2) A simulation model 

3) A stochastic model 

The discussion of these models will be found in Chapter 

VI. 

In this analysis we are evaluating our available stra­

tegies against our opponent's in 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 representee' by these functio 
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l,ve, therefore, selected a fev! discrete points on these curves 

and defined out strategies as consisting of a combination of 

these values. It is understood that one can in fact choose any 

combination of the four variables. 

Since the point of interest is to illustrate ho,,! Cost 

Effectiveness Analysis can be used for the evaluation of such 

strategies, it is unnecessary and highly unpracticle to try a 

great number of combinations. l In practice we may either 8.ssume 

that the managers have in mind a few levels of each variable 

which they may be interested in knowing the effectiveness of all 

the combinations, or that th,y want to test the effectiveness of 

some predetermined combinations. 

1 The computer takes ten seconds to evaluate one of 
our str8tegies against one of the opponent's. Thus, if I'Te are 
to consider three values for each of the four variable~, the num 
ber of strategies for each competitor representing all possible 
combinations of the above ment:Lone6 values is eighty one and 
the amount of the combinations to be evaluated in this square 
matrix is 6561 vrhich lasts twelve and a half hours on the 
computer. 
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CHAPTER III 

COST-EFFECTlVEBESS ANALYSIS 

PAGB 23 

Cost-Effectiveness analysis is a relatively new develop­

ment. l It has found a considerable application area in the de­

signs, evaluation and comparison of defense, weapon and missle 

systems. 

The analysis does not bring forth new concepts in deci­

sion making, it is rather the methodology inherit in the analysis 

that is of importance. The following quotation is characteristic 

"The need for considering cost in relation to effectiveness must 

have occured·to the earliest planners. Cost-Effectiveness is 

not a catch word to suggest that planners today are doing some-

thing new; at most they are dOing somethingebetter. What is 

novel about Cost.:.Ii:ffectiveness analYSis today is ·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 aid to decision-making at high policy levels? 

1 Robert N. Grosse, Preface, Cost-Effectiveness Analy­
sis: New A rOBches in Decision Makin , E~. Thomas A. Goldman, 
~ashington Operations Research Council, (Praeger Special StuCies 
in U. S. Sconomic and Social Development; New York: Fredorilc 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 coul( 

be the following: "It is any analytic study designed to assist a 

decision-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, "0ost-Effectiveness 

Analysis is an analytical technique for evaluating the broad 

management and economic implications of alternative choices of 

action with the objective of aSSisting in the idetification of 

the prefered choice." 2 A cost e;f!fectiveness analysis provides a 

quantitative basis for evaluating a systems performance in the 

light of both its cost and effectiveness. 3 It shows the relation 

between alternative deSign decisions and system costs in terms 

of the system effectiveness. The values of the variable charac­

teristics to be considered in designing the system are identified 

by the analysis. 

A system can be deSigned by using one of many alterna­

tive combination of its characteristics. However, these combina­

tions will differ in the amount of res.ources they use. The 

analysis enables the deCision-maker to identify the prefered 

1 Ibid. 

2 M. C. Hueston and G. Ogavla,"Observations on the 
theoretical Basis of Cost Effectiveness", Journal of Operations 
Research Society of America (March-April 1966). 

3 David S. Fields, "Cost-Effectiveness Analylllis: It's 
Ta"s.ks and Their Interdependence", Journal of Operations Research 
SOCiety of American {May-June 1966}. 
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characteristics and their cost implications to reach a desired 

capability level,l 

In areas such as defense planning, the advice obtained 

from experts depends largely on subjectige judgment, The advice 

from Cost~ffectiveness Analysis also depends on this yet a more 

systematic and efficient 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 is part of the general 

theory of maximizing behavior-about in the middle of an analytic 

spectrum with the classic theory of the firm at one end and 

operations analysis at the other. 

It shares with the theory of the ftrm the problem of 

measuring cost, Which is also faced in a cost-benefit analysis 

of a public investment. It shares with operation analysis the 

problem of choosing the appropriate meaSu~e of effectiveness. 3 

1 

2 

ill.9.. 
Edward S. Quade, Op. cit., p. 3. 

3 William A. Niskanen, "r1easures of Effectiveness", 
Cost-Effectiveness Anal sis New A roaches in Decision-Maldn , 
p. i., p. 1 . 
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The !r.2.jor t" sks in Cost-Effectivness Analysis C'l.n be 

I 14.stpd 'lS fol].O'·,": 

1) Def:i.r!ition of the problem 

2) Synthesize altern8.tive systems 

3) Est'l))li sn basi s for eV'Ill'.atin::: perforr.''l.nce 

4-) FO:"m'.'.lA.t", eft'pcti Vpn"'8~ (!lerforJ"1C'nce) model 

5) Formulat", Cost Hoctel 

6) A!lf.!.l~rze s~'stpms costs v"rl'm.s effectiveness 

PAGB ::>6 

Since the 8.nalysi.s is use(1 rril"8rily to 11,,1:0 choose 8. 

r'lJ.:i.c:r or ('(H'.rse of actj "n, the 8.n".1.yst sho,,1d A..tter;1.pt to C1.iscover 

It :!.s g,lso vi tn,1 trq.t t':." 8nfl.lyst snmll.fi lmow t"e environ-

J'1r.mtal ccm,j1.ti.on in whj.ch tloJ.e 0'bj8ctiv0s are to 'be s'l.tisfi.pd. 

eff"ctiv,,"l"ss. 

1 David. S. Fields, Op. Cit. 
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"~!1e 8.p:rr!'orria te meaE!'.1.'!'e shonJ<lha,ve two ehar:Jeteri sties. 

Ftrst it "lust be reJev8.nt; seeonr1. it shoul~, me l"'.e"1,s'1r"1ole. 1 

8.chi eve the Sl'l.me rerforma..,ee. 

A!1otl1e':' C01"lTI!on eV8,luation concPrtls an analysis of the 

trade-off' hetween desisn or ::;r03':'8"1 chi'l,racto.risttcs and the selec-

An interestin']: niRC1.lssje)U on t!1e choice o:P 1"eaS1J.res of 

effectiveneRs j,s c;iven 0:' Nisk8,nen hut has not been j,ncl\,.o.ed r.ere 

Opca1'.8e it deals with .... very specific case of defence system ev'),-

, 2' lnatl 01'1.. 

Anotner :i nto.restjnc; 8UOj pet wo')ld be tlo.e tre8 . .tl'!ent of 1'1.111-

tiple er:!. terj,8.. In tr,.~ S c"tse t1':e crtterion bas been chosen aR 

:Pi t consi.C'.era,ti on. TJo:!.s latter co"1d either be tr",ated p,S 8, re-

strj r.:ti.O'1 en the f1.rst "1"'''18'.lr(' of effecti v('u('ss such 8,S 1:'er:.',lirinr: 

t:!.venes8 1.nil,('::>: th'l.t c01.11el be f')lmil. oy consider1.nr: both cr:!.teri .8 "t 

tn.e S"lme time. F1'_rt:h.er effectiveness cr1. tprip'. eonld oe Ion,:: ranc:::e 

1 

2 

WillilU'l A. Ni slcanen, Oil. Oit., IJ. 20. 
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o"bjectives of the f:i.rm, lon~ rrme:e competabHi ty 8-nil exp8-nsion. 

Tl-J.e use of utili. t~T transforms could be another 13.ppro"tch to 

the definition of the effectiveness function. Gi.ven the condition 

of the fir'!' one could define a utility transformation of the effee 

tj.veness values of e'3ch stra tezy and com:;::>are these fi:3Ures with 

the cost of each str:>tezy. 

FOI""u.lat:inc; the effectiveness model 

This task is one of the most im:oortant ?arts of the an8-ly­

sis. The effectiveness model can be described in terms of its 

elements ano. the methoo.s of predicting the value of these latter. 

All th8.t is required of t"ese elenents is th8.t they realistically 

show the basic relation bet','I'een ths!'!selves and the. c:;l,pabil:i. ty of 

I 
the sy:stem to achieve a desi~ed 01.lt rmt • 

w!:.ere: 

An effectiveness model is presented as
2 

Eff 

Eff = n i = n 
i = I 

= Tot~l effectiveness of the system 

= effectiveness 8.t t)1e iirelenent 

The total effectiveness function )1as to be a multiplica-

ttve function of the trl'Hvidlls.1 elements because if one of the 

ele!:'ents Jo.a s zero effectiveness the total effect:i.veness of the 

stratee;y should beco'"e zero. This ca.nnot be aChieved if !?n ad.di­

tive functirm 'Ifere useel.. As an ey.am!,le we co'.tld show thf'.t if the 

1 

2 
~. 
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pron.l1cts qm~.li ty is zero sales must be zero no matter what the 

effectivenesses of the re'1laining v8.ri",bles are. We assume of 

conrse, th"l.t the cust'lmers are ratirrnal. 

Another exa!"ple could. be ~iven fro!" a weilpon selection 

proble!". If a weapon that is considered as ".n >;j.lternattve is veC'~' 

efficient out 'l.lmost iI"l"ossihle to mannfactnre with the existing 

teclo.noloe:Y, i.e., the :nQn'.1f8..cturine efficienc~' is close to zero, 

t1o.en the total efficiency of this weapon should be zero:' 

We must remember that the basic functton of the model is 

to deterr>ine the value of the me::i\.su!,e of e;ffectiveness an 8.n out-

put when the cont!'ollable vari ... bles of the system are used as 1n-

puts. "Another way of puttine this point is to require thRt the 

model be "articularly sensitive to the differences between the 

1;\1 ternatives bej.ne: consictered."l 

This task is conceived with relatine; system costs to sye­

tern variables throneh tbe use of the mathe!"atic;l.l equations. "The 

ideal pr')ce0ure is to develop a functionaJ. rel,dionsr:.ip between 

costs 8..'10 ch.".raoteri stics so th'l.t fcr eyer~' value of the c1o.'lra.c-
2 

teristic there is a correspondtn~ cost. 

J. Alf1"ei\ 131'.unstein liThe Ghotce of Analytic Tech.ntClues", 
Co st-Effecti vpnPRS .A.n81ysi Sj New A"O~;roR.ches in Ilecision-Makin,,-, 
o:p. ci t ., p. 40. 

2 De.vid S. Fieln.s, On. Cit. 
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Heuston and Ogawa say the following: "There are two as­

pects of the theory of the cost m0clel in cost-effectiveness: 

Listinc; and defini.ng the aprrorriate categories of costs (total 

systen: cests), ana. the technique of cost ::?rediction. Both of 

these m~tters Iil.re critical bec~use a-good cost model is the only 

way to proviae valid and crediole estbates with a hie;h degree of 

confidence for cost-effectiveness analysis."l 

The article describes thElseneral scope of the model in 

terms of a cost array. The arr'ly includes development, initial 

investment, anrj. o;oer?tions costs as major cost elements and these 

are divided further into subclasses. 

Where: 

The C;Elneral cost m8.tri.Y can be represented as: 

= 

C
T 

= Grana Total cost for a proposed plan of action 

CD = Total costs i.ncurred for resef'.rch, development, test 

and evaluation 

C .= Total costs incurred for ini.tial investment 
p 

Co = Total costs incurred for operations over a period of 

1 

2 

time. 2 

He1.1ston and Ogawa, Op. Cit. 

Ioid. -
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This task iYJ.dicates the trade-eff between cost and effec­

tiveness among the alternative candidate systems. 

A cost effectiveness schedule shows which alternatives g.:,e 

to be discarded. from further analysis. 

II, 

{iFr--ec:. ;-, V";;;--Nc-S50 -
Cost-Effectiveness SChedule1 

The analysist will eliminqte :;I.n e>.lternativethat both cost 

m0re a:(10. i. s less effective than another a.l ternative. 
2 

Also if 8.'1 

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

1 Peter D. Fox, "A The('X'y of Cost-Effecti'lm.ess Analysis", 
Journal of Operations ReRearch Society of A.merica, (Ma.rch-April, 
lC)65). 

2 Ibid. -
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is as effective as another alternative. If an :;l,lternative costs 

More but is more effective than <'mother alternative ~ vice-vers9, 

then both must be presented to the decision-maker. l 

This prncedure as Sl1ll'eS , however, that each alternative h8,s 

'i\lready been evaluated and the mtnimum cost required to re::tch that 

effectiveness value determined. System char8,cteristics are snu,::;ht 

which provide the mi.nimnm cost for various performance 1evels.
2 

This is a cost-effectiveness analysis of System Conficuration 

Studies ty,e. 3 Cost-Effectiveness Ana,lysis.has--limitatiop:s'as-d~ 

all other forms of 'malysis. The an9,lysis is necessarily imcem­

plete because of budget restraints and because 80me considerations 

are intarrible, measures of effectiveness are approximate and there 

is not satisfaCtory way to predict the future. 4 Yet the use ef 

the analysis is not hindered by these limitations. Their exis­

tence, however, should be known to the analyst. 

1 I"bid. 

2 H2,rry P. H8,trJ' "The Use of Cost Estinptes", .2£.§.!­
Eff'ectiyeness Analysis: Ne'_'! A-P"'J::,o:\ches to Dec; __ sio::-.-~'?kir.::, Op. C~_+; 

3 

I\-
illi· 
Edward S. Quade, Opt Cit. 
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EFFECTIVENESS MODEL 

PAGE :"3 

The req.u.trernents and tasks of the effectiveness model were 

discussed in the previ0us chapter. We shall now try to formulate 

a model which meets these re<:uireT2ents and which also satisfies 

our neer'l.s. 

We have stated in Charter II that our in.:lependent varif'.ble 

are 'lualit~; (Q), P!'ice (p), Advertising (A), and distribution (D); 

and the.t we. were interested in finding how these could combine to 
, 

affect the ma rket share. A stratee;y as we define it, wi.ll b", tr.e 

cocmterpart of a "systeM" or a.n "alternative" mentioned in Chapter 

III. The objective of the firm h9.s been chosen as sales maximi7.~.-

tion. Al t:--.oue;h in classical theory profit mf'xi.mi,7.ation is accep­

ted as the goal of a firm, it has been recognized that sales 

maximinzation is sonetimes desired as a conr~my objective,l The 

advant"te;e of usine; market share instead of com]'fI.ny sales was also 

mentioned ee.rlier. Our measure of effectiveness will be then tr.e 

level of market shl'l.re that a stratec;y provj.des. Each varia.ble is 

an eler.lent of the effectiveness moo.el and the total effect:Lveness 

ot a strategy will 'be a multiplicative fF'lction of these elements, 

1 Wi~.lj.9::' J. "R'tumol, EconoT'1.tc T:o.e0r'1.r cu~d O'"'~r~.ti.ons 
Anal?sis, (2nd. ea., Prentice-Hall Intprna+.i.o'M.'lJ Seri.es in Ma.nae;e-
1'1(mt; 'F:nnolewood Cliffs, N. ,T.: Pr"?Y1.tice-H?ll, Inc., 1956), pp. 301 
30"1 •• Tof';::n'h W. McGUire, T".eori.es of "'.lsjn"fls BePHvlor, (P7.'entice-

'" , ' ... 
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Quali t:, of the product is 8. very important factor affec­

ting sales in a monopolistic market yet it is a concept that has 

T"any dimensi.ons and wh i.ch. is usnally ccms:idered rlifficul t to be 

eval".~ted by the cust'lr.'.ers 'In a cardinal sC".le unique to a lineRr 

t::-ansf'lm or to a 1'1ul tiplication (scRle) transform. QU8.1i ties are 

often ev<'l.uated f)n ordinal scales unique to monotonic transforC'ls. 

At the factory level, mef'l.suremflnt of quali t~, is on a car­

djna.l scale since i tis rela.ted to :physic'l.l factors such as aeree­

ment wtth sTlecified st'l.nd8.rd.s 'and tolera.nces, e.g., thick:!Jess of 

the p}8.ting, S11rfqce defects and operational characteristics such 

8S wear under specified. conditions, volume of water tre.nsmi tted 

:per unit tim.e qnd ethers. 

These "alues, 8.1 tho1J.gr. relevant to the ene;tneers and 

workers, do not h2.ve rlUch sic;nif:i.cance to the customers since the;) 

are not aW8.re of the physical and oTlera.tional requirenents to 

start 'Irlth. 

The following statement is true, therefore, only to the 

extent th8.t it is 8cce::;>ten that the sttue.tton is considered fro:!'. 

the custor.'.ers point of view. 

::1"1'.11 Inte~~"tional Sertes in Man8.c:ement and Behnvior2.1 Scl.ences 
'i.n '9"Si'1PS9 Series; EYJ.c;lewood Cliffe, N •• To: Prr>ntice-H2.11, Inc, 
1964), pp. 91-92. 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BBBEK, ISTANBUL PAGE 35 
. 

"sts,tements about t!le rel:lti'mshj~ between the cost of 

qua-Ii ty im:prove~ent and the corresponding sa,les ex:pectations are 
1 

com,Ucated by the fa.ct th9,t quaU ty C3'lnot be ph~'sically meaSUrE'0 II 

Abb(l)t classifies quality varia'bili ty as: 2 

1. Horizontal 

2. VertiC8,1 

3. I!1..!1ova tional 

Tb.e first kind of quali.ty chan,ses :He those for whic!l there is no 

cle".r cut t'te;reeJ1'.ent. It is ch8T8cteri zed by (9.) th8.t o.ifferent 

reo~le will rank them differently, (b) that cost oifferences are 

ir.cj.rlel"tal. 

Vertical quality cha'lSE's are thcse which can be described 

as hie!leX' or lower; They are distingui.s!led by (a) a si1'1ilar 

r:=mkinc by all cust()1'1ers, and (b) cost differences. 

Innovationa,l chan<res a,re cclns:Ldered inrroven:ents by all 

custor.ers 8,nd tbe new q1ul.li ty M. snlaces the other. 

QUI'mtification of <J.ll?.ltty is essential for s,n analysis of 

this t~rre. There 3.re Jl!8j.nly t'I'O aspects of <J.wali ty 

1 

2 

3 
S,~t,., e cd 0 
).. " l.l. .' ~ ,.' .... >...'f 

p. 245. 

1. Fnnctt,mal que.Ii ty 

2. Non functional <,:11a11 ty3 

l!'rHz Mschlup, Op. ctt., p. 169. 

Lawrence Abbot, Qu:,lli ty 8.nd Compet-i tion, Ope Cit., cP .• 

!h:rtin K. Stqrr, Pro"lCc+,irm l''ll'''1r1!jerent: 
(Enclewood Cliffs, N. ,T.: P':'e1".t;o<"-HalJ., 

Systems 8,n0. 
Inc., 1964), 
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F\mction"tl r].uali ty .is relatively More CJ.'.18,ntifi8,ble 'be­

cquse it is related to rhysj,cal ch8.racteristics. Yet in ilefinir.::: 

a Measure of <1up1i t~r for such an ,)J'l.alysis one has to eva,lnA te con-

Sl1:'lerS considera hon of quality whi e11 does not corres:?ond to the 

:?11ysiC'11 values. 

QU9,nti.fi.cati on of Quality 

Met!'lllic s"ni,tqry eo,uirment have two l",'ljor CJ.U'lJit~r aSreci;9 

1.. ]\mctional 

2. ArpeaT8,T',ce 

by 8'1 ch factors as: 

1. Pro11lct life 

4·. Ease r)f !:12,.:nt~1J.Ja,tion 

All of thes,e f"ci;'-'rs CRn b", tech.>,,-), COl.11:;' r].1v"tJ:ti f; "<'11 yet 

v "':'en, to the 0,011S1F"e1'. Proil,Hct lif" C01)1 c1 'be '''''r e,G"l'1;:,l'?, eRt<\.­

hlis~,e(l as a 'bAsis of CJ.11alitJ' meaflllre "-lthouC;h deter"; nA.ti':m of 

1 Per'!,'l"!'. \"i th t 1'.e eyc"ntiI'1'1 of the lnpt fp,ct"r 1,")etch 
",,:,,8"'ir ,~.,C:;81y·':e ''''1V)'v ~VJ r--''>r1_~_·0''''','. v'"'.1"0 ~ .. pt ;:0 ""18~P""::,e o·f" i-:his c",,1,1 hp 
~l')';; f'o"'l':'ce -n.0r..n_0rl tn t'l::OTI t~_p t....,t ..;.p n~"'c> ,w~ Rh~~ -t;o 1:lP 011!"l:nti t"1ti."'t0 

t:-:" "t'}-1"-' + ('.>"""'+0Yl"t, 
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t;>rod1Jct Itfe '1101.1.1 Q Ilel'enit' on 'll),xiJi",ry V",ri.8,ble""" S,11,C',,', ] • + _ _ 88 0118,.,10" - " 
hf TCJ,W matertlal, labor rer "'.roduct,' comnetabi'j,ty of, the ~art 
r-" .' "1' S, 

etc. 

Appearg,nce is a ftmct,ion of the finishil'.: opers,tions, yet 

its value can.not be conveyed, to the custoner ~n terT"s of tine of 

i"',',,ersi 0" ire the pJ.,~,t) ".:: bath or number of poli sh j,n5 operA. ti ons 

performed. Perhaps the t:i,me taken for the deteriorj,atj,on of the 

We h:we chosen to use rroduct life 8,S [1 r:1e'1sure of Quali t~, 

r8,nce (leteri0riati on ti!'1e. T~e units of (Q) 91:'e then, (yc g,r8 of 

11 sefnl l:i .. fe). 

We conlQ 8.180 nAe 9, Q',F',l,j,ty ina.ex w}o,j,ch wonlrI ':Je A, "1ej,,::::1:',te 
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representins <l.ualt t:", the a:n8<1:rst should be c8.refnl to choo se the 

('orrect concept. If two fHct0rs eQually ClU8.1tfy for this post­

tion, it follows that 8, weizhted avera::;e of the two can be used. 

Efff'!chveness of Quality 

The effect of (].llali ty on s8.1es should be investiS8.ted by 

holdins all other vpriqbles constant. One thine: that C8.n be said 

about <luali ty vartatir:1D is that, l'larket share (or sa,les) will be 

expected to increase 8,S <lus,lity is incree,sf'!d. It is not, howevet', 

possible for a fim to increase <luali ty without bounds for the 

follow'ine; reaoons. 

1. There is a technoloetcal limH to (].uality. 

2. There is a limit of <luaUty after which there will 

not be a si~ni.fjcant change in de~and. 

3. As <luality ts increased, production costs increase 

ex!' onen ti 8,lly • 

Figure 5 demonstrR.tes these f8.cts. 

Th:i.s representf1.tion has two defects: 

l) Quality is assmned to have the ma.. .. dm'J.m slope at 

Q = 0 whereas, SHles ',vill increRse slowl:;r at the 

bee;inntns. Th.ere should 81so be a treshold qU8,li­

ty level below whi.c1', dem9.nd is zero. 

2) Use of monetary v9,lue will htde the effect of 

price chane;es on sales. 

Jay W. Forester describes the following relation between 

market satisfied (as a percenta,,;e of the toal market) and qualit 
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Fj,gure 5. Sales s,nd cost as a function of CJ.uali ty 

levell 
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As shown in Fi~re 6, th1.s representation does not meet 

the re<],u1.re'1',ents of our model becflHse: 

1 

2 

1) It does not specj.fy competitive behavior. 

2) In C8.se of 8,n inctsrensable rrodnct which hA.s no 

substi tute, the consumers will have to buy what-

ever is 9v",il",ble on the market. 

Ibid., p. 244. 

Jay W. Forester, Ope Cit., p. 318. 
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1 

P'isure 6. Quality versus percentar;e of market 

satisfied. 

In the follovrinc; analysis we assume two com,etitors. The 

product has no ftmctional susti tute, therefore, the c1.J.stol'lers have 

to bU~T from one of the manuf"tcuturers. The curve represents the 

eff'ect of fl'J'?,li ty on market share irres1)ective of the other v"tri-

bles. We are nnalysing a market where the only consio.eration 

about the ;:>roduct is flua,li ty. Figure 7 represents the market 

srares of Company I and Co!:}pany II as COID1)a ny I ch:;tnges its 

fl1lali.ty Rnil CO!:1p'my II holds Hs quaJi ty fixed. The curve c;iven 

by Forrester in Fizure 6 is used as a ba.sis. 
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Fic:nre 7. Me,r:<:et sh'l,re I anfi II versus Ql for a 

fixed vn.lue Q2 
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The solid curve in Figure 7 shoVis the following ch8.rn.c-

1) As Com~any I increA.ses the oY3.lity level of its 

product, its IT'ar',et share is increasi:ns. 

2) The Tllarket she,re of CO)"1~:;my I increases with e.n 

increastnn- slo:ge, i.e., the mA.rc;in8.1 increA.se in 

the market shA.re sets lerser as ~u'l.li ty incre8.ses. 

3) The T:lA.rc;inA.l i.ncree,.'le of t'1e market share re'lches 

its maXiy,tlm at SrlT'le qup,b.ty level after wl:l:i.ch .it 
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As the narket sharA ar)"I')roaches 1.0 tr.e m8.rq-inal 
~- ~-

increase in thA "1prket sh2.re ap;:,rcmc".es ?'ero. 

If the only consideratjon in the m8.rket is 'l'.n15ty the 

twC) com':,anies must sh".rA the ~l".rket half and half when they ore-

rate at the sane quality level. The inflection point of the 

curve will also be at this point. This implies that as the <J.ua-

lity of the product approaches that of the cOl'1:;:,etitor's, the 

!!l!".rginal increase in marl:et sh8.re will increase 'out immA,lif\ tely 

fl:"ter it :p8.sses this 1uality level, the mar.::;inal incre'1se will 

dil'1ini s11 .• 

'T'1,e dotteCi curve represents th.e effect on the ]';8.r':et 

"rc·g.re of a co",:::any due to the ch3.n::;e is t':'le ,:nali ty lAvel of 8. 

Fj.::;ure 8 shows the rel",tiar..shi:;:, of r.:arket sh8.re to '1na-

l:Lt~T, all other thi!lC;s betn,,: equal, for tvV'O competative '111P.1i tie'). 

'rr.e Cl.l"r'ves reve"'.l t'le fact th8.t r:nrket shqre as t;.l1':'}i ty rerre-

sents a f8.mily of curves the 10c9.tion of which is deter"lined by 

-ere COrl:;Jctit0rs 111a1:. ty. 

In order to 'find a m8.thec'''.tica 1. c:-o::presAton that wO'.lld 

f1 t th.e Cl1rve :lnr'l t'''.e f'?1!c cOY'.cFtions i!:!:;Josed on the curvej two 

I Q1 ~ Q2' 

II Ql '2 Q2 

The portion of the curve rer:t8.inin::: in the first section 

can be ey:rresseCi A.S: 
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The bOlmdary cond.i tions beine; 

Q = 0 

Q = Q2 

(1 ) 

solvine: (i) for the constants usine; these boundqr~" v[),lues we 

obb,in: 

thus: 

0 = a - e\9 

0 = a - 1 

a = -1 

1 - 1 CQ2 
~-- -e 

e
CQ2 = ~ 

CQ2 = In ~ 
C = 1 In ~ ~ 

Y
Q 

= _ 1 _ e (Q/Q2) In 3/2 

YQ = - 1 - f;> Q/Q2 (ii ) 

PAGE ~,4· 

The portion of the curve rem8.i.ninc:; in the second reGion 

can be described by the relati.on: 

(iii) 

Boundary conditions: 
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Q = = 1/2 

Q = 1 

Solvin: for th8 const,9nts in (iU) usin,:; these values 

1 = a - 0 8. = 1 

1 - 1 b '"2 - -
tr2" 

b = :!. Q2 '"2 

YQ = 1 - (1 ) 
Q2 (iv) 

~ Q 

PAGE ,~5 

The 8.nalysis of ~he :':1Ctrl:et sh'1,re as a functj_'Jl1 of prtce 

is very much li~:e the previoc'-s OYlP; It is eJ:pected th3,t 8,8 the 

~1 .. ,:,. ~"""Y",~""',',r".""',,,-r:"""'., l~rl1l Yln+' "",,11' mor<::l +t-..'"1'V') I"h"'+ t"e'T need ,'"' v' _ _ . "_ ._,., '~",," '>>.1.,,_'" -,,, I'",. >, ' 

G.t very lov! :pricP~3. 
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which cn Re we w(1)ld cont:rn.G.iet tre :",s8uTn::ti rm !'1"lde on :;::>''1,3e 13 

el'rve sloowin3 t",.i.s relatiorlshj.p is :::j.ven j.n Fieure 9. 

r----------------. 

----------

a,,-------
1I 
P, >?z 

I 

F:icu~e 9. Il"rket s1o.8,1'e 8,S q function of PI for Fl. fixed 

. 't is used. he~e cOrr0P~Qn~S to the ~~~ 0f ~n The teX'!". :[lrl.ce 'l.S J. - -
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In order tn :Pin.G a mdt"lJle m.,~th""!atiC'l.l relq~+';_0"lS";::'1 

+".'10 re[:;:I_"ns are defined: 

I Pl ~ P2 

II PI '2 P2 

= CP a - e 

~0und~ry co~~~_tions: 

or 

The 

P = 0 

P = P2 

1 = 8- - 1 

1 = 2 - eCP2 
""2 

eCP2 = 3/2 

CP2 = In 3/2 

C = I Ill, 3/2 

~ 

= 
= 

8~ = 2 

2 _ e(P!P2) In 3/2 

= 

1 

1/2 

(v) 

(vt) 
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a (Yii) 

B(n1.n;~_8_ry condi.tions: 

p 

p 

0 

+ 
Yp 

= 
= 

= 

= 

00 

P 2 

C', - 0 

b 
~ 
~ 

=(-1-) 
2 

= o 

= 1/2 

a = 0 

'b = 1 P2 
2"" 

P2 

P (Yii) 

PAGE 1\" 

r~01(1.i.n: ~\r':!,:T"th~.n~ 1?1se ('n~~t~"Y)+. f0~ trr~0 ~tff'e"'C'en.t P2 0r\::"1:::'At~ __ 

tor rrtcr.R, 

to infi"1:i ty, the co::,:,etitor wi.1 1, ptill hqye 8, t:~r'cet s'c",re. Thus 

set ",t 0.2 "',nd 0.8 
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The curve has the s~me sha:re g,S the (lJ')e ilJsc'.1ssed in the sectior'. 

dealin;:; wi th quaE ty. 

The two reeions dAiined are: 

In the rA2;ion I, the f011o'l'inS re18,tion holds 

YA = a + ebA (ix) 

Bonndary c0'1di ti.ons: 

A = 0 YA = 0.2 

A = A2 Y = 0.5 g, 

s')lvine (ix) for the ~q~8x"':eters in terMS of the above v'l,lues. 

0.2 = a - 1 8, = - 0.8 

0.5 = - 0.8 + ebA2 

bA 2 = 1 
n 1.3 

b = 1 
A2 In (1.3) 

thus 

YA = - 0.8 + (1.3)A/A2 (x) 

In resion II 
b 

(xi) = a- A 

Boundary CO'1(U tions: 

= 0.5 

= 0.8 
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Solvine; (xi) for the m'trameters in terms of the ",b!)Vp vFllues: 

0.8 = S:.- 0 a = 0.8 

0.5 = 0.8 b 
A2 

b = 0.3 A2 

thus, 

YA = 0.8 - (0.3) A (xii) 
A2 

Jt,~ _ _ _ _ _ _ _ _ _ _ _ __1 

~ I>-g 1------------a. ~ 

,;L---- __ II,'> II, 
t 

~. ,1'1, I 
I 

____ - -1---
I 

Fie;1He 11. Market share vs Ad'Tertisinc; 

Fi'mre 11 illustrA.tes t':le abr")ve behFlvt(lr. 
~ 

The r!e9sure of at'lvertisement is nefine"! 9,8 qdvertisine; 

outlay. It iA recr")~n:l.zed tJo.8,t 8, better ~eFlS1).rp would be number 

of :>e091 e whose decis;.!)ns have been infl'l.enced. by advertisin,::; but 

• 
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this concept is very hard to measure, therefore, the former con­

cept was used. It is assumed thRt the advertisen:ent outlay is 

used most effectively. 

LO ___________ - __ - __ 

~ .. -- - - - - - - - - - - - - --

P, 

Fi,stlre 12. Market share vs Dtstrtbuti.on 

Def:i.11i!1S- a unit for TI'.efl.snring dj.strtbuti.on is also very 

diffieul t si nee beth the number :->110 densi t:" of rh str~.bution out-

letR is important. Dj strj.b'1tton expense was accepted RS the un:i.t 

of these vCl.rt"bles assumtl'l.S- thAt thjs was used !:lost effeettve1:r. 

The dtsell.sRi"l'l. of the effeettve!1ess of r'.istrtbution j.s 

i'l.enti 01".1 to tr.e 'me i!1 the previous ch".pter. The onl~' dtfferencE 

is tr.e f() ~.l(')wtn:. 
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its product if it has no distributi.on. If the firm Jo.as inf"l!1j te 

di stri b'J.tion, however, it c"\nnot t"2~e awa:r all the narket frorl the 

cOl'l3:'etitor. 

The two reGions defined on this curve are: 

In reGion I 

YD = fl. + ebD 

the boundary conej.hons are: 

D = 
D = 

The reS'.ll tinz equation is 

In recion II: 

Y = a-D 

the bounil.a::-y conn.i tions are: 

0.9 

0.5 

b 

D = D2 

D = co 

= a- 0 

= 0.9 -

= 

b 
D 

b 
D2 

8. 

The resul tiD?; e<;.',ption is: D2 

(xiii) 

= 
= 

= 

o 
1/2 

= 

= 

0.9 

YD = 0.9 - (0.4) -""D-

(xiv) 

( xv) 

0.5 

0.9 

(xvi.) 



to be: 

Thus, 

where: 
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Fi'2V.re 12 on P"'Ce 52 illustrates thts behavior. 
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The combined effectiveness model was 8)-1')1'711 1.n Ch"'.:r'ter III 

EFFT 
= n::: 

EFFT 

a + b + C + d = 1 

O~a, o4b, .,c, e~d 

The parFUlleters show the contrtbution of each element to 

the total effectiveness. Th'.1s, the variable I'chich has the most 

effect on the l'lar1cet share '/Till have the hj.c;hest coefficient. 

The va.lues for a, b, c, d have been assi::;ned arbi tr8.rj.ly. 

Acutally they s1o.'1ul<1 be f'JUnd by a market survey and by stati&­

tical analysis. 

The values chosen for the paraneters are as follows: 

a = 0.45 

b, = 0.20 

c = 0.25 

d = 0.10 

EFFT = (y )0.45 (y )0.20 (y )0.25 
., P A (xvit ) 



Variable 

Quality 

Price 

Advertising 

Distribution 

EFFT = 
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EFFECTIVIDTESS MODEL 

SUl'Il~ARY 

Region Equation 

Q ~ Q2) Ya = - 1 +(-;-)QjQ2 

Q ~ Q2 Y = 1 - 1 
Q2 

a 2" Q 

Pf; P2 Y = 2 -p 
(+)P/P2 

P ~ P2 
Y _ 1 P2 

P -2" P 

A" A2 YA = - 0.8 + (l.3)AjA2 

A .:? A2 
A2 

YA = 0.8 - 0.3 ( A ) 

D ~ D2 Y = - 1 + (+) D/D2 D _ 

D ~D2 
D2 

YD = 0.9 - 0.4 ( D ) 

(y
Q

)0.45 (Yp )0.20 (YA)0.25 (yD)O.l 
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ECluation 
NUJ"lQer 

(jj. ) 

(iv) 

(vi) 

(viii) 

(x) 

(xii) 

(xiii) 

(xvi) 

(xviii) 
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CHAPTER V 

COST MODEL 

PAGE 56 

The cost model is one of the most important tasks of 

cost-effectiveness analysis. Unfortunately, because of lack of 

data, we have "ltsed " , a hypothetical quality-cost relationship 

and oversimplified the model. The cost not being realistic, the 

result of the analysis is seriously affected. Nevertheless, 

assuming that costs are described by the model the analysis gives 

us a basis of choice among several alternatives. 

QUALITY COSTS 

It is assumed that in initial increase of quality from 

a very low level to a relatively higher 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 quality is achieved. The 

reason for this behavior can be explained 'in terms of the changes 

that are necessitated in the inputs by a quality increase require-

ment. At relatively high qualities, the firm will have the 

machinery needed and small improvements in the methods, machinery 

tooling and labor could result in t]gher qualities with small addi 

tional cost. 

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

incr-:e.mental quality will require meticulous care and, therefore, 

will increase costs. As the technological limit to quality is 

approached the cost will rise very steeply. This relationship is 

sketched in Figure 13. 

, , 
~t 

I 
I -• I v 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

q ,~(i!'J -

Figure 13. Quality vs Cost 

We should make clear at this point that the cost curve 

conaects all the pOints which are the minimum costs for achieving 

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 is also Cost-Effectiveness analysis 



THESIS 
ROBBRT COLLEGE GRADUATE SCHOOL 

BEBEK, iSTANBUL 

where the effectiveness level of quality given, the minimum cost 

is required. The factors that should be considered to determine 

such costs are the production factors such as capital, equipment, 

labor, raw material, tools, etc. 

The curve presented above is the inverse of a curve 

given by the equation: 
B 

X = eA - y- (xvii) 

slJ)l"V1ng this for Y, we get 

It!: X = A - B 
Y 

Y = B 
-A"';:-;l-~""". X 

In equation (xvii) X approaches eA asymptotically~ In 

Figure 13, however, the asymptode is QM referring to maxi~ 
; 

quality achievable with existing technology • 
• Thus, 

OR A 

Thus, 

CQSM = B 

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. 

TCQSM ~ (EFFT) (TS) (CQSM) 
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TCQSM: Total cost required to operate at quality 

level in strategy S 

EFFT: 

TS: 

Effectiveness (Market share) 

Total sales in the market. 

We assume that the company sells all its production and 

produces only as much as it will sell. 

Total sales have been taken as constant in this analy­

sis. Actually, TS has to be determined for every period of 

interest. Since total sales in the market is proportional to 

construction, one can determine how many equivalent units are 

used per construction either by survey or statistical analysis. 

The statistical analysis approach will require a multiple regres-

sion corrolation analysis since the different types of construc­

tions are expected to use different amounts of product. 

PRICE COST 

Thus, 

TCQSM = 5 (EFFT) (TS) 
~ln~c~Q~M~-~ln~Q~------

(XViii) 

Price cost is defined as the opportunity cost of aSSig­

ning a different price than the minimum price considered in the 

ahalysis. 

The amount of sales lost will equal to 

TS (EFFM - EFFT) 

where: 
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EFFM = Market share at minimum price available 

EFFT = Market share at price used in the strategy 

CPS = (PM) (TS) (EFFM - EFFT) (xix) 

where: 

CPS = cost of price 

PM = minimum price 

ADVERTISING COST 

The cost of advertising is the outlay of advertising, 

thus: 

Cost of advertising = A (xx) 

DISTRIBUTION COST 

The cost of distribution is equal to the distribution 

expenses, therefore: 

. Cost of distribution = D (xxi) 

TOTAL COST MODEL 

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

ments, therefore: 

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

COMPUTER: PROGRAMS 

PAGE 61 

THE COST AND EFFECTIVENESS MODELS 

The computer programs for the cost and effectiveness 

models are Fortran II function subprograms. The purpose of the 

program is to translate the mathenatical equations given in 

Chapters IV and V into computer language. The flow diagrams of 

these programs are presented below; the print-outs are given in 

the appendix. 

These programs are fed into the computer and stored in 

the disk. Whenever one of the main programs which are discussed 

below is put on the computer, it will call on these subprograms 

for evaluation of the strategies. 

The total market sales in this program has been held 

constant at 1.000.000 equivalent units. In an analysis of a 

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

program will be calling the TS program which will calculate total 

sales. 

The minimum price used in the strategies has been fixed 

~a~8 TL but this value also has to be changed whenever a price 

'r..,"~r than 8 TL is used. 
'\ <, f;"f'';' 

The effectiveness model will need revision whenever the 
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coefficients in the model change. This change will be mainl~ 

due to variations 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 varia.bles 

for both competitors and determines the effectiveness and cost of 

our strategy when it is used against the opponents strategy which 

has been fed to the computer along with ours. This program makes 

no selection among the competitors' strategies ancl therefore re-

quires that all combinations are fed in individually. 

The program was used to test the boundary conditions 

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 should be used vlhen the competitors stra-

tegy is 1m own , that is for DMUC. Although at first glance the 

procedure may seem to be one of decision-making under competitive 

behavior because of the competitor, it is not the case since this 

last decision making are implies an analysis of the situation 

from both parties point of vievl, which is not what \'Te are consi­

dering. The strategies of the competitor are given and we are 

not considering how he makes his choice. The computer ,'lill read 

two cards at a time only, therefore, all the data can be placed 
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15.5 

16 

18.5 

THESIS 
ROBl!RT COLLEGE GRADUATE SCHOOL 

BEBEK. ISTANBUL 

TABLE II 

IvlARKET SHARE vs PRICE FOR THREE DIFFERENT 
COHPETATIVE PRICES, ALL OTHER VARIABLES 

BEING EQUAL 

(Quality: 20,Advertisement: 1000000, 
Distribution: 500000) 

0.520 

0.514 

0.507 

0.500 

0.494 

0.488 

0.483 

0.468 

0.474 

0.469 

0.465 

0.457 

0.454 

0.447 

O. L~41 

0.438 

0.435 

0.429 

Narl(et Share (EFFT) 

0.539 

0.536 

0.532 

0.528 

0.524 

0.520 

0.515 

0.510 

0.505 

0.500 

o . L~45 

0.487 

0.434 

o .L176 

0.470 

0.467 

0.464 

0.451 

See Figure 10. 

0.544 

o. 5L~5 

0.539 

0.535 

0.532 

0.529 

0.525 

0.521 

0.518 

0.513 

0.509 

0.500 

0.496 

0.489 

0.482 

o. L~30 

0.476 

0.462 
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10 

12 

14 

16 

18 

22 

24 

28 

30 

32 
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TABLE III 

MARKET SHARE vs QUALITY FOR TVIO 
DIFFERENT C011PETATIVE QUALITIES, ALL OTHER 

VARIABLES BEING EQUAL 

Q = 12 2 Q2 = 20 

0.453 0.350 

0.499 O. 37L~ 

0.525 0.414 

0.553 o. 4L~5 

0.581 0.499 

0.491 0.532 

0.600 0.540 

0.620 0.570 

0.622 

0.629 0.585 

0.635 0.600 

See Figure 8. 
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together. This will necessitate, however, punching each strategy 

and duplicating competitors strategy so as to have one copy fed 

into the computer with each of our alternatives. The flow chart 

of the program is presented below. 

The second deterministic model is used to evaluate a 

square matrix consisting of all possible combinations of ours ano 

the competitors strategies for a given-number of levels for each 

variable. This model was first intended to be used for D~1UU, but 

the resulting number of combinations being 4096 (64)2 for the 

amount of levels chosen., .. w: decided to add to the program a ran­

dom number selector with a rectangular distribution and evaluate 

all our strategies against only twelve of the opponents. Among 

these two representative samples were chosen and analyzed. 

The program choses a level for each of the variables to 

be used by the competitor according to the rectangular distribu­

tion. Having selected a combination for the competitor it eva­

luates all our strategies against this choice and then starts the 

whole operation once more. This continues until twelve combina­

tions for the competitor have been evaluated after which the pro­

gram stops. The flowchart is presented in the following 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 otherwise, the 

choices are made identical. This eliminates any predetermined 

superiority of one firm over the other and therefore is justifi-



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK, iSTANBUL ------------------

i ", __ 

c .") 

t . " I>" ' , , 

, - - -

• 
'" 

~ 

T 

- .... - .. -_ .... 
<-

./ 

L 
"" , 

:= 

,/ 

PAGE 6[~ 

I 
\ 

\ 
I 

\ , 

---.1 



able. 

THESIS 
ROBBRT COLLEGE GRADUATE SCHOOL 

BEBEK. ISTANBUL PAGE 69 

If a complete analysis of all competitor behavior versus 

our selections were made, it would create a square matrix whose 

size is determined by the number of levels considered for each 

variable. 

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 is essentially the same as the previous 

one, the only difference being the probability distribution. We 

have assumed the following probability distribution for the com-

petitors choice of variable levels. To simplify the evaluations, 
.e 

two levels were assigned to each variable. 
l 

Price . level 8 TL 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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0.5 

The results were averaged and' the final analysis ~ras 

done for these averages. The tabulation of the final values is 

given below,l the initial 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 period as a result of the successive 

choices of strategies. The competitor has been assumed to select 

the value of his variables for any period according to his and 

our previous values. The probability distribution is as follows: 

PI (t) = 10 

P2 (t) 

10 14 

10 0.9 0.7 
P2 (t + 1) 

14 0.1 0.3 

PI (t) = 14 

P2 (t) 

10 14 

10 0.6 0.8 
P2 (t + 1) 

14 0.4 0.2 

1 See i;able V 
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The results were averaged and the final analysis ltras 

done for these averages. The tabulation of the final values is 

given below,l the initial values have been omitted for space con.:. 

siderations. The flow chart follows. 

STOCHASTIC !10Q,EL PROGRAM (TWO PERIOD) 

A tvJO period simulation provides a clearer vievJ of what 

may be expected in the coming period as a result of the successive 

choices of strategies. lJ:1he competitor has been assumed to select 

the value of his variables for any period according to his and 

our previous values. The probability distribution is as folloV'JS: 

PI (t) = 10 

P2 (t) 

10 14 

10 0.9 0.7 
P2 (t + 1) 

14 0.1 0.3 

PI (t) = ILl· 

P2 (t) 

10 14 

10 0.6 0.8 
pr.) (t , 1) ~r" 

"-
lL~ 0.4 0.2 

1 
See table V 
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Q.1 (t) = 18 

Q.2 (t) 

18 25 

18 0.5 0.8 

25 0.5 0.2 

Q.l (t) = 25 

Q2 (t) 

18 25 

18 0.4 0.5 

25 0.6 0.5 
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The advertising outlay and distribution costs were 

assumed to be constant for simplification of the analysis. The 

decision tree is given below, the flow chart follows: 

The computer needs PI, Ql' P21 and Q.2 for the initial 

period and selects P2 and Q.2 for the first period. The four stra­

tegies which represent all possible combinations of our variables 

are evaluated using the sub-programs and the computer reselects 

P2 and Q2 for the second period based on PI' Q.l1 P2 , and Q.2 in 

the first periods. The number of selections is determined by the 

combination of our alternatives used in the previous period and 

his strategy. The procedures in the second period are identical 

to the ones in the first period. There are sixteen evaluations 

to be done after which the program ends. We would like to add 

that the simulation could be continued for (n) periods by making 

slight chan~es in the program. 
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RESULTS 
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We selected. two competitive strqte(,:ies ;omd pV811l.".ted our 

possible 64 combinA.ttons. The C()l'rreti.tors alterl"A,t;ves were not 

selected a.t rll.!1dom but rather chosen so 8.S to be re!,resenbtive 

of the spectrul!! formed by all prob8,ble c01"bin3.ttons of 'T8ria1:l1eo. 

that he could use. 

The computer output has not been incluiied in th:Ls pn,::;,er 

to avoid a cumb e'rsome acctlmulatj.on of datp,. The COflt effectiye-

ness sch.edll1es for each analysis are given in the next J?8.:;efl. 

The values th",t were considered f()r the variq,')les of 

both parties 8,re the followinc: 

T P : 

Q : 

A : 

D : 

8. 10. 

12. 18. 

1,000,000 

800,000 

12. 

25.' 

1,500,000 

1,000,000 

14. 

30. 

F:Lrst competitive strates:' selected W8.S th" f'o1 lovr;, '1.:;: 

A2 : 1,000,000 D2 : 800,000 

The cost effectivPl",ess scheA.ule for this strate::;~r is (':i.yen in 

Fi:::nre 21. All strate:::ies resul tin::; in losses are elj)'!;.!1ated 

f . d t' n Our (l,om;.nant strn,te,o:ies are 1, 2, 3, 21, 22, rom cnnfll,. erR, J.O • ~ 

23, 24, 8.n0, 42'. 



Strqte:;:y 

1 

2 

3 

21 

22 

23 

24 

42 
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The 3.1 terna tives represent the f'oJ.lo,.,in::: selections: 

p Q A 
106 D 

106 EFF. Cost (10GOTT,) 

8 12 1 0.8 0.50 3550 
8 12 1.5 0.8 0.523 4130 

8 12 1 10 0.507 3780 

10 18 1 0.8 0.544· 4f)60 

10 18 1.5 0.8 0.570 5295 

10 18 1 1 0.552 4910 

10 18 1.5 1 0.578 5540 

12 25 1.5 0.'8 0.583 6900 
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The second competi ttve strate,:~r is: 

A2 : 1,000,000 D2 : 800,000 

PAGE RO 

The cost effectiveness sChedule is !':i.ven in F' 22 _ :C~lre _ .• 

The dominant alte-rnatives indicated. by th"ts sohedl~le r-trp: 

stratel3'J p Q A D EFF. Oo"t 

5 8 18 1 0.8 0.4·08 5780 

33 12 12 1 0.8 0.313 3061 

41 12 25 1 0.8 0.463 5970 

49 12 25 1.5 0.8 0.303 3J.00 

60 14 12 1.5 1.0 0.4·69 62~0 
. 

If we 'vere interesten. in findinr.; t"le be",t et.r'J.t.er.;y t.1-]..,.t. 

would allow us to captu.re most of the T'lqrket, such 8. 'lolut' .. '121. 

would be ::;iven by the qnalysis as it can be seen ","bove. 

In the first case, the best strate""y is 42, qno in the 

second, 60. The difference between the effectiveness of the best 

and the second best strategies in the first case is only 0.005 

yet the difference in co st is 1,400,000 TL. The choice der'2n('.s 

on ho',v much the ma.l1ager values this increase in the C!qr'cet 'lh:c:re. 

If the value is greater t1"'Jl.U the difference of cost t1"'_8.n 1:e sho'.l.J.iI 

c1:oo se it. The merit of thi s an~J_:'s:l. s is tr.8.t :l. t wiJ.l not "J.J.o1'1 

the decisio!l-mAker to be attr~.cted by "'.1 tern9.t:l.ves wit!1 hier. 



The 

moc.e1: 

str[\tesy 
Nnmoer 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 
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TABLE IV 

SnCULAnmT I.'TODET, 

follovrin~ stro.t8.:ies hRye besYl ~'.sed_ 

Price Quality Adve7.'tistn'" 
(x 106) ~ 

8 12 1 

8 12 1.5 

8 12 1.0 

8 12 1.5 

8 18 1.0 

8 18 1.5 

8 18 1.0 

8 18 1.5 

12 12 1.0 

12 12 1.5 

12 12 1.0 

12 12 1.5 

12 18 1.0 

12 18 1.5 

12 18 1.0 

12 18 1.5 
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i!l the s~_'r1:p.l~ 1";:1.. ":'~ 

Dist!':L1)1xti C)!! 

(c: 106 ) 

---.. ---
0.8 

0.8 

1.0 

1.0 

0.8 

0.8 

1.0 

1.0 

0.8 

0.8 

1.0 

1.0 

0.8 

0.8 

1.0 

1.0 
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TABLE V 

The Results of the Sir.:nlation 
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petHor str8teCies rounded off to three :::i~ific"mt c1.i,::1 t s.) 

strate,::' 1 Cost (1000TT,) Effectiveness ~e.,.te~'}.8 
(1000 f]lIJ) 

1 3350 0.439 3500 
2 3920 0.464 3700 

3 3550 0.446 3580 

4 4160 0.472 3780 

5 4330 0.518 n~o 

6 4980 0.547 43~O 

7 4·590 0.529 4230 

8 5240 0.558 4470 

9 3480 o. ~07 4880 

10 4080 0.428 5150 

11 3720 0.414 5000 

12 4300 0.438 5250 

13 4450 0.480 52fiO 

14 5100 0.508 6100 

15 ~,700 0.4·90 5400 

16 5320 0.516 6200 
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Strqte~ics 2, 4·, 5, 6, 7 "'.no. 8 wil.l not be furt1''?r con-

sid.ered because they result in a loss for the f~.-..:::. '!II' 23 
~-. - "-cure 

shows the.t stratec;ies 1, 3, 13, 14, 15 a.nd 16 ooYrj"lnte "11 the 

other str".tee:ies. The analysis shows tha.t operatin?: at the 

quaE ty level 18 is desirable on1:r if t]o.e rrice is 1? TL. At q 

price of 8 rl'L t:o.e fj,rm suffers a loss A.lthou~h the c'qrp::e-l; '3hRren 

obtained for co="bin"'tions containtnc; !,rice 8 TL res'llt a.lwa~rR in 

hie;:o.er effectiveness than stratec;ies usinc; 12 TL for the v".lue 

of the price alternative. The profit cons-i-;r".iY!-i-; then, eli!"~.na.te" 

t'le po ssi bili ty of eettinc; a hic;her ~arl{et shA.re. The Y"'.lue" 

obtained here are expected v"l,lues rather tha.n actu"tl Y·l.lues. TJo.e 

choice amon::; the dO!!li.nant stra.tee;ies will depend on the buo.c;et of 

the firm. If managment decides that a limited ommmt 0:': co~t c"'.n 

be incurred than the fl.l terna ti ve ?:i'Tinc; the hi<:;hest effect 4.v8,.,.e"" 

for tJo.at Rmo1mt of cost will be chosen. 

StrRtec;y 14 !ll'W be selected due to such 8. re"son. If, 

however, the only considera.tion is ="fl.rket sha:t'e, the 8.1 tern'l.ti ye 

provirEnc; the hic;hest 'Ta1ue for this meam1re (in thts cP.se 16) 

should be used. 

'r1JO PBB,TOD STOOYASTTC MODBL 

In usine this model, we try to investtc;ate ~Th8.t woulO. b~ 

our market share in some future peri0d due to the ~lcressive 

h · th the been m~de bef''''re For sjl'1_"'}~.ctt'T, we cons:iil.er c o~ces __ [I _.8.'1 .~., '.- - • • 

two periods only. 

T" . 1t ".t the em'!. 0f the sec0nn ,?pr:5.0d are "8 follow .. .. e reSl). s, _ 



Stratl)e~r 

1 

2 

'3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 
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Cost (1000 TL) Effect 

4620 0.500 

4720 0.467 

6120 0.5~9 

6250 0.522 

4250 0.444 

4330 0.420 

5910 0.530 

5930 0.500 

4620 0.500 

4720 0.470 

6220 0.559 

6250 0.522 

4250 0.444 

4330 0.420 

5910 0.5?9 

5930 0.500 
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The reason th8.t all str2.tegies '1re t!1 :!1airs is due to tho 

rrlndol"l selection process in the prosram. With the '!lore a:rrpro:!,ri­

a.te probahili ty distribution a more significRn+' result conIc\' be 

expected. 

Assuming that we had obtained such a resuJ.t the scr.edul .. 

would again 5i ve us <t set of 51.1 ternati ves which we would ev",luA:!;e 

depending on our judvnent. 

CO!lTCLtTSION AN!) R1<l!'LARKS 

The use of cost effectiveness analysJ_s 8.S we h"'_ve su.::;.::;es-

ted h_ere, we t:b.'i.nY.: has an 'Ctcceptable degree of 8_pplic<l.b;_li ty. In 

practice t'ce "1ana-gers eva.luate 13.1 ternati_ves in a very l"uoh str.!:n ".1' 

Manner although they may not be aware of it. The contrtbution of 

Cost Effectiveness Anal:rsis to decision-!'l8.kin.::; is not the intro-

dnct:i.on of new ::lett(ods, but the refinem'mt of the exist~.ng one? 

Since ftI'J!1.s are confr::>nted wi t1:1 S11 cn ~ro':llel'lfl very fre'"!.11 e"'.tly, 

9. systena.ttc approach t'19.t cost effecttveness analysis can brine 

. .; on our 0Inn- on, is ([11.i te desirable. 

The two !,eriod siJl'_nlation Mo"!.el +,hat was used <tbove has 

'" :;otenti8.1 applic9t10n if exteniled en) per;.,,(ls to detpr"1i_ne 

rheno!'lena such as c1_estructi_ve !'r; oe cO!l':'etttj on 'ln0 prj_ce 18"(1er­

s'1ip by chao sin:::; V'l,11J.es for probabilities of the cOl'!!,eti tor b8-

hRvior. 

The m<tjor restr:1.int on the 1lse of thi", n8tharJ. is the tm­

avail?bili t:l of the funotionrl rel~,ti·ons ns'?" for tn_e ef'f",ct-;ve-



th.e c"J'1:petitor. 
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n"ise anA other factors. 
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T'b.e vp.lne of thiFl method is !'lore prono'.'.nced if onp o£m 

.... ~ ~ ...... ' '''' -1 0...:1 i ...... ·I-hi ("'!. ""l-"n" 811o\"~ t"'e e.". ~11_1a: tlr:Yl .. of 2. :~re?,t nn~her -",,? ~'':'''J..~''''..l..\o!.l _Ii I,,~_,.) ;-:".ie •• .j" .,,,! ,'J" '1 .... _- '"' _ 
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e'r'llu?t:i.'1n of t1".8 J".~.tri.x :tn which c.'?lse t1':8 result will be 8 (n) by 
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• 

cptio!'! of the '1ct1181 fli tnation. A 1)f.'tt~r.' methoiI 0011J" he sp~-

such th[1,t t':le resuJ.t4nc; se,~ent is ~,duopoly. In t11.1.8 088e, the 

secon<l ass'"rlption on ::;>8c;e 13 ShOlllf1 be releaRcd 'lni! the I'ossj"hi-

Ii t:r th2,t 8, f;,rm c8,n f1,ffect the rl8,rket in which it orerp,tes "ho11='-d 

A useful exte!'!sion 0 f the T']ethods pro!,o "ed in th:i. f! the8:i. '" 

"1ou10. 1)'2 t:) devel0I' s stocr.q,stic model for.' (n) pcrj,o-'13. 'rhus, 

,",hIe st!'Atcc;ie8 in terms of lonc;-ranc;e rlanninc;, fut11re eY.:!,ect::>,-

In ehR,pter V, the 'dete:!,!",l,nati::m of totR,l sqlcs for ". C;i'T"'!l 

l''''rket Wf1,S ontIined. The nat)".ene,t~,cal ef!.'lation wOP,ld 1)e "IE', 

fellows: 

or 

where: 

n 
TS = L 

i = 1 

+ r> A '!'! !'! 

Ai = '!'1o.e n'll1','be!' 0 f corstI'1.'oti on ,mi, t s 0 f q, I'",!'t:i 01,1 I.,,!' kinil 

of 1)un.i1inc;,:!.e., hotel, residenti"ll, 8.dmi!l4,str"ti,Ve, 

indust-rial, etc., :i.n Sf!.. mt. or nUJ:l\:)er of roo!",s (for 

ho+'81s) or \"hR, tever other UY1it :i.s found aIyrropriate., 

8'i = A!!lo:.mt of eq11ivalent rro(luct used pee:- unit of Ai' 

A multi:,le re::;ress:i,on o.nd correlation :>no.1YR;,f) \'Til} r"l­

""i,.", ,.qR+; do+;", C"1l1'lc"rn;.n::; t1o.8 tOf11 sales in th."l l"9.r'~et "!,nc, the 
..... _. -,.~ .I. 
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num'Jer of 'jl1iJ.t'linss cor..structed. 

The mar':et survey -I;echni'1ne consists of eX<1ll'.ini n.": th.e 

PAGE 9] 

pl2.ns of 2. represent.'3.tive sample of buila.:l.n.::;s constr"cte<'! in the 

I'''.st an<'l j nvpsti::;n.te the number of eO'.l;.valent rroal'cts used. The 

results will rerrese'1t the values of the 8.i co-efficients in the 

".'cove '111'>i;ion. 

Si1".oe we define the total !l'.8.rket a.s the hi:::h ".1.1"li ty 

markei;, only the bui ldinS's '.lsin:;: -I;h1. s qUB.li ty sh0uld oe consi" e-

red. This cC1.Jld be acrj cyec. by investj.:::"ltin.::; the inve"i;ment per 

8'1. mt. of construction. We can safely assume th"'.t hic:;h C[ual::i.ty 

rro<'l.1.lcts ,.',ill be 11sed only in bu:i.1dine:s for which there is 8.t 

1e8.st so.,.".s mintmurn. ir.ve :'I trl e'1t • 

The 'l.n"J.ys:i.s thA.t was dons is by no me"nS COll'.:p1ete in 

reI "tion to what could hA.ve been done, yet time limitation 8.no. 

i'1.accessibD.i t~, to relev8.nt <:lata forceCi us to a mo:ce ths')retic 

ra.ther than" :pr8c-l;:i.C8.J s1;(.'.ily. We feel however, the flat:i.sf".ction 

of h".Yin= 8.ccl)r'~1:i.s'ted 01}.r tas~, ".TId ha;,€, th8t our efforts h8.V€' 

not .,3cne in Y2li.~. 
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Ai' .EEl>! DIX 

EFFECTIVENESS MODEL 

ZZJOB 
ZZOUP 
*OELETEFF 
ZZZZ 
ZZJOB 
ZZFOR 
*LOISK 

FUNCTION EFFIP1.Ql.Ol.Al.P2.Q2.02.A2) 
IFIPI-P2)10,20.20 

10 YP=2.-EXPIP1/P2*LOGl1.S) 1 
GO TO 100 

20 YP ... S*P2IP1 
100 CONTINUE 

IFIQI-Q21110.120.120 
110 YQ=-1.+EXPIQ1/Q2*LOGI1.S)1 

GO TO 200 
120 YQ=1.-.5*Q2/Ql 
200 CONTI NUE 

IFI01-02)210.22U.220 
210 CONTINUE 

YO = -1. + 1.5**101/021 
GO TO 300 

220 CONTINUE 
YO ... 9 - .4*02/01 

300 CONTI NUE 
IFIAI-A2)310.320.320 

310 YA=-.8+EXPIAI/A2*LOGI1.3)) 
GO TO 400 

320 YA=.8-.3*A2/Al 
400 CONTINUE 

ZZZZ 

EFF = YA**.25*YP**.2*YQ**.4S*YO**.1 
RETURN 
END 

PAGB' 
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COST MODEL 

ZZJOB 
ZZDUP 
*DELETCOST 
ZZZZ 
ZZJOB 
ZZFOR 
*LOISK 

ZZZZ 

FUNCTION COST( P.Q.D.A. EFFT. EFFM 
TS = 10.**6 
PM = 8. 
TCQSM = EFFT*TS/( LOG(50.) - LOG(Q) *5. 
CPS = PM*TS*(EFFM - EFFT ) 
COST = TCQSM + A + D+ CPS 
RETURN 
END 

PAGE 9 
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MODEL TEST PROGRAM 

ZZJOB 
ZZFORX 4 

99 CONTINUE 
READ 1. Pl. Q1. A1. 01 
READ 1. P2. Q2. A2. 02 

1 FORMAT( 4F10.2 ) 
EFFT = EFF( Pl. Q1. 01. A1. P2. Q2. 02. A2 ) 
PM = 8. 
EFFM = EFF(PM. Q1. 01. A1. P2. Q2. 02. A2 
CST = COST( Pl. Q1. 01. A1. EFFT. EFFM ) 
PUNCH 2 • CST. EFFT 

2 FORMAT( 7HCOST = • F20.2 I 
1 16HEFFECTIVENESS = • F20.4 

TS = 10.**6 
REV = P1*EFFT*TS 
PUNCH 98. REV 

98 FORMAT( 8HREVENUE F20.2 
GO TO 99 
END 

PAGB94-' 
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DETERMINISTIC MODEL PROGRAM 

ZZJOB 
ZZFORX 4 

DIMENSION P(4.2).Q(4.2).A(4.2).D(4.2) 
DO 100 1"1.2 
READ 1.(P(L.I).L=1,4) 
READ 1.(Q(L.I),L=1.4) 
READ 1. (A(L.I loL=1,2) 
READ 1,(D(L.I),Lcl,2) 

100 CONTINUE 
READ b X 
PM=8. 

1 FORMAT(4F10.1) 
DO 200 II = 1. 12 
12 = RAND(X)*4. + 1. 
J2 = RAND(X)*4. + 1. 
K2 .. RAND(X)*2. + 1. 
L2 .. RAND(X)*2. + 1. 
DO 200 11=1.4 
DO 200 Jl .. l.4 
DO 200 Kl=h2 
DO 200 Ll= 1.2 
PI .. PIll. 1 
Q1 = Q(JI. 1) 
D1 • D( Kl. 1 ) 
A1 .. AI Ll. 1 ) 
P2 .. P (12. 2 ) 
Q2 .. Q(J2, 2) 
D2 .. D (K2. 2 
A2 .. A ( L2. 2 ) 
EFFT .. EFF( Pl. Q1. Dl. A1. P2. Q2. 02. A2 
EFFM .. EFF( PM, Q1, D1. A1, P2. Q2. D2. A2 ) 
CST"COST(P(I1.1),Q(J1.1).D(Kl.1).A(Ll,1).EFFT.EFFM) 
TS = 10.**6 

CONTINUED ON NEXT PAGE 

PAGB 9~ 
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DETERMINISTIC MODEL PROGRAM 

(CONTINUED I 

PAGE 9' 

REV = PIll. 11*EFFT*TS 
PUNCH2.PII1.ll.QIJ1.11.AILl.11.DIKl.11.PII2.21.QIJ2.2 1.AIL2. 

1 D I K2. 2 I 
2 FORMATI2F5.0.2F15.0.2F5.0.2F15.01 

PUNCH 3. CST.EFFT. REV 
3 FORMATI4HCOST.16X.F20.01 

1 13HEFFECTIVENESS. 7X.F20.51 
2 7HREVENUE. 13X.F20.01 I 

C 
200 CONTINUE 

END 
8. 10. 12. 14. 
12. 18. 25. 30. 
1000000. 1500000. 
800000. 1000000. 
8. 10. 12. 14. 
12. 18. 25. 30. 
1000000. 1500000. 
800000 • 1000000. 
• "4125 
ZZZZ 
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SIMULATION MODEL PHOGRAM (1) 

ZZJOS 
ZZFORX 4 

DIMENSION PI4,2),OI4,2),AI4.2).DI4,2) 
DIMENSION PROS 110,4 ) 
DO 100 1=1,2 
READ l,IPIL.I),L a 1,4) 
READ l,10IL.I),L=1,4) 
READ 1, IAIL,I),L=1,2) 
READ 1.(DIL,I),L=1.2) 

100 CONTI NUE 
READ 1. X 
READ11,IIPROSII,J),I=1,lO).J=1.4 

11 FORMAT I 4110I1,10X) ) 
PM=S. 

1 FORMATI4F10.1) 
DO 200 II = 1, 12 
IPS=10.*RANDIX)+1. 

I2-PROS I IPS.ll 
IPS = 10.*RANDIX) + 1. 
J2 " PROBIIPS, 2) 
IPS = 10.*RANDIX) + 1. 
K2 = PROBI IPS, 3) 
IPS - 10.*RANDIX) + 1. 
L2 = PROSI IPS, 4) 
DO 200 1l"1.2 
DO 200 J1=1.2 
DO 200 Kl"1.2 
DO 200 Ll:01,2 
P1 " PIll. 1 
01 = OIJl."l) 
01 " 01 K1, 1 ) 
A1 = A ILl; 1 ) 
P2=PII2,2 ) 
02 " 01J2. 2) 
02 " DIK2. 2 
A2 " AI L2, 2 ) 
EFFT " EFFI Pl. Q1. 01. Al, P2; 02. 02. A2 
EFFM " EFFI PM. Ol. 01. A1. P2, 02. 02. A2 ) 
CST=COSTIPII1.1).0IJ1.1),DIK1,1),AIL1.1),EFFT.EFFM) 
TS • 10.**6 

CONTINUED ON NEXT PAGE 

PAGB97 
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PAGB98 

REV = PIll, l)*EFFT*TS 
PUNCH2,PlIl,ll,QIJl,l),AILl,l),DIKl,l),PII2,2),QIJ2,21,AIL2, 

1 DIK2, 21 
2 FORMATI2F5.0,2F15.0,2F~.O,2F15.01 

PUNCH 3, CST,EFFT, REV 
3 FORMATI4HCOST,16X,F20.0/ 

1 13HEFFECTIVENESS, 7X,F20.5/ 
2 7HREVENUE, 13X,F20.0/ 1 

C 
200 CONTINUE 

END 
8. 
12. 
1000000. 
800000. 
8. 
12. 
1000000. 
800000 • 
• 34125 
1111111222 
ZZZZ 

12. 
18. 
1500000. 
1000000. 
12. 
18. 
1500000. 
1000000. 

1111112222 1111222222 11111V2 
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ZZJOB 
ZZFORX 4 

PAGE 99 

DIMENSION pe2,2),Q(2'2)'D(2),A(2)'PROBP(2'2'2)'PROtiQe2'2'~1 
READ 1,X 

C 

C 

1 FORMA T ( F1 O. 1) 

READ 2,(P(1,I ),1=1,2) 
READ 2,(Q(l,l),I=1,2) 
READ 2, Dl 
READ 2, Al 
READ 2,(P(2,I),I=1,2) 
READ 2,(Q(2,I),I=1,2) 
READ 2, D2 
READ 2, A2 
PM = 8. 
TS=10.**6 

2 FORMATe 2FlO.l 

READ 3, e(ePROBP(I,J,K),K=lt2),J=lt2),I=1,2) 
3 FORMAT(8FlO.l) 

READ 3,«(PROBQ(I,J,K),K=l,2),J=1,2),I=1,2) 

READ 4, PI, Ql, P2, Q2 
PUNCH 4, PI, Ql, P2, Q2 

4 FORMATe 4FlO.2 ) 
ISW = 0 
GO TO 750 

500 CONTI NUE 
DO 600 J=1,2 
DO 600 1=1,2 
Pl=P(l,I) 
Ql = Q(l,J ) 
EFFT=EFF(Pl,Ql,Dl,Al,P2,Q2,D2,A2) 
EFFM=EFF(PM,Ql.Dl,Al,P2.Q2.D2,A2) 
CST=COST(Pl,Ql,Dl.Al.EFFT.EFFM) 
REV=Pl*EFFT*TS 
PUNCH 5,Pl.Ql,Dl,Al,P2,Q2,D2,A2 
PUNCH 6,CST,EFFT,REV 

5 FORMAT(2F5.0,2F15.0,2F5.0,2F15.0) 
6 FORMAT(4HCOST,l6X,F20.01 

(CONTI NUED ) 



C 

C 

C 
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(CONTINUED ) 

1 13HEFFECTIVENESS,7X,F20.51 
2 7HREVENUE,13X,F20.0 I ) 

600 CONTINUE 

DO 700 JJ = 1,2 
DO 700 II = 1,2 
P1 = P(l, II) 
Q1 = Q (1, JJ) 

750 CONTI NUE 
XRAND = RAND(X) 
IF( P1 - P(1,1» 11. 10. 11 

10 1=1 
GO TO 20 

11 I = 2 
20 CONTINUE 

IF(P2-P(2.1) )22.21.22 
21 K=1 

GO TO 25 
22 K=2 
25 CONTINUE 

IF(XRAND-PROBP(I,l,K»lOO.lOO,lOl 
100 J=l 

GO TO 102 
101 J=2 
102 CONTINUE 

P2 = P(2.J) 

X=RAND(X) 
IF(Q1-Q(1,1»211.210,211 

210 1=1 
GO TO 220 

211 1=2 
220 CONTI NUE 

IF( Q2 - Q(2.1> 222. 221. 222 
221 K=l 

CONTINUED ON NEXT PAGE 
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GO TO 225 
222 K=2 
225 CONTINUE 

IF(XRAND-PROBQ(I.l.KiI300.300,301 
300 J=l 

GO TO 302 
301 J=2 
302 CONTINUE 

Q2 = Q(2.JI 
ISW = ISW + 1 
IF( ISW - 1 I 600. 600, 800 

800 CONTINUE 
DO 650 J=1.2 
DO 650 1=1.2 
P1 = PIl,I I 
Q1 = Q(l.J I 
EFFT=EFF(P1.Q1.Dl.A1,P2.Q2.D2.A2) 
EFFM=EFF(PM.Q1.D1.A1.P2.Q2.D2.A2) 
CST=COST(Pl.Q1.Dl,Al.EFFT.EFFMI 
REV=Pl*EFFT*TS 
PUNCH 5.Pl.Q1.D1.Al.P2.Q2.D2.A2 
PUNCH 6.CST.EFFT.REV 

650 CONTINUE 
700 CONTINUE 

END 
.51342 
10. 14. 
18. 25. 
1000000. 
1000000. 
10. 14. 
18. 25. -
1000000. 
1000000. 
.9 .7 
.5 .8 
10. 18. 
ZZZZ 

.1 .3 

.5 .2 
10. 18. 

.6 
.• 4 

PAGEJ.O 

.8 .4 

.5 .6 
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