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ABSTRACT 

In this thesis a user oriented package program has been developed for 

personal computers to solve practical problems about engineering economy 

and decision theory and to be usefulln educational studies. The program de­

veloped enables to perform calcul ations about the alternati ve uses of capi­

tal in business and engineering projects. 

The package consists of five subprograms; Basic Calculation Sub­

programl Decision Matrices Subprograml Decision Matrices Imbedded to 

Basic Calculations Subprograml DecisionTrees Subprogram and Risk Analy-
.. 

sis Subprogram. The program is written with Turbo Pascal Version 4.0. 
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DZET 

Bu tez call~maSlndal kullanlClya yonelikl mOhendislik ekonomisi 

ve kararteorisi ile 11g111 pratik problemlerin cozOmunde ve egltim call~malann­

da kullamlmak uzere ki;;isel bir bilgisayarlaricin bir paket program ge11$t1-

ri1mi~tir. Geli~tiri1en program J muhendislik ve i9letme projelerinde kaynaklann 

alternatif kullamll~ olanaklan 11e 11g11i hesaplann yapllmasmda kullamlabi­

lir. 

Ge 11 $tf rfl en paket program l be$ programdan 01 u$mu$tur; bun 1 ar . 

Temel Hesaplamalar Alt Programl, Karar Matrisleri Alt Programl 1 Karar 

Matrislerinin Temel Hesaplarla Birlikte Kullamldlgl AltProgram, Karar 

Agaclan Alt PrOgraml ve Risk Analizi Alt Programlandlr. Program Turbo 

Paskal Version 4.0 11e yazl1ml~tr. 
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L INTRODUCTION 

1.1. I ntroducti on 

This thesis is aimed at developing a user-oriented interactive pack­

age prograrn to perf onn economi c anal ySi sin busi ness and ·engi neeri ng envi ron­

ments. The program developed enables to perform calculations about evaluations 

of alternative uses of capital in financial and engineering projects. 

An outstandi ng phenomenon of present -day i ndustri a 1 ci vi 1 i zat ions . 
is the extentto which engineers and business managers through the use of capital 

are able to multiply the effectiveness of efforts and to harness resources to sat­

isfy the needs and wants of people. Consequently, capital, in the form of money 

Tor p~ople, machines, and materials is an economic necessity in virtually all en­

gineering and business projects. 

Engi neeri ng economy is a body of knowl edge devoted to the systemat­

ic evaluation of the net worth of benefits resulting from proposed eng,ineering 

and business ventures, in relation to the expenditures associated with those un-
, 

dertakings. Accordingly, economic analyses that primarily involve engineering 

and technical projects commonly are called engineering economy studies. 

The first chapter is the introduction. It explains the importance of 

developing such a program at1d gives a literature survey on Similar package pro­

grams. Chapters II to V exp 1 ai ns the theoret i cal concepts used in the subpro­

grarns. Chapter II discusses basic engineering economy concepts, interest, 

measure of merits, depreciation, ta~~es, inflation and capital budgeting. Chapter 

III is on the theory of decision matrices. DeciSion trees are explained in Chapter 
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IV 'and finally Chapter V discusses briefly risk analysis. The package program 

developed i,s explained in the last Chapter. For each subprogram,after a short ex­

planation the inputs that should be entered by the user and the outputs generated 

by the programs are given. The flowcharts of the subprograms are also included in 

this Chapter. Eight example problems are presented in Appendix A showing the in­

put rnenus and computer outputs. 

1.2. Importance 

Today's ltwesters are faced with many alternative ways of evaluating 

their capital I under hi ghl Y risky environments and changing conditi ons. This sit­

uation increases the importance of applying scientific quantitative methods of 

engi neeri ng economy and deci si on theory through the use of f aci lit i es provi ded by, 

the fast growing computer hardware and software. 

Interactive and easy to use programsl as developed in thls study are 

useful in assisting the analyst to the solution of as many practical ~roblems as 

possiblel by using different methods of engineering economy. Such programs are 

also excellent educational tools} providing the student ~ quick and easy mean, to 

apply the theoretical concepts and to study as many hypothetical situations as 

. possible. 
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II. BASIC r1ETHODS OF .ENGINEERING ECONOMV 

2.1. Introduction 

The maJority of economy studies involve commitment of capital fora 

period of time such that the effect of time on the money must be considered. Con­

sequentlYI money has a "time value". 

In pri vate 1 y fi nanced sectors of a capi ta 11 st i c economy, supp 11 ers of 

capital expect to receive "rent" from the use of their money. This rent is called 

interest and is referred to by economists as the return to capHal. There are sev­

eral reasons why interest is essential and must ~econsidered in engineering 

econorny studies and economic decision making. First, interest pays the supplier 

for forgoing the use of his or her money, during the time the user has it. Second, 

the interest is the payment for the ri sk the supp 11 er takes in permi tt i ng another 

person, or an organi zati on, to use hi s or her capita 1. Thi rd , the tact that the sup­

pliet- can earn interest by making capital available acts as an incentive to accu­

mulatecapital and to make it available. 

2.2. Interest and Money-Time Relationships 

2.2.1. Simple Interest 

When the ~otal interest earned or charged is directly proportional to 

the amount of ~he loan (principa1), the interest rate, and the number of interest 

periods for which the principal is committed, the interest and interest rate are 

said to be s~mple. 
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When simple interest is applicable l the total interest II earned orpaid 

may be computed by 

I=PxNxi 

where P: principal amount lent or borrowed 

N : number of interest periods 

i : interest rate per interest period 

2.2.2. Compound Interest 

(2.2.1.) 

Whenever the interest. charge for any interest period isbased on the 

remaining principal amount plus any accumulated interest charges up to the be­

ginning of the period l the interest is said tobe compound. 

\·vhen compound interest is used the total inter.est at any period nl In 

1S given by 

(2.2.2.) 

P n' = Pn-1 x 0+1) (2.2.3.) 

where Pn is the deposite accumulated at period rio 

Compound interest is much more common in pract ice than is si mp 1 e 

interest. 
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2.2.3. Equivalance 

An item of money has an infinite set of equivalent and potential val­

ues over tirne (although it can have actual existence only in one point in time) . 

. Thus, to have precise meaning an item of money must be identified, in terms of 

t i mi ng as we 11 as amount. Two amounts of money or seri es of moni es at di ff erent 

pOints in time are said to be equivalent, if they are equal to each other/atsome 

point in time at a given interest rate. 

2.2.4. Interest Formulas for Discrete Compounding and Discrete Cash 

FlO\·ys 

Discrete compounding means that the interest is compounded at the 

end of each finite-length period such as a month or a year. Furthermore, the for­

mulas assume discrete (lump-surn) cash flows spaced at equal time intervals on 

a cash flow diagram. Table 2.1 provides a summary of the six most common dis­

crete compound interest factors. In Table 2.1. arid Table 2.2. the factor is multi­

plied with the entry in column two to find the entry in column one. 



TABLE 2.1. Discrete Compounding Interest Factors and Symbols 

To find Given: 

for single cash flo\/Is: 

F P 

P F 

for uniform series 

(annuities) : 

F 

p 

F 

A p 

Factor by Which to 

t1ultiply "Given" 

(l+i)N 

1 

(1 + ON 

O+i)N-l 

·N 
Hl + i) 

factor Name 

S; ngle payment 

compund amount 

Si ngle payment 
present worth 

Uniform series 
compound amount 

Uniform series 

present worth 

Si nki ng fund 

Capital recovery 

factor 

functional 

Symbol· 

(FlP, i%, N) 

(P/F,i%, N) 

(F/A, i%, N) 

(PIA, i%, N) 

6 

"i",effectiveinterest rate perinterest period; N, numberofinterest periods;A, uniform series 
amount (occurs at the end of each interest period); F, future worth; P, present ''1orth. 
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Table 2.2. Continuous Compounding and Discrete Cash Flows Interest 
Factors and Symbols 

Factor by 
Which to Multiply Factor Functional 

To Find: Given: . "Given" Factor Name Symbol 

For single 
cash flO\\"3: 

F p e rN Conti nuous compoundi ng (F/P, r%, N) 
compound amount 
(si ngle cash floW') 

P F e -rN Conti nuous compoundi ng (P/f,.L%, N) 
present \v'orth , 
(3i ngle cash floW') 

For uniform series 
{annuities}: .' 

F A erN -1 

Conti nuous compoundi ng (F/A,.L%, N) 

l-l compoundi ng amount 
(uniform series) 

p A· erN -1 
Conti nuous compoundi ng (P/A,r%, N) 

et~N(er -1) present \\"orth 
(uniform series) 

A F er -1 
Conti nuous compoundi ng (AlF, r%, N) 

et"N-l si nki ng fund 

A .p Conti nuous compounding (AlP, r%, N) 
capital recovery 

r, nomi nalannual interest rate I compounded conti nuousl y; N I number of periods ( years) ;A I uniform 
series amount (occurs atthe end of each year); F, future W'orth; P, present W'orth. 



2.2.5. Interest Fonnulas for Continuous Compounding and Discrete Cash 

Flows 

8 

In the concept of continuous compoun~ig it is assumed that cash pay­

ments occur once per period) but that compounding is continuous throughout the 

period. Table 2.2 gives six important continuous compounding interest fac­

tors. 

2.3. Basic Methods of Economic Analysis 

2.3. 1. The Present Worth ~1ethod 

The present worth method is based on the concept of eQui va 1 ent worth 

of a 11 cash fl ows re lat i ve to some base or begi nnnit1g poi nt in time ca 11 ed the pre­

sent. That is) all cash inflows or outflows are discounted to the base point at an 

interest rate usually the M.A.R.R .. 

To fi nd the present worth of a seri es of cash recei pts and/or di s­

bursements) it is necessary to discount future amounts to the present by using an 

interest rate usually the M.A.R.R. of the firm for the number of periods 

V-there i = effective interest rate per compounding period 

. k = index for each compoundi ng peri od 

Fk = cash flow at the end of period k 

N = number of compoundi ng peri ods 
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The criterion forthis method is that as long as the net present worth, 

is greaterthan, .or equal to zero, the proJect is economically justified; otherwise 

not justified (rejected). 

2.3.2. The Annual Worth Method 

The term annual worth (A.W.) means a uniform series of money 

amounts for a certain period of time that is equivalent to a particular 

~chedule of cash inflows (receipts or savings) and/or cash outflows (disburse­

ments) underconsideration. The net annual worth of a project is its annual equiv­

alent receipts (R), minus anualeQuivalent expens~s (E) I less its annual equival­

ent capital recovery (C.R.) amount. In equation form the net annual worth is 

A.W. = R - E - CR (2.3.2.) 

The criterion for this method is that as long as the net annual worth, 

i? greater than oreQual to zero, the project is economically justified otherwise, 

nor justified. 

The capital recovery cost (C.R.) for a project is the equivalent uni­

f ann annua lcost, of capi tal invested. It is an annua 1 amount whi ch covers the fa 1-

lowing two items; 

1. Depreciation (loss in value of the asset)· 

i1. Interest on invested capital 
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There are several convenient formulas by which capital recovery cost 

may be calculated to obtain the same result (1). The easiest formula is to flnd the 

annual equivalent of the investment and then substract the annual equivalent of 

the salvage value. Thus 

C.R. = P --- -s __ _ 

(1 +1) N - 1 

where P = investment at the beginning of life 

S = salvage value at the end of life 

N = life of project 

i = interest rate 

2.3.3. The Future Worth Method 

(2.3.3) 

With this methodl the future worth o'f an alternative can be calculated 

in view of M.A.R.R. and compared with the do-nothing option. If future worth is 

greater than zero the alternative is recommended. The future worth method for 

economy studies is exactly comparable to the present worth methodl except that 

. all cash inflows and outflows are compounded forward to a reference pOint in 

time called the future. 

2.3.4. The Internal Rate of Return Method 

The internal rate of return method (I,R.R.) is the most general and 

widely used t-ate of return method for making economy studies. 
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This method solves for the interest rate that equates the present 

worth of an alternative's cash inflows to the present worth of cash outflows. The 

r-esultant interest rate is termed the "in1ernal rate of return". For a single alter­

native the I.R.R. 1S not defined unless both receipts and disbursements are pre­

sent in the cash flow pattern. 

The I.R.R. is percent i at which 

N N 

}; Rk -- = }; Ek --- (2.3.4) 

k=O (1+0k . k=O 

\¥here Rk = net receipts of savings for the k-th year 

Ek = net e~lJenditure for the k th year 

The interest calculated by equation (2.3.4) is compared with the 

M.AR.R. to assess whether the alternative is acceptable. If (0 is greater than 

M.A.R.R. the project is acceptable, otherwise it is not. 

The A.W'., P.W'., F.'w'. methods implicitly make the assumptiOt1 that net 

receipts less disbursements are reinvested by the firm at the M.A.R.R .. However, 

the I.R.R. method is based on the assumpt i on that funds are rei nvested at (i) rather 

than ~1.A.R.R .. This assumption may not reflect real situations in some 

applications. Other disadvantages 0.1 the I.R.R. method are computational 

intractabllity and the occurence of multiple internal rates of return in some 

problems (1), (11). 
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2.3.5. The External Rate of Return Method 

The investment assumption of the I.R.R. method coupled with the 

computational difficulty and possible multiple interest rates has led to the de-

ve 1 opment of other rate of return methods that can remedy some of these di ffi­

culties. 

The external rate of return method (E.R.R) direc~ly takes into account 

the external interest rate at which net cash flows generated by a project overits 

1 ife can be reinvested outside the firm. If this external reinvestment rate equals 

the project's I.R.R., thanthe results of E.RR. and I.R.R. methods forthat project 

become identical. 

In general all cash outflows are discounted to period zero at (e) per­

. centper compounding period, while all cash inflows are compound~d to per~od N. 

at (e) percent. The external rate of return is then the interest rate thar establish­

es equivalence between the two quantities. In equation form 

wt1ere 

N N 

}:.. Ek =): Rk (1 +e)N-K (2.3.5) 

k=O O+e)k k=O 

Rk = excess of receipts over disbursements in period k 

Ek = excess of expenditures overreceipts in pertod k 

N = project life or number of period for the study 



e = external reinvestment rate per period 

i = external rate of return 

'. 
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A project is acceptable when external rate of return is greaterthan or 

equal to the firm's M.A.R.R .. 

2.3.6. Payback Period ~1ethod 

The payback methodwhich is often called the simple payout method 

indicates a project's liquidity ratherthan profitability. The payback method cal­

culates the number of years n~quired forpositive cash flows to equal the initial 

investment. Hence, the simple payback period is the smallest value of (0) for 

which the relationship is satisfied under end-of-year cash flow convention. 

e 
~ (Rk - Ek) - P ~ 0 (2.3.6) 

k=l 

The payback period method ignores the time value of money and all cash flows 

. that occur after (€I). 

2.3.7. The Discounted Payback Period f"lethod 

This method calculates the discounted payback period so that the 

time value of money is consi dered. 



wt1ere 

~) 

~ (Rk - E
k
) (l+j)-k -p ~ 0 

k=O 

i = mi ni mum atracti ve rate of return 

e = di scounted payback peri od 

2.4. DepreCiation 

2.4. 1. I ntroduct ion 

14 

(2.3.7.) 

DepreCiation is the decrease in value of physical properties 'NHh the 

passage of time. 

Depreci at ion is consi dered in economy studi es pri mari 1 y for t 'NO rea-

sons. 

L To provide for the recovery of capital that has been invested in 

physi caJ property 

i1. To enable the cost of depreCiation to be charged to the cost of pro­

dUCl ng products or servi ces that resul ts from the use of that property. Dept-eci a­

U on methods included in the package program are expl ained bri ef1 y in the fall O··N­

i ng sect ions. 



15 

2.4.2. The Straight Line 11ethod 

The straight llne method of computing depreciation assumes that the 

loss in value is directly proportional to the age o.f the asset. The depreciation al-

l owedat the end of each peri od (Ok) is equa 1 throughout the asset's useful 1 if e and 

is given by 

p-s 
(2.4.1.) 

N 

The undepreciated or book value at the end of each period is given 

by 

where P = 9TiginaJ cost 

-S = salvage value 

N = depreci ab I e life of the asset in years 

k = number of peri ad 

·2.4.3. The Decllning Balance ~lethod 

(2.4.2) 

Tt1e declining balance method of depreciation provides foran accel­

erated wTHe-off (depr-eciation) during the early years of the life of an asset 
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with progressively small er depreciation charges with increasing years. For this 

methodl the depreciati on charge for the k th year (Dk) is equal to. a fixed percent-

age (d) of the bDOk value at the beginning of the k th year. Thus 

(2.4.3.) 

The book value at the end of (k-l) th year is given by 

(2.4.4.) 

Thus 

k-l Dk = P (l-d) d (2.4.5.) 

/ 
51 nce the dec 1 i ni ngba lance method never reaches a book va 1 ue of ze-

ro./ it is pen11issible to swich from this method to the straight line method so that 

an asset's final book value will be zero. or some other salvage amount. 

2.4.4. The 5um-of-the-~'ears'-Digits Method 

The sum-of-the-years'-digits method is en elternetive depreciation 

method forachieving accelerated write-off during the eerly days of tifeof en es­

set. The digits corresponding to the number of years of estimeted life are added 
/ 

together. This sum can also be conveniently obtained by 

t 
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N (N-l) 

SVD= __ _ (2.4.6.) . 

2 

v'I'here SVD is the sum of the years' di gits. 

The depreciation charged at the end of kth year is given. by 

(N-k+1) 

(2.4.7.) 

SVD 

The book value at the end oj k th year is 

2(P-S) (P-S) (k+ I )~( 

Bk=P----- k + ---- (2.4.8.) . 

N N(N+I) 

2.4.5. The Sinking Fund Method 

The sinking fund method assumes that a sinking fund is established in 

whict1 funds will accumulate for replacement purposes. The total depreciation 

that has taken place up to any given time is assumed to be equal to the accumulat­

ed value of tt1e sinking fund at that time. Wah this method, if the interest rate on 

the sinking fund is kno\'vn a uniform yearly deposit can be computed. The cost of 

depreciation forany yearis tt1e sum of tt18t deposit and accumulated interest for 

that year. The equations used for tt1e sinfcing fund method are respectively' 



where 

(P-S) i 

d= __ _ 

Ok = d 0+0 k-l 

Bk = P - (P-S) __ _ 

i : interest rate of S1 nki ng fund 

d : uniform yearly deposit 

2.5. Consideration of Taxes 

18 

(2.4.9.) 

(2.4.10.) 

(2.4.11.) 

The taxes paid by a corporation represent a real cost of doing business 

and consequently affect the cash flow profile. For this reason it is wise to per­

form economi c ana] yses on an after-tax basi s. After-tax ana 1 ySi s procedures are 

identical to the before-tax evaluation procedures. However} the cash flows are 

adjusted for taxes paid or saved. 

Among numerous kinds of taxes including property} sales} excise and 

income taxes, income taxes are usually U1e only significant taxes to be consi­

dered in an economic analysis., 



19 

Taxab 1 e income must fi rst be determi ned before any tax rate can be 

applied. Basically" taxable income is gross income less allowable deductions 
'"' " 

which commonly includ~ items such as salari eSI wages l repairs} rent} taxes (oth­

er than income), interest and depreciation. 

After-tax cash flow is the amount remaining after income taxes and 

deductions, including interest but excluding depreciationl are subtracted from 

gross income. In equation form 

v,there 

A.T.C.Fk = B.T.C.Fk - T k 

A.T.C.Fk : After tax cash flow at period k 

B.T.,C.Fk : Before tax cash flow at period k 

T k : Tax at period k 

T.l
k 

: Taxable" income at period k 

Ok : Depreciation at period k 

tr : Tax rate 

(2.5.0 

(2.5.2.)" 

(2.5.3.) 
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2.6. Consi derat i on of I nf1at ion 

Inflation is the case where the increase in prices reduces the pur­

chasing power of money. It is a fact of life anocan significantly affect the eco­

nomic comparison of alternatives. 

If all cash flows in an economic comparison of alternatives are in­

flating at the same rate l inflation can be disregarded in before-tax studies. In 

cases where all incomes and all expenses are not inflating at the same rate
l 
in­

flation gives rise to differences in economic attractiveness among alternatives 

that must be taken into account. 

There are two fundamental types of interest rates employed for dis­

counting/compounding cash flows. 

The real interest rate Or) is the marginal cost of capital that does not 

include a market place adjustment for the expected general inflation rate. It is 

the increase in real purchasing power expressed as a percent per period. The real 

discount rate reflects potential earning power of money in the absence of general 

inflation. 

Cornbined interest rate (i c) is the marginal cost of capital that in- . 

cludes a market place adjustment forthe antiCipated inflation rate in the econo­

my. Thus lit represents the increase in future cash fl ows to cover rea 1 interest 

and general inflation expectations. This annual rate takes into account both in­

n at i on and ttw potential earni ng power of money. The re 1 at i onshi p bet ween the 

real and combined interest rates is given by 
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(2.6.1.) 

where f is the general inflation rate. 

2.7. CapHal Budgeting 

CapHal budgeting maybe defined as series of decisions by individual 

economic unHs, as to how much and \A,lhere resources will· be invested and ex­

pended for future use, particularly in the production of future goods and servic-

es. 

The capHal budgeting problem is disGussed extensively in (6), which 

includes mathematical programming formulation of many.different type of capi­

ta 1 budgeti ng problems. 

In thi s sectl on a mathemat i ca 1 programmi ng f ormul at ion is gi ven for 

a particular type of problem which is included in the package program. 

n m 
max ~ ~ Pij Xij 

(2.7.1) 

}=1 j=l 

st 

n 
}; C .. X·· < Bj for all j 

1 J 1 J -
(2.7.2) 

i = 1 



where 

lk m 

I I 

i = 1 j=l 

m 

I XiJ 

.1=1 

X· . 1J i for all k 

for ell i 

Xij : is a zero one variable 

(2.7.3) 

(2.7.4) 

whIch is one if project iis selected and starts at period L 
zero otherwi S8 

Pij: present wortt1 of project i started at period j 

Cij: initial cost of project i started a period j 

Bf budget limitation at period j 

k: number of mutually exclusive group 

lk: number of mutually exclusive projects in group k 

m: time hori zon 

n: number of projects 
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The objective fLmction,described by equation (2.7.1)1s the total pre­

sent worth of all projects implemented. If project i starts at period; it t1as a pre­

sent worth of Cij and Xij takes tt18 value one otherwise it is zero. Constraints de­

scribed by eq (2.7.2) are budget limitation constraints. If project i starts a,t pert-

. ad J it requires Cij amount of investment. The total amount of money spend at eacrl 
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period can not exceed 8j the budget available at that period. Constraint (2.7.3) in­

di cate mutuall y exc 1 usi ve pro j ects. That is J at most one of the projects withl n a 

mutually exclusive group can be realized and those of (2.7.4) restricts project i 

to beimplemented once only.The problem for~ulatedcEln be solvedby EI LP pack­

age program. In thls thesis LINDO (2) used for this purpose. 
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I [I. DECISION MATRIGES 

3.1. Introduction 

The matrix model describes a set of mutually exclusive, feasible al­

ternatives available, where a single alternative is to be selected at the present 

time. In addition to the set of alternatives, there are mutually exclusive states of 

nature, such that the occurence of which is not influenced by the selected alter­

native, and the occurence of which is not known with certainty by the decision 

maker. So for each a lternat i ve versus state combi nat i on, there is an outcome and 

a value associ ated wi th that outcome ei ther a loss or a gai n. 

Decision matrix models can be classified on the basis of the amount 

of inforrr1ation avallable to the decision maker asdecisions under assumed cer­

tainty, decisions under risk and decisions under uncertainty. 

It is reasonable to assume in many decision situations that only one 

state is relevant and treat the decision as if the state were certain tooccur. This 

kind of case is termed as decisions under assumed certainty. 

The theory of decision matrices is discussed in references (11) and 

(24). 

3.2. Decisions Under Risk 

A decision situation is called a decision under risk, when the deci­

sion maker elects' to consider several states and the probabilities of their 
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occurences are explicitly stated. In some decision problems, the probability val­

ues may be ob jecUvely known from historical records or objecti ve1y determined 

from anal yt i c cal cu1at ions. The deci si on maker may not have past records avai 1a­

ble to arrive at objective probability values . .If the decision maker can assign 

probability values subjectively to the occurrence of each state, the decision is 

st ill treated as one under ri sk. 

3.2.1. Dominance 

The dominance prinCiple is formally described as fall ows: if the val­

ues are in terms of costs and there exists a pair of alternatives Ai and Aj such 

that 

(3.2.0 

forall k, A j is said to dominate Ai~ Alternative Ai may then be discarded from the 

deci sian problern.1 f the values of a decision matrix are in terms of gains the con­

dition for Aj to dominate Ai is that 

(3.2.2) 

for all k. 
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3.2.2. Expectation-Variance Principle 

For the matrix model the expected value of an alternative A· is 
. ] 

N 
E(At) = 2: V(0ik) Pk (3.2.3) 

k=l 

where Pk : probability of state k occurring 

v(eik) : rnatrix value of alternative Ai when state k occurrs. 

The expected values for each of the alternatives are calculated. If the 

principle of maximizing (minimizing) the expected gain (loss) is followed J the 

€II tert1at i 'Ie \'vi th maxi mum (mi ni mum) expected value is chosen. A coro 11 ary of 

the expected-value criterion is that) in the event of a tie in expected value for 

two or more altemativesJ the alternative 

having minimum variance should be chosen. The variance of an alternative is giv­

en by 

N 

" V(Ai) = ~ (\.-'(e ik) - E(Ai»·~'l(N-l) . (3.2.4) 

k= 1 
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3.2.3. The Most Probable Future Principle 

If, ina deci si on under ri sk, one state has a probabi 1 i ty of occurrence 

consi derab 1 y greater than any other, the most prQbab I e future pri nci pIe is to con·­

sider this state as certain and all other states as having a zero chance of occur­

rence. The decision is thereby reduced to a decision under assumed certainty. 

Then an alternative is chosen that maximizes (or minimizes) the mea·sure of ef­

fectiveness being used under the assumed certainty condition. 

3.2.4. The Aspiration-Level Principle 

In most real-:-world decisions, the complexity of the decision pre­

vents the discovery and selection of an alternative that will yield the single best 

result, and the decision makers set aspiration lel/els and then evaluate alterna­

tives against them. An interpretation of this philosophy is to select an alterna­

ti ve that maxi mi zes the probabil ity of achi evi ng the desi red aspi rat i on I eve 1. 

3.3. Deci si ons Under Uncertai nty 

A decision situation where several states are pOSSible, and suffi­

cient information is not available to a~sign probability values to their occur­

rence is termed a deci si on under uncertai nty. 

3.3.1. The Laplace Principle 

The philosophy of the Laplace Principle is simply that, if one can 

not assign probabilities to the states, the states should be considered as 
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equally probable. Then, consider the decision as one under risk. 

3.3.2. r-1aximin and r-1inimax Principles 

The maximin and minimax prinCiples represent a single philosophy, 

depending on 'f/hethermatrix values are gains or losses, respectively. If the ma­

trix vfi1ues are gains, the minimum gain associated with each alternative is de­

termined and the maximum value in the set of minimum values designates the al­

ternative to be chosen. Formally stated, the maxitr!in principle is to select the 

a Hernat i '.Ie, j J associ ated v'lith the 

max min V(Sjk) 

j k 

(3.3.1) 

I n case of a deci si on dea ling wi th costs, the mi ni max pri nci pIe is ap­

plied. The maximum cost associated \-vith each alternative is determined and the 

minimum value in the set of maximum values designates the alternative to be 

chosen. 

3.3.3. ~'laximax and t'linirnin Principles 

For the extreme optimist person, in a given deCision, situation in­

volving gains .. maximax principle selects the alternative, that affords the oppor­

tunity to obtain the largest value given in the matrix. 

If the matrix values were losses, an pessimistic philosophy of choice 

is to select the alternative that affords the opportunity to obtain the minimum 



ioss value given in the matrix. 

3.3.4. Hurl/ticz Principle 

The Hun-vicz Principle considers that a decision maker's view maYI in 

the case of gains (1osses)._ fall between the extreme pessimism of the maximin 

(lmnirnf!~<) principle and the extreme optimism of the maximax (minimin) princi­

pIe and off ers a mett-Iod by which various 1 eve Is ot" optimism (pessimism) mClY be 

i ncor-porated into the deci si on by defining an index of opt imism XI on a seal e t"rom 

zero to one. The Hur"Nicz velue (H
J
) is computed for each alternative as 

Hj = x max V(0
jk

) + (J-x) min (V0 jk) (3.3.2) 

k k 

fot a gain matrix and 

Hj = x min V(6 jk) + (I-x) max V(6 jk) (3.3.3.) 

k k 

for fl loss matr-i x. 

Thus tt18 EllternEltive rneximizing (minimizing) thElt value is se-
.-

iected. 
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3.3.5. Savage Principle 

This principle introduces and defines a quantity termed regret. A ma­

trix consisting of regret values is first developed. Then the maximum regret val­

ue for each alternative is determined and the alternative associated with the 

minirnum regret value is chosen from the set of maximum regret values. The re­

gret matrix is determined as follows. 

1. For each state search the matrix columns and determine the largest 

(smallest) gain (loss). Assign this gain (loss) a zero regret value. 

i1. For all other gain (loss) values subtract these from the gain value 

in (n' (subtract the smallest loss value in (l) from these). The'difference is inter­

preted as units of regret. 
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IV. DECISION TREES 

4.1. I ntroducti on 

In this chapter sequential decisions underrisk is discussedl the deci­

si on-tree representation is usedl and the logic of Bayes theorem is applied in the 

solut ion of the deci sion-tree problem. The concept of decision trees 1's discussed 

in references (2)1 (11) and (24). 

Before presenting the graphic technique and solution procedurel it is 

necessary to define the symbols used. 

A : a decision node. 

A- : a branch emanating from a decision node which represents an 

alternative that can be chosen at this node. 

a : a chance node inthe tree where chance events influence the 

outcomes of an alternative choice. 

0- : a branch representing a probabilistic outcome fora given al­

tert)ative. It is assumed that branches emanating from a node in the tree repre­

sent mutually exclusive and collectively exhaustive outcomes such that their 

probabllities surn to one. 

o : an end node having a value associated with a particular out-

come. 
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4.2. Evaluation of a Decision Tree 

In Figure 4.1. a symbolic decision tree for a simple sequential deci­

sion problem is presented. The sequential decision problem depicted involves 

hvo decision points, 01 and 02' If alternative A 1 is chosen it can have two out­

comesJ e l' and 02' If e 1 occurs, then a decision, D2, is required. If alternative 

All is chosen, there can be the t \~/O outcomes, 0111 and 0112' For each branch in 

the tree there is an associated value. For example, if alternative A 1 is chosen 

and outcome 01 occurs and alternative All is chosen and outcome e 111 occurs, 

then value V 111 results with the condit i ona 1 probabil ity P 111 . The fj rst deci si on 

1 s made at dec1 S1 on poi nt D 1 J and if a lternat i '.,Ie Ali s chosen, then a second dec1-

sion is required at D2. 

The principle of maximizing expected gain or minimizing expected 

loss is adopted as the principle of choice at each decision point. The solution pro­

cedure advocated is to reach the best dec1 S1 on at the deci S1 on poi nt most di stant 

from the base (the first deciSion) of the tree. Then, replace this most distant 

decision point with the best expected value and work backward through decision 

nodes untn the best decision is made at the initial decision node. At a decision 

node the choice is given formally for a given maximization problem 

max V(0k) 

k 

For a cost minimization problem 

min (Vek) 

k 

(4.3.1.) 

(4.3.2.) 
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where 

V(Etk) value of sub node k. 

4.3. Calculation of Probabilities 

The required marginal. conditional and joint probabilities may be 

calculated using a fundamental theorem from the probability theory called the 

Bayes U1eorem. 

where 

P(Bi/A) = 
n 

i: P(A/B j ) P(B j ) 

u=l 

B,: j th partition of event B 

n : number of part it ions of event B. 

(4.3.1.) 
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· V 112 

Figure 4.1. A Decision Tree 
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V. RISK ANAL VSIS 

5. 1. Introduction 

Ri sk ana 1 ySi s rnay be defi ne,d as the process of deve 1 opi ng probabi 1 i ty 

distributions for sorne rneasure of merit for an investment proposaLTypically, 

probability distributions are developed for either present worth, annual worth or 

the rate of return for an individual investment alternative. Consequent.1y, proba­

bility distributions are required forrandom variables such as the cash flOWS, the 

planning horizon, and the discount rate. The probability distributi ons are then ag­

gregated analytically or through simulation to obtain the desired probability 

di stribution for the rneasure of meri t. 

The cash flow occurring in a given yearis often a function of a number 

of other variables such as selling prices, size of market, share of the market, 

market growth rate, investment required, infl atlon rate, tax rates, operating and 

fixed costs, and salvage values of all assets. The values of a number of these ran­

darn variables can be correlated with each other, as well as autocorre1ated. Con­

sequently .. an analytical development of the probability distribution for the 

measure of merit is not easily achived in most real-world situations. Thus, sim­

ulation is \ovidely used tn performtng risk analyses. 

The concept of risk analysis is discussed in references (1), (2), (11), 

(12). (13), (14) and (15) are excellent references for simulation techniques. 

Probabi 1 i ty di strt but i ons for the random vari ab 1 es are usua 11 y deve l­

oped on the basis of subjective probabilities. Among the theoretica1'probability 

distributions commonly used in risk analysis are the normal distribution and the 
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beta distribution. In sorne situations the subjective probability distribution 

cannot be represented accurately using a we11-known theoretical distribution. 

Instead J one rnust estimate directly the probabllity distibution for the random 

variable. 

5.2. Risk Aggregation 

Given the essential factors and their associated probability distrib­

utions/ it requires to aggregate the distributions and obtain the probabllity dis­

tribut ion for the measure of meri t. Three measures of merit have been menti oned: 

present worth/annual v'lorth/and rate of return. In practice/a combinationof the 

rate of return and e1 ther the present worth or the annua 1 worth measures of meri t 

are often used. 

Risk aggregation is achieved in basically two ways: analytically and 

by using sirnulation. Analytic approaches can be used in a number of simpl e cases. 

For more complex situations involving a large number of variables simulation is 

used. In this thesis the simulation approach is implemented. 
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VI. DESCRIPTION OF THE PROGRAM 

6.1. Introduction 

In the thesis a user-oriented interactive package program is devel­

oped to perforrn econornic analysis in the business find engineering environ­

ments. 

The main advantage of the program developed is to contain many sub­

programs Idea 1 i ng wi th di ff erent theoret i ca 1 aspects of the broad engi neeri ng 

economy subjectl and providing an integration among some of them so that the 

result obtained from one method can be used as an input in the other directly. The 

program enables the user to perform calculations about various practical pro­

blems byproviding a flexible inputpossibilitYI and a richness in the selection of 

methods. 

The program is wri t ten wi th Turbo Pascal versi on 4.0 sui tab 1 e for IBM 

cornpatable P.C.'s. The version 4.0 of Turbo Pascal is the fourth generation of Bor­

land's Flagship Language product (26). The user runs the program by typing the 

commend ENGEC. 
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, The first three are in one disk while the last two are in another. The 

user, must have also the LINDO package to run the' capital budgeting unit. 

The basic calculations program is in the file DCEE.EXE(72kbites). The 

decision matrices and D.t1. Imbedded to S.c. program are in the same file 

DCEEM.EXE(58 kbites). The decision trees program is in the file DECTRE. 

E:~E(3lkbites) and risk analysis program is in the RISK.EXE(59kbites). 

Some features of the package program are: 
, '" 

1)The program is designed for those who are just familiarto personal 

computers but does not assume the user to know programming. The information 

and rnessages can easi 1 y be understood. 

i i) The program uses a menu dri ven structure that enables the user to 

recognize the options available to address a problem. The highest level menu is 

the subprogram menu. Once a subprogram is selected the user is enabled to enter a 

new problem, read an existing problem, orsee the directory saved files formed by 

the subprogram. Several options also have associated menues to direct the us­

er .. 

iii)The program enables users to enter data from the keyboard orread 

data from a diskette, if the data have been stored. Entry formats are designed to 

be compati b 1 e ~vith rnost con venti ona 1 textbook for-mats. 

Therefore, users who have studied the basic concepts of engineering economy and 

management science will find the problem structuring and data entry easy. Every 

subprogram has the capacity to modify an existing problem. 
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6.2. Literature Survey 

The theoret i ca 1 aspects of engi neeri ng economy and deci si on theory 

may be found in ref erences (1) through (11). (12) is an exce 11 ent monograph on ri sk 

analysis giving many practical examples. 

Para 11 e 1 to the deve 1 opment of theoret i cal and quanti tat ive methods 

of engineering economy and decision theorYJ many computer programs have been 

prepared whi ch are capab 1 e of perf ormi ng capi ta 1 investment and fi nanci a 1 ana l­

ysis. Some of the package programs and brief explanations about them are given 

below. 

(16) provides Monte Carlo simulation to determine the distribution of 

measure of rneritJ includes many useful options on depreciation methodsJ sensi-
.'" 

tivity testing. featuresJ sample size determinationJ and plotted distribution 

functions. (17) deten-nines the distribution of the rate of return and net present 

va 1 ue for capital investments subject to uncertai n incomes and expenses. (18) 

provides a means of generating the financial information required to evaluate 

the economic worth of potential business investments through the application of 

the present worth method. (19) and (20) make present worth comparison of leas-

. iog with the alternative of borrowing money to purchase an asset. Sensitivity 

analysis can be performed on purchase priceJ Lessee's income tax rateJ interest 

on loan) after-tax opportunity rate) monthly rent) depreciable life of the assetl 

salvage value for tax purposes and actual salvage value. (21) and (23) provide 

evaluations for comparison of alternative plant expansions using Monte Carlo 

simulations with options regarding the measure of merit. (22) performs sensi­

tivity analysis, varies inputs and calculates their impact on outputs. (24) is a 

computer package program for PC's including many units to perform calculations 
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in the fields of Operation Research and ~1anagement Science. This program has.­

theDecisiori Tree and Decision t1atrix Analysis subprograms. (25) is an interac­

tive, user friendly, educational oriented decision support system that covers 

most topics in introductory courses in Management Science. This program con­

tains a decision theory subprogram capable of peforming mean variance, pay-off 

and decision tree analysis. 

6.3. Basic Calculations Subprogram 

6.31. Introduction 

The basic cal culations subprogram calculates the present, annual and 

. future \IIt'orth, internal and external rate of return, payback and discounted pay­

back period of a single or a set of mutually exclusive or independent projects, 

considering four different depreciation methods: 

straight line, declining balance, sinking fund and sum of the years' digits, as well 

as taxes and i nf1at i on. The subprogram has al so a capi ta 1 budgeting option consi­

dering budget limitations on periods of hiitial inv.estment and mutually exclu­

si ve groups of pro j ects. The so 1 ut i on of the capi ta 1 budgeting prob 1 em determi nes 

. not only the feasible projects but also the starting times of them within a plan­

ning horizon. Some proJects may be mutually exclusive and initial investments 

are restri cted \-vi th budget 1 i mi tat ions at certai n peri ods. The execution of the 

capital budgeting unit requires a second disk derive. The disket containing 

DCEE.EXE is put in derive A, while the disket containing LINDO is inserted to de­

rive B; after the message "Insert the disk containing LINDO to derive B: and press 

any key:" appears. The program makes an integer programmi ng f orrnulati on of the . 

capital budgeting problem, 'yvrites the formulation one a text file LIN IN. PAS, 
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calls LINDO (27) a package program to solve LP and ILPS which reads the text file, 

so 1 ves the probl ern and ''''Tites the soluU on to another text fil e L1NOUT.PAS. Then 

the basic calculations subprogram reads the solution from L1NOUT.PAS and eval­

uates and displays the results. 

The theoreti ca 1 concepts related to the basi c cal cuI at ions subpro­

gram are discussed in Chapter II. The flowchart of the program is given in Figure 

6.1 and 6.2, and four exarnples are included in Appendix A. 

-..,." I t" b . .j."". npu::) 

i) Number of a lternat i ve pro j ects: The maxi mum number of projects 

is 20 for basic economic calculations and 10 for capital budgeting problems. 

ii) \o~'hether a capital budgeting problem or a simple comparison pro­

blem to be solved. 

iii) Type of input data of projects: There· are byo options of entering 

monetary data for projects: 

1) The program requires Ule direct entry of the cash-flow 

values of each alternati~le period by period. 

2) The initial value, salvage value, project life, annual 

t-evenue and cost are entered for each a 1 ternail ve project. 

iv) Input data of projects: If option "1" is selected in "iii" then cash 

flow values are entered period by period for-each alternative. The maximurn num­

ber of periods is 50 if option "2" is. selected the Pt~O ject nerne, in1t 1al investment, 

salvage value, project life, annual revenue and costs are entered for each pro­

ject. 

\0') In case the user enters wrong data or 'o"/ants to change some in a 

subsequent run, there is a "change data" facility for the related inputs. 
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vi) ~1inimum attractive rate of r-eturnJ whether to use discrete orcon­

t i nuous interest., whether to considerinflation or notJif necessary, inflation rate 

ar-e asked subsequentl y. 

vii) The measure of merit: There are seven measures of merit as pre­

sent \,y'orth/ annual \'Ilorth, future wot-th, internal rate of return, external rate of 

r-eturn., payback peri od, and di scounted payback peri od. 

viii) The pr-ogram calculates cash flovy's for each project. The cash 

flo .... vs can be displayed if desir-ed. 

ix) The user is asked to indicate whether depreciation and ta>~es are 

considered ornot. If the user- enter-s "yes" the program asks to select a deprecia­

tion method among straight line, declining balance, sum of the years' digits and 

sinking fund methods. The new· cash flow values after considering depreciation 

as \'vell as book values at the end of each period can also be seen optionally. 

x) Tax rate: A tax rate is asked to the user. The program calculates 

taxab lei ncome and after tax cash-fl ow for each project, whi ch can be di sp 1 ayed 

on the screen. 

Questions Related to the Comparison of Alternatives: 

xi) I f the number of projects is greater then one, the quest ion whether 

they are mutually exclusive or independent is asked. In case of their being mutu­

. ally exclusive the two possible assumptions to be selected are repeatability and 

cotennination. If the cotermination option is chosen a cotermination period is 

asked. 

xii) See modified cash flows: The program calculates the modified 

cash-flows using the selected assumption and asks whether to display the re­

suI ts or not. 
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Questions Related to the Capital Budgeting Option: 

xiii) Planning horizon: The planning horizon must be less than the 

minimum project life. 

xiv) Periods with limited budget: The number of periods with budget 

constraint is asked. The user enters the value of limited budget for each pe­

riod. 

xv) Mutually exclusive groups: Number of mutually exclusive groups, 

number and names'of mutually exclusive projects in each group is asked. 

6.3.3. Outputs 

For each project the project name and the value of selected measure 

of merit are displayed. For the capital budgettng problems in addition to their 

names and present worths the selected projects are shown with their starting 

times. 

6.4. Decision 1'"1atrices Subprogram 

6.4.1. Introduction 

The Deci si on Matri ces Subprogram provi des deci si on matri x anal ySi s 

of the up to 20 alternatives and 20.states of nature. The 

decision problern can be either under risk or uncertainty. There are four criteria 

availab·le; dominance, expectation-variance, most probable future l aspiration 

level for decisions under riskl while five criteria as Laplace l maximin-minimax
1 

maximax-minimin. Savage and Hurwicz Principles for decisions under uncer­

tainty. 
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The theory of decision matrices is discussed inChapter III1 the flow­

chart of the subprogram is given in Figure 6.3
1 
and an example problem is given in 

Appendix A. 

6.4.2.. Inputs 

,i) Nurnberof alternatives and states: The program asks the. number of 

.alternatives, number of states and a name for each alternative. Maximum number 

of alternatives and states is limited with 20. 

ii) The decision matrix: The elements of the decision matrix are en­

tered such that for each state of nature and for each alternative a gain or a cost 

value is provided. 

iii) Gain or cost problem: The question whether the matrix values are 

gains or costs is asked. 

i v) Type of decf sl on prob 1 em: The user is asked to choose el ther a dec­

ision under risk or uncertainty problem. If the former is chosen for"each state a 

probability value is required. In case the sL)m of the probabilities is not equal to 

unity, the facility of reentering is provided. 

v) Decision criteria: Depending on the choice in (iv) the program dis­

plays to select a decision criteria. If it is a decision under risk 

. problem, the options are: dominance, expectation-variance, most probable fu­

ture, and aspiration level. In case of an uncertainty decision, the choices are La­

place, maximin-minimax, maximax~rninimin, Hurwicz and Savage Principles. 

vi) Changing facilities: The decision matrix as well as the probability 

values can be updated and the problem can be resolved for the 

new values. 

vii) Saving: The user can save the entries of the decision matrix in a 
. ... 

binary file and can load the same file in a subsequent run. 



d: dominance 
e: exp Ivar 
a: aspiration l. p. 
m: most pro fu 

evaluate and 
print the results 

y 

r 

number of a!ternatives 

num!;ler of states 

name of alternatives 

matrix values 

change the data 

gain or cost matrix ? 

u 

methods 
lp: la~ace p. 
mm. max ITl2x/min min 
mn :minmaxAnaxmin 
hu : hu rw j"c. p .. 
sa : savage p. 

e.valuate ard 
print the resul ts 

Figure 6.3. Flowchart" of the Decision ~latrices Suburo?ram 
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6.4.3. Outputs 

The program displays the name of each alternative with their related 

flgures l which depends on the chosen decision criteria l and indicates the sel ect­

ed alternatives with a crossmark. 

6.5. Deci si on Matri ces I mbedded to Basi c Cal cu1 at ions Subprogram 

6.5.1. Introduction 

The subprogram imbeds decision matrices into the basic calculation 

unit in such a way that it forms a decision matrix from a set of alternative pro­

jects vv'here the states may be initial value l salvage value l lHe l annual revenue l 

annual cost of projects l M.A.R.R. or inflation rate. 

The program first calculates the selected measure of merit for each 
~ . 

alternative l and each value of the state variable. The decision matrix formed is 

evaluated then with respect to a final decision criterion to select the best alter­

native(s). The flow chart of the subpr-ogram and an example problem is given in 

Figure 6.4 and in Appendix A respectively. 

6.5.2. Inputs 

n Number of alternatives and states: The maximum number of both 

. alternatives and states is limited with 20. A name for each alternative is also 

asked. 

ii) The random oruncertain variab1e:The random variable may be ini-
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tial investment l salvage value l IHe
l 

annual revenue
l 

annual cost of projects l 

M.A.R.R. or inflation rate. Corresponding to each state of nature a value is ent~red 

for the randorn or uncertain variable. 

iii) Measure of merit: The options for the measure of merit may be 

present l annual I future worth l internal or~external rate of return l payback or dis­

counted payback period. 

" iv) Type of decision: The problem may be a decision under risk or a 

deci si on under uncertai nty. 

v) Probability values: If the problem is a "decision under risk" type l a 

probabi I i ty val ue is asked for each state. I n case the sum of the probabi 1 i ty va lues 

is not unity, the possibility of reentering is provided. 

vi) Decision criteria: The options available for·the decision criteria 

for problems of decisions under risk are dominance l expectation variance l most 

probable future and aspiration level principles while for decisions underuncer-
. " 

taintYI the criteria are Laplace l minimax and maximin l maximax and minimin l 

Hurwi cz and Savage pri nci pIes. 

6.5.3. Outputs 

The decisio'n matrix formed is displayed before the final decision cri­

teri on is asked. The se I ected a I ternat i ves and thei r re lated"fi gures are i ndi cated 

in the same way as the output of the decision matrix sUbpro~r~m. 



number of alternatives 

number of states 

uncertain variable 

value of uncertain varia 

deterministic variables 
name: 
initial value: 
salvage Vo l u e : 
life 
annual r eve nue : 

. annual c. os t 1 

change the data 

di$. or con. interest rate. 

m.:a. r. r. 

y 

n inflation rate 

FIgure 6.4. FlO\vchart of the Decision r~atrices Imbedded to 

Basic Calculations Subprorram 
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methods 

methods of evaluation 
pw : pre sent 'ti0 r-t h 
a'ti : annual .., or-t h 
fv:future 'tiol"'t:h 
irr : interrel r~te ofl<elul"'l'l 
err: external raie oj return 
p.p : payback peri od 
d.p : dis. pt?tybCic k pe riod 

u 

methods 
d: dominance 
e: exp./var 
a: aspiration le ve 1 p. 
m: most probahle f1rilJI"'e 

l. p: laptace p. 
m.m: max max/min min 
m.n: max min /min max 
h u : hurwiez P. 

Evaluate and 
print the resul ts 

Continuation of Figure 6.4. 

sa : sa vage p. 
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6.6. The Decision Tree Subprogram 

6.6.1. Introduction 

The subprogram performs decision tree analysis for payoff and utile 

values and calculates posterior probabilities from priori probabilities. 

Each node occupies 57 bytes of memory. The maximum size of memory 

available for pointervariables in Turbo Pascal depends on the memory availble in 

the computer and is 64 kbytes so the program can handle problems upto 1000 

nodes. 

The theoretical backgroUtid for the decision treesl and probability 

calculations are explained in Chapter IV. The flowcharts of the subprogram are 

shown in Figures 6.5to 6.7 and an example is given in Appendix A. 

6.6.2. The Deci si on Tree Subprogram 

a. Inputs 

i) Name of the base node: The program asks the name of the base node. 

The narne cannot be more than 10 characters. 

i i) Type of the base node: The base node can be a deci si on chance or an 
~ , 

end node. 

ii n Gai n or cost prob 1 em: The deci si on prob 1 em can be a cost mi ni mi­

zation or gain maximization one. 

iv) Solution in terms of payoffs or utiles and payoffs: If the user se-

lects utiles the program asks questions about the user's utility curve and pre- . 
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sents solutions both in terms of payoffs and utiles. 

The Utility Calculation Part: There are essentially two ~ompbnents 

of theutility analysis segment of the program. The first is concerned with the 

determination of the utility curve itselfand the s'econd is concerned with chang­

ing all payoffs to utiles. The utility analysis component of the program is acti­

vated \Nhen the user responds "u" to the question "solution in terms of payoffs or 

utiles and payoffs". 

The prograrn begins asking maximum and minimum payoff values and 

assi gns the ut neva lues 1 and a to them respectively. The sma 11 est va 1 ue possi b 1 e 

is zero) the highest is cine by convention. Hence all utile values are within the in­

terva 1 zero to one. 

The following question is asked to the userthree times and is aimed 

at determining the shape of the utility curve assuming the userin possession of a 

lottery ticket involving receipts of just one of the· two possible money payoffs) 

e~ch of whi ch is consi dered equa 11 y 1 i ke 1 y. Hence each wi 11 occur wi th probabi 1 i­

ty 0.5. The question asked to the user is as follows: 

"Assume you are in possession of a lottery ticketinvolving receiving 

xxx or receiving yyy which are equally likely. How much would you be willing to 

sell the lottery for?" 

Where xxx and yyy are related payoffs. 

In the first question xxx and yyy are maximum and minimum values 

entered by the user previously. The utile value 0.5 is assigned to the payoff that 

the user responses to the question. In the second question xxx is the minimum. 
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val ue and yyy is the payoff dec lared in the fi rst q~est i on. The ut i 1 e val ue of 0.25·i s 

assigned to the response to the second Question. Finally the utile value of 0.75 is 

assigned to the response to the third question in which xxx and yyy take the maxi­

mum value and payoff entered in the first Question respectively. Then} the utile 
. . 

value corresponding to any payoff is obtained by interpolation. 

b. Outputs 

At each node the program displays the following information about 

the related node: 

D Path: The names of the intermediate nodes along the path} from the 

base node to the current one are written respectively. 

11) Name: Narne of the current node. 

liD Node type: The node can be a chance decision or an end node. If the 

current node is a base node l the word "base" is written. 

iv) Node value: If the current node is an end node orhas a cost} the pay­

off value and the corresponding utile value are written. 

, v) Branch nodes: Natl1es} probabilities and if possible payoff and/or 

utile values of each subnode are displayed. 

viJ Evaluated value: If the tree ·can be evaluated at the current node 

. that is all subnodes have been completed} the program evaluates the tree and 

writes the payoff and/or utlle value. 

vii) The choices: The user can choose the following options at each 

node: 

1) Insert: The program inserts a new subnode or nodes at the current 

node} asking the user} narne l type l value} and probability of that branch nodes if 

necessary. 

2) Delete: Deletes a specified sub node. 
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3) Change: Changes the name I type I val ue of the current node or alters 

the probability values of branches if the type of the node is chance. 

4) Back track: Back tracks one node. If the current node is the base 

node nothing happens. 

5) Back to base: Goes and displays tt1e base node. 

6) Enter into sub node: Enters into a specified subnode. 

7) Autoinsert: If the tree is not completed at any nodel finds that node 

and displays information about it. 

S) Complete subnode: If the tree is not completed at any subnode finds 

and displays information about that subnode. 

g) Qui t: Exi t from the current tree. 

10) Save: Saves the tree in a binary file. 

6.6.3. The Probability Calculation Subprogram 

This subprogram computes the conditional marginal and joint proba­

bi lit i es of the resul tant outcomes from the gi ven probabi 1 i ties of the pri ori out­

comes. 

comes. 

a) Inputs 

n Number of pri ori outcomes 

il) Number of resultant outcomes 

iii) Names of priori outcomes 

iv) Probabilities of priori outcomes: If the sum of the 

probabilities is not unitYI it is possible to reenter the data. 

v) Conditional probabilities of resultant outcomes on priori out-



start 

Names and probabilities of priori outcomes 
names of resultant o.iJtc omes 
conditional probabilities of resulting outcomes 
on pricri olltcomes 

(alculate marginal probabilities of 
resul ting OlftC omes 
PR(i) =?;. PCRP(i/j).PP(j.) 

IJ 

. Calculate conditional probabilities of 
priori outcomes on resulting ·ollt comes 

, 

Cal culate joint probabilities of 
priori and resulting 0 ut comes 

pr in tthe resut ts 

stop 

-

Figure 6.5. Flowchart of the Probability Calculation Unit 
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maximum payoff 
minimum payoff:: 

u(1 )=0 u(5)=1 
d (1 ) = min. val 
d ( 5 ) = max. val 

ask d ( 2) I d (3 ), d ( .. ) 
u(2)=0.25 u(3 )=0.5 
u(4)=0.75 

Figure 6.6. Flowchart of the Utility Calculation Unit 
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name of base node: 
type of base node: 
gain- or cost decision: 
utile or payoff value: 

for each node : 
path: x __ xx __ xxx __ 
level: 
name of node 
type of node 
va.tlJe oF' node 
na me probability utii v. payoff v. 

ask choi c.e of user 
1: insert subnode 2: delete subnode 
3: enter subnode 4: backtrack one rode 
5: backtrack to base 6: save tree 

"7 :change node 8: find path 
9 :(I.u1:o insert 10: exit 

n 

Figure 6.7. Flowchart of the Decision Tree Subryro~ram .. ,-" 
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b) Outputs 

The program displays the following probabilities: 

1) Unconditional resultant (marginal) probabilities: Name and asso­

ciated unconditional probabilities of each resultant outcome are displayed.-

in Conditional probabilities of priori outcomes on resultant out-

comes. 

iii) Joint probabilities of resultant and priori outcomes. 

6.7. The Risk Analysis Subprogram. 

6.7.1. Introduction 

The risk analysis subprogram performs Monte Carlo simulation and 

determines.the mean~ standart deviation and distribution of the desfred measure 

of merit for a cash flow subject to uncertain cash flow values which may be ran­

dom variables with uniform~ normal~ beta discrete ortriangular distributions as 

well as deterministic performing Monte Carlo simulation. The probability densi­

ty functions of the distributions used in the program are shown in Table 6.1. 

The theoretical aspects of risk analysis is discussed in Chapter V the 

flow. chart of the subprogram is shown in Figure 6.8 and an example problem is 

given in Appendix A. 
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6.7.2. Inputs 

n Number of alternatives 

H) Input data: The input data can bE;! entered in two ways. 

L The user enters distributions for the initial value l salvage value 

project 11fe1 annual revenue and annual cost of each project. 

2. The user enters probabil i tydi stri but i ons for each cash f1 ow 

period. 

The probabillty distributions available are normal l triangularl uni­

form l beta and discrete. The annual revenues and cost may be autocorrelated in 

the case of correlationl the number and values of autoregressive and moving av­

erage parameters and the standart deviation of the white notce is to be indicated 
~ 

by the user. The cost or revenue at any period is related to the cost or revenue at 

the previous periods by 

where 

C(t) = i: Op (k) x c(t-k) + W nCt) 

k=l 

Nm 

- i: mp (k) x Wn (t-k) 

k=l 

C(t) : cost of revenue at pet-jod t. 

(6.7.1) 



Distribution 

Uniform 

Triangular 

Normal 

Beta 

4 

__ (x-a) for x So 

4 

p.d.f. 

b-a 

b+a 

_+a 

2 

b+a 

__ (b-x) forx ~ __ + a 
? (b-a)- 2 

1 2 
_ e - (X-.I.l) 1202 

..rno 

r(a+b) 
__ . X8- 1 (l-x)b-l 

r(a) r(b) 

Table 6.1. Distributions Used in Simulation 
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nm : number of moving average pararneters 

no : t1urnber of autoregressive parameters 

0p(k} : value of autoregressive parame,ter k 

mp(k) : value of moving average parameter k 

Wn(t) : \>vhite noise at period t. 
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The project life and salvage values may be conditionally dependent on initial val­

ue and project life respectively. Forthe independent variable the user specifies 

the number of intervals, a lowerand an upper bound and a probability distribution 

for each interval. If the independent variable falls within the range of an interval, 

the dependant variable is generated from the distribution corresponding to that 

interval. 

iii) The program asks number of batches, number of runs tn each batch, 

a seed integer value and number of runs discarded at the beginning of each batl 

i v) The mi ni mum at tract i ve rate of return and i nfl at i on rate are i ndi­

cated by the user which can also be random variables. 

v) /"leasure of merit: Present worth, future worth, annual worth, I.R.R'J 

E.R.R. payback period and discounted payback period methods can be chosen. 

vi) The user may specify intervals to see the distribution of output in 

the final solution. 

6.7.3. Outputs 

The program di sp lays the expected value I stand art devi at i on and pro­

bability of greater than zero values of measure of merit for each batch and for the 



Number of projects 

for each project 
name: 
initial value 
salvage value: 
life: 
annual revenue: 
annual cost : 

type of in put 
1: deterministic 
3: triangular d1S t. 
5: beta d',s t. 
7: depends on Life. 

2 : uniform d. 
4: normal· d. 
6 : discrete d. 
8 : dep. on i, y •. 

if type :: cost or revenue 
CtutoreQres,siol1 parameters 

movil'ig aver. parameters 
s. d. of white noise 

chan e the data 

number of batches 
number of runs in each batch 
a seed number . 
number of runs discanled in-each batch 

minimum aitractive rate of return 
inflation rate 
measure of merit 

ca cu a e : 
mean I standard deviation, 
proba bilit.iJ ri > 0 , 
distrfbution of oJJtput 

Write : 
mean, 5 tandard devi ation, 
proba b it i tl1 of 0 
distribution 

Figure 6.8; Risk Analysis Subprogram 
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tota I number of runs. If desi red the number and probabi lit i es of measure of mert t 

correspondi ng to each speci fi ed i riterva 1 are di sp 1 ayed. 

6.8. Conclusion and Extentions 

In this thesis a user oriented interactive program was developed for 

personal computers. The program consists of five subprograms Basic Calcula­

if onsl Decision Matrices, Decision Matrices I mbedded to Basic Calculations, Dec­

ision Trees and Risk Analysis. 

The package program can be extended in rnany ways; another subpro­

gram about AHP. Analytical Hierarchical Processes maybe added. By providing a 

utility function unit the decisions can be based on not only the payoffs but also . 
the utile values. Sensitivity and parametric analysis can be incl uded in the basic 

calculations subprogram. Another types of capital budgeting probrems may be 

solved withinthe capital budgeting option. The decision trees subprogram may 

be extended to solve discounted trees and may calculate value of perfect and in­

perfect information. It is possible tb exted the risk analysis subprogram so as to 

include more cornpllcated relationships between random variables, for instance 

joint distributions of two variables such as costs and revenues. 
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APPENDIX A 

EXAMPLES 

Example 1 : Evaluation of a Project with Different Measures of Merit 

Input 

Pro j ect name a 

Initial investment 10000 

Salvage value 1000 

Project Ufe 10 

Annua 1 revenue 3000 

Annual cost 2000 

·M.A.R.R. 0.1 

Output 

Present \n1• 2674 

Future \nt. 6937 

Annual ~V. 435 

I.R.R. 0.136 

E.R.R. 0.157 

Payback Per. 5 

Di s. Payback Per. a 



Computer Solution of Example 1 

number of alternatives : 1 

capital budgeting problem (yIn) 

inpu~ data may be in two forms 
------------------~---------------~---------------------------------

1 . initial , salva:ge values , project life·, annual revenues and 
. costs are entered for each project 

2··: cash fiow values are ~rytered period by period for. each· prcject 

enter your choice : 
• 

f or the project ... 
- . ------------------

project name 
initial investment 
salvpge value 
project life 
annual -'-re~eriLle 
annual cost 

. .. 

, : a 
-10000 
1000 
-10 
3000 

: '-1000 

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

for project .a· 

-----~--------------~---------------

period no b t c f v 

~-----------------------------------

o· --10000.00 
1 2000.00 
" 2000.00 L. 

3 2000.00 
4 200q.OO 
5 2000.00 
6 2000.00 
7 2000.00 
8 2000.00 
9 2000.00 

to 3000.00 

press any key to continue 
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disc~ete o~ continuous compounding Cd/c) d 

minimum atractive rate of ~etu~n : 0.1 

inflation conside~ed 

measure of. merits : 

1 present worth 
2 annual worth 
3 future woI'th 
4 internal ·rate of i-eturn 
5 external rate ·of return· 
6 . payback perIod . 
7 ?iscountedpayback period 

enter· your choice 

number of alternative projects 
minimum atractive rate of return 

1· 
0>100 

-----7----~-------------------------------
alternatiYe(s) present worth 

. . 
--:----------~----------.------------------:...--

a . 2674.68 

number ·of alternative·projec~s 
minimum·atractive rate of return 

1 
0.100 

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

alternative(s) annual w6~th 

a 435.29 
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number of alternative projects 
minimum atractive rate of return 

"1 
0.-100· 

------------------------------------------

alternative(s) future worth 
----------------------""""----------------.---

a 6937.42 

-----------~----------~~----------------------

alternative(s) 

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

a 5 

---------------------------~------------~----------

.al ternative(s) dis. payback period 

-------~--~--------------------~---------------~---

a B ~ 

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

. project name - et't' 

a .0.126 

--~-----------------------------------------

project name 

--------------------------------~-----------
a 0."157 
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Example 2 : Depreciation and Tax Calculations 

Input 

Project narne a 

Initial value 10000 

Salvage value 1000 

Project life 10 

Tax rate 0.1 

~1.A.R.R. 0.1 

Output 

Straight line and sum of the years digit depreciation methods are se-
, 

lected respectively. The depreciation book value l and after tax cash flows are 

shown in computer output. 



Computer Solution of Example 2 

disc~ete o~ continuous com~ounding Cd/c) 0 

minimum at~active ~ate of return 0.1 

inflation considered 

dep~eciation methods 
----------------------------------, , 

1 straight line 
2: dec~ining balance 
3 i ',sum of t~e years digits. 
4 sinking, fund 

enter your choice 

tax rate 0.1 

------------------,------------------------.------_-::.....:_--------
for the p'roject a 

-----------------~---------------~--~---------~~~----------

period b t c f deprii:iation book value 

----------------~------~---------------~-----~-------------

0 -10000.00. 0.00 '10000.00 
-1 2000,;00 900~00 9100.00 
2 2000.00 900.00 8200.00 
3 200p.00 900.00 7300.00 
4 2000.00 900.00 6400'.00 
5 2000.00 900.00 5500.00' 
6 2000.00 900.00 4600.00 ' . 
7 2000.00 900.00 3700.00 
8 2000.00 900.00 ·2800.00 
9 ' 2000.00 900.00 . '1900.00 

'10 3000.00 900.00 '1000.00 
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-----------------------------------------------------------------

fo~ the p~oject a 

period b't c f v depreciation taxable inc ate f v 
- . 

-------------------------------------------~---------------------

0 -tOOOO.OO 0.00 0.00 -tOOOO.OO 
-1 2000.00 900..00 HO.OO -1890.00 
2 2000.00 900.00 HO.OO t890.00 
3 2000.00 900.00 -1"10.00 -1890.00 
4 2000.00 90Q.00 HO.OO t890.00 
5 . 2000.00 9QO.00 -1"10.00 1890.1]0 
6 "2000~OO. 900 .• 00 HO.OO -1890.00· 
7 2000.00 900.pO HO.QO 1890.00 

.8 ,2000.00 .900.00 t-iQ.oo -1890.00 
9 ·2000.00 900.ob HO.OO -1890.00 

-10 . 3008.00 900.00 HO.OO 2890.00 

.. . 
----------.--~------~---:-------~-----.------:--~-------------------

for the· p~oject a 

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

period. b t. c f depreciation book valLIe 

. --.-----:-----------~----------..:.-------------------------------

O. --10000.00 0.00 10000.00 
1 . 2000.00 . -1636.36 8363.64 
2 2000~00 1472.73 6890.9'1 
3 2000.00 -1309.09 558'1.82 
4 2000.00 1145.45 4436.36 
5 20.00.00 98-1.82 3454.55 
6 2000.00 818.-18 2636.36 
7 2000.00 654.55 t98"1.82 
8 2000.00 490.9'1 1490.9-1 
9 2000.00 327.27 -1-163.64 

10 3000.00 -163.64 .. -1000.00 

i 



74 

-----------------------------------------------------------------

fo~ the p~oject a 

-----------------------------------------------------------------

pedod b t c f v depreciation taxable inc at c f v 

0 -tOOOO.OO 0.00 0.00 -'10000.00 
t 2000.00 "1636.36 36.36 "1963.64 
2 2000.00 '1472.73 52.73 "1947.27 . 
3 2pOO.00 '1309.09 99.09 '1930.9"1 
4 2000.00 1"145~45 . 85.45 ·19t4.55 
5 ·2000.00 98"1.82 "101.82 18~8.18 
6. 2000.00 8'18."18 '1"18. "18 . :188"1.82 
7 2000.00 654.55 '134.55 1865.45 
8 2000.00 490.9t "150.9"1 "1849.09 
9 2000.00· , 327.27 167.27 "1832.73 

'10 3000'.00. "163.64 "183.64 . 28t6.36 

./ 
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Example 3: Comparison of f1utually Exclusive Alternatives 

Input 

2 3 4 

Project name al a2 a3 a4 

Initial value 6000 7600 12400 13000 

Salvage value 0 0 0 0 
'" 

Project life .5 5, 5 5 

Annua 1 revenue 0 0 0 0 

Annual cost 7800 7282 6298 5720 

I"1.A.R.R. 0.1 . 

Output 2 3 4 

Project a1 a2 a3 a4 

Present W.C. 35568 36205 36279 34683 

A Incrernent 1600 4800 5400 

A Annual savi ng 518 984 1562 

I.R.R. on A Increment 0.186 0.008 0.138 

Justified Ves No Ves 

Project a4 is selected w.ith the I.R.R. and P.W. methods. 



Computer Solution of Example 3 

foI' the '1 • pI'oject 
--------~----------------
. pI'Oject name 
initial iDvestment : 
salvage value 
pI'oject lif e 

'annual I'evenue 
annual cost . 
.-:._-_._._-.. _-_ ...... 

a 
6000 
o 
5 
o 
7800 

foI' the 2 • pI'oject 
.------~----------~-------

pI'oject· name 
initial· investment:. 
salva;Je v.alue 
pI'ojec.t 1 if e 

b 
7600 
o 
5 

annual revenue 
annual cost 

o 
7282 

fot' the 3 • pt'oject 

pI'oject name 
initial investment 
salvage value 
pI'oject life 
annual t'e'Y.enue 
annual C'ost 

.: c 
12400 

.: 0 
5 
o 
6298 

fat' the 4 . pt'oject. 
--------------~----------

pt'oject name d 
initial investment '13000 
salv~ge value 0 
pI'oject life 5 
annual revenue 0 
annual· cost 5720 

76 

"' }' 

. .: ..... 

! 

-.:" 
;. , .. 

.' 
< 
i 



Ir'om to i t'[' 

-------------------------------------=---

a2 0.'185 

from to ' i rr " 
, ' 

-----------------.----------~---------=---

a2 a3 0.008 

" ' -----------------------------------------'. . 

from to irr 
----~------~-------------------------=---

a2 

press any key 

numbe~ of alte~n~tive' ~rojects 
minimum'atractive rate of retu~n 

, , 

0.·137 

4 
: 0.·100 

--------------------------------------------

the project to be chosen is a4 
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nGmbe~'of alternative projects 
minimum atractive rate of ~etu~n 

alternative(s) present ...... orth 

a -35568.'14 

b -35204.51 

c . -36274.38 

d -34q83.30 

4 
0.'100 

i' 
.~ 
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Example 4: Capital Budgeting 

Input 

Number of alternatives 4 

Project name al 

Initial investment 10000 

Salvage value 1000 

Project life 10 

Annual revenue 2000 

Annual cost 0 

Escalation rate 0.1 

f1.A.R.R. OJ 

Budget Limitation Constraints 

No Period 

1 o 
3 

3 2 

a2 

12000 

3000 

10 

3000 

Budget 

12000 

30000 

15000 

0 

0 

a3 

13000 

3000 

10 

4000 

0 

0 

f1utllally exclusive projects at a2 and a3 1 a4. 

a4 

14000 

4000 

10 

4500 

0 

0 

The selected projects and their starting times are shown in the 

computer output. 
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Computer Solution of Example 4 

foI' the 1 • pI'oject' 

a1 
-10000 
'1000 
-10 

pI'oject name 
initial.investment 
salv~;Je valLIe 
pI'oject life 
annual I'ev,·enue 
annual cost 

.: 2000 
o 

for the· 2. pI'oject 
-------------------------. .. 

pI'oject 
initiai 
salvCige 

name a2 
investment·: '12o(jO 

·pI'oject 
annual 
annual 

valLIe 
life 

I'eyenue 
cost 

2000 
'10 
3000 

: 0 

foI' the 3 • pI'oject 

pI'oject name 
initial investment ~ 
sal vage valLIe 
pI'9ject life 
annual I'e~enue 

annual cost 

a3 
-13000 
3000 
'10 
4000 
o 

foI' the. 4. pI'oject . . -------------------------
pI'oject name a4 
initial investment -14000 
salvage value 4000 
pI'oject life '10 
annual I'ev.enue 4500 
annual .cost 0 

. , 

i· 
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·enter planning hodzon 3 

nu~ber of periods with limited budget : 3 

. . -------------------------------------------------------------
no 

"1 
2 
3 

. period 

o 
1 
2 

. number of ml:ltually exclusive. groups : 2 

limited :budget 

"12000 
20000 
"15000 

number of mutUally exclusive projects in group 1 2 

no name 
------------------------------.' . 

a:! 
a2 

number 6f mutually exclusive projecta in group 2 2 

. -------------"------------------.. . 

no name 
. . ------------------------------

2 
a3 
a4· 

escalation rates f~~ projects 

--------------------------------------------------------------. . 
name· esc' exist(y/n) escalation ·rate 

--------------~-----------------------------------------------

a3 
a4 

0."1 
0.0 
0.0 
0.0 
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discrete or continuous compounding Cd/c) 

minimum 'atractive rate of return : 0.1 

inflation considered : 

. final solution 
, " 

-----------~--------~~---------------------
number of. 'al te~riative projects. 
minimum atractive rate of return 

'budge~. limitation~ 

4 
0.100 

'~T---~-------~~--~---~---~--~~7~---~-~-~~---
'. <', period ' .. . Umi~ed· '.budget. 

• • 0" '.: . '?{'.-:-:-'~-------------------~-----':----------'---
, · .. 0 ·i200o.o0· 

'.,:; .. ," '1 20000.00 

2 15ooo.oQ 

. mutu~lly exclusive projects 
. . -------------------------------------------.. . 
no .. names . . -------------------------------------------, . 

1 
2 

a1 a2 
a3·a4 

e~calat.iori rat.es 

project . escalation rate 
-------------------------------------------, . 

. a'l 
a2 
a3 
a4 

o. "100 
0.000 
0.000 
O.odO 

the selectted prpjects . 
-------------------------------------------

name starting time 

3 
3 

p.w. 

S,!-13.064 
"1-1414.5"19 
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Example 5 : A Decision r1atrix 

Number of states : 4 

Number of alternatives: 4 

Input 

states 

Probabil i ti es 

Names 

a1 

a2 

a3 

a4 

0.2 

2 

3 

4 

5. 

2 

0.2 

3 

4 

5 

6 

3 

0.3 

.4 

5 

6 

7 

4 

0.3 

5 

6 

7 

8 

The decision matrix is eva1uatedwHh dominance}. 

expectation-variancel laplace and minimax-maximin principles . 

• 
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Computer Solution of Example 5 

numbe~ of alte~natives : 4 

number of states : 4 

enter a name fo~ each-alte~~ative 
-------------------.---:-----------

no name 
--------------'---------------:-----

2 
a1 
a2 
a3 
a4 

entef-matrix values 

~----~---~----------------------------------------
-states 

alts. 
"1 2 -3 

-----------------~-----~-----~------------~--------
a"1 
a2 
a3 
a4 

2 
3 
4 
5 

3 
4 
5 
6 

4 
5 
6 
7 

decisons undet' t'fsk at' uncert.3l:nty (t'/u) - : 

gairy o~ cost matt'ix (g/c) 

-ente~ a p~obabiH_ty value for each state 
----------------------------------------

state probability 
--------------~-------------------------

2 
3 
4 

0.2 
0.2 
0.3 
0.3 

5 
6 

-7 

8 
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methods of evaluation fo~ decisions unde~ ~isk 
-------~-------.-----:--.:..-------------:--------------

'1 domin~nce 
2 expectation - va~ianca 
3 aspi~ation level 
4 most ptobable futu~e 

enter your choioe 

the final decision 
--------~~-~----~--------------------------------~-~-------~----~-----
n.u.mbeI' of' al t.e~natives 
number of states .. . 
gain o~ cost. decision : 
'risk o~ uncertainty dec~sion : 

4 
4 

9 
r 

~----~~---------------------------------------------~----------------~ 

name expectat.ions variance 
selected 

altemative(s) 
-----------.--.... --------------------------------------------------------

a'1 3.700 "1.210 
a2 4.700.·. '1.210 
a3 5.700 "1. 2'10 
a4 6.700 1.2'10 x 

the fin?l decision 
.. ----:----------------~----;'-------------------------------------
number of alternatives 
numbe~ of states . 
gain o~ cost.decision 

: . . . 
risk' o~ uncertainty decision 

selected 
name al te.rnative(s) 

4 
4 
g 
r 

----~-------------------?-----------------------------------

a1 
a2 

a3 " 
a4 x 
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methods of evaluation for d~cisions under uncertainty 
-------------------------------------------------------

'1 laplace 
2 maximax - minimin 
3 : maximin - minimsx 
"4 hurwicz 
5 savage 

enter your.choiCe 

the final. decision . 
. . .. . 

---------~-------------~---------~----------~---------------
number of alternatives 
number of states 
gain or cost decision .. . 
risk dr uncert~inty decision :. 

it 
4 
c 
u 

--------~----------------------------------~--------------~-

name 
laplace 
values 

s·elected 
alternative(s) 

-------------~--~----------------------~--------------------

a1 
a2 
a3 
a4 

3.500 
4.500 
5.500 . 
6·.500 

the final decision 

x 

------------------------------------------------------------
nu~bei of ~lternatives 
ntimber of states 
gain or cost decision 
risk or uncertainty decision : 

··4 
4 
g 
u 

------------------------------------------------------------. . . 

name 
min - max· 
regret 

selected 
alternative(s) 

---------'--:--...;---,---------------------------------------.---

a'1 
a2 
a3 
a4 

3.000 
2.000 
'1.000 
0.000 x 
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Example 6 : A Decision Matrix Imbedded to Ba,sic Calculations Units 

Inputs 

Number of alternatives: 3 

Project name al a2 

Initial value 10000 ' 12000 

Salvage value 1000 2000 

Project life 8 10 

Annual revenue 2000 3000 

Annual cost 0 0 

The uncertain variable: M.A.R.R. 

Value Probability 

2 

3 

0.8 0.3 

0.10 

0.12 

0.3 

0.4 

a3 

13000 

3500 

12 

- 4000 

0 

The decision matrix is evaluated with the e~pectation-variance 

principle.'The matrix values ,and final solution are shown in the 

computer output. 
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Computer Solution of Example 6 

number of alternatives: 3 

number of states : 3 

input data may be in two forms 
--------------------------~--------------~---~---------------------~ 

'1 initial " salvage values., project· life,. annual revenues and 
costs are entered for. each project 

2 cash flow values are ente['ed period by pedod for each prcject 

ente[' your choice 

type .of uncertain variable 
-~~~--------------------~--------. . 
1 · minat[' rate of return .. 
2 · inflation ['ate · q · investment 'value · 4 · salvage value · 5 · life · 6 anual cost 
7· · . anual ['evenue · 

enter YOLl['choiue 
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fo~ the alte~native 1 

p~oject name 
initial investment 
sal v~ge value 
p~oject life 
annua 1 ~e'llenue 
annual cost ' 

a'l 
10000 
1000 
B' 
2000 
o 

--------~~~------------
p~oject 'name : a2 
initial inv~stment : 
sal voge value' : 
p~oject' life : 
annual re,Venue : 
annual cost 

12000· 
2000 
10 
3000 
0' 

~or the alternative 3 
---~-------------------
project name a3 

13000 
3500 
-12 
4000 
o 

initial investment : 
, salvage'value: 
p~oject life 
annual ~e,y~nue 

annual cost 

disc~ete o~ continuous compounding (d/c) d 

inflation ~onsidered 

measu~e of merits : 
--------------------~---------
1 
2, 
3 
4 
5 
6 
7 

present worth 
annual wo~th 
futu~e wo~th, 
inte~nai ~ate of ~eturn 
eKte~nal rate of return 
payback period 
discounted p~yba'ck period 

ente~ you~ choic'e 

decisions under ~isk o~ uncertainty 
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.. ;-

enter a probability value for each state 

state 

"1 
2 
3 

probabi Ii ty 

0.3 
0.3 
0.4 

the decision matrix 

states 
alts. 

2 3 

------------------------------------------
a·1 
a2 

, a3 

2033.55 ' 
90~6.63 

·18534.21 

1136.36 
7204.79 

·15369.98 

339.16 
5594.62 

"12675.86 

methods of· evaluation for decisions under ris'k 
----------------~-------------------------------

·1 ; 'dominance 
2 expectation -,variance 
3 aspiration level 
4 most ,probable future 

enter your' choice 

the final decision 

90 

--------------------------------------~--------------------------------
Number of alternatives 
number of. states ' 
risk or uncertainty decision 
the uncertain variable 

3 
3 
r 

m. a. r~ r. 
. ' ----------------------------------------------------------------------

selected 
name expectations variance alternative(s) 

. - . -

---------~------------------------------------------------------------

a1 
a2 
a3 

·1(1.86.637 
7·116.272 

·1524"1. 600 

493220.236 
2058023.966 
5890537.937 x 
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Example 7 A Decision Tree 

as 2231 60 

10 

as 222 25 

as 221 60· 

as 211 

30 as 212 

70 

as 232 'l) 

as 233 60 

20 

~--=-:":=----i as 112 20 

10 
as 12 20 

15 
as 131 10· 

as 132 20 



Computer Sol ution of Example 7 

path as 
level 0 
node name as 
node type decision (base node) 
value (payoff) 0.00 

no name 

as1 
as2 

. payoff 

20.00 
48.40 

the' ch'oi~e is : as2. with payoff 48.40 

------~-------------------------------------------------~­" 

1 
3 
5 
7 
9 

the choiCES are 

insert subnode 
enter subnode 
backtrack to 
change node 
otoinsert 

path 
level 

enter your 

.: as 
: '1 

node name : as1 

base node 

choice 

as'l·":-" 

node type : dec"ision 
value (payoff) : 0.00 

no name' payoff 

'1 ' as'l '1 '16.00 
~I 
L. as'12 20.00 
3 as'13 '15.00 

, the choice is· as'12 with 

the chaines are 

2 
4 
6 
'8 
0 

payoff ; 

delete subnode 
backtrack one node 
'save the tree 
enter uncompleate node 
exit 

.. 
! 

20.00 :" 

----------------------------------------------------------, , 

1 insert subnode 2 
3 enter subnode f' 4 
5 backtrack to base node 6 
7 change node B 
9 otoinsert 0 

enter your chojce 

delete subnodf;! 
backtrack one node " 
save the tree 
enter uncompleate.node 
exit 

, ' ," 
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path 
level 

as -- as2 
"1 

node name as2 
node type chance 
value (payoff) 0.00 

no name probability payoff 
-----------------------------------------

·1 as2·1 0.300 40.00 
2 as22 0.300 60.00 
3 as23 0.400 46.00 

the payoff 48.40 

----------------------------------------------------------. . . 
the choices are 

~---------------------------------------------------------
1 
3 
5· 
7 
9 

, 
insert subnode 

: enter subnode 
backtrack to. base node 
change node 
otoinsert 

enter your choic:e : . 

'. 
path 
level 

as -- 'as1 -- as12 

node name : as12 
node type' end 
value (payoff) : 20.00 

2 delete' subnode 
4 · backtrack one node · 6 saye the tree 
8 enter uncompleate node 
0 · exit · 

-------------.---------:-------------------------------------
the choices are 

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

1 
·3. .. 
5 
7 . . 
9 

insert subnode 
enter subnode 
backtrack to base node 
change node' 
otoinsert 

enter your choiCe : . 

2 
4 
6 
8 
o 

. . delete subnode 
backtrack one node 
save the t·ree 
enter uncompl~ate node 
exit 



Example 8 : Risk Analysis 

Input 

Pro J ect narne 

Initial value 

Salvage value 

ProJect life 

Annua 1 revenue 

life 10 

prob. 0.2 

value 

prob. 

a 

norma 1 (50000' 1000) • J 

deL 0 

discrete 

11 12 13 14 

0.2 0.2 0.2 0.2 

discrete 

35000 40000 45000 

0.4 0.5 0.1 

Annual cost normal (30000, 2000) 

Number of batches 

Number of runs 

!"leasure of merl t 

1·'1.A.R.R. 

1000 

P.W'. 

det. 0.1 

The ii na 1 sol uti on is stwv·m at the cornputer- output. 
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~omputer Solution of Example 8 

number of alternatives : 1 

input data may be 'in two forms 
-----------------~--~-------~--------------------------~------------

1 initiaJ, salva.g~ values 7 project life , annual revenues and 
costs are entered .for each project 

2 cash flow valueS-are entered period by period for each p~cject 

enter your choice 

f or project '1 

project name a 

initial' value r' 

~he choices for entering input 
-~---------------------------------

1 :. deterministic 
3 triangular d. 
5 beta d. 

ente~ your choice 

.2 
·4 
6. 

type of distribution 

enter the mean value 

uniform d.' 
normal d·~ 

discrete d. 

normal 

50000 

enter the standard deviation 1000 

;1 
I 

, , 

j . 
. ' , 
} . . 



saLvage value 

the choices for entering input 
-----~-----------------------------

·1 
3 
5 
7 

deterministic 
triangular d. 
beta d. 
dep on life 

enter your·choi4e 

2 
4 
6 

type of distribution 

uniform d. 
normal d. 
discrete d. 

deterministic 

. enter· the de,terministic value :. 0 

·p~oject life 

the. choic~s for entering input 
-----------------------~-~---------

1 deterministic 2 uniform d. 
3 . triangular d.' 4 . normal d. . . 
5 beta d. 6 discrete d •. 
7 d·ep on in. val. 

enter your choice . . . 

type of distribution discrete 

enter number of discrete points : 5 

no· value probability 

1 10 0.2 
-I 
.t.. 1"1 0.2 
3 ·12 o -I • .t.. 

4 13 0.2 
5 14 0.2 
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, . 

type of dist~ibution : discrete 

enter numbe~ of discret~ points : 3 

no value probabi Ii ty 

"1 
2 
3 

35000 
40000 
45000' 

0.4' 
0.5, 
0."1 

type of distribution 

enter the mean value 

normal 

30000 

enter the standard deviation 2000 

number of batches : 1 

rnumber of, runs in' each batch: 1000 
" . 

enter an integer for seed : 1000 

number of ~uns to be disgarded' at the beginning of each batch": 0 

." 

measu~e of merits : 

1 present worth 
2 annual worth 
3 futu~~ worth 
4 inte~nal rate of reto~n 
5 external rate of;return 
6 payback pe~iod r 
7 discounted payback period 

enter your choic:e : 
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fo~ the mlnlmum atractive ~ate of ~etu~n 
discrete o~ continuous interest Cd/c) : 

~he choiCes foi- entering input 
-------~.-~-------------------------

1 deterministic 
3 triangular d. 
5 beta d. 
7 dep on in. val. 

enter your choiCe ; 

2- : uniform d. 
4 -: norma I d" -
6 : discre~e -d. 

type of distribution : deterministic 

enter the deterministic value ; 0.1~ 

final output of all batchs 
-----------------------------------------------------

nllmber of alternatives 
min. atr. rate. of ret. 

- nllmber of batches 
nllmber of -runs per batch 
totai n~mber of runs 
nllmber of runs discarded 
~ethod of evaluation 

name 

a 

av~rage of 
expected -v. 

7866.766 

· · 1 
det 0.'10 

· · 1 
1000 
1000 

o 
present worth 

ave-rage of 
stand art d. 

8932.862 

av~t'age of 
p~ob of > 0-

0.79700 
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