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ABSTRACT

inthis thesis auseroriented package program has been developed for
persanal computers {o solve practical problems about engineering economy
and decision theoryand to be useful in educational studies. The programk de-
veloped ehables to pgarform calculations about _the alternativeuses of capi-

tal in business and engineering projects.

The package consists of five subprugr‘éms; Basic Calculation Sub-
program, Decision Matrices Subprogram, Decision Matrices Imbedded to
Basic Calculations Subprogram, DecisionTrees Subprogramand Risk Analy-

sis Subprogram. The program is written with Turbo Pascal Yersion 4.0,

iv



0ZET

Bu tez galigsmasinda,kullaniciya gﬁneﬁk,mi'zhehdislikéknndmisi .
ve karar teorisi ileilgili pratik problemlerin cﬁzﬁmﬂnde veeditimcalhigmalarin-
da kullamimak Ozerekigisel bir bilgisayarlariginbir paketprogram gelisti-
rilmigtir. Beli$tirﬂen program, mihendislik ve igletme projelerinde kaynaklarin
alternatif kullamhs o]anakléh ile ilgiii hesaplarin yapilmasinda kullanilabi-

lir.

Geligtirilen paket program, beg programdan' olugmustur; bunlar
Temel He’saplamalar Alt Programi, Karar Matrié‘.eri Alt Program, Karar
Matrislerinin Temal Hesaplarla Birlikte Kullamldijn AltProgram, Karar
Afaclan Alt Programi ve Risk Analizi Alt Programlaridir. Program Turbo

Paskal Version 4.0 ile yaz1imistr.
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[: INTRODUCTION
‘1.1 Introduction

‘This thesis is aimed at developing a user-oriénted interactive pack-
age program to perform economic analysis in business and engineering environ-
ments. The program developed enables toperform calculations about evaluations

of alternative uses of capital in financial and engineering projects.

An outstanding phennmenon of present-day industrial cwmzatwns
is the extent to which engmeers and busmess managers through the useof capltal '
areablato multlplu the effectiveness of efforts and to harness resources tosat-
1sfy the needs and wants of people. Eonsequentlu, capital, in the form m moneg'
for people, machines, and materlals is aneconomic necessug in wrtuallg all en-

qmeermg and business pm}ects

Engineering economy is a body of knowledge devoted tothe systemat-
ic evaluation of the net worth of benefits resu]ting from proposed engj'neering |
and business \séntures, in‘re_]atiu‘n to theexpenditures associated withthose un-
dertékings. Accordingly, economic analyses that primarily involve énginee'ring

- and technical projects commonly are called engineering economy studies.

The» tirst chapter is the introduction. it explains the importance of
developing such a program and giues g literature survey on similar packége pro-
grams. Chapters Il to V explains the theoretical concepts used in the subpro-
grams. Chapter 1l discusses basit engineering eéonnmg concepts interest,
measure of merits, depreciation, taxes, inflation and capltal budgetmg Chapter

s on the theory of demswn matrices. Decxsmn trees are explained in Chapter



[V -and Tinally ChapterV diséusses briefly risk analysis. The package progrﬁm
developed is explained in the last Chapter. For each subprogramartera short ex-
planation the inputs that should be entered by the userand the outputs generate»d :
by the programs are given. The flowcharts of the subprograms are also included in
this Chapter.Eight example problemsare presenfed in Appendix A's'h'nwing thein-

put menus and computer outputs.
1.2, Importance

"Tn’dag's investersare raced withmany alternative ways of evaluating
their capital, under highlyrisky environments and changing cnnditjon’s.This sit-
uation incvreases' the impnrtancé of applying scientific quantitative methods of
'engineering'écanomgand'decision theory through the use of facilities provided by,

the fast growing computer hardware and sof tware.

Interactive and éasg to use programs, as developed in this study are
usetul in assivsting the analyst to the solution of as many practvical problems as'
possible, by using ditferent methods of engineéring ecnnomg.Subh prdgrams are
also excellent educational tools, prwiding the étudent a quick and easymean, to
apmg the theoretical concepts and to stuc}g’ as many hgbﬁthetical situations as |

_possible.



Il. BASIC METHODS OF ENGINEERING ECONOMY
21. Introduction

The majority of economy studies involve commitment of capital fora
periodof time such that theeffect of time on the moneymust be considered. Con-

sequently, money has a "time value”.

In privately financed sectors of a capitalistic economy, suppliers of
capital expect to receive "rent” from the use of their money. This rent is called
interest and isreferred to by economists as the return tocapital. There are sey-
eral reasnhs why interest is essential and must be]consideréd, in engineering
-economy studies and economic decision making. First interest pays the supplier
for forgoing the use of his or her moneg,' during the time the user has it. Second,
the interest is the payment for the risk the supplier takes in permitting another
person, or an organization, to use his orher capital. Third, the fact that the sup-
plier can earn interest by making capitai gvailable acts as an incentive to accu-

mmate‘cépital and to make it available. |
2.2 ln»terest and Money-Time Eelatibnshipé
2.2.1. Simplé Interast
When the tn‘t_al interest earned orcharged is direct'lg proportional in
the amount of the lnlan {principal), the interest rate, and the number of interest |

periods Tor which the principai is committied, the interest and interest rate are'

said to be simple.



" Whensimpleinterestis applicable, the totalinterest |, earned orpaid

may be computed by

[=PRN%i | _ L (2.2.1.)

-~

where P principél amount lent or borrowed
M : number of interest periods
i:interest rate per interest period
2.2.2. Compound Interest
Whenever the interest_ charge for any interest periud is based on the |
remaining principal amount plus any accumulated interest charges up to the be-

ginning ot thev‘period, the interest is said to be compound.

When compound interest is used the total interest at ang period h, ln

is given by

lp = IRP (2.22)
P =Py x(+) (2.23)

vhere Pﬂ is the deposite accumulated at period n.

Compound interest is much more common in practice thanis simple

interest.



2.2.3. Equivalance

Ah item of money has an infinite set of equivalent and potential val-
ues over time (althrough 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
timingas well as amount. Twoamounts of moneyorseries of moniesat different
points in time are said to be equivaleni, if they are equal to each othef, at.some.

point in time at a given interest rate.

2.2.4. Interest Formulas for Discrete Compounding and Discrete Cash -

Flows

Discrete compounding means that the interest is compounded at the
end ot each finite-length period such as amonth nr'a.gear._Further_'more, the for-
mulas-' assume discrete (lump-sum) cash flows ‘space‘d at equal time intervalson
acashf Ibw diagram. Table 2.1 provides a summary of the six most common dis-
crete compound interest f éctors. InTable 2.1. and Table 2.2. the factor is m»ulti-

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



TéBLE ?.J. Discrete Enmpnunding'lnterest Factors and ngbols ' '

Factor

Factor by Which to | ‘ - Functional

To Find ,_ Given:

Multiply "Given”

Factor Name  Symbel -

For single cash flows:

F | P (1+)N
P F 1
e M
For uniform series
{annuities}:
F s a+iNo
i
P P L
o.M
i1 +1)
5 . F i
a+ilt-1
A p i+ i
(eil-

~ Single payment (F/P,i%, N)
compund amount |

" Single payment (P/F,i%, N}
present worth

* Uniform series (F/a,i%, N)

~ compound amount
Uniform series .
“present worth (P74, 1%, N)
‘Sinking fund {a/F, i%, Ny

Capital recovery (;&/P, i%, N}

", effective interest rate perinterest period; N, numberofinterest periods; A, uniform series
amuunt (mcms at the end ofeachlnterest penod} F, future worth; P, present wotth.



Table 2.2. Continuous Eampoundmg and Discrete Cash Flows Interest
Factors and Symbols

Factor by :
_ Which to Multiply o Factor Functional
To Find: Given: . . “"Given" Factor Name o Symbel
For single.
cash Tlows: , ‘ ; .
F P o N Continuous compounding  {F/P, r%, N)
’ compound amount - o
{single cash flow)
p F L Continuous compounding  {P/F, S, N
present worth
{single cash flow)
For uniform series
{annuities}: -
Continuous compounding  (F/A,r%, N
el -1 - compotnding amount
: {uniform series)
p 4 ey S -
_ Continuouscompounding  {P/A,r%, N}
e lgel 1) | present worth
{uniform series)
4 F g -1 -
. Continuous compounding  (A/F, r®&, N)
erN-] sinking fund
A B e Neet-n) ‘ Continuous compounding  (A/P, r%, N)
- - capital recovery '
e Ny

r, nominalannual interestrate, compoundedcontlnuouslg,ﬂ number of periods { years) ;A, uniform
aerlewmuunt {occurs at the end of each year); F, future worth; P, present worth.



2.2.5. Interest Formulas for Continuous Compounding and DiscreteCash -
Flows

in the concept of continuous compoundigit isassumed that cash pay-
ments oceur 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 Method

The present worth method is based on the concept of equivalent worth -
of all cash flows relative to some base ovt"beginnniﬁg point in timecalled the pre-
sent. That is, all cash inflows or outflows are discounted to t'he base point at an

interest rate usually the MARR.

To find the bresent worth of a series of cash receiﬁts and/or dis-
bursements,itis necessary todiscount f uture amounts to thepresent by using an

interest rate usually the M.ARRR. of the firm for the number of périods

P = Fy + Fy () 4 PRy @3

where i = effective interest rate per compounding period

k = index for eéch compounding period

F, = cash flow at the end of period k

M = nurnber of compounding periods



Thecriterion for this method is that as long as the net present worth,
isgreaterthan, orequal tozero, the project iseconomically justified; otherwise
not justified (rejected).

2.3.2. The annual Worth Method

The term annual worth {(AW.) means a uniform series of money
amounts Tor a certain period of time that is equivalent to a particular
schedule of cash inflows (receipts or savings) and/or cash outflows (disburse-
ments) underconsideration. The net annual worthof & hro jectisitsannual equiv-
alent receipts (R)‘, mihus anual equivalent expenses (E), less its annual equival-

ent capital recovery (C.R.) amount. In equation form the net annual worth is
AW =R-E-CR | - (232)

The criterion for this method is that as long as the net annual worth, |
is greater than orequal tozero, the project iseconomically justified otherwise,

not justified.

‘ Thek capital recovery cost (C.R) for a project is the equivalent uni-
formannual cost, of capital invested. [t isanannual amount which covers the fol-

lowing two items;

i. Depretiation {(loss in value of the asset):

ii. Interest on invested capital



There are several convenient formulas by whichcapital recoverycost

10

may be calculated toobtain the same result (1). The easiest formulais tofind the

ahnual equivalent of the investment and then subétract the annual equivalent of

the salvage value. Thus

s i
- s_____-
asi) N -y s+ -1

n
U

CR.

where P = investment at the beginning of life
S = salvage value at the end of life
N = life of project |

i = interest rate

233 The Future Worth Method

withthis method, the future worth of analternative canbe calculated |

(2.3.3)"

in view of M.AR.R. and compared with the doénuthing option. If future worth is

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

ebnnomg studies is exactly comparable to the present worth method, except that

.all cash inflows anhd outflows are compounded forward {o a ref,erence point in

time called the futm‘e.

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 rate of return method for making economy studies.
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This method solves Tor the interest rate that equates the present
worthof an alternative's cashinflows to the presént worthof cashoutflows.The
resultant interestrate is termed the "internal rate of return”.For a smgle alter-
native the LRR. is not defined unless hoth recelpts and disbursements are pre-

sent in the cash tlow pattern.

The LR.R. is percent i at which

N ] N1
S Rg——=3 E (234)
k=0 ek K0 gk

where Ry = net receipts of savings for the k th year |

E, = het expenditure for the k th year

The interest calculated by eq'uatiOn (2.3.4) is compared with the
M.ARR. to assess whether the alternative is acceptable. If (i} is greater than

M.ARR. the project is acceptable, otherwise it isnot.

The AW, P.W., F.W. methods implicitly make the assumption that net

receipts less disbursements are rei r'weslted by the firm at the M.A.R.R..However,

. thel.RR.methodisbased on the assumption that funds are reinvestedat (i) rather

than MARR. This assumption may not reflect real situations in some
~applications. Other disadvantages of the IRR. ‘method are computational

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

problems (1}, (1?]).
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2.3.5. The External Rate of Return Method

The investment assumption of the LRR. method coupled with the
computational diff icultg and possible multiple interest rates has led tothe de-

velopment of other rate of return methods that can remedy some of these chfﬁ-

cumec

The external rate of return method (ER.R) directiy iakes intoaccount
the external interest rate at which net cash f lows generatedbyapro ject overits
life canbe renwested outside the firm. If this external reinvestment rate equals
i the project's LR.R,, thanthe results of ERR. and | R.R. methods for that pm]ect’

become identical.

h _general all cash outflows are discounted to period zero at (e) per-
“cent per compounding period, while all cash inflows are cnmpoundgd to peri od N
at(e) p'ercentv.Th‘e external rate of returnis then the interest rate that establish-

2s eguivalence between the two quantities. In equation form

N aa |
E . E,\ o - 2 Rk (]"'EJN—K (2.3.5)
k=0 aee)k k=0

where Rk = excess of receipts over disbursements in period k
Ek = excess of expenditures over receipts in period K

N = project life or number of period for the study
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e = external reinvestment rate per period

‘i = external rate of return

Aprojectisacceptable whenexternal rate of returnis greaterthanor
equal to the firm's MARR.

2.3.6. Payback Period Method

The payback method which is often called the simple payout method
indicatesaproject’s liquidity ratherthan prof itabilitg.The-pagback method cal-
culates the number of years required 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.

3 Re-EJ-P 20 | (2.3.6)
k=1 ’

The payback period method ignores the ti'me value of mbneg and all cash flows

that occur after (6).
23.7. The Discounted Payback Periad Method

This method calculates the discounted payback period so that the

time value of money is considered.



.
T R-EJUKPr0 (23.7)
K=0

where i = minimum atractive rate of return

8 = discaunted payback period
2.4, Depreciation

2.4.1. Introduction

Depreciation is thedecresase in value of physical properties with the

passage of time.

Depreciationiscongideredineconomy studies primarily for two res-

sons.

i. To provide for the recovery of capital that has been invested in
phusical property

| ii. Toenable thecost of depreciation tobe chargedto the costof pro-

- ducing products 0rser§i¢es that results fromthe use of that property. Deprecja-

tionmethods included in the packege programare explained brieflyinthe follow-

ing sections.
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2.4.2. The 5traight Line Method

The straight line method of computing depreciation assumes that the

lossinvalueis directlyproportional tothe age of the asset. The depreciational-
lowed at theend of each period (D} is equal throughout the asset’s useful life and

is'gwen by

Dk = e———— (2.4. 1 -)

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

by

By =P - Dy kK (2.4.2}

where P = griginal cost
-§ = salvage value
N = depreciabie life of the asset in years

k = number of period

2,43, The Declining Balance Method

The decliningbalance method of depreciationprovides foran accel-

erated write-off (depreciation) during theearly yearsof the life of anasset
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with progressively smaller depreciation charges with increasing years. For this

method, the depreciationcharge for thek th gear(Dk) is equal toa fixed percent-

age (d) of the book value at the beginning of the k th year. Thus
Dy =B %d _ ' (2.4.3)
The book value at the end of (k-1) th year is given by
_p f1-myK-l '
By =P {-d) (2.44)
Thus
—pn-mk-l ' o
B =P (-d)" "d o (2.45.)

: ‘ ' ' /
Since the declining balance method never reaches a book value of ze-
ro,it ispermissibleto swich fromthis method to the strai ghtlinemethod so that

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

244, Thé Sum-of-the-Years'-Digits Method

“The sum-of-the-years'-digits method is an alternative depreciation
method forachieving accelerated write-off during the early days of life of anas-
set. The digits correspanding to the humber of years of estimated life are added

together. This sum can alsa be conveniently obtained by
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M (H-1)

Ay
—_
-
I

(2.4.6.)

Y

~ where SYD is the sum of the years’ digits.

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

{H-k+1) _
Dp=(F-8) (2.47.)
SYD

The book value at the end of k th year is

2(P-5) (P-5) (k+1)k |
Bopo——— kb (2.48) .
N H(N+1)

2.45. The Sinking Fund Method

The sinking fund method assumes that a sinking fundis establiShed in
which funds will accumulate for replacement purposes. T‘he total depreciation
that has taken placeupto ang given timeisassumed tobe equal to theaccumulat-
ed value of the Sinki ng fundat that time. Withthis method if the interest rate on
the sinking rund is known a unifarm yearly deposit can be computed. The cost of
deprematmn mrang yearis the sum of that deposit and accumulated interest for

that geér. The equations used for the sinking fund method are respectively



(P-5) i
d= (2.49)
(l+i)N -1
Dk = d (1+i) ¥ - (2.4.10)
(1)K -1 |
Bk=P-(F-5) (2.411)
(M)N -1 |

where 1:interest rate of sinking fund

d : uniform yearly deposit

- 2.5. Consideration of Taxes

The taxes paidbyacorporationrepresent a re.al cost of doing business
and cansequan‘t'lg affect the cash flow profile. For this reason it is wise to par-
- farmeceohamic analyses onanafter-tax basis. After-tax analysis procedures are
identical to the before-tax evaluation procedures. However, the cash flows are

adjusted for taxes paid or saved.

Amang numerous kinds of taxes including property, sales, excise and
income taxes, income taxes are usually the only significant taxes to be consi-

dered in an aconaomic analysis.
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Taxable income must first be determined before any tax rate can be
applied. Basically taxable income is gross income less allowable deductions
which commonly include items such as salaries, wages, repairs, rent, taxes (oth-
er than incyome), interest and depreciation. |

After-tax cash flow is the amount remaining after income taxes and
deductions, including interest but excluding depreciation, are subtracted from

gross income. In equation form

ATCF, =BTCF -T, (251)
Tp=trT. Iy | (25.2)
Tl =BTCF =D, | - (253)

where

A.T.c.ék - After tax cash flow at period k
- BTCF),:Before tax cash flow at period k

T - Tax at‘ﬁeriod k

T.Ik :Taxahle incame at period k

Dk : Depreciation a{ period K

tr : Tax rate
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2.6. Considerstion of Inflation

Intlation is the case where the increase in prices reduces the pur-

:.habmq power of money. It is a fact of life and can mgmﬁcantlg affect the eco-

nomic comparison of alternatives.

| If all cash flows in an economic comparison of alternatives lare in-
flating at the same rate, inflation can be disregarded in before-tax studies. In
cases where all incomes and all expenses are not inflating at the same rate, in-
flation givesrise to differences in economic attractiveness amaong alternatives

that must be taken into account.

There are two fundamental tgpes of interest rates emploged fordis-

—

cnuntmgf compounding cash flows.

Thereal interest rate (ip}isthe marginal‘ cost of capital that doesnot

include & market place adjustment for the expected general inflation rate. It is
‘theincrease inreal purchasing power expressed as a percent per period. The real
discaunt rate reflects potential earning power of money in the absence of general

inflation.

Combined interest rate (iC) is the marginal cost of capital that in-

cludes a market place adjustment fof'the anticipatedinfiationrate inthe econo-
my. Thus, it represents the increase in future cash flows to cover real interest
and gene'ra} inﬂatfan expectations. This annual rate takes into account bath in-
flation and th_e. patential earning power of money. The relationship between the

real and combined interest rates is given by



g =i+ Tt @6

where T is the general inflation rate.

2.7. Capital Budgeting

Capital budgeting may be defined as series of decisions by individual
gconomic units, as to how much and where resources will. be invested and ex-
pended for future use, particularly in the production of future goods and servic-

gs.

The capital budgeting problem isdiscussed extensivelyin (6), which
includes mathematical pragramming formulation of manydifferent type of capi-

tal budgeting problems.

in this section amathematical programming formulation is given for

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

i m

max = I P..X (2.7.1)

i M
izl =l

st

n .
3G Ky Bj forall]j | (2.7.2)

1=l
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tk m

2OE¥ ¢l forallk o (273)
=l j=l

m

I X <1 foralli (2.7.4)

vhere
X it is & zero ane variable | N
which is one if project 1 is selected and starts at period j,

~zero otherwise | N

P]- ji present Swrth of project i started at period j

Cij: ‘initial cost of project i started a period j

Bj: budget limitation at period j

k: number of mutually exclusive group

l,: number of mutually exclusive projects in group K

m: time horizon

n: number of projects

The objective f unction, descri bed by equation {2.7.1)is the total pre-
sent worth of all projects irnpiemented. If project i starts at period; it hasa pre-
sent warthof G; and X;; takes the value one otherwise it is zero. Constraints de-
scribed by eq(2.7.2) are budget 1imitationconstraints. If project i starts at peri-

~od jitrequires Gjamount of 31‘m;estment.The total amount of money spend at each
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period cannot e#ceed Bj thebudget availableat that period. Constraint (2.7.3) in-
dicate mutually exclusive projects. That is, at most one of the projects withina
mutually exclusive grdup can be ‘realized and those of (2.7.4) restricts ‘project i
to beimplemented once anlg.fhe problem formulated can 'be solved by a LP pack-

age program. In this thesis LINDD (2) used for this purpose.



{1l. DECISION MATRICES
3.1. Introduction |

The matrix model describes a set of mﬁtuallg exclusive, feasibleal-
ternatives available, where a single alternative is to be selected at the present
time. Inaddition tothesetof alternatives, there are mutually exclusive states of
nature, such that the occurence of which isnot influenced by ihe selected alter-
native, and the occurence of which is not known with certainty by the decision
maker. 5o foreach alternative versus state combination, ther;e is aﬁ outcome and

a value associated with that outcome either a 1oss or a gain.

Decision matrix models can be classified on the basis of the amount
of information available to the decision maker as decisions under assumed cer-

tainty, decisions under risk and decisions under uncertainty.

It is reasonable to assume in many decision situations that only ohe .

stateis relevant andtreat thedecision asif 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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gccurencesare explicitly stated. In some decisionproblems, the probabilitg val-
ues maybe ob jecti‘\eelg known fromhistorical records or objectively determined
fromanalytic calculations. The decision maker may not have past records availa-
ble to arrive at objective probability valueé. If the decision maker can aséign
probability values subjectively to the occurrence of each state, the decision is

still treated as one under risk.

3.21. Dominance

The dominance principle is formally described aé follows: if the val-

ues are in terms of costs and there exists a pair of alternatives Ai and 'h'j such

that

V(o) ¢ V(o) | (3.2.1)

forall k,A;is saidto dominate A;. Alternative A; may then bediscarded fromthe
deci sion problem. If the values of adecision matrixare intermsof gains thecon-

dition for A}- to dominate Ai is that

(CHERICHD | (3.2.2)

for all k.

roZict DNVERSITRSE SOTURRARLE
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3.2.2. Expectation-Yariance Principle
For the matriz model the expected value of an alternative A]- is

M - ‘ ,
E(A) = 2 v(e,,) Py ' : (3.2.3)
k=1

vrhere Pk - probability of state k occurring

\s(eik} s matrix value of alternative Ai when state k occurrs.

The expected values foreach of the alternatives are calculated. If the
~principle of maximizing (minimizing) the expected gain {loss) is followed, the
alternative with maximum (minimum) expected value is chosen. A corollary of
the expactad-value criterion is that, in the event of a tie in expected value for
twoa or more glternatives, the alternative

having minimum variance should be chosen, The variance of analternative isgiv-

en by

WAd= T (V8 - EADH/(NA) (324)
k=1 - '



3.2.3, The Most Probable Future Principle

If, in & decision under risk, one state has a probability of occurrence
considerably greater than any other, the most probable future princikpl eistocon-
sider this state as certain and a1l other states as having a zero chance of occur- -
rence. The decision ig thereby reduced to & decision under assumed certainty.
Then an alternative is chosen that i’naximizes (or minimizes) the measure of ef-

fectiveness being used under the assurned certainty condition,
3.2.4. The Aspiration-Level Principle

In most réal.—wor]d decisions, the complexity of the decision pre-
vents the discoveryandselection of analternative that will yield the singlebest
result, and the decisinn makers set aspiratiuh levels and then evaluate alterna-
tives against them. An interpretation of this phﬂosophg istoselect an altei’na—

tive that maximizes the probability of achieving the desired aspiration level.

3.3. Decisions Under Uncertainty

4 decision situation where severél states are possible, and suffi-
cient infarmation is not available to assign probability values to their occur-

rence is termed & decision under uncertainty.

3.3.]. The Laplace Principle

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

not a'ssign probabilitias to the states, the states should be considered as
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equally probable. Then, consider the decision as ane under risk.
3.3.2. Maxrimin and Minimay Principles

The maximin and minimax prin_ciples represent a single phﬂosdphg,
depending on whether matrix values are gains or losses, respectively. If the ma-
trix values are gains, the minimum gain associated with each alternstive is de-
termined and the maximum value in the set of minimum values designates the al-

‘ternative to be chosen. Formally stated, the maximin principle is to select thé

alternative, j, associated with the

may min v(ejy) _ | (3.3.1)
ik

| {n caseof adecision dealing with costs, the minimax principleis ap-
plied. The maximum cost associated with eachalternative is determinedand the
minimum value in the set of maximum values designates the alternative to be

chosen.
~ 3.3.3. Maximay and Minimin Principles

For the extreme optimist person, in a given decision, situation in-
yolving gains, maximax principle selects thealternative, that affords the oppor-

tunity to ohtain the largest value given in the matrix.

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

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



foss value given in the matriz.

2.2.4. Hurwicz Principle

TheHurwicz Principle considers that a decisionmaker's view may, in
the case of gains (’:osses); fall between tvhe extreme pessimism of the maximin
{minimax) principle and the extreme optimistn of the magimax (minimin) princi-
ple and offers amethod by which various levels of optimism (pessimism) may be
incorporatedinto the decisionbydefining an index o optimism %, onascale from

zero 1o one. The Hurwicz value 'ZHJ) is computed for each alternative as

Hj = % MaY V(GJKJ + {1-%) min (vejk) : | (33N

k. K

Toim & gain matriy and

Hj = % min ¥(8 ) + {1-x) max ¥, (3.3.3)
k K

for a loss matriz.

Thus, the alternative maximizing {minimizing) that value is se-

[y
-
b
[
o
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3.3.5. Savage Principle

This ptjitlciple introduces and definesa quantity termedregret. A ma-
trixconsisting of regret valuesis first devel opeq.Then the magimumregret val-
ue for each alternative is determined and the alternative associated with the
minimum regret value is chosen from the sét of maximum regret values. The re-
gret matrix is determined as follows.

i.For eachstate search the matrix columns and determine the largest
(smaﬂest) gain (loss). Assign this gain (loss) a zero regret value.

ii. For all other gain (loss) values subtract these from the gain value
iAn (i) (subtract the smallest loss value in (i) from these). Thedifference isinter-

preted as units of regret.
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V. DECISION TREES
41. Introduction

Inthischaptersequential decisions underrisk is discussed, thedeci-
sion-treerepresentation isused, and the logic of Bayes theoremis appliedin the
solutionof the decision-tree problem. The concept of decision treesisdiscussed

in references (2), (11} and (24).

Befaore presentmg the graphic technigue and solution procedure, it is

necessary to define the symbols used.
A :adecision hode.

A~ :abranch emanating from a decision hode which represents an

alternative that can be chosen at this node.

0 :achance node in the tree where chance events influence the

outcomes of an alternative choice.

0~ :abranch representinga probabilistic outcome foragiven al-
ternative. It is assumed that branchesemanating froma nodein the tree repre-
sent mutually exclusive and collectively exhaustive outcomes such that their

probabilities sum to one.

0 anend hode 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 prablem depicted invoives
two decision points, D1 and DQ. IT alternative A "is chosen it can have twoout-
comes, 8, and 62. If 6] oceurs, then a dec.isi'nn, Dy, is required. If alternative
Ay ¢ 1schosen, therecan e the two outcomes, O, 1 y and B4y, For eachbranch in
the tree there is anassociated value. For example, if altérnative A1 is chosen
and outcome ©, occursand alternative A, }.is chosen and outcome 9, 0CCUrS,
thenvalue Yy jresullswiththe conditional probability Pii .Thefirst decision
is madeat dec?sion point Dl, andif alternative A1 is chosen, then a second deci-

sion is required at,DZ.

The principle of maximizing expec{ed gain or minimizing expected
loss isadopted as the principle of choice at eachdecisionpaint. The solution pro-
ced&re advocatedis toreach thebest decisionat the decision point most distant
from the base {the first decision) of the tree. Then, replace this most distant
dec'ision point with the best expected value and work backward through decision
" nodes until 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 '51(6,(} . {(4.31)
k

For a cost minimization problem

min (v6,) (43.2)
k-
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where

\*‘(E}k) value of sub node k.

~ 4.3. Calculation of Probabilities

The required marginal, conditional and joint prnbabjlities may be
calculated using a fundamental theorem from the probability theory called the

Bayes theaream.

P(MBi) P(B;)
P(Bi/A) = (4.3.1.)

0

3 P{MB]-) P(Ei]-)

u=}

where
Bi: i th partition of event B

n - humber of partitions of event B.
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Figure 4.1. A Decision Tree

Vi
8., P
(" m, P
Vi
V122
V21
Vi
v

34



35

V. RISK AMALYSIS

a.1. Introduction

Risk analysis maybe defined as the process of developing probability
distributions for some measure of merit for an investment proposal. Typically,
probabilitydistributions are developed for éitherpresent worth, annual Worth or
the rate of returnfor anindividual investment alternative. Consequent] y, proba-
bilitydistributions arerequired forrandom variables such as the cash flows, the
planning horizon, and the discount rate. The probability distributions are then ag-
gregated analytically or through simulation to obtain the desired probability

distribution for the measure of merit.

The t:fish flow occurringina giveh yearis oftenafunctionof anumber
of other variables such as selling prices, size of market, share of the market,
market growth rate, investment required, inflation rate, taxrates, operating and
- Tixedcosts, and salvage values of all assets. The values of anumber of these ran-
dom variables can be correlated with each o‘ther, as well as autocorrelated. Con-
sequently, an analytical development of the probahﬂitg distribution for the
- ‘measure of merit isnot éasﬂ yachived inmost real-world situations. Thus, sim-

utation is widely used in performing risk analyses.

The concept of risk analysis is discussed in referencesv (1, (23, (13,
(12). (132, (14) and (15} are excellent references for simulation technigues.

Probabilitydistributions for the randomvariables are usuallydevel-
oped on the basis of subjective probabilities. Among the theoretical probability

distributions commonlyused inrisk analysis are the normal distributionand the
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beta distribution. In some situations the subjective probability distribution
cannot be represented accurately using a well-known theoretical distribution.

Instead, one must estimate directly the probability distibution for the random
variable.

5.2, Risk Aggregation

Given the essential factors and their associated probability distrib-
utions, it requires toaggregate the distributions and obtain the probabilitydis-
tributiontor the measure of merit. Three measures of merit have been mentioned:
prasent worth, annual worth, and rate of return. In p?actice, a combinationof the

rate of returnand either the present worth o the anhual worth measures of merit

are often used.

- Risk aggregation is achieved in basically two ways: analytically and
byusing simulation. Analytic approaches canbe usedinanumber of simplecases.
For more complex situations involving a large number of variables simulationis

used. In this thesis the simulation approaéh is implemented.



V1. DESCRIPTION OF THE PROGRAM

B.l. lntroductiqn

In the thesis a user-oriented interactive package program is devel-
oped to perform economic analysis in the business and engineering environ-

ments.

The mainadvantage of the program developedisto contain many sub-
programs, dealing with different theoretical aspects of the broad engifneeri ng
economy subject, and providing an integration among some of them so that the
result obtained from one method canbe used as aninput in the otherdirectly. The
progtram enables the user to perform calcmrati ons about various practical pro-
blems by providing a flexible input possibilitg, and a richnessin the selection of

methods.

The programis writienwith Turbo Pascal version 4.0 suitablef or IBM
compatable P.C.'s. The version 4.0 of Turbo Pascal is the fourth generationof Bor-
land's Flagship Lénguage product {26). The user runs the program by typing the
commend ENGEC. |

The main package program consists of five subprograms:
~ i) The Basic Calculations Subprogram |
ii} Decision Matrices Subprogra.m
ii1) Decision Matrices Imbedded to Basic Calculations Subprogram
iv}- Decision Tree Anhalysis Subptrogram '

’ x-'}' Risk Analysis Subprogram
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The Tirst three are in one disk while the last two are in another. The

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

The basic calculations programis inthe file DCEE.EXE(72kbites). The
decision matrices and D.M. Imbedded to B.E.‘program are in the same file
DCEEM.EXE(SS kbites). The decision trees program is in the file DECTRE.
EXE(31kbites) and risk analysis program is in the RISK.EXE(S9Kbites).

Some features of the papkage program are:

1) The program is designed for those who ére just familiar to personal
computers but does hot assume the user to know programming. The inf ormation
and messages can eaéﬂg be understood.

11) The program uses a menu driven structure that enables the user to
recoghize the options available to address épmblem.The highest level menu is
the subprogram menu. Once a subprogram is selected the useris enabled to entera
hew problem, read anexisting problem, orsee the directory saved files formed by
the subprogram. Several options also have associated menues to dirept the us-
er.

111)The program enables users to enter data from the keyboard or read
data froma diskette, if the data have been stored. Entry formats are desighed to
- be compatible with most conventional textbook formats.

Therefore, users who have studied the basic concepts of engineering economy and
management science will f ind the problemstructuring and data entryeasy.Every

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

The theoretical aspects of engineering economy and decision theory
may be found inreferences (1) through (11). (12} is anexcellent monographon risk

analysis giving many practical examples.

Rarallel to the development of theoretical and quantitative methods
of engineering economy and decision theory, many computer programs have been '
prepared which are capable of performing capital investment and financial anal-
ysis. Some of the package programs and brief explanations about them are given

below.

(16) provides Monte Carlo simulation todetermine the distribution of
tneasute of merit, includes many useful optio'ns oh depreciatibn methods, sensi-
tivity testing.teatures, sample size determination,.and plotted distribution
functions. (17) determines the distribution of the raie of return and net present
yalue for capital investments subject to »uncertain 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 warthmethod. (19) and (20} make present worth comparisonof leas-
- ing with the alternative of barrowing money to purchase an asset. Sensitivity
aﬁalgsis can be performed on purchase price, Lessee’s income tax rate, interest
oh loan, after-tax opportunity rate, monthly rent, depreciable life of the asset,
salvage value for tax purposes and actual salvage value. (21) and (23) provide
evaluations for comparison of alternative plant expansions using Monte Carlo
simulétions with options regarding the measure of merit. (22) performs sensi-
| tivity analysis, varies inputs and calculates their impact on outputs. (24) is a

cormputer package program for Pl:"é. including ma‘ng units toperformcalculations
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in the fields of Operation Research and Management Science. This program has-
theDecision Tree and Decision Matrix 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 adecision theory sub’prog_ram capable of pe'forming mean variancé, pay-off

and decision tree analysis.

6. 3. Basic Calculations Subprogram

6.31. Introduction

The hasic calculations subprogratn calculates the present, annual and

- future worth, internal and external rate of réturn, payback _and discounted pay-

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

considering four different depreciation methods: | |

straightline, declining balancé, sinking fund and sumof the years'digits, as well |
as taxes and inflation. The subprogram has alsd & capital budgeting option énr1si—

dering budget limitations on periods of initial investment and mutually exclu-

sive grnuﬁs of projects. The solutionof the capital budgeting problem determines

- 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

ére restricted with budget limitations at certain periods. 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; afterthe message "Insert the disk containing LINDO toderive B: and press
~ anykey:" appears. The programmakes an integerprogramming formulationof the

~capital budgeting pfoblem,_ writes the formulation one a text file LIN IN. PAS,
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callsLINDD(27)a package program to solve LP and ILPS which reads the text file,
solves the problem and writes the solutionto another text file LINOUT.PAS. Then
the basic calculations subprogramreads the solution from LINOUT.PAS and eval-

uates and displays the results.

The theoretical concepts related to the basic calculations subpro-
gram are discussed in Chapter 1. The flowchart of the programis givenin Figure

6.1 and 6.2, and four examples are included in Appendiz A.
6.3.2. Inputs

1) Number of alternative projects: The maximum number of projects
is 20 for basic economic calculations and 10 for capital budgeting problems.

ii) Whether a capital budgeting prﬁblém or a simple comparison pro-
blem to be solved. |

iii) Type of input data of prbjects: There are two options of entering
tmonetary data for projects: |

1) The program requires the direct entry of the cash-flow
values of each alternative period by period.

2) The initial value, salvage value, project life, annual ‘
revenue and cost are entered for each alternative project.

iv) Input data of projects: If option "1" is selected in "iii" then cash
flow values are entered period by period foreach alternative. The max'i mumnum-
berof periods isSOif option™2"is selectedtheproject name, initial investment,
salvage value, project life, énnual revenue and costs are entered for each pro-
ject. _

v) In case the user enters wrong data or wants to change some in a

subsequentrun, there is a "change data” facility for the related inputs.
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vi)Minimumattractive rate of return, whether touse discrete orcon-
tinuous interest, whether toconsiderinflationornot,if necessary, inflationrate
are asked subsequentiy.

vii) The measure of merit: There are seven measures of merit as pre-
sent worth, annual worth, future worth, internal rate of return, external rate of
return, payback period, and discounted payback period. ,

viii) The program calculates cash flows for each project. The cash
flows can be displayed if desired.

i) The user is asked to indicate whether depreciation and taxes are
considerad ornot. If theuser enters"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
3s well 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
taxable income andafter tax cash-flow foreach project, which canbe displayed

on the screen.

Questions Related to the Comparison of Alternatives:

Xi)If the humber of projectsis greater thenone, the question Whether
they are mutually exclusive or independent is asked. In case of their being mutu-
- glly exclusive the two possible assumptions to be selected are repeatability and
cotermination. If the cotermination option is chosen a cotermination period is
asked. |

xii) See modified cash flows: The program calculates the modified
cash-Tlows using the selected assumption and asks whether to display the re-

sults ot not.
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Questions Related to the Capital Budgeting Option:

Rii1) 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 ‘\:alue of limited budget f or each pe- |
riod. .

®v) Mutually exclusive groups: Number of mutually exclusive groups,

humber and hames of mutually exclusive projects in each gt'oup is asked.
6.3.3. Outputs

For each pr'nject the project name and the value of selected measure
of merit are displayed. For the capital budgeting problems in addition to their |
names and present waorths the selected projects are shown with their starting

times.

6.4. Decision Matrices Subprogram
6.4.1. Introduction

The Decision Matrices Subptogram provides decision matrix analysis
nf the up to 20 alternatives and 20 states of nature. The
decision problem can be either under risk or uncertainty. There are four criteria
available; dominance, expectatinn—uariance, most probable future, aspiration
level for decisions under risk, while fivecriteria as Lapléce, maximin-minimax,
| maximax-minimin. Savage and Hurwicz F‘rincip»les for decisions under uncer-

tainty.
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~ The theory of decision matrices is discussed inChapter I11, the flow-
chart of the subprogramis givenin Figure 6.3, andan example problem isgivenin
Appendix A. a

6.4.2.. Inputs

i) Number of alternatives and states: The program asks the number of
alternatives, numberof statesand ahame foreach alternatwe. Maximum number
of alternatives and states is limited with 20.

ii) The decision matrix: The elements of the decisidn.matri X are en-
tered such that for eaéh state of nature and for each»alt-ernatiue againor acost
valug is provided. | | | '

iii) Gainor cost problem: The question whether the matrix values are
gains or costs is asked. ,

| iv) Type of decision problem: Th_e useris asked tochoose either adec-
ision under risk or uncertainty probiem. {f the f ormer is chosen for each state a
probabﬂitg value is required. In case the sum 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: dmﬁinance, expectati_an—variance, most probable fu-
ture, and aspirationlevel. In case of anuncertainty decision, the choices are La-
piace, maximin-minimax, maximax-minimin, Hurwicz and Savage Principles.

vi) Changing facilities: The decisionmatrix as well as the probability
values can be updated and the problem can be resolved for the |
hew values. » «

| vii) Saving: The user can save the entries of the decision matrixin a

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

The programdisplays the name 6f each alternative with theirrelated
figures, which depends on the chosen decision criteria, and indicates the select-

ed alternatives with a crossmark.

6.5. Decision Matrices Imbedded to Basic Calculationsv'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 whers the states mag be initial value, sawagé value, life, annhual revenue,

annual cost of projects, MARR. or inflation rate.

The program first calculates the selected measure of merit for each
. alternative, and each value of the state variable. The decision matrix formed is
gvaluated then withrespect to afinal decisioncriterion toselect the best alter-
native(s). The flow chart of the subprogram and an example problem is given in

Figure 6.4 and in Appendix A respectively. .
6.5.2. Inputs

i} Number of alternati‘ues and states: The magimum number of both
~alternatives and states is limited with 20. A name for each alternative is also
asked. |

i1} The random oruncertain variable: The random variable may be ini-
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tial investment, salvage value, life, annual revenue, annual cost of projects,
M.A.RR.or inflationrate. Corresponding to eachstateof naturea Qalue is entered
for the random or uncertain variable. | |

111} Measure of merit: The options for the measure of merit may be
present, annual, future worth, internal orexternal rate of return, payback or dis-
counted payback period. ,

~ 1v) Type of decision: The problem may be avdecision under risk or a

depisinn under uncertainty. |

v) Probability values: If the problem is a "decisiun under risk” type,a
probabilityvalue isasked for each state. Incase the sumof the probability values
“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, expectation variance, most
probable future and aspiration level principles while for decisions un_deruncer- ,
tainty, the criiéria are Laplace, m_inimax and maximin, maximax and minimin,

Hurwicz and Savage principles.
8.5.3. Qutputs

Thedecisionmatrix formedis displayed bef ore the final decision cri-
terion is asked. The selected a]térnatiues and theitrrelated figures are indicated

in the same way as the output of the decision matrix subprogram.
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Flgure 6.4. Flowchart of the Decision Matrices Imbedded to

Basic Calculations Subprogram
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pw :
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err:
{

present worth
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irr : interral rate of return
. external raie of relurn
p.p : payback period
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sa : savage p.
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Evaluate and
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Continuation of Figure 6.4,
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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.

Eachnode occupies 57 bytes of memory. The mammum sizeof memory
available for pointervariables inTurbo Pascal depends oh the memory availble in
the computer and is 64 kbytes so the program can handle problems upto 1000
nodes. ' ’

The theoretical background for the decision trees, and probability
calculations are explained in Chapter IV. The flowcharts of the subprogram are

shown in Figures S.S_’tn 6.7 and an example is given in Appendix A.
- 6.6.2. The Decision Tree Subprogram
a. Ihputs

i) Name of the base node: The progrﬁm asks the name of the base node.
The name cannot be more than 10 characters.

i1} Tupe of the base node: The base node can be a decision chance or an
end node.

iii) Gain or cost problem: The decision problem can be a cost mim‘mi-
zation or gain maximization one.

iv) So]ﬁtinn in terms of payoffs orutiles and payoffs: If the user se-

lectsutiles the programasks questions about theuser'sutilitycurveand  pre- .
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sents solutions both in terms of payoffs and utiles.

The Utility Calculation Part: There are essentially two components
of the utility analysis s‘egm‘ent of the program. The first is concerned with the
determination of the utility curve itselfand {he second is concerned with 'chang-
ing all payoffs to utiles. The utility analysis component of the pragram is acti-
vated when the user responds "u" to thevquest'ion "solution in termsof _pagoff sor

utiles and payoffs”.

The program begins asking maximum and minimum payof f,_val’ues and
assighs the utile valueslandOto them'respectwel U.The smallest value possible
is zero, the highest is one by convention. Hence all utile values are withinthe in-

terval zero to one.

The following questionis asked to the user threetimes and is aimed
at determining the shape of the utility curve assuming the userinpossession of a
lottery ticket involving receipts of just one hf the two possible money payoffs,
eath of whichis considered equally likely. Hence each will occur with probabili-

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

"Assume youare in possessionof a lovtterg ticket involving receiving
K8% orreceiving yyy which are equally likely. Hovw 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 maxirmum and minimum values
entered by the user pyre\.'inusl_g. 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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value and yyy is the payoff declaredin the first question. The utile value of 0.251s
assi ghed’tothe response to the second question. Finally the utile Qalue of 0.751is
assigned tothe response to the third question in which xxx and yyy take the maxi-
mum value and payoff entered in the first question respécti?elg. Then, the utile

value cm‘réspnnding to any payoff is obiained hg interpolation.
b. Qutputs

At each node the program displays the following information about
the related node: | | |
i) Path: The names of the intermediate hodes along the path, from the
base node to the current one are written respectiueig.
ii) Name: Name of the current node. v. |
iii) Node type: Thenode canbe a chance decision or anend node. If the
current node is a base node, the word "base” is writte.n.
iv) Node value: If the current node isanend ndde orhas a cost, the pay-
of T value and thé tmfrespmﬁmg utile value are written.
¥} Branch nodesz’Names, probabilities and if possible payoff and/or
utile values-of each subnode are displayed.
| i) Evaluated value: If the tree can be evaluated at the current node
‘that is all subnodes have been completed, the Dmgrarﬁ evaluates the tree and -
writes the payoff and/or utile 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 cur;r'ent
| nude; aski‘ng the usetj name, type, value, and probability of that branch nodes if
necessary |

p=

2) Delete: Deletes a specified subnode.



=¥

3) Change: Changes the namé, type, value of the current node or altérs
the probabilitg values of branches if the type of the node is chance.

4) Back track: Sack tracks Une»nnde. If the current node is the base
nade nothing happens. o

‘5) Back to base: Goes and displays the base node.

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

7)Autainsert: If thetfee isnhot completedat anynode, finds that node
and displays information about it. , |

3) Complete subnode: If the tree is not completed at any subnode finds
and displays information about that subnode.

9) Quit: Exit from the current tree.

10) Save: Saves the tree in a binary file.
6.6.3. The Prnbabili‘tg'Ealculation Subprbgram

This'subpmgram computes the conditional marginal and jnint proba-
bilitiesof the resultant out_tnmes fromthegiven pravbabﬂiti:es of the pritnri out-

comes.
- a) Inputs

i} Number of priori outcomes
ii) Number of resultant outcomes
ii’i} Names of priori outcomes
v} Prababiﬁties of priori outcomes: If the sum of the
pmbapﬂities is not unity, it is possible to reenter the data.
v) Conditional probabilities of resultant outcomes on priori out-

comes.



Names and probebilities of priori Outcomes
names of resuitant outcomes

conditional probabilities of resulting outcomes
on priori outcomes

Calculate marginal probabilities of

resulting  ostcomes
PR(i)=Z PCRP(i/§).PP(].)
]

Calculate conditional probabilities of
priori outcomes on resulting oYt comes

Y

Calculate joint probabilities of
priori and resulting out comes

print the = results /_j

Stop

Figure 6.5. Flowchart of the Probability Calculation Unit
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¢’ maximum payoff -
minimum  payoff

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

ask d(2) , d(3),d(&)
ul2}=0.25 ui(3 )=0.5
u({&)=0.75

Stop

Figure 6.6. Flowchart of the Utility Calculation Unit



name of base node:
type of base node :

gain- or cost decision :
utile or payoff value :

Y
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for each node :
path: x__xx__xxx__
level:
name of node
type of node

valuve of node
name

probability utdi v.

pay

—

—

—

off v.

—

Y
Y

ask choice of user
1: insert subnode
3:enter subnode
5:backtrack to base
‘7:change node
9:30i0 jnsert

2:
[.:
6:
8:

10:

delete subnode
backtrack one node|
save tree
find path
exit

Y

Figure 6.7. Flowchart of the

Y

Decision Tree Subnrogram
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b) Outputs

The program displays the following probabilities: |

1} Unconditional resultant (marginal) probabilities: Neme and asso~
ciated unconditional probabilities of each resultant outcome are displaged.’

ii} Conditional probabilities of priori outcomes on resultant out-

comes.

111} Joint probabilities of resultant and priori outcomaes.

6.7. The Risk Analysis Subprogram
6.7.1. Introduction

The risk analgsm subprogram performs Monte Carlo 31mulat10n and
determmes the mean, standart deviationand dxstrlbutmn of the desired measure
or merit for acash flow subject touncertain cash flow values which maybe ran-
dom variables with uniform, normal, beta discrete nrtrlangular distributions as
well as deter ministic performing Monte Earlu simulation. The probability densi-

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

The theoretical aspects of risk analysis is discussed in ChapterV the
flow. chart of the subprogram is shawh in Figure 6.8 and an 'exarhple problem is

given in Appendix A.



6.7.2. inputs

i) Number of alternatives

11} Input data: The input data c3n be entered in two ways.
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I.The user enters distributions for the initial value, salvage value

project life, annual revenue and annual cost of each project.

2.Theuserenters probabilitydistributions foreachcash flow

period.

The probability distributions available are normal, triangular, uni-

form, beta and discrete. The annual revenues and cost may be autocorrelated in | ‘

the case of correlation, the nhumber and valuas of autoregre‘ssive and moving av- '

ei'age parameters and the standart deviation ;if the white noiceis 'to be indicated

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

‘the previous periods by

Ng

k=1

Nin

- 3 my ()% Wy (1K)

k=1

where

C{t) : cost of revenue at period t.

(6.7.1) .



Distribution : - pdf.

Unifm‘m : , ,' N
b-a
Triangular
< b+a
(x-8) forx ¢ ___+a
(b-8) - 2
4 b
(b-x} forx : —___+a
| b-a? 2
Normal | | ] 2
| L O
L
Bets M{a+b)
' LUy

r{a) rib)

Table 6. Distributions Used in Simulation
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My - number of moving average paréfneters,

N, - number of autoregressive paﬁameters
DD(k) : value of autpr‘egfess,ive parameier k
mb(k) - value of moving average parﬁmeter K

'w‘n(t) : white noise at period t.

The project life and salvage values may he conditionally dependent oninitial val-
ue and .pmject life respettivelg Fnrthe independent variable the user speciﬁes
the number of intervals, a lowerandan upper‘ bound and a probabilitydistribution
for each interval. If the mdependenf variablefalls Wlthln therangeof aninterval,
the d_ependant vanable is generated from the distribution corresponding to that

interyal.

i11) The program asks number of hatches, number of ruhs ineach batch,
a seed integer value and number of runs discarded at the beginm‘ng of each bati
iv) Theminimum attractiverate of return andinflation rate are indi-
cated hg the user which can also be random variables.
‘) Measure of merit: Present warth, f uture waorth, annual worth, IRR.,
E.R.R. payhack period and discounted payback period methods can be chosen.
yil The user mayspecify intervalsto see the distributionof output in

.the final solution.
6.7.3. Outputs

The programdisplays the expected value, standart deviationand pro-

babili tyof greater than zero values of measure of merit foreach batchand f ar the



C Number of projects J

7~ _for _each project
name : .

initial  value :
salvage value :

life :

annual revenue : .
annual cost :

type of inpuf

1: deferministic 2 : uniform d.

3: triangular dist. 4 :normal - d.

5: befa dist. ~ 6:discrete d.

7: depends on life 8:dep.on i.Y..
: 1

~if type = cost or revenue

aytoregression pacameters

movi aver. paramefers

s.d. of white noise
L 3

G 7

1
[ change the data , ]

¥
/" number of bafches
number gf runs in each batch
3 seed number _—
number of runs discarded in “each batch

L 4
7/ minimum’ 3ttractive rate of refurn
inflation rate '
measure of merit

/ calculate : o
mean , standard deviation ,
probability of >0,

distribution of output
¥

Write : L
mean , standard deviation.
probability of

_distribution e

®

! Y
'

Figure 6.8. Risk Analysis Subprogram



66

- total numberof runs. If desired the number and probabilities of measure of merit

corresponding to each specified interval are displayed.

6.8. Conclusion and Extentions

‘ Itvthis thesis a user oriented interactive program was developed for
personal computers. The program consists of five subprograms Basic Calcula-
tions,DecisionMatrices, DecisionMatrices Imbedded to Basic Calculations, Dec-

ision Trees and Risk Analysis.

The package program can be extended in many ways; another subpro-
gram about AHP. Analytical Hierarchical Processeé may be added. By providinga
utility function unit the decisions can be bésed\nn hot only the payoffs but also
the utile values. Sensiti vityand parametric ana.lgsis-‘can beincl ud_ed inthe basic
balcul.atinné subpmgrfém. Another types of capital budgeting problems may be
solved within the capital budgeting option. The decision trees subprogram may |
be extended to sowe discounted trees and may calculate value of perfect and in-
perfect information. It ispossible to exted the risk analysis subprogram sd asto
include motre cnmplicated rglatinnships between random uariébles, for instance

joint distributions of two variables such as costs and revenues.



APPENDIX A
EXAMPLES
Example 1: Evaluation of a Project with Different Measures of Merit

Input

Project hame ' a
Initial investment | 10000
- Salvage value . | 1000
Project life | 10
Annual revenue | 3000
Annual cost o 2000
MARR. ' - -0l
Output
Present W. | - | 2674
Future W. o 6937
Annual W. | | 435
IRR. 0.136
ERR 0157
Payback Per. | | 5

Dis. Payback Per. : g8
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Computer Solutidn of Example 1
number of alternatives : 1
capital budgeting problem (y/n) :

input data may be in two forms

1 '1n1t1a1 , salvdge values , project life-, annual revenues and
. 'costs are entered for each project

A N

cash flow values are enteted perlod by period for each’ prCJect

enter yaur- ChOlQE L

. fer'the project -

project name roa s
initial investment : 10000
salvage value .1 1000
project life - 110
annual -Tevenue : 3000
annual cost : -1000

'fobAprDject,a".

peeiod‘no' - btecityv

-10000.00
2000.00
2000.00
Z000.00
2000.00
2000.00
2000.00
2000.00
2000.00

~ 2000.00
3000.00

- .
OO NUTD N O

press any key to continue



discrete or continuous compounding (d/c) : d
minimum atractive rate of return : 0.1
inflation considered :

measure of merits :

present worth

annual worth

future worth

.internal rate of return
external rate of return-
‘payback period " :
dlscounted payback pEPlDd

Nl N e

enter-your choice H

number of alternative projects o o1
minimum atractlve rate of return : 0.100

alternatiye(s). present worth

a0  2674.68

number of alternétiVE'projects H
minimum ‘atractive rate of return : 0.100

alternative(s) annual worth

435,29



number of alternative projects : 1
minimum atractive rate of return : 0.100-

alternative(s) future worth
a S 593742
-alﬁernative(s). " paykack period
a 5.
,alternati{e(s) dis. payback period
a . L 8 -
. project name - - err
a 0.126
project name . irr

a , 0.157
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Example 2 : Depreciation and Tay Calculations

input
Project name | @
Initial value , ' 10000
Salvage value ~ . 1000
Project life 10
Tax rate - o o 0.l
 MARR. | 0]
Dutput

Straight line and sum of the years digit depreciationmethods are se-A

lected t‘esiqecti\éelg. The depreciation book value, and after tax cash flows are

showh in computer output.



Computer Solution of Exampie 2

discrete or coﬁtinﬁops compounding (d/c) : O
minimum atractiye_rate of return : 0.1
~inflation considered :

depreciation methods

straight line

declining balance :
~sum of the years digits.

sinking. fund '

0P

enter your choice :

taXx rate = 0.1 .

A

for the project- a

period btef depreriation book value
0 ~10000.00 . 0.00 . 10000.00
1 - 2000.00 ' 200.00 9100.00
2 2000.00 _ 900.00 8200.00
3° - 2000.00 - 900.00 7300.00
4 2000.00 , 900.00 ' 5400.00
5 .~ 2000.00 900.00 5500.00
5 ~ 2000.00 900.00 44600.00 .-
7 2000.00 200.00 - 3700.00°
8 2000.00 900.00 .2800.00
9 . 2000.00 . 200.00 .1900.00
10

' 3000.00 " 900.00 1000.00



for the project a

period btefv deprériation taxable inc atcfv
0 -10000.00 0.00 - 0.00  -10000.00
1 2000.00 900.00 110.00 1890.00
2 2000.00 -, 900.00 110.00 1890.00
3 2000.00 900.00 110.00 . 1890.00
4 . 2000.00 . 900.00 110.00 - = 1890.00
5 © 2000.00 ' 900,00  110.00 1890.00 -
& 2000.00. .. 900,00 ~  140.00 1890.00.
. 7 2000.00 900.00 110.00 1890.00
. .8 ~, 2000.00 - %00.00 ., 110.00 - 1890.00
9 .2000.00 ~  900.00 110.00 1890.00
10

. 3000.00 200.00 110.00 _ 2890.00

for thEAPFdjECt ca ;

period. btef depreciation book value
g} -10000.00 © 0.00 10000.00
1 " 2000.00 14636.36 8363.64
i '2000.00 - 1472.73 5£890.91
3 2000.00 - 1309.09 . G581.82
4 2000.00. 1145.45 4436.36
5 2000.00 981.82 3454 .55
6 2000.00. 818.18 2636.36
7 2000.00 454,55 1981.82
8 2000.00 . 490.91 1490.91
9 - 2000.00 327.27 1163. 64
10

3000.00 . 163.64. - 1000.00

s



for the project a

periad btcifv depreciation taxable inc ateciv
0 -10000.00 - 0.00 - 0.00 —10000.00
1 .2000.00 1636.36 36.36 1963.64
2 2000.00 1472.73 52.73 1247.27
.3 2000.00 1309.09 69.09 1930.91
4 2000.00 1145045 . - 85.45 - 1914.55
5 -2000.00 - 981.82 101.82 - 1898.18
-6 . - 2000.00 = : 818.18 118.18 $1881.82
7 -~ 2000.00 - 854,55 - 134.55 . 1865.45
8 2000.00 420.91 150.91 1849.09
9 2000.00 ", 327.27 167.27 1832.73
10

3000.00. 163.64 ) 183.64 - 2816.356



Example 3 : Comparison of Mutually Exclusive Alternatives

Input

| 1 2 3 4
Praject name al a2 - a3 a4
 Initial value - 6000 7600 12400 ]3_000
Salvage value O o 0 0
Project life 5 5 5 5
Annual revenue 0 0 0 0
Annual cost 7800 7282 6298 5720 -
MARR. 01 | |
Qutput B! 2 -3 4
‘Project -l a2 a3 ad
PresentWL. . 35568 36205 36270 34663
A lncrement 1600 4800 5400
A Annual saving 518 984 1562
IRR.on 4 ncrement 0185 0008 0138
Justified ~ Yes No Yes

Project a4 is selected with the LRR. and P.W. methods.
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Computer Solﬁtion of Example 3

for the 1 . project

. project name- ta

initial investment : 6000
salvBge value HI)
project life T 5
‘annual revenue : 0

annual cost - 7800

e e e —————e o

v for the 2 . project

projéct name
o initial- investment
. salvdge value
project life
annual revenue
annual cost

b .
. 7600

~Naaouna
N
o
M

for the 3 . project

. project name o
initial investment :
salvage value 2
project life
annual revenue
annual cost

ocQoumQoean

for the 4 . project

project name H |
initial investment : 1
salvdge value’ : 0
_ project life 1 5
annual revenue : 0
annual cost . - : 5
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to irp
al az 0.185
from " to - irr
aZ a3 0.008
from to irr
az ah 0.137
press any key
number of alternative projects : 4
+  0.100

minimum atractive rate of return

the project to be chosen is

a4
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~number of alternative projects
minimum atractive rate of return

0.100

alternative(s)  present worth

a ~35568.14

T_b. . © -35204.51
e . - - ¢ -36274.38

d | —34483.30
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Example 4 : Capital Budgeting

input

Number of alternatives 4

79

thmject name al a2 as a4
- Initial investment 10000 12600 130600 14000
'Salvage valug 1000 3000 3000 4000
Project life 10 10 10 10
Annual revenue 2000 3000 4000 4500
Annual cost o . 0 6 0 |
Escalation rate 01 0 0 0
MARR. 01 |
Budget Limitation Constraints
Mo Period Budget -
1 0 12000
K ] 30000
3 2 15000

Mutysally exclusive projects al, a2 and a3, a4.

The selected projects and their stﬁrting times are shown in the

computer output.



Computer Solution of Example 4

for the 1

. project
project name : at
initial investment : 10000
salvdge value : 1OOQ

- project life : 10
annual revenue : 2000
: O

annual cost

for the - 2 . project

project name.
_initial investment s
salvage value | H
‘project life.
‘annual revanue
annual cost

az .
12000
2000
10

3000

for the 3 . project

project name : a3
initial investment : 13000 .
- salvage value : 3000
project life : 10
annual revenue : 4000
annual cost : 0
for the.- 4 . project
project name : a4
initial investment : 14000
salvige value : 4000
project life : 10
annual revenue : 4500
annual .cost : 0



-enter planning horizon : 3

number of periods with limited budget : 3

no ‘ © period -~ limited :budget
1 0 12000

2 1 20000

3 2 15000

.number_of'mutualiy exclusive groups @ 2

] nuﬁber of hutually exclusive projects in group 1 : 2

no " name

i Ta

z az

number of mutually exclusive projects in'groub- 2 ﬁ 2

no name

"4 a3
2

ak

escalation rates for projects

name- esc'exist(y/n) ~escalation rate
al 0.1
az 0.0
a3 0.0
a4 0.0



discrete ar continuous compounding (d/c)
‘minimum -atractive rate of return : 0.1

inflation considered :

fina} solution

~ number of.-alternative projects : 4
. minimum atractive rate of return : 0.100
‘budget limitations ‘ '
."_:i;f pgrigd" -j . 'Iimiﬁédﬁbudget
.o . {2000.00
R S N 20000.00
T 2 o 15000.00
.. mutually exclusive projects
no .- " names :
1 : al az
2 - a3 ah4
.escalatioh_rates
project escalation rate
- al - 0.100
a2 . 0.000
a3 . 0.000
ak 0.000
the selectted prpjects °
name ' starting time PeW.
az 3 5413.064
EYA 3 11414.519
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‘Example 5 - 4 Decision Matrix

- Mumber of states 14

Humber of alternatit;es -4

input
States ] 2 3 4
Probabilities 02 02 03 03
Names |
al 2 3 4 5
a2 3 4 5 6
ad 4 5 b i
ad 5 6 7 8

- The decision matrix is evaluated with dominance,

gxpectation-variance, laplace and minimax-maximin principles.



Computer Solution of Example 5

‘number of alternatives : 4

number of states : 4

enter a name for each-alternative

no name

1 al
2 a2
3 ald
&y ah

enter ‘matrix values

states : 1 2 -3

alts. :
at -2 3 4 -5
a2 3 4 5 &
ad 4 5 6 "7
ah 5 b 7 8

decisons under risk or uncertalpty (o/u) :

'gain or cost matrix (g/e) :

.enter a probability value for each state

state . probébility
1. 0.2
2 0.2
3 0.3
4 0.3

g4



dominance

expectation - variance.
aspiration level

most probable future

-e

enter ‘your choige :

the final decision

number of "alternatives -

: 4
number of states R A
gain or cost. decision , : g
‘risk or uncertainty decision : r
. o . selected
name . expectations variance alternative(s)
al S 3.700 1.210
az - A , 4.700 - o 1.z210
a3 . C 5.700 1.210
ak S - b.700 1.210 X
the final decision
number of alternatives : 4
" number of states . S 4
gain or cost decision : g
risk or uncertainty decision : r
: selected -
name : ) alternative(s)

at

az

as -\

ah X



methods of evaluation for decisions under uncertainty :

laplace .
maximax — minimin
maximin — minimsx
hurwicz

savage

(B SV I M

enter your choice :

the final.decision‘

number of alternatives

: &
number of states : 4 -
gain or cost derision s c
risk dr uncertainty decision : u
: 4 .laplace . selected
name ' - values alternative(s)
at -  3.500 x
az - - 4,500 ’
a3 o - ., 5.500"
a4 ' T 6,500
the final decision
number of alternatives - s 4
number of states : 4
gain or cost decision : g
risk or uncertainty decision : u’
i ~ min - max’ selected
name regret alternative(s)
I
al - 3.000
az 2.000
asd : +1.000

ah / | 0.000 X



Example 6 : & Decision Matrix Imbedded to Basic Calculations Units

lnputs

Number of alternatives: 3

Project name al a2 a3
Initial value 10000 '12_00(5 . 13000
Salvage value 1000 2000 3300
Project life N 0 12
Annual revenue , 2000 ‘300'0 - 4000
Annual cost o 0 0

The uncertain variable : MARR.

value = Probability
1 08 0.3
2 010 03
3 012 0.4

The decision matrix is evaluated with the expectation-variance
principle. The matrix values and final solution are shown in the

cotmputer 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 1n1t131 R salvage values ‘y proJect llfe , annual revenues ‘and
' costs are entered for. each proJect

2 : cash flow values are entered period by period for each pfcject
enter your choice :
type of uncertain variable

min atr rate of return -
inflation rate
-investment value
salvage value
life

~anual cost

- anual revenue

Noumsmh e
8% uu X9 ww [ 7] an ‘ll

enter your choice :



for the alternative 1

project name : al

initial investment : 10000
salvage value - & 1000
project life : 8°
annual revenue : 2000
annual cost - : 0

for the alternative 2

project name : a2
initial investment : 12000
salvage value "+ 2000
project-life : 107
‘annual revanue : 3000

annual cost 0

for the alternative 3‘_

project nahe

HE- X1
initial investment : 13000
.salvage value .z 3500
© project life : 12
annual revenue : 4000
: 0

annual cost

discfete or continuous compounding <(d/ec) : d

inflation considered :

measure of merits 3

: present worth

~:+ annual worth

future worth.

internal rate of return
eXternal rate of return
payback period

discounted payback period

NOUT N e

enter your choice :

decisions under risk ar uncertainty :



enter a probability value for each state

e e e ey e e

state probability

Ol N -
oo
0l

the decision matrix

states 1

2 3
alts.

Cat 2033.55° 1136.36  339.16é
a2 . 9054.63  7204.79  5594.62

- ad 18534.21 15349.98 12675.86

methods of -evaluation for decisions under risk :

dominance ,
expectation -.variance
aspiratian level

most .probable future

S OIN -

enter your choige :

the final decision

‘riumber of alternatives
number of. states . _

_risk or uncertainty decision
the uncertain variable-

PRI RS

M. &. I's L.

. ) .selected
name expectations variance alternative(s)
at 1086637 493220,236
az ‘ 7116.272 2058023.966
a3 15241.600 5890537.937 X
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Example 7 : A Decision Tree
@ 05 as 2231 |80
L5
0. '
3 as 2232 |10
60 ‘
as 22 as 222 | 25
3
e}
> as 221 |60 -
84
] as 1
as 2 0.3
305 as 212
@ ok as 231 |70
L6
@ - 0-5 as 232 | %
04 L
as 233 | 60
N as 1M1 - |20
Q. :
16
03 as M2 |20
24
20 as 113 |10
as 12 20
15
15 :
05 as 131 |10
0.5
as 132 | 20




Computer Solution of Example 7

path P as —-
level : 0
node name : as

node type : decision (base node)

value (payoff) : 0.00
no name payoff

1 asi 20.00
2 asz 48,40

the choiee is : as2 with payoff

48.40

the choices are

B~ U D =

insert subnode

enter subnode
backtrack to base node
change node

otoinsert

enter your choice :

path
level 1

node name : asi

node type : decision

‘as -— ast .——

value (payoff) :- 0.00.
no - name - payoff

1 ‘as11 16.00
2 asi2 20.00
3 asi3 . 15.00

Ooo

- the choice is. : asi2? with payoff

delete subnode
backtrack one node

save the tree

enter uncompleate node
exit

20.00 ° &

the choices are

O~ U ol =

insert subnode

:+  enter subnode £
backtrack to base node
change node

: otoinsert

enter your choice :

oo PN

delete subnode
backtrack one node
save the tree

enter uncompleate node
exit ’



path : as —— asZ —-
level HE |

node name : asZ?

node type : chance

value (payoff) : 0.00

no name probability payoff
1 as2t . 0.300 40.00

2 as22 0.300 6£0.00
3 as23 0.400 44,00
the payoff : 48.40

the choices are

1 : ‘insert subnode 2 : delete subnode
3 : enter subnode - : 4 : backtrack one node
5 . : - backtrack to base node 6 : saye the tree
7 : rchange node ) 8 : enter uncompleate node
9 : otoinsert 0 : exit
enter your choice @
path : as —- asi —— asi2 ——
level : 2 ‘
node name : asi2
~node type : end
value (payoff) : 20.00
the choices are
ﬁ : insert subnode -2 1t delete subnode
3. .:. enter subnode ‘ 4 : backtrack one node
5 : backtrack to base node 6 @ save the tree
-7 chapge node 8 ; enter uncompleate node
9 : otoinsert D : exit '

enter your choice :

D
(]
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Example & : Risk Analysis

input
Project natne ' g
Initial value normal (50000; 1000)
Salvage value det. O
Project life discrete
life 10 11 12 13 14
prob. 0.2 0.2 02z 0Z 0.2
Annual revenue ‘ | discrete
value - 35000 40000 45000
prob. 04 0.5 0.
Annual cost normal (30000, 2000)
Mumber of batches B
Mumber of runs ~ 1000
Measure of merit F.W.
MARE. ' det. 0.1

The Tinal solution is shown at the computer output.



Computer Solution of Example 8

number of alternatives : -

input data may be in two forms

1 :.'1n1t1a1 s salvage values ;, project life K] annual revenues and
costs are entered for each proaect

enter your choice :

. for prdject HES

project name : a

initial value

. the choices fer_entering

2 cash flow'values'are entered pEPlOd by peried for each precject

input

- deterministic .2
: triangular d. 4
beta d. b

[T, S
- an

enter your choice :

type of distribution

enter the mean value

enter the siandard deviation : 1000

uniform d.
normal d.
discrete d.

: normal

500060

st

~—,

Tw)
o



sd]lvage value

the choices for entering input

1 1 deterministic - 2 : uniform d.
3 : triangular d. 4 : normal d.
5 : beta d. . b6 discrete d.
7 : dep on liie .
enter your-chdi&e :
type of distribution s deterministic
-enter - the detebministic yalué 2 0
project life _ -
the choices for entering input
1 : deterministic 2 : uniform d.
3 : triangular d.- - - 4 : normal d.
5 : beta d. : 6 : discrete d.-
7 3

dep on in. val.

enter your choice :.

type of distribution : discrete

enter number of discrete points :'5

no - value probability
1 10 0.2
2z 1 0.2
3 12 0.2
4 - 13 0.2
5 . 14 0.2



type of distribution : discrete

enter number of discrete points : 3

no value probabiliiy'
1 35000 0.4
2. 40000 0.5.
3 45000 0.1
type of distribution : normal

enter the mean value : 30000

enter the standard deviation : 2000

number of batches 3 1
< number of.runs in each batch : 1000
enter an integer fnr.seed : 1000

number of runs to be disgarded at the beginniﬁg of each batch-: 0

‘measure of merits :

present worth

anfnual worth

future worth

internal rate of return

: external rate ofireturn

: payback period ¥ )
: discounted payback period

NN -

enter your choice 5

)
=



for the minimum atractive rate of return
discrete or continuous interest (d/c) :

the choi¢es for entering input

"9 : deterministic 2 : uniform d.
3 : triangular d. 4 : normal d.
5 : beta d. 6 : discrete d.

7 : dep on in. val.

‘enter your choice :

type of distribution  : deterministic

enter the detetministic value : 0.1~

final output of all batchs

number of alternatives H 1 :
min. atr. rate. of ret. : det 0.10
" number of batches: : 4 s
number of -runs per batch : 1000
total number of runs : 1000
. humber of runs discarded : 0

‘method of evaluation present worth

avérage of average of ave&rage of
name expected v. standart d. probof > O

a . 7Bb6b6.766 8932.862 0.79700
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