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ABSTRACT

Due to insufficient funds available for investment, the Methodist Church Ghana
is unable to initiate or implement all their viable fiscal investments. The
dilemma facing the Methodist Church Ghana is that, which of the numerous
fiscal investments the management should invest under the limited investment
capital in order to maximize profit. To solve this fiscal investment selection
problem, data were drawn from sources such as financial statements, monthly,
quarterly and annual reports, and other relevant documents of the Methodist
Church Ghana, Effiduase Diocese py€rjthejperiad2063=2008. Financial Ratios,
Continuous Probability Analysis, Linear WProgramming Models were used to
analyze the data. Sensitivity analyses werg performed on the fiscal investment
parameters. The _Linear ProgrammingsModel designed was suitable for solving
large scale fiscal investment selection-under multi-period capital rationing
problems, and this preduces the optimal solution quantities (i.e., the fiscal
investment to be initiated), the value of the ebjective function (i.e., the Net
Value) and the opportunity costof the binding constraints. On the other hand,
the selection of small scale fiscal investrient problems was found to be solved
easily by Integer Programming Models. The ‘Mathematical Models such as
Linear Programming and Integer Programming were found 0 be:

e Suitable for selecting fiscal'investments andwiaxirnizing the returns from

the batch of fiscal investments Selected by the Methodist Church Ghana,

Effiduase Diocese.

e Suitable for carrying out sensitivity analysis on the optimal solution to

Linear Programming-problems to see how sensitive the fiscal investment

selection is to the changes in the parameters of the model.
e
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CHAPTER ONE
GENERAL INTRODUCTION

[ntroduction
e study with the statement of the

This chapter discusses the background to th

problem, it then discuses the objectives of the study giving the methodology

with the justification. It continues tO describe the scope and limitation of the

study concluding with the organization of the thesis.

Background to the study

its expenditure in order 10

The church over the ycars has been struggling to gentrol

maximize money gqvailable for investment Wit less succcss

A recent survey of the capital budgeting practices of large companies by

Pike (1993) showed that oVer seyenty-five percent (75%) of companies used

payback as an appraisal mecthod, often in conjunction with other techniqucs.

The same Survey showed. that only- seyenicen pereent (17%) of the

Present ‘Value (NP as their

technical superiority of NPV

companics used Net primary evaluation

technique in spite of generally acknowledged

over payback.- This would secm to mean that much of the academic

gt T . !
preoccupation with refining measurement techniques may be misplaced.
ortance than the

heless, investment opportunitic

g

Nevert

¢ are of far greater mp

since successful investment appraisal 15

particular appraisal method used,
entirely dependent on the accuracy of the cost and Trevenue estimates.
1



The investment appraisal employed 10 this study 18 fiscal investment

selection under mulﬁ—periad capital rationing. Capital rationing 18

manifested in the situation where the firm ©Or company in this case the

church is unable 10 initiate all fiscal investments, which are appamntly

profitable because sufficient funds are not available. The situation where

investment funds are expected to be limited over several periods of time 18

called multi-period capital rationing.

The effects of capital rationing may deyclop for internal purposes. For
example, it may be decided that investment should be limited to the amount
that can be finaficedrsolely fom retained- earnings 0T kept within a given
capital budget. The external'and internal factors, which ampose quantitative
limits, lead to WO opposing view-points developing known as the “hard”

and “soft” view of capital rationing.

The “hard” view is that, there 1s;an absolute, amount of money a company

may borrow OF Rise externally. The “soft” view 01 the other hand is that

rationing by a quantitative limit such as an arbitrary capital expenditure
I T . _,-r.'..--_'_'__ 3 - - -

budget should only be seen as a temporary administrative expedient because

such a limit is not determined by the market and such 2 limit would not be

imposed by a profit maximizing company.



Whatever the causes of the limited capital supply available for investment
purposes means that, not only must each fiscal investment cover the cost of
the capital but that the fiscal investment selected must maximize returns
from the funds available, making some form of ranking necessary.
Ways of achieving this objective include the following rationing
possibilities:

e Single period capital rationing with divisible fiscal investments.

e Single period capital rationing with Enﬁivis'i‘hli: fiscal investments.

e Multi-period capital rationing with dixisible fiscal investments.

e Multi-period capital rationing with indivisible fiscal investments.

These investment appraisal methods would be explaincd in the subsequent

chapters.

Statement of the problem

There is a cry in our churches that the Diocese or headquarters is taking too
much money in spite of the fact that one expeets to see infrastructural, or
material and spiritual well being of the-members. There is also the need to
establish hospitals, schools, credit unions etc. The church today however
cannot do withotit money, because it did not happen in the carly church. The

10 Poadord
church leadership should therefore find time to teach the people the need to

give to God. The church leadership should also develop an attitude of saving

or investing part of the little funds they have, no matter how little it may be.
3



It is worth mentioning that the Methodist Church Ghana has properly
constituted structures and policies which when followed or implemented
would ensure adequate membership growth as well as its corresponding
financial and material or physical infrastl;uctural development as enshrined

in the church’s constitution and standing orders.

The Church has currently adopted the consolidation of all financial accounts
yet the figures quoted in the consofidated accounts far the various synod or
circuit financial statements do not reflect the actual situation on the ground
with regards to society accounts. It has been the common practice of some
societies of the Church to conceal certain ﬁ:venu-: or property or donations

they receive or under declire-whatever resources they have owing to some

obvious reasons.

In a situation wherersocieties, eircuits- op-Diocese arc assessed annually,
depending upon their strength, some tend to under declare-all the revenue or
resources they acquire perhaps with-the view of evading the responsibility of

being assessed heavily.



Establishment of the Methodist Church Ghana endowment fund and the
Methodist Development fund Board of Trustees

The Methodist church Ghana has undergone several moves in her quest to
find sustainable means of income generation or mobilization to support the
growth of the church both spiritually and materially. It has been observed
that in a situation where the church’s leadership embarks on frequent
appeals for funds, virtually during every Sunday worship, this more often
than not, embarrasses most people (the congregation) who under normal
circumstances, because of their §6¢ial status, would be compelled to respond
positively to the mention of a certain amount. These moves have imparted
negatively on the church’s normal Sunday Worship Service where church

attendance has subsequently been dwindling €specially on the part of the

male adult worshippers:

It has also been observedthat-if the. chureh’s>Worship Service are
characterized by sermons on giving when in effect people consider
themselves poor, the congregation feels challenged or often get embarrassed
when they are not able“ta sespond positively.to ghe messages that are
preached. This unfortunate sitwationsis even'aggravated when some monies
collected from members are expended without proper documentation and so
becomes very d__i_fficult to give accurate account of such monies spent when
only leﬁ-nveﬁ"aré recorded and some procurement is made without much
transparency. Church members more often than not feel disappointed when

monies collected for specific purpose are diverted and spent on something else.



Owing to inappropriate accounting of monies collected at church for the
purpose they are meant for, members tend to lose confidence in embracing
any such move to mobilize funds for any meaningful venture that would be

sustainable and ensure growth to move the Church forward.

There are a good number of church members who fail to contribute to the
church’s growth for their failure to fulfill their financial obligations. This

calls for urgent redress of thg followipg basic_problems as inaccurate

statistical returns and District / Dibcesétaonomy and their different modes
in resource mobilization, time to start,worship on Sunday morning,

stewardship development and prioritizing the use of moncy.

The Methodist Development Fund

The Methodist Development Fund seems to attempt to create a pool of funds
for general development and fiseal investment with the aim of lessening the

financial constraints on her.members. It however has its own limitations and

constraints.

In this study we examine the data and documents on financial matters and

e

use these to construct a model that would ensure sustainable fiscal growth in

the Fifiduase Diocese of the Methodist Church Ghana (EDMCG).



Objectives of Study

The purpose of this study specifically is:

(a) To formulate Linear Programming (LP) and an Integer
programming (IP) models for solving appropriate EDMCG
fiscal investment selection problems.

(b) To maximize the returns from the fiscal investments selected

with regards to the capital limjtayion,
| 4 :-.k; 'I 1 | ] Ny |

(¢) To carry out sensitivity ‘annlysisJon the fiscal investment
parameters to see how sengitive the fiscal investment selection
decision is to data.

(d) To establish a comparative amalytic difference between
expenditvre over_a three fiscal’ year period with its optimal

solution.

Significance of Study

The study is to throw light<on the inherent difirculties and problems facing
EDMCG in the selection of fiscal-investments 1m-i-th regards to the capital
limitation. The models will serve as tools for solving various problems of
multi-period capital rationing in Methodist Church Ghana. The study can

- AR py :
also be a guide for policy and decision makers in other churches and

organizations to maximize profit from the fiscal investment they would

undertake.



Scope of the Study

The EDMCG was carved out of the Kumasi Diocese some thirteen years ago
that is, in 1996. However, the study will cover the fiscal management over
the period 2005-2008. It hoped that the models will be of interest to

management and planners of the EDMCG in Ghana.

Data

Data for the study was purely setondary data.“Lhejdata was obtained from
sources such as financial statements, annual rcpdrts. monthly reports, synod
reports and other relevant documents of the EDMCG. The data was critically
examined and classified into tables. The fiscal investments with different
lives were compared. The-finaneial ratios. ands Continuous Probabilistic
Analysis (CPA) were uscd to-analyze the‘data. The LP and IP models for

solving fiscal investment selection problems from optimization theory

perspective were also presented.

Justification

The biblical passage on the parable of the talents teaches us great moral
lessons to consider seriously our stewardship of money and resources. We
are expected Lcﬁﬁ&st our reseurces meaningfully so as to be productive. It
is expected that the entire membership and or individuals be challenged to

manage our resources well however small it may seem so as (0 give good



account of our stewardship. It is hoped that the church with its defined
source of income coupled with proper inventory control and systems would

regenerate the needed confidence in the members and to ensure sustainable

growth.

Overview

The remaining work is organized as follows:
i d

Chapter two provides the litcmururc réwi;ﬁv'ﬁﬁ’ the fiscal investment selection
under multi-period capital limitation problem addressed in this thesis.

Chapter three .E.‘{ﬂmiﬂﬁﬂ the procedure and formulation of linear
programming and  inleger programming models for solving programming
problems from optimization theory perspective. In'this chapter, the sources,
the method of selection of data and comparisen of data using financial ratios

and Continuous Probabilistic Analysis (CPA) are given.

An Excel Solver pmgram:far solving the LP ‘and 1P pmblems is formulated
and provided. In addition, the secondary data extracted from the published
financial statements, monthly/quarterly reports, synod reports and yearly

reports of EDMCG from 2003 — 2008 and other supporting documentary

evidence are used to formulate suitable LP and IP objective function and
p———

decision variables that will assist the EDMCG to select viable fiscal



investment within its capital limitation. This is followed by sensitivity
analysis of the results and the findings. Chapter four is for the discussions,

conclusions and recommendations of the study.

Limitations

There are no doubts that in the right circumstances, the LP and the IP can be
useful methods of dealing with multi-period capital rationing problems.
There are, however, few assumptions|and litnitations, which are worth

mentioning. These include the assumptiomthat;

« All functions which are linear may not be realistic.

e« The fiscal investments and the constraints all being dependant of one
another.

e The cash flows results@nd the constraints which are known with

certainty may also not berealistic.

The researchers are ale aware.that there arc other techriqucs like Payback
Period (PBP) and Internal Rate of Refurn (IRR) for selecting optimal fiscal
investments. However, due to the number of serious limitations they present,

only NPV was used in the formulation of the objective functions of the
el = T

= —

models.

o



CHAPTER TWO

LITERATURE REVIEW
Introduction

This chapter reviews the literature for the fiscal investment selection under
multi-period capital limitation problems addressed in this thesis. It is upon

this background information that the programming models are formulated.

KNUST

Multi-period capital rationing = ) o .
The multi-period capital rulmmn‘_”}mm!pun where investment funds
are expected 1o be ’lamu:d" mﬁ swe‘i'il?'?mwda» 1n sm:h p-rfcumslanc:: it

Definition of Terms

becomes difficult to chnusl"f‘ﬁw f.tsaal a_.ﬁc'{cstmﬁm},mﬂm is, some starting

the maximum rcturrtuntt yet béﬁ’hm“muﬁ M hc augﬂ limits.

\& _'—"i&,_j o e fqh v
The problem becomes onc ﬁf*-ﬂig’ﬁﬁiiﬁiﬁ_a—‘facmr, (e.g. NPV) where
resources are limited and the funds available over the period are considered.
This will be recognized as a situation where lincar programming and integer
programming could be used. Both IP and LP have been used successfully in
solvifig multi-period capital rationing problems. Specifically, the LP method

is usually used to solve divisible fiscal investments, that is, where a

= 11



fractional part of a fiscal investment is desired to be undertaken. Where the

fiscal investments are not divisible, the only feasible solution method is IP

method.

Fiscal investment Selection

The appropriate choice of investment fiscal investments depends primarily
on the nature of cash flows generated by the fiscal investments, the risk
level associated with the cash flows ‘aad| the Budgetary limitations of the
corporation over time. For the past four decades, researchers have attempted

to present the working investment choice model that considers the various

aspects of the budgetary process.

In 1963, the first mathematical programming formulation of the multi-period
capital rationing problem was provided. In his formulation, the net discount
cash inflows for fiseal-investments are maximized while cash outflows and
availability of resources are maintained in each period’ This formulation
withstood many criticisms overthe past:three deeadcs. The majority of these

criticisms are based on three main features of the model. These being the

appropriate selection of an objective functions, the determination of suitable

L < T '-F.-'_F._..--_-_ . - EE B
discount rate to account for fiscal investment returns and the inability of the

model to deal with uncertain budgetary constraints.



In the seminal work by Weingartner (1963), the author provided a
framework using deterministic linear programming approach. His model
uses Net Present Value (NPV) as its objective function. The value associated
with the timing of a particular cash flow is adjusted by an appropriate

discount rate (KIRA, 2000).

It is evident from the above survey that the LP model for fiscal investment
evaluation under capital rationing/Andde juge df@scal investment cash flows
NPV, IRR and other investment evaluation techniques. It is therefore

imperative that these methods are examined to sec how they could be

incorporated into the formulation of LP aad IP in the proposed study.

Fiscal investment and Cash Flows .

Every decision the company makes is a capital budgeting decision whenever
it changes the company’s cash flows éﬁd"cﬁnﬂiﬂ&ﬁ':launching a new fiscal
investment. This involves a phase where the new p-rndnc.t is advertised and
distributed. Hence the company will have the cash outflows for paying

advertising agencies, distributors, transportation services, etc. Then, for the

period of time the company may have cash inflows from the sale of the

product in the future. ‘I‘ﬁﬁ;_.'t\;r_n types of cash flow are identified; cash

inflowand cash outflow from the fiscal investment. Cash flow items

include:



Cash inflows

e The fiscal investment revenues
e Payment of Assessment
» Camp meeting and Synod proceeds

s Annual Harvests

» Any other cash inflows caused by accepting a fiscal investment.

Cash Outflows

e Initial investment in acquiring.the assets:
e Fiscal investment costs, labour, matcrials, etc.
e Connexional Assessment

e Any other cash outflow eaused.by accepting'a fiscal investment.

The difficulty with making these decisions are that, typically many cash
flows are affected and’they usually-extend-ever a’long period of time.
Investment appraisal criteria_gould —beemployed in analyzing capital
budgeting decisions by aggregating the multiple of the cash flows into one

number, Thus, all cash flows have to be included in the analysis whenever

they are affected b'jr the ision (Brav et. al, 1999).



Determination of Cash Flows in the NPV analysis

The incremental net cash flow of an investment proposal is defined as the
difference between the company’s cash flows if the investment fiscal
investment is undertaken and the company’s cash flows if the investment

fiscal investment is not undertaken. That is, the net cash flow generated by

certain assets is given by the equation:
Net Cash Flow = Cash Inflow — €ashyOuttiowy
= Revenue — Expenses — Capital Expenditure — Taxes...(1)
The income tax paid is determined by:
Taxes = t (Revenueg=[Expenses — Beprﬁciﬂtiﬂﬁ)_.-.. e ors s senar Tt ]

Where t is the corporate tax raie. The depreciation-is.not a cash expenses
and it only affects cash flows through i1s effects on taxes.

Substituting equations (1) into equation (2) yields an expression for the
company’s cash flow:

Cash Flow = (1-t)(Revenue—Expenses) + {(Depreciation) — Capital

EXPENAIUTC. 10 veveevrniennessmasiieassrumnebsmssessssss st s

The term t {DEﬁieciationﬁs’Mi mes known as the depreciation tax shield

_--'-'--_._



Investment Appraisal Techniques

The investment evaluation techniques under consideration in this study

include:

e Net Present Value (NPV)

e Discount Rate (DR)

¢ P Multi-period capital rationing with divisible fiscal investments.

e Payback Period (PBP)

e Internal Rate of Return (IRR)

e Profitability Index (PI)

Net Present Value (NPV)

The investment appraisal measure which the researcher uscd is the original
Net Present Value (NPV). The:NPV of a fiscal inyestment is defined as the

present value of all ‘(uture _cash'flows by an investment, less the cost of

initial cost of investment.

Let each cash inflow/outflow be discounted back to its PV. They are

summed. - T



Therefore

_&_¢
NPV = 3o,

Where,
t — the time of the cash flow,
n — the total time of the fiscal investment,

r — the discount rate,
¢, — the net cash flow (the amount cash) at tifie % and

¢, — capital outlay at the beginning of the investment time (7 = 0)

NPV is an indicator-of How.much-valae an investment or fiscal investment
adds to the value of the firm. With a particular fiscal investment, if ¢, is a
positive value, the [iscal investment is in the status of discounted cash
inflow in the time oft-If ¢, is @ negative-value, the fiscal investment is In
the status of discountéd eash-outflow in the timg.ef & appropriately risked
fiscal investments a positiveNPVAmaybe-accepted. This does not

necessarily mean that they should be undertaken since NPV at the cost of

capital may not account for opportunity, i.e. comparism with other available

L T - "'F'_F.-F.---_._- [l Ll
investments. In financial theory, if there is a choice between two mutually
exclisive alternatives, the one yielding the higher NPV should be selected.

The following sums the NPVs in various situations.



If It means

Then

NPV >0 the investment would

add value to the firm

NPV <0 the investment would

subtract value from the

firm

1]
=

NPV

neither gain nor loss

value for the firm

the fiscal investment may be

accepted

the fiscal investment

should be rejected

it should be indifferent

in the decision whether

talaccept or the investment

would reject the fiscal investment.
This fiscal -investment adds no
monetary value.

Decision should be based on other
criteria, e«g. strategic positioning
or otherfactors not explicitly

included in the calculations.

Source: Baker, 2007

it
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However, NPV = 0 does not mean that a fiscal investment is only expected
to break, even in the sense of undiscounted profit or loss (earnings). It will
show net total positive cash flow and earnings over its life. In sum, it is
optimal to make a decision that generates positive NPV of their incremental
cash values. If there are more than two alternatives, it is optimal to choose

the alternative that generates the highest NPV.

Iltustration

X Corporation must decide whether to introduce a new product line. The
new product will _have startup costs, loperatienal costs, and incoming cash
flows over six years. This fiscal investient will have immediate (t =0) cash
outflow of GH¢ 100, 000,00 (which mightinclude machinery; and employce
training cost). Other cash. outflows for years 1-6 arc expected to be
GH¢5,000.00 per year. Cash inflows are expected to be GH¢30,000.00 per
year for years 1-6. All.cash flows arc aftertax, and there are no cash flows

expected after year 6. The required rate-of return.is 10%. The Present Value

(PV) can be calculated for each year:
T=0-GH¢100,000.00/1.10° =-GH¢100,000.00PV.

T=1 (GH¢30,;1&'&}{}-{311,&;,9911_0@},:&}1;&1 10'=GH¢22,727PV.
T=2 (GH¢30,000.00-GH¢5,000.00)/1.10° =GH¢20,661PV.

T=3 (GH¢3n,unn.on-m—ws,uoo.ou)n.103 =GH¢18,783PV.
= 19



T=4 (GH¢30,000.00-GH¢5,000.00)/1.10* =GH¢17,075PV.
T=5 (GH¢30,000.00-GH¢5,000.00)/1.10° =GH¢15,523PV.
T=6 (GH¢30,000.00-GH¢5,000.00)/1.10° =GH¢14,112PV.

The sum of these present values is the net present value, which equals
GH¢8,881. Since the NPV is greater than zero, the corporation should invest

in the fiscal investment.

Discount Rate

The rate used to discount future cash flows,to their present values is a key
input of this pmcéss. Most firms have a well défined policy regarding their
capital structure, so.the weighted ayerage cost of capital (after tax) is used
with all fiscal investnients. Some people believe that it'is appropriate to use
higher discount rates to adjust for riskier fiscal investments. Another method
is to use a variable discountirate with higher ratessapplied to cash flows

occurring further along the time span, (reflecting the vield curve premium

for long-term debt).

Another approach for the discount rate is to decide the rate, which the

capital needed for the fiscal investment could return if invested in an

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

alternative venture. If, for example, the capital require for fiscal investment

A can earn 5% elsewhere, use this discount rate in the NPV calculation to

allow a dircct comparism to be made between fiscal investment A and other

E 20



alternative. Obviously, NPV wvalue obtained using variable discount rates
with the years of investment duration better reflects the real situation than
that calculated from a constant discount rate for the entire investment

duration (Harrell and Harpaz, 2005).

For some professional investors, their investment funds zﬁrt: committed to
target a specified rate of return. In such cases, the rate of return should be
selected as the discount rate for the NPV calculation. In this way, a direct
comparism can be made between the profitability of the fiscal investment
and the desire rate of the return. To S0mc cxtent, the selection of the
discount rate is dependant on the use'te which it will be put. [f the intent 15
simply to determine whether a fiseal investment will add wvalue to a
company, using the firm's_ weighted “average cost of capital may be
appropriate. If trying to decide belween alternative investments in order to
maximize the value of the. firm, the corporate investment rate would
probably be a better choice. Using variable rate over /time or discounting
“ouaranteed” cash flows which isdifferent from “at'risk” cash flow may be
a superior methodology, but it is seldom used in practice. Using the discount

rate to adjust for risk is often difficult to do in practice (espccially

internationally), and is rf.:aﬂ[l_gi_i_ffmult to do well. An alternative to using

discount factor to adjust for risk is to explicitly correct the cash flows for

i ——

the risk elements and then discount at the firm’s rate.



Payback Period (PBP)

Numerous surveys have shown that payback is a popular technique for
appraising fiscal investments either on its own or in conjunction with other
methods. Payback can be defined as the period, usually expressed in years,
which it takes for fiscal investment net cash inflows to recoup the original
investment. The usual decision rule is to accept the fiscal investment with
the shortest payback period. The payback has several advantages and

disadvantages. Among these are:

Advantages

(i) Uses fiscal investment cash flows rather than accounting profits
and hence is-more objectively based.
(ii) Favors quick return fiscal investments which may produce faster

growth for companies and hence liquidity.

Disadvantages:

(i) Payback does nol measure overall fiséal inVestment worth because
it does not consider cash flows alter payback period.

(ii) It provides only crude measure of timing of fiscal investment cash

-

flows. _ o

e

In spite of any theoretical disadvantages, payback is undoubtedly the most
e

popular appraisal criterion in practice (Pike, 1995).



Internal an Return (IRR)

The IRR of a fiscal investment is the rate which equates the NPV of the
fiscal investment’s cash flow to zero; or equivalently the rate of return

which equates the PV of inflows to the PV of outflows.

Internal Rate of Return Rule

IRR is return that equates initial investment with PV of each cash flow.

: |
0=-C,+)Y C
g z.: ‘[¢1+mm' ]

Where:

t- the time of the cash flow,

0- zero,

C,- the net cash flow (the amount of cash) at time - and

C,- the capital outlay at the beginning of the investment time (t = 0).

The decision rules include:
Accept fiscal investatents with IRR=> 7

Reject fiscal investments,With IRR< r

The problems with IRR are:

(a) Ignores Value Creation (Scale).
S _,-'-'—".-.--_-___
(b) Assumes cash flows being reinvested at IRR.

e m—

(¢) Multiply IRRs if later cash flows are negative.



Profitability Index (PI)

Another investment appraisal technique, the PI, is used when the companies
or firms have only a limited supply of capital with which to invest is
positive NPV fiscal investments. This type of problem is referred to as
capital rationing. Given that the objective is to maximize shareholders’
wealth, the objective in the capital rationing problem is to identify that
subset of fiscal investments that collectively have the highest aggregate
NPV. To assist in that evaluatigny, thismethiod yequires that each fiscal
investment’s PI is computed using:

NPV

Profitability Index {PI) = . where I = Initial investment.

The fiscal investmentls Pi is ranked from highest to-lowest and then selected
from the top of the list until the capital budget is exhaustcd. The idea behind
the PI method is that it provides the subset of fiscal investments that can

maximize the aggregate NPV. In general the PTis of limited usefulness and

the use of NPV is considered safer.,

Fiscal investment Valuation

Several authors employed the single period capital asset pricing model
AR ; --"""_'_.-._--_-__- & = =

(CAPM) (Lintner and Sharpe, 1965) to value long-lived capital assets. The

study by Bogue and Rol, (1960) was an early attempt in this direction. They

demonstrated that the single period CAPM has limitations in valuing long-

e 24



term capital fiscal investments. Their approach was later explored and
extended by Brennah, (1998) which used the continuous time version of the
CAPM and were able to drive the fiscal investment’s value assuming simple

expectation formulation of the future cash flows.

In the study reported by Harrell and Harpaz (2005), they investigated the
valuation of a capital investment fiscal investment stipulating that a time-
varying normal stochastic process| withudkhown{means generates the fiscal
investment’s cash flows. Investors are assumed to be Byesian decision
makers under uncertainty in the senSe that they combine their prior
information with evidence from the observed fiscal investment’s cash flows
to sequentially about uftknown mean cash flows. Tt is assumed-that CAPM of
Lintner and Sharpe (1965) valid now, and in the future periods, as it
provides the basis of valuation framework in the capital budgeting problem.
In this context they.derived the wvaluation formulae and betas of capital
investment fiscal investments «tinder different . scenarios regarding the
behavior of the fiscal investments cash flows:Also, they investigated the
inter-temporary behavior of the fiscal investment’s betas for various
parameter values, and examined the variety of the traditional textbook

valuation formulae. The ﬁ’ﬁﬁ]'i::-;ﬁc;n of the convention NPV technique in

capitatbudgeting under uncertainty is criticized.



The stochastic capital rationing (SCR) model developed by KIRA, (2000)
does not directly consider the issue of uncertain fiscal investment cash flows
in its analysis. Rather, they developed a procedure for the capital budgeting
problem wherein both uncertainty in budgetary constraints and returns can
be addressed simultancously. This is realized by utilizing the SCR mode and
by considering varying standard deviations of fiscal investment returns in
generating the optimal composition of fiscal investments. Many authors and
researchers consider the possibility F af] in rnhﬁﬁiuij- upgrading in fiscal
investment v.alua!inn* but do not present @ specific model delineating how

learning can be formally embedded into the multi-period capital rationing

problems. This study is a step in bridging this gap.

The purpose of this study is o develop or formulate TP and I[P models for
solving multi-period capital rationing problems. Specifically, the LP model
will be designated to solve multi-peciod. capital rationing (MCR) with
divisible fiscal investmert-problems while IPayill.be used to solve MCR
with indivisible fiscal investment probtems. The models seek to produce

optimal solution quantities (i.e. the fiscal investments 1o be initiated), the
value of the objective func%lh: total NPV) and the shadow costs (i.c.

opportunity costs of the binding constraints).

e —



Linear Programming - Mathematical Model

Linear programming (LP) is a widely used mathematical modeling
technique designed to help managers in planning and decision making

relative to resource allocation. LP is a technique that helps in resource

allocation decisions. Programming refers to modeling and solving a problem

mathematically.

Examples of Successful LP Applications

1. Development of a production schedule that will satisfy future demands

for a firm’s production while minimizing total production and inventory costs

2. Selection of product mix.in-a factery to make best.tise of machine-
hours and labor-hours available while maximizing the'firm’s products

3.  Determination of grades of petroleum produets to yield the maximum
profit

4.  Selection of different blends of-raw—materials to feed mills to produce

finished feed combinations at minimum cost

5. Determination of a_distribution system that will minimize total

shipping cost from several warehouses to various market locations



Requirements of a Linear Programming Problem
All LP problems have 4 properties in common:

= All problems seek to maximize or minimize some quantity (the

objective function).

» The presence of restrictions or constraints limits the degree to which

we can pursue our objective.

= There must be alternative courges of agtign o choose from.

* The objective and constraints in linear programming problems must be

expressed in terms of linear equations or inequalities.

5 Basic Assumptions of Linear Programming

1. Certainty:

» numbers in the objective ‘and constraints are known with

certainty and-do not change during the period being studied

2. Proportionality:

® exists in the objective and constraints

= constancy between production increases and resource utilization

= e _#__..---"_'_
3. Additivity:

— the total of all activities equals the sum of the individual

activities



4, Divisibility:
= solutions need not be in whole numbers (integers)
= solutions are divisible, and may take any fractional value
5. Non-negativity:
= all answers or variables are greater than or equal to (=) zero

= pegative values of physigal,quantitigs.ate-impossible

Formulating Linear Programming Froblems

Formulating a linear program involves deyveloping a mathematical model to
represent the managerial problen. Once (the managerial problem is

understood, one can begin to dévelop the mathematical statement of the

problem.

Steps in LP Formulations

In formulating LP one needs to:

L Completely understand the managerial problem being faced.
2. Identify the objective and the constraints.

S=ne e =T
3. Define the dccision variables.

4. — Use the decision variables to write mathematical expressions for

the objective function and the constraints.
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Linear Programming (LP)

A Linear Programming (LP) is one of the most widely used optimization
techniques and perhaps the most effective (Amponsah, 2006). The term
Linear Programming Wwas coined by George Dantzig in 1947 to refer the

problems in which both the objective function and the constraints are linear.

A Linear Programming is the problem of optimizing linear objective in the
decision variables X, X2, --.--%m subjeet to lingar_equality or inequality

Y BRY B l “y |

constraints on the decision variables®

Standard Form of the Linear Programming Problem

In the standard form; the Linear Programming problem is expressed as;

Maximize F = Y x, B = R W ORI
=l
Subject to in[j,j]xj s MR =12 . .m.{Z}
f=1 1
l,sx,supj=1,2.....7 - .59{3}

where ¢; are the objective function coefficients, a(i, j) and by are parameters
in m linear inequality constraints and /, and u,are lower and upper bounds
with /, <u .. Both /, and u,, may be positive or negative.

it o
A Iin__:_ilr_pmgramming problem can be expressed more conveniently using

matrices;

B ae I 5= (/X ..cos vvniswamsas s spnomesasymas sapmehanrs sha s RSO S



B =0 e i S A s 00 D

A is m x n matrix whose (i,j) element is the constraint coefficient a(i,j) and
¢, b, I, u, are factors whose complements are ¢;, b;, u; respectively. If any of
the equations (1-5) were redundant, that is, linear combinations of the
orders, they could be deducted without changing any solutions of the
system. If there is no solution or if there is one solution for equation (5),
there can be optimization. Thus /the case bf greéatest interest is where the
system of equation (5) has more than unknown equations and has at least
two and potentially and infinite number of solutions. This occurs if and only if

n > m, and

Rank (A) =m

These conditions are assumed to be true in what follows. The problem of

linear programming is to first detect whether solution exist, and if so, to find

one yielding the minimum F.

Some Basic Definitions

1. A feasible solution to LP problem is a vector X = (X, A3 ... R, Ay

that satisfies the equation AX = b and the bounds /sx=u.

R .-""'"'_r-_-_._ 1 X . . %
2. A linear programming (LP) is feasible if there exists a feasible

__solution otherwise it is said to be infeasible.



3. A basic feasible solution is a basic solution in which variables satisfy

their bounds I, <x, su,

4. A non degeneratc basic feasible solution in which all basic variables

X; are strictly between their bounds, that is, I, sx, su,.

5. An optimal solution X = (X}, X,,........ X)) is a feasible solution subject
to C'X, AX = b and X <0. (Lasdon and Powell, 1998)

Equivalent Forms of LP

ﬁ_linear programming can take of s@veral fornis, It! might be maximizing
instead of minimizing. The LP can havg a combination of equality and
inequality constraints. Some variablgs may be restricted to be non positive
instead of non negative, or be unrestrieted in sign, Two forms arc said to be

equivalent if they have fhe-same set”of optimal solutionis~or are either

infeasible or unbounded.

1. A maximization problemiean be expressed &s a minimization problem;
; el ; -\ 7.
i.e. maximize CTX = minimize - C°X

2. An equality can be represented.as. a pair ofinequalitics

al x5, OR {H}IEEJ‘

T
da =
j X brE[aerﬁ, ﬂrxﬂ—b,?

3. By adding a-slack variable, an inequality can be represented as a
combination of—equality —amd non-negative constraints. For example

n

Y ali, f)x, <h,

= L e—

Then slack variable is defined as s, 2o such that;



Y a(i, /), +s, =b; , and the inequality becomes an equality.
=

Similarly, if the inequality is } a(i. j),j 2 b, , it is written as
=

ia{:’,ﬂxi -5, =b,
=1

4. A non-positive constraint can be expressed as non-negative constraint

if we replace X, everywhere with —; and impose the y,>0 condition.

5. X may be unrestricted in sign. In such a case, X; is replaced
everywhere by }} -~ ¥ jﬁ adding the constraints v: X Sp.
In general, an inequality can be represented using a combination of equality

and non-negative constraints, and viee versa. Using these rules;

Minimize {C"X,st AX-=Db} can be transformed into minimize

[A.iu AX-s5=hb X, X,s=0). The former EP is said to-be in canonical form, the

later in standard form.

Duality

For any given linear programming ptoblem called Primal, there is an

associated linear programming called Dual Problem. Duality is an important

concept in linear-programming fiscal investment since it is algorithmic and

—

allows a proof of optimality.
e



Rules for Taking Dual Problems
If PRIMAL problem (P) is minimal problem, then the DUAL (D) problem is
maximum problem and vice versa. In general, using the rule of transforming
a linear programming in standard canonical form, the dual (D) of primal (P) is;
Minimize Z=CX
Subject to AX < b,
X =0,
where X =(X;, Xa, ...... ... X;)" is anynn H-fagtar
Ci=iCy, C3,... o, )7 is any n factor
A = a(ij) is m x n matrix and
b =(b;, ba,......,by)T is any m-vectorim DUAL (D).
Maximize W=25"y

Subjectto A"y > C, y = 0.

The variables in P are ‘called. Primal variables-and the-variables in the Dual
problem are called Dual variables. The-general rules for converting primal

problem of any form into dual problem can be summarized as shown in

Table 3.1:

wiye , TPRaR
Rlimay o0
oL SCiey,; ..._;Hrm'"” Stry =
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Table 3.1

PRIMAL PROBLEM

DUAL PROBLEM

Maximization

Manimization

e Coefficients of objective function

o Coefficients of i'" constraints

o i" constraint is an inequality of
the form <

e i constraint is an inequality (=)

¢ i" variable is unrestricted

«i" variable satisfy > 0

e Number of variables

» Number of constraints

o If inequality of type = Oceurs.in
the maximization  problem

compared to the type = by

multiplying through by -1

« Right hand sides of constraints
e Coefficient of i'" variable

e i'"" variable satisfies > 0

oi'" yariable-is unrestricted

i onsfraint is an inequality (=)

s i™ constraint is an inequality of
the type >

» Number of constraints

e Number of variables

e If inequality.of type < occurs in
maximization problem convert
to  types = by .mulliplying
through by ~1
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Solution Techniques for Linear Programming

There several are approaches for solving the linear programming

problems. Among these techniques are:

1. Graphical Approach

2. Simplex Algorithms

3. LINDO Software

4, QSB Package

5. MATLAB

6. YE’s Interior Point Algorithms

7. Microsoft Excel 2003
The most convenieht and.effective technique in use now-is the Simplex
Algorithm. Essentially, the-Simplex Algorithm starts dt one vertex of the
feasible region and moves (at each iteration) to another (adjacent) vertex,
improving (or leaving Unchanged), the object function as-ii does so, until it

reaches the vertex correspending-to_the optimal lineay programming solution.

The Simplex Algorithm for solving LP’s was developed by Dantzig, (1940).

A number of different versions of algorithms have now been developed. One

of these later versions, called the Reversed Simplex Algorithms (Appendix

B) formthe basis of the most modern computer packages for solving LP’s

(Arsham, 1999).
36



Sensitivity Analysis

Gensitivity Analysis (or Post-optimal Analysis) allows the researcher o
observe the effect of changes in parameters of linear programming problems
on the optimal solution. Given the LP package, it is easier to change the

data to see how the solution changes (if at all) as certain key data items

change.

As a by-product using the Simplex Algorithm, researchers get sensitivity
information,

(a) For the variables, the Reduced Costi(also known as opportunity cost)
column which; gives each  variable  an astimate of how the object
functions will change if the-variable is made non-zero. This is called
«Reduced Cost” for.the variables. The Reduced Cost can also be
interpreted as the amount by which objective function coefficient for
a variable need change begomes non-zeto.

(b) For each constraint column headed shadow price indicates by how
much the objective function will change if the right hand side of the

correspending constraintischanged. This is known as the “Marginal

__Malue” for the constraint.

37



LP Formulation and Applications
The conditions for a mathematical model to be a linear programming are;
(a) All variables must be continuous (i.e. can take fractional value).
(b) A single objective (minimum or maximum) must be indicated.
(c) The objective and the constraints are linear (i.e. any term is either a

constant or constant multiples of an unknown).

The LP is important in everyday llifefbccatse, many practical problems can
be formulated as LP and also theregan algorithm (called the Simplex

Algorithm) which enables the researcher to solve P numerically relatively

easily (Padberg & Hoffman, 1995):

Integer Linear Program ming (1)

In many of the problems, certain variables should have been regarded as
Integer values. But forthe sake of convenience, the variables are allowed to
take functional values reasoning that-the-variables are likely to be so large

that any fractional part could be neglected. Whilst that 1s accepted in some

situations, in many cases, a numeric solution must be found such that the

5 f 3 "'H_H-.-._-_-_-_ - ® - =
variables take only integer values. The problems in which this is the case

e —

are called Integer Programs (IP) and the subject of solving such programs is

called Integer Programming. Thus Integer Programming is the subset of

38
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Linear Programming in which all the variables are required to be non-

 negative integers,

. General Forms of Integer Programming (IP)

I. An IP in which all the variables are required to be integers is called Pure

IP problem, i.e. maximize Z = Zajx_, (objective function)
4=

Subject to X 2h (canstraints)

X, <0,X, Integer

2. An IP in which only seme ofithe variables are n.,qmred to be integers is
called Mixed Integer Programming,
i.e. Maximize Z = > 0 X,

Subject to Zaﬁ X AR

H
iXIJ. +Z}'J =W
I=1

X,20,y=0,0rl
J= 4 di

3. An IP problem‘i;h which al-the variables must be equal to 0 or 1 is called

a Zero-one-Integer Programming,
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L.e. Maximize Z = 30 x

Subjectto  3"d, X, less than D,

=
Xi=0or1l

4. The LP obtained by omitting a] integers or 0-1 constraints as variables is

called the LP Relaxation of LP,
For example, the LP relaxation of ¢1 s
Maximize Z = 3X,+2X,
Subject to X, +.X, <6
Xp X5 =0
And the LP relaxation of (2} is
Maximize Z = X,+X,
Subject to Xp+2X, 42
2X;+ X5=\0

XX =0

- Any IP may be viewed as LP relaxation plus some additional constraints, the

- constraints that state which variables must be integers or be 0 or 1. Hence

- _— z _'_,__,—-"'_--_-_ ;
the LP relaxation is less constrained or a more relaxed version of the LP.

This means that the feasible region for an IP must be contained in the



feasible region for the corresponding LP relaxation. LP relaxation for any IP

is a maximize problem. This implies that;

Optimal value for LP relaxation > Optimal Z value for LP.

This result plays a Key role in the discussion of the solution of IP.

Solution Techniques for IP
There is general purpose (independent lof"YLP being solved) and
computationally effective able to solve large LP) algorithms (Simplex or
interior point) for solving LP problems. However, there is no similar general
purpose and computationally effective algorithm exists for solving IP
problems. This means_that IP- problems are harder te solve than LP
problems. There are, at least three different approaches for solving IP
problems, although they are fiequently combined into “hybrid” solution
procedures in computational practice. They are;

. Enumerative techniques

. Relaxation and decomposition techniques

. Cutting p}_q_nﬂs approaches based on polyhedral combinatory.
The most gffecti;é_'an& sim};m&ach to solving a pure IP problem is to

numerafe all finitely many possibilities. However, due to “combinatorial



explosion” resulting from the parameter “size” only the smallest instances
could be solved by such an approach. Sometimes one can implicitly
eliminate many possibilities by domination or feasibility arguments. Besides
straight-forward or implicit enumerations, the most commonly used
enumerative approach is called BRANCH and BOUND, where the
“pranching” refers to the enumeration part of the solution technique and
“bounding” refers to the fathoming ef possible-solutions by comparison to a

known upper or lower bound on the solution value (Doig and Land, 1960).

To obtain an upper bound on the problem (i.€, in maximizing problem), the
problem is relaxed in a way which makes the solution to the relaxed
problem, relatively easy to solve. All commercial branch-and-bound codes
relax the problem by dropping the integrality -eonditions and solve the
resultant continuous LP problem over the set P. I the squtiaﬁ to the relaxed
linear programming. satisfies _the integra[ity resirictions, the solution
obtained is optimal. If the EP/is infeasible, then'so 1s the integer program.
Otherwise, at least one of the integer variables is iractional in the LP
solution. One chuq_se:s one or such fractional variables and “branches” to

create two or more sub prmﬂich exclude the prior solution but do not

eliminate—any feasible integer solutions. These new problems constitute

“nodes” on branching tree, and an LP problem is solved for each node

— 42



created. Nodes can be fathomed if the solution to the sub problem is
feasible, satisfies all the integrality restrictions, or has an objective function

value than a known integer solution (Powell and Lasdon, 1998).

Hlustration
Consider the LP problem, (parameters measured in $m);

Maximize Z = 0.2X,+0.3X,+0.5X;+0.1X,

Subject to  05%,# NN, £0.1 3X5+0.1X, <3.1
0.3X,+0.8X5+1.5X;+0.4X, <2.5
0.2X,40.2X5+0.3X ,+0.1X, <0.4
X, SWords /=92, 3, 4.

What makes this problem difficult is the fact that the variables are restricted
to integers (zero or one). If the variables«are allowed to be fractional (takes

all values between zero and one for example) then LP would be obtained

which can easily be solved. X

To solve this LP relaxation of the problem, the x;=0or 1,j=1,2,3,4is
replaced by 0 <x; <1,/ =1, 2,3, 4. Then using MATLAB packages gives
the solution x;‘E"O.S,' x; =T, x; = x, = 0 of value 0.65 (i.e. the objective

function value of the optimal linear programming solution is 0.65).
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Now, the optimal integer solution is < 0,65, i.e. this value of 0.65 is an
upper bound on the optimal integer solution. This is because when the
integrality constraint is relaxed, the solution value ends up with at least that

of the optimal integer solution (and may be better).

Consider this LP relaxation solution. The variable x; is fractional needs to
be an integer. To remove this troublesome fractional value, two new
problems can be generated:

e original LP relaxation plus x; = (

e original LP relaxation plusas =1

Then the optimal integer solution to.the original problem is contained in one
of these two new problems. This process of taking a fractional variable (a
variable which takes a fraetional value in the LP relaxation) and explicitly
constraining it to eachiof its intcger values is known asbranching. It can be
represented diagrammatically as below (in a‘tree'diagram, which is how the

name tree search arises).

L

The solution to these two new LP relaxations problems are given below:
» P1— original LP relaxation plus x; = 0, solution x; = 0.5, x;=1,x; =

X,= 0 of value 0.6



e P2 - original LP relaxation plus x, = 1, solution x2=1,%3=067, x;=

x;= 0 of value 0.63

This can be represented diagrammatically as below:

Initial LP relaxation vahie 0.65

X, fractional
value 0.6 §
Pl X, fractional P2 rvaine 0.63
X fractional

Figure 1: A solution to two new LP.relaxations problems
To find the optimal integer solution, the process is repeated, i.e. choosing
one of these two problems; cheosing one [ractional variable and generating
two new problems to be solved.
Choosing problem P1 means branch x; to get a list of LP relaxations as:
e P3 — original LP.relaxation plusix; = IIJ.{]?’I} plus'x; = 0, solution x; =
x;=1, x; = x;= 0 of value 0.6
e P4 — original LP relaxation plus x; = 0(P1) plus x; = 1, solution x; = I,
x3=0.67, x; = x,= 0 of value 0.53
e P2 — Drigi_ﬁ;i LP re]aml_us x, =1, solution x; = 1, x3=0.67,
%= x7=10 of value 0.63. This can again be represented diagrammatically as

below,



Initial LP relaxation value 0.65
X2 fractional

X:a:l.

P2 (C  value 0.63

X ;=0 X3 fractional
o
P3
wah C P4 O
e 0.6 G
integer feasible e0.53

Figure 2: A list of LP relaxations of P
At this stage, an integer feasiblessolution of value 0.6 at P3 is identified.
There are fractional variables so no branching is necessary and P3 can be

dropped from the list of LP relaxatian,

Hence, the new information about the optimal (best) integer solution is that,

it lies between 0.6 and.0.65 (inclusive).

Considering P4, it has value-0.53 and has a fractional variable (x;). However
if the branching were to be on x;, any objective function solution values that
would be obtained after branching can never be better (higher) than 0.33. As
already the integé;* feasible-somution value is 0.6, P4 can be dropped from

the list of LP relaxations since branching from it could never find an

improved feasible solution. This is known as bounding- using a known
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feasible solution to identify that some relaxations are not of any interest and

can be discarded.

Hence it is just left with:
e P2 — original LP relaxation plus x, = 1, solution x, = 1, x;=0.67, x; =
x;4= 0 of value 0.63,
Branching on x; gives;
» PS5 - original LP relaxation plus x3= 1(P2) plus x; = 0, solution x; = 1,
x:=x;= 0 of value 0.5
e P6 — original LP relaxation plus xs = 1(P2) plus x3 = 1, problem

infeasible.

Neither of P5 or P6 can lead to further branmching so the process is
completed and the optimal integer solution value is 0.6 ‘which corresponds
toxsz=x4=1,x=x,=0

The entire process leading to this optimal solution (and to prove that it is

optimal) is shown graphically below:

—

=i o P



Initial LP relaxation value 0.65
Xz fractional

/ x., fractional
X =0 o
'."[3=1

o
3 C
value 0.6 gt p6 C
integer feasible VBB 093 | Lvanie 0.5 infeasible

Figure 3: The optimal integer solution for the problem

Thus, the optimal integer solution for this problem is $0.6m

Applications of IP
The major application areas which [P can be applied are;
(a) Manpower scheduling problems concerned with security personnel
(b) Church location problems
(¢) Capital budgeting problems
(d) Traveling ggiespersufwlﬁms
(¢) The cutting stock problems

=

(f) Vehicle routing problems
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The Product Mix Problem

Two or more products are usually produced using limited resources such as
personnel, machineg, raw materials, and so on. The profit that the firm seeks
to maximize is based on the profit contribution per unit of each product. The
company would like to determing Jrow many ppits-f-each product it should

produce so as to maximize overall profit given its limited resources.



CHAPTER THREE

DATA ANALYSIS AND MODELLING

Introduction

This chapter examines the sources and methods of collection of data. It is
also proposed to provide the statistical analysis, basic methods and
formulation of IP and LP models for solving the Effiduase Diocese of the
Methodist Church Ghana’s (EDMCG), fiscal investment selection under
multi-period capital rationing problems which sought to maximize

investment while minimizing expenditure.

It also entails the extraetion of s¢condary data from published financial
statements, monthly and quarterly reports, syned.and connexional reports of
EDMCG from 2003 — 2008 and other supperting documentary evidence

formulated in this chapter. The data isused to formulate suitable LP and IP

objective function and decision.yariables that will assist the EDMCG to

select viable fiscal investment within-its-Capital limitation

Sources and Data Collection
A capital budgeting is thie process of considering alternative capital

investmrent and selecting those alternatives that provide the most profitable

return on available funds, within the framework of the company’s goals and
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objectives. A capital investment is any available alternative, to purchase,
build, lease or renovate buildings, equipment, or other long range major
items of property or fiscal investments. The alternative selected usually
involves large sums of money and results in a large increase on fixed assets
for several years. Once a company builds a plant or undeﬁakcs some other
capital expenditure, the company becomes less flexible regarding future

plans (Hermanson and Maher, 1992).

Based on this fact, most of the necessary information about cash inflows and
cash outflows of the EDMCG fiscal investmenis were extracted from the
EDMCG financial statements, monthly and synod reports for the period
2005-2008. The annual net ecash: flow which is the différence between the
cash inflows and cash outflows during ‘each peried for the under listed
investments were then estimated and recordad (Table 1). The concepts of
capital budgeting caum -be applied “to “other churches, not-for-profit
organizations, such as universities, school districts, cities and not-for-profit
hospitals, Since these organizations are not subject to as many taxes as
profit-making organizations, the cash flows related to taxes are usually zero
OF near zero (Ibfd:ij.']-;’?.ﬁ). Pie to this, the tax factor in the estimation of the

annual-aet-cash flows for the EDMCG investments was ignored (equation 3,

chapter 2).
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The gDMCG .vestments are classified into short term and long term
investments- The discount factors are also estimated at cost of capital of ten

Pﬂ,;mt (10%) for each cash inflow for each investment and the
cmespnnding NPV at ten percent (10%) (Table 1). The distribution of cash
outlay for EDMCG short term investments are shown in Table 2. Table 2

also shows the capital requirement for each investment, available capital at

each period and the correspondirig/Cdpitdl Fetprgs:

Table 1:
Annual Net Cash Flow for EDMCG Large Scale Fiscal investment for
2003-2008 in Ghana GHE X 10’

Year 5003 20042005 | 2006 G071 _-2008° NpVat Pl
F. invest./Period 0 1 2 3 4 5 10%

Treasury Bill 100 -100 -20v-ANEEED 6op \ 500 264 0.82
Fixed Deposit  400,%:500 210001200 1400 1200 719 0.80
Savings 250 2000 =360 500 400 < 0 237 0.92
School Project 30 50 60 60 150 90 217 0.33
Agriculture 10 20 -10 0 30 s0. 72, 072
Discount 100 0.909 0.826 0.751 0.683 0.621

Factors TR TSR

Capiral” 550 500

Limitation Q;

Sources: EDMCG




Table 2:

pistribution of Capital Requirement for EDMCG Small Scale Fiscal
iavestment for 2003-2008 in GH¢ x 10

—

Year 2001 2002 2003 2004 2005 2006 Capital
F. invest./Period 0 1 2 3 48 "t 35 Returns
;J}TES (1) 50 30 20 20 60 40 50
Moringa Project (X2) 10 80 20 20 30 60 30
Soap Making (X3) 15 15 30 4Q 60 0 50

B. Tie & Dye (X4) 10 40 10 10 D 10 10
Bee-Hive Prod. (Xs) 10 ( 10 20 50 10 20
Available Capital R, 80 145 90 100 165 80

Source; EDMCG

Statistical Analysis
The continuous probabilistie analysis (CRAYwas used for'the analysis of the

cash flows and NPV of the warious.fiscal-tnvestments. This shows the

variability of the fiscal investments at outcomes, which results from the

variability of the individual fiscal investment cash flows. This enabled the

"

researcher to nﬁi_e'ﬁ;nbami_gnmem of the likelihood of the various

fiscal mvéstment cash flows and variabili‘ty (Tisk) of using the fiscal

 investment’s NPV in the proposed model.
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The most useful measure for statistical purpose is the standard deviation.

jnitially, the mean (NPV) is computed, followed by the dispersion and

variance of the period’s cash flows, The fiscal investments’ standard

deviation is then obtained by combining the discounted standard deviations

of the individual cash flows, using what is known as the statistical sum.

Having calculated the means and standard deviation of the various fiscal

investments, the relative variability, of ,the .distibution of the fiscal

investment cash flows were then computed, uSingthe formula;

Coefficient of variation = &/, x 100%, whiere §; is the standard deviation and y is

mean of the cash flows. Results were then compared and recorded (Tables 3 & 4).

Table 3:

Distribution of Large Scale Fiscal investment Cash Flows (2003-2008)

Fiscal investment

Mean ( )} Standard

Deviation (0)

Coefficient of

Variation /%

Treasury Bill 266167 —-20548 77
Fixed Deposit 250.00 373.05 39
Saving o 285.00 160.59 56
i _..--""'_'_-_-_-_'__
School Project 73.33 38.59 53
.
- Agriculture 20.00 16.32 82
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Table 4:

pistribution of Small Scale Fiscal investment Cash Flow (2003-2008)

Fiscal investment Mean () Standard Coefficient of

Deviation (8;)  Variation (%)

Stores for Hiring (X,) 36.6714.91 41
Moringa Project (X3z) 36.67 24.94 68
Soap Making (X3) 26.67 19.51 73
Batik Tie and Dye (X,) 13.3312.47 03
Bee hive Production (X;) 16.6 15.99 96

The results in Table 3+and 4 enable the researchers fo make probability
statement about the fiscal investment -outcomes which reflects the

variability’s expected in each period’s'cash flows and the distribution of the

competing fiscal investment to be compared favourably.

LP Model for Fiscal investment Seleetion urnider Multi-capital Rationing
Problem

Based on the abeve information about LP, a formal formulation of LP

— _'_'_,_,..-—'—"'_-_'— :
Model for solving EDMCG fiscal investment selection problem is presented
B
below,
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Conditions
« The capital value for investment is denoted by Q

o The problem facing the EDMCG is that, which fiscal investment or

problems of a fiscal investment it should initiate with Q

Steps
(i) The fiscal investment NPV’s are determined using
2
B =
-l E[(Hr}} }

wheret=20, 1;j=1, 2,....5 and C is thecash.fows:

Assuming the results, NPV of the fiscal investments to be; Treasury
Bill(A) = B,, Fixed Deposit (B) B,,.8avings (C) = B3, School Project (D)
= B4 and Agriculture (E) = fIs.

(ii) Formulating, theproblem- as<LP. means defining the objective

function, decision variables and constraint. The objective function
of EDMCG is to maximize NPV. That is;

Maximize Z = B Xa+B3Xp+PrXeHPaXptPsXe

where the decision variables (X5);

X, is proportion of fiscal investmeni A to be initiated (j =1),

Xg is proportion of fiscal investment B to be initiated (j =2),

Xcis Pl'ﬂp_i':!_l'_ﬁaﬂ--ﬂf ﬁsg_qlirﬂ:annent C to be initiated (j =3),

Xp is proportion of fiscal investment D to be initiated (j =4),

ool
X is proportion of fiscal investment E to be initiated (j =5),
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(iii) Subject to constraint in the EDMCG problem are the budgetary
limitations in periods 0 and 1 (Table 1). Taﬁng the periods

separately, gives:
Capital at time (t) = 0,
aa.nXatannXstag s Xctag,gXotag s Xe <Q;
Capital at time (t) = 1,

a2, Xatage)Xetdph)Kefap o KeTaas Xe <Q;

To ensure that a fiscal investment is mot accepted more than once or
negative fiscal investments are accepted, the constraints regarding the
proportions of the fiscal investments are specified as shown below;
X as X, X, Xp:Xg <l
| XasXn, Xcy Xy Xg =0
|
i where ag; ;) = cash flow. for each period for each fiscal investment.
The whole formulation in a-eompact form is thus;
Maximize Z = P XiHB2XatPaXstBaXatPsis
Subject to

_ajpXi+aq zXatag nXstag oXataa 5%s <Qi

ag,1 }XI+a{2,g;.}(z+a¢z.3}X3+a{2.4‘.~x4+3f1-5}x5 <Q:
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) and [} are given and N is the number of fiscal

b i
stments to be invested.
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Assumptions
The assumptions made in formulating the LP model include:

(i) Allthe fiscal investments constraints are independent on one another.

(i) Equal investment opportunities are assumed for the fiscal

investments for each period.

(iii) The cash flows, resources and constraints are known with certainty.

Alternative Solution to the Problem Using 1P
The branch and the bound method is the method used by the QSB Software
which was employed for the analysis. The data input for the problem

representing initial problem presented abeve isigiven below:

Variable X X2 X3 X, Pirection R.H.S.
Maximize 0.2 @3 L5 0.1

Cy 0.5 1.0 1.5 0.1 < 31
C; 0.3 0.8 5 0.4 £ 2.5
G 0.2 0.2 0.3 0.1 < 0.4
Lower 0 0 0 0

Bound

Upper A e !

Bound e

 Variable ~ Binary Binary Binary Binary

Typ:_-__—-__

-



The solution is shown below:

;_ Decision Solution Unitcost  Total Reduced Basis
Variable Value or Profit Contribution  Cost Status

',__ X1 0 0.2000 0 0.2000 At bound

2 X2 0 0.3000 0 0.3000 At bound

3 X3 1.0000 0.5000 0.5000 0 basic

i X4 1.0000 0.1000 ._n 1000, = 0 basic

Objective Function (thakimum = 076000

——

Here, the optimal decision is to chogse t0 do fiscal investments 3 and 4

(Baker and Harrell, 2007).

IP Model for Fiscal investment Selection under Multi-period Capital
Rationing Problem

Based on the background information about Py @ formulation of an IP
model for solving EDMCG fiscal investment selection prﬁliﬂ ms is presented

below:

Conditions
1. The problem facing EDMCG is that, it cannot invest in all n-fiscal
investments suitable for investments which run n-years.

2 The fiscal investment characteristics show that 3 d, ,is greater than R,

whese d,, is the least capital requirement for j fiscal investments and

R, is the capital for investment.




' The decision problem is that, which fiscal investments EDMCG should be
selected in order to maximize the total returns. To formulate IP for the
EDMCG problem, the following steps were used:

Step 1: Decision variables

To define decision variables,

X {1, if EDMCG invest in  fiscalinvesment j

g T .

! ' lo, if EDMCG  does not invest in fiscalinvesment  j
1. 2.0 N

That is, the X; are integer variables,which must take one of the two possible
values (zero or one). This represents  binary, decision (e.g. do fiscal

investment = 1 or not to do-fiscal investment = 0)

Step 2. Constraints

To define the constraints,

let d;, ;) = capital requirements for j fiscal inyestments,

R;= available capital for j fiscalinvestments for-each year.

Then the constraints relating to availability of capital funds each year are;

N
jz-id“'”XJ E;R;_g__.e e — f, 2,}?‘]
i __,,_.--""'_-_-_'___
X;=0orl
g
j=h 2.l
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 total Return is maximized as:
1 ’ N
mize Z = ) PX,
s
s a complete IP model for EDMCG problem as;

] ’__-"zez=i.ﬁ,X (objective.function)
I KNUST

=1, 2,...m

(non-negative constraints)

A AN Sy

L | - \ E __ﬂ
. = (ra ‘.
A more compact form 15 -"- = ‘ —
* e

.l.. "‘1"5 22
Maximize Z Pij'l'F 4 ) £ \

bject to

- -
¥ ’drnrlm cew e )Xy SRy
Xj =0orl

j=1, 2N
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This completes the IP model.

Comments

o In writing down the complete IP, the inclusion of the information x;=
0or I (j =1,...,N) serves as a remainder that ;che variables are
integers.

¢ The zero-one nature of thé deisiba viriabl@ means that always a
single term or item will be captured, i.e. a fiscal investment is either
accepted or rejected.

» The objective and constraints are linear (i.e. any term in the
constraints/objective is-either a constant or a-constant multiplied by an
unknown). Here, only a linear integer programming (IP with a linear
objective and linear constraints) is under consideration.

Non-linear integer programming, however, are outside the scope of this

thesis.

Implementation of LP Model

Applying LP model;
Maximize Z = BiX;,
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N
Subject to ) a, X, <b,

jal

= i ,m
0 <X;<l,
F=U 2 s

to the EDMCG capital rationing data (Table 1), the church's fiscal
investment selection problem can be formulated as LP has shown below:
Maximize Z = 264X, + 719Xy 237 Xq+2L7 X7 72X
Subjectto  100X,+400X,+250X4+30.X,+ 10X; <550
100X ,+500X,+200X3+50Xe* 20Xs <500
=] p=F 24880
In this LP problem the assumption is that, fractional” variables will be
acceptable. Since the amount required for each period is reasonably large,

this will not cause too many problems:

Solution to the LP, Using MATLAB Package

There are more than two variables in the LP problem, hence it is considered

8 large scale L_E_'pfuhlcm tfljgt_calhe solved easily by software package like

MATLAB. The LP modular in the MATLAB package is called “Linprog”.
LADB. 1]

To solve an LP problem,

h—u;



lIliIle such that

AX <b

AepX = beg
Ib<x<ub

where /; x, b, beg, lb and ub are vectors and 4 and Aeg are matrices, using
linprog, the syntax is;
x = linprog (f, A, b, Aeg, beqg)
x = linprog (f, 4, b, Aeq, beg | [blub)
x = linprog (f, A, b, Aeq, beq, Ibysub,x0)
x = linprog (. A, b, Aeq, beg, Ib, ub,x0, options)
[X fval] = linprog (...)
[X, fval, exitflag]-=linprog (...)
[X, fval, exitflag, output] = linprog (...)
[X, fval, exitflag output, lambda] = linprog (...)
Description |
Linprog solves linear programming problems.
x = linprog (f; 4, b, Aeq, beq) solves min f{x) such that Ax<b.
y = ffﬂpﬂﬂﬁgf'ﬁf A, b,_Aeg,—beq) solves the problem above while
additionally satisfying the equality constraints Aeg.x = beq.Set A = []

and b = [] if no inequalities exist.
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X = anr’ﬂg O‘: A, b, AEQIXr_ﬁHL E.ﬂ.mﬂgj output, fﬂmbda])= Hﬂpf'ﬂg
([X.fval, exitflag, output, lambda]) = linprog (Aeq, beq, b, ub)

defines a set of lower and upper bounds on the design variables,

x = linprog (f, A, b, Aeq, beq, Ib, ub, x0) sets the starting point to x0.
This option is only available with the medium-scale algorithm (the
Large Scale option is said to ‘off’ using optimset). The default large-
scale algorithm and the simpléstialgomithmiignare any starting point.

x = linprog (f, A, b, Aeq, beq, Ib, ub,x0, options) minimizes with the
optimization options specified,in the structure options. Use optimset
to set these options.

[X fval] = linpreg (-..) returns the value of the objective function fun
at the solution x.fval = flx).

[X, lambda, exitflag] = linprog (..) returns a value exitflag that
describes the exit condition

[X, lambda, exitflag, output]’= linprog fi) Téturns a structure output

that contains information about the optimization.

[X fval, exitflag, output, lambda] = linprog (...) returns a structure

lambda whé;e'ﬁ'c]ds containthe Lagrange multipliers at the solution x.

Input the parameters of the LP into the “linprog” as

f=[-264,-719,-237,-217,-72]
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_ [100 400 250 30 10
100 500 200 50 20

b=[550,500]
Ib = zeros (5,1)

ub = ones (5,1)

[X.fval, exitflag, output, lambda] = linprog (f A, b, Aeq, beq, Ib, ub,
[ []):

Enter

X, fval, lambda;ineglin, lambda.lower

Enter

The solution to the LP problem is shown below;

Decision Solution Unit cost Total Shadow Reduction
Variable Variables. -of Profit — Contribution = Price Cost
Treasury Bill (X,) 1.00 264.00 264.00 0 0

Fixed Deposit (X2) 0.66 719.00 474.54 1.438 0
Savings (X3) 0 237.00 0 0 50.60
School Project (XJ:' 1.00 —  217.00 217.00 0 0
Agriculture-(X5) 1.00 72.00 72.00 0 0

Optimal solution (Max. objective function) = {}HﬁflI[lE'If'.ﬁ};]'i}2
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[nterpretation of Solution

The solution indicates the investment in Treasury bill (X, = 1), providing
agricultural input (X5 =1), and School project (X,=1) can be done by the
EDMCG within its capital limitation. At the same time, 0.66 portion of
investment in fixed deposit (X;) can be initiated while (X;=0) indicates that
the church cannot invest in savings within the time frame with the limited

capital. This investment plan uses all the funds-available in year zero and

year one.

The shadow price indicates that the amount by which the NPV of the
optimal plan (i.e.GHE1027.5x10°). could:be increased if the budgetary

gonstraint Increases.

For every GH;!' 1x10% " relaxation of the consgraint in period two,
GH¢1.438x10% extra NPV could be obtained. The shadow price also

indicates that extra funds ifsperiogd-zero-are. not required. That is, the

marginal value or dual value is not needed in the {irst constraint. The

reduced cost of 50.6 in X; indicate the amount by which the objective

twefficient for a variable X3 needs to change before becoming non-zero 1s

GH¢S0-6%XT0”
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The slack or surplus column gives, for a particular constraint, the different
petween the left hand side of the constraint when evaluated at the LP
optimai (i.e. evaluated at X;) and the right hand side of the constraint.
However, in the LP solution, all the constraint are tight or binding (i.e. have
zero surplus or slack). None of the constraints is loose (i.e. have non-zero
surplus). All these facts may give EDMCG management some guidance in

their considerations of the various alternatiye sousces-of capital.

Sensitivity Analysis
As explained early on, sensitivity analysis-er post optimal analysis permits
the EDMCG to observe the cffect of change in the paraméters of the LP

problem on the optimal solution.
At this point, we shall study the impact of changing;

(a)The objective fumnction coefficient (cost coeffigienty of our LP for

multi-capital rationing problem)

(b)The right hand side (RHS) coefficient of the constraint of our LP

model.

The MATLAB le_f"'pa“kagws the sensitive information (the reduced

tost) and shadow price. Hence, the data items concerns are varied and the
ks

LP resolved to see how the solution changes as certain parameter change.
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ging the RHS F‘utﬁcitlt of Constraints

ey

The shadow price of j" constraint gives the amount by which the optimal Z-
is increased in the maximized problem if the RHS coefficient of
straint is increased by one. Hence, the b, is increased by one (i.e. 500+1

01) and the LP resolve to get;

l Decisior Solution [ t LI"JST Shadow Reduction
Variable Variables o it msibuion Price  Cost

Bill (X))  1.00 0
School (X,) 0

[ . (X3) 50.60
Jectrification (Xy) 0
0

iculture (Xs)

erpretation of Solution
the optimal solution, a unit change in the constraint X, does do not affect

2 S i the unit
tne . [ e d reduced cost or opportunity cost. Also,
solution values an Apien B

reased in the capital funds for the constraints (savings(X;)) has created a

——

rginal value of 1.5 in the optimal objective function value (NPV) for a

70



fiscal investment. That is, the optimal objective function increased from
1027.6 to 1029, with a difference of 1.5 which is approximately equal to the

shadow price of 1.438 for the constraint X;.

From this observation, it can be deduced that in the maximization problem,
if RHS of the j*" constraint is increased by an amount Abj, then assuming the
¢urrent optimal solution, the new optimal Z-value can be found from;

New optimal Z-value = Old optimal Z-value+Ab; (Censtraint j shadow prices).
This analysis is very useful in planning because it enables the management
to identify the most sensitive parametersqor clements in the fiscal
investments. Once the elements of the fiscal investments are identified,
further analysis and study can take place on these elements trying to
establish the likelihood of the variability'and the range of values that might

be expected to make a more.reasoned decision whether or not to proceed

with the fiscal investment.

 Changing the Coefficient of the Objective Function

The reduced cost, 50.6 in X;, row shows the amount by which the objective

function caefﬁ;iéf;t for the vasiable X3 should change to make it non-zero.

Hence the coefficient of X; in the objective function is altered by +50.6 and

the LP problem resolved.
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golving by the MATLAB package gives:

Decision : Solution  Unit cost Total Shadow
Reduction

}!_ariable Variables or Profit Contribution Price  Cost
Treasury Bill (X;) 1.0000 264.00 264.00 0 0
Fixed deposit (X;) 0.38042  719.00 273.52 .1.438 0
Savings (X3) 0.69895  287.00 201.20 0 0
School project (X4) 1.0000 217.00 217.00 0 0
Agriculture (Xs) 1.0000 72400 72.0Q 0 0

Optimal solution (maximum objective funetion) = GH¢ 1027.5x10% .

Explanation

Addition of the reduced cost of'the 50:6 on the role of variable (X;) to its
corresponding coefficient in the objective function effects no changes in the
shadow prices with solution yalues for variables X;, X, .Xs and the optimal

objective function. Howeyer, there .were sharp variationsvin some of the

optimal values. The coefficieat of variable (X») decteased from 0.662 to

038042 while variable X; increased from-0-to 0.69895. Thus, increasing the

NPV per unit on the variable X; impacts a sharp change on the optimal

solution. Giveq_thé"sensitiwm of one or more of the key factors of

ement’s task is to decide whether the

fiscal investments like this, the manag
s vesi

fiscal investment is worthwhile.
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[mplementation of IP Model

[P works reasonably well where there is a hierarchy of decision to be made.
For instance, building a new factory enables various consequential activities
to take place. Although the solution depends on the values of all the
decision variables, setting the values of the most impnrtanf ones restricts the
values of the decision variables representing the consequential activities. In
such a case, the IP code will usually be worked out for itself which are the
most important decisions and detérmine\these first or it can be assisted by
specifying the hierarchy of decisionss explicitly. Based on these IP

principles, the IP model for solving 'multi-period capital rationing problems;

Maximize &= ZP}X:

N
Subject to Yy d, X, s

Xj-=-0 or 1, i=1,2,....N
is applied to the EDMCG small scale fiscal investment selection problem

data (Table 2) as follows:

Purpose

The EDMCG fi_s.E_alﬂﬂi-nvesﬁﬁE—ﬁtﬂdnl_a_nﬂger wishes to select from N-potential

fiscal frrvestments for investments SO that by the end of n-years, the fiscal

nvestment selected will maximize returns from these fiscal investments
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with regards to his capital limitation. The problem can be formulated. (using
the data Table 2) as zero-one IP problem (do a fiscal investment = 1,
pot do fiscal investment= 0). Putting the data into the IP model gives:
Maximize Z = 50X;+30X,+50X;+10X,+20X
Subject to 50X, +10X,+15X;+10X,+1 U}.{s <80
0.3X,+0.8X,+1.5X;+0.4X, <2.5
30X $:80K, 415X HA0XFFOX s <145
20X, +20X,+30X;+10X,+10X s <90
20X, +20X,+40X5+10X,+20X <100
60X, 430X, 60X H0X +50X5 <165
40X +6 00X, +0X ;5 +10X +10X5 =80
Xy=00r1, /= 12534, 5.
; where stores = X;, moringa project = X, , soap production = Xs, Batik Tie
! and Dye = X, and Bee-Hive produetion = X5, This/is=a Binary decision

problem and can be solved easily by MATLAB software as shown below:

Solution to IP, using MATLAB
The IP model in%lﬂw MATLABpackage is called “bintprog”. To solve an IP

ﬁ'oblem&f-'-the form;



minfTX such that

AX <b
Aoe = Dy
All variables are integer;
where f, b, and beq are vectors, 4 and deq are matrices, and the solution x is
required to be a binary integer vector —that is, its entries can only take on
the values 0 or 1. Using “bintprog®{ the syntax fis
x = bintprog (f)
x = bintprog (1, 4, b)
x = bintprog (f, A, b, Aeq, beg)
x = bintprog (f, A, b, Adeg, begq, x0)
x = bintprog (7, 4, b, Aeq, beg, x0, options)
[X, fval, exitflag].=.bintpreg (...

[X, fval, exitflag, output]="biniprog (=)

Description
x = bintprog (f) solves the binary integer programming problem
min {miz&f:}f’f A
x = bintprog (f; 4, b) solves the binary integer programming problem
min imize fX such that AX <b
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x = bintprog (f, A, b, Aeq, beg) solves the preceding problem with the
additional equality constraint. deg = beg

x = bintprog (f, A, b, Aeq, beq, x0) sets the starting point for the
algorithm to x0 is not in the feasible region, bintprog uses the default

initial point.

x = linprog (f, A, b, Aeq, beq, x0, options) minimizes with the default
optimization options replaced by values in the structure options,
which you can create using thé fahction aptimset.

[x, fval] = bintprog (...) returns fval, the value of the objective

function at x.

[X.fval, exitflag] = bintprog(..c) rewrns exitflag that describes the

exit condition of bintprog.

[X.fval, exitflag, output] = bintprog (...) returnsa structure output that

contains information about the optimixation.
Input the parameters of 1P into the “bintprog” as f = [-50,-30,-50,-10,-20]

(50 10 15 10810
30 80 18 15 0
20 20 30 10 10
20 20 40 10 20
60 30 60 0 50
a0 60 0 10 10

— _F.__,_..--—-'-"_'__
B = [80, 145, 90, 100,165, 80]

E——

X, fval, exitflag, output] = bintprog (f, 4, b)
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solution to the IP problem (output from bintprog) is sl i

Solution  Unit cost Total Reduction
Variables or Profit Contribution Cost

s (X)) 1 50 50 0

ringa project (X3) 0 30 0 30
Soap Making (X)) 1 50 50 0

ik T&D (X)) 1 10 10

-Hive prod (Xs) 0 20 0 20

KINUOST
objective function value I = GHe10x10°

1¢160x10%. That is, the EDM
percent (69%) of the targeted returns from the batch of the fiscal investment

scted. It is evident that the model has assisted the fiscal investment

_..--""-'-——_

ager to select a large number of the viable fiscal investments that can

——

mize profit.

This is better than relying on an ad-hoc judgmental

n”




épmanh to the fiscal investment. The model can be used for sensitivity
analysis, for instance, to examine how sensitive the fiscal investment

selection decision is to changes of the model.

Extension to the LP and IP Models

The extensions to the models include;

e Fiscal investment of differedtfefgthis

® Fiscal investments with different start/end dates

e Adding capital inflows from completed fiscal investments

e Fiscal investments with staged returns

o Carrying unused capital forward from year to year

e Mutually exclusive fiscal investments (can have one or the other but

not both)

o Fiscal investments with a time.window for the start time.

For the amendment of LP and APZmodels totdeal™with these extensions

(Appendix A)
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Findings

(i) The LP and IP models revealed the following facts about fiscal

investment parameters. The models;

» Enabled the EDMCG to maximize profit rather than depending on an
ad-hoc judgmental approach to fiscal investment. |

o Enabled the EDMCG to deal with a larger number of viable
investment opportunities.

e Assisted the EDMCG fiscal investment manager to see that a unit
change in the capital funds constraint x;could create marginal value in
the optimal objective function (NP V)

e A change in the eoefficient objective function by the reduced cost
could cause a sharp variation in some of the cocfficient of constraints
x; - A unit increase in NPV would impact some changes in the optimal
solution.

(ii) The study has shown that in the fisCal investment selection

problems where proportions ot fractional parts of a fiscal

investment and a whole fiscal investment(s) is/fare desired to be

initiatggl:i;ithin aﬁﬁm_me best decision tool is the LP model.

Whenever only a whole fiscal investment is desired to be invested,

the IP model is the suitable decision making tool.
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(iii) It has also been found that the following computer software

~ packages;

(c)Microsoft Excel 2003

“ used to analyze and solve K NIUt&I




CHAPTER FOUR
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

Introduction
The results from the previous chapters are summarized in this chapter.

Conclusions, discussions and recommendations are made about the findings

as well.

Summary

The primary objective in this thesis was to design linear programming and
integer programming models for solving Effiduase Diocese of the Methodist
Church Ghana's fiseal ifivestment -selection. under multi-period capital
rationing problems. A second objective was to maximize'the return from the
fiscal investments selected with regard to'the capital limitation, and alse use

the models to carry’ out sensitivity analysis on the fiseal investment

parameters in order to -assist fiscal investmenf cmanagements decide

effectively which fiscal investments are-worth unidertaking.

Data used for thesis is purely secondary data extracted from financial

statements, annual repnrts,"s”yﬁgg—réports, monthly reports and other relevant

docunents Trom the Diocese. The financial ratios such as NPV, Profitability

models were used in the analysis of the data. The
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discount factors at cost of capital at ten percent (10%) for each cash flow for
gach fiscal investment, NPV’s at percent (10%) and relative profitability

index (PI) computed and the results tabulated (Table 1).

LP model is designed to solve EDMCG large scale fiscal investment
selection problems and this produces the optimal solution quantities (i.e. the
fiscal investments to be initiated), the value of the objective function (i.e.
the total NPV) and opportunity costwftheibuildingjconstraints. On the other
hand, selection of the small scale fiscal Minvestment problems is solved

effectively by IP model or quantitative modeling techniques.

Factors which come .into-play in-choosing which IP solution method is

appropriate are:
(i) The size of the IP (variables and constraints)

(i) Time available to build the model (formulation, plus solution

algorithm)

(iii) Time available for computer solution onee the model has been built

(iv) Experience

The solutions to both LP and IP models can be given by software such as:
S C ,,--""'_-_-_.d__

(i) MATLAB
s

(ii) QSB Package

(iii) Microsoft Excel 2003
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-model can be used to carry out sensitivity analysis, for instance, to
mine how sensitive the fiscal investment selection decision is to change
he parameters of the model. This invariably helps the fiscal investment
ement to decide effectively on the fiscal investments which are worth

g,

scussions and Conclusions

xplained earlier on, the idea KiNhUc&mt}r index (PI) is that

estments that maximizes the

the Pl provides the subset of fiscal dim

‘always the ease. The fiscal investments

i ' sgate NPV. However, this is no

]
"

were ranked with the

most highly Pl Savings, ninety-two percent

.‘.—

fe of GM¢1392. This value is
ity of GHE1027.5.

wrong conclusion, a decision that could have reduced the EDMCG wealth.

i iation of Agriculture, eighty-two percent (82%)
larger coefficient of variation 0 gri

Treasury Bill of seventy-seven percent (77%) means that the

i

bability of selecting these fiscal investments are more certain than others.



P model assisted the fiscal investment manager to accept the hundred

(100%) investment in Treasury Bill, hundred percent (100%)
ture inputs, hundred percent (100%) school projects and sixty-six
rcent (66%) investment in fixed deposit but failed to accept the
avestment in savings at the total cost of GH¢1027.5x10%. This yielded an

ceptable optimal decision.

Much of the information ubtainabKNpus,:rhe solution of the LP

del can be useful to management in eslfi,hp!ing the changes without going
i_-'t_he expense of resolving the LB gﬁm using the IP model, the
p ) sturns | ‘f"-'.’ o do the fiscal investment:
stores, soap pruduct:&; aﬂ& Ba&‘n&ameat lh: r.:ost oj: GH¢110. One

observation is th&n ,,U?e‘ma‘theﬁ%aﬂcalﬂmﬂdaf supports fiscal
" podel will enable the

scal investment managa:.s in: A 't ;ﬁfj":gﬁ
(i) Problem uimnlf'u:a(’fegjL Lhaat i aﬁ’@%m of mr Broblem from its
symptoms if not ubvmﬁ;d@rpglﬁmyhc §uh problem to studies

e —

establishment of objectives, limitation and requirements.

(ii) Formulation of fiscal investment selection problem as LP and IP.

(iii) Model _validation.Fhis—ifivolves running the algorithm for the

__medel on the computer in order to ensure that the input data is free

from errors.



(iv) Solution of the model, that is, standard computer package or
especially developed algorithms can be used to solve the model.
The solutions are many under varying assumptions to establish
sensitivity.
(v)Implementation, that is, the implementation of the results of the study
or algorithm for solving the models serves as an operational tool.
The advantage of using a softwdre pack,nge fo"sol¥e LP and IP models,
rather than a judgmental approach to fiscal investment selection problem are:
(i) Actually to maximize profit, rather than believing that the judgmental
solutions 1ﬁaximize profit. This:mayend up having bad judgment.
(ii) Making the fiscal-investment deecision one, that can be solved in a
routine operational manner on a computer rather than having to
exercise judgment each and every time solution to a problem is
desired.
(iii) Those that can be.appropriately formulated ds L.P are almost always

better solved by computer than'by people.

'- (iv) Carry out sensitivity analysis very easily using a computer.

S
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Recommendations
To encourage the use of LP and IP models to solve fiscal investment
selection problems;

e The decision rule where capital rationing exist is to maximize the
return from the project(s) selected rather than simply accepting or
rejecting decisions of the fiscal investments in isolation.

o Studies have shown that in [tHe fsgal invéstment selection problems
where precautions or fractional part of a fiscal investments and a
whole fiscal investment(s) are desired to be initiated within a period,
the best decision tool is the LP model. Whenever only a whole fiscal
investment is desired to-be ifivested, the [P model and or quantitative
modeling technique is thessuitable decision making tool.

e Due to the large amount of data involved and the complexity of the
mathematical technique invelved, fiseal investment managers are
highly implored to use compuier software packagéssuch as MATLAB,
QSB and Microsoft Excel 10 selvecapital rationing problems,

particularly for risk evaluation (NPV) and sensitivity analysis.

e The models can be modified to deal with the following extensions:

(i) Projectsofa different length
(ii) Projects with different starts/end dates
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(iii) Adding capital inflows from computed projects

(iv) Projects with stage returns

(v) Carrying unused capital forward from year to year

(vi) Mutually exclusive projects (can have one or the other but
not the both)

(vii) Projects with a time window for the start time.

This in no small way is going taI{s.NﬂUﬁTof the church on its

lembers towards their financial commitments to the church and to ensure

sustainable fiscal growth in the church.
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APPENDIX A

EXTENSIONS TO THE MATHEMATICAL MODELS OF FISCAL
INVESTMENT SELECTION

Consider the IP model for EDMCG fiscal investment selection problems:

N
Maximize Z= ) P X, (objeetive function)
f=1
- :‘-I
Subject to 0 o B (comstraints)

i =32, ..m
Xi=0orl (non-negative constraints)

8.5 0 o
This basic model can be modified to deal with cxtension or fiscal
investments with the following characteristics:

Fiscal investments of different lengths

Fiscal investments of different lengths are easily dealt with, just set their
capital requirement in any year in which the fiscal investment does not exist

{i.e. has not started or has already ended) to zero. For example if fiscal

_.—-'-’-_

investment X; only runs for two years (instead of three years) and hence

90
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finishes in year two then the capital requirement constraint for year three
ﬁiomes (letj=1, 2, 3, 4):
&:_E}'i-dr:_z)xz"‘dra.3)X3+ﬂ'r3,¢}X4 <R;

¢
Fiscal investments with different starts/end dates
Fiscal investments with different starts/end dates are dealt with in a similar
manner as fiscal investments of|diffexent] lengths, |just set their capital
réquirements in any year in which they do not exist (i.e. they have not started
or already ended) to zero. For example if fiscal investment X, starts and
ends in year two; fiscal investment X starts in year two and fiscal investment
Xy ends in year two then the capital requirement constraint beeome:
0X;+0X>+dy, X3 +d oXi SR (Year 1)
dp 1) X1 +dp )Xot dp 3 Xatdp spXe <Rz (Year 2)

L

DXf+df3.2}‘X2+df3.3)7Xﬂ+OXJ ER_; (Yﬂﬂr 3) :

ding capital inflows from completed fiscal'investments

? fiscal investment X, finishes in year two and all of the return from fiscal

vestment X, is-available as capital in year three then this can be
e _,..-r""._'_---_.__

mulated by changing the capital requirement constraint for year three to:

—

1 +d s, Xo+ds 3 Xatdp X <R;+d s X
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It can observed that, the 0.X; above as fiscal investment X, finishes in year

two and hence have no capital requirement in year three.

gquestinn arises here in that the return from a fiscal investment is put into
the capital for future years then should the counting the return comes from
dje fiscal investment in the objective function as well? One way to address
this for fiscal investment X, here is to say that the return is split into two-
one part y; (say) that is counted as%etdrh taken in“the objective and one part
y2 (say) that is taken as return used for fature capital in year three. Then
amending the formulation gives y, % ya = dgy A, a balancing equality
equation to correctly account for the return (since the choice may be not to
do fiscal investment X7)

0X)+dgs )Xo +d s 3 Xatd s 0Xa SR3+Yz

to account for the capital added in year three
Maximize Z = y,+P, X+ PsXa+P Xy

;
to account for the return declared as profit.

ke

F is observed that, y, and y, (both >0) are continuous (fractional) variables

adding them in this way yields are mixed-integer program (MIP).

olve this MIP-numerically—would yield optimal split between the return

m fiscal-investment X as return in the objective (y;) and reinvesting it as

vailable capital in year three (y2)-
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Eﬂcaf investments with staged returns

In this extension, a fiscal investment gives a return at various stages over its
lifetime, and this return can (perhaps) be used as capital to fund ongoing (or
new) fiscal investments. To illustrate how this can be formulated considered
fiscal investment X; which gives a total return of P;. Supposed now that this
fiscal investment gives a return of q (such that q+S = P,) at the end of year
two, and the remaining return of S if year three.(Suppose further that all of
this “early” return can be used as available capital in year three. Then the

gapital requirement constraint in year three becomes:

di, 1t X +d 3 )Xot d s 3 X5+d s 9 Xy <R

Carrying unused capital forwatd froutyear {o year

In the example as currently formulated there is capital available in each year
(R, in year one, R; in yéar two and Ry in yearthree). In‘any particular year
all of this capital may not be.consumed by the fiscal investment that will be

chosen to do. Suppose that it is allowed 1o carry forward (from to year) r%

of any capital that is unused. To formulate this, introduce linear (fractional)

4 e
variables C, and C, (>0) with Cybeing the unused capital in year one and C,

ing the unused capital in year tWwo. Then the constraints of the problem

come:
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de pXitda )Xo+ dy 3 Xstdy 4 X, +Cr=R; (Year 1)
Ao pXitde)Xat do sy Xatdp 4 Xy +Co=Ry+0.01 C;, (Year 2)
dis pXitds Xot di3 3 X3+d 59X =R3+0.01 C;, (Year 3)
‘Note that year one and two have been employed in the equality relationship:

Capital used + unused capital = capital available

he introduction of additional vamablds| (C, '-and-_f G,) makes the task of

i —

prmulating the problem easier.
futually exclusive fiscal investmenis- (can have.one or the other but not
th)

Juppose that fiscal investments-X; and Xy are mutually exclusive, i.e. the

can choose to do one, or other, of these fiscal investments but not both,

/

:ﬂ'he:n this can be formulated by adding to the problem the constraint:

is allows the EDMCG to-doneither of the fiscal.investments (X; =

). If the managements wish to insist that they should do exactly one of

ese fiscal investments then X3 + X4 =1

R _'_'___,_._---'-'-_-_
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Fiscal investments with a time window for the start time
Suppose that X, can start either in year one, when it has the characteristics
given above, or in year two, when it has a different characteristic — still the
same return of P1 but a capital requirement of K, in year two and K, in year
three, where K,, K, are different capital requirement. Then these can be
formulated by introducing a new zero=ome variable y with y = 1
representing choosing to do fiscallifivestrent X fistarting in year two, y =0
representing not choosing fiscal investment X, starting in year two. Then
the capital requirement constraint for year twosand three become:

do. X 1+d Xot dp 3 Xs+d gKebknERs (Xear 2)

dz, X +d 3 2 X dis s Xitdy o XYk =R (Year 3)
The EDMCG also needs to add a constraint to prevent fiscal investment X,
being started at more than one start time (i.e. fiscal investment X, starting in
year one and fiscal inveStment X in year two ace mutuallyexclusive)
X t+ty<l
and the objective becomes

Maximize Z = P;X;+ P2Xo+ P3X5+ PyXyt Py,

E il _'_._,_:—"-'---_-_
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APPENDIX B

THE REVISED SIMPLEX ALGORITHM

» =

.

Consider the LP,

N
Maximize z = > C X,
J=1
- h‘
Subjectto Y a, , X, <b,,i=1,2,..4m
/=1
X; >0, j =1, 2 4858
To show how to create a tableau for any set of basic variables, BV, we can
first describe the following notation (assumed the LP has m constraints).

BV = any of basic variables (the first element of BV is the basic variable in

the second constraint,zand so on, “ThustB¥;is the basic variable for

:"i:ﬂnstraintj in the desired tableau).
-?7= right hand side vector of the originat-tableau’s constraints.
ﬁLj = column for X in the constraint of the original problem.
= m x m matrix where/mﬂ—cnnstraint is the column for BV; in the
original constraint.

' C; = coefficient of X; in the objective function.
4

'
| = 96



. h ;
gy = 1 x m row vector whose j element is the objective function
goefficient for BV

g = m x 1 row vector with i"" element one and all other elements equal to
1E10.

Now it can be deduced that:

B'ai = column for X; in BV

A DRSO | |

Csy B a; — C; = coefficient of .X; in fow

e D TR /')

B'b = right hand side of constraintin BV

M i CB;;B"’;;,,. — coefficient of artificial Variablea;in BV row zero (in

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

maximum problem)

: o N R, ¢

Fisramww R

g5 b= right hand GHeorny
| . o i PR

IE.DW--.._.M-'-:-_..----.... sasmarmEan

|
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the BV, B"' and the original tableau are known formulae (1)-(7) will
le the reader to compute any part of the simplex tableau for any set of

o —

sic variables BV. This means that if a computer is programmed to perform




APPENDIX C

SUMMARY OF IMPORTANT FORMULAS

Payback period (PBP)

This is the cost of investment divided by the cash-floyw. period.

RO NERIEOL . i s s )
cash flow period i E

ie. PBP =

Net Present Value (NPV)

The Net Present Value (including the time of money) of initial and future

flows is given by the “equation

Internal Rate of Return (IRR)

This is the interest or discount rate of which the future net cash flows equals

the initial cash outlay.

= e B
0 -
IR
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fitability Index (P1)

iis is the NPV per unit initial investment.

)




