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In this work we propose a computer based approach by means of

which the decision maker in Bendel State, Nigeria, can best be assisted

in the formulation of policies related to land use.

In Chapter I we briefly discuss the role of the computer in

planning and state the problem. Chapter II contains a description of

the regional setting of our study while in Chapter III the present land

use practices together with their associated social, ecological and

environmental effects are considered.

In Chapter IV a review of the existing methods for dealing with

economic and developmental problems is presented and their suitability

for handling the Bendel State situation considered.

Chapter V,which forms the major bulk of this work, begins with

the discussion of the notion of a system, a notion on which the approach

we propose heavily relies, and a description of the System Development

Life-Cycle. It continues with a discussion of the notion of modelling

and a brief description of the Model Life-Cycle which, as is pointed out,

is similar to the System Life-Cycle. These two ideas of System and



Model Life-Cycles are then used to develop an iterative problem

investigation process, the Generalized Computer System Simulation

Methodology, with a discussion of which the chapter concludes

Finally, in Chapter VI the feasibility of this approach is

considered.
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COMPUTERS AND PLANNING:

A Study of the Computer Simulation Methodology for

Land Use Planning in Bendel State, Nigeria

CHAPTER 1

INTRODUCTION

Although the computer was initially designed to provide the

necessary mathematical computational aid that might be needed in the

process of finding solutions to scientific problems which resulted from

researches in very many areas as dictated by the pressure of World War

II, in over eighty percent of computing today the applications are of

non-mathematical or non-numerical nature; the applications are no

longer in the field of science alone but they span all walks of human

life. Indeed to look at the computer today as a calculating device is

to ignore over eighty per cent of its work, rather like someone

refusing to believe that most of the iceberg is under the water.

One of the very many areas in which the computer has been

extensively applied is planning. It is common knowledge, at least in

the developed countries, that the computer has become a vital tool in

the formulation of various plans. For example, a lot of applications

of the computer have been made in industrial, metereological, military,

as well as land use, local authority and public utility planning. In

[16] Holoien listed several of these areas and discussed them in some

detail. (The computer, because it is able to provide useful, compre-

hensive, and up-to-date information enables the decision maker to plan
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in advance of a crisis rather than after the crisis has occurred.)

While the above extensive application of the computer is going on

in the developed countries, most of the developing countries are yet to

successfully utilize the capabilities of the machine. One such

country is the Federal Republic of Nigeria, one of whose states,

Bendel State, is the subject of our study in this work.

Although the computer made its first appearance in that country

as far back as 1965 most of the applications are still computational

in nature and it has not been effectively applied in the process of

providing solutions to the developmental and other problems. Some work

has been begun in this direction however, [23], and our work is

intended to supplement this effort.

1. THE PROBLEM

The Federal Republic of Nigeria, a fast developing nation, is

experiencing some of the usual ecological, environmental, industrial

and allied problems associated with development. These problems can

become very serious unless a comprehensive land use policy is evolved.

The Government, realizing this, promulgated the Land Use Decree in

early 1978, a Decree that vests ownership of land on the States. This

being the case, the various States that constitute the nation are now

faced with the big problem of centrally planning land use. Since the

social opportunity costs of mistaken development efforts could be very

high, particularly in a developing nation such as Nigeria, improved

approaches to evaluating alternative projects, programs and policies
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are much needed. In the Nigerian situation therefore, it becomes

very necessary to find an approach by means of which the decision

makers in the various States can best be assisted in their land use

policy formulation and/or project initiation and maintenance.

In this work we consider this problem as it relates to Bendel

State. We first give a brief description of the regional setting of

our study and then discuss the present land use practices together

with the associated social, ecological and environmental problems.

We continue our study with a review of the existing methods for

dealing with economic and developmental problems and we consider their

suitability for handling the Bendel State case. We argue that these

methods by themselves are not well suited for adequately providing the

needed assistance, as they suffer some limitations imposed by certain

difficulties, uncertainties and the inherent complexities of the

process of choosing effective developmental policies and programs in a

developing economy such as exist in that State.

We then discuss the notion of a system, a notion on which the

approach we propose heavily relies, and describe the system develop-

ment life-cycle. We also discuss the notion of modelling and point

out that the modelling of a system passes through phases similar to

those in the system development life-cycle. We then use these ideas

of system and model development life-cycles to develop an iterative

problem investigation process called A Generalized Computer Systems

Simulation Methodology. We study the suitability of this approach

and the feasibility of its application. We submit that it is best
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suited for providing the decision maker in the area under consideration

with the required assistance.
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CHAPTER II

REGIONAL SETTING OF STUDY

The Federal Republic of Nigeria with a population of about 80

million [12] is the most populous country in Africa. With an area of

about 923,767 square kilometres (356,669 sq. miles) it is four times

the size of Britain, and about the size of Texas and Oklahoma put

together. It extends inland from the eastern end of the Gulf of Guinea

deep into the West African Savannah, bounded on the landward sides by

the Cameroons on the east, Chad and Niger Republics on the north and

the Republic of Benin on the west. Most of the country is low plateau.

The coast is swampy with a number of lagoons and creeks. Although

the land becomes rolling and sometimes a little rugged away from the

coast, the uplands seldom reach above 914 metres (3000 ft.). The most

extensive highland is the Bauchi Plateau in Jos, which is about 1,981

metres (6,500 ft.) in height. The River Niger, from whose name that

of the country is derived, and its major tributaries, the Kaduna,

Benue and Cross are the principal rivers in the country. They are

partly steamer navigable and serve as very important waterways.

Nigeria has undergone very rapid development since her indepen-

dence from Britain in October 1, 1960. Prior to her independence only

a few cities could boast of the basic amenities. There were only a

handful of hospitals, a small network of roads most of which were

narrow and dusty, and most cities including some major ones had neither

water nor electrical utilities. Industries were almost nonexistent.
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There was only one institution of learning of university standard and

even this was a college of the University of London. A couple of

primary and secondary schools provided the country with initial educa-

tional services, but these could not serve all of the countries's

educational needs.

Today, the position has changed considerably. Despite the

thirty month civil war (July 1967-January 1970) which tended to slow

down the pace of development, Nigeria now has thirteen universities

offering courses in arts and the varied sciences, engineering and

medicine. With several health institutions and teaching hospitals of

international standard and a host of hospitals and health centres,

Nigeria now has tremendously improved health care delivery facilities.

For example Bendel State, which had only eight hospitals at indepen-

dence now has a teaching hospital and thirty-six functioning hospitals

[2]; more hospitals are going to be commissioned there in due course.

In the field of education, besides the growth in the number of univer-

sities, there is also a big growth in the number of other educational

institutions. There are now several polytechnics, technical colleges,

hundreds of secondary schools and teacher training colleges located

all over the country. There has been marked improvements in other

areas as well. Several towns and villages now have water and electrical

utilities. A host of industries have sprung up, boosting the economy

of the nation. Prominent among these is the petroleum industry of

which Nigeria is the world's sixth largest producer and fifth largest

exporter [12] .
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The rapid growth of the nation's economy and her political role

in African affairs has made Nigeria the focus of much international

attention in recent times [4], [12]. Politically she is a Federal

Republic and is divided into nineteen states each under a Military

Governor appointed by the Supreme Military Council. The major programs

are administered by the individual states with the Federal Government

providing leadership and coordination. It is on one of these states,

Bendel State, that this study focuses.

1. BENDEL STATE

Bendel State was created from the then Western Region in 1963

under the name Mid-Western Region. It became known as Mid-Western

State in 1967 and as Bendel State in 1976 after the present government

came to power. With a population of 2.5 million (1963) [27] and an

area of about 39,000 square kilometres (about 15,000 sq. miles),

Bendel State is one of the most rapidly developing states in the

country. It extends inland from the coastal boundaries of the country

to the tip of the Savannah forest in the northeast, bounded on the east

by the Anambra, Imo, and Rivers States, on the north by Benue and

Kwara States, and on the west by Ondo State. The River Niger, on its

way to the coast, waters the eastern part of the state and is indeed

a natural as well as the political boundary between her and the eastern

neighbouring states. Most of the state is lowland. The highlands,

which are seldom more than 914 metres (3000 ft.), occur toward the

northeast.
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Politically the state is divided into nineteen local government

areas each under a Local Government Council. The State Government

and the Councils play roles similar to those that the Federal Govern-

ment and State Governments play in the national set up.

Bendel State may be divided into two main areas: the Benin area

and the Delta area. Indeed these two areas were formerly known as the

Benin Province and the Delta Province respectively and the name

Bendel is coined from these. The Delta area consists of that part of

the state situated around the Niger delta and the Benin area consists

of the remainder of the state. The climate as that of the rest of the

country is tropical but differing between the northeast which borders

the tip of the Savannah forest and the remainder of the state. There

are two clearly marked seasons: the dry season ushered in and out by

short violent thunderstorms and which extends from November to April in

the northeast and from December to February in the Delta area, and the

long rainly season which fills the rest of the year, with a slight

break in August in the Delta area. The vegetation ranges from the

mangrove forest of the Delta area through the rain forest of the central

part of the state to the Savannah forest of the northeast.

The land here is used mainly for farming. This and other uses

of land together with the associated consequencies will be considered

in the next chapter.
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CHAPTER III

LAND USE PRACTICES AND DEVELOPMENTAL PROBLEMS

Traditionally land was considered basic for man to make a living

and for man to provide for his dependants. Land was viewed as a

commodity, something to be bought, sold, and developed for profit

rather than a resource to be wisely managed and protected. The use

of land was a matter of expediency and the question of propiety was

seldom raised even over the most abusive land use practices. The ethic

of "it is my land, I'll do what I want with it", was prevalent. Often

land meant social position and political power. Throughout history

tribes and nations are known to have fought wars over land. Customs,

laws and social systems have in one way or the other been concerned

with one or another aspect of land. Land permeates every society and

economy playing varying roles in varying economies depending on the

stage of development of these economies.

Today it is known that man's survival depends upon his living

in tune with nature; that resources are not unlimited and hence that

these should be wisely managed. The indiscriminate use to which land

is put is a subject of great concern not only to Bendel State but to

Nigeria and indeed to many nations the world over [6], [7], [10], [14],

[31]. Man's use of land without regard to the health and welfare of

others is now being strongly challenged.

Even with these recent realizations, the activities of man in

many nations still reflect the traditional outdated attitudes. It is
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the aspiration of many, individually or collectively, to have more

money, enjoy more mobility and more liesure time. These goals, however,

require ever increasing quantities of land. The rapidly increasing

populations are escalating demands on space for housing, industry,

commerce, transportation, agriculture, forestry, mining, water, power

and waste disposal. This is no less true in the Bendel State.

Here the main use of land and the main occupation is farming, and

because in most areas shifting cultivation is still practiced land is

continuously needed. Agriculture is the second largest generator of

national income with petroleum products, of course, being the greatest

generator. The farm products in Bendel State include cassava, a tuberous

root from which gari, the staple food, is produced, yams, bananas,

plantain and rice. In the riverine areas the predominant occupation is

fishing with some scattered farming, while in the central and some

parts of the Delta areas there is also palm oil production.

The industries are spread all over the state, the location of

some of them being dictated more by political considerations. In

several parts of the Delta area, particularly the Isoko, Ijaw and

Urhobo areas one can see burning gas flares from oil wells in scores

of places. There is the textile industry at Asaba, the cement factory

at Ukpilla, the glass factory at Ughelli, the fisheries and cattle ranch

at Uzere, the breweries in Benin City and the logging industry at Sapele.

There is also the boat yard in Warri, the carbon dioxide factory,

pharmaceutical products and rubber industries in other parts of the

state. The Nigerian Institute for Oilpalm Research (NIFOR) is situated
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at Evbonika with branches at Ajagbodudu, Ologbo and Oghareki. There

are also mechanized farms at Agbede and Warake with another proposed

for Ilue-Ologbo. It goes without saying that these industries are

beneficial; but they also give rise to certain environmental, ecolo-

logical, and social problems.

They have been responsible for a drift of people to the industrial

centres, resulting in a very great demand for housing. In fact the

Bendel State Government has embarked on housing schemes at Ikpoba hill

and Ugbowo in Benin City, for example, in order to contain some of the

problems posed. House rent rates sky rocketed and a Rent Edict had to

be promulgated in the state to check this. How effective this has been

is still to be determined.

The discovery of synthetic rubber has brought down, so to say,

the rubber market. This has resulted in many rubber plantation owners

giving or selling out their lands for housing purposes. Arable land is

being sold out by individuals and communities, and agricultural activi-

ties are on the decline. The increasing population and the diminishing

agricultural activities have come together to create food scarcity and

hence an upsurge in the prices of food stuffs. This being the case in

the other states as well, the Federal Government launcheded the "Operation

Feed the Nation" in 1976 in an attempt to make people grow some of their

own food. The activities of the land owners may not have been unrespon-

sible for the promulgation of the recent Land Use Decree.

The industrial development has resulted in a lot of roads being

built and other transportation systems being developed. These, of
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course, have their own effects. Development resulting from the trans-

portation systems is the cause of flooding in certain parts of the

state, e.g. Warri. It is also the cause of traffic congestion. To

drive from the Warri port to the Urhobo College along the Warri-Sapele

road on any working day is not an inviting proposition to any one who

has been to Warri in recent times; besides we have a lot of social

stress, crowding and other effects. The petroleum production operation

has resulted in adverse aesthetic impacts, degradation of water quality

in some parts of Isoko, Urhobo and Ijaw areas, and soil erosion. The

power plants and gas flares affect air quality, water pollution and

speculative land development, and the dense urban development in some

areas have resulted in high demands on energy and other resources,

water and garbage disposal facilities, poor aesthetic quality and

socio-psychological effects relating directly or indirectly to noise,

air pollution, and meteorological conditions.

Bendel State is fast developing. Many more industries will be

established and these will have their associated benefits and conse-

quences. It goes without saying that it is necessary to embark on a

comprehensive planning of the use of the land. As we have seen above,

as a result of the developmental programs so far, critical environ-

mental areas are being lost, scenic areas degraded, coastal areas

developed and prime arable and agricultural land is being converted

into shopping centres and housing and industrial estates. If these

uses to which the land it put - the present developmental processes

continue without adequate planning they will result in further deterio-
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ration and degradation of the land, air and water resources to the

point where human life itself will he jeopardized.
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CHAPTER IV

AVAILABLE METHODOLOGIES:

(Their Appropriateness and Limitations)

In this chapter we consider specialized techniques which are

available for dealing with economic and developmental problems and

discuss their suitability and limitations. We shall consider these

under two broad headings: (1) Equilibrium equations with estimated

coefficients, (2) Optimization methods such as Linear and Non-linear

Programming. These are sometimes used alone and sometimes incorporated

in a general system simulation model.

1. EQUILIBRIUM EQUATIONS WITH ESTIMATED COEFFICIENTS

Sets of equilibrium, simultaneous equations whose coefficients

have been estimated using statistical methods are sometimes employed

for the analysis of economic and developmental problems and for evalu-

ating the impact of alternative economic and developmental policies on

the behaviour of systems. As mentioned above these can be used by

themselves (alone) or incorporated in more general systems along with

other components based on other techniques. Naylor [26] pointed out

that such a set of equations is of the form:

4.1.1 AXt + BY
t
+ Z B. Y + CZt + D = Ut

1 3 t-3

where
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4.1.2 X
t

= an mxl vector of exogenous variables

Y
t

= an nxl vector of endogeneous variables

. = an nxl vector of lagged endogenous
Yt-j

variables when j=1,2,...,p.

Z
t

= a qxl vector of policy instruments

U
t

= an nxl vector of stochastic disturbance terms

A, B, C, D = Coefficient matrices whose parameters have been estimated

by various standard econometric techniques (e.g. statist-

ical method from time series).

Such a set of equations having been formulated and the parameters

having been estimated the next step is the application of the model to

policy alternatives. In [26] Naylor discussed three approaches which

have been proposed for policy evaluation using such models. These are

(1) the Theil approach, (2) the Tinbergen and (3) policy simulation

(specialized, less general and flexible than the Simulation method we

will propose).

1.1 The Theil Approach: Essentially this approach seeks to find values

of Y
t

and that will maximize a welfare function Wt = Wt

(Yt,Zt), the social welfare function of the policy maker, which is

assumed known to begin with, subject to constraints imposed by

4.1.1 and the given predicted values of xt, Ut and the observed

values of Y . .

t-j
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1.2 The Tinbergen Approach: This approach assumes no prior knowledge

of a social welfare function and thus the maximization problem

is avoided. However, the method assumes the possibility of the

policy maker specifying target values for each of the endogeneous

variables. This, in effect, shifts the problem of finding a

common denominator to reduce all objectives to a single dimension

or objective function from the investigator to the policy maker.

With fixed target values for Yt , the next step is to solve the

simultaneous equations for Z
t

, for given values of X
t'

U
t

and

recorded values of Yt
-. . These values of Zt , which provide

for the desired levels of Y
t

, are then said to be consistent

with the targets.

1.3 Policy Simulation: This is, according to Naylor [26], an alter-

native to the Theil and Tinbergen methods. It neither requires the

specification of a social welfare function nor that of fixed target

values for performance variables. Rather only different sets of

feasible policy alternatives and endogeneous variables are required

to be monitored in order to assist the policy maker in evaluating

performance under those alternatives. For the linear model, the

values of the endogeneous variables including the performance

variables at each point in time are given by:

4.1.3 Y
t

= -B
-1
AX

t
B B.Y . - B

-1-1

J3=1 3 t-j t
- B

-1
D +

-1
Ut

(where B
-1

is the inverse of B ), given predicted values of
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X
t'

U
t'

observed values of
Yt-

.and specified values of Z
t

in which the investigator or policy maker may be interested. The

computer is then employed to trace out the time paths of the per-

formance or criterion variables corresponding to each set of policy

variables, which are of interest to the investigator or policy

maker.

2. LINEAR AND NON-LINEAR PROGRAMMING

Linear Programming is a method of formulating and solving problems

of optimizing a linear function of several variables subject to a finite

number of linear constraints. Formally let a , b be nxl matrices

(i.e. a , b are n column vectors) and let us write a < 130 to mean

that a.< b.
1

, 1<i <n where a., b.
1

are the components of a , b
1-- - - 1

respectively. Then the Linear Programming problem is the following:

Given an nxm matrix A, a lxn matrix C and an mxl matrix b find

an nxl matrix X such that

C)S.

subject to AX <12,

X >0

is'maximized (minimized)

where q is the nxl matrix all of whose elements are zeros. Non-linear

Programming on the other hand is a method of formulating and solving

problems of optimizing a function of several variables, which may

be linear or non-linear, subject to a finite number of constraints
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some or all of which may be non-linear. For example, if X = (X
1,

X2,

...,X
n
) the Non-linear Programming problem is of the form:

Maximize or Minimize (1)(X)

subject to 4).J (X) < b.

X. > 0
3

1 < j < m

1 < j < m

where the 13- 's are real constants, (1) or at least one of the IP3

is non-linear.

Although Linear and Non-Linear Programming models can be classed

as sets of simultaneous equations, they nevertheless differ from

those considered above in two important respects: (1) as already seen,

they are always used in an optimizing mode and (2) their coefficients

are obtained from a wide variety of kinds and sources of information

with a wide variety of estimating and approximating techniques as

contrasted to being specialized on time series data and probability

estimation.

Almost all the above techniques present certain difficulties in

the process of their being applied to developmental problems. In

what follows we discuss these difficulties and consider the suitability

of these techniques in the light of these constraints.

3. COMPLEXITY OF DEVELOPMENTAL PROBLEMS

Problems of development generally involve attempts to attain a

relatively large number of objectives with relatively few means
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within a relatively short time. Although modern society is usually

taken as the ultimate in complexity, it is to be noted that the growth

of a relatively less developed economic system such as exists in the

Bendel State is complex. Therefore in dealing with problems relating

to such economic systems the interactions within and among traditional,

transitional and the modern sectors must be considered.

Certain fundamental difficulties may be encountered in selecting

the policy, program or project which will best solve a given complex

developmental problem: (1) the absence of a common denominator (or

Welfare function) among the "goods" being sought and the "bads" being

avoided; (2) the absence of interpersonal validity in the common

denominator which may be available; (3) the absence of the second-order

conditions (timing, ordering or sequencing of projects, etc.) necessary

to maximize the common denominator; (4) the absence, as a result of

imperfect knowledge and foresight, of an appropriate rule for choosing

the right policy, program or project among open alternatives; (5)

difficulties connected with kinds and sources of information; (6)

conceptual inaccuracies of various disciplines and (7) the feasibility

of finding solutions to the systems of equations which make up a model.

It would be easy to solve problems involving the attainment of

multiple objectives if there were a common denominator to reduce all

objectives to a single dimension or objective function. Since such a

denominator does not exist and since it is needed to solve a problem

with optimizing techniques following the procedures of ordinary
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differential calculus or Linear Programming, reducing the multiple

objectives involved in a complex developmental problem thus presents a

difficulty.

The second difficulty arises from the requirement that such a

common denominator be interpersonally valid if it is to be used to

evaluate consequencies of projects, programs and policies which affect

people - which imposes losses on some in order to confer benefits on

others. In the absence of such a common denominator or welfare function,

it is helpful for investigators to provide decision makers with infor-

mation on the consequences through time of implementing alternative

policies, programs and projects. This can be done by making projections

through a computer simulation model of the system under consideration

whereas the Theil and Tinbergen approaches which depend on such welfare

function or target fixing will not work.

The third difficulty is that of determining the optimum order in

which projects should be executed within a program, the order in which

programs should be should be executed within a policy or the order in

which various policies should be executed in developing a sector of the

economy. It is to be noted that when policies, projects and programs

involve technological and institutional change as well as changes that

affect people, as many do, there is no automatic ordering of actions,

projects, programs and policies which satisfy mathematical conditions

necessary for locating an optimum, even if a common denominator has

been found.

The fourth difficulty is determiningmhich decision making rules to
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apply in selecting that project, program, or policy to prescribe as

right. In a static economy, with perfect knowledge, foresight, and the

necessary common denominator and second-order conditions, the decision

making rule is simply maximizing the difference between the "good" and

the "bad". The situation, however, becomes much more complicated when

knowledge is imperfect on both the normative and non-normative sides,

and when serious questions exist about the order in which projects,

programs, or policies should be executed. There are several decision

making rules available to the decision maker. One such rule is to

maximize the present value of the expected future net differences

between "good" and "bad". Another is to follow that course of action

for which the worst that could happen is better than the worst for any

other alternative. Still another such rule for a defined group of

decision makers is to vote, with the choice going to the alternative

which gets the most votes, over the appropriate predetermined fraction

or percentage of the votes, or, possibly, a unanimous vote. Other

decision rules involve chance or balloting, while others involve the

use of force as in dictatorships and war. But because the situation

under consideration typically involves imperfect knowledge and unans-

wered questions as to order, it is seldom, if ever, initially obvious

to either decision makers or investigators which decision making rule

should be employed.

The fifth difficulty has to do with the availability of kinds

of information other than the four dealt with earlier. Typically,

information required to solve a given developmental problem is
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scarce, and that which exists is in divergent forms, including experi-

mental data; time series observations; the judgements of informed and

experienced scientists, the ordinary man, the politicians, administra-

tors, among others; casual, isolated observations and many more. Yet

the complex nature and urgency of the developmental problems require

that available kinds and sources of data be used. Thus the techniques

specialized on one or a limited range of kinds of sources of data are

often unusable and the analyst needs to have at his disposal a wide

range of techniques capable of utilizing the kinds and sources of data

which are available.

The sixth difficulty involves the theoretical concepts available

for analyzing the available mix of information and data. Such concepts

are needed in order to understand the origin and nature of the techni-

cal, institutional, and human changes involved in the alternative pro-

jects, programs and policies which are being considered and to project

their consequencies. Thus the conceptual shortcomings of virtually

all disciplines, as well as those of economics, create difficulty for

investigators trying to solve complex developmental problems.

The seventh and last difficulty which we shall consider is

inherent in large, complex systems of equations for studying economic

and developmental problems; it is the difficulty of obtaining analytical

solutions, for as size, complexity and non-linearity increase, this

difficulty and attendant costs increase enormously.
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4. SUITABILITY OF TECHNIQUES

Almost all the specialized techniques encounter the above diffi-

culties, to a greater or lesser degree. The equilibrium equation

method relies heavily on time series data in order to estimate statisti-

cally the coefficient matrices of the system. Several difficulties are

encountered in this process. Firstly, this may lead to certain vari-

ables of interest being precluded from inclusion in the model simply as

a result of the non-existence of time series data for such variables.

Secondly, because the general procedure is so oriented to estimating

all of the coefficients from time series data, information about likely

values of certain coefficients which may be available from knowledgeable

experts in the field is ignored or rejected. Although such knowledge

could be used by applying certain computational procedures, it may be

awkward and difficult to use even if available. This is especially true

when the model involves non-linearities.

Besides, a range of values must be present in the data upon which

the estimation procedures are applied in order to estimate the coeffi-

cient matrices A,B and, in particular, C in a policy context. It

becomes difficult, if not impossible, to do the estimation if there is

a small change in the variable. Even if a sufficient range of values

of the policy variables exist to indicate that lack of variance is not

a problem, another great difficulty arises in using linear relationships

to describe developmental and economic systems. Although several

statistical devices exist which could be used to determine how well

the linear system approximates the real system, no such devices exist,
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to the best of our knowledge, for the determination of how well the

linear system approximates the real system if some of the variables are

extrapolated beyond the range of the data. Thus, if for example the

policy maker wanted to find out or assess the effect of changing some

of the policy variables to values outside the previous data range, then

if the system contains non-linearities, as it probably does, linear

extrapolations become unusable very early in the production period. As

Naylor [26] pointed out "realistic econometric models are seldom

linear". It was argued by Howry and Kelejian [17] and Naylor [26]

that once a linear model of the type being considered "has been estima-

ted and tested in terms of known distribution theory concerning para-

meter estimates, simulation experiments... yield no addition informa-

tion". It was also argued that any non-linear model of the type under

discussion can be approximated by a linear model using appropriate

Taylor series expansion. From the theory of Taylor series it is clear

that such linearization is suitable only for small perturbations,

whereas in studying developmental plans and policies, we are concerned

with major changes in the variables. Also from the works of the

Michigan State University simulation team,(see for example [23]) it is

clear that it is not an attractive prospect to try to apply appropriate

Taylor series expansions to the different kinds of non-linearity of that

part of their general result about the Nigeria Agricultural Sector which

deals with the Bendel State. It goes without saying that this sector

is a vital component of any model of Land Use Planning.

As Naylor [26] pointed out, the Theil approach suffers from the

shortcoming that the existence of a social welfare function is assumed



27

known. In the real world the parameters or even the functional form

of W
t

for governmental policy makers is not known. As this method

requires an interpersonally valid common denominator to serve as the

welfare function, it is more difficult to use it in interaction with

the decision maker to acquire the necessary knowledge of the common

denominator.

The Tinbergen Approach has its own shortcomings too. For policy

makers to specify target values outside the set of equations involved

is reasonable and empirically possible. However, a mathematical question

arises as to whether or not the system that arises can be analytically

solved for Zt . There is the question of the equations being over

determined or underdetermined in the sense that the number of Z

variables may exceed the number of Y variables, in which case the

number of unknowns would exceed the number of equations and there would

be infinitely many solutions. In this case q-n of the Z variables

can be assigned arbitrary values and the system of equations solved for

the remaining policy variables. However, this becomes a procedure of

questionable realism when a more forthright appraisal of the situation

would indicate that there are more unknowns to be estimated than there

are equations.

With the optimization models (Linear and Non-linear Programming

models) the fact that they are always used in an optimizing mode requires

that the fundamental difficulties with respect to an interpersonally

valid common denominator, order and decision rule be resolved before

using the set of equations. The solution of such difficulties using
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the Linear Programming and Non-linear Programming Methods is rendered

impracticable by this requirement, though the most important aspect of

solving the developmental problem under consideration may be their

resolution. Although the Linear Programming and to a lesser extent the

Non-linear Programming techniques are powerful techniques where appli-

cable, premature application (i.e. applications before the resolution

of the difficulties discussed in 4.1.1) produces misleading and

inappropriate guide to solutions of developmental problems. Also if

recursively and parametrically run the Linear and Non-linear Programming

analyses can trace out time sequences for alternatives. Optimizing

decisions precluded from the Linear Programming analysis can then be

reached using these time sequences in interaction with decision makers

though the Linear Programming analyses were constrained by the optimi-

zation requirement of the technique. However, the fact that the entire

system, or large components of it must be constructed before testing

can be carried out on the computer in the optimization mode and the

expense and time involved in inverting large matrices, are two main

disadvantages of the Linear and Non-linear Programming approaches.

There is a group of specialized techniques which we have not

mentioned. This group includes such methods as cost/benefit ratios,

internal states of return, and net present value analysis. We have not

mentioned these techniques because they are used more often for project

and program rather than for policy analysis. However, we point out

that beside there being the temptation to make premature applications

of these before some of the difficulties discussed above are resolved,

a typical difficulty arises for example, when attempts are made to
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express the loss in attainment of non-monetary values in monetary terms

in order to compute cost/benefit ratios, internal rates of return and

net present values. Often credibility gaps and tensions are introduced

between decision makers and investigators, which preclude the inter-

action necessary to resolve the difficulties referred to earlier.

Finally a careful look at the policy simulation method outlined

by Naylor [26] shows that it has some things in common with the one we

will propose. However, the necessity to invert matrices for each period

of time considered greatly increases calculation costs. Also our

generalized approach is more flexible.
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CHAPTER V

A GENERALIZED COMPUTER SYSTEM SIMULATION METHODOLOGY

In the last chapter available specialized methodologies for

dealing with the Bendel State problem were discussed and their limita-

tions highlighted. In this chapter we shall describe the approach

which we are proposing - Generalized Computer Systems Simulation - and

discuss its suitability. We begin by describing the process of building

a system (a notion that constitutes the foundation of our proposed

methodology), a description which will be referred to time and time

again in what follows. We shall then consider modelling and finally

present the description of our proposed approach and a discussion of

its suitability.

1. SYSTEMS AND SYSTEMS DEVELOPMENT

The term system is used in such a variety of ways that it is

difficult to produce an all embracing definition which will be concise

enough to serve a useful purpose. We speak of the Education System,

Information System, Ecological System, Transportation System, Communi-

cation System, Political System and so on. Whenever we wish to connote

relatedness or interaction with respect to a set of entities, which

relatedness or interaction is determined by our objective we use the

word system. Thus the notion of what exactly constitutes a system is

subjective in the sense that the boundaries and characteristics of a

particular system are determined by the objectives of the observer.
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For the purpose of this exposition, however, we shall consider a system

to be an aggregation or assemblage of interrelated elements. The

elements that constitute the system will be called components. These

are always described by their properties or attributes.

A system may have as components other systems. For example a

distribution system has as components the inventory control system,

and the Land Use system contains the transportation, economic and

political systems as components. The number of system elements or

entities may be large and their nature diverse. In physical systems

the components are tangible. Biological systems, for example, contain

animal and plant populations, water, land, air and food. Abstract

objects may be system components. For example in an economic system we

might find profit goals, sales quotas, production standards and costs

as components.

The state of a system at a moment of time is the set of relevant

properties which that system has at that time, and the environment of

a system is a set of elements and relevant properties, which elements

are not part of the system but a change in any of which can produce a

change in the state of the system, and which elements are such that

their attributes are altered by the behaviour of the system. From

these definitions we find that every element in a system must be joined

in some regular interaction or interdependence with at least one other

element of that system. The relationships between the elements connect

them together, so they can be regarded as a single entity. Systems

exist with the support of an environment and in many cases the
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environment determines the nature of the system itself. The subjectivity

of systems concept is related to the observer. To the computer engineer,

for example, a computer processing unit is a system of gates and

interconnections. To the computer architect, on the other hand, the

processing unit is an element in the total computer system that consists

of the processing unit, the main storage unit, peripheral devices, and

other equipment.

1.1 CLASSIFICATION OF SYSTEMS

Several schemes exist for classifying systems [15] most of these

are, however, based on the activities that take place within a system

and in its environment. The activities that occur within a system are

described as endogenous and those that take place in the environment

that affect the system are described as exogenous. Exogenous and

endogenous activities are further classified into deterministic and

stochastic. An activity whose(response)outcome can be described

completely in terms ofits (stimulus) input is said to be deterministic.

If, however, the effect of the activity varies randomly over various

outcomes the activity is said to be stochastic.

A system is said to be closed if it has no exogenous activities

and is said to be open otherwise. A system is said to be adaptive if

it reacts to exogenous activities in a way that is desirable (consider-

ing the purpose for which the system was designed) and if the values of

its attributes remain constant, or within defined limits it is said to

be stable. In contrast, if the values of the attributes of the system
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fluctuate widely the system is said to be unstable. Stability can also

be defined in terms of the state of the system. To do this we first

define the notion of equilibrium. A system is said to be in equilibrium

if it remains unchanged in the absence of exogenous activities. A

system is then defined as stable if it returns to the equilibrium state

after the application of an exogenous activity [15].

1.2 SYSTEM DEVELOPMENT LIFE CYCLE

Systems are created by a dynamic process which moves through a

series of stages or phases. The concept of a life cycle has evolved

to describe the relationship between the phases [19] . This concept

includes not only forward (in time) motion but also the possibility of

having to return; i.e. loop back or cycle back, to an activity previously

considered completed. This cycling back may occur as a result of

changes or redefinition of system objective. A previously irrelevant

system variable may become relevant; the value of one or more system

variables may change and affect the operation logic of the system; the

functional components of the system may change or need to be adjusted.

Thus the cycling back is a practical reality that can be viewed both

from within the life cycle and from outside the life cycle or its

operating environment. The stages or phases in the development of the

life cycle of a system may be grouped under the following headings:

(1) the study phase (2) the design phase (3) the development phase

(4) the operation phase.
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1.2.1 The Study Phase: This is the first phase in the effort to create

a system, either a new one or a modification of an existing one.

During the study phase it is first determined whether or not a

need exists for the new system or the modification of the

existing one. A preliminary analysis is carried out in sufficient

depth to permit a technical and economic evaluation of the pro-

posed system. At the conclusion of the study phase a decision is

made whether or not to proceed with a Design Phase. A formal

project may not be established until a Design Phase is initiated.

However, the Study Phase is conducted in an organized project-

like manner. The major Study Phase activities are depicted in

FIG 4.

(a) Initial Investigation: The first steps in the initial invest-

igation are directed towards the classification of the problem

assignment and the strengthening of the designer's background

in the problem area. He familiarizes himself with the existing

system if there is one such and then investigates specific opera-

tions, particularly problem areas, in detail.

After completing this investigation the results of his fact-

finding and fact-analysis activities are organized and summarized.

The cost and performance of the present system can be related to

the objectives of the study; the performance requirements for the

new or modified system and the problem constraints that have

been identified. The results of the Initial Investigation are
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then summarized and discussed with the user.

(b) User Review: The Initial Investigation report reflects the

designer's understanding of the problem and states his under-

standing of the system's objectives. This report is discussed

with the user and additional revisions made if necessary. The

outcome of this review is either a project directive; i.e. a

continuation with the Study Phase or outright rejection. When

the former results the Study Phase proceeds in two major

sequences: (1) System Performance Definition (2) Feasibility

Analysis.

(c) System Performance Definition: The performance of the new

system is defined by listing its specific objectives in order

of priority and describing in detail the outputs to be produced.

The outputs must be described in terms meaningful to potential

users. Typically, there are internal and external constraints

which will limit the possible problem solutions that can be

considered. These must be taken into account in relating outputs

to objectives.

(d) Feasibility Analysis: The feasibility of designing the

system is determined by evaluating alternative methods of conver-

ting available inputs into the required outputs to fulfil the

system objectives. Each of the alternative methods called

"candidate system" is studied. The constraints unique to each

of these are stated and both the unique and general constraints

are taken into account as each "candidate system" is evaluated.
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The evaluation is done by identifying factors that significantly

affect system cost and performance and by ranking each candidate

in terms of these factors. The feasibility study is concluded

by the selection of the most suitable candidate.

(e) Study Phase Report: After the feasibility study has been

completed a study phase report is prepared. This contains a

summary of the feasibility study and presents recommendations

related to proceeding with the Design Phase. An essential part

of the Study Phase Report is a user-oriented performance

specification. A project plan is made and a cost schedule

prepared and included as part of the Study Phase Report. These

schedules provide detailed estimates for the Design Phase and

gross estimates for the Development Phase of the system project.

They also serve as bases for continuing and expanding project

control.

(f) Study Phase Review: The Study Phase Report is reviewed

with the user and other affected management. The outcome of the

Study Phase Review is either a decision for the designer to

proceed or to quit.

1.2.2 Design Phase: In this phase the designer is concerned with the

hierarchial structure of the system and the functions that are

performed at each level and by each component of the system. The

performance specification prepared during the Feasibility Study

Stage of the Study Phase is expanded into Design Specification.

A pictorial overview of the Design Phase is given in FIG 5.
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(a) Allocation of Functions: The information-oriented and high

level system flow charts prepared during the Study Phase are

reviewed and expanded in order to allocate functions between

manual tasks and equipment functions. The alternatives are ana-

lyzed until all functions have been allocated. The controls

required to ensure valid system performance are also identified.

(b) Manual Task Definition: Requirements resulting from human

interfaces with equipment are described. Human interfaces

include operation of equipment, and in the case of computer based

systems these include preparation of source documents, operation

of machine, display console operation, key punching and other

input-output related devices.

(c) Reference Manual Identification: Reference manuals required

by user and equipment operators are identified.

(d) Equipment Functions Definition: The functions to be performed

by equipment are defined. Special functions unique to the appli-

cation are described in detail.

(e) Equipment Specification: The hardware configuration required

to convert input data to meaningful (considering system objectives)

output information is described. If existing hardware is not

adequate, alternatives, which may range from the addition of

special equipment to procurement of entire hardware must be

considered. Since some equipment may be long lead-time items, it

may be necessary to initiate procurement of critical equipement

during the Design Phase.
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(f) Data Base Design: Relationships between data elements and

functions to be performed are studied in detail so that if there

is need for storage, the most appropriate storage devices can

be selected and an efficient data base design can be achieved.

The interfaces between the system data base and other data bases

are identified by specifying the data that must flow between

them.

(g) System Test Requirements Definition: Requirements for the

tests necessary for the verification of the performance of the

entire system are established.

(h) Design Phase Report: At the conclusion of the Design Phase

a Design Phase Report is prepared. This report, an outgrowth of

the data acquired and added to the project file during the Design

Phase, is an extension of the Study Phase Report and contains a

summary of all significant activities undertaken during the

Design Phase. An important element of the report is a recommen-

dation relative to proceeding with the Development Phase. If

the recommendation is to proceed, a detailed plan is provided

for the remainder of the project. Included in the report is, of

course, the Design Specification.

(i) Design Phase Review: At the conclusion of the Design Phase

the system design is reviewed with the user. Any changes to the

Performance Specification as a result of the Design Phase activi-

ties are identified and discussed. The detailed progress plan

and the cost schedule for the Development Phase are reviewed,
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as are the estimates of the operational costs. After the conclu-

sion of a successful Design Phase Review, manpower and other

resources are committed and set for the Development Phase.

1.2.3 Development Phase: This is the phase during which the system

is developed to conform to the Design Specification prepared in

the Design Phase. The principal activities performed during

the Development Phase can be divided into two major related

sequences: (1) external and (2) internal system development.

The primary external system development activities are implemen-

tation planning, preparation of manuals, personnel training, and

equipment acquisition and installation. The principal internal

system development activity is performance testing. (In the case

of computer based systems the computer programs are developed and

tested during this phase.) The Development Phase activities are

shown in FIG 6.

(a) Implementation Planning: After a successful initiation of

the Development Phase is approved, implementation planning begins.

Essential parts of the implementation plan are:

(i) a plan for testing the system

(ii) a plan for training personnel who are to be associated

with the new system.

(iii) a conversion plan which provdies for the conversion of

procedures, preparatory to actual change over from the

old to the new system. This includes a preliminary

plan for the change over.
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(b) User Review: Reviews are held with the user throughout the

Development Phase. These reviews are not held to re-evaluate

the decision that initiated the Development Phase. Rather they

are to keep the user informed of the general project progress and

to secure his cooperation in relevant areas.

(c) Equipment Acquisition and Installation: In the Design Phase,

special hardware required to support the system may have been

identified. If not ordered during that phase they are ordered

here, and delivered, installed, and tested. Since all hardware

components often need not arrive at the same time for one reason

or the other, an appropriate schedule is established for

acquisition of hardware items. (A fuller exposition on equipment

acquisition methodology will be given later.)

(d) System Testing: System tests are performed to verify that

the system has met design objectives. The user supplies the

data and participates in the evaluation of the system test

results. System test results are prepared to verify system

performance.

(e) Reference Manual Preparation: Appropriate reference manuals

for various individuals who will use the system are prepared.

These manuals are based on the system specification and must

include forms and procedures.

(f) Personnel Training: Operating and other user personnel are

trained, using the reference manuals, forms and procedures as
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training aids. The training schedule is closely coordinated

with the schedule for completing the Development Phase. All

essential training must be completed prior to the User Acceptance

Review - which occurs at the end of the Development Phase.

(g) Changeover Plan Preparation: The preliminary changeover

plan, which was an element of the conversion plan is updated.

The changeover from the old system to the new one takes place

at the beginning of the Operation Phase, and this stage specifies

the method of the changeover, giving a detailed schedule of

activities to be performed and identifying the responsibilities

of all personnel involved in these activities.

(h) Development Phase Report Preparation: At the conclusion of

the Development Phase, a Development Phase Report is prepared,

documenting the development of the system in accordance with the

requirements specified in the Design Phase Report. It contains

a summary of all pertinent activities undertaken during the

Development Phase and includes a System Specification which

evolves from the Performance and Design Specifications. The

System Specification is the reference baseline for the prepara-

tion of manuals and training aids.

(i) User Acceptance Review: The system is reviewed in a discussion

with the user after the conclusion of the Development Phase. The

system, after a successful Acceptance Review enters into the

Operation Phase.
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1.2.4 Operation Phase: This is the last and longest phase in the

system life cycle. It is characterized by several distinct

steps or stages the changeover stage, the routine operation,

system performance evaluation and system change stages. The

principal activities are as depicted in FIG 7.

(a) System Changeover: This is the most crucial period in the

entire life cycle of the system. No matter how complete

changeover activities are planned numerous unforseen incidents

and problems arise [19], [24]. Thus positive support by all

user organizations is essential.

(b) Routine Operation: At the conclusion of the changeover

process the system becomes operational. This stage is called

the Routine Operation Stage.

(c) System Performance Evaluation: After the system has been in

operation for a reasonable period its performance is formally

evaluated and the results of the evaluation documented in an

evaluation report which is presented to the principal user of

the system.

(d) System Change: The environment of the system may trigger a

change request. This request is reviewed by the decision maker,

a review which may range from a brief analysis of the requested

change to an extreme investigation. This investigation may

cause a return to an early point in the life cycle. How far

back this might reach depends upon the original base line
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specification affected by the change. In an extensive change a

return to the Study Phase would be necessitated. The resulting

new design and development activities might yield a greatly

modified if not entirely new system.

We have discussed the systems design concepts in some detail

here because, as stated earlier, it is crucial in what follows

and we would keep referring to it. Having thus discussed the

systems and systems design concepts and activities we now consider

another important concept related to System Simulation; that of

Modelling.

2. MODELLING

In systems study we are often interested in the behaviour of the

system under the influence of various endogenous and exogenous conditions.

One approach to obtaining information about the system is to cause these

endogenous and exogenous conditions and observe the behaviour of the

actual system. But the non-feasibility of this approach in most cases

has led to the search for other methods. One alternative that has been

found and which has proved extremely useful is that of constructing a

model of the system, which captures its essence, and then conducting

experiments on the model rather than on the system itself and inferring

from the result of such experiements the behaviour of the system. This

approach is especially appealing when the manipulation of the actual

system is impossible or undesirable. We shall follow Franta [13] and

define modelling as "the process of developing an internal representation
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of transformation rules which can be used to predict the behaviour and

relationships between the set of entities composing the system". Thus

a model is a body of information about a system which is put together

for the purpose of studying the system. Since the purpose of the study

determines the nature of information that is gathered, there is no

unique model of a system. Indeed different models of the same system

will be produced by different analysts interested in different aspects

of the system and by the same analyst as his understanding of the

system changes. The task of deriving a model of a system may be divided

into two subtasks: (1) establishing a model structure and (2) supplying

the data. The entities attributes, and activities of the system are

identified and the system boundary is determined by establishing the

structure, and the data provides the values that the attributes can

have and defines the relationships involved in the activities. These

two are usually intimately related; assumptions about the system direct

the gathering of data and the analysis of data confirms or refutes the

assumptions. It even happens sometimes that the data gathered discloses

an unexpected relationship that changes the model structure.

2.1 Classification of Models: As in the case of systems, various schemes

have been employed in the classification of models, most of these

being based on the nature of the system of which the model is. For

example, a model is said to be continuous if it is that of a system

whose attributes change with time in a continuous manner. Mathemati-

cally if f(t) is a function describing the attributes of the

system and f(t) is a continuous function, then a model of the
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system is said to be continuous. A model is said to be discrete

if the events that produce various changes in the state of the

system of which it is a model are discrete functions of time. A

continuous or discrete model can be physical, mathematical, deter-

ministic or stochastic, depending, as pointed out above, on whether

it is a model of a physical, mathematical, deterministic or stochastic

system. Another distinction is often made between models which are

static and those which are dynamic and yet other distinctions are

made between mathematical models which belong to one of those

classes. These are the numeric and analytic models, so classified

on the basis of the mathematical technique employed in dealing

with them. System simulation which is our main object of concern

is considered to be a numeric technique using dynamic mathematical

models [15]. Some of these ideas are illustrated in FIG 8.

2.2 Model Development Life-cycle: As in the creation of a system, the

modelling of a system passes through certain phases much the same

as in systems design known as model development life-cycle. The,

activities in these phases are much the same as in the system life-

cycle which we dwelt on earlier. For example in the Study Phase

parameters, variables, and functions are identified and an indepth

study of the system to be modelled is made. This gives rise to the

model performance specification which is transformed into the model

deisgn specification in the Model Design Phase. The model is then

developed to conform with the design specification and tested in the

Development Phase. Then comes the Operation Phase. There is a review
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of findings and outputs at the conclusion of each phase and these

may require going back to some earlier phase to re-examine and

modify results. The model development life-cycle is illustrated

in FIG 9.

2.3 Principles Used in Modelling: It is not easy to provide rules by

which models are built. However, there are a number of principles

and guidelines which, although they do not describe distinct steps

carried out in building a model, nevertheless describe different

viewpoints from which to determine what information should be

included in the model. Some of the guiding principles are:

(a) Block Building: This is organizing the description of the

system in a series of blocks or subsystems to simplify the specifi-

cation of the interaction within the system, each block describing

a part of the system that depends on a few, preferably one, input

variables and results in a few output variables. The system as a

whole can be described in terms of the interconnections between

the blocks.

(b) Relevance: Including in the model only those aspects of the

system which are relevant to the study objectives.

(c) Accuracy: Consideration of the accuracy of the information

gathered for the model.

(d) Aggregation: Consideration of the extent to which a number

of individual entities can be grouped together into larger ones.

These principles arc discussed in Gordon [16].
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3. THE PROPOSED METHODOLOGY

The generalized computer system simulation methodology which we

are proposing as best suited for dealing with the problem under consider-

ation is viewed as a flexible, iterative problem investigation process

which includes problem formulation, mathematical modelling, testing and

refinement of the model and problem solution in close consultation with

decision makers [5], [23]. It is viewed as flexible with respect to

(1) types and sources of data (2) the procedures for estimation and

approximation and (3) the techniques. All specialized techniques are

regarded as potential contributors to the approach if, when and as

appropriate. The process is an approach which involves creative design

of alternative courses of action to help the decision maker in his task

of dealing with problems of development at policy, program and project

levels. The approach does not make any specific attempt to isolate the

relationships between any particular variables; rather it observes how

variables change with time. The relationships between the variables

are then derived from these observations.

Before describing the methodology in detail we point out that the

world of simulation itself is all encompassing and pervades virtually

every area of human endeavour. In almost if not all studies, be it

quantum mechanics, the cosmos, transportation, marketing, business, or

social system, the impact of simulation has been tremendous.

Social scientists are known to have studied large economic and

social systems via simulation. Working from census data, socialogists

have modelled human population of several countries, including in such
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models life and death processes, as well as those leading to marriage

and family formation, entry and exit from labour force and other

processes and studied these via simulation.

Computer simulation has been used as a tool for analyzing

individual behaviour. Although simulations of this type tend to be

particular models without claims of generality the ability to develop

a model that imitates the choice or decision making behaviour of an

individual in a complex situation is impressive. Equally impressive are

the more general models which solve mathematical or logical problems,

or engage a human opponent in a game of checkers or chess.

Business analysts have successfully constructed simulation models

to analyze a complex process such as the flow of work through large

job shops. They have also modelled consumer behaviour such as brand

loyalty and brand switching. Simulation models have been used success-

fully to design transportation systems tanker fleets of oil firms, and

the operations of scheduled airlines. The simulation of managerial

decision making has resulted in several large models of the information-

decision system of the firm.

Economists have long built and operated models of economic systems

and have used the model to test hypotheses about the outcomes of pro-

posed policies, as well as to anticipate system changes to which economic

decision makers should respond.

What has been said about the use of simulation in the social

and behavioural sciences compares modestly with simulation in the physi-

cal sciences. The most widely publicized uses of simulation occur in
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the aerospace activities of the National Aeronautics & Space Administra-

tion (NASA) of the United States of America, especially those involved

in manned space flights. These programs employ a wide range of models

and analytic techniques, but foremost has been the use of imaginative

simulations in which man and vechicle interact in a computer created

environment.

Developments in Physics and Chemistry are replete with instances

in which computer simulation has augmented traditional laboratory

facilities. During the infancy of nuclear physics, analysts faced the

problem of providing shielding against emissions from radioactive

materials. The situations were frequently modelled in the computer

using some specialized methods (Monte Carlo).

The modelling of large physical and biological systems results

from the interests of engineers, urban planners, transportation special-

ists, and the ever growing number of persons concerned about the quality

of the environment. Highway networks are simulated in order to move

people and materials more rapidly into and out of urban areas. River

basins are modelled to investigate a host of questions including those

having to do with transportation and navigation, the effects of run

offs, or dumping of wastes from manufacturing and agricultural activities,

the capacity of the system to sustain various forms of wildlife and

the effects of proposals from reclamation and recreation.

Simulation models in the biological sciences are similar to the

large scale population models of the sociologists. A major distinction,

however, is that biologists try to model the response of an animal
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population to physical changes in the environment. In some instances,

processes leading to genetic changes are modelled. Hypotheses are

tested about the effect of the changes in such factors as climate,

disease, food, water supply, variety and pressure of predators,

accidents, as well as changes introduced by forces outside the system.

(This discussion of the applications of the simulation methodology is

due in part to Zeigler [32].)

From the above discussion it is clear that there has been a

veritable explosion of simulation in recent years. The generalized

technique which we have proposed has been applied in the study of

developing economies - as well as developed ones. Holland (see [23])

has applied it in the study of the Indian economy. Manetsch and others

severally or jointly have applied it to study the Northern Nigerian

beef industry and the plywood industry of the United States [23].

Calligan has applied it to study the electrical energy need of Oregon

State and Land Use Dynamics in that state [5]. Although this is not

enough to conclude that it will work in the Bendel State case, we point

out that the flexibility of the methodology and its features make the

approach particularly suitable.

The process itself can be conceptualized diagrammatically as

shown in FIG 12. As in systems and model creation there are several

phases in the generalized system simulation process constituting the

Generalized System Simulation life-cycle. The term life-cycle has been

used here for the same reason it was used in the system development

life-cycle the process includes not only forward (in time) motion but



61

also the possibility of having to return to an activity previously

considered completed on the basis of information acquired during a

subsequent stage.

3.1 The Generalized System Simulation Life-cycle: Let us now describe

briefly the life-cycle referred to earlier.

3.1.1 System Specification Phase: This is the phase during which

the conception of the project takes place and the system

development life-cycle is followed from the Study Phase to the

System Development Phase. The output from this phase is the

system specification.

3.1.2 Model Specification Phase: This is the phase during which the

system specification is developed into a model specification via

modelling.

3.1.3 Model Translation: This is the phase during which a means

selected to represent the model so that simulation can be

performed. A computer program is constructed for the model using

either a high level language not necessarily designed specifically

for simulation or a special language specifically designed for the

process. There are several such languages in existence and the

choice of a particular language should be dictated by the type of

problem and among other considerations, cost. The program is

coded and debugged, and the working model is developed.
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3.1.4 Testing: This is the phase during which the model is verified and

validated. Inferences which were made in establishing the model

are checked by observing if the model behaves as expected. If it

does not, it may be necessary to return to one of the earlier

phases to make necessary modifications.

3.1.5 Experimentation (Operation maintenance): This is the phase

during which experiments are designed to meet study objectives.

A factor to be considered is the cost of running the model,

since this may limit the number of runs that can be made. Even

when this is not necessary, careful thought should be given to what

runs are necessary. This is the phase during which the sensitivity

of the model is checked.

3.1.6 Utilization: The final phase is that during which the simulation

runs are executed and results interpreted.

The decision-maker is involved at each of these phases.

They must participate in the problem definition to ensure that

the issues to which the model is addressed are relevant. They

should participate in the Modelling Phase so that the model that

results is implementable; and it is highly desirable to involve

the decision maker in the Testing and Refinement Phase in order

to give him a better appreciation for the capabilities (and perhaps,

more importantly, the limitations) of the model.
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4. THE SUITABILITY OF THE APPROACH

As has been pointed out earlier, the Generalized Computer

Simulation methodology has been employed in various situations to

various problems with a lot of success. With regard to the problem of

Land Use planning in Bendel State, the other alternatives to the use of

this approach are mathematical analysis, experimentation with either the

actual system or a prototype of the actual system, which is the use of

one of the specialized techniques discussed earlier or reliance on

experience and intuition. All these alternatives, as we have discussed,

have their limitations which make them unsuitable for this study. As

has been mentioned earlier, mathematical analysis of the Bendel State

situation is a proposition whose prospect is not attractive; experimen-

tation with actual or pilot systems is costly and time consuming and

relevant variables are not subject to control. Intuition and experience

are the only alternatives but these, of course, are extremely inadequate.

Generally, simulation problems are characterized by being mathe-

matically intractable and having no resolutions by analytic methods

[13]. From the work of Manetsch and his team mates in relation to the

agricultural sector of the Nigerian economy [23] the problem of Land Use

planning in Bendel State involves many variables, many parameters, and

functions which may not be well behaved mathematically, and random

variables. Thus the generalized simulation approach is a technique of

last resort.

We have suggested the computer approach because the pencil, paper,

and desk calculator simulations will not work. These are limited by
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the amount of time required to work them out by hand and by such methods.

Also, besides making it possible, by using appropriate techniques, to

formalize the process of making useful projections and saving time and

money the computer provides the possibility for increasing the number

of alternative policies and programs that can be evaluated.

The flexibility of this approach allows for (1) sequential

changes in model structure, parameters and objectives, leading to better

models with a broader range of outputs and (2) utilization of any appro-

priate technique. The interaction between the model builder and the

decision-maker at each phase of the life-cycle (1) instills in the

model builder and the decision-maker alike a better understanding of

the real world by focussing on the important casual relationships

which determine why things are as they are (2) provides a common

frame of reference for different decision-makers, and thereby increases

the probability that they will be able to communicate their individual

viewpoints to each other. While the sequence of steps discussed in

the Generalized Simulation life-cycle can be followed in using the

specialized techniques, the flexibility of the generalized approach

has the added advantage of particularly suiting it to the iterative

process; i.e. because it can use any specialized technique as

appropriate and because it can use information of any kind and source,

it has the strength of all techniques available but can reject any on

the basis of disadvantages.
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CHAPTER VI

FEASIBILITY OF APPROACH

We saw in the last chapter that the generalized simulation

methodology has been applied on several occasions in the study of

developing economies. However, that it has been applied with some

measure of success in the various parts of the world alluded to,

does not imply that it can be successfully applied in Bendel State.

There may be limiting factors peculiar to Bendel State which may render

the approach unapplicable even though it is very well suited for

dealing with the problem under consideration. In this chapter,

therefore, we shall consider the feasibility of applying this method

of analysis and study to the Bendel State situation.

First, in a program of this nature substantial information

reservoirs and research investments are necessary to develop a reason-

ably complex and useful simulation model for the problem being con-

sidered. In the Bendel State case, much descriptive information is

directly available and appropriate for fitting desired functional inter-

relationships in a simulation model. Much of the remaining necessary

information can also be obtained. So, this does not pose a problem.

Secondly, since the credibility and usefulness of the model

depends heavily on the realism of its structures and predictions,

developing the model components is a very crucial element of the

generalized simulation process. A multidisciplinary simulation team

is therefore necessary in order that the interrelatedness and structure
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of the different components of the model may be thoroughly represented.

The formation of this sort of team does not present any problem at all.

For example there is a university, University of Benin, situated in the

capital city of Bendel State and a simulation team of the type mentioned

can easily be formed from among members of staff (faculty) of this

university.

Thirdly, since the proposed methodology is computer based, a large

computer with the relevant software able to manipulate the mathematical

relationships of the simulation model must be accessible. As of now

a large enough computer to handle the job is not available. There is

therefore the need to acquire one.

The process of computer acquisition is a very crucial one in any

organization wishing to acquire one and in fact equipment acquisition

is one of the crucial decision making activities in the administration

of such an organization. This is so because errors made in this process

may have serious economic and performance consequencies for many years

to come. As Timmreck [29] put it:

"The process of selecting a computer is very complex, involving
much technical detail and much economic approximation. Because

of the substantial investment many organizations have in com-
puters, it is of significant benefit to use selection procedures
which minimize computer costs as much as possible within the
numerous difficult constraints always present in computer selec-
tion."

Computer acquisition methodology has been extensively studied in the

literature [3] , [18], [24], [29], [30] . In [29] Timmreck lists eighty-

eight references on the subject. In all these studies, no single univer-

sal approach to selection has been suggested. This is so because,
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according to Timmreck [29],

"The issues involved in such selections are so complex, the
needs and economics so variable, and the trade-offs which must
be made are so quantitative that it is not meaningful to suggest
a single universal approach to selection."

However, there is a common agreement that computer acquisition should be

carefully planned and that the following steps be followed: (1) The

need of such acquisition should be established (2) there should be

equipment specification (3) request for proposals (4) validation of

proposals including equipment performance measurement and the actual

selection. These together with the associated considerations at each

stage in the acquisition process are discussed in detail in [18], [29]

Also discussed are the different options available and their associated

advantages and disadvantages. An extensive study on hardware, software,

and peripherals, their cost, characteristics, and user ratings has also

been carried out [9]. We like to suggest, in the Bendel State situation,

a system type approach to acquistion; i.e. that the acquisition of a

computer and related software and peripherals should be treated in much

the same way as in the creation of a system. This process has the power

of the suggested approach already mentioned, together with the added

advantage of being able to loop back to an activity previously considered

completed on the basis of new information - just as in system and model

creation life-cycles.

The problem of the availability of an appropriate computer is not

as serious as it appears. It would appear that the university in Bendel

State is in the process of upgrading their current computer system to

permit applications of the type being discussed.
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as bad as it looks. It would appear that the university in Bendel State
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there to permit applications of the type being discussed.
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Finally, trained personnel are needed to update continually the

functional relationships within the model, to specify the impact of

new policies upon the model structure and parameters, and to interpret

the results of model experimentation for the decision-maker. Now

personnel can be trained during the modelling process and implementation

efforts. Also as a result of the drive by the Federal Government to

supply the nation the needed man power, many people are being trained

in the computer science field - programmers, technical specialists and

so on. Thus this, too, does not constitute too much of a problem.

In conclusion we point out that from the works of Holland,

Manetsch and their associates we observe that the benefits possible

from the research and modelling effort and the additional likely bene-

fits from using a simulation model as a planning and policy-making tool

indicate that the resource investment in a simulation model probably

would be worthwile. The generalized computer simulation is a systems

analysis based tool which utilizes subject matter theory, certain

mathematical structures, programming logic, and empirical analysis to

condense a complex system into a mathematical formulation which dupli-

cates the essence of the actual system. As it focuses on the whole

system of interrelationships within the selected universe of inquiry

it can be regarded as a quantitative planning and decision-making tool

which provides substantial capability for quick, comprehensive policy

analysis and problem diagnosis. Thus it can be very useful in training

and educating decision makers and improving communication between them.
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