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The importance of information and modem technology to an org 10N cannot

be over f:mpharfi;zad. '_T'hlis work 1s aimed at developing a madel that can be useful
in ascertaining when output will meer demand at any particular technology and
information/awareness level, which s found nussing in many organizational
operations. The parameters of the model: manpower, machines, infrastructural
facilities -and raw materials were used together with information and machine
technology available during the process of determining the expected output that
will meet fnraca_.stcd demand. The model developed was tested with data from
two production companies. It was discovered that at low technology and
information levels the outputs were low. Demand could not be satisfied, This
results in importation to saﬁsﬁ"dﬂmand which has a negative effect on the
economyy. At high technelogy and information levels, demand is met with
leftovers which results in sﬂmc.inv::nmnr cost . An optimal pu{ﬁt was obtained in
which output equals demand for a particular level of technology and information.
The optimality p:ni'ms were further analyzed using SPSS 15.0, from which a
linear multiple regression model relating output and demand to information and
technology acquisition probabilities and the year under schedule was developed.

This gave a concise model that was used to develop a computer programme in

Vi



Visual Basic 6.0 software that predicted for the organizations the optimal
production strategy. The model was tested and found to be very reliable for any

organization that aim at getting the best output from the available resources.
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CHAFPTER ONE

INTRODUCTION s

Nigeria has had a steady growth in her industrial development. This
development has been in terms of technology input, growth and advancement
(Ighale, 1989). It is very obvious that this growth and development comes as a
result of the technological innovation of the developed nations i addition fo
Nigena's indigenous ingenuity. The question now 15 1o what extent has the

developed nations influenced Nigeria’s industrial development?

Industrialization 15 a process of social and economic change whereby a human
group 1s transformed from a pre-industrial society nta an industrial one (Ake,
2008). Industrialization also refers to the establishment and subsequent growth
of industrial production in a country (Ajayi, 2007). It is part of a wider
modernization process, where socigl change and economic development are
closely related ‘-\:‘ilh technological innovation, particulzrly with the development

of large-scale encrgy and metallurgical production.

L1 BACKGROUND OF THE 5TUDY

Most orgamizations tend to produce less than their capacity as a result they have
recourse to importation to supplement their total output in order to meet

demand, This not only has ite negative effects on the companigs themselves, it
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also has an overall effect on the Nigerian economy. This is largely has a result
of low technology acquisition and little or no information on the latest

technology available for their operations (Vremudia, 2005; and Ayeni, 1981),

Basically, every enterprise in industry requires as-one of the compesite input
items used for the production of goods and services to meet demand in specified
markets (Ajayi, 2007), Nigeria remains a major industrial (manufacturing)
country in the West African sub-region and Africa south of the Sahara.
Although nmn}r stud;es- have considered manufacturing activities within the
country, most of these have largely focused on some aspects of small-scale
manufacturing ;nd handicrafts. The aspects touched include growth and
performance (Lewis, 1974, lgha;ln, 1689; and Arikawe, 1986). However, fow, if
any, have focus on evaluating the effect on change in technology and
information on the industrial growth in Nigeria, This thesis is aimed at
developing a mﬂu;Iel that will be useful in evaluating the effect of change in
technology and information Iun the development of Nigsria manufacturing

industry.

1.2 SIGNIFICANCE OF THE STUDY

The study will help in providing a basic solution of producing optimally in

manufacturing industries. It will help in studying the future and trend in
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production engineering. It will also access how the development of industrial
companies has affected the engineering profession in Nigeria. This research
work will give a haﬂ: me which Nigena's technology policy makers can be
advised on issues related to information and technology advancement n
Nigenia. Tt will also help to give a good insight into the trends of industrial
development in Nigeria and hm;-.' varying technology and information levels can

affect the organizational outputs.

1.3 OBJECTIVES OF THE STUDY

The objectives of this project are to:

i develop a system model for evaluating the influence of change in
{;achnnlqu- and infunﬁa‘riﬂn- on output.and demand in Nigeria's .
Manufacturing Industries;- -

ii.  develdp a strategy for absorbing the influence of change in technology
and information on oufput and demand in Nigeria's Manufacturing
III'IIIII.'E‘IIII'}"; and. |

iti. evaluate the model developed using data obtained from selected

Manufacturing Industries.



1.4 THE SCOPE OF THE 5TUDY

The research is ca:rriﬁd out primarily with the Nigeria manufacturing industry 1n
mind, The factors considered to affect output in this work are manpower,
machines, raw materials and infrastructural facilities. The model developed was
tested with data from two production companies. The model can also apply to
any organization whose aim is to ‘maximize production output and meet

COnSUMers nmds,
1.5 METHOD OF APPROACH

In other to eﬂje.-.::tivd}r achieve the stated objectives of the project extensive
knowledge was acquired through in-depth study and review of past and current
works on industrial development in Nigeria. This involved the following
activities: literature survey; model development; data collection and analysis;

model validatioft/testing; and computer programme development.

The methods of approach also involved evaluating how technology can be
affected by availability of information from various aspects of manufacturing,
The aspects mclude manpower, machine, raw materials and infrastructural

facility.



CHAPTER TWO

LITERATURE REVIEW o

Ly
This section will look into the various literatures that have examined Nigeria's
industrial development and technological advancement. The areas covered
include: the history of Nigeria’s industrial development; technological

development; import substitution as a means of developing indigenous

companies; investment; and technology promotion.

2.1 HISTORY OF NIGERIA'S INDUSTRIAL DEVELOPMENT

Nigeria is West Africa’s most populous country and one of the most developed
industrially, She has a chequered history of industrial development. The growth
of industrial activities in Nigeria can be looked into from two perspectives viz:

the pre-colonial era, and the post colonial era.
2.1.1. The Pre-Colonial Era

The pre-colonial era that is the pre 1900 Nigeria economy featured mainly the
crafl industries’ in the various kingdoms. According to Ajayi (2003), modemn
factory activity was then hardly known. The Benin kingdom excelled in wood
and bronze working. The Igbo-Ukwu area of the East was famous for pottery,
wood carving and blacksmithing. The Ovo Empire was noted for calabash

carving and textile dyeing. One major characteristic of these craft industries was

5



that they featured in different location a close link with the available local

material.

The craft industry has declined considerably following the superior competition
from industry activities, especially manufacturing. The first widely recognized
form of modern industrialization was brought by the Europeans. Nigeria then
embraced the factory form of industrialization as the main panacea to her

underdevelopment.

2.1.2. The Post-Colonial Era

The early post-colonial era was characterized by import substitution, This
policy led in the direction of mere assemblage of foreign produced items rather
than local manufacturing. According to Ajayi (2003), at independence, there
were only one hundred and fifty plants of medium and large scale size in the
industrial sector, majority of which were established in the late 1950s, and by
1965, the number of firms has lﬁcreasad to three hundred and eighty. It can be
seen that the Nigeria manufacturing industry has had a steady growth rate right

from the pre-colonial time to the present.
2.2 TECHNOLOGICAL DEVELOPMENTS

The major technological developments in Nigeria over the years impinge on
three broad areas namely: Artisan technology, technological re-organization and

the capital goods sub-sector of manufacturing,.



111 Artisan Technology

This involves visible development in low-level techniques associated with the
small-scale enterprise based on local raw materials, This helped in the local
fabrication of spare parts for the local industries. An example as cited by Osifo
(1982), is the case of the Nigéria railway corporation (NRC), whose central
wurkshuﬁ in Ebute Metta, Lagos was reactivated to produce spare parts for
different machines and equipment. However, the immense capability of this
workshop was abandoned and emphasis was rather laid on importation because
of the oil boom. Artisan technology also involves the assembling locally 1;:1'

agricultural machineries like tractor, shellers etc.
2.2.2. Technological Re-Organization

This involves the re-organization of existing technological establishments.
According to Aboyade (1986), this‘re-ﬂrganizatiﬂn was carried out base on four

mter-related phases.

First is the re-organization of the country's technological institute by the
Federal Ministry of Science and Technology in order to make them more
effective. The second phase involved a national survey of science and
technology through the Federal Office of Statistics. This is aimed at providing a
technological database required for technological planning. In the third place, a

decision was reached that multinational corporations should pay a levy of one to



two percent of their after tax profit for technological development within this
country., With the implementation of this policy, it will re-direct some of the
rescarch and dE:‘g_?EI:leIHE'.I!T. activities (which are usually based in their foreign

headquarters), to Nigera.

Lastly, the technologicel re-organization involves the re-evaluation of the
country’s vehicle assembly plants. The world’s bank’s Structural Adjustment
Programme (SAP) would want them scraped. As it is 2 waste of foreign
:xt:hangé on imi:nrtatinn of components. It opines :hﬁt Nigena should rather

specialize in direct manufactuning (Babawale, 1996).

2.2.3. Capital Goods Sub-Sector of Manufacturing

This involves the threat to the capital goods sub-sector of manufacturing with
respect to the scraping of the country's escrow account meant for funding the
integrated iror and sfeel i.ndu;nj,r. The mlcrnc},r ;ﬂe:a'nt for this project was |
diverted to service foreign debt. Nigeria’s escrow account should stay for the

development of the crucial capital goods sub-sector (Ake, 1989).

2.3. IMPORT SUBSTITUTION

This is a development strategy based on the planned substitution of

domestically produced goods for imports. Aécording to Mabogunje (1973), itis

)



a logical.out growth of the declining terms of trade thesis generally accepted by
most developing countries import substitution seems to promise very rapid

growth of durru:sltic demand but also be the potential for replacing imports,

According to a report by the Federal Ministry of Labour and Productivity
(2009); after independence and during the oil boom of the 1970s, Nigerja
invested in ;EH'ETI .cF::ment plants as part of =zn 1mport substitution,
industrialization policy designed to increased local value-added production

capacity and to reduce an over reliance on imported products.

By 1986 local cement production capacity in Nigeria was recorded at 3.5
million tonnes per annum (accounting for Bl.4 percent of total supply in
Nigeria). In the same year, 800,000 tonnes of cement were imported into the
country [amnuniing for 18.6 percent of supply). Nigeria had a local cement
industry that mr;t nvcx-* E-ﬂ percent of local demand and created value and wealth

for our country and its people.

The country then threw open its doors to the indiscrimunate importation of
cemint into the country. She wilfully and irresponsibly flooded the market with
imported cement, causing the collapse of the local cement manufacturing
industry. By 2003, local cement manufacturing capacity had coliapsed to an all
tume low of 193 rnii_iic_m tonnes, meeting only 23.53 percent of local supply,
while 8.4 million tonnes of cement were _impnrtad, accounting for over 70

percent of supply.



In 1999, Nigeria entered a new era of democratic government and in 2002, that
government introduced an import substitution policy designed to re-energise her
manufacturing sector and to once again, reduce our over reliance on

importation,

2008, six years after the institution of the import substitution policy, marked the
mighest per annum cement consumption in Nigeria on record, at 13.04 million
tonnes. But by this time local production had increased to 6.06million tonnes
representing 46.50 percent of total supply, with the balance of 53.50 percent
supplied through imports {(6.98million metric tonnes), In 2008, the 6.06 million
tonnes of cement that were produced locally in Nigeria would have cost us
US$770 million to import at an average import price of $127.50 per tonne. That
is money that would have been paid into the accounts of foreign cement

suppliers and that would never have been seen again.

Projections for 2009 supgest that local production of cement is expected to be
between 10 million and 11 ﬁillinn tonnes and is expected to meet significantly
more than 50 percent of the national supply. Govermnment has been taking the
right approach to the progressive replacement of cement imports with locally
manufactured products. The fact that local demand for cement in Nigeria
currently exceeds local production capacity is well acknowledged. But the
progressive reduction in the level of imports as new production capacity comes

on stream is the right approach to solving the problem of supply. Therefore,

14



government should not fall for the antics of those who for seifish reasons, are
calling for unbridled importation but remain steadfast in its constructive

approach to local cement capacity expansion,

However, this trend will continue only if the implementation of the import
substitution policy is maintained and sustained. The sudden change in 2007
with multiple issuances of licenses for imports te trading companies has the
potential to reverse this trend and local manufacturing capacity will be once
again run dmm; in Lh:: same way it was in the late 1980s and 1990s (Odiase-

Alegimenlen, 2003).

Recent media reports have a::l.r:l.med the cement manufacturing indusiry of
operating a 'cartel' designed to ::nntm] cement sales 1n Nigena and explieitly
stated that cement manufacturers had failed to utilise the import quota allocated
to them by govermnment a3 part of the progressive "substtution' process. Those
who are famiﬁﬁr w?'th the Nigcri:a cement market will confirm that this
allegation mnnc:: be true. Reports from the ports confirm that all cement
manufacturers that have associated companies with import terminzls utilized
their quota and delivered import volumes to the market. The import figures for

2008 are: Du.ngpte Cement, 3,1 Tﬂ,ﬁﬂﬂ meinc tonnes; Burham Flour Mills,

1,720,000 metric tonnes; Lafarge/Atlas, 481,000 meiric tonnes and Eagle

Cament 530,000 metric tonnes.



In 2008, local manufacturers imported a total of 5.91 million metric tonnes of
cement into Nigeria. These facts go to confirm that indeed, local cement
manufacturers are actually working in support of govemment goals of making
cement available and actively working to meet local demand through imports
complementary to local manufacturing volumes and are substantially increasing
local production levels to meet demand. There are wider consequences of
allowing the widespread importation of cement and the subsequent degradation
of the local manufacturing sector. Cement manufacturers in Nigeria today
employ thousands of people, contribute significantly through tax and other
revenues to government, help develop significant infrastructure for local
communities, including health, electricity, education and other services and
ultimately ensure that the money involved in producing and selling of cement in
Nigeria, remains in Nigeria, Importation provides a short term glut in supply,

and significant capital flight.

The lesson from history is clear. It is impossible to dispute the difference in
value between local production of cement and the importation of the product.
The value added nature of local production ensures revenue is generated and
spent lnternallg:r and that jobs, infrastructure and expertise is created. Nigeria is
moving towards a point where she will become self-sufficient in cement

through local production, something that she should aspire to.

12



14, INVESTMENT AND TE'IZ]lII'~«Tl‘.'_TILE:!'[}'ir PROMOTION

Economic growth required for eradication of poverty and the achievement of
the other assuci,a;tad Millennium Development Goals I;'MDGS} depends on
capital accumulation (investment) and technical change (technological
advancement) going hand in hand (Ogbuagu, 1998). Investment in plants and
machinery, with its impulse of new ideas and technologies, contnbutes to
productivity growth as do technical progress, upgrading and diffusion. Foreign
Direct hlwestmelm (FDI) in particular is an important drver of industral
performance, as It 18 expected to improve direct industrial productivity growtn
by infusing new.c-apitai, technologies and managerial know-how and improving
the average skills and efficiency levels of industry. In crder to attain growth, the
developing countries and those with economics in transition need to mobilize
investment (both domestic and foreign) as well as modern technologies, to
expand their productive assets " and ‘increase their competencies and
-:umpetitivmess"' {Dau::ia, .Eﬂﬂi‘l-}. Hﬁwcvcal‘, thc. flow of invlcstmem and
technology to developing countries has not materialized to the extent expected.
This situation largely reflects the problems arising from government and market
failures and weaknesses in institutional capacity, which together make fnr..a

business climate not conducive to investment and technology promotion.



1.5 MANPOWER DEVELOPMENT IN NIGERIA

The development of indigenous manpower to serve as the propelling force for
national growth and development is no doubt a key to Nigeria’s socio-economic
and political development (Ake, 1989). This is quite indispensable considering
the argument of the concept of transfer of technology as a propelling force for
the development of the developing countries of which Nigeria is one (Ake,
1989). However, it is important to state that the lack of adequate emphasis on
manpower development as a tool for development in Nigeria on the part of
government as well as the organized private sector could not be far-fetched
from the lack of understanding of both the concept and methods for manpower
development in a post-colonial Nigerian State (Reinhart, 1989). Thus,
manpower development became an elitist design that was geared to favour
capitalist mode of production in which labour was relegated to the background
among the factors of production. From the above background, one could
therefore argue that there were distortions in both the concept and method of
manpower development in the Nigerian State as it was oriented towards serving
capitalist interest. This no doubt account for the discrepancies in the educational
system, a mechanism designed for manpower development meant to serve

national interest.

14



1.5.1 Tools for Manpower Development in Organizations

The tools and methods for manpower development in organizations differs, and
it is largely determined by the objectives of organizations, the idiosyncrasy of
management staff or the chief executive, the organizational policy, as well as
the organizational environment to mention a few. Thus, it is a common feature
to see methods for manpower development varying from one organization to the
other, just as a given organization can be tailored at adopting different methods
at different times or a combination of techniques at the same time. However,

some methods for manpower development are stated as follows:

Orientation: This method of manpower development could be said to be an
integral part of the recruitment exercise in that once an employee has been
found appointable, it is expected that such an emplovee need to be positively
oriented in line with the vision and aspiration of the organization for effective
discharge of function. And since employee function in an organization 18
basically affected by his p:r.::cptiﬂn of the organization vis-a-vis the rules and
principles that exist in the organization, it therefore follows that an employee
undergoes formal and informal orientation in a place of work. While the formal
orientation focuses on job specification and occupational demands placed on the
employee, the informal orientation involve the social interaction that take place

in the place of work which could either boost productivity or be detrimental to it

(Drucker, 1999; and Hamza, 1989). Orientation as & method of manpower

15



development is quite indispensable because it helps in boosting the productivity
of workers which is needed for competing in the global market of the 21st

century.

On the Job Method of Manpower Development: This method is basically
different from the orientation method in that while orientation is st the point of
entry into the organization or a new assignment; on the job method is a process
through which knowledge and experience are acquired over a period of time

either formally or informally. This process involves the following:

Coaching: This is a method of on the job training and development in which a
young employee is attached to a senior employee with the purpose of acquiring
knowledge and experience needed for the performance of tasks (Yalokwu,
2000).

Job Rotarion: This method either involve the movement of an employee from
one official assignment or d:epa.rtme;u to the other, in order for the employee to
be acquainted with the different aspects of the work process or through job
enlargement — That is given additional responsibility to an employee who has
been uplifted as a result of the acquisition of additional skill or knowledge

(Yalokwu, 2000; Lawal, 2006),

In House Training: This involve a formal method of on the job training in

which skills and knowledge are acquired by employees through internally

16



organized seminars and workshops geared toward updating the workers with
new techniques or skills associated with the performance of their jobs (Lawal,

2006).

In Service Training: This method involves training outside the organization or
workplace in higher institution of learning or vocational centres under the
sponsorship of the organization or on terms that may be agreed upon between

the organization and the worker (Harbison, 1973).

Committee/Work Group Method: This method entails manpower development
through the involvement of emplovees in meetings, committees and work group
discussion geared towards injecting inpuls in form of decision making as regard
solving organizational problem. This method is quite indispensable, especially
in the aspect of training employees for managerial functions or heading

organizational units,

Vestibule Training Method:  This -is a4 method of manpower development
through the acquisition of skills in a related working environment (Olutola,
2003). Under this method the trainee practices his skill with identical equipment
that he uses or he is expected to use in his actual place of work. This method 1s
most suitable for sensitive operations where maximal perfection is expected.

The purpose 18 theretore to enable perfection at work place.

17



Apprenticeship Method: This method of manpower development involves the
scquisition of skill through extensive practice for over a period of time by the
trainee, This type of manpower development device could either be formal or
mformal. In the informal environments the trainee is attached o the trainer, and
he/she is expected to pay for an agreed period of apprenticeship (Olutola, 2003).
In the formal environment on the other hand, an employee of an organization

could be placed under apprenticeship in the organization with pay.
152 The Relevance of Manpower Development in Nigeria

Economic Development: The relevance of manpower development in Nigeria
could be situated vis-d-vis economic development. This is because manpower
development captures the actual meaning of development in that it 15 people
centred (Taylor, 1992). In addition, it involves the building of capacity and
hamessing the State’s human resource which constitute a sine-qua-non for

development.

Political Stability: There is no doubt that a country which fails to adequately
develop her manpower would be doing so at the expense of her socio-economic
and political stability. In the aspect of political stability, Baikie (2002) stressed
the dysfunctional use of the nation’s human resource among the youths in
propelling political instability when he stated that: .. there have been situations
in which the Nigerian youth especially, those of poor family background were
used as tools for disrupting the political democratic system through rigging,

18



thuggery and ethnic conflicts. These factors of rigging, thuggery in addition 1o
economic mismanagenent, personal ambition or selfishness among others, were

the factors that terminated the First and Second Republic.

Thus, manpower development could help the youths in the development of self

and in improving the quality of their political participation.

Poverty Alleviation: It has been argued that effective poverty alleviation
scheme must involve the development and utilization of local resource
including human for solving local problems (Teriba et al, 1977). Thus,
manpower development is central to solving the present problem of poverty in

Nigeria,

.6 SURVEY OF PAST ECONOMETRIC MODELS ON NIGERIA'S
PRODUCTION INDUSTRY.

There have been quite an appreciable number of individual or Institutional
models of the Nigerian cuunnm}r: Each of these models was developed for
some specific purpose after which it is invanably allowed to go obsolete
(Olofin, 1999). Some of the models included that of Oje in 1997 and

Uwujareen in 1998,

Ojo's model was a result of research work by the author for a doctoral thesis
(Olofin, 1999), The model was intended as a medium term planning for the

Nigerian economy. The model is shown thus:

-
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B =185 (2.1)
where
Y7 15 output in agriculture at time, L.
Y., 15 meome lagped one period and
£ 15 agricultural price lagped one period

Given the relatively small size of the model it was possible using a 25L5

method based on annual data for over a period of ten years (1987-1997) (Olofin,

1999).

e

The Uwujareen’s model is disapgrepated into four sectors viz, primary or
sgriculture sector, secondary or manufacturing sector, terliary or services sector

and petroleum and mining sector (Olofin, 1999). The model was summarized

a5:
¥=a +ak_ +i - (22)
where Y' is the output of the sector i

and & is the stock of sector i and & the error term,

The models discussed above are geared towards ascertaining the level of
development of the Nigerian economy through their various parameters. The

shortcoming of the models is that it did not put into consideration the various
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factors that affect production directly. These factons include: manpower,
machines, raw materials and infrastructural facilities. Tn addition, 1t did not
consider how varymg technology and information acquisition level can affect an

organisation’s output.

The miodel developed in this research work 15 aimed at outting these factors into
P k £

tonsideration

27 COMPUTER SOFTWARE

Computer software is a set of written instructions, procedures and rules that
direct the operation of their computer (Adejuyigbe, 2002}, Software includes the
instructions which enable the computer hardware to carry out specific task. [t is
the set of instructions that tell the computer how to process data. The set of
instructions that a compuier follows to solve a problem iz called a computer
program (Kareem, 2008). A computer program is usually written in a
programming language. Programming languages include: FORTRAN, @Q

BASIC, MAT LAB, C ++, Visual Basic and PASCAL (Leestma, 2000).

2.7.1 Algorithm

An algorithm is an unambiguous set of instructive or éxecutable actions or steps

that must be Lajccn in order to solve a particular problem (Adejuyigbe 2002). Tt
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mvolves development of instructions i a logical manner so that exccution of
the instructions results in the solution of the problem. It is the set of instruction

that shows how a set of data should be manipulated.

2.7.2 Flow Chart

A flow chart 15 a u:;:cfu! aid to avoid algorithmic ambiguites. It is a
diagrammatic representation of the sequence of operztion to be performed by
the computer. It helps the detection of flows in the programme and enhances
logical thinking process during the design phase of a pregranime. It consists of

symbols and flow lines. Some of the symbols mclude the following:

L, C::) This is a terminal symbol. It sipnifies the start or end

of a programme or a sub-routing.

2, / /-This slg.-rmhnl i5 used as a generahised output and

mnput symbol. It plays two roles. The first is that it signifies that at that stage

data can be inputted, Secondly, it 15 use at the stage where results are to be

displayed.

3 This symbol 18 mainly used for decision-making

situations. It is also used for comparison and asking of questions.

s



4. = This is the flow symbol. It is used to show the direction of
flow of the programme. It also helps in connecting other symbols in the Aow

chart (Adejuyighe, 2002).
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CHAPTER THREE

'..‘_ 1'h\_
e, U »

METHODOLOGY

The method of achieving the stated objectives involved evaluating how an
organisation’s output can be affected by varying technology levels and the
availability of information from various aspects of manufacturing. These
aspects include manpower, machine, raw materials and infrastructural facility.
The study involves model development; model validation and testing with data

from selected production industry.

31 MODEL DEVELOPMENT

When there is available information, our manpower (Skilled, Semi-skilled) can
be trained to meet the demands of the manufacturing industry. In like manner,
the availability of information can help in the procurement of modern machine,
development of infrastructural facility and effective raw materials location,

processing and utilization. It can be represented diagrammatically thus:

24



o _ Liridelinl
[t ettt e v} g ?-*E‘-:

] e i —*

| Al

el T

Vi’

Fig. 3.1 Output Evaluation Parameters’ Relationships

From the diagram it can be seen that the quantity of product output from the

Nigeria industries at any time, {P(1)}, is a function of the level of experience of

manpower, machine, raw materials {location, processing and utilization) and the

infrastructural -facility available. This can be represented with a mathematical

model

Thus:

P(t) = f (Machine, Manpower, Raw Material, Infmstmcturaj&ﬁ{'c;ﬂity}

Pt)y= fiMe,Ma, R, 1)
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Where;

Me = the number of machines available;

Mz = the number of manpower available;

it = the level of raw material availability;

| =the level of development of the infrastructural facilities.

The successtul operation of a system under changing conditions often requires

control system (Williams, 1983). A control system was thus developed to
enable one have a check as to the difference in the quantity of products

manufactured and the quantity consumed. That is

Eff)= 0(0) — P(1) | (3.2)
Where:

g(r) = the quantity cnnsﬂmad‘._

P} = the quantity produced;

E(ty = the Error (difference between supply and demand). This is also equal to

the quantity of goods imported to supplement demand.
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Fig. 3.2 Output and Demand Control System

Hence, evaluation can be made with regards to how foreign goods have affected
the Nigeria local industries. The improvement in the technology and
'mﬁ:rmuﬁ:ﬂrl system of the local industries will minimize the error, E{t), The
quantity of output from any industry at any time, t is a function of the level of
development of the manpower, the utilisation of the machines, the infrastructure
facility at their disposal and the availability of information. At any other time, .if
there is advancement in these clements, then the gquantity of output will also

nerease,

[

Based on normal distribution, the probability of future change or advancement
in technology, P(T) and the probability of acquisition of new information, P(F)
were embedded into the production system. Then, the quantity of output
expected in a pm;u'cukar year under normal conditions, 1n future moving from
ane to the other years (1,2,...n) of production will result into increment in

production output as expressed in equation 3.3;

-

Plt)= f(Mc, Ma, R, 1)+ P(TVPIF)f(Me. Ma, R, T)

27



Pt} = f(Me,Mp, R, 1) + P(T)P(F) [ (Me,Mp. R, DxPCOVPLF) F(Me Mp D)
Plt,) = f(Me, Mp, B, I+ P(TIP(F)
Pt 1= f (Me, Mp, R, DL+ PCTVPOF N (3.3)

Equation 3.3 is a general expression of the expected autput of the industry at

any time, t.

As can be seen from the diagrammatic representation (Fig 3.1), the four main

clements also have sub clements on which they depena.

The level of performance of machines, Me(t) is a function of the sub element

under it. That is

Meir) = f(Mep, Mea, Mca) (3.4)
Whire;

Mcp= pruduuti?n ﬂ‘lﬂf‘.‘rhil'.lﬁﬁg'

Mea = Ancillary machines; and

Meo = D!'ﬁnc equipment

For future years changes will take place on machine capacity as a result of

change in technology and information.

Me(t,) = f(Mep, Mea, Mao)+ P(T)P(F) [ (Mep, Mea, Mco)



Me(t,) = f(Mep, Mea, Mca) il + P(T)P(F)]

For further years,

Melt,) = f(Mep, Moa, Mco) L+ P(T)P(F )} L+ PITIPED

Melt y= f(Mcp, Mea,Meo) {1+ P(F}P(T)Y (3.5)
Manpower, Mp

The level of contribution of manpower to over all eutput is function of the skilis

of the work force and the training received
Let  Mps = skilled manpower

Mpt= training
Mple,) = J" (Mpr, Mps)

As the number of years increase; level of development of the manpower will

also increase.*

Mpl(t,) = f (Mpt, Mps) + P(I'} P(F) f(Mpt, Mps) (3.6)
Mp(t,) = £ (Mpt,Mps) {1+ PCI)P(F)}

Mp(t,) = S (Mpt, Mps) {1 + FLT}P{F}.ﬁ A+ P(TYP(F))

Mplt;) = f(Mpt, Mps){l + P(T)P(F)}

This trend also continues to the nth year
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Mp(t,) = f(Mpt, Mps){1 + P(TVP(F)Y (3.7
Raw Materials,

The output performance from raw materials 15 dependent on availability of
imformation on the optimal processing method, the raw materials utilizatnon and

its location.

Mathematically,

Rit,) = f{Rp,Ru, RI)

Where;

#p = Raw materials processing

Ru = Raw materials utilization

# = Raw materials location

R(1) = F(Rp. RusRl) + PTVP(F) {(Rp, Ru,RI) (3.8)
Rit,) = £ (Rp, Ru, RIY {1+ P(T)P(E))

R(t,) = £ (Rp. Rue, R {1+ PTYP(F)). {1+ P(TYP(F))
Rit,) = f(Rp, Ru, RI}{1+ PTPIFYY

At the nth year, we have;

Rir. )= f(Rp,Ru, R{1 + PITHPFNY - {3.9)



Infrastructural facility

The over all performance of an organization depends 2 ot on the infrastructural
facility at her disposal. The factor of infrastructural facility 1tself is dependent
on certain factors of which the road networks, electricity and water supply are

the major ones.
Thus:

It,) = flr le,w)

s | 5
Where; /r = Roads P
& ,'.}J,"

Wy "ﬁ.—_...:l':' ._r'.J

fe = Electnicity
Iw = Water

ft = flIr Je, D) L+ B{T )\ PLF )} (3.10)

As the number of year increases, the expected contribution of infrastructural

facilities to output alse increase,

I Y= f(Ir, Je, ).l + P(TYP(FYY

And &t the nth },.PE:;J:, we have;

It )= fllr e, W) AL+ P{T PUF )Y {3.11)

Recall that the overall total output, P(t) depends on four elements, machines,

manpower, raw matenals and infrastructural facility. That 1s;
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Pii) = f{Mc,Mp, R, I}
Pit Y= f(Mp, Me, I, R){1 + P{T\P(F)}"
substituting Equations 3.3, 3.7, 3.9 and 3.11 nto (3.3) mives;

Fir, )= F(Mep, Mea, Mco) {1 + P(EYP(D)Y . (Mpt, Mps) 0 + PUF YT (Rp, Ru, RO = PUFIRTY
Slir e, B).4) + PCF)P(T "

Factorizing
IDI:J":I - I{Mfﬂ. Mea, Mﬂ?}.f{_ﬂ-ﬁ:&!. a'I.-:I"F_v‘,I._,i"I[Hp, o, EI',LIEIJ", e Py il FLEYET) ) n {31 | 2::'

In other to arrive at a concise solution the differential equatton (3.12), the four

factors that affect the output will have to be split into two thus;

ap P
= McM, d — = R a
EMeaMp . L m AR (3.13)

That is, machine and manpower were grouped as one funcnon while
£l

mfrastructural facility and raw materials arc classified as another function.
Manpower was grouped with machines because the warkforce or manpower in
any argml'limﬁun works directly with the machines, Whereas, raw materials and
infrastructure are linked because when it comes to preservation, transportation
and utilization of raw materials the infrastructure aveilable in the organization

comes into play.
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As with all differential equations, the arbitrary constants ar arbitrary function in
any particular case are detcrmined from the additional facts given conceming

the vanables of the equation. These are the initial conditions. In the above case

Manpower, Ma = Mpt + Mps when % =3M¢ {3.14)
e

and for Machines, Mc=3, P(tn)=2Mp

5P
= MeM, =
MceMp T (3.15)

Integrating equation 3.15 partially with respect to Mp gives;

- 3
aP(t) . MeMp - dMe

oMc 2 (3.16)
Recall (Equation 3.14) that Manpower, Ma = Mpt + Mps wiler % =3Me
Substituting into equation 3.}15 gives;

i = MOMpt + M) oy (3.17)
Making ¢Mec the subject of the formula, we have;
M= M - MetMp ’; Mpr) (3.18)

Equation 3.19 is gotten by substituting for #Y€ in equation 3.18
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1 " 2
6P{t,) _ M::I'p P T .-'nf-:r{,ir-:l’pr; Mps)

e

Integrating further with respect to Me we have:
b 4 I b i
Pty = Mp:ﬁ: . Eﬂ-;c.' _Me {M;g + Mps) +dMp, (3.20)

Applying the sccond initizl condition for Machines, Me=3,Plw]= 2Mp ; gives
1 H
e 1?.fz+ﬂf’“’5”’:—-wsl.+¢g,fp (3.21)

Mp = ——-
4

Rearranging and Substituting for the integral constant gives

oMp: . 0, .
n —:||+:|,MF:T.|1':&?.“]" (322)

2 i i I
Pitm), = Mp:-#‘f +.'M:c _ Me {Mpf;Mp.-:] i

This equation gives the total expected output from manpower and machines.

Determining that for infrastructure facility and Raw materials, we have

I=tw+le+J when %—m

e
=R where

aleR
and R =3 when P(: =3/ (3.23)
- .'-'_aiF —
Intcgﬁmng aIaR =
(3.24)
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Recall that from equation 3.23 the initial conditions are;

oP

IT=hv+TedJr when EZER

Substituting this into equation 3.24 and rearranging gives;

(Je+ o+ Ir)' R _
> (3.25)

R = 3R -

Substituting equation 3.25 into equation 3.24 gives

éP(m), I'R (fe+ fw+Ir)' R _
® 2 T (3.26)

Integrating equation 3.26 further with respect to R gives;

1ol F 1 ]
I*R +}R _R{!ﬂ+.{w+fr} i

e 2 ol (327)

From the initial conditions we have that;
R =3 when P{mﬁz =3_.|" _
Substituting this into equation 3.27 and rearranging gives

|
i =3,F_.¥ 2712 - O(fe + fw+ fr)

Substituting for .r,ri:l’ in 3.27 gives

% 2 2 2 2
Plm), =If +3':_ —RT{fed-fr-rIw}:+3!—-E-i--—£;~—£{fe+fr+fw]: {3:28)

2
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The total output expected can be gotien by combining the two partial outputs

which are given by equations 3.22 and 3.28, thus

Plin) = P{tn,) + P{tn,)

FE | , ¢ 1 ) h
P‘{mj:‘H’E:ﬁ +3Tﬂ;:¢ _M-.': (Mpt + Mps) J__zMﬁ_'Ehlip —2_|"+§{."-:er|'7ﬁlfp.ﬁ']'
2 g e [1.29)
i pd | F] 1
AE A R i pn s B D n smtns emEmy
4 ) i ¥ 4 L

32MODEL VALIDATION, IMPLEMENTATION AND TESTING

The performance of the developed model was evaluated using data from two
companies in different sectors of the Nigenan production industry. The data

calleeted were in terms of:

i, The number of operational production machines available in the company

it. The number of manpower needed to operate the machines and process the

LY

raw materials
iil, The quantity of raw materials needed to yield the expected output,

v, The number of functional infrastructural facilities available to support the

production process.

v. The level of information and technology involved in the production process
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111 Collection of Data

Data were collected from two companies located in Benin City. mt is an

mattress  producing company while the second is a Lu.-.umg maf.n::r'mls

manufacturing company.

The data collected from the mattress producing company shows that they have a
manpower force of 32 loperating 16 functional machines. The company uses
iw materials nF-.?S{] tons per month this gives a total of 3000 tons per year,
There are 6 infrastructures available for the production process. These included
road, water, electricity, blocks of offices, warchouse and workshop. The mean
gutput 15.235,51ons per month, at the information and technology level of 0.3 as

compared to the global mformation and technology standard,

While for the building materials manufacturing company, they have a
manpower force of 23, the number of machines 10 and the infrastructure
wailable for the production prﬂr:c's:sl is 6. The raw materials needed for
production acti:l.rit.ics is about 660 tons per year. While mean output is 600 tons
per year at the same level of information and technology as for the former

manufacturing industry.

Recall from Equation 3.29 the expected output is given as:

r | 1 1 2 : ]
iy = EMC 3"’;" .. w‘“i*””“ﬂ +1Mp—2‘:'~:‘"——2?*%wpr+ﬂﬂm-f
1 pd 1 -] ¥ . ! -
—FTR-TE-LT—-—E—{R+&+IW] +3!—%—%—E[ﬁa+!f+f-ﬁ {1+ PR

Substituting the data collected into this equation and simplifving gives:
Pin = (2294336.82) {1 + P{T)P(F))" (3.30)

-
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Por=1{314480.5) {1 + P(T)P(F YY"

(3.31)

Bguation 3.30 can be used to predict the expected output at any technoiogy and

information levels for the mattress producing company while eguation 331 can

be use for the building materials manufacturing company

From this simplified model the output for any given vyear, at any information

and technology. levels can be obtained. The varying values of Expected Output

for different values of technology and information acquisition probability levels

are shown in Table 3.1.
Table 3.1 Expected Output for the Mattress Producing Company
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The quarterly demand for goods from the matiress producing company is shown

in Table 3.2. This table is used to derive the trend equation.

Table 3.2: Quarterly Demand of Goods from the Mattress Producing

Company (in tons).

Year |97 |98, [99_ |00 |0l |02 |03 |04 |05 |06 |07 JO8
I | 60D |550 |700 | 650 | 800 | 1000|850 | 1000 | 1200 | 1100 | 1250 | 1400
3 |520 | 479 |700 | 850 | 1100 | 1300 | 1100 | 1230 | 1400 | 1400 | 1430 | 1600
3 |398 | 650 |600 | 810 |900 | 1100|950 | 900 | 900 | 1100 | 1150 | 1250
@ | 780 | 800 |900 |900 | 1400 | 1100 | 1450 | 1500 | 1600 | 1650 | 1600 | 1850
Total [ 2298 | 2479 | 2900 | 3110 | 4300 4400 | 4350 | 4630 | 5100 | 5250 | 5430 | 6100

The trend equation to forecast demand for this organization was derived using

regression Bﬂﬂl}féis (see Appendix A). It is given as;

Q1) =573.28 + 19.77t

(3.32)

Equation 3.32 was used to determine the trend of demand for the mattress

producing company. It is sht_:ﬂ.'vn in Table 3.3

L

Table 3.3: Trend of Demand Using The Trend Equation Q(t) =573.28 + 19.77t

Quarter | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
1 1542 | 1621 [ 1700 | 1779 | 1858 | 1937 | 2016 | 2005 | 2174 i 2253 { 2332 | 2412
2 1562 [-1640 (1716 | 1799 | 1878 | 1957 | 2036 | 2115 | 2194 | 2273 | 2352 [ 2431
3 1581 | 1660 | 1739 | 1818 | 1898 | 2056 | 2135 | 2214 | 2203 | 2372 | 2451 | 2443
4 1601 | 1680 | 1755 | 1838 | 1917 | 1996 | 2075 | 2154 | 2234 | 2313 12392 | 2471
Total (G2EG | 6602 | 6019 | 7235 | 7552 | 7968 | 8184 | 8500 | 88172 | 9133 | 9449 | 9766

EL




[n other to arrive at a concise forecast of demand, the seasonal adjustment factor

for each quarter was evaluated (see Appendix). This factor was used to multiply

trend of demand to give the forecast of demand. The table below shows the

forecast of demand.

Table3.4: Forecast of Demand for the Mattress Producing Company.

CQuarter | 2009 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
1403 1475 | 1347 | 1691 | 1763 | 1835 | 1835 | 1506 | 1979 [ 2050 | 2122 | 2194

2 1546 1624 | 1702 | 1781 | 1859 | 1937 | 2015 | 2094 | 2172 | 2250 | 2330 | 2407
3 1486 1560 | 1635 | 1709 | 1784 | 1856 | 1932 | 2007 | 2081 | 2155 | 2230 | 2304
i 4 lElH 1932 [ 2023 | 2114 | 2205 | 2296 | 23B7 | 2478 | 2569 | 2656 | 2750 | 2841
| Total 6277 6593 | 6908 | 7224 | 7539 | 7835 8170 | 8486 | 8801 | 7113 | 8433 | 9748

The difference between the Expected cutput that was derived from the model

and the forecasted demand gives what is termed Error, E(t). A positive value for

E(t) indicates that demand has not been satisfied. What this portends is that

more of the products will have to be imported to supplement output. On the

other hand, a negative value indicates that there is excess of output. In this case,

the ﬂrgaﬁizatiun will have to maintain inventory. This will eventually lead to

inventory cost. Table 3.5 shows the difference termed errors.
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Table 3.5: Evaluation of Error, E(t)=Q(t ) - P(t) for the Mattress
Producing Company.

KF=F | 0. 02 03 04 0.5 e 7 Q0.5 0.9 1.0 |
(T
n
1 3969 | 3785 | 3625 | 3418 | 2166 2E6E 2524 2133 1698 IG0E
2 4262 | 4121 |- 3877 | 3515 | J0l1a8 2359 | 504 13z 113 =257
i 4-55.'5 433:.3 IWAE | 2438 | 1147 =207 =12} . i8S ~GE23 -11425
4 4348 | 4350 | 35006 | 3081 | o34 =113 =2rr2 =361 =1 7388 28473
5 5140 | 4760 | 40X1 | 2733 30 =322 B297 -19647 =17614 : HSREAT :
] 3432 | 4965 | 4020 | 2378 | -2E3 -5648 -17237 -36771 37014 -63846 |
T 3724 | 5165 | 3990 [ 1342 700 =275 =1155 29233 B5024 -137E31
i 6016 | 5760 3004 T4 =174 -1B350 | -47236 111356 25T -STERSD
9 G307 | 5551 | 334 ] =277 | -277009 | -T4231 | -18748H 469554 | ~1I65EES
1] 6500 | 5737 370 N8 | -112 4053 | 114600 | -313TET | -E56TIE | 234027 .
i1 G590 | S917 352 =22 | =172 | -58093 | -174027 | 5200140 | -I557741 | 46893158
12 T180 | 6092 KXY 38 | -236.[ -B2093 | -2O4956 | -B4ETE1 | ~2EZGESL | -B3BTEAL

A close look at the table shows that a nepative value precedes a particular

positive value, The optimality point is the point where the quantity of goods

demanded is equal to the quantity of goods produced. That is Q(t) = P(t) At this

point E(t) = Q{I;:I - P(t) tends to zero.

The information and technology development at this point can be obtained by

the method of interpolation. The interpolation is carried out between the

positive value of E(t) and the preceding negative value (see Appendix B). The

result 15 shown in Table 3.6.
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Table 3.6: The Optimality Point for the Mattress Producing Company.

o [years)

1

2 3 4

3

&

7

] ']

10

il

PIE=P(T)

(.82

0.52 | QLo

0594 | 051

3 | Q489

047

043 | O,

425 | 0379

U3dg | 039

The same process use for the analysis of data from the mattress producing

company was also use in analyzing data from the building materials

manufacturing company. The outcomes are shown in Table 3.7

Table 3.7: Expected Output for the Building Materials Manufacturing

- ﬁ.ﬂﬂmp.u_n:j | : |
I 1 I!].z | {4 L3 G 0.7 oL R LG
i A17.63 .RT.H i MZTR|  3e480| 35310 42768 | 46B5R | S1575)  S6B21 | G290
2 I20.50 MoM4| 37363 | 4XNI6) 49108 8166 | 6GENT| BAS.E3| 103027 | 1257.02
3 Iz 5375 40%En | 49087 | El412 ToL06{ 104038 138715 | 186498 | 251584
4 .JI.T.:L'F W70 44391 6041 | TR1.TT 107584 1550010 227453 | 337526 | 503168
| 33052 | 3RLGN | 433AT | 660.52°) 958,72 1463.15 | 2509.53 | 273080 | 6L0A.ZZ | FO0G1 36
| s anags | 3o | smai| asede 119065 | 198058 384121 | 6LILER | 610027 | 1006336 |
: Tk 3307 | 413.8Y | ST4 &M | RERE | 140055 | TG | 51E04 1I:lﬂ:|-l|.ﬁ; 20014.4 [ 41383.44
L sans | 43039 | @662 | 10310 | 18145 | 36805 | 76398 | 164367 fl&:;ﬁ._m[msm_
g | 3439 : 44760 | 6833 (119696 (234306 | S00545 [ 1133333 | ZG9R9 i5568.1 I‘.1ﬁ]ﬂ]3.'ﬂi
0| 347.38 | 46551 | T4dd [13R731 20088 | 68074 LI60G1.17 | 84261 l_]lmﬂﬂj__llmilil
Il | 35086 ) 48402 | 81149 | 16093 |3661.03 | 923R08 |2537R14 | 125898 | 1461041 I'H'll.'.ljil:li_
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Table 3.8: Quarterly Demand for Goods at the Building Materials
Manufacturing Company (in tons).

YEAR

1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 ED[IIIT 2008
QUARTE ;
1 150 | 186 |195 (180 |200 |212 [220 |228 (2350 | 370
2 95 85 o0 165 | 95 115 | 116 | 120 | 180 | 310
3 63 105 (155 | 120 [105 |169 | 170 | 177 [200 | 332
4 215 IIEC! 200 1245 (233 (253 | 304 | 345 | 320 | 433
TOTAL | 525 |556 | 600 |650 |635 | 749 | 810 | 870 |950 | 1150

Table 3.8 was used to determine the trend equation for demand for the building

materials manufacturing company. The process involved is shown in Appendix

B2 (Aderoba, 1993).

Table 3.9: The Trend for Demand Determined using the Trend Equation:

134.2 + 1.831t
TER | 2009 | 2010 2011 2002 2043|2014 | 2015 | 2016 [ 2017 | 200E | 201% | 2020
136,03 | 14332 | 150,67 | 157049 | 18531 | 1TZad | 18O LB72T | 19450 | 201.91 | 200 | 2166
137.86 | 145,18 | 152.5 | 1598 | 16714 | 17446 | 181.38 | IB%.1 | 19642 | 203.74 | 211 2184
F39.60 | 147.00 | 15433 16168 | 16807 [ 1763 | 18361 | §50.93 | 10835 | 2056 | 29246 | 2RO:3
141.52 [<148:8 [ 156,16 ) 16345 ) 17008 | I7B.12 | 18544 | 19276 2001 | 20704 | 214.7 | 222

Table 3.10 givcs._ﬂ'm difference between the forecasted demand and the expected

output,

E(t).
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Table 3.10: Evaluation of the Errors, E(t) for the Building Materials

Producing Company
T : I I '
| [HY] 02 a3 {4 1.5 L] 0.7 { i H I oe o
i 235 %6 | 218 188 |60 135 | R4d | 7] .16 6
1 By 241 ol I 159 ol =B 117 «285 43 T
1 88 258 vt ] 121 i -iT? -424 =775 -125% oo
4 3-“_ _-_Tn' 201 T =133 ] -50E =LE30 =213 iﬂ_.
5 1 217 143 9 %0 | 1640 61|09 | g
6 364 300 i 5 smes| -t | s421 | o103 | e
! 90 313 152 a8 | o 519 | 44004 o7 | csoer| s |
i s Egansoy
8 alg 3n 1 x| e | a2 | e A5699 | 35468 | MG |
9 41 | e | m 41 | aws | wan | o | sm | s __-lmzza|
1o age | w | a2 A0 | At | oemn | e | AT LT | g |
h 49 360 n 65 | amir | sae | ez | cTivs | 203967 | -fdd306
* 519 M 15 os | ams | oume| e | ,mm'l arms | -

As with: the first case, an interpolation was carried out to determine the

optimality point, The result from interpolation is shown below. The process is

shown in Appendix A2

Table 3.11: Optimality Points for the Building Materials Manufacturing

Company.
1 (years) 1 z 3 4 5 (] T B o 10 11 12
WE=P(T) | 0.869 | 0.599 | 0.50]1 | 0.438 | 0.403 | 0.372 | 0.348 | 0.322 | 0.32 | 0.307 | 0.304 | 0.301
|




The nptir_naiily pn[nts for both companies (Tables 3.6 and 3.11) were analyzed
using SPSS 15.0 (see appendix). The result shows that the model developed
gives an output value that has high correlation with actual output. Further
analysis gave two mathematical models. These models will help in forecasting
the actual output with a given technology level that will satisfy demand for the
companies. At this output level there will be no left over and also there will be

no importation to supplement demand.
The models are:

For the mattress producing company, we have;

P(i) = 5961.161 + 1.36LP(F)P(T) + 315.508n . 3.33

and for the building materials manufacturing company, we have;

P{t)=526.551+1.188P(F)P(T) + 28.995x 3.34,

3.3 COMPUTER PR{}GR;&MME DEVELOPMENT

The computer program written for this study 15 done using visual basic 6.0,
Visual basic prngrannnin g language was chosen because of its user friendliness.
It is also ver}r_éasy to understand and operate. It allows for Graphical User
Interface and enhances simple coding. Lastly it can be use to develop robust

programme.
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3.3.1 The Algorithm

The algorithm for the computer progrmme is shown as follows:

10

20

30

40

50

60

70

80

Start

Enter Value for P(F), P(T) for the Companies
Enter Value of year, n under review

Ifn <=0 GO TO 20

And If P (T)=P (F) GO TO 20 Else GO TO 60
Evaluate Outputs, Then GO TO 70

Display Outputs Then GO TO 80

If there is any other Company GO TO 20 Else GO TO 90

90 Stop.
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3.3.2 Flow Chart

The flow chart developed for the computer programme is shown in Fig 3.3:

f"-’;n tev Value -//)'

-~ forP{F) & (T}
.-"'-. for companios -'"ﬂ

_.-' |

/Eutcr winlue |.
)_,-’ of w for
Com piEnics
. |

-
__d__flsu-:-l]

- i el

F(F=PF{T)?
= iw there any other - s =
company?
Mo
/i.ipln:r nuim/

s

=

Fig 3.3 Flow Chart for the Optimal Models
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Fig 3.4 Computer Programme Interface

3.3.3 Computer Programme Execution

In other to successfully run the computer programme developed, the various
steps should be followed sequentially. Errors like assigning a negative value to
n (number of years) will make the programme to give an error report as there
cannot be a negative year. The first thing to do is to click the Visual Basic 6.0
start-up icon and then select the Optimality Output Model. The next stage is to
input all the Input Data from the companies into the input boxes provided for
them accurately. These mput data include the probability of technology

acquisition, probability of information acquisition and the year under schedule.
q P Y q ¥
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After inputting these data click *Execute’. The results will be displayed in the
result section. 1F there are data from other companies to be worked on click
‘Wext', This will clear the data in lh_:.: input boxes and the results in the result
section and set the stage fm- other data to be iﬁputled, To end or quit the

programme click ‘Close’. This will successfully end the programme,
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CHAPTER FOUR el
RESULTS AND DISCUSSIONS R T
The model developed was validated with data from two organizations for the
first company, a mattress producing company; it shows that the expected output
for a given vear increases as the level of information/awareness of modern

techniques and the technology level increases. Values for P(T) = P(F) ranging

from 0.1 to 1.0 was evaluated with values of n (years) ranging from 1 to 12.
When the technology level is at the lowest (0.1) the expected output is low. And
the output increases as the technological level increases. Also when the number

of vears increases the output also increases.

T OO0

ROOO00 |

B0 ) e awedkEEve
Highest Level
200000

Expected Output (in tons)

L] 5 [1] I5
Years Under Schedulbe

Fig 4.1 Expected Qutputs for the Mattress Producing Company at the

Highest and Lowest Technology/Information Levels.
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Fig 4.2 Expected Outputs for the building Materials !‘k‘lanufncturiﬁg

Company at Highest and Lowest Technology/Information Levels

The quarterly demand of goods from the mattress producing company was used
to derive a trend equation. This trend equation was use to determine the trend of
demnd.-With the aid of the seasonal adjustment factor evaluated a forecast was
made for demand for the next 12 years. The scasonal adjustment factor was

used in other to arrive at a concise forecast.

The differenml h-Ehi-f;aﬂri the Expe::{ed output ‘and the forecasted wend for
.

demand for a given year and technology and information level was obtained and

tabulated. It is observed that at lower technological levels the value of E(f) =

Q(t) - P(t) is positive. This positive value indicates that demand i1s more than

the Expected output. This positive value reduces until E{t) becomes negative.

The negative value indicates that the demand of goods has been fully satisfied

end there are leftover. These leftovers will intreduce inventory cost 1o the

organization. In other for the organization to meet the demand of their goods
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on the Nigerian economy as this will lead to loss of foreign exchange.

As the probability of advancing in information and technology increascs
towards one, the value of E(t) changes from positive to negative. As the
probability gets to one, a greater negative value for E{t) results (Tables 3.5 and
3.10). What this indicates is that the organization has been able to satisfy
demand and has some: leftover. The leftover 13 much at higher technological
levels. And since this high leftover will lead to inventory cost, that cost will take
its toll on the net profit of the organization. A close look at the tabulated values
for E(t) for a _}:;aﬂicylar year shows that after a particular positive value'a
negative value follows it. Using the interpolation technique, the value of the
level of technology for which E(t) tends towards zero was reached. This point is
called the optimality point. At this point, the goods demanded were equal to the
guantity of goods produced. At this particular point there will be no cost for
keeping inventory and there will be no importation of goods to supplement

demand. The optimality point was tabulated (Tables 3.6 and 3,11}

For the second company, the building materials manufacturing company, the
same process was employed. Data collected were evaluated with the developed
model. The result was then use to obtain the expected output. This was
1abulated. The quarterly demands placed on goods were collected and a trend

equation. was developed. With the aid of the seasonal adjustment factor a
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concise forecast was made for demand. The difference between the quantity
demanded and the expected output was obtained, It is observed that both data
behaved in the same way to changes in technology and information level (see

Tables 3.1 and 3.7). This proves that the model is highly reliable.

—
g ot

{ o

= |

= 30000 —— Maltress
E- 20N

E Building
S 10000 | Materials

1 15
Years Under Schedule

4]
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Fig 4.3 Comparison of Expected Output from both Companies

The optimality points for both organizations were collated and analyzed using
SPSS 15.0 results from this analysis are attached at the appendix. It also shows
that the results obtained from thé model are of high correlation with the real
data from the mnnpanics..- From the analysis a simplified model was obtained
that can be use obtain the optimal output. Fig 4.4 shows a comparison between

the generated optimal outputs for both organizations.
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Fig 4.4 Comparing Optimal Outputs for both Organizations

This output also corresponds to the expected demand. This is because at this
point E(t) tends to zero that is demand is made equal to output. The total goods
produced for this organization will be completely procured by customers. There
will be little or no cost of keeping inventory. In addition, there will be little or
no cost of importation. The model is of great importance for organization that

aims to produce optimally.

The simplified model was used to develop a computer programme that can be
use by organizations who can lay hands on them. Visual basic 6.0 was used.
This programming language is very easy to use. The program written with it is
highly dynamic and very interactive. The program was use to evaluate series of
optimal output at different technology levels. The results show that the model

developed with the software is highly reliable.
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CHAPTER FIVE .'
CONCLUSION AND RECOMMENDATION -~

3.1 CONCLUSION

From this research, it can be seen that for an organization to break even easily
and also meet its consumer's needs it has to adopt the best technological level
that suits its organization. The factors considered in developing the mode]
which included manpower, machine, infrastructures and raw materials have to
be study strongly by the organization. The manpower must be trained to meet
the chosen technology level, adequate infrastructure must also be put in place
and the raw materials must also be optimally wtilized. In this way, the best

output can be gotten out of the companies resources,

In addition, the organisation must be able to operate at an optimal level in other
to maximize profit, It can be seen that the output increases as the technology
and information a{:quisitiunl levels increases. The problem of importing to
substitute demand can be solved if the organisation adopts the strategy that suits
the quantity being demanded from it. Also, the organisation should avoid
adopting a strat:eg}r that is too high compared to its present demand. If they do,
then the problem of inventory cost will set in; the cost of keeping inventory will

also affect whatever profit the organisation may have.
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The urganisaliori must know the quantity of goods being demanded from it by
consumers and then having in mind the strength of 1ts manpower, the quantity
of raw materials available for its production process and finally, have the
necessary infrastructure facilities to support the process of production. With
these in mind, the best information and technology level can then be adopted to

optimize production,

1‘;:..4:\..‘* "
52 RECOMMENDATION Wﬂw .
=l

In the course of the research work it was discovered that there 1s inefficiency in
the utilization of manpower, raw materials and the infrastructures available w
most orgamization. It is therefore recommended that these factors should be
optimally utilized in other to get the best production ocutput from available
regources. As stated earlier, the organisation must not operate below or above its

optimal strategy in other to get the best results from its available resources.

Manpower should be developed through special orientation seminars, on the job
training, coaching and in-service traming. Obsolete machine should be recycled
if possible or discarded and modern ones procured. This will lead to proper raw
matenials utilization. The available infrastructures should not be allowed to ruin.
All organizations should develop a good maintenance culture, This will help 1o

improve the life span of this structure.
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The government also has a role to play in this lofty agenda. Policies that will
help in protecting infant industnies and small and medium enterprise should not
only be put in place but also enforced to the letter. Furthermore, the indigenous
manufacturing .f;ectur and production engineering practice should be given
incentives. Adequate monitoring should also go into the importation sector to
ensure that importations of poods that can be produced in the country are
banned. The Nigeria market should not be flooded with goods that can be

produced locally.

Government should also look into areas of raw material development in order to
ensure that adequate raw materials are available for companies investing in the
country. Lasti}_r,l organization should not sit on their present technology but
should also look out for advancement in these technologies. This can be done

through regular survey and sourcing of information.
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APPENDIX A

Table Al: Deriving the Trend Equation for Demand the Mattress
Producing Company

Year | Quarter(x) | Demand(y) Xy X i
7 1 600 600 I
s | 520 1040 4
3 398 1194 9
4 780 3120 16
08 5 550 2750 25
6 479 2874 36
7 650 4550 49
i 200 6400 B4
99 9 700 6300 gl
10 700 7000 100
11 600 6600 121
12 800 9600 144
00 13 650 8450 169
14 850 11900 196
15 B0 12150 225
16 900 14400 256
01 17 800 13600 289
18 1100 19800 324
19 900 17100 161
20 1200 24000 400
02 21 1000 21000 441
22 1200 28600 484
23 1100 25650 529
24 1400 33600 576
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03 75 850 21250 625
26 1100 28600 676
27 950 25650 729
28 1300 364200 T84
T T 1660 25000 g4l
30 1230 36900 onn
31 900 27900 961
32 1450 46400 1024
33 1200 39600 LOED
34 1400 47600 1156
05 | 35 900 31500 1225
36 1500 54000 1296
37 1100 40700 1369
38 1400 53200 [d444
D6 * 39 1100 | 42900 1521
40 100 G0 1600
41 1250 51250 1681
42 1450 60900 1764
o7 | 4 1150 49450 1849
44 1650 - 72600 1936
G 1400 63000 2925
46 1600 73600 2116
08 | 47 1250 58750 2209
48 * 1850 . 88800 2304
Toul| 1176 50767 1425878 38024
Yy=na+b}ix =




Yxy=a¥Tx +bYx" (Chattjee, 1999).
The following values were obtained from the analysis carried out.
Ty=50767 Tx=1176 YTxy=1425878 Tx =38024
Substituting into'the above equat.iun and solving gives the values
a=57328 and b=19.77
Substituting into the linear regression equation
v=a+bx gives
y=5T3.28 + 19.77x finally we have that
Q(ty=573.28+ 1977t

The correlation of the trend equation with real data was also obtained and
evaluated using the correlation equation. The degree of agreement of the
formula with re-éI data is determined by the coefficient of correlation r which is

given by

o
Z{_Pl _.J’If

Where y;= a particular actual value.
y.= the corresponding calculated value.

y = mean of the actual values (Rohaltyi, 1985).
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The correlation coefficient, r is obtained thus:

(v, =21

Correlation coeffecient, r=1- ;
/ ' {}I.I = .1-":'

=0.81 this gives a high correlation.

Table A2: Evaluation of the Seasonal Adjustment Factor, ¢

Quarter | 1997 | 1998 [ 1999 2000 [2001 [2002 | Average |o(%) |

] 101 a2 a3 78 B8 101 | 91 0.91
2 g5 69 91 100 118 129 59 0.99
3 63 89 114 93 93 107 G4 0.94

4 120 |- 109 g9 101 124 134 115 .15

Table A3: Deriving the Correlation Equation

X Ya ll‘l"—: (v t}] {}"l".!l"}l
| G0 3931 | 4T6l 32418 |

2 w520 .| 6128 31.56 1 676.26

3, |398 [6326 [s5s0323 | 1459622

4 780 | 632.36 1629197 | 0.003

4 .

| '
5 |550 |67217 | 1491574 | 5292 43
3 {a
6 |479 | 6915 | 453264 | 9063110 L\
. .
7 |650 |71i21 [380319 |16913 | Lawnirt
B B0 731.44 4700.5 398

9 700 | 75121 | | 262246 | 6408




10 T00 TI0.98 5038.1a 6408
1 [600 | 79075 3638556 | 32418
12 7| 800 E10.52 110.67 308
13 G50 Ba020 3250448 16013
14 850 [ 85006 |0.004 | 4893
15 [§10 | 869.63 |35796 | 897
16 900 |B89.83 |108.16 | 14388
17 (800 |90937 [119613 |398
18 | 1100 |920.14 [ 29193.14 | 102368
19 Q00 Q4891 23492149 14388
20 1200 | 968.68 53508.9 176358
21 | 1000 | 98845 | 1334 | 43378
71300 | 100822 | 8513544 | 270348
33 | 1100 | 102799 | 518544 | 102368
34 1400 | 1047.76 | 124073.0 | 384339
Total ; 5351008 1588538.7
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Table A4: Evaluation of Actual Demand as a Percentage of Calculated

Demand.
Quarter Actual demand (y,) | Calculated demand tyelye ¥
_ (e

1 ' GO0 593 101
2 . 520 612 : 25
3 398 632 CE
4 780 652 120
5 350 G672 52
6 479 691 6o

7 650 711 ‘89
: 800 731 109
9 700 750 93
10 : T00 770 91
o 600 790 114
1 - - 800 810 a9
13 G50 E30 T8
14 850 850 | 100
Lo 310 869 | 93
16 500 889 | 101

17 500 909 | @
I8 1100 929 114
19 Q00 048 | G5
S 1200 968 | 124
2| 000 988 | 101
22 1300 1008 129
23 1100 1027 107
24 1400 1047 134
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In other to arrive at the optimality points, the interpolation technique was used
between a positive value and the preceding negative value. The steps are shown

below:
Forn=2
132-0/(132+713) =0.8-x(0.8-0.9)
132(-0.1) = (0.8-x) 845
-689.2 = -845x
x=052 Thatis for E(t) = 0 then P(F) = P(T) = 0.82.
forn=13
1148 — 0/(11484270) = 0.6-x/(0.6 -0.7)
-1418x = -965.6
x=0.68
n=4
1634.22-0/(1634.22+113) = 0.5-x/(0.5-0.6)
-1037.03 = -1747.22x
x=10.554

n=23



50~ 0/(50 +322.7) = 0.5~ x/(0.5 - 0.6)
-191.35 = -372.7x

X=0513.

n=6

2278.4-0 /(2278.4+283.9) = 0,4-x(0.4-0.5)
-1252.72 = -2562.3x

x=0.4 EF:i

n=7

700-0/(700 +21§.ﬁ} = 0.4-x(0.4-0.5)
-460.24 = -975.6x

x=047

n=8§

79.1-0/(79.1 4 277) = 0.4 - x/(0.4-0.5)
253.1x = -109.15,

x=0.43

n=9

91.9-0/(91.9+272) = 04-x/(0.4-0.5)
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-156.75 = -368.9x

x=0.425

n=10

370 -0/(370 +98.78) = 0.3 - /(0.3 - 0.4)
-177.63= -453.?3.1'

x=0379

n=11

352.9-0/(352.9+22.9)=03 —x/(0.3 -0.4)
-35.29 =‘-3?5.En +112.74

x=0.394

n=12

331.29-0/(331.29 + 38.53) = [I!LE - x/(0.3 -0.4)
-33.13 =-369.82x + 110.95

x=039" y



APPENDIX B

Table B1: Evaluation of the Trend Equation for Demand for the Building
Materials Manufacturing Company.

Cuarter(x) | Demand (y) | xv X

1 150 150 I
.

3 95 190 4 I

3 65 195 9 |

4 | 215 860 16 '

5 186 930 25

6 85 510 36

4 | 105 735 49

8 180 1440 |64 |

9 155 1755 | 81 |

10 105 1050|100 |

11 120 | 1320 121

12 235° 2820|144 |

13 180 2340 169

14 105 1470 196

15 120 1800|225 |

16 |245 920 | 256

17 200 2400 | 289

18 - 95 1710 | 324

19 105 1995 | 361 |
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20 235 4700 400
21 212 4452 441
23 - 115 2530 484
22 | 169 3887 529
24 253 6072 576
¥ 300 3770 49231 | 4900

From the equation:

Y y=na+by x .-

E.:_:.r= :IZ.‘I: H:.‘T_‘.n:1 o

The coefficients a and b were obtained by substituting for the data evaloated m

Table B1

3770 =24a + 3006

49231 =300 + 4900b

Solving simulta..ﬂeuusl.}f give-s:
a=134.2 and b= 1.831

Substituting in the equation

y=atbx
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y=1342+1.831x
Qity= 1342+ 1. 831t

Table B2: Determination of the Seasonal Adjustment Factor, c.

Quarter(x) | Actual Demand (y,) | Caleulated Demand (v.) | {vi/ve)i%
1 150 1356.03 11027
2 95 137.86 | 68.91
3 6 139.69 46.53
4 215 141.52 131,92
3 156 143,32 179,78
& 5 145.18 5B.55
T 105 | 147.01 I 7342
B 180 148.54 | 120.92
9 195 150,67 125,42
| 10 105 1525 | 68.85
11 120 154.33 77.76
12 235 156.16 150,49
E) 180 15799 113.93
14 A 105 15982 &5.70
15 . 120 161.61 75,23
16 245 16348 149,86
7 | 200 16531 (12098
18 65 167.14 | 5654
19 105 168.97 | 62,14
20 235 176.8 137.56
31 712 172.63 12281
22 15 - 17446 65.92
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T 169 176.29 95.86
24 253 178.12 142.04

Table B3 below shows the actual demand as a percentage of the calculated

demand. The values obtained were used to obtain a concise forecast of demand

+

which is shown in Table B4.

Table B3: Actual Demand as a Percentage of Calculated Demand

Quarter | 1 2 3 14 15 |6 Aw:ram%}ﬂ

1~ [110.27 [ 130|129 [ 114 [ 121 | 123 | 121 | 1.21
2 6E91 (59 (62 |68 (57 |57 |66 0.64
3 4653 (71 |78 |74 |62 |96 |71 | 071
4 151.92 | 121 | 150 | 150 } 138 | 142 | 142 1.42

Table B4: Forecast of Demand for the Building Materials Manufacturing
Company )

Quarter | 2002 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 |°

1 165- | 173 | 182 | 191 |200 |208%|218 |227 | 235 |244 |253 |262
2 B8 L2 98 107 (107 j111 116 |121 |126 | 130 (135 | 140
3 9% 104 (110 [115 [120 |125 [130 [136 [141 |146 [151 |156
4 201 211 |222 |23 | 243 [253 245.3 1'."-.1 284 | 295 '..H]IS 313 |

1

Total 553 | 581 | 612 | 645 |670 | 698 | 727 | 758 | 786 |Bl5 |B44 | ETD
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Thig optimality pnd:ﬂcmﬁnh:n‘htdmd for the second case by fallowsng il same
method used for the firsd case that i by inerpolation. Recall thal the oplioualiy
paimt ks te paint st which E(] equals zero

For =1
(3T-A1 7 (3T--000 ) = (DH-x} T (0B-Du9)
EF IR = {LE-x) S
0% . =[L8-x
i = L3&T

o=l B0/ -0.64) = [ 5 05006

90(-0.1) - 0.66(0.5%)
-9 = 4533 - 90,66x
5433 = 00,64

x - 0,599

n=3 ;
= 102--179) = 0.5x05-0.6

H-0.1) = 90.5-181x
907 = -181x
x =030

WUNE+IZN = Ddex{ 0.4-05)

TE(-01) =  -109x-+ TO.6
72 = 19
X = 438

i 9-V9-{-200) = 0A4-x/0.4-0.5

g = G+ 1106
] = D403
n=& ’ .
1T1-00171 + 68} = Ox §0.3-0.4)
=171 = 1Mx+ 717

AR E = P34y
x = [L5T2
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=7

o=g

n=10

=]l

=13

152 « G 152+ 162) = 0,31 0.3-0.4

=142 = 31dx + 942
=109.4 = djdx -
K = {)348

131-04 131+ 273) = 03X 0304

=131 = 404+ 1Z21.2
=134.3 e
K = 0%

103-04 103+411} = [3-x4 0.3-0.4)

-163 = 541+ 1542
* o645 = 54k
% = {1.32
420842+ 601) = {3 0.3-0.4)
=432 = Gl 4+ 1929
-197.1 = AN
% == [ 507

JBONIHT6S) w03 0309

=33 = ToRx + 1354
2417 =T9Hx
1 = 0304

S0 +954) = 03-x00.3-04)

1,13 = |0 5 + 30165
=302.8 = 105 5x
x = 0301

The aplimality poial for the building materials preducing company can ba
represcnied on m table thus:

2

3

4 5 & 7 B 9 L] 11

12

PI=P{T)

QLRGD

0.309

a1

0438 ﬂ.ml IL'!‘EE 0348 03321033 10307 10,304

030
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LISTWISE
fSTATISTICE CORFE
ICRITERTA=PIH . 0%} i
HIOETGIN
[DEFENDEIT

OITE
ST

Ptm
METHOD=ERTER Pitm @
legression

mrzbetl] C:\NProgram

r__l‘__-

"CrhProgram Fi

AL
SPE

lashys

=110

Variables Entered/Removed®

]'H: Sl oy |
v _J.IJuE-u

P55 Ewval

LhL

B OANHOVA CHAMGE

Files\5855 Evaluation'odicn an

wationhodic

L I P

AN{!I..FEIS DF TI'IE D‘I"'I'.[i'llul.Ll'.ll"i POINTS

i ‘“fariables Varabias
Modal Entaned Ranmenid iebnd
il 1 n, Pitm® . | Entar
2 All requested variables enterad,
b. Dependent Varabke: Ptm
Model Summany
Adiusted B | Sid. Errorof
§| Mocel 3 H Snquara SEjuATE fhi Eslimaie
Al 1.0057 1.000 | 1,040 1. 284250
Mode! Summary
Lhange Statistics
H Sguars ’ ¥
| | hiodal Changa F Change: i1 2 Sig. F Change
TE 1.000 | 4313918 .4 2| i 000
a, Prediciors; {Constant), n, Pirh
ANOVAY
Sumol |
Maodal Bguaras | df hMoan Sguam = S
1 Fegrassion 14229874 ] 2 7114836.933 | 4313019.4 000
Residual i B4 2] 1.649
Tolal 14225880 | 11

a, Pradiciors: {Conslant), n, Pilm
k. Depandent Yariable: Plm
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" Coefficlents®

Linstandardized Slandardiped
Coeflicients Coafficiants
B S, Errar Bela I Si
yConsiani) 5061169 S.2448 | 1135876 S0
Pl 1.361 &.473 Ru] 270 A5G
n 315.508 .2B8 1.000 1087 318 030

mandent Vanabia: Pim

I BAME Dataset 1l WIHDOW=FRGHT-
TPILE="C:\Frogram FilashSP55 Evalustioniyodion analysis 2daav:say!
REILE="C:Progran FileatBR55 Evaluatieontodion: analysis, Zeav.sav’

Variable Properties.

BF LABELS Ptz  ‘*Produsticn output forocast for zonal nigerla limited",

L

LARBELS Pits 'Probability' of information ood fechndlogical develo™+

SE LASELTS n  'forocast poriod in years®.
E o {F8.3].

LE="C:\Program Files\5P55 Evaluskionhodibn analysla,2hav.sav!

2]
LISTICS COEEF QUTE T AROVA
QTERIA=PINT.05]  POUT{.10)

B IGIN '
SFCHODENT FL:

REOD=ENTER Fitz n

ression
cetl] CiNProgram FileshSBSS Bvaluabion\odion amalysls. 2sav.gav

| Variables Entered/Rembved™

‘ariables Varizbles
Enterad Bearmoverd Metkod

farecast
perled in
years,
Probability
oy
infarration . | Entar
and
technologic

al
deysiopme
. ni.

All requested variables enterad.

Depeadent Variable: Production cutpul fosacast far zara) nigoria limited




Maodel Summary

* Adpusied R | Sid. Errgr ol
Ml R R Square Sqlane ihe Eslimata
[ 1.000° 1.000 1.000 1657247

a, Predictors: (Constant), forecast period in vears, Probability of Information and lechnetogical developmant.

AMOVAT
Sum of
Mods! _ Souares df MMean Square F 1|
1 Raograssion 121231.85 2 GOE25. 074 § 220741460 Jano!
Residual 24,118 8 2.746
,| Tatal 121276 67 11

&, Predictors: [Constant), lorecast penod in yaars, Probalslily of informaltion and lochnological developmeant.
b. Depandent Variable: Produciion oulput forecast for zonal nigeria lmiled

Coefficients?
Unstandardized Standardized
Coaflicienis Coelficients
odal = ' B Sid. Error Bela i Szg
1 (Canstant) 525,551 3.840 136,803 00
Frobablly of information :
and lechnalogica -3.188 5.488 -005 =581 A75
davelopmeanl,
forecast period in yeors 26.095 254 BOE 114,215 Qoo

8. Dependant Varabie: Produclon outpul forecast for zonal nigerda limiled

=

grer TrTT o
(L= L ]

{DATRSET RAME DataSetl WINDOW=FRONT.
FRECEESEI0N

FUIGETHG LISTHISE

FETRTIATICS COEFE OUTS R-AROVA

ACRITERTIR=PIN .05 POOT (. 10)
SRGOEIETH

JOEPENDENT 'Ptg

fMETHOD=ENTER Pit= n
Regression
iDetabetd]

Variables Entered/Removed®

Variables Variabioes
Modsl Entared Removed _h'laihur_'l

1 n. Pilze Entar
a. All requesied varahles entered.
5. Dependent Varablie: Ptz

0]




Model Summary

Adlusied B | 3td. Error of
3 R R Square Squars the Eslimate
1.0008 . 1.000 1.000 1657247

Sadictars: (Constant), n, Pitz

ANOVAPR
Sumal |
. SOLAEE df Mian Seuare F | S,
| Ragression 121231.85 . B0625.974 | 22074180 § Lo
residual 24 718 : B 2748 |
:  Total 12127667 11 ;
Wmdictars: (Constant), n, Pitz
Uependent Variable: Plz
Coefficients?
Unatandardized Stardardized
Coefficiants Coafficienls i
i | P F
el B Sl Error Hala I - Sig,
|Constant) 326,551 3.8449 136,805 i
Pilz -3, 188 5. 486 -.005 -.581 575
n 28.995 s, | a6 114218 (Kl

Dopendent Variable: Piz

= L]

GUTFILE='C: \Doocuments abd Settingsh\usecidy Documents\Gdiend.sav

T RCTIVATE Datasetl:
b Varieple Propertliés.

ILE LABELS Etm “Produoction autput forecast for mouka MNigeria limited 'z

3?-’.3]..3 LABELS Pltm 'Prababilicy &f infaormatlon and vechnologoal developm!'+
i in mouka lod Plem'. i

ABLE LABELS n 'Forwcast pericd n'.

T R - P

ITE.

ESSI0ON

I55IRG LISTWISE

TATISTICE COEFE OUTS R AMOWVA CHANGE
tl TERTE=FIN |.058) POUT|.10}

ORTIGIH

EENDENT: 2Cm

TAQO=ENTER PAtm 0

ression

=hatl] CryProgram PilesSPSs Evaluatlien‘odion anelysbis.sav
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‘u'a:-iahles Enterod/Remaved”

: Variables Variabies |

Madal Entarad Ramovad | Mathod
1 Forecast
penod n,
Probabiliy
of
information
and Enter
technologo
al
devalopme
nbin mapka
itd F"."c."l'l"l-ﬂlcL
2 All requested variables enlered,

b Depandent Varoble: Produchon output Torecast for mouka Nigara limited Pim

Modal Summary

Adusted R | Sid, Erroeaf
el 5 R Square Sguars the Eslimale
1 10004 1,000 1.0600 1.284250

Model Summary

Change Slabislics

R Square
" Model Change F Change df dfl Sag. F Change
|1 1.000 | 43139194 F g L

8. Pradictars: (Conslant), Forecast pericd n, Probabllily of information and {echnalageal develapmont in mouka ild P

ANOVAY
Sum of ' f
.| Modal Sguares df Mean Sguare F | Sig.
1 Hegression 14220874 2 TI4836.933 | 43138184 | oag
Residual 14,844 4 1549 |
Tedal 14220868 1 -

&, Prediclors: (Canslant), Forecast period n, Probability of infarmation and technologeal developmant in mouza Hg P
0. Dependent Varable: Production outpot forecast for mouka Migeda lmited Plm
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Coefficients?

Unstandardizad Slandardized | |
Coaflicienls Gonllicients
£ B Sid. Ermaor Bata i ."-f-ig.

[onstant) BGE1.160 5.248 1135.876 | Nl
Probability of informabion |
and tu-:hnnlug::‘-l 2
development in mouka lid 1.381 G473 REH 1] 210 B3g
Fim
Forecasl period n 315.308 288 1.000 1087.318 04

Seperdent Variabia: Production oulput forecast Tor mouka Nigeria Emiled Plin
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CihUsecshEngr. L. 0. Allen\Doounence' .. .0sanye Edmund\Odion Ceanye Edmund\odion.wh

Publie Class Odion

Private Sub ExecuteButeon_Click{ByVal sender As System.Objeec, ByVal e As System.

Eventargs) Handles ExecuteButton.Click
L]

Dim n A8 Integer

Bim Pi As Double

Dim Pt As Double

i

7i = Val{Pi_TexcBox,Text)
Pt = Val{Pt_TextBox.Taxt)
n = Val{n TaxcBaox.Text)

| for Company 1

Oim SutPutl = 5581 + 1,38 = Pl *'Pt -

‘far Company 2
Dim SutPutl = 5165.6 + 3,188 » PL »

'show oubtpbt in Label boxes

Fe

Labaly ,Texk = "Campany 1 OubEput = * &

Lapalh,Text = “Company 2 Output =

FileOpeni(l, Mr.Cnmputur.FilaS}stih,Hpﬁcialniractnriea.Hyﬂucumanta @ "\Ddlen

Edmund ., txt", OpanModa,Oocpuc)
1

FileOpenf2, My.,Computer.FileSystem.SpeclalDirectories MyDocuments &' "\Odlon

Edmund2.cxt”, DpenMcde.Oubput]

&

15,5

n

+ ZB.005 * @0

guctFutl.TaStriag

OuktFut  ToString

Writell., *Programme for Odion Gaanye Edmund" & vbTab)
Wrizel2, *Programms for Odion Osanye Edmund® & vhTab)

WriceLineiil

WrieeLine {2 ]
]

Weita{i, *R{I)*)

Kricel{z, *PIlI}=)

i

Writceilk, Tﬁﬂilﬁ}. *2{TI*]
Writel{Z, TABI(15], *P{T}"]
Write{l, TAB{IQ], *PII]*P{T1™)
Write{d, TAB{ID), =“P{I]*Pi{TI")

For m = 1 Ta 12 . L
Wrlte{l, TAB{{n « 2] * 15}, n}
Wrlee{2, TABR{in + 2] * 154, &)

HEext

WriteLine(l)

WriteLinei{Z)

For L Ae Douole = D.1 Ta 1 Step 0.1

r
Wrikedl, 1]
writei{d, 1] .

For j As Dguble = £.1 Toe 1 Bcep 0.1

Writel{l, TREI15), Math.Round(j, 3)}
Hritel{2, TAB{lS), Mach.Round{d, 3}

Writell, TRB{10), Math.Round{i * jF,
Write {2, TAB(30), Math.Round{i = jJ,
1]

Far. n = .1 Ta 13
i i
Pl md Pt m ]
OUEPUE]l = 5361 +# l.316
i

'for Qompany 2

Pi

a4
&

FE

i}l
il

+ 3155
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O e e R ey

= A D ORI ST RN W i e

i '-.UFETH‘uEﬂ-gr- L. 0, Allen\Docunents), . .Ooanye Bdeund\ddion Osanye Fdmund\Odion.vb

DUtPUEZ = 526.6 + 3.188 * PL » Pt = 28.395 * n
i

hriceli, TAB[[n = 2] =

L]

Wriee(2, TAB([n = 2] '@

Hext
L]
WriteLineq{l)
WrieeLine 2]
Hext
]

WriteLineill
WriteLinadz]

Hext

FileClose (1)

FileCloge (2]

Ead Sub
End Claspe

15}, Hath.Round [OutPutl,

15, Wath.Round (QucPutd.

3]

¥rh



1. o, hlleniDocumenteiVisual... Osanye Ednund\Odion Coanya CdmunadiGdion.vh 1

: Claga Cdiocn

=iwate Sub Eiztut:ﬂuttqndﬂli:ktar?il sender As System.Object, ByVWal € As Fystem.
venthrga) Handles ExecuceBucton.Click
L]
i
Zim n-AS Integer
Dim 2L As Double
Oim Pt As Double
1
Fi = UnliPi_Tcztﬁdx.T:xtﬁ
e = Val (Pt _Textdox.Text)
f o= Valin_TextBox. Text)

'fpr Company 1

Dim OutPubl = 8981 +« 1.38 & Pj * PE 4 J15.5 * n

]

'Epr Company 2.

Oim OUEPuEl = 526.6 + 3I.188 * PL * PL + 28.995 * n

‘show gubtput iln Label boxes

Labeld.Tedt = "Company 1 CUCpUML = " & QuEPutl.TeString

LabalS.Text = "tunpiny'l Qutput = * & OQutPutl.Tobtring

FileGpeni{i, My: cnnputcr.F;lcﬁyntuu.Specialniractﬂrlaa MyDocuments & *Ydiono Edngpad
txt", OpenMode,Jutput]

A i

FileQpeni2, My, Computer.FilefSystes. Specialbirsctaries. MyDocuments & "\Odion
aund?  exett, OpenMode.Output)

Wrikeqdl, "Programne [or Odion Dsanye Edmund® & wbTabl

Wricei2, "Programme for Odion Osanye Edmund* & wbTabl

i

Writebdne{l]

Writelineil]

i

Wrize(i, =B f n")

wricefld, =f foavl’

Fer = 1 To 12

Wrice{l, TABin * 151, ml
Wricef2, TARIno * 15|, n] b

Hext

1

WriteLineil]

Writelined2]

For i As Double = 0.1 To L Step 4.1
Weiced{l, i}

Kricelz, 1)

For o= 1 To 12

Piw d s Pt wi ;

CutPutl = 5961 = 1.36 * Pl = P + 315.5 * o

1

‘dor Company 2

CuEPwE? = S2F.6 = 3.188 * Fi = Pt » 28.5%88 * p

Writedl, TAB[n = 15}, Math.Round{QutPutl, 3}|

Writed{2, TRB(a * 15}, Math.Round{Dutiuwtd. 3}

Hexe L]
Wriceline(l)
WriceLine (2}

Hext



ergiEngr. I. 0. Allsn\Documents\Visual...

Osanye Edmund\pdion fsanye Edmund\Odign.vh

FileClose (1)
FilaClose (34

Znd Sub
s Cisss
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AFPENDIX E1 - GENERATED OPTIMAL OUTPUTS FOR THE BUILDING MATERIALS MANUFACTURIM

COMPANY USING THE DEVELOPED MODEL AT VARIOUS TECHNOLOGY/INFORMATION LEVELS

Pilh

1

0.2

P(T)
0.1
0.2
0.3
0.4
0.5
0.6
oy
0.8

0.4

0.1
0.2
0.3
O
0.5
0.6

o7

PUIPIT)
.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09

0.1

0.02

0.04 -

0.06

0.08

0.1

0.12

0.14

1
L55.627
055.659
555.691
555.723
055,754
555,786
555,818

555.85
Sh5.BE2

255914

555,650
555,723
555,786

555.85
5554914
555.978

556.041

2
584,522
584.654
534 686
584,718
534.749
534.781
cai.813
534 845
534.877

584.309

584,654
584.718
584,781
584,845
L34.909
LR4.973

585.036

Programme for Odion Osanye Edmund

3

613.617

613.649

B13;681

613,713

613,744

613.776

&13.803

B13.84

613.872

B13.904

613.649

613.713

B13.776

b15.34

613.904

£13.963

614.031

a
Gil.612

S42.644

641,676

642,708

6427359
642771

642,803

642,835,

642 867

642,899

642644

642708

642771

B2 835

G642.899
6a2.963

643.026

]
671.607
671.639
671671
71,703
B71.734
671,766
671,798

671.83
671,862

671.894

671.639
671.703
671.766

67123

671894

671,958

672.021

&
J00.602
J00.634
700.666
700698
T00.729
J00.761
700793
T00.825
T00.857
700.889

FO0.634
?Dﬂ.li.‘?rﬂ
700,761
700825
018D
700,953

T01.014

7

729597

729.629

729.661

129.693

129724

729.756

7129788

. 129.82

729.852

729.884

729.629

729.693

#29.756

729.82

7129.884

729,998

730,011

B
758.502
758 614
758.656
T-‘ti-I:'I._l."}I:':E
758.719
758.751
758,783
758.815
758.847

758.879

758.624
758.688
758.751
758:815
758879
758.943

759,006

9

J371.587

Ja71.619

787.651

787683

TRI.T14

787746

787.778

787.81

TET.E42

TET.EVA

TE7.618

787,688

TE7.7AG

787.81

TET.BN

TE7.938

7TEB.001

10
216582
216.614
316,646
B15.678
B216.7049

816.741

816.97%

816.805

816.837

816.860

816.614

816,678

B16.741

816.805

216.369

816.933

816.996

11
BA5.577
BA5.609
BA5.641
BA5.673
845,704
B45.736
B45.7GE

E45.8
845,832

845,864

845,609
B45.673
B45.736

B45.8
245864
845,928

845,991

12
B74.572
B74.604
B74.636
B74.6E8 ;
B74.659
E74.731
874,763

574,795
B74.827

B74.859

B74.604
B74.668
Bra731
B74,795"
B74.859
A74.973

A74.986



03

0.4

0

0.5

0.1

0.2

.3

0.4

0.5

0.6

0.7

0.8

o9

0i

0.2

0.3

0.4

0.5

0.16
.18

a2

0.03
0.06
0.09
0.12
D.15
0.18
021
0.24
0.27

03

04
.03
012
0.16

0.2

556.105
556169

556,233

555.691

Lo 7RG

555.882

555.978

556073

556169

556204

556.36

556456

556,551

555.723

555.85

555978

556,105

556.233

g

Las.1
585.164

585,228

584,686
584.781
584,877
584,973
585.068
585,164
535.1:‘;9
585,355
585451

585.546

584,718
584845
584.973

535.1

5B5.224

5

614,005
Gl4.159

614,023

613.631
613776
613,872
613.968
G14.063
G614.159
614.254

51435
b6l4.4%6

614.541

.EH-?J.E
613.84
613.568

614.005

614.223

-

643,09
643.15%4

G43.218

BA2.6T6 -

B42.771

G42.867

B42.963

643.053

B43.154

643.249

B43.345
B43.441

B43.536

642708
642,215
6420963

643.00

643.218

TR R

Ly 20RS
G72.149

672213

671671
671.766
671.862
571.958
672.053
672.149
672.244

672.34
672436

672.521

67113

671.E3
671.958
.E]'E.ﬂﬁfl

Gr2.213

[ = SR F ]

J01.08
01144

701.208

700,665
TI.'.IIII..T-' 61
00857
700,553
701048
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