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ABSTRACT
AN APPLICATION OF GOAL PROGRAMMING TO

ACANEMIC RESOURCE ALLOCATION PLANNING

Adedoyin Soyibo

Since the last decade, universities in Nigeria have been
experiencing a progressive decline in required inputs, like
funds, materials and academic staff. In spite of this, there
has been a continuing rise in the demand for their services,
as shown by rising student enrolment figures (Nigeria, 1981).
Confronted with such a problem, universities require more than
ever before, formal decision models for planning the allocation
of their scarce resources as efficiently as possible. This
study applies goal programming for planning the academic resource
allocation-—-a major input—-of the University of Ibadan for
1982/83-1986/87. The goal programming model used modifies that
of Schroeder (1974) by defining explicitly a student enrolment
goal and introducing an academic staff level goal, which is
designed to cater for academic staff advancement, at least
according to the historical rate in each fadulty. Furthermore,
it redefines the academic rank distribution goal to incorporate

the controversial 307-407-30% rank distribution ratios introduced
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in 1981, The study seeks principally to determine the distri-
bution of academic staff by rank, in each faculty/college,
over a five-year period and recommend the planning implications
of such a distribution, In addition, it attempts to find the
effects of dropping the controversial rank distribution goal
on the model solution,

The model was solved using the Revised Simplex Goal
Programming Algorithm developed by Kang (1980) on an I,B,M,
VM 370 computer in the University of Nebraska-Lincoln, U,S.A,

The analysis of the model solution:

-~ suggests that from a purely theoretical point of
view, it.is desirable to use a ramk distribution goal for an
optimization model of the type used in the study; otherwise,
the model will select least cost allocation alternatives only
and such a solution cannot be used effectively for planning,
However, the distributioral ratios to be used should not be
rigid like the controversial ones of 1981, but should reflect
the historical advancement rates in the respective faculties.
The result of solving such a model should be used for indicative
planning only;

- confirms the fear that the use of fixed rank
distribution ratios might inhibit promotion rate;

- indicates that the Faculty of Agriculture and
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Forestry appears to be operating very much below the minimum
level of academic staff requirement to meet the student
enrolment goal of that faculty as of now;

- suggests that by the beginning of 1986/87, the
University of Ibadan will require a minimum of 1,133 academic
staff of various ranks to meet 1ts student enrolment goal, This
is over 60% above the minimum requirement at the beginning
of 1982/83;

-  recommends that the University should pursue a
vigorous Staff Development Programme in which the training
of the best of its graduates-—through a type of Junior
Fellowship Programme--will be the core, as one approach of
augmenting the supply of academic staff normally obtained
through recruitment;

- corroborates the findings of Kang (1980) that CPU
time of the Revised Simplex Goal Programming Algorithm, tends
to increase with increasing negative deviational variables in

the objective function.
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CHAPTER 1

INTRODUCTION

One of the major constraints to-the eftective implemen-
tation of Nigeria's National Development Plans since independence
has consistently been identified as "lack of high-level manpower',

or '""lack of executive capacity“l In a bid to tackle this

problem, government increased, the number of universities from
five to thirteen within the last decade, Consequent upon the
increase in university places, there was an astronomical rise in
student enrolment.2 At first, because of the mirage of the oil
boom, finance was not viewed as a problem., However, the glut

in the world oil market in 1Y77/79 resulted in a financial crisis

in the country and government was faced with the stark reality

1. See various issues of Progress Report on Nigeria's Develop-
ment Plans, e.g. Nationgl Development Plan, Progress
BQD.Q:L_J.Q.DA, p.60; Second National Development Plan 1970-74
First and Second P‘r‘ng‘l‘Pﬂ;Q Reports p,.l04; Second Progress

Report on the Third Natiopal Development Plan, p.122.

2. University enrolment increased from 31, 511 in 1975-76
to 57,722 in 1979-80, The Third Nationmal Development Plan
target enrolment of 53 000 was thus exceeded. See Eopuxrih
Iia.r.l.cmaJ_D.euelomxe.n.t_El.a.n._uEJ_.&S PP 255 and 270,



that finance could be a major constraint to any unplanned
university expansion. Starting with the 1977/78 session, this
crisis brought in its wake, a progressive decrease in educational
inputs like funds, materials and academic staff required for

the transformation of the astronomically.rising student . popu-
lation into the required high-level manpower output.. . In spite
of the decreasing resources, the Federal andssome state govern-—
ments have opened new universities within the last three years.
Furthermore, these governments have signified an intention of
opening more universities in the eighties.

1.1 Need for the Study.

In the face of these declining resources and increasing
demand for their services, universities require, more than
ever, other means beyond management 'judgement" or "experience"
to aid them in the efficient allocation of their scarce resources,
This study presents a formal decision model for the allocation
of academic staff to the different faculties or colleges of a
university subject to the budget and staff level goals of the
university.

Nigerian universities which are major sources for supplying
the much needed high-level manpower, are subject to this critical
resource constraint, Thus, for the country to attain its

manpower targets, careful academic manpower planning is desirable



in each university. One way of doing this is to plan for
meeting academic staff goals or targets subject to constraints
like funds and demand for such staff, as will be done in this
study. Also, universities are known for developing problem—
solving models for other areas of the economy. For such
problem-solving modelling to cover all areas of the economy,

a look at university problems from within the university appears

apposite.

1.2 Qbjectives of the Study
This study utilizes manpower flows (flow of academic
staff within the academic hierarchy in specific academic units,
i.e. faculty/college, and over the planning horizon) in a
goal-oriented optimization model, using the University of
Ibadan as a case study. The university has several goals or
targets of its academic manpower strength and such a model
can help determine the required number of academic staff for
achieving, underachieving or overaghieving these goals subject
to budget constraints as well as demand and supply conditions.
Thus, the study is expected to determine, for example,

the number of academic staff by rank in each faculty/college



required to meet the staff goal levels of the unit subject to
the budget and other constraints and to establish the required
inputs (e.g. funds) necessary to meet the staff goal levels,

as well as student enrolment goal leyels set by the university.
In this way, the model can show whether goals set are realistic
or not by comparing the value of input resources determined
from the model solution with actual resources made available

to the university and by analyzing the value of the goal
deviational variables determined by the model solution. These
deviational variables can indicate whether goals are achieved,
underachieved or overachieved.

Further, the study aims at establishing the number of
academic staff that can be recruited in each faculty and year
of the planning horizon subject to the financial as well as
demand and supply constraints and determine whether this
number can help meet the set targets or not, It also aims at
performing extensive sensitivyity aﬁalyses to evaluate various
policy planning options available to the university. The

sensitivity analyses will address issues like:



ing:

(1) the effects on the policy (decision) variables
due to changes in goal levels;

(ii) the effects on the policy variables due to
changes in budget levels;

(1ii) the effects on the policy variables due to
changes in priorities attached to the wvarious
goals;

(iv) the effects on the policy variables due to
changes in academic rank distribution ratio;
in particular, this study will eyvaluate the
effects on academic rank distribution in various
faculties of the University of Ibadan if the
controversial 307-407-30% academic rank distri-
bution ratio presented by the Vice-Chancellor's
Press Release 46 of 1981 are implemented or
withdrawn.

Specifically, the study aims at determining the follow-—

(a) Xijt: the number of academic staff of rank 1 iIn

faculty/college j at the beginning of period t.

(b) Yijt: the number of academic staff rank i, recruited
at the beginning of period t in faculty/college j:

(c) deviational variables that show the extent of
achievement of the various goals set by the diffe-
rent faculties over the planning horizon;



(d) the policy implications of changes in the budget
levels, goal levels and goal priorities within
faculties and in each year of the planning horizon;

(e) the amount of resource inputs like funds required
to meet the various staff level goals and the
extent to which the budget of the university is
compatible with its staff level goals and student
enrolment goals as well as the policy implication
of such findings.

Finally, the study aims at making general policy recom—
mendations for the efficient allocation of academic staff over
a five-year planning horizon subject to budget, demand and
supply constraints and academic staffing goals of the wvarious

faculties/college of this university.

1:3 Revie:

Perhaps the genesis of the application of management
science/operations research to education can be traced to Platt
(1962). « In this paper, Platt lamented the dearth of applications
of 0.R. to problem solving in education in spite of the fact

that a sister discipline like economics had benefited immensely, as



at that time, from '"this relatively novel discipline." Further
the degree of decision latitudes in education such as

(i) the portion of society's resources to be invested
in education;

(ii) the way these resources should be allocated to
achieve the objectives of the individual and the
society; and

(iii) the types of technology to be used
call for a systems-approach, if suboptimization is to be avoided.
Thus, management science/operations research, which is well-known
for its systems orientation, is very well suited for problem
solving in educational resource allocation.

Resource allocation models developed for university
operations can be broadly classified into two:

(i) (Cost) Simulation Models

(ii) Analytic Models.

In Figure 1.1, this broad classification is broken down into
smaller subclasses.

(Cost) Simulation Models like CAMPUS (Computerized
Analytic Methods in Planning University Systems) and R.R.P.M.
(Resource Requirement Prediction Model) simulate the resources
required over the planning horizon for specified inputs like
enrolment projections, student demand for courses, academic

staff work-loads and cost factors like cost of courses including



Simulation

Academic Resource Allocation Models

Analytic

Markovian Mathematical

Programming

Linear Multicriteria
Programming Programming

Interactive Goal

Programming Programming

Fig. 1.1 A Classification of

Academic Resource Allocation Models



tuition payments, cost of staff and assistants, etc. Required
resources are expressed in terms of the.number of academic staff,
facilities availabilities and costs (of these requirements).

The major difference between CAMPUS and R.R.P.M. is
that R.R.P.M. is more aggregated and its data-inputting format
is less flexible. It cannot, for example, simulate.rthe level
of individual courses. However, two major wedaknesses of these
simulation models are (i) total budget over the planning
horizon are considered as model outputs rather than inputs,
(ii) academic staff-to-enrolment ratio is considered fixed over
the planning horizon. Schroeder (1973) presents a general
survey of management scienceé  mocdels used in university opera-
tions including resource allocation models.

Analytic University Resource Allocation models can be
further subdivided-dinto two classes: Markovian models and
Mathematical Programming models. Markov chain modelling has
been extensively applied to manpower planning in universities.
For example, Branchflower (19?0)——&iscussed in Grinold and Mar-
shall (1977)--and Akinlade (1979) applied Markov chain to
analyze the movement of academic staff within the academic
hierarchies of the College of Engineering, University of
California, Los Angeles and University of Ibadan respectively.

While Branchflower's model used thirteen different ranks defined
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with respect to which step of the salary scale the incumbent
was in as at the first of July of each year of the peiod 1960-
1968, Akinlade's model was more aggregated and it distinguished
only five different academic ranks of Assistant Lecturer,
Lecturer, Senior Lecturer, Reader and Professor. The period
covered by the study was 1969-79. Though in reality two grades
of Lecturer, namely Lecturer 1 and Lecturer 11, ‘exist, the
University of Ibadan records seem to bother little about distin-
guishing between the grades; hence the merging of the grades.

Both studies used the description of movement of academic
staff to evaluate the effects of various hiring and promotion
policies on rank structure. Furthermore, the Akinlade study
made projections of the future pattern of academic staff mix and
their associated costs under various assumptions. One major
limitation of the two studies is that the stationarity of their
transition probability matrices were assumed and never tested.
If these matrices turned out not to be stationary, the various
conclusions of the studies can be qhestionable. Zanakis and
Maret (1980) indicate how the stationarity assumption of the
transition probability matrix as well as the individual trans-
ition probabilities can be tested.

We can further divide Mathematical Programming academic

resource allocation models into: linear programming models
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wnich use single objectiye function and multicriteria program-
ming models which use multiple objective functions.
Bowles (1967), being reviewed for historical reasons—-
(i) it is perhaps one of the earliest answers to Platt's
clarion call for the application of maﬁagement science to
education; (ii) it is perhaps the first management science
application to the planning of education in any part of Nigeria--is
not essentially a resource allocation application in the univer-
sity system. It is a multiperiod linear programming model for
planning the educational system of the former Northern Region
of Nigeria over an eight-year period (1964-71). The model
sought to maximize the economic benefits accruing to the society
as a whole as a result of educating each category of labour.
A proxy defined to measure this objective was defined by the
study as (the sum of): |
the present value of estimated life-time earning streams
of each category of labour minus the present value of
life-time earning streams if the individuals in that
category of labour had not received that level of educa=-
tion (opportunity cost) minus the pregent value of
direct costs of education for each category of labour,
The decision variables defined for the problem relate to the

number of students in each of primary and secondary schools and

universities, the number of teachers produced in the country,

1. Bolwes(1967), p.197, equations (3.1) and (3.2) expressed
in words.
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and the number of teachers to be recruited from abroad,
The constraints of the problem dealt with the availa-
bilities of the different levels of teachers from within
and outside and country, finance and accomodation. Because
of the dearth of historical data, a sample survey had to be
conducted to get estimates of the various parameters used in
the study. Another major limitation of this model is the
fact that since we can have different proxies defined for the
economic benefits of education, as many "optimal”™ solutions can
be obtained for as many different proxies defined. TFurthermore,
it is known that the present value is very sensitive to the
discount rates used. Thus, as many solutions can be obtained
for as many discount rates used.

Koch (1973) is an adaptation of Bowles' model of resource
allocation to Illinois State University in which the University
is viewed as a '"multiproduct firm" whose 'products' are the
graduates of its various programmes and whose objective should
be the maximization of the difference between the value of its
graduate?-which is attributable to-higher education and the
costs of educating them. 1In estimating the coefficients of the
objective function, Koch made the following adjustments:

(i) an édjustment which reflects the fact that part of
the income of graduates is not attributable to educational

attainment but to differential student ability and motivation--
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only 75% of the observed differential in earning was attributed
to higher education;

(ii) an adjustment which recognizes the fact that not
all university graduates remain in the labour force throughout
their life time and, therefore, cannot earn income in certain

\
years. Coritemporary labour participation rates were used to
approximate the sizes of those who remain in thé labour force.

However, a major limitation of the application of this
model to the Nigerian situation is the fact that government,
being the largest employer of labour in this country, employs
a great number of university graduates. Unfortunately, salaries
paid to government employees are fixed periodically by law
and do not seem to reflect the relative value actached by
society to the graduates of the various disciplines. Thus the
coefficients of each decision variable in the objective fuyncion might
tend to be approximately the same, resulting in a trivial
problem.

Two major classes of multicriteria programming models
have been formulated to solve academic resource allocation
problems. These are Interactive Programming and Goal Programming.
In Interactive Programming, the decision maker (DM) interacts

directly with the computer or with the analyst as an intermediary.



14

The DM's utility function is assumed unknown, but he can give
information about its local properties and value tradeoffs
between the various objectives as the solution interaction pro-
gresses. Geoffrion, et al (1972) developed an interactive
programming multicriteria optimization model to solve an aggre-
gated operating problem of the Graduate School of Management,
UCLA, in which each academic staff member is viewed as engaging
in three principal activities of formal teaching; departmental
services (e.g. administration and curriculum development) and
research; and student counselling. Allocation of academic staff
effort among the three activities were done in Full Time Equiva-
lent (F.T.E.) basis with one unit of F.T.E. defined as the
amount of time and effort equivalent to teaching one 'course
section." The model maximized six departmeptal objectives.
However, being a one-period, one-academic unit model, a problem
of suboptimization might result from its solution because of the
apparent neglect of interactions with other academic units
within the university. Because model implementation requires a
minimum level of familiarity with the computer on the part of
the DM, this may inhibit its application in this country.

Goal Programming (GP) academic resource allocation
models, apart from attempting to help the university in the

attainment of its multiple and often conflicting goals (objectives)
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are capable of reflecting the judgements of the authorities
about the priorities attached to the desired goals. 1In general
in goal programming, goals are set a priori by the DM and all
the model does is to minimize the deviations from these goals.
The GP model of Lee and Clayton (1972) is a one-year
planning model for a relatively small college or faculty of a
university. What the model seems to lose in terms of limited
planning horizon, appears gained in terms of the level of detail
of the decision variables. Four groups of decision variables are
identifiable: numbers of instructors, and allied staff like
graduate/teaching assistants; number of full-time academic
staff; number of part-time academic staff; and number of
support staff like secretaries. Three types of model solution
were obtained. The first type determined the amount of resource
inputs required to meet the different goals set for the college/
faculty. The other two types found the resulting values of the
different decision variables subject to different priorities
attached to different goals. 1In thié way, the model serves

both as a resource requirement and resource allocation model.

However, the lack of global feature-.(i.e. covering the
whole university) in the model may result in some problem of sub-
optimization.' Also because the model is a one-period model, it

cannot capture effectively the dynamic nature of the planning
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system as would do a multiperiod model, though the model can be
run annually to determine the following period's solution.

Walters, et al (1976) developed a long range academic
resource allocation planning model for a single academic unit
(e.g. school or faculty) of a university using goal programming.
The academic unit being modelled is assumed to have desired
academic staffing goal levels within each area of specialization
of teaching and research in the unit. These goals are measured
in full time equivalents (F.T.E.). For example, a goal may be
met by a professor devoting full time to an area or two professors
devoting half-time to the same area. This appears to be attract-
ive because the decision variables need not be restricted to
take integer values only. Unfortunately, however, this model
seems to be highly disaggregated for a strategic planning problem.
Moreover, a lot of .8ubjectivity is inputted in the estimation
of parameters, e.g. the estimation of probabilities of promotion
of staff requires the subjective inputs of several superior
officers of each staff being considered rather than using Marko-
vian estimates. Also because the model can-only be used in one
unit of the university, it might lead to some degree of subop-
timization.

Schroeder (1974) is a multiperiod, multiacademic unit

goal programming academic resource allocation model which appears
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to have rectified most of the limitations of the models discussed
previously. It can be applied to the whole university at a time.
It has little or no subjectively estimated model parameter and
the information required for model application appears suffi-
ciently aggregated for long range planning. In general, the
model focused on the division of payroll budget between academic
and related staff with a view to achieving or coming close, as
much as is possible, to the prioritized goals of the various
units that make up the university. A modified form of this
model in which new goals are defined and some dropped will be
used in this study., Further elaboration on the modified model
will be presented in Chapter 3, However, one major limitation
of this modified model is the implicit assumption of linear
relationship between the decision variables and the model
parameters. Furthermore, the decision variables are assumed
to be continous. Ideally, integer goal programming should be
have been used but this is very difficult to solve. Goal
programming also assumes that goals can be easily quantified and
ranked, There may be difficulties in doing this in practice,
Several methods have been proposed to solve goal program—
ming problems. Ijiri (1965), proposed the generalized inverse

technique. Lee (1972, 1976) modified the simplex procedure of
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linear programming to solve goal programming problems. In
this algorithm the reduced cost row of the linear programming
simplex tableau is replaced by a matrix of 'reduced costs' of
the pre-emptive priority factors. There are as many rows of
this matrix as there are priority factors. Lee's algorithm
contains all the variables of the problem in addition to all
priority factors. When it is realized that the deviational
variables have coefficient of +1 and -1 in each row of the
initial simplex tableau, it can be seen that a lot of computer
space is wasted for storing only zeros, particularly when the
problem is large scale,

Ignizio (1976) deletes the columns relating to the
initial basic variables (i.e., the negative deviational variables)
from the initial simplex tableau and adds one more priority at
a time as optimal solutions to higher order priorities are found.
However, the tableau is still relatively sparse for large-scale
problems because each column of positive deviations in the

initial form contains zeros only, except in one row.

Arthur (1977) and Arthur and Ravindran (1978) propose
an algorithm that reduces the number of computation at each

iteration by partitioning the goals according to priorities and
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using a variety of nested subproblems and variable elimination
proceedures. It consists of three main procedures: partitioning,
elimination and termination. It is more efficient than both
Lee's and Ignizio's algorithms because it reduces the number

of computations by modifying the matrix size, when the number

of subproblems increases and by eliminating unnecessary non-basic
variables. However, it does not provide the optimal simplex
tableau which is required to carry out sengitivity analysis,

Rho (1976) formulated a decomposition algorithm for goal
programming combining the techniques of-Dantzig and Wolfe (1960)
and Kurnai and Liptik (1965). This algorithm can be applied
to resource allocation in decentralized organizations having
multiple objectives.

Kang (1980) formulated the Revised simplex goal program-

ming algorithm that combines the revised simplex method’ in

1. The revised simplex method expresses the inverse of the
current basis of the simplex tableau as a product of
elementary matrices. Each of the elementary matrix is
the identity matrix except one column, This non-unit
column contains the coefficients of the pivet column at
the current iteration. Only the non-unit columns of the
elementarymatrices are stored in the computer. In parti-
cular, only non-zerc values of these columms are stored by
indication of their column and row locations, This subst-
antially improves time and storage costs because at each
iteration only a single vector is stored and hence is
very useful for large-scale problems,
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product form (or Gauss-Jordan form), with Lee's modified
simplex algorithm and Arthur's goal partitioning algorithm,
This algorithm is more efficient than previous goal program—
ming algorithms in terms of reduction in CPU time and storage
particularly for large-scale problems. However, it was found
that the CPU time of the algorithm tends to increase with
increasing negative deviational variables in the objective
function. The revised simplex goal programming algorithm will
be used to solve the model formulated for this study.

In a recent paper, Lee and Gen (1982) propose a new
algorithm based on the LU decomposition of the basis of the
simplex tableau. 1In this algorithm, the basis is factored
into a product of lower and upper triangular matrices L and U
where L and U can respectively be decomposed into a product of
elementary matrices which have 1's in the diagonals and only
one non—-zero column. ‘The algorithm also uses sparsity techniques
and may prove more efficient than the Kang algorithm for large
scale problems because commercial linear programming codes use
the LU factorization techniques and have proved to be more

efficient than other codes based on other techniques.
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1.4 Qrganization of the Thesis

The remaining chapters of this thesis will be organized
as follows. Chapter 2 reviews the existing academic manpower
planning system of the University of Ibadan while in Chapter 3,
the theoretical framework and the empirical basis of the model
used in the study are discussed, The model solution and its
interpretation are reported in Chapters 5 and 6, 1In Chapter 7,
the major findings, recommendations and conclusion of the study

are recorded with suggestions for future research,
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CHAPTER 2

A REVIEW OF THE EXISTING ACADEMIC PLANNING SYSTEM

OF THE UNIVERSITY OF IBADAN

Planning in the University of Ibadan is done under the
aegis of the Development and Planning Office headed by the
Director of Planning. The duties of the Development and Planning
Office include the coordination of the total university manpower
planning system as well as planning for the physical development
of the university. This study addresses an aspect of the uni-
versity manpower planning that is concerned with the
allocation of academic staff by rank to the various faculties
and college of the University of Ibadan. Consequently,
the discussion in this section will focus mainly on the
existing academic resource allocation planning system in the
University of Ibadan.

Each department makes requests for additional academic
staff to the Planning Office annually. Each request is usually
justified on the basis of expansion of existing programmes and/or
addition of new programmes. In addition, the Director of Plan-

ning deposed that departments sometimes allude to what they
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construe as their 1976/77 established position in trying to
justify requests for additionmal staff. 1976/77 represents,
perhaps, the last of those heyday periods of adequate funding
in Nigerian universities.

In evaluating requests for additional academic staff,
the Development and Planning Office is guided by at least
four main groups of factors:

(i) National University Commission (N.U.C.) guidelines,

(ii) National Development Planning goals of the
University for the period under consideration,

(iii) performance of the units making the request, and

(iv) available funds.

The N.U.C. issues from time to time, guidelines repre-
senting government policy changes to universities. Such guide-
lines germane to this study include standard student/staff
ratios used for computing the required staff strength using the
headcount of students or the F.T.E. approach; and the maximum
course units load per session that should be carried by an
academic staff, if the university uses the contact hours load
system in computing the required staff streﬁgth.

The standard student/staff ratios are discipline-depend-
ent. For example, for science-based academic units, the N.U.C.

guideline stipulates a standard student/staff ratio of 10:1
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while for arts-based disciplines, a ratio of 15:1 is stipulated.
In medicine, the ratio is 7:1, while in education, it is 25:1.
For this purpose, the arts and social sciences are regarded as
arts-based, while faculties of science, agriculture, technology
and veterinary medicine are termed as science-based. However,
in practice, the faculty of veterinary medicine operates as the
College of Medicine. In the case where the university operates the
course system and uses the contact hours system, the N.U.C.
guideline stipulates that an academic staff member may carry a
maximum of 400 credit or contact hours per session for science-
based disciplines and 300 credit hours per session for arts-based
disciplines.,

The University of Ibadan operates course system in all
disciplines except in the College of Medicine and in the Faculty
of Veterinary Medicine. In practice, the Planning Office uses
student enrolment headcount and the standard student/staff ratio
to allocate academic staff in these two units. 1In the other six
faculties, the office uses the F.T.E: approach and standard
staff/student ratios. Sometimes also, the contact hours load
approach is used for comparative purposes. Later in this
chapter, we shall elaborate on how this is done.

The programmes of the University at a particular time are

influenced to a great extent by the goals of the University for
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ting National Development Plan period. For example,
osophy guiding the preparation of the university's

on for the current National Development Plan (1980-85)
d as '"commitment to manpower at-professional and acad-
els, relevance to the needs of society and response to

and international obligations.”1

In addition, during this plan period, this university
"(a) consolidate existing undergraduate programmes,
(b) embark on new dimension of development of under—
graduate programmes in the Faculties of Technology and
Agriculture,

(c) gradually phase out subdegree programmes,

(d) emphasize postgraduate programmes and ultimately
seek to achieve an undergraduate-postgraduate ratio
of 3:1,

(e) commence professional degree programmes in Law,
Business Management and Pharmacy, possibly within
existing faculty structures, and where available

resources permit such new growth.

(f) adopt a new college structure for the Faculty of
Medicine, :

(g) work towards eventual faculty status for Law,
Pharmacy and Dentistry."2

Performance of each academic unit is measured using head-
Development and Planning Office File, University of
Ibadan.

Ibid.
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count student enrolment (where no course system is available)
or using F.T.E. students. In the College of Medicine and Faculty
of Veterinary Medicine where there is no course system, the
desired number of academic staff is determined using the pro-
jected headcount student enrolment and the standard student/
staff ratio. The projected student enrolment is determined
using the long-term goals of the university during the plan
period, as discussed earlier. If the existing staff cannot
cope with the projected student enrolment and funds are available,
then the Development and Planning Office will give its approval.
In contrast to headcount student enrolment, Full Time
Equivalent (F.T.E.) students and contact hours are academic
load measures which take cognizance of the fact that students
can move within and between faculties during their courses of
study in the University.
The F.T.E. approach looks at all the courses offered
in each faculty/college of the university and computes for each
course the product of the number of students registered and the
credit units. For each academic unit, a summation of all such
products for all courses is obtained. The resulting sum is
divided by the average credit unit load that can be taken by a

student per session to get the F.T.E. students. Under the
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semester system, it is assumed that, on the average, a student
is expected to carry 28 units/session. Thus F.T.E. students can

be computed as:

8
F.T.E.
Students = Sijuij for all j (2°N)
i=1
28
where Si' = number of students registered for course i in
J faculty j
Uij = credit unit of course i in faculty j
n, = total number of courses offered in faculty j.
]

Having obtained the F.T.E. students for a particular faculty/
college, the required staff strength is obtained by dividing the
value for F.T.E. students by the standard student/staff ratio
for that faculty:

F.T.E. students in faculty j

J h., (2.2)
]
where Xj is the number of academic staff required in faculty
j and hj is the standard student/staff ratio for faculty j.
For medium and long-term planning purposes, F.T.E.
students in each faculty are projected bearing in mind the goals
of the university during the given planning horizon as stated

earlier.

The use of contact hours as load measure to evaluate
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performance in various faculties is similar in conception to
F.T.E. students. In the University of lbadan, a credit unit is
equivalent to 15 hours of theoretical instruction and 45 hours
of practical instruction. Using this simple rule, the total
course units offered in a faculty can be converted to-contact
hours. On the assumption that an academic staff member cannot
carry more than 300 contact hours in arts-based disciplines or
400 contact hours in science-based disciplines, the required

number of academic staff can be determined using the equation:

" 15Nj B 45nj
i~ (2.3)
C
where Xy = the number of academic staff required in faculty j
Nj = total number of credit units of theoretical

instruction offered in faculty j

nj = total number of credit units of practical
instruction offered in faculty j

C = maximum contact hours that can be carried
by each academic staff member. (C = 300 for
arts-based disciplines and 400 for science-based
disciplines).

Equation (2.3) shows a direct relation between X, and
both Nj and Rige Thus, the greater the values of Nj and/or
nj the greater is Xj. Consequently, this method of evaluating

performance and determining the required staff strength can

encourage a proliferation of courses, irrespective of the number
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of students registering for such courses. For example, Adeyemi
(1981) reported that in 1978, a study conducted by the Planning
Office revealed that about 30% of all courses offered by the
university enroled less than ten undergraduates. On disaggre-
gation to departmental levels, it was found that in some depart-
ments, over 85% of courses offered enroled less than 10 students.
This, perhaps, explains why the Planning Office uses the F.T.E.
approach in preference to the contact hour approach to evaluate
performance of departments.

Perhaps the most important of all the factors influencing
the decision of the Development and Planning Office in granting
requests for additional academic staff from the various faculties/
colleges is the availability of funds. For example, the crisis
resulting from the oil glut of 1977/78 affected academic planning
in the University of Ibadan drastically. Some of the measures
adopted by the University include (Adeyemi, 1981):

(i) reduction of student enrolment;

(ii) suspension/compression of funds for staff develop-
ment and general university research;

(iii) embargo on new staff positions except in proven
cases of dire need;

(iv) freezing of all vacant positions and those that
become vacant except in cases of extreme emergency.

Clearly, whatever the value of the required academic
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staff strength determined by the other three factors, the final
decision of the Development and Planning Office will be heavily
influenced by available funding, if past experience is anything

to go by.
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CHAPTER 3
THE THEORETICAL FRAMEWORK

The study uses a multiperiod goal programming model for
academic resource allocation employing the University of Ibadan
as a case-study for model application. First, a brief overview
of goal programming is presented and later an attempt will be
made to justify the choice of goal programming in preference to

other models for carrying out the study.

3.1 A Short Description of Goal Programming

Goal Programming (GP) is one of the methods for solving
problems with multiple objectives. Its origin can be traced to
the early 60's, when Charnes and Cooper (1961) presented an
algorithm for solving linear decision models having more than
one objective function. The computation capabilities of GP
have since been improved upon through the works of Ijiri (1965),
Lee (1972), and Ignizio (1976). As of now,balgorithms have been
developed to handle not only nonlinear goal programming problems,
but also integer and mixed integer goal programming problems

(Ignizio, 1976). 1In GP, the DM sets goals and the model helps
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him to come as close as possible to these goals.
The linear goal programming model (which will be used

in this study) can be formulated as:

Minimize P (n + p) (3.1)
Subject to
Ax + I(n-p) =g (3.2)
Bx £ b (3+3)
X L0y HZOy P : o (3w 4)
where

P = a k-row vector of goal priority weights;

p = a k-column vector of overachievement of goal levels;

n = a k-column vector of underachievement of goal levels;

g = a k-column vector of desired goal levels;

A = a k X n matrix of coefficients of goal constraints;

X = an n-column vector of decision variables;

I = ak x k identity matrix;

B = an m x n matrix of coefficients;

b = an m-column vector of resource levels.
The G.P. problem formulated in (3.1)-(3.4) has k goals and m
non-goal constraints. (3.1) is the objective function and it
minimizes a weighted combination of deviational variables. This

equation can also be written as:
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k
Minimize P. (n, + p.) (3.3)
L p1 i i
i=1
For optimality it is required that
n, *+ p. = o for each i=1,2,...,k. (3.6)

- | 1

Thus when n, >0, p; =0 for each i; and we have an underachieve-

ment of the ith goal. Similarly, there is an overachievement of

goal i when P; > 0 and n, = 0. Exact achievement implies that
both n, and p, are zero for some 1i.

In general, Pi (i =1,2,...,k) is taken as the ordinal
ranking of priority attached to the ith goal by the D.M. When

this is the case, the problem is called a pre-emptive ordered

G.P. The solution is obtained in sequence: goal(s) with
priority 1 are achieved to the extent possible before goal(s)
with priority 2 are considered; and goal(s) with priority 2 are
satisfied to the extent possible before those with priority 3,
etc. The pre-emptive ordered G.P. will be used in this study.

In practice, the resource constraints of equation (3.3)
are converted to binding constraints by adding negative devia-
tional variables and subtracting positive deviational variables
as is done in (3.2). However, the type of priority attached
depends on the type of problem one wants to solve. Ignizio (1976)

suggests that if when a resource constraint is not satisfied,
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the solution becomes unimplementable, then priority 1 should be

attached to the deviational variables in the objective function

and the resulting goal is called an absolute objective or

goal.

Lee (1972) suggests that the priorities to be attached
to the deviational variables of (3.1) depend, in general, on
three factors relating to:

(i) the identification of resource requirements to
attain all the desired goals;

(ii) the degree of goal attainment. with the given
inputs;

(iii) the degree of goal attainment under various
combinations of inputs and goal structure.

It can easily be seen that case (ii) of Lee's suggestion coin-
cides with Ignizio's suggestion. The approach suggested by

Lee (1972) will be adopted in this study.

3.2 Justifications for the Choice of GP

The university authorities,.like all real-life decision-
makers, have several conflicting and sometimes non-comensurable
objectives. These objectives can often be egpressed in terms
of major goals and subgoals or multiple goals with different
order of priorities. For example, the university may be

required to produce a target number of graduates over a planning
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horizon using a specified (target) amount of resources like a
given number of academic staff and a given amount of funds.
In most cases, these targets will conflict. Those charged
with decision-making in the university can re-order these goals
on behalf of government and society. Goal programming is the
only known method that can solve such problems of prioritized
goals.

Secondly, goal programming is easier to use and rela-
tively cheaper than other multicriteria programming models.
Classical linear programming codes can be modified to solve the
problems. Furthermore, large scale goal programming codes
have been developed independently by Kang(1980) and Ignizio
and Perlis (1979). Other multicriteria programming
methods, like the methods of Zeleny (1974) and Evans and Steuer
(1973), solve relatively small problems and do not seem to
have been applied to many real-life problems. In fact, most
of what is reported in the literature in terms of the computa-
tional experience of these methods are mere experiments for test-
ing their computational properties (Cohon, 1978). Given the
state—of-the-art of multicriteria problem-solving, therefore,
goal programming is easily seen as a preferred choice for a
large-scale problem of the type of this study.

Thirdly, in real-life, goal-setting is a common concept.
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Thus goal programming is very close to real life. The problem
of defining proxies to estimate the national social welfare
function is absent in goal programming models. Finally, goal
programming allows for the evaluations of marginal tradecffs
between possible courses of action and the opportunity costs
of the various goals which are considered as constraints (Walters,
et al 1976). This information is very useful.te the DM. It
is like the shadow price of classical linear. programming, which
determines the benefit derivable from an extra unit of a given

resource.

3.3 Model Specification

This study will apply a modified version of Schroeder's
(1974) model to academic resource allocation planning using the
University of Ibadan as a case study. The model modifies
Schroeder's in the following aspects:

(i) It atctempts to utilize both academic staff

flows and student flows over the planning horizon by
defining explicitly a student enrolment goal constraint
whereas Schroeder's uses only academic staff goals,
though student enrolment is exogenously estimated to
determine the desired academic staff strength.

(ii) The academic rank distribution goal is redefined
to reflect the controversial proposal of 30%-40%-30%
distribution between academic staff in the lecturer,
senior lecturer and professorial grades as prescribed
by the Vice Chancellor's Release 46 of 1981.
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The model does not consider support staff like

graduate assistants and secretaries because the cost
of these categories of staff is often negligible,
compared to that of academic staff. Besides, their
supply is typically not a constraint involving staff
development.

3.3.1 Model Formulation

A.

Definition of Decision Variables

where 1 £i Sm, 125 j

B.

number of academic staff of rank i in faculty j
at the beginning of period t.

number of new academic staff of rank i recruited
at the beginning of period t in faculty j.

<

A
A
[[ 4%

n, 1 t T

Definition of Constants (Parameters)

ijt

jt

ijt

ijt

ijt

jt

(average) salary per academic staff rank i,
faculty j at period t.

total academic payrell budget available at the
beginning of period t,

academic staff goal level desired in faculty j
at period t.

desired proportion of academic staff in rank i,
faculty j at period t.

proportion of academic staff -who stay from
period t to t+l, rank i, faculty j.

proportion of academic staff promoted from rank
i-1 to rank i during period t in faculty j.

upperbound on the number of academic staff that
can be recruited in faculty j at period t.
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Sjt = desired student enrolment in faculty j, period t.

=
il

st desired student/staff ratio in faculty j, period t.

C. Formulation of Non-goal Constraints

(i) Academic Staff Flow Constraint:

Xy
ijt+l = Bijt xijt + Yijt+1 + Yijt xi—l,jt (3.7)
for all i, j; te
Equation (3.7) states that the number of academic staff

rank i, in faculty j in period t+l is the sum of those who

remain from the previous period (Bijt xijt) plus those recruited

at the beginning of period t+1 (Y,

1jt+1) plus those promoted

from rank i-1 to rank i (y . X. .. ). We observe that the
ije i-~l,jt

20 implies that academic staff cannot be 'laid

relation Y, ,
ijt+l
off." Reduction in academic staff is achieved by normal attri-
tion.
(ii) Maximum Hiring Constraint:
< ;
T Yijt s th for all j,t.. (3.8)
i
An upperbound is placed on the number of academic staff

that can be recruited owing to such factors as supply and demand

prospects and budget of the university.
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(iii) Academic Payroll Budget Constraint:
<

. ; cijt xijL $ B, for all ¢t (3.9)

1

The total amount available for academic staff salaries
cannot exceed the budgeted salaries for each period. We observe
that adding the cost of newly recruited staff will amount to
double counting since we can always express Xijt in terms of

Yijt from equation (3.7).

D. Formulation of Goal Constraints

(i) Academic Staff Level Goal:

Z > e .

: Xijt > gjt fordall j,t (3.10)

Defining n?t as deviational variable correponding to the
underachievement of gjt; and p?t as deviational variable
corresponding to the overachievement of gjt; then (3.10) can be
re-written as

A p? = B for all j,t. (3..11)

(3.10) and (3.11) require that the total academic staff strength
in faculty j should be at least as much as the desired goal set

in the faculty in period t.
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(ii) Student enrolment goal:

& Xijt 2 E_lg for all j,ts (3.2
hjt

Adding deviational variables, (3.12) becomes

b b ,
ijt + njt - pjt - S't for all j,t. (3.13)
h

jt

z

i
where n?t and p?t are respectively negative and positive devia-
tional variables corresponding to the student enrolment goal.

Equations (3.12) and (3.13) imply that the number of
academic staff available in faculty j, period t, must be at least,
that required for the desired student enrolment as specified by
the staff/student ratio.

(iii) Academic Rank Distribution Goal:

b s = % for all iep ., j,t (3.14)
en ijt ijt

z p L

i ijt

where  {p} = { A,B,C} partitions the academic

hierarchy into three mutually exclusive and collectively exhaust-—
ive sets defined by
(i) A =1i=1,2 1} 1is the set of the lecturer grade
consisting of assistant lecturers and lecturers I

and I;

(ii) B = {i=3 1} is the set of Senior Lecturer grade.
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(iii) € = (i=4,5} 1is the set of professorial grade
consisting of Readers and Professors.

(3.14) is saying that the actual distribution of a
particular grade of the hierarchy cannot exceed the desired
proportion set for the faculty and peridd.

Adding deviational variables and linearizing, (3.14)

becomes

Iz X, n & X, +n.. -, =0 (3.15)
o 1]t 1jt 1 1]jc 1jC 1]jt
iep

for all fepg, Yr—b.
c o : .
where n; ., and p,, , respectively, are the negative
ijt ije

and positive deviational variables associated with the rank

distribution goal.

E. Formulation of the Objective Function

Let P2 s P? and P, be the respective priority weights
jt jt 1jt
or factors attached by the DM to academic staff level goal,
student enrolment goal and academic rank distribution goal. For
model solution, as was pointed out in Section 3.1, the non-goal
constraints are converted to equality constraints by adding
I 4 d d d

deviational variables. Let njt and pjt; and P.t be the
deviational variables as well as the priority factors attached

to maximum hiring absolute objective (goal); and ni, pi as well

e ; : : . g
as Pt be the deviational variables and priority factors attached
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to the Budget absolute objective. Then, the objective function
which minimizes the weighted sum of the deviational variables

can be written as:

Minimize
: & (P2 (n® pa ) + P, (n, + pb ) + P, (n, 4 p..))
y & jtojt jt e 4 jt Jom X jt
e 2 e L v C
FEp Lok P E B R OR o Py
s = N
(3.16)

In general, for model solution, not all the deviational
variables will appear in the objective function. The appearance
of any deviational variables in the objective function is
dependent on the judgement of the DM. 1If, for example, he
decides that underachieving a particular goal is desirable,
then the negative deviational variables cofresponding to this
goal is dropped from the objective. Similarly, if overachieve-
ment is desirable to him, the positive deviational variables
corresponding to the goal is dropped from the objective function.
When exact achievement of a goal is desired, all the deviational
variables corresponding to the goal are retéined in the objective
function. 1In Chapterg 5 and 6, we shall discuss the details of how

the objective functions used in this study were determined.
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3.3.2 Model Modification

In its present form, the model can be very large when
applied to planning a big university. To reduce the number of
variables as well as the number of constraints, the academic

staff flow equation (3.7) can be solved for Xijt’ giving

1
= = e
ijc Bijt (Xijt+1 Yijt+1 ijtxi—l,jt

) (3:17)

The expression is then substituted for Xi' in (3«90 E3aAL),

&
(3.13) and (3.15) to get (3.18), (3.19)4 (3.20) and (3.21)

respectively, thus:

[
I 1jt (=Y

o 5 R P = . = N g )
j Bijt ijeli-1,jt ije+l ije+l
e e
+ njt - pjt = Bt (3.18)

for ad Nt

1 a
b O vige Xionge * Fagear © Yagear? e -
ijt
a .
Pijt = 8it (3.19)

for all j,t.
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1
(-y. . X, e X - ¥, ..)
Bijt ije i-1,jt ije+l ijt
+ n? B p? = Sjt for all j,t (3.20)
jt jt =
jt
" 1
iep Bijt (- Tijtxi—l,jt * Xijt+l - Yijt+1)
-, @ s i K o SENVD - T )
Je 5 By jt Ti-1,j je+ je+
S, - pc = 0 for all iep,j,t. (3.21)
ije “ijt LS

3.3.3 Model Summary

The model formulated in Section 3.3.1 and modified in
section 3.3.2 will be summarized in this section in the form
that is akin to the one that will be used in the study.

A. Objective Function

2 +pa) 4 P? (n§ + p? )

. - . a
Minimize ¢ 3§ (P ( jt i e jt

i s
it j& ™3
d
+ P, (n§t + p% ) o+ z PS (° +p%)

C t t t
J C

(3.22)
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Subject to:

B. Goal Constraints

(i) Academic Staff Level Goal:

T B T Yie01? * Ne
= g for all j,t (3.23)

(ii) Student Enrolment Goal:

z (= v, ., X, , .+ X_. -Y. . )

i ijt ijt “i-1,jt ije+l ije+l

. n? - p? = Sjt for all j,t (3.24)
eI TR

(iii) Academic Rank Distribution Goal:

1
z (= v, X. . . + X =Y. )
iep it ijt “i-1,jt ijt+l ije+l
- =g IS = Yye Ba, e ¥ Bageid™ Ygent?
ije £ it ij i-1,] Je+ J
c c . .
+ nijt = pijt = 0 for all iep,j,t. {3.125)

C. Non-Goal Constraints

(i) Maximum Hiring Constraint:

E -_— —
: Yoge ¥ %50~ By = Uy

for all j,t. (3.26)



46

(ii) Academic Payroll Budget Constraint;

Eq
e L _ -
I F 8., =% i Moot g6 Hineed ™ Yagead
i ] 1]t
e e
m_ - p. = Bt for all t. (3.850)

All decision and deviational variables are non-negative.

In its present form, the model can be related to the GP
formulation of Section 3.l. The objective functien (3.22) is
similar to (3.1). Equations (3.23)-(3.25) correspond to (3.2).
However, some of the entries of the vector g in equations (3.23)-
(3.25) will be zeros. Finally, equations (3.27) and (3.28) of
our formulation correspond to (3.3), though in the former, the
constraints have been converted to goals by adding deviational

-

variables.

3.3.4 Model Size Estimation

For policy recommendation purposes, two variants of the
model will be considered. Variant I will be as formulated in
Section 3.3.1, while Variant II .will drop the controversial
rank distribution goal. It is hoped that useful suggestions
might emanate from considering two variants of the model. Table
3.1 estimates the sizes of the two variants of the model.

Because of the mode of data available, five academic staff ranks
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Table 3.1 Model size estimation

Model Structure

Variant 1

Variant II

Under Type Size Size
Consideration
Decision Xi't (including 240 (5X8X6) 240
Variables J t+1)
Yi't o 240 g 240
3 480 480
Deviational n‘f‘t and pé_lt 80 (8X5X2) 80
Variables J J
n? and p? 80 Y 80
jt jt
nft and p_‘ft 240 (3X8X5X2) Not
¥ 1 Applicable
(for iep)
d d
njt and pjt 80 (8X5X2) 80
ni and p: 10 (5X2) 10
49C 250
Constraints Academic Staff
Level Goal 40 (5X8) 40
Student Enrolment
Goal " 40 . 40
Rank Distribution Not
Goal 120 (3X8X5) Applicable
Maximum Hiring 40 (5X8) 40
Budget 3 5
245 125
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will be considered as done in Akinlade- (1979), namely, i=1
represents Assistant Lecturer grade, i=2.means Lecturer 1 and 11
grades combined, i=3 implies Senior Lecturer grade, while i=4
refers to the Reader grade and i=5 means the Professor grade.

Since the University of Ibadan will be used as a case study,

A
A

1 j 8, i.e. there are eight faculties/colleges.) The
following notation will be used to distinguish~the faculties:

j = 1 represents College of Medicine

j = 2 means Faculty of Arts

j = 3 refers to Faculty of Science

j =4 1implies Faculty of Agriculture and Forestry

j = 5 means Faculty of Education

j = 6 represents Faculty of the Social Sciences

j = 7 refers to Faculty of Veterinary Medicine,
while j = 8 means Faculty of Technology.

A planning horizon of five years will be used in the
study primarily because it coincides with the planning horizon
used by the University Planning Office and partly because a
period less than five years seems rather short for meaningful
strategic planning.

Table 3.1 indicates that Variant 1 of the model has a

maximum size of 245 constraints by 970 variables (including
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deviational variables) while that of Variant Il is of the order

of 125 constraints by 730 variables.

3.4 Data Types and Sources

3.4.1 Data Types

Most of the data needed for this study are defined in
Section 3.3.1 and they can be split into two broad classes:
financial or monetary data and non-financial data. Included in
the class of financial data are (average) salary of academic
staff of particular rank by faculty and each year of the planning
horizon; and the total budget of the University for each year
of the planning horizon. In the group of non-financial data are
specified goals like academic staff level goal in each faculty
for each year; standard or desired staff/sﬁudent ratio for each
faculty and year; student enrolment level for each faculty and
year; and upperbound on the number of academic staff that can
be recruited in each faculty and year of the planning horizon.
Parameters like “ijt’ Bijt and Tijt will be‘estimated from such
data as historical size of acadmic staff by rank as well as

movement between the various ranks of the academic hierarchy in

each faculty for a ten-year period.
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3.4.2. Data Sources

Financial data were obtained mainly from the files of
the University Bursary, though annual publications like Univer-

sity of Ibadan Budget Estimates and University of Ibadan Audited

Accounts were used as aids to make forecasts for each year of
the planning horizon.

Data relating to historical size of the academic staff
by rank and faculty were estimated from three sources:

(a) University of Ibadan Budget Estimates;

(b) files of the University Planning Office; and

(c¢) University of Ibadan Official Calendars.

The University Establishments Office supplied information
relating to the movement of academic staff through the various
ranks of the academic hierarchy, as well aé the wastage rates
of academic staff due to resignation, retirement, death, etc.
Parameters like standard staff/student ratios and academic staff
level goals by faculty and year as well as student enrolment
goals by faculty and year, were obtained or estimated from data

collected mainly from the files of the University Planning Office.
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3.5 Limitations of the Model

This study has three main limitations:

(1) It is mainly concerned with resource allocation in
higher education as an economic issue., .However, education being
a vebicle of social transformation, decisions affecting it, more
often than not, have political undertones that have not been
explicitly considered in the study. But the results of the
study can provide an objective basis for making informed decisions
by policy makers who, as the ultimate decision makers, can take
into consideration political and social factors, if need be, to
make the final decision.

(ii) The model is mainly deterministic, However, extensive
sensitiyity analysis can help take care of uncertainties in
parameter estimation. Moreoyer, most of the parameters are
estimated using the Markovian framework; thus giving some stochastic
stance to the model.

(iii) A linear relationship between decision variables and
parameters is assumed. Also decision variables are assumed to
be continuous, Ideally, integer goal programmes should have
been used, but the state—of-the-art of integer goal programming

is still in its infancy. Even classical single criterion linear
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integer programming problems can be difficult to solve. However,
the method adopted by the study seems justified by what obtains
in the university in practice——the University Development and
Planning Office uses the Full-Time-Equivalent (F.T.E.) approach
for allocating academic resources and this assumes that decision

variables are continuous.
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CHAPTER 4
EMPIRICAL ESTIMATION OF PARAMETERS

The methods of parameter estimation adopted in this study
can be broadly classified into two:

(a) Markovian parameter estimation, and

(b) simple statistical estimations.
However, for certain parameters, a combination of both methods
was employed while in some cases, some parameters were standard
values fixed by policy decisions of the N.U.C. or the university.

In the first group were parameters like:

B.. : the proportion of academic staff of rank i who
ijt . ; ] :
stay from period t to period t+l in faculty j;

Yt proportion of academic staff promoted from rank
J i-1 to rank i during period t in faculty j.

The second group parameters include:

desired student enrolment (headcount or F.T.E.) in

S..®
it faculty j, period t.

U,t: upperbound on the number of academic staff that
J can be recruited in faculty j, period t.
The parameters estimated using a combination of both Markovian and

simple statistical estimation procedures include:

B.: total academic payréll budget at the beginning of
period t.
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8¢ academic staff level goal desired in faculrty j
] at period t.

Cijt' average salary per academic staff type by faculty and
year.

Parameters like hjt: the desired student/staff ratio in faculty
j, period t and mijt: desired proportion of academic staff of
rank i, faculty j at period t, are standard values fixed by

policy decisions of the N.U.C. or the University.

4.1 Markovian Parameter Estimation

A system can be modelled using a first-order Markov

1

chain if it satisfies the following properties

(i) The set of possible outcomes is finite.

(ii) The probability of the next outcome depends only
on the outcome immediately before.

(iii) The probabilities are constant over time.

A manpower planning system often satisfies fully the
first and third conditions; however, the second condition is
usually only approximated because the probability of promotion
from one grade to the other in the system depénds also on other
factors like differential individual ability and educational
background, etc. This approximation notwithstanding, Markov

chain modelling has been used successfully for manpower planning

1. Shamblim.and Steyens (1974), p.53.
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in organization, e.g. Zanakis and Maret (1980)1.

For estimation of some parameters in this study, the
academic hierarchy was divided into five with each grade repre-
senting a state of the Markov chain. The grades of the hier-
archy have been elaborated upon in the last chapter. An addit-
ional state, representing wastage was also defined. This state

is an absorbing state because once entered, transition from it,

is not possible. The wastage state defines the proportion of
people leaving the manpower system as a result of resignation,
death, dismissal or retirement.

To estimate the transition probability matrix (T.P.M.)
of each faculty/college, historical data of movements between
the various grades of the academic hierarchy were collected for
the ten year period 1970/71-1979/80 from the files of the Develop-
ment and Planning Office as well as from those of the Establish-—
ment Office, the University of Ibadan Annual Budget Estimates
and the University Calendars. The raw data showing the transi-
tion between the various ranks of tﬁe academic hierarchy and
the wastage state are contained in Appendices lA-1H.

In estimating the T.P.M. for each faculty, the following
notation is introduced:

m

total number of absorbing and nonabsorbing states;

a

total number of nonabsorbing states;

1. See also Akinlade (1979),Grinold and Marshall (1977); Roland

and Sovereign (1969), Hopes (1973), Nelson and Young (1973),
and Merch (1970).
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T - total number of time periods for which historical
data were collected;

Ni‘(t) - number of persons moving from state i to state
] j in period t.

Then

m
Ni(C) = I N..(t) (&1)

gives the total number of people available in state 1.at the
beginning of period t.

By g5 (4.2)

is the proportion of people that moved from state i to state ]

during period t.

- | (4.3)

pij

gives theestimare of the transition probability from state i to
state j. This is assumed constant overtime but the validity of this
assumption will be tested at a given significance level,

Appendices lA-1H give the values Of.Nij(t) for various
faculties. The last rows of the appendices give sums of Ni(t) for the
whole period for each faculty. The numerator in equation (4.3) is given

by the appropriate entries of Appendix 2 while the row total of
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the tables in this appendix give the values of the denominator

in the equation. Therefore, dividing each entry of this appendix
by appropriate row totals will give estimates of the transitional
probabilities. The estimated transitionlprobability matrix for
each faculty/college is shown in Table &4.1.

One important assumption of Markov chain modelling that
needs testing for the purpose of this study is the stationarity
assumption of the T.P.M. and each transition probability. The
stationary assumption hypothesizes that the T.P.M. and each
individual transitional probability is constant over time and
hence is time-independent. The X2 test can be used to test the
stationarity assumption (Zanakis and Maret, 1980) as follows,

At = significance level, the (i,j)th transition probability is

constant over time if

! \ ~ 52 2
tzl N, (£) [pij(t) - pij] < ¥ - (4.4)
pij
The entire T.P.M. is constant over time if
a @ T . S ;.
- N(e) [py (e = 25 1° < Xopatmo1yr-1)]
o (4.5)
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TABLE 4.1

Transition probability matrices
By faculty/college

A.L. LECT. S.L. READ. PROF. WASTAGE

(a) Medicine

A.L. 0.7619 0.2143 0 0 0] 0.0238
LECT. 0 0.8267 0.1487 0 0 0.0246
S.L. 0 0 0.9119 0.0313 0.0478 0.0090
READ. 0 0 0 0.8667 0.10600 0.0333
PROF. 0] 0 0 0] 0.9858 0.0142
WASTAGE 0] 0] 0] 0] 0] 1.0000
(b) Arts
A.L. 0.7857 0.1905 0 0 0 0.0238
LECT. 0 0.9164 0.0538 0 0 0.0298
SiL. 0 0 0.9203 0.0319 0.0239 0.0239
READ. ] 0 0 0.7667 0.0333 0.2000
PROF. 0 0] 0 0 0.9580 0.0420
WASTAGE 0] 0 0 0 0 1.0000

(c) Science

A.L. 0.7800 0.1200 0 0 0 0.1000
LECT. 0 0.8716 0.0750 0 0 0.0534
S.L. 0 0 0.9084 0.0393 0.0288 0.0236
READ. 0 0 0 0.9032 0.0430 0.0538
PROF. 0 0 0 0 0.9490 0.0510
WASTAGE 0] 0] 0 ' 0] 0] 1.0000

(d) Agric. & Forestry

A.L. 0.6818 0.1364 0 0 0 0.1818

LECT. 0 0.8481 0.1224 0 0 0.0295
S.L. 0 0 0.8466 0.0797 0.0413 0.0324
READ. 0] 0 0 0.8736 0.0690 0.0574
PROF. 0 0 0 0 0.9575 0.0425
WASTAGE 0 0 0 0 0 1.0000
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TABLE 4.1 (continued)

A.L. LECT. S.L. READ. PROF. WASTAGE
(e) Education
AvEs 0.7566 0.1778 0 0 0 0.0666
LECT. 0 0.8621 0.1035 0 0 0.0344
S5.lia 0 0 0.9059 0.0412 0.0235 0.0294
READ. 0 0 0 0.7368 0.1579 0.1053
PROF. 0] 0 0 0] 0.9348 0.0652
WASTAGE 0] 0 0 0 0 1.0000
(E) Social Sciences
A.L. 0.7000 0 0 0 0 0.3000
LECT. 0 0.8623 0.1199 0 0 0.0178
SiLs 0 0] 0.9020 0.0412 0.0516 0.0052
READ. 0 0 0 0.8235 01177 0.0588
PROF. 0 0 0 0 0.9886 0.0114
WASTAGE 0 0 0 0 0 1.0000
(g) Vet. Medicine
A.L. 0] 0 0] 0 0 0]
LECT. 0 0.8732 0.0976 0 0] 0.0292
SiLi 0 0 0.8429 0.0429 0.1142 0
READ. 0 0 0 0.7000 0.2000 0.1000
PROF. 0 0 0 0 0.9063 0.0937
WASTAGE 0 0 0 0 0 1.0000
(h) Technology

Al 0.8333 0.1667 0 0 0 0
LECT 4 0 0.8846 0.0962 0 0 0.0192
S.0La 0 0] 0.9364 0.0303 . 0.0303 0
READ. 0 0 0 1.0000 0 0
PROF. 0 0 0 0 1.0000 0
WASTAGE 0 0 0 0 0 1.0000
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The X2 tests indicate that the entire T.P.M. is stationary for
all faculties at 0.0l level of significance. Table 4.2 gives
the computed Xz values for each T.P.M. by faculty/college. The

critical X2 value at 0.0l and 245 degrees of freedom is 282.50.

TABLE 4.2

Stationary test; Vvalues of computed chi-square
for each T.P.M. by faculty/college

Faculty/College Computed Chi-square
Medicine 215.56
Arts ¥81.75
Science 112.46
Education 100.97
Agric. & Forestry 88.22
Social Sciences 86.39
Vet . Medicine 64.59
Technology 44,17

All the 120 individual transitional probabilities are

stationary at 0.0l level except five: two in the faculty of

Arts, two in the College of Medicine and one in the faculty of
Technology. These probabilities are made up as follows:

(a) Faculty of Arts——probability of transition from
Lecturer grade to Wastage with a computed chi-
square of 67.79 and probability of transition from
Senior Lecturer grade to Wastage with a computed
chi-square of 25.74.

(b) College of Medicine--Probability of transition
from Lecturer to Senior Lecturer with a computed
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chi-square of 74.95 and probability of transition
from Senior Lecturer to Reader with a computed
chi-square of 28.68.
(c) Faculty of Technology--probability of transition
from Lecturer grade to Wastage with a computed
chi-square of 24.02.
However, only two of these five non-stationary probabilities are
relevant model parameters or useful in estimating other model
parameters. Since all the T.P.M.'s are stationary, ‘it is
assumed that the results will not be affected much by the non-
stationarity of just two transition probabilities. Appendix 3
shows the computed chi-square for all the transition probabilties.
From the T.P.M. for each faculty, we can now obtain
parameters like Bijt and Yijt' The stationarity test performed
in the foregoing, establishes that both are time-invariant. Sijt
is found in the diagonal of the T.P.M. corresponding to faculty

j while Yijt is given in the appropriate upper triangular

portion of the T.P.M. of faculty j (see Table 4.1).

4.2 Simple Statistical Estimation of Parameters

Two groups of parameters were estimated using simple
statistical techniques of taking averages and percentages of
certain quantities. These are desired student enrolment by
faculty and year, and the upperbound on the number of academic

staff that can be recruited in a given faculty and year of the
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planning horizon.

4.2.1 Projected Student Enrolment by Faculty and Year (Sjtl

The University of Ibadan Development and Planning Office
have in their files projected student enrolment by headcount
where no course system exists and by F.T.E. where there is
course system for only two years of the planning horizon of
this study: 1984/85-1985/86. 1In addition, they also have
aggregated figures for the 1990's. However, actual enrolments
for 1979/80 are also available. On the assumption of a constant
annual percentage increase between 1979/80 and 1984/85, the
projected student enrolment for each year was determined using

the equation

S. =8 (W t'r,) ' (4.6)
jt Jo J
where
S't = projected student enrolment in faculty j during
J year t
Sjo = actual student enrolment in faculty j in the base

year, i.e. 1979/80

t = number of years with t=0 referring to 1979/80,
t=1l is 1980/81, etc.

r., = constant annual rate of increase of student enrol-
ment in faculty j.

Table 4.3 shows the projected student enrolment obtained using

equation (4.6). The staff strength determined from the projected



TABLE 4.3

k7

Projected student enrolment by college/faculty and year

College/Faculty Base Year Annual 1981/82 1982/83 1983/84 1984/85 1985/86
Enrolment Growth
(1979/80) Rate
Medicine 1493 0.05 1642 1717 1792 1846 1870
Arts 1061 0.10 1273 1379 1485 1575 1602
Science 1180 0.18 1604 1817 2010 2221 2258
Agric. & Forestry 805 0.26 1224 1433 1642 1838 1874
Education 975 0.06 1034 1092 1151 1262 127?
Social Sciences 767 0.41 1396 1710 2025 2344 2360
Vet. Medicine 279 0.07 318 338 357 381 399
Technology 294 0.35 450 603 706 815 831

*
Figures for the College of Medicine and the Faculty of Vet. Medicine were based
on headcount while others were determined using F.T.E.

€9
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student enrolment of Table 4.3 is shown in Table 4.4. For certain
faculties, like Arts, Education and Veterinary Medicine, the
standard student/staff ratios were more or less long-term goals
because if they were used, some academic staff would have to be
retrenched. 1In the Faculty of Arts, the actual ratio used was
11:1 while in Education, it was 16:1, and in Veterinary Medicine
a ratio of 7:1 was used. This conforms with the practice of
the Development and Planning Office. However, for other
faculties, the standard ratio laid down by the N.U.C. guidelines
was used. E

TABLE 4.4

Staff strength determined from
the projected student enrolment

College/Faculty 1981/82 1982/83 1983 /84 1984/85 1985/86

Medicine 235 245 256 264 267
Arts 115 125 135 143 150
Science 160 181 201 222 226
Agric. & Forestry 122 143 162 184 187
Education 64 68 72 78 78
Social Sciences 93 114 I35 156 157
Vet. Medicine 45 48 51 76 76

Technology 45 60 71 . 82 83
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4.2.2 Upper-bound on the Number of Academic Staff That Can be

Recruited in a given Year and Faculty (thl;

From the period 1969/70 to 1978/79, 15% of the academic
staff (i.e.,?gé members of the academic staff out of a total of
5126) were recruited (Akinlade, 1979). (See Table 4.5.) Thus
on the average, it can be said that, university-wide, 15% of the
staff are recruited annually. Table 4.6 shows the estimated
upper bound on the number of academic staff that can be recruited

using this criterion on the projected staff strength of Table

4.4,
TABLE 4.5
Distribution and recruitment of academic staff
by rank during 1969/70-1978/79
Academic Total Number Total Number Percentage
Staff Rank of Staff Recruited
Assistant Lecturer 246 103 42
Lecturer 2661 630 24
Senior Lecturer 1333 43 3
Reader 180 _ 2 1
Professor 706 13 2
Total All Grades 5126 791 i5

Source: Computed from Tables I & II of Akinlade (1979).
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TABLE 4.6

Upper bounds on the number of academic staff
that can be recruited by faculty and year

College/Faculty 1981/82 1982/83 1983/84 1984/85 1985/86

Medicine 35 37 38 40 40
Arts 17 19 20 22 23
Science 24 27 30 33 34
Agric. & Forestry 18 22 24 28 28
Education 10 10 11 12 12
Social Sciences 14 17 20 23 24
Vet. Medicine 7 7 8 11 11
Technology 7 9 i1 12 13

4.3 Combination of Markovian and Simple Statistical Estimation

Parameters estimated by a combination of Markovian and
simple statistical estimation procedures and (i) average salary
of each academic staff by rank in each facﬁlty and year of
the planning horizon; (ii) total payroll budget at the beginning
of each year, and (iii) academic staff level goal desired in

each faculty and year.

4.3.1 Academic Staff Level Goal Desired in Each Faculty and
Year (gjtl—

The academic staff level goal was estimated using the

staff-flow equation (3.7). We rewrite this equation here for
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convenience:

Xogeel = Biie®ige * Yigesl % e for alll 4,46
This equation states that the number of academic staff of a given
rank in year t+l is made up of those remaining on that grade
plus those recruited and those promoted from a lower rank. Two
of the terms, namely Bijtxijt and Yijcxi—l,ja are Markovian
and each is estimated using the appropriate transition probability
in the corresponding T.P.M. Since we have established that the
T.P.M.'s and the transition probabilities are stationary, Bijt
and Tijt are, therefore, time-invariant. To estimate Yijt+1’ we
use the secondary data of Table &4.5. For example, for the
Assistant Lecturer grade, on the average, 42% of staff on this
grade are recruited annually while only 2% of Professors are
recruited each year. However, there is the possibility of the
forecast estimates of the number of staff recruited in the
Assistant Lecturer grade being bloated. The forecast estimates
of the staff level goals using the staff flow equation are shown
in Table 4.7. These estimates can be interpreted as the desired
academic staff level goals assuming that the current rates of
advancement and recruitment of staff are maintained. However,

it does not take into consideration whether enough students will

be available for such staff to teach. Neither does it take
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TABLE 4.7

Forecast estimates of academic staff
level goals by faculty and year

College/Faculty 1981/82 182/83 1983/84 1984/85 1985/86
Medicine 238 256 275 296 321
Arts 149 167 189 214 246
Science 100 112 124 138 153
Agric. & Forestry 76 83 89 95 101
Education 68 79 92 107 123
Social Sciences 77 84 g1 99 107
Vet. Medicine 82 91 101 111 122
Technology 31 37 44 50 59

cognizance of the availabilities of necessary infra-structures
and other facilities required for use by such students. From
the point of view of healthy labour relations, however, it
appears desirable to have such a goal because it incorporates
the goals and desires of employees into the planning process.
It is from this viewpoint that this goal does not seem to be
superfluous.

A comparison of tables 4.4 and 4.7 will show some
differences in the forecast estimates. While in some faculties,
forecast estimates of the staff level goals are much greater than
the estimated staff strength based on student enrolment, the
reverse is the case in certain faculties. For example, in the

Faculties of Arts, Education, Veterinary Medicine and the
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College of Medicine, the estimated staff level goals are larger
(sometimes substantially) than the estimated staff strength
based on projected student enrolment. In the Faculties of
Science, Agriculture and Forestry, Social Sciences, and
Technology, the staff level goals are much smaller. One
advantage of the staff flow equation is that it is much easier
to estimate total payroll budget estimates more objectively
using the academic staff flow equation because it disaggregates
the hierarchy into ranks. The estimated payroll budget using
the staff equation will be about the same if it were possible
to use the student enrolment because where one method under-
estimates, the other method overestimates and vice versa.

4.3.2 Average Salary of Academic Staff by Rank, Faculty and
Year (Cijtl—

Initially, it was planned that this parameter will be
estimated by extrapolating a simple linear trend using ten-year
data for each rank and faculty. However, within the last decade,
universities in this country have had two salary reviews: the
Udoji Salaries Review Commission and the Cookey Commission with
attendant jumps in average salaries. Since linear trend is a
simple regression technique and since regression is always

towards the mean, the jumps resulting from the reviews, might
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just be treated as outliers if a linear trend is used. Thus
the resulting forecast estimate will probably underestimate the
average cost.

On the assumption that the University System Scale
(U.S5.5.) ,which is now in use, will not change during the planning
horizon, data on the individual staff were collected by research
assistants from the bursary. Such data indicated the step of
the scale each academic staff member was in the 1981/82 session.
The total salary collected by each rank in each faculty for the
session was computed and the average salary was found.

To make forecasts of the total salary for each rank and
faculty for other years, the academic staff flow equation (3.7)
was used. For each rank, the academic staff that remained on
the same grade were assumed to have advanced to the step nearest
the average salary of the previous year. Those promoted from
the next lower rank and those recruited were assumed to start on
Step 1 of the scale corresponding to the rank. Appendix &
shows the University System Scale while the forecast average

salary by rank, faculty and year is shown in Table 4.8.
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TABLE 4.8

for each year of the planning horizon

(Naira)

Med. Arts  Sci. Agric. Educ. Soc. Vet. Tech.
& Sci.: Med.
Fores.

1681/82
Asst. Lect. 6792 6723 6368 6336 6624 6537 - 6896
Lecturer 8656 8896 9125 9113 8871 8788 8802 8946
Snr. Lect. 11796 11652 11920 11678 11748 11729 11779 11868
Reader 13722 13722 13722 13832 13392 13557 13612 14052
Professor 15625 15524 15595 15678 15360 15609 15480 15720

1982/83
Asst. Lect. 6720 6706 6456 6336 6720 6566 — 6912
Lecturer 8632 8276 8927 8938 8929 8433 8975 8884
Snr. Lect. 11868 11868 12297 11840 12213 12367 12295 12286
Reader 13887 13832 14548 13788 13612 13722 13612 14712
Professor 15528 15655 15547 15560 15720 15450 15336 15720

1983/84
Asst. Lect. 6703 6709 6592 6432 6703 6566 -— 6797
Lecturer 8643 8948 8942 8964 8908 8951 8977 8832
Snr. Lect. 11866 12355 12732 12286 12255 12876 12269 12307
Reader 13887 13832 14548 13812 13356 13722 13612 14712
Professor 15567 15655 15560 15568 15360 15493 15400 15720
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TABLE 4.8 (continued)

Med. Arts Sci. Agric. Educ. Soc. Vet. Tech.
& Sci. Med.
Fores.

1984/85
Asst. Lect. 6562 6710 6580 6528 6691 6566 8- 6848
Lecturer 8638 8953 8931 8946 8899 8987 8954 8908
Snr. Lect. 12364 12867 12772 12295 12250 12838 12756 12324
Reader 13887 13832 14548 14382 13356 13722 13612 14712
Professor 15562 15655 15571 15576 15432 £1BoP4 15432 15720

1985/86
Asst. Lect. 6477 6720 6583 6528 6696 6566 - 6816
Lecturer 8638 8942 8949 8979 8922 8969 8970 8921
Snr. Lect. 12362 12816 12804 12772 12702 12852 12714 12269
Reader 13887 13675 14548 14407 13356 13722 13612 14712
Professor 15560 15655 15581 15583 15458 15547 15458 15720

4.3.3 Total Academic Payroll Budget

To forecast the total payroll budget, the total cost

estimated in the last section was

each faculty and each year of the planning horizon.

the estimated actual emoluments for each faculty and year of

the planning horizon.

average ratio of budget/actual expenditure determined from

historical data for the periods 1970/71-1979/80.

cumulated over ranks and for

This gives

Each estimate was then multiplied by the

(See Appendix

5.) The estimates for all faculties were then added to give the
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payroll budget for the whole university for the particular year
under consideration. The payroll budget so forecast by faculty
and year, as well as the total forecast payroll budget for the
whole university in each year of the planning horizon, are

shown in Table 4.9.

4.4 Parameters Fixed by Policy Decisions

Two parameters belong to this class: the standard
student/staff ratio fixed by the policy decision of the N.U.C.
and the academic rank distribution proportions, “ijt which are
fixed by the policy decision of the University Council and made
public by the Release 46 of 1981. Table 4.10 shows the standard
student/staff ratio in each faculty. The proportion of academic
staff of particular rank as fixed by the University Council is

faculty-and time-invariant. Using the notation introduced in

Chapter 3, the proportions are given by:

xAjt 30% for all j and t

Bjt

40% for all j and t

cjt

Il

30% for all j and t.



TABLE 4.9

Forecast payroll budget by faculty and year

(Naira)
1y81/82 1982/83 1983/84 1984/85 1985/86

Medicine 3,434,681 3,699,832 3,968,138 4,323,628 4,669,761
Arts 1,887,472 2,028,792 2,359,481 2,659,541 2,948,566
Science 1,386,982 1,544,504 1,700,664 1,889,170 2,074,691
Agric. &

Forestry 1,025,996 1,106,641 1,201,806 1,287,675 1,383,060
Education 850,420 1,009,237 1,174,127 1,369,613 1,589,441
Social Sciences 1,100,577 1,213,460 1,362,435 1,489,188 1,615,838
VeL. Medicine 1,087,252 1,235,677 1,377,303 1,527,237 1,673,228
Technology 570,542 681,395 729,581 894,852 1,042,288
Total 11,343,922 12,519,538 135873335 15,440,904 16,996,873

YL
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TABLE 4.10

Standard student/staff ratios

College/Faculty Student /Staff Criterion for
Ratios Applying-Ratios
Medicine 7l Headcount
Arts 1501 F. Lk
Science 1051 F.T.E.
Agric. & Forestry 10:1 F.T.Ea:
Education 25:1 F.T.E.
Social Sciences 15:1 F.T.E.
Vet. Medicine 105 ) Headcount
Technology 10:1 F.T.E.

4.5 Substitution of Estimated Parameters
into the Model

The model summarized in Section 3.3.3 was expanded by sub-
stituting for values of i, j and ¢ éuch that
15155, 15358, and1 Xt 5£5. The coefficients of like
terms of the model decision variables were collected in such a
way that the decision variables were arranged sequentially in
increasing order of their subscripts. It was in this form that

the model parameters estimated in the foregoing sections of this
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chapter were substituted. The detailed model obtained after

this substitution is shown in Appendix 6.
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CHAPTER 5

BASIC MODEL SOLUTION AND DISCUSSION OF RESULTS

The model formulated for this study was solved using
the revised simplex goal programming algorithm developed by
Kang (1980) under the supervision of Professor Sang M. Lee
on an IBM VM 370 computer in the University of Nebraska-
Lincoln, U.S.A. The original programme was coded to handle
350 variables (including deviational variables), and 150
constraints and 15 priorities. It consists of a main
programme and eight subroutines which carry out varying
functions ranging from selecting the pivot column to printing
out the output. The code was redimensioned and modified to
handle models as big as 250 rows by 1,000 variables (including
deviational variables) by Seung Ho Lee. In this form, it

requires a memory size of the order of 600K.
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As mentioned in Section 3.1, the goal programming model

provides three types of solutions (Lee, 1972):

(i) the identification of input (resource) requirements
to attain all desired goals;

(ii) the degree of goal attainment with the given inputs;
and

(iii) the degree of goal attainment under various combi-
nations of inputs and goal structures,

For this study, two variants of the model formulated in Chapter 3
will be solved. Each will be solved to obtain the types of

solutions specified above, as much as possible,

5.1 Yariant I, Run T.
In Variant I Run I, the aim is to identify the input
requirements to attain all the desired goals, The priority

structure of this run is as follows:

P, : Ensure that the university has adequate academic

staff to meet the student enrolment goal in each college/faculty

at the beginning of each year of the planning horizon.
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P2 : Attain as much as possible the academic rank
distribution goal.

P3 : The maximum hiring constraint should not be
exceeded and the academic staff level goal should also not be
exceeded. However, the goal of not exceeding the maximum hiring
constraint is twice as important as that of not exceeding the
academic staff level goal.

Pq : All the foregoing goals should be achieved as
much as possible with minimum budget.

The objective function associated with this priority

structure can be stated as

8 5 8 5
Minimize P, 2 z nb.'t +P, I z z p‘i:.t
j=1 &l )] iep  j=1 =1 !
8 5 8 5
d a
+ 2 P L L p. + P z z P.
3 ey At gl gt O
5 e
+ P(s T pt (5.4)
=1

The first group of terms in the objec;ive function
indicates that over-achievement of goals with priority one is
desirable to the DM. This is reasonable since we wish to have
as many teachers as possible to teach students. However, this

can lead to excess number of academic staff. Ideally, we should
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aim at achieving the goal exactly, in which case both positive
and negative deviational variables will appear in the objective
function. Initially, the idea was to achieve both P1 and P2
exactly, in which case for the two priority levels both devia=
tional variables appeared in the objective function. However,
when the model was run, no solution was obtained after over 35
minutes of CPU time. When positive deviations were dropped
from Pl (40 of them) and negative deviations (120 of them) were
dropped from PZ’ a solution was obtained at about 20 minutes of CPU
time. This corroberates the findings of Kang (1980) that the
CPU time of the revised simplex goal programming algorithm tends
to increase with the number of negative deviational variables in
the objective function. The memory core utilized by the model
in this form was 584K.

At priority 2 of the objective function (5.4), only the
positive deviational variables will be minimized and so, negative
deviational variables can appear in the solution. This is also
true of all the lower order priorities, 3 and 4.

5.1.1 Analysis of Goal Attainment

Table 5.1 shows the result of analysis of the objective

function of the goals stated earlier.
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TABLE 5.1

Analysis of the objective function of Variant I, Run I

Goals Degree of Attainment
Student Enrolment Achieved
Academic Rank Distritution Achieved

Maximum Hiring and
Academic Staff Level Unattained (898)

Minimize Budget Achieved

From Table 5.1, we can see that the objective of minimi-
zing the negative deviational variables at priority 1 is achieved.
In fact, .an examination of the deviational variables relating to
these goals, indicates that the positive deéviational variables
are also minimized. - The interpretation of this is that the
number of academic staff determined by this model and under its
various assumptions, will just be enough to achieve the student
enrolment goal at the beginning of each year of the planning

horizon.
Table 5.1 also indicates that the academic rank distri-

bution goal is achieved. What this means is that in each year

of the planning horizon, the distribution of academic staff is
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such that the percentage distribution prescribed by the press

release No. 46 of 1981 is not exceeded. This goal can be under-

achieved and, as will be seen later in the chapter, there are
examples where zero percentage allocatiqn can be made to some
ranks.

The priority 3 goals are not achieved, i.e. the
goals of not exceeding maximum hiring constraint and that of
minimizing the overachievement of the academic staff level goal.
However, an examination of the deviational variables appearing
in the solution shows that all the positive deviational variables
associated with the maximum hiring goal are zero. Thus, it is
only the staff level goal that is unattained. This means that
there are certain faculties, where the total number of academic
staff allocated exceeded what it should be if the current rate
of promotion and recruitment is maintained. The figure in Table
5.1 (i.e. 898) indicates that over the planning horizon, a total
of 898 academic staff members are allocated over and above what
they should be in certain faculties if the current rate of recruitment
and promotion are to be maintained. It would not have been
possible to see this result had we dropped the academic staff
level goal and this type of result can be a potent negotiating

weapon in favour of the University authority in any industrial
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negotiation between it and the Academic Staff Union of
Universities (ASUU). Of course, a closer examination

of the deviational variables of certain faculties

will reveal that there is underachievement of the staff level
goal in these faculties, i.e. the allocation of academic staff
is below the current rate of promotion and recruitment in these
faculties. This can be expected because the allocation of
academic staff depends not only on the historical rate of
recruitment and promotion, but also on other factors like shift
in emphasis of government in funding of certain programmes and
the demand for particular courses, etc.

Table 5.1 also indicates that the budget goal is com-
pletely achieved: academic staff are allocated between the
various faculties and in each year of the planning horizon in
such a way that the budget allocated to staff salaries in each
year is not exceeded. This also means that the budget goal can
be underachieved. ‘A detailed discussion on this will be seen

towards the end of the next subsection.

5.1.2 Analysis of Deviations from Stated Goals

Table 5.2 contains the values of the deviational variables
from the academic staff level goal. As will be seen, for each
faculty and year, there can only be one non-zero value of the

positive deviation variable,p, and negative deviational variable,
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TABLE 5.2

Values of deviational variables corresponding to the
staff level goal by type, year and faculty/college

Faculty/ 1981/82 1982/83 1983/84 1984/85 1985/86 Total
College P n p n p n p n p n p n
Medicine - 3 - 11 - 19 - 32 - SH# — 119
Arts - 34 - 42 - 54 - 120 - 96 - 346
Science 0O 0 69 - 71 - 84 - 73 - 303 -~
Agric. &

Forestry 0 0 60 - 73 - 89 - 86 - 308 -
Education - & - 11 - 20 - 29 - 45 - 1c9
Social

Sciences - 12 30 - 44 - 57 - 50 - 181 12
Vet. Med. - 37 - 43 - 50 - 35 - 46 —; 23,
Technology 0 0 23—\ - 27 =32 - 264 = b =
Total - 90182 107 221 143 262 216 233 241 898 797

n. This conforms with equation (3.6). However, university-wide,
both can be non-zero (see column totals of Table 5.2).

Only one faculty (the Faculty of the Social Sciences)
has both non-zero values of positive and negative deviation over

the five-year plan period. For the 1981/82 session, the under-
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achievement of the academic staff level goal for this faculty is
12. Starting from 1982/83, it is expecteﬁ that the historical
rate of recruitment, promotion, and allocation of academic staff
to the faculty will be exceeded by 30, reaching 50 by 1985/86.
This appears plausible and seems to be in agreement with the
long-term goals of the University for the current 1980/85
National Development Plan Period (see Chapter 2) given the fact
that new programmes like Law, Banking and Finance, MILR and the MBA,
which have just taken off in this faculty, will be expected to
be ''taking shape' during the planning horizon of this study.

Other faculties in which a shift of emphasis in programmes
appears to have influenced the allocation of academic staff by
the model are Science (with a total of 303 over the historical
rate during the planning horizon); Agriculture and Forestry (308
over and above the historical rate during the planning horizon);
and Technology (106 over and above the current rate for the
period 81/82-85/86).

‘For the College of Medicine,. Faculties of Arts, Education,
and Veterinary Medicine, Table 5.2 tells a different story. Start-
ing with the 1981/82 session, the slow—down in the allocation
of academic staff in the College of Medicine below the historical

rate in that college, takes a value of three and increases
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slowly at first to 19 by 1983/84 and almost doubles to 32 in
1984/85, reaching a value of 54 at the end of the planning
horizon. The worst hit is the Faculty of Arts, which has a
total of 346 in allocation of staff belog its historical rate
over the planning horizon. Thus, it can be seen that{an analysis
of deviational variables can reveal certain structural changes
resulting from resource allocation as a result of shift in
emphasis and development of new programmes. The faculties that
have over-achievement of the academic staff level goal are those
that are now operating new programmes or are expected to start
new ones during the planning hori?on of this study. The column
totals reveal the relationship between over- and under-achieve-
ment of this goal by year university-wide. On the whole,
throughout the planning horizon, 898 academic staff meuwbers
are allocated over and above the historical rate while there will
be a slow-down in allocation below the current rate by a value
of 797 over the planning horizon resulting in a ratio of
p:n of 1.13. This can be interpretéd by saying that the per-
centage of allocation over the historical rate during the plan-
ning horizon will be nearly 13%.

The model achieved the academic rank distribution goal

for the lecturer grade exactly in all faculties except the
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Faculty of Veterinary Medicine. Thus, in all faculties except
this one, both the positive and negative deviational variables
are zero. Table 5.3 gives the values of the under-achievement

of this goal for the Faculty of Veterinary Medicine.

TABLE 5.3

Values of the negative deviational variables for lecturer grade
of the academic rank distribution goal in the
Faculty of Veterinary Medicine by < year

Year n
1981/82 14
1982/83 _ 14
1Y83/84 15
1984/85 23
1985/86 23

Given the budget, the structure of movement
between the academic hierarchy as given by the TPM's of Table
4.1 and our goal structure, there is no way by which the model
could allocate enough senior lecturers in such a way as to
achieve the rank distribution structure of 40% during the
planning horizon. Table 5.4 shows substantial underachievement

of this goal in all faculties and in each year of the planning
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TABLE 5.4

Values of the negative deviational variables for the
senior lecturer grade of the academic rank distribution
goal by faculty and year

Faculty/ 1981/82 1982/83 1983/84 1984/85 1985/86
College

Medicine 94 97 102 106 107
Arts 46 50 ' 54 38 60
Science 40 72 80 89 90
Agric. &

Forestry 49 57 65 74 75
Education 26 27 .29 31 31
Soc. Sci. 37 46 54 62 39
Vet. Med. 18 19 20 ’ 30 30
Technology 18 24 28 33 33

horizon. This table seems to justify the fear of members of
the academie staff that the introduction of rigid percentage
allocation of staff by rank irrespective of how productive an
academic is, may not be in the best interest of academics.
Furthermore, it goes on to suggest that making the senior lect-
eror grade a career grade in the academic hierarchy by allotting

a higher percentage to it than the other two grades appears
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rather long-term and may only be achieved perhaps in a life-time.
0f course, then a lot of frustration must have been caused
academics due to prolonged underachievement of the goal.

The rank distribution goal for this professorial
grade was achieved in nearly all faculties except the ‘Faculty
of Technology for all years of the planning horizon, the Faculty of
Agriculture and Forestry from 1982/83 until the end of the
planning horizon and the Faculty of Arts, for only 1984/85 (Table

5.5). The case of the Faculty of Technology can easily be

TABLE 5<5

Values of the negative deviational variables for the
professorial grade of the academic rank distribution
goal by faculty and year

Faculty/ 1981/82 1982/83 1983/84 1984/85 1985/86
College

Medicine 0 0 0 0 0
Arts 0 0 0 33 0
Science 0] 0 0 0 0]
Agric. &

Forestry 0 49 61 70 72
Education 0 ' 0 0 0 0
Soc. Sci. 0 0 0 0 0
Vet. Med. 0 0 0 0 0

Technology 14 20 24 28 29
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explained given the age of the faculty and the special structure
of its TPM which has two apparent absorbing states (Reader and
Professor) in addition to regular absorbing state of wastage
(Table 4.1(h)). However, it is not as easy to explain the
circimstances surrounding the vast underachievement of this
goal in the Faculty of Agriculture and Forestry for almost every
period of the planning horizon. Later on in this chapter,
efforts will be made to demonstrate that the ;esults do satisfy
the constraints of the model and, as well,; give a plausible
explanation.

Table 5.6 indicates that there was only a case of
exact achievement of the maximum hiring constraints (Education in

1985/86). 1In fact, the model suggested hiring new academic

staff members only in two faculties, viz., Agriculture and

i in
Forestry2?1982f83 and Education/ 1985/86 (see next section).

Table 5.7 gives the value of the unspent portion of the
budget with the allocation made by the model as well as the
respective relative value in relation to the budget of the
University for each year of the planning horizon. The table
suggests that the forecast budget for each year of_the planning

horizon is adequate.
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TABLE 5.6

for the maximum hiring constraint

by faculty and year

Faculty/ 1981/82 1482/83 1983/84 1984/85 1985/86
College

Medicine 35 37 38 40 40
Arts 17 19 20 22 23
Science 24 27 30 33 34
Agric. &

Forestry 18 14 24 28 28
Education 10 10 11 12 0
Soc. Sci. 14 17, 20 23 24
Vet. Med. 7 7 8 11 11
Technology 7 9 11 12 13
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TABLE 5.7

Values of the negative deviational variables
for the payroll budget goal by year

Year n % Unspent
Budget
1981/82 N 2,368,616 21
1Y82/83 1,844,493 15
1983/84 2,025,170 15
1984/85 2,741,836 18
1985/86 3,419,795 20
S.l.3 Analysis of Decision Variables

In order to give the right interpretations to the values
of the decision variables, reference will have to be made to
their definitions and the forms of the formulation of the
constraints of the model in Section 3.3.1.

In subsection A of this section, it will be seen that
the decision variables are defined as the number of academic

staff by rank at the beginning of particular years. Further-

more, in subsection D, the definition of the student enrolment

goal--which has priority 1 in the model solution and hence the
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most important--states that the total number of academic staff
obtained from the model solution must be the minimum number
that is required for the projected student enrolment. There-
fore, it must be borne in mind that the values determined by
this model represent the minimum number of academic staff by
rank to satisfy, in particular, the student enrolment goal, the
budget constraint, the academic rank distributionm goal and the
maximum hiring constraint. The staff level goal is not com-
pletely satisfied by the solution. This result reveals the

existence of conflicting goals in the University, as is expected

of all real life organizations.  The best that can be done is to

achieve the goals as much as possible subject to the resources
available. As advocated by Simon (1979), organizations should
seek to satifice rather than optimize because global optimi-
zation is rather difficult to achieve due to the existence of
conflicts of objectives in a world of limited resources and
unlimited wants. Thus, the results of the model solution

represent minimum, satisficing values only, for each rank,

faculty and year of the planning horizon.

Tables 5.8-5.12 give the values of the decision
variables distributed by rank and faculty for the years 1982/83-
1986/87. Two of the academic ranks: lecturer grade and pro-

fessorial grade are made up of two ranks as defined by this
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TABLE 5.8

Distribution of minimum academic staff requirement

by rank and faculty at the beginning of 1982/83

Faculty/ Lecturer Sen. Lect. Profess. New Total*
College Grade Grade Grade Recruitment

Medicine 54 86 61 - 201
Arts 27 42 27 - 96
Science 23 36 27 - 86
Agric. &

Forestry 25 41 44 8 (Prof.) 110
Education 15 23 14 - 52
Soc. Seci. 20 34 23 - 77
Vet. Med. - 27 10 ~ 37
Technology 11 32 - - 43
Total 175 321 206 8 702

* Excludes new recruitment
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TABLE 5.9

Distribution of minimum academic staff requirement
by rank and faculty at the beginning of 1983/84

Faculty/ Lecturer Sen. Lect. Profess. New Total
College Grade Grade Grade Recruitment

Medicine 67 89 76 - 232
Arts 34 46 32 - 112
Science 45 66 52 - 163
Agric. &

Forestry 32 89 - - 121
Education 18 25 18 - 61
Soc. Sci. 25 41 33 - 89
Vet. Med. - 28 15 - 43
Technology 17 44 - - 61
Total 238 428 226 - 892
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TABLE 5.10

Distribution of minimum academic staff requirement
by rank and faculty at the beginning of 1984/85

Faculcy/ Lecturer Sen. Lect. Profess, New Total
College Grade Grade Grade Recruitment

Medicine 72 93 80 - 245
Arts 37 50 34 - 19
Science 52 74 60 ' - 186
Agric. &

Forestry 37 106 - - 143
Education 19 26 20 - 65
Soc. Sci. 28 49 40 - 117
Vet. Med. - 30 17 . = 47
Technology 20 52 - - 72

Total 265 480 251 - 996




Distribution of minimum academic staff requirement
by rank and faculty at the beginning of 1985/86
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TABLE 5.11

.

Faculty/ Lecturer Sen. Lect. Profess. New Totalh
College Grade Grade Grade Recruitment

Medicine 75 96 83 - 254
Arts 28 58 = - 86
Science 58 82 67 - 207
Agric. &

Forestry 42 121 - - 163
Education 21 60 6 12: (8:Lis) 87
Soc. Sci. 33 56 47 = 136
Vet. Med. - 45 23 - 68
Technology 24 61 - - 85
Total 281 579 226 12 1086

ke

-Excludes new recruitment
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TABLE 5.12

Distribution of minimum academic staff requirement
by rank and faculty at the beginning of 1986/87

Faculty/ Lecturer Sen. Lect. Profess. New Totral
College Grade Grade Grade Recruitment

Medicine 76 97 84 - 257
Arts 40 55 38 - 133
Science 59 83 68 - 210
Agric. &

Forestry 43 125 - - 168
Education 21 28 21 - 70
Soc. Sci. 33 57 48 - 138
Vet. Med. - 45 25 " - 70
Technology 25 62 - - 87

Total 297 952 284 - 1133
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TABLE 5.13

Distribution of existing academic staff
by rank and faculty as at the end of 1981/82

Faculty/ Lecturer Sen. Lect: Profess. Tetal
College Grade Grade GCrade

Medicine 69 92 77 233
Arts 83 | 38 28 149
Science 46 31 | 23 100
Agric. &

Forestry 28 22 26 76
Education 45 lj 8 68
Soc. Sci. 30 30 L7 77
Vet. Med. 42 25 15 &
Technology 19 8 4 31

Total 362 261 193 816
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model. The lecturer grade is made up of assistant lecturers
and lecturers——the latter having been combined from Lecturer I
and 11 (see Chapter 3). The professorial grade is made up of
the readers and professors. This type of presentation of result
agrees with the practice of the Development and Planning- Office.
Besides, because of the goal of minimization of budget, the
model allocated nearly all academic staff in these grades, in
most cases, to the least cost choicés, i.e. assistant lecturers
in the lecturer grade and readers in the professorial grade.
The truth is that these two grades in real life are the least
populated in the University. This is due in part to the way the
academic rank distribution is defined. For that goal, the
academic hierarchy has to be broken into three mutually
exclusive sets of lecturer grade, senior lecturér grade and
professorial grades in order to be able to use the proportions
specified by the University Council. 1Ideally, to get optimal
distributions into the various cadres, proportions may have to be
specified for each rank. However, Variant I seeks to investigate
what the distribution would be like, if the rank distribution
used is as specified by the University Council. 1In interpreting
the result, therefore, the values for assistant lecturer and
lecturer ranks were combined where both occur in the solution

or for the assistant lecturer rank is taken as representing the
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lecturer grade where it is the only value occurring in the
solution. A similar interpretation was given to the professorial

grade. Because of this interpretation, the underachievement

of the budget in each year is expected to be a little less ‘than
the model has shown, in real-life application. However, the
budgeted values, it is clear, will be sufficient for the
distribuction, if they can be made available.

The model recommended that there should be recruitment
only in two years of the planning horizon and in only two
faculties and ranks. In Table 5.8, the model recommended

that eight professors be recruited in the Faculty of Agriculture

and Forestry at the beginning of 1982/83 session to make up for

the fall in rank structure and meeting the student enrolment

goal. 1In Table 5.11, the model recommended that 12 senior
lecturers be recruited in the Faculty of Education at the
beginning of the 1985/86 session. From the definition of the
decision variables in Section 3.3.1 and the formulations of the
academic staff flow equation (3.7), it will be seen that the row
totals of all academic staff in a given faculty or throughout
the University in Tables 5.8 and 5.11 should not include the
newly recruited staff because it will amount to double counting.

Thus, of the 44 professors recommended by the model for 1982/83
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in the Faculty of Agriculture, eight must be newly recruited.
Similarly, of the 60 senior lecturers recommended by the model
for the Faculty of Education in 1985/86, twelve must be newly
recruited.

On the whole, the model recommended that a minimum
number of 201 academic staff will be required in the College of
Medicine at the beginning of 1982/83 to meet the desired
academic staff level goal of the college. The interpretation
of the values for other faculties is similar.

Comparing the distribution of Table 5.8 with that of
the existing academic staff determined from the Bursary records
as at the end of 1981/82 (Table 5.15), it will be seen that the
model results suggest that in terms of total number of academic
staff available in each faculty, the existing number of academic
staff exceeds the minimum number required to meet the forecast
desired staff level goal for 1982/83 in nearly all the faculties.
However, there is a wide variation in the amount by which the
minimum required total number of academic staff is exceeded.
This . conclusion implicitly assumes that there is substitut-
ability between skills among and between academic staff ranks.
This being not necessarily so, it is possible that in a faculty
where the existing number of academic staff exceeds the minimum

number as determined by this model that requests for academic
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staff having skills not already available can be made and
granted.
However, in the Faculty of Agriculture and Forestry,
the existing staff is very much below the minimum amount
required for meeting the student enrolment goal of that faculry

by about 31%. This suggests that it is possible that under the

existing arrangement, the academic staff in that faculty might be

overstretched. In the Faculty of Arts, the number of existing

staff exceeds the minimum number allocated by the model by
nearly 55% while in the Faculty of Education, the minimum
number is exceeded by about 31%.

Tables 5.8 and 5.13 also seem to justify the fear of
academic staff about the use of the academic rank distribution
proposals. From these tables, it will be seen that if this
proposal is followed, there may be no promotion to certain ranks
in some faculties for many years. For example, in the Faculty
of Medicine, as at the end of 1981/82, there are 77 academic
staff members in the professorial grade. However, this model
determines that if the academic rank distribution proposal is
adopted, given the present rate of promotion, by 1983/84, the
number of academic staff in the professorial rank will be 76.

It is only after that year that promotion can be made to the
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rank of professor, i.e. only at the beginning of 1984/85 can
promotion be made to the rank of professor in the college if the
proposal is to be in force. Therefore, irrespective of how
productive an academic is, he may have to be in the same rank
for nearly three years more if the rank distribution goal 1is
used.

In the Faculty of Arts, the model solution suggests
that there is a preponderance of academic staff in the lecturer
grade as compared with those in the other grades as at the end
of 1981/82. 1In spite of this, if the academic rank distribution
proposal is used, staff on the lecturer grade will apparently be
the losers. This is because there ére 38 senior lecturers now
and there are 83 staff in the lecturer grade. However, using
the rank distribution proposal, there should be 42 senior
lecturers at the beginning of 1982/83, i.e. only four lecturers
should be promoted irrespective of productivity. Given that
the model suggests that the existing number of academic staff
in the Faculty of Arts is more than enough for its enrolment
goal over the planning horizon (Tables 5.12 and 5.13), and that
the University does not retrench academic staff, the 83 members
in the lecturer grade will be moving up slowly at an average of

4-5 per year over the planning horizon. Thus by the end of
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the planning horizon, at most 20 of them would have become
senior lecturers irrespective of their academic achievements
and productivity.

The proposal appears to be beneficial to only very few
faculties according to the model solution, for examplé; the
Faculty of Agriculture and Forestry from 1982/83 and the Faculty
of Science from 1983/84 if the solution is taken in its numerical
face-value only. This is because in the case of the Faculty
of Agriculture and Forestry, the higher number academic staff
of the rank of senior lecturer and professorial grade allocated
by the model for 1982/83 may be due in part to the fact that
the model has identified that it seems that there is undera
allocation of required staff to achieve the studen; enrolment
goal under the present dispensation. Thus, the result of the
model solution seems to confirm very clearly the fear of the
academic staff members that the use of the academic rank distri-
bution may not likely be in their best interests.

A look at the allocation made to the Faculty of Agri-
culture from 1983/84 will reveal that no allocation is made
again to the professorial grade. This looks rather unreal as
all the 44 members in the rank the previous year could not have

been fired or resigned or died. Further,one might be tempted
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that the allocation given to the senior lecturer rank for the
year exceeds the mandatory 40% as the ratio of 89 to the row
total of 121 is about 74%. Later in this chapter, it will
be demonstrated that the solution has not violated any constraint.
This type of allocation is repeated for the Faculty for the
remaining part of the planning horizon. However, the total
number of required staff was not affected. This result and
two others: allocation to professorial rank in the Faculties
of Arts and Education show some of the major limitations of the
model, i.e. the fact that it implicitly assumes substituability
of skills and experience between the various ranks and hence that
academic staff can be allocated on1§ on the basis of the goals,
budget and current rate of advancement in the hierarchy. Of
course, this is not so in real life. Certain essential functions,
like administrative functions, require a minimum level of
experience and an appropriate rank and certain teaching functions, fgor
example, supervision of graduate students, can only be carried out
by staff at a particular rank. These are not explicitly taken
into consideration by the model and they might account to a
great extent, for the type of result; just described. It is also
possible that the huge allocation of nearly 70% to the profes-

sorial grade in the Facdlty of Agriculture over and above what
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exists now in the Faculty (see Tables 5.8 and 5.13) by the model gt
the beginning of the 1982/83 session might account for some of
these "strange'" allocations in later years of the planning
horizon. We now demonstrate that these results are perfectly
compatible with the model constraints,

Consider equation (57) of Appendix 6 which is the stud-
ent enrolment goal for the Faculty of Agriculture (j = 4) for
1982/83 (t = 2). We shall use only the basic variables since
the non-basics are zero. The basic variables in this equation
can be found from Tables 5.8 and 5.9. They are X142’ X143’
X342, X343, since we have just seen that allocations were made
by the model only to the lecturer and senior lecturer grades
for these years. We wish to demonstrate that

- 0.1608X,,, + L1L4667X,,5 ~ 0.3144X,,, + 1.1812X,, 5

= 143,

Using the values from the printouts rounded to 2 decimal places,
we have

L.H.S. = - 0.1608 (24.95) + 1.4667 (31.99)

= 0.1344 (41.31) + 1.1812 (89.44) = 143.00 = R.H.S.

To verify whether the academic rank distribution goal is violated

for the senior lecturer grade in the Faculty of Agriculture, we

use equation (137) of Appendix 6. This is the senior lecturer
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rank distribution goal (i = B = {3 1}), for the Faculty of
Agriculture (j = 4) for the year 1982/83 (t = 2). Using the
non-zero variables, the equation that we wish to verify is

&
+ n = ).

0.0643X,,.. - 0.5867X + 0.0538X,,, - 0.4725X,,, B42

142 143 3
e note that since this goal is underachieved (Table 5.4), only the
value of the negative deviational variable is non-zero.
Substituting for the values, we have:
L.H.S.
0.0643 (24.95) - 0.5867 (31.99) + 00,0538 (41.31)
- 0.4725 (89.44) + 57.20 = - 0,002
L.H.S. = zero to 2 decimal places = R.H.S.
One may ask, "if 89 allocated to the sneior lecturer
grade in 1983/84 is not to be compared with its row sum in table
Tedis with what then must it be compared to verify that the
amount allocated to this grade satisfies the rank distribution
apart from the substitution done above?"
The value will have to be compared to the following sum:
allocation to lecturer grade + allocation to senior lecturer
grade + underachievement of the goal for the senior lecturer grade +
underachievement of the goal for the professorial grade (for
1982/83). Using Tables 5.9, 5.4, and 5.5, this value can be
determined as:

32 + 89 + 57 + 49 = 227
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When compared with this number, the allocation made to the
senior lecturer grade will be found to be 0.392 which is still
within the bounds set by the rank distribution goal. The
interpretation that can be given to this value is that 227 is the
long term goal allocation of total academic staff to the
Faculty of Agriculture based on the current promotion rates,
budget, etc., and the rank distribution but this goal cannot
be achieved at the expense of the student enrolment goal which
has priority 1.

Similar tests as shown in the preceding paragraphs were
performed to show that the allocations made to Education and
Arts in 1985/86 do not violate any of the constraints and that
mathematically, the solutiens are in order. However, it was
felt that a change in the objective function of the problem
might help to eliminate the discrepancies discussed in the
foregoing sections. Therefore, the goal at P2 was changed to
achieving exactly the academic rank distribution goal. This
means that 120 negative deviational variables will be added
to the objective function. On running the model in this form
for over 50 minutes (150% above the time we obtained previous
solutions), no solution was obtained and was, therefore, dis-
continued. Therefore, the solution reported in this section

can be regarded as the best we can get in present circumstances,
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given the state-of-the-art of large scale goal programming

problem solving.
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CHAPTER ©

MODIFICATIONS OF THE BASIC MODEL: SOLUTION AND INTERPRETATION
OF RESULTS.

In this chapter we discuss and interprete the solution
of runs II and III of variant I; and the different runs of
variant II of the model.

6,1, Variant T Run II

Run II of Variant I solves what the Director of Planning
of the University, as the major decision maker, thinks is the
desirable priority structure for the University over the planning
horizon. Accordingly, the aim of the run is to determine how
far the university can achieve its various goals over the planning
horizon, on the assumption that the forecast budget of this

model will be made available. The new priority structure is:

Pl : Ensure that the university has enough academic staff
to meet the desired student enrolment goal.

P, : Minimize budéet.

P, : Ensure that the academic rank distribution goal is
not exceeded.

P, : Maximum hiring constraint and academic staff level
goal should not be exceeded. However, twice weight is attached

to the achievement of the maximum hiring constraint.

The objective function associated with this priority

structure can be written as:
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8 5 5 a
Minimize P b b n. + P I p
Logai g A% Py ot
8 5 8 5
+ P z £ E Py, %20 % z P‘d
A e TR R A D, S L
8 5 5
+P, I I pjt (5.5)
j=1 =l

The CPU time for running this version of variant I model is about

20 minutes and its solution was exactly the same as that of
variant I, Run I.

6.2 Variant I Run III

Run III of Variant I €an be regarded as testing whether
the solution will change at all with change in priority level
of some of the goals, i.e. a kind of sensitivity analysis. For
the priority structure of Run III, the first two priorities of

Run II are retained while P3 and ’E",+ are interchanged. This

means that academic staff level goal and maximum hiring are

now at P3 while academic rank distribution goes to Pq. The

resultant objective function can be written as:

5 5
5 n? + P L p

8
Minimize P z
— t

1 E
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2 c
z
- P ijt

iep j=1 t=1

(5.6)

Running this variant with this objective function took exactly
the same time as in Run II and the answers are also the same
as in Runs I and II. The conclusion that can be drawn is that
the solution will be invariant to changes in the priority

structure as long as the student enrolment goal is at priority

1.

6.3 Variant II Run I

Variant 11 of the model does not include the academic
rank distribution goals. The aim of solving it is to see the
effect on academic rank structure if the controversial rank
distribution proposal was dropped totally. The priority
structure for the first run is as follows:

Pl : as/in the first run of Variant I, priority 1 was
attached to the achievement of the student enrolment goalj;

P2 : 1is now attached to the academic staff level goal
and the maximum hiring goal with maximum hiring constraint having
twice weight;

P3 : minimization of budget.

Unfortunately, the model in this form performed poorly,

both as a resource allocation model and in determining the
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minimum number of academic staff required to achieve the
student enrolment goal. Because of the cost-minimization
objective, the model without the rank distribution chose the
easiest way out--the least cost combination. In this way, the
values given for most faculties relating to the structure of
academic ranks include at most two of the ranks only. In some
cases, only one rank structure is chosen. In this form, the
model solution is an impractical one. The answers given are
merely academic. This goes to suggest that rank distribution
has to be used to be able to get a realistic proposal from an
optimization model of this form. The question then is "what form
and pattern of the rank distribution ratio will be accept-
able to the generality of the academic staff?'' Variant I of
the model has indicated that a rigid ratio of distribution
between ranks will likely hurt most academic staff members in
terms of moving up the academic hierarchy.

A plausible alternative to this in order to be able to
use this model effectively for planning in the Variant 1 form
will be to base the rank distribution ratio on the historical
rate of advancement through the hierarchy and in each faculty.
This can be determined by at least two methods:

(i) determining the average ofjratio af each rank over

a given period (e.g. ten years) for each faculty. This value
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can be assumed constant and hence will be time-invariant over
the planning horizon. This approach will take into cognizance
the differing rate of advancement in each faculty and will not
necessarily penalize old faculties in favour of new ones and
vice-versa.

(ii) The average determined by (i) may not be assumed
constant for all faculties. For young faculties, it may be
necessary to adjust this average ratios between the various ranks
over the years of the planning horizon teo take into consideration
the fact that in spite of the age of such faculties, they may
need to have a change in their rank structure, particularly at
the professorial levels in a given planning horizon.

The rank structure obtained from such a solution should
be taken as the results of an indicative planning process: the
result of the model solution is only a means to an end, that is
providing the decision maker with relevant and objective facts

to make an informed decision. No attempt should be made to

rigidly implement such a rank structure. Academics must be
allowed to advance according to their productivity. Otherwise,
the type of opposition that greeted the Press Release 46 of
1981 will recur.

From Table 6.1, it will be seen that even in terms of

minimum number of academic staff to meet the goals of the
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University in each faculty, Variant II also performed more
poorly than Variant I. It underestimated the minimum number

of academic staff requirement of each faculty over the planning
horizon.

When compared with Table 5.13, except for the Faculty
of Science, it gave the impression that all faculties are ser-
iously overstaffed. It is not until 1983/84, when it requires the
doubling of the staff in the Facuity of Agriculture that it gives
the impression that the present staff of the Faculty of Agri-
culture appears overstretched. This impression was given by
Variant 1 in 1982/83 (Table 5.8).

Because of the fact that the least cost alternative is
chosen, a substantial part of the budget is left unspent.
Furthermore, an examination of the deviational variables
indicates that achievement of the student enrolment goal
degraded the historical advancement of academic staff as indi-
cated by the ratio of total positive deviation to the total
negative deviation from the achievement of this goal (Table 6.2 ).
Under Variant I, total sum of the overachievement variables for
this goal, exceeds the underachievement, whereas in the case of
Variant II, the reverse is the case. The ratio of the values is

0.91 for Variant II whereas it is 1.13 for Variant 1. This can
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be interpreted by saying using Variant II of the model, through-
out the University, there will be a decline in the rate of
allocation of total staff over the historical advancement rate
by 10%.

Schroeder (1974), in a short illustrative example on the
possible application of the original model modified for this
study, also dropped the rank distribution goal. but all new
academic staff were hired at the least cost level, i.e. assistant
professors, in his case. He asserted that "in this case, it
was not necessary to specify the desired faculty distribution
goals, since the distribution was fixed by hiring assumption“1

His suggeétion was also adopted in
solving a version of Variant II of the model. All recruitment
variables (Yija) were dropped for i = 35 & 5; i.es
recruitment was assumed to be done only at the assistant
lecturer and lecturer grades: the least cost alternatives. This
assumption «is in line with what obtains in practice in the
University. Akinlade (1979) reported that for the period
covered by her study, about 93% of recruitments were at the
lecturer grade level (i.e. assistant lecturers and lecturers).
It was disappointing to note, however, that the model in this

form still gave the same solution as the original Variant II.

1. Shroeder (14Y74), p.706,



118

TABLE 6.1

Distribution of the minimum academic staff requirement

by faculty and year as determined by Variant II

of the model

Faculty/ 1982/83  1983/84 1984/85 1985/86 1986/87
College

Medicine 179 222 238 248 253
Arts 88 98 109 111 119
Science 135 150 173 192 197
Agric. &

Forestry 52 103 W21 139 143
Education 47 56 60 65 66
Soc. Sci. 65 80 95 109 110
Vet. Med. 32 39 42 60 62
Technology 12 54 68 79 82
Total 610 667 906 1003 1032
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TABLE 6.2

Values of the deviational variables corresponding to

the academic staff level goal as determined by Variant 1I

Faculty/ 1981/82 1982/83 1983/84 1984/85 1985/86 Total
College n p n p n P n P n p n
Medicine 3 - 11 - 19 - 32 - 54 - 119
Arts 34 - 42 - 54 - 223 - 96 - 449
Science - 69 - 77 - 84 - 73 - 303 -
Agric. &

Forestry - 60 - 73 - 89 - 86 - 308 -
Education 4 - 11 - 20 - 29 - 45 - 109
Soc. Sci. 771 30 - 44 - 57 - 50 - 181 77
Ver. Med. 37 - 43 @ - 50 - 35 - 46 - 211
Technology - = - 27 - 32 - 24 - 83 -
Total 155 /159 107 221 143 262 319 233 241 875 965
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Thus, it can be concluded that recruitment at least cost level
does not necessarily fix academic rank distribution and that it
has to be explicitly specified in the model.

From a theoretical point of view, therefore, itiis
desirable to have a distribution ratio so as to have a realistic
allocation between academic ranks for use in an indicative
manner in the planning process. The ratio must be such that it
recognizes the differing advancement rates across and within

faculties and must not be rigid.

6.4 Variant 1I, Other Runs

Three other runs of Variant II apart from the two reported
above were made to see if the model solution ?s sensitive to
changes in the priority 'levels of the various goals. 1In the
first of these runs, the priority levels of the budget goal and
the staff level goal and maximum hiring were interchanged. In
the second of the runs, the Staff Level and Maximum Hiring Goal were

given first priority. Enrolment was at P2 while Budget was at P

3
In these two forms, the decision variables and their wvalues
remained the same, with the budget and priority 1 goals always

achieved.

However, when Staff Level Goal was attached priority 1
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by itself alone and enrolment was made to be at priority 2 with
maximum hiring constraint at level 3 and budget is the least
impo.rtant (i.e. P,), the values of some decision variables in
particular faculties that have high student enrolment goals,

e.g. Agriculture and Technology, have lower allocation under

this version because their staff level goals are small. However,
this result is only academic since it is absurd to allocate
teachers to teach non-existing students and at the same time to
deny faculties with students their required allocation.

Table 6.3 summarises the various models and results.



TABLE 6,3

Summary of various models and results

Ly

Model Variant

Major Characteristics

Major Observations of results

C.P.Us time

Type of Solution

Major

Findings and Policy

recomnendations

Variant T, Run I
(Lasic Model)

(1)

(ii)

Contains all goals and
constraints, viz, Acade-
mic Staff level goal,
student enrolment goal,
rank distribution goal,
maximum hiring and
budget constraints.

Aims at identifying
input requirements to
achieve the goals,
hence budget goal has
the least priority.

19 minutes,
50 seconds,

Implementable
solutien.

(1)

(ii)

(i11)

(iv)

All goals achieved except
academic staff level goal,

Minimum academic staff
requirements for the whole
University by the end of
the planning horizon will
be about 607 over and
above the requirements at
the beginning of the plan
period,

The University will have
to pursue a vigorous staff
development programme to
be able to meet this re-
quirement during the plan
period,

Use of the rank distribu-
tion ratios introduced in
1981 will inhibit promo-

tion
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TABLE 6.3 Contd,

Model Variant

Major Characteristics

Major observations of results

C.P,U, time

Type of Solution

Major Findings and Policy
recommendations

(v) The staff of the Faculty
of agriculture appear
overstretched because they
are operating about 307
below the minimum requi-
rements specified by the
solution.

(vi) In Faculties where there
will be increasing student
enrolment, a total of 898
academic staff will be
allocated over and above
the historical rate during
the plan period.

(vii) The annual forecast budget
estimates used for solving
the model are adequate.

2. Variant 1,
Run 11

(i) Contains all goals
' and constraints

(ii) Attempts to determine
the degree of goal
attainment with given
inputs, Budget goal
is now at priority 2.

19 mins.
51 sec.

Implementable

Same as in Variant I, Run I.
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Model Variant

Major Characteristic

Major observations of results

CBaW time

Type of Solution

Major Findings and Policy
Recommendations

3. Variant I,
Run ITI

-
o

(i) Contains all goals
and constraints

(ii) Aims at determining
whether the degree
of goal attainment
and the solution
will change by
altering the prio-
rity levels of some
of the goals.

(Rank distribution
goal is at priority
4 while maximum
hiring and staff
level goal are at
priority 3. Others
remain as in run II
above,)

19 mins.51 sec.

Implementable

(1)

(ii)

(111)

Degree of goal attainments
and values of the decision
variables are exactly the
same as in the first two
runs,

Policy recommendations
same as in the first two
runs

'he solution of variant I
is invariant with changes
in priority levels as
long as student enrolment
goal is at priority I,
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TABLE 6,3 Contd,

Model Variant

Major Characteristics

Major Observations of results

C.P.Y. time Type of solutien Major Findings and Policy
Recommendations
4. Variant 11, (i) Rank distribution 3 min, 45 sec. Unimplementable (i) All goals achieved except

Run I

goal dropped.

(i1) Aims at finding the
effect dropping the
controversial rank
distribution ratios,
on rank structure
and identifying the
input requirements
of the resultant
distribution of
staff,

(iii) Budget goal is at
least priority

staff level goal

(1i) Model chose the least cost
allocation alternatives
i.e, Assistant Lecturers
and Readers,

(iii) There will be a decline
in allocation of staff
below the historical rate
by 10%.

(iv) Use of rank distribution
goal in a model of this
type is desirable.

(v) The type of rank distri-
bution ratios to be used
must reflect the differen-
tial advancement ' rates
in the various faculties
and the rank structure
obtained from the solutien
of the model should be
taken as the results of an
indicative planning process.,
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TABLE 6,3 Contd,

Model Variant

Major Characteristics

Major Observations of results

CIP.UI time

Type of Solution

Major Finding and Policy
Recommendations

5, Variant II,

Other Runs.

(i)

(ii)

Rank distribution
goal dropped

Attempt to deter-
mine the degree

of goal attainment
with given inputs
and whether this
will change when
the priority levels
of the goals are
altered,

Average of
3 mins, 8 sec,

Unimplementable

(i) Same as Variant II, Run

(ii) Solution is invariant
the model with changes .
priority level as
student enrolment
at the highest 23
ﬁevel

——— —
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6.5 s A o

Postoptimal sensitivity analysis addresses the effect of
changes in the values of the parameters of a given model on the
decision variables after an optimal solution has been found.
Goal programming is a deterministic model, assuming that the
values of parameters are known for certain, In real life, this
is not often so. It is possible that there may be changes in
the priorities the UM attaches to the objective function after
the model has been solved. It may also be possible to discover
some errors in the parameter estimation after having obtained
an "optimal" solution. The coefficients of the decision
variables may change or it may be discovered that an important
decision variable was omitted or that é new system/structural
(or non-goal) constraint has to be added to the model. The
effects of these changes on the values of the decision variables
are what postoptimal sensitivity analysis seeks to analyze,

A short review of the theory of postoptimal senmsitivity analysis

is given in Appendix 7.
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As can be seen from Appendix 7, postoptimal sensitivity
analysis involving changes in the r.h,s. value or in the
coefficient of the goals require matrix multiplication with
the transformation matrix, T, which by definition is obtained
from the final simplex tableau. Since the matrix of this
model is extremely big (245X970), and will be difficult to
manipulate, the empirical examination of these types of
sensitivity analysis was not done. Ideally, the computer
should do it. However, given the state-of-the-art of goal
programming problem—solving, this cannoﬁ be done.

This leaves ué with changes in the weights of the
priority levels. For this model only at one priority level do
we have differing weight and so, there was no empirical altera-
tion in weights. Rather, what was done was to alter the level
of priorities attached to the goals to see how sensitive the
solution will be to the change. As was reported in Sections
6.1 and 6.2 the optimal solution mix and its value remain the
same as long as the student enrolment goal is at priority

level 1.
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6.6 Planning Implication of the Empirical Findings

Table 6,4 summarizes the minimum academic staff
requirement of the University of Ibadan over the planning horizon
of this study. By the end of the plan-period, to meet its
student enrolment goal, the University is expected to have a
minimum number of academic staff of 1,133 in total.- A close
examination of Table 6.4 will reveal that there is a critical
demand for academic staff in certain faculties over the plan
period. For example, by the beginning of 1986/87, the minimum
requirement in the Faculty of Science is nearly 2.5 times its
minimum requirement at the beginning. of 1982/83 (Table 6.5 ).
When compared with Table 5.13, Table 6,4 indicates that other
faculties where the demand for academic staff’will be critical
over the planning heorizon are Agriculture, Social Sciences,
and Technology.

A relevant question to ask is "How and where will the
University get the qualified }eople to satisfy its minimum
requirement of academic staff in 1986/87 by 61% over and above
its minimum requirement in 1982/83?" Two major alternatives
readily come to mind:

(i) recruitment, and

(ii) staff development.
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TABLE 6.4

Minimum academic staff requirement of the University of Ibadan

by faculty as determined by the model solution

for the five-year period 1982/83-1986/87

Faculty/ 1982/83 1983 /84 1984/85 1985/86 1986/87
College

Medicine 201 232 245 254 257
Arts 96 112 121 86 133
Science 86 163 186 207 210
Agric. &

Forestry 110 12 143 163 168
Education 52 61 65 87 70
Sec. Sci. 77 99 117 136 138
Vet. Med. 37 43 47 68 70
Technology 43 61 72 85 87
Total 702 892 996 1086 1133
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TABLE 6.5

Ratio of minimum academic staff requirement
at the end of the plan period to that
at the beginning by faculty

Faculty/College Ratio
Medicine 1.28
Arts 1.39
Science 2.44
Agriculture & Forestry 1.53
Education 1.33
Social Sciences : 1«79
Veterinary Medicine 1.89
Technology 2.02
University-wide 1.61

Given the fact that during the plan period covered by
this study as many as twenty or more universities may be in
operation in Nigeria, and these institutions may likely recruit
many of their foundation staff from the University of Ibadan
because of its age, the first alternative may not yield the
desired result. Therefore, a major planning implication of the

solution of the model is that the University of Ibadan should
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consider very seriously the staff development option. Three
possible options can also be considered under staff development:

(i) Employ new graduates of the University and train
them in the University;

(ii) Employ new graduates of the University and train
them abroad in special areas;

(iii) Upgraduate other academic staff who have no
doctorates through training at home and abroad.

It seems as if the first two options need to be
vigorously pursued by the University using a type of Junior
Fellowship programme in order that it may be attractive enough
to hold back brilliant products of the University. This means
that the budget of the University in relatioﬁ to staff develop-
ment may need substantial increase over the plan period. The
third option will aid the rate of promotion within the academic
hierarchy more than causing a change in the minimum level of

academic staff required.
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The analysis of goal attainments in section 5.1.1
indicates that the goal of minimization of academic staff
payroll budget is achieved. The planning implication of
this solution is that the forecast payroll budget used in
the study is adequate for each year of the planning horizon.
The annual payroll budget for academic staff recommended

by the study is as follows:

1981/82 N11,343,922
1982/83 812,519,538
1983/84 ¥13,873,535
1984/85 ¥15,440,094

1985/86 ¥16,996,873.
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CHAPTER 7

SUMMARY OF MAJOR FINDINGS AND IMPLICATIONS OF STUDY

7.1 Existing Academic Planning System vs. System Sugggsted by
Study

As will be seen from Chapter 2, all «he approaches used
for planning in the University at present, namely the F.T.E. and
headcount in conjunction with standard student/staff ratios
determined by N.U.C. guidelines prowvide some of the basic inputs
into the model used for the study. The present system first
determines what the required academic staff strength should be
based on projected student enrolment, then based on the avail-
able budget, approval for recruiting such size of staff may be
given or not.

Goall Programming does more than that. Projected budget
and the required staff strength goal are inputs into the model.
Further, ‘other goals can be incorporated into the model
reflecting the rate of historical movement within the academic
hierarchy in each faculty. It looks at the University problem
from a holistic perspective, thus emphasizing the interdepend-

encies and inter-relationships between the variocus units making
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up the University. This type of approach is absent in the
present approach which appears to treat each faculty as an
entity.

Furthermore, an analysis of the deviational variables
of GP can reveal structural changes in the goals of the various
faculties as shown in the analysis of Chapter 5. This capa-

bility is mnot available in the present system.

7.2 Summary of Major Findings

1. From a purely theoretical point of view, in order to
obtain a satisfactory solution to the GP model, it is desirable
to have a rank distribution goal; otherwise, the model will
choose the least cost alternatives and the result gf the solution
will be impracticable to implement. Given that fixed distribu-
tion ratio introduced by the Press Release No. 46 of 1981 resulted
in a labour crisis in the University, the form of rank distri-
bution suggested by this study is one that will not be rigid and
will reflect the differing historical advancement rate in each
faculty. Such a ratio will take care of the needs of the old
faculties as well as young faculties in terms of the advancement
of academic staff.

2. The analysis of the deviational variables reveal that

in faculties where there will be increasing student enrolment
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over the planning horizon mainly because of development of new
programmes and partly because of the expansion of existing ones,
a total of 898 academic staff will be allocated over and above

the historical rate during the plan-period. The faculties are:

Science 303
Agriculture & Forestry 308
Social Sciences 181
Technology 106

However, in Medicine, Arts, Education, and Veterinary
Medicine, the allocation will fall below the historical rate up
to the tune of 797 during the period 81/82-85/86. University-
wide, this means that the percentage allocation over the
historical rate will increase by about 13%.

3. The fear of the academic staff about the contro-
versial rank distribution ratio of 30%-40%-30% between the
lecturer grade, senior lecturer grade and professorial grade
seems justified by the model solution. Firstly, the senior
lecturer grade that is envisaged by the proposal to be the career
grade for academics, was substantially underachieved in all
faculties throughout the planning horizon. This suggests that in
most faculties, complete achievement of the rank distribution
goal for the senior lecturer cadre is not possible during the

plan-period. Therefore, a substantial number of lecturers will
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find it difficult to get promoted if the proposal were to take
effect.

Secondly, the analysis of the decision variables also
reveal that in some faculties and ranks, there may not be pro-
motion in certain years if the proposal were to be in force.

For example, in the College of Medicine, given the existing staff
at the professorial rank, there would be no promotion into this
rank until the beginning of the 1984/85 session, irrespective of
the productivity of academic staff. Similarly, in the Faculty

of Arts, out of 83 lecturers presently in position in the
lecturer grade, a maximum of 20 may get promoted to the senior
lecturer grade by 1986/87, if the rank ratio proposal were to

be in force.

4. A comparison of the existing number of academic staff
in the Faculty of Agriculture and Forestry and the minimum
requirement determined by the model suggests that the academic
staff in that faculty appear to be overstretched because they
are operating at nearly one third below their minimum required
allocation to meet the student enrolment goal. It is suggested
that the University authorities conduct a special study to
confirm or refute this finding. In contrast, the model solution
suggests that the Faculty of Arts is operating substantially

above the minimum requirement. However, this is not totally
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favourable to the academics there because it is the major reason
why many of their lecturers would be unable to move up were tle
academic rank ratio proposal to be operative.

5. The model solution also reveals that to meet its
student enrolment goal over the next five years, the University
of Ibadan will require a minimum number of 1133 academic staff
by 1986/87. This is over 60% above the minimum requirement for
the 1982/83 session. Broken down by faculty, the minimum

requirement of each faculty by the beginning of 1986/87 is as

follows:
Medicine 257
Arts 133
Science 210
Agriculture and Forestry 168
Education 87
Social Sciences 138
Veterinary Medicine 70
Technology 87

The study, therefore, recommends that the University
should consider, as a matter of urgency, the implementation of a
virile Staff Development Programme in which the training of
new graduates of the University under a Junior Fellowship Pro-

gramme will be the focus. Under such a programme, graduates of
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the University with a minimum of an Upper Second Honours Degree
will be awarded a Junior Fellowship (distinct from Graduate
Assistantship) and will be trained by the University in the
University or elsewhere. Otherwise, it will likely be very
difficult for the University to obtain the required minimum
number of academic staff during the plan period, given the high
rate of demand for University teachers now in the country as a
result of the opening of new Universities, most of which look up
to the University of Ibadan to obtain their foundation staff.
The faculties of Science, Agriculture and Forestry, the Social
Sciences, and Technology require careful monitoring because
their requirements over the planning horizon are substantially
higher than in other faculties.

6. To meet the cost of the academic resource allocation
recommended by the model solution, the model also suggests the

following academic payroll budget for the whole University:

1981/82 ¥ 11,343,922
1982/83 ¥ 12,519,538
1983/84 ¥ 13,873,535
1984/85 N 15,440,094
1985/86 ¥ 16,996,873

7. The model solution runs corroborated the findiﬁgs of

Kang (1980) that the CPU time of the Revised Simplex Goal
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Programming Algorithm tends to increase with increasing number

of deviational variables in the objective function.

7.3 Suggestions for Future Studies

In this study, the budget has been aggregated for the
whole university. In this way, it is possible that the-allocation
of academic staff to a given faculty by the model exceeds that
required by its Budget. In practice, academic resources are
allocated subject to the budget of the faculty and no transfers
of budgets across faculties are allowed. But in its present
form, the model allocati on can result in transfer of funds
across faculty. Therefore, a much closer representation of
what obtains in practice is to .decompose the budget according
to the faculties. However, this will result in 40 constraints
instead of five with 80 deviational variables. The size of the
model will be bigger< It is hoped that with further research
on the development of new algorithms like the LU factorization
technique, size will not be a constraint to solving a goal
programming model.

In this study, the student enrolment goal did not
distinguish between undergraduate student enrolment and graduate

student enrolment. Given the fact that the demands for academic
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staff of the two groups of students vary, this type of aggre-
gation can conceal some interesting.results. Therefore, an area
for further study is to consider disaggregating the student
enrolment goal in such a way that it reflects both undergraduate
and graduate enrolment.

At the tactical and operational levels, a related area
for future investigation is a model for scheduling academic
staff between departments and courses in a given faculty. Such
a model may incorporate constraints relating to allocation
of office to staff and classroom to courses. However, it will
result in a mixed-integer goal programming problem and may be
difficult to solve. It is possible that because it is limited
to just a faculty, the size may not be toco large.

The development of more efficient large scale goal
programming algorithms that will enhance storage and CPU time is
a related area requiring future investigation, if real life
application in GP is to assume the dimension it has taken in
linear programming. Given that most commercial linear program-
ming codes use the LU factorization technique, it is possible
that such a development will occur in goal programming via the
LU factorization and sparsity technique of Lee and Gen (1982).

The model used in this study did not take cognizance of

the semi-autonomous status of the College of Medicine. A model
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recognizing this would incorporate the concepts of decentralized
organization by treating the college as a semi-autonomous unit
within the University with its own departments. The resulting
model will be very large and can be solved using goal program-
ming decomposition algorithm (Rho, 1978).

The model used in this study focused only, on academic
staff. An area for future investigation can consider, in addition
the allocation of other support staff like secretaries, graduate
assistants and other administrators. <The resulting model will
be quite large and may have to be solved using more efficient
algorithms.

Future studies can also consider the macro form of this
model at the level of the National University Commission. Such
a study will allocate staff to the different academic units in
each of the Federal Universities subject to the differential
advancement rates in these units and each university as well as
the academic payroll budget allocated to the different universities.
The resulting model is obwviously going to be very large. The
older Universities which can generate enough data can be used
in a pilot study at first,

Goal Programming has been criticized for its use of priori-
tized goals; e.g. Morse (1976, 1978). The criticisms revolve

round the contention that decision makers may find it difficult
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to quantify their goals and that if it is even possible to
quantify them, ranking of goals to reflect preferences may
be difficult. Therefore, one area of future research will
involve methods for easy quantification and ranking of geals
by decision makers and analysts.

This study did not take into account the wastage rate
of students in estimating the enrelment goal. An area of
future study can take this into account, Of course the resulting
model will likely be more complex and large.

Finally, efforts on the part of the University of Ibadan
authorities should be directed to operationalizing this study,
The Development and Planning Office will have a major role to
play in this regard.

Deans of the various faculties and the heads of various
departments can be contacted by the office about the results
of the study and their comments sought, 1In this way, their
confidence and cooperation can be secured about the possibility
of implementing it., Where there are doubts, other studies

might have to be done to clear them,



144

BIBLIOGRAPHY

1. Adelman, I., 1966, A linear programming model of educational
planning, a case study of Argentina, in The Theory
and Design of Economic Development,pp.385 -~ 417,

2., Adeyemi, S.0., 1981, Academic planning under stress, in
Ibadan Voices. pp.254 - 262,

3. Agama, G.K., 1969, Population and manpower development

in Ghana. N.Lgmau_mnmal_nf_c_ongmm_a_g__i&il
Studies 11 (3); 285 = 308.

4, Akinlade, E.O0., 1979, Markovian framework analysis of
movement of academic staff in Nigerian Universities:
a case study of the University of Ibadan. Ibadan,
University of Ibadan, Department of Economics,
Master's Dissertation.

5. Anderson, T.W. and L.A. Goodman, 1957, Statistical inference

about Markov Chains. Annals of Mathematical Statistics
20; 89 - 110.

6. Arthur, J., 1977, Contributions to the theory and applications
of goal programming. Lafayette, Purdue University,
Ph.D. Dissertation,

/. ——————— and J. Ravindran, 1978, An efficient goal program-—
ming algorithm using constraint partitioning and

variable elimination. Management Science 24(8);
867 - 868,

8. Averill, R.F. and J.L. Suttle, 1975, A model for university

enrolment planning. Socio-Ecomomic Planning Sciences
9 3 257 = 261,

?

9. Beer, S., 1962, An Operational research project on technical educ.

Qp.e:a.tma.l_Res.e.amh_QuaL:ulx. 13(2); 179 - 199,

10. Blang, M., lvod, Cost-benefit and cost—-eftectiveness analysis
ofe ‘ecqucation, Paris, 0.:.C.D,, l4p.



11.,

12,

13,

14,

15,

16,

17

18.

19,

20,

21,

22,

145

Bombach, G., 1967, Forecasting requirements for highly
quallfled manpower as a basis for educational

planning,in Eorecasting in Educational Planning,
pp.83 ~ 133,

Bowen, W.G., 1965, University Salaries: faculty diffe-
rentials. Ecopometrica 30 (120); 341 -~ 339,

Bowles, S., 1965, The efficient allocation of resources
in education; a planning model with applications
to Northern Nigeria, Cambridge, Mass., Haryard
University, Ph.D, Thesis,

, 1967, The efficient allocation of resources

in education. Economics
81: 189 ~ 219,

Bowman, M.J., 1966, The costing of human yesources
development in Economics of Education pp. 421-450,

Branchflower, N.H., 1970, Analysis of rank distribution
in a university faculty. Montery, California,
U.S. Naval Postgraduate School, Master's Thesis,

Calkins, R.N., 1966, The unit cost of programs in
higher education. Ann Arbor, Michigan, University
of Michigan, Ph.D, Dissertation,

Callaway, A. and A. Mosine, 1968, Financing of education
in Nigeria, Paris, UNESCQO, International Institute
of Educational Planning, 150p.

Carter, A.M., 1965, Economics of the University. American
Esnnmc_Rs:mam 55(2); 481 - 494,

Charnes, A, and W. Cooper, 1961, Management models and
industrial applications of linear programming.
New York, John Wiley & Sons, 467p. (Vol,IL).

Clark, H.F., 1966, The return on educational investment,

in Education and Economics., pp.495 - 506,

Cohon, J.L., 1978, Multiobjective programming and planning,
New York, Academic Press, 333p.



23,

24,

25,

26,

2?.

28.

29.

30-

31.

32

33.

146

Correa, H,, 1967a, A survey of mathematical models in

educational planning, in Mathematical models
in Educational Elangjng) pp.21 = 93,

—_—  , 1967b, Models and matheématics in educational

plauning)in Educational Planning, pp.398 - 422,

Dantzig, G.B, and Orchard - Hays, 1954, The product form of

the inverse in the simplex method. Mathematical
Computations 9; 64 - 67,

and P. Wolfe, 1960, Decomposition algorithm

and linear programs. Operations Research 8 (1);
101 -~ 111,

Dent, W. and R. Ballintine, 1971, A review of the esti-
mation of tran51tlon probabllltles in Markov

chain, MMMWMW
15; 69 - 81.

Dewitt, N,, 1968, Problems of educational planning in
develomng countries, in Educational and Fconomic
Growth, pp.20 - 41.

Edding, F., 1963, Estimating costs of educatlonal
requlrements in

and Social Development, pp.233 -~ 244,

and J, Naumann, 1968, A systems look at educational

planmng, in E.du.c.am.nnal._and_ﬁmnmm_ﬁmmh.

Evans, J. and R, Steuer, 1973, A revised simplex method
for linear multiple objective programs. Mathematical
Programming 35; 54.

Ewald, A.A, and B.F. Kiker, 1970, A model for determining
the inputs of University degrees, Socio-Economic
Planning Sciences 4; 331 - 340,

Geoffrion, A,M., J. Dyer and A Feinberg, 1970, An interactivye
approach for multi-criterion optimization with an
application to the operation of an academic department,

Management Science 4(4)3; 337 - 368,



34,

354

36.

374

38.

39.

40.

41,

42,

43,

44,

147

Ghazoul, R., 1979, A suggested methodology for calculating
the cost of university graduates, Socio-Economic
Planning Sciences 13; 149 - 157,

Glen, J.J., 1977, Length of Service distributions in

Markov manpower models. QOperational Research
Quarterly 28; 975 - 982.

Grinold, R.C. and K.T, Marshall, 1977, Manpower planning
models. New York, Elserier North Holland Inc.,
267p.

Hansew, W.L., 1963, Total and private rates of return to

investment in school. Jourpnal of Political Economy
71(2); 128 ~ 140.

Harden W.R., and M.T. Tcheng, 1971, Projection of enrolment
distribution with enrolment ceilings by Markov

processes. Socio—Economic Planning Sciences 5,
467 = 473,

Harris, S.E,, 1966, Education as a demand on resources
competing with other activities, in Education and
Economics, pp. 213 - 228,

Hollister, R.G. 1965, Manpower projections, educational
planning and economic growth., Standford, California,
Stanford University, Ph.D, Dissertation.

Hopes, R.F.A., 1973, Some statistical aspects of manpower
planning in the civil services. Qmega 1; 165 - 180.

Hufner, K., 1968, Economics of higher education - a

blbllography- Socio-Economic Planning Sciences
2(1); 25 - 101.

Ijiri, Y., 1965, Management goals and accounting for
control. Chicago, Rand-McNally & Co., 191p.

Ignizio, J.P., 19/6, Goal programming and extensions
Lexinglon, Mass., D.C. Heath and Co., 261 p.



45,

46,

47.

48,

49.

50

51.

52,

53,

54,

55,

56.

148

and J.H. Perlis, 1979, Sequential linear goal
programming; 1mplementat1on via MPSX. Computers
and Operations Research 6(3); 141 - 145.

Johnstone, J.M. and H. Phillip, 1973, The application of
Markov chain in educational plannlng. Socio—
Economic Planning Sciences. 7; 283 = 294,

Jolly, R., 1969, Planning education for African development
Nairobi, East African Publishing House.

Juddy, R.W., 1967, Simulation and rational resources
allocation in universities. Paris, OECD, 51p.

Kang, K., 1980, A revised simplex algorithm for large-
scale goal programming models. Lincoln, Nebraska,
University of Nebraska, Ph.D. Dissertation.

Knight, R., 1967, Trends in university entry: an inter—

country comparison, in_Sgcial Objectives ip
Educational Plamning, pp 149 - 21Z.

Koch, J.V., 1973, A linear programming model of resource
allocation in a university. Decision Sciences

4(4); 494 - 504,

Koenig, H.E. and M.G. Keeney, 1967, A prototype planning
and resource allocation program. for higher
education. Paper Presented at U.S. Office of
Education Symposium on Operations Analysis in
Education, Washington, D.C.

Kornai, J. and L.1l. Liptak, 1965, Two-level planning,
Econometrica,. 33(1).

Kornbluth, J.S.H. A survey of goal programming. QOmega 1
(2)s 193 = 205,

Lachene, R., 1967, The application of Operations research
to educational planning. Paris, OECD, 4lp.

Lawren, B, and A. Service, 1977, Quantitative approaches
to higher education management, Washington D.C.,
American Council for Higher Education, 35p.



57.

58.

59,

60.

61,

62.

6-3.

64,

65.

66,

b7,

149

Lee, S.M., 1972, Goal programming for decision analysis,
Philadelphia, Auerback Publishers, 387p,

, 1976, Linear optimizing for management. New
. York, Petrocelli/Charter, 449p.

and E.R., Clayton, 1972, A goal programming model
for academic resource allocation, Mapagement
Science 18(8); B395 - B408,

and M.Gen, 1982, A goal programming algorithm
with sparsity and LU factorization techniques,
Lincoln, Nebraska, University of Nebraska, Department
of Management.

» J. Van Hornard H Brisch, 1979, A multiple
criteria analysls model for academlc p011c1es,
prlorltles and budgetary constraints, in Multiple
Criteria De i 1
pp.218 = 237,

’

Leeson, G.W., 1979, Wastage in a hierachical manpower
system, i

Society 30; 341 - 348,

Merck, J.W., 1970, A Markovian model for projecting
movements of personnel through a system, in
e nne n ement; IL ement Science Ch.

Milkovich, G.T., A.J. Annoniad and T,A. Mahoney, 1972,
The use of delphi procedures in manpower fore-

casting. Management Science 19; 381 -~ 388,

Miner, J., 1967, The relationship of educational and

economlc plannlng in Educational Planning pp. 38 - 56,

Mwingura A.C. and S. Pratt, 1967, The process of educational
planning in Tanzania. Paris, UNESCO, International
Institute for Educational Planning, 102p.

Morses, J.N., 1976, Human choice theory:; implications for
multicriteria optimization. Paper delivered at
TIMS/ORSA national meeting, Miami, Florida.



150

68—, 1977, A theory of naive weights, in Multicriteria
Problem Solving Proceedings Buffalo, N,Y. (U.S.A.),

69. Nigeria, 1965, National development plan progress report
1964, . Lagos,Federal Ministry of Economic Development,
201p.

70¢ e—ow—, c. 1972, Second national development plan,
1970 - 74, first progress report. Lagos, Federal
Ministry of Economic Development and Reconstruction,
372p

71e e, 1974, Second progress report of the second
national development plan, 1970 - 74, Lagos,
Federal Ministry of Economic Development and
Reconstruction, 342p.

72—, ¢, 1979, Second progréss.report on the third
national development plan, 1975 - 80. Lagos,
Federal Ministry of Economic Development and
Reconstruction, 503p.

730 o, 1981, Fourth national development plan. 1981 - 85,
Lagos, Federal Ministry of National Planning, 447p.

74. Nelsom, G.L. and A.R. Young, 1973, Manpower planning; a

Markov chain application, Public and Personnel
Management; 133 - 143,

75. Olaoye, A.0., 1975, Forecasting Nigeria's Supply of
manpower. Ni i 1
Studies 17(1); 3 - 18.

76. Onimode, B,, 1973, A dynamic programming model of educational
planning w1th application to Nigeria. KEastern
African Economic Review 5 (2),

77 ¢ o, 1975, Approaches to the measurement of education's

contribution to growth. The Manpower Jourpmal 11(3).

78. Platt, W.J., 1962, Education - rich problems and poor
markets. Management Science 8(4); 408 - 418.



749.

80.

81.

82.

83.

84.

55.

86.

87.

88.

89.

151

Porter, R.C,, 1965, A growth model forecast of faculty
size and salaries in United States higher educa-
tion.Review of Economics and Statistics 47(2);
191 - 197.

Prest, A.R., 1965, gost - benefit analysis: a survey.
Economic Journal 75; 683 - /35,

Rado, E.M., 1967, Manpower planning in East Africa, in

,E_duc.a.nnn.a.l_]’_La.nmng pp.273 - 298.

Rho, B.H., 1976, Decomposition in goal programming;
algorithms, computations and managerial jmplications,
Blacksburg, Virginia, Virginia Polytechnic Institute
and State University, Ph.D. Dissertation.

Rowland, K.M. and M.G. Sovereign, 1969, Markov chain
analysis of internal manpower supply. Industrial
Relations 9; 88 - 99,

Roy, B., 1971, Problems and methods with multiple objective

functions. Mathematical Programming 1; 239 - 266.

Sales, P., 1971, The validity of Markov chain model for
a class of the civil service. Statistician 20;
85 = 110,

Schroeder, R.G., 1Y73, A survey of management science in

university operations. Management Science 9(8);

, 1974, Resource planning in university management

by goal programming. Qperations Research 22(7);
¥27 - 738,

Schultz, T.W., 1963, The rate of return in allocating
investment resources to education. Journal of
Human Resources 2(3); 293 - 309.

Shamblin, J.E. and G.T. Stevens, Jr., 1974, Operations
research; a fundamental approach. New York,
McGraw-Hill Book Company, 404p.



-90.

91.

22,

93,

94,

95'

96.

975

98,

92,

152

Simon, H,A,, 1979, Rational decision making in business
organizations. The American Economic Review 69,
493 - 513. .

Solomon, E.S., 1964, Statistical analysis and quantification

in educatlonal plannlng, in Ecopomic and Social
Aspects of E ing, pp.l47 - 164,

Smyth, J.A. and N,L, Bennet, 1967, Rates of return on
investment in educationj a tool for short~term
educational planning, 1llustrated with Ugadan

data, in Educatiopnal Planning pp.299 - 322,

Tinbergen, J. and H.C, Bos, 1965, A planning model for
educational requirements of econemic development,

in Eﬂﬂwﬂlimmm&m

cations, pp.,95 -99.

Uyar, K,M., 1972, Markov chain forecasts of employee

replacement needs. JIndustrial Relations 11;
96 - 106.

Vassilion, P.C.G., 1976, A Markov chain model for wastage

in manpower systems. Operational Research Quarterly
27: 57 = 70.

Walters, A.J., J. Mangold, and E.G. Haran, 1976, A
comprehensive planning model for long-range
academic strategies, Management Science 22(7);
727 «-738,

Wilkinson, B.W., 1966, Present values of life time earnings

for dlfferent occupations, Journal of Political
Economy 74(6); 556 - 573.

Wiseman, J., 1965, Cost-benefit analysis in education.

_QHLBQIH_Eznnnmln_Jnuxnal 32(1), Part 2 Supplement;
1 -12, '

Yesufu, T.M,, 1974, Employment manpower and economic
development in Nigeria; some issues of moment,
Nigerian Journal of Economic and Social Stundies
16(1); 49 - 63,




153

100. Zabronsky, H., 1967, A mathematical theory of cost-

effectiveness. Socio-Economic Planning Sciences.
1C1Y; 3 = 18 '

101. Zanakis, S.H. and M.W. Maret, 1980, A Markov chain
application of manpower supply planning. Journal
of the Operational Research Sociefy 31(12);
1095 — 1102.

102. Zeleny, M., 1974, Linear multiobjective programming.
Berlin and New York, Spinger - Verlas, 220p.



154



APPENDIX 1A
Transition between the different states by rank and year for the Coll cdic ine
IN POSITION PROMOTED WASTAGE

Prof. Read. SiL. Lect. A.la

Prof. Read. Sn. Lect. Lect. Asst. Lect. Prof. from Read. Prof., from 5.L. RX

70/71 24 5 21 41 2 2 4 V 7 o 0 0 % 0
11472 30 7 27 Sl b4 2 {i] 1 12 1 [§] o ! & fil
12073 32 8 38 54 4 0 118 0 0 0 T 0
13/74 31 49 51 1 5 l : v 0 ? i 1 0 0 3 o

T4f75 a7 8 S0 29 3 i
75/76 &4b 10 n 98 6 2

" 677 49 15 96 a8 5 > E
17/78 5 16 6 . 70 2 \ 4 515 4 | L @ 3 v

w
&

=
=
=]
|
a

o
=
-
o ]
=
L)
=
=]
—

B13

78/79 56 1% 80 58 0 0 3 5 10 0 P B 2 0

79/80 59 14 al 82 3 0 0 o1 1 ' 0 of 0 0 o

by f TOTAL (5] 104, sl 673 32 12 12 21 1.1 9 [ L L] 20 i
1 : \




APPENDIX 1B

Transition between the various states by rank and year for the Faculty of Arts

IN POSITION PROMOTED WASTACE
Prof. Read. Sn. Lect, Lect. Asst. Lect. Prof. from Read. Prof. from §.L. Read. S5.L. Lect. Prof. Read. §5.L. Lect. AL,

70/71 2 ! 14 47 1 0 1 2 2 [ 0 0 0 0 v

71/72 13 3 11 49 2 0 0 0 0 1 0 0 ) 0 0

124743 12 3 11 45 2 0 (1] 4] b 0 1 o 0 3 Q =
o

73/74 12 3 17 50 1 0 0 0 4 1 0 0 o 0 U

74775 15 1 19 47 1 0 3 1 6 0 0 2 | )

75/76 15 1 26 67 2 1 1 3 (3 0 | 0 0 |

76/77 15 3 3l 87 & Q 1 1 1 1 2 1 0 1 l

17/78 15 3 a2 . BE 5 0 ] 0 5 1 1 I | 3 0

78/79 14 3 36 B8 5 0 ] 1 2 2 ! (¥ 1 2 1)

?91.’80 14 2 34 79 10 . 0 (o] (0] 6 2 ] 2 2 “ |

TOTAL 137 23 231 6al 13 1 6 8 38 a i 6 t 21




APPENDIX 1C

Transition between the various states by rank and year for the Faculty of Scftnce

IN POSITION PROMOTED WASTAGE

Prof., Read, 5n. Lect. Lect. Asst. Lect. Prof, from Read. Prot. from 5.L. Read. S.L. lLect. Prof. Read. S5.L. Lect. A.L.
T0/71 10 3 14 35 0 o (o] 1 4 i 1 1 2 1 0
1772 10 4 17 49 0 1 ¢] 0 L 0 A 0 1 1 0
12013 11 4 21 53 0 o o 3 6 0 0 o 0 0 0
13/74 11 7 27 68 2 0 3 1 10 0 1 0 0 7 1
74/75 14 7 36 64 1 1 ] 3 5 1 Q 1 1 & I
75776 15 9 38 70 5 1 1 3 7 i 0 1 3 5 2
16/17 15 11 45 72 5 1 h 3 & o] 2 1 ¢] 8 1
11/78 20 13 49 69 8 Y] 4] 0 4 2 4] 1 0 3 (4]
78/79 20 13 52 63 9 Qo 0 0 4 0 (4] o 1 6 4]
79/80 23 13 48 61 9 ] 3 13 & (o] o] 0 1 2 0

£81

w

TOTAL 149 Ba 347 604 39 4 11 15 52 6 8 5 9 37




APPENDLX 1D

Transition between the various states by rank and year for the Faculty of Agriculture and Forestry

IN POSITION PROMOTED WASTACE
Prof, Read. 5Sn. Lect. Lect. Asst, Lect. Prof. from Read. Prof. from 5.L. Read. 5.L. Lect. Prof. Read. S.L. Lect, A.L.
10/71 7 4] 9 38 l Q 0 2 6 1 1 0 0 0 Qa
/72 F 2 13 (1 0 [§] 1 1 4 4] 0 8] 4] 0 1
72/713 8 3 16 38 0 0 0 0 10 0 0 0 1 0 ¢}
73/74 8 3 23 a7 1 0 1 2 O 0 0 0 0 4 1
74/75 9 4 29 43 4 3 2 3 8 1 1 3 0 0 |
75/76 13 7 37 42 2 2 2 4 1 0 1 1 ! 2 (&)
/77 16 10 37 40 2 1 4 3 4 0 1 1 1 3 0
17/78 21 12 39 40 2 ' 4] 3 4 [} o] 1 1 2 0 0
78/79 23 16 42 . 15 1 0 1 4 3 8 1 0 3 5 |
79/80 23 19 42 35 2 0 0 4 10 | 0 ) 3l 0 0

TOTAL 135 76 282 402 15 6 14 27 58 3 6 5 i1 L4 i




APPENDIX LE

Transition between the variocus states by rank and year for the Faculty ol Education

IN POSITION PROMOTED WASTAGE
Prof. Read. Sn. Lect. Lect. Asst. Lect. Prof. from Read. Prof. from S.L. Read. 5.L.  Lect. Prof. Read, 8.L. Lect. A.L.
70/71 1 2 ] 16 0 4] (V] 1 4] 2 1 0 1 Q 0
11/72 3 2 5 15 2 o 2 0 2 0 0 0 1 1 [\
72/73 3 0 7 15 2 2 0 0 4 0 0 & 0 1 0 E:
13/74 5 0 10 20 3 0 0 1 5 0 0 0 U 0 0
T4/75 5 1 15 20 2 0 o 2 1 1 (] [¢] | 2 1
715/76 4 2 17 21 5 1 1 2 4 8] | ] 1 1 |
16/77 5 2 21 25 6 - Q o 0 3 &l 1 2 | L U
17/78 5 2 23 25 6 [¢] 1 4] 1 1 (8] (4] 8] 3 1
78/79 6 2 24 35 5 . 0 0 0 3 2 0 0 ¢} 0 1
79/80 6 1 26 _ i3 3 4] 4] 1 4 2 0 1 0 0 0

TOTAL 43 14 154 225 34 3 4 7 27 8 3 2 5 9 2




Transition between the various states by rank and year lor the Faculty of the Soecial Sciences

APPENDIX 1F

IN POSITION

PROMOTED

WASTAGE

Prof. Read, Sn. Lect. Lect. Asst. Lect. Prof. from Read. Prof. from §.L. Read. .. lLecr. Prof. Read. 5.5, Lect.
T0/71 4 1 5 27 0 1 4 i} o [§] (] 0 0
T2 5 2 i 28 1 | ‘ 8] 5 0 u ¥l W\ 0
12/73 T 1 9 30 0 Q0 0 2 1] 8] 1 ] 0
13474 7 4] 10 3o 8] Q | & W 4] i i I
T4/75 7 1 17 33 0 1 0 3 0 U i I v
75/16 7 1 15 40 0 A 1 10 il 1 1] il 3
16/77 11 2 24 44 a 0 0 f 1] 0 0 ] 1
77778 11 2 27 37 1 | I 6 0 0 1 I !
78/1719 13 2 31 34 o 2 u 2 0 v i I\ |
79/80 L5 2 13 35 0 0 J 5 0 0 0 0 il
TOTAL 87 14, 175 - 338 2 10 B 47 0" | | ! i

051



Transition between the various states by rank and year for the Faculty of Veterinary Medivine

APPENDIX 1G

1IN POSITION PROMOTED WASTAGE

Prof. Read. Sn. Lect. Asst. Lect. Prof. [rom Read. Prof., [rom 5.L. Keads SiL. Lect. Prat. Read. S.L. Lects Al
70/71 2 0 0 8 0 1 0 0 0 o 0 0 €] v
/72 X 0 L 8 0 0 0 1 0 1 0 0 0 0
12/13 2 0 2 13 0 0 0 0 1 0 0 0 0 ¢} 0
13/74 2 0 4 8 0 0 0 i} 3 0 0 0 Q 2 0
14(75 1 o ] 10 0 o 1 2 2 0 1 0 0 Q (0]
715/76 2 2 7 18 0 0 1 1 0 0 0 0 0 0 0
16/77 3 3 7 18 0 1 0 I 0 0 0 ) 3 (3
11/78 3 2 8 25 2 0 0 4 0 | I b 1 0
18779 5 0 12 32 0 1 o 3 0 G (Y 0
79/80 B 0 12 39 0 3 0 5 0 0 0 ‘0 o] 0
TOTAL 29 7 59 179 2 8 3 20 J i | 1 ¥} 6 2]

191



Transition between the wvarious states by rank and year for

APPENDIX 1H

the Faculty of Technology

Al

IN POSITION PROMOTED WASTAGE

Prof. Read. Sn. Lect. Lect. Asst. Lect. Prof. [rom Read. Prof. from S.L. Head, SilL. Lect. Prof. Reud., 5,L. Lect.
70/71
/72
12/73 0 0 0 4 0 0 0 0 0 0 0 0 [+ 0
13/74 4] 8] 1 8 0 0 0 0 [§] [§] ] 0 4] (4
14075 0 0 1 6 0 0 0 0 0 0 0 0 5} 2
75/76 0 0 3 15 0 0 0 & 2 0 0 0 0 0
76177 1 0 4 15 0 0 1 0 1 0 0 o 5} 0
77/18 1 0 & 12 2 0 0 1 4 1 0 o o 0
78/79 1 1 9 16 4 0 0 0 2 0 0 4 W 0
19/80 X 1 9 16 a 4] 0 0 1 | 0 0 &)
TOTAL 4 2 31 52 10 o 1 1 1 2 U u 2




Transition between states 1970/71-79/80
by faculty/college

163

APPERDIX 2

Bla s

Asst.lect. Lect. Sn.Lect. Read. Prof. Wastage Total
1. College of Medicime
Asst.lect. 32 L] 0 Q 1] 1 42
Lect. 0 673 12} Q o 21 ,
Sn.Lec:. 4] o sl 21 32 f 670
Head. Q i lod 12 4 120
Prot. ) J o ¢ 415 [ 421
2 Faculty of Arcs
Asst.Lect. 14 R o o ] 1 42
Lect. a ha T i8 Q (V] 21 FRoli
Sn.Lect. o J 23] 8 o L] 257
Read. 4] Q o 23 | -] 30
Prof. o [} 0 0 137 ] 143
3. Faculty of Science
Asst.lect. 39 ] Q Q 0 5 50
Lect. 0 bO4 52 0 Q 37 693
Sn.Lecr. o 0 a7 15 11 9 382
Read. (4] 0 (4] 84 & 5 93
Prof. o 0 0 0. 149 8 157
4. Faculty of Agricdlture and Forestry
Asst.lect. 15 3 o 0 4] 4 22
Lect . a 402 58 0 0 14 474
Sn.Lect. ] [6] 287 27 14 11 339
Read. o] 0 0 76 6 5 87
Prof. 0 ol v} o 135 6 141
5. Faculty of Educatien
Asst.Lect. 34, 8 o 0 o] 3 45
Lect . 0 225 27 o 0 9 261
Sn.Lect. 0 0 154 7 [ 5 170
Read. 0 0 [+] 1a 3 2 19
Prof. Q o] 0 0 43 3 a6
6. Faculty of the Social Sciences
Asst.Lecr. 7 o] o 0 v} 3 10
Lect, [} 338 47 o 0 7 392
Sp.Llect. o o 175 8 10 1 194
Read. ) 4] 0 14 2 1 17
Prot., Al 0 [i] 0 87 1 88
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APPENDIX 2 (continued)

Asst.Lect. Lect. Sn.Lect. Read. Prof. Wastage Total

7. Faculty of Veterinary Medicine

Asst.Lect. 0 0] 0 0 0] 0 0
Lect. 0 179 20 0 0 6 205
Sn.Lect. 0 0 59 3 8 0 70
Read. 0 0 0 7 2 1 10
Prof. 0 0 0 0 29 3 32
8. Faculty of Technology
Asst.Lect. 10 2 0 0 0 0 12
Lect. 0 92 10 0 0 2 104
Sn.Lect. 0 0 31 1 1 0 33
Read. 0 0 2 0 0 2
Prof. 0 0 o 0 4 0 4




AFPENUIX 3

Computed chi-square for transition prcbabllltle;

College/ From Asst. Lect. to: From Lect. From Snr. Lect. to: From Reader cto: From Prol. t.
Faculey AL, Lect. Wast.] Lect. S.L. Wast. Sals Read. Profy Wast. Read. Prof. Wast . Prof. Wit .
CER L)
Medicine 2.60 10.78 5.06 8.90 74,95 11 55 3.07 28.68 16.80 8.57 2.08 11,64 8.91 .08 22,07
Arts 0.82 3.88 1.00 2.43 15.06 67.79 1.32 11.94 14.86 25.74 .22 19.5 8.92 .26 bt
Science 2.60 5.81 7.78  2.56 4,57 10.72 1.31 12,57 16,43  18.11 0.85 T.14 b.1b 121 (RN
Agric. & 1.87 4,33 7.91 1.46 1Z:70 22.66 0.34 f.49 6.56 G.l4 2.20 3.31 2.58 0.20 .42
Ferestry
Education 3.62 12.67 4.50 1.06 8.55 10.08 1.76 9.16 2107 B.56 3.08 3.57 10.8% Q.72 10,249
Social Sciences 2.05 o 4.78 2.21 10.81 7.86 1.70 14,42 I5.13 5.41 0.77 3.66 7.50 0.12 %97
Vet. Medicine 0 ¢] o] 1.75 6.77 19.69 1.80 9.95 9.712 V] 1.29 2.00 1.00 L.07 Q.06
Technology 0.24 1.20 o 0.79 6.43 24,02 0.30 5.60 5.60 0 4] o 0 0 &

*
Critical value of chi-square,

97degrecs of freedom at .0l level is 23.59.

gal



APPENDLX 4

University system scale (U.5.5.) for academic stalt

(Naira)

1 2 3 4 5 f i
U.§.8. 8
Assistant Lecturer 6336 6528 6720 6912 1104 7254 FELY:
U.5.5. 9
Lecturer I1 7550 7632 7836 BO40
U.5.5. 11
Lecturer 1 9000 9360 9720 10080
U.5.5. 134
Senior Lecturer 11364 11940 12516 13092 13668 la2an L4820
U.5.8. ‘14
Reader 12732 13362 14052 14712 15372
V5.8, 15

Professor 14280 15000 15720

957




Ratio of Budget lor Emoluments/Actual Expenditure

APPENDLIX 5

by faculty (1970/71-79/80)

Med. Arts Science Agric. Educ. Soc. Sci. Vet Tech
70/71 1.1054 1.0151 1.0583 1.0699 1.1921 L.1220 - -
1/72 1.222¢4 1.0851 1.2027 1.0975 1.2588 1.1921 = =
12/13 1.1217 1.0666 1.0538 1.0200 1.0347 1.0830 H
73/74 1.2534 1.2478 1.2782 1.1296 1.3330 1.261% 2alnn
14/15 1.3890 1.2606 1.2808 1.0816 1.2906 1.3648 - 421
75/16 1.3924 1.3142 1.2966 1.2213 1.4362 1.4911 Lo 414 [T
16/77 1.3050 1.1715% 1.2810 1.2129 1.5341 1.533% 1,394 2,284
77/178 1.1439 1.0999 1.0570 1.0919 1.1320 1.319 L. 2885 1.7 54
78/179 1.0085 1.4830 1.3194 1.3315 1.1035 1.0684 1.0657 (T
Total 10.9417 10.7438 l0.8277 10.2562 11.3150 11,4020 4.BB2b 10.7%46 4
Average 1.2158 1.1938 1.2031 1,1396 1.2573 1.2714 1.2206 13824

Source: Computed from Annual Audited Accounts of the University of Ibadan, various {ssues,
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(i)
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APPENDI

X 6

The Model

Academic Staff Level Goals (40)

(1Y =1, t=1

- O.2592X1 + 1.3125X -

11 112
+ 1.2096X212 - 1.2096Y212
- 1.0966Y312 - 0.101ax411
+ 1.014&X512 - 1.0144Y512
(2) j=1, t =2
- 0.2592X112 + 1.3125X113
+ 1.2096)(213 - 1.2096‘(213
~ 1.0966Y313 - 0.10115;}{‘“:2
+ 1.0144x513 - 1.0144Y513
(3) j,.\, t.=3
—0.2592X113 + 1.3125)(114 -
+ 1.2096){214 - 1.2096Y21a
- 1.0%6‘[314 - 0.1014X413
& 1.014&X514 - 1.0144Y51a

1.3l23Y1 - 0.1302X

12 211
- 0.0846X,,, #,140966X,,
+ 1.1538%,, = 1.1538Y,,,
+ n?l 3 p?t - 238

L 1.3125¢, ., = 0.1302%,,,
- 0.0846X,), + 1.0966X,
+ 1.1538X,,5  1.538Y,,,
+ 0], - p?z = 256
1.3125Y;,, - 0.1302X,,,
= 0.0846X,,, + 1.0966X,, ,
+ 1.1538X,,, - 1.1538Y,,,
+ M, = Pigy = 275



0.2592)(114

+ 1.2096X215

1.0966Y315

1.0144X515

+

0.2592}(“5

+ 1.2096){216

1.0966‘[316

+ 1.0144}(516

—0.20?9X121

+ 1.0912}{222

- 1.0867Y322

+ 1.0438X522

(D 3= 2,

- 0.2079X122

- 1.0912X223

—1.086?‘1323

ks 1.0&38X523

170
=4

1.3125X115

1.2096Y215

0.1014X41A

1.0144Y515

= 5

1.3125)(1]_6

1.2096Y216

0.1014}{415

1.0144Y516

= 1

+ 1.2728X

122

1.0912Y222

- 0.0348X

|

+

421
1.0&38Y522

=: 2

1.2?28)(123

1.0912Y223

- 0.0348X

422

1.0438Y523

- 1.3125Y;, ¢ - 0.1302X,, ,
- 0.0846X,,, + 1.0966X,, .
+ 1.1538X,,. - 1.1538Y,,
+ nl, - p], = 296
- 1.3125Y,, . &9 302X, .
- 0.0846X, 5 4 1.0966X,,
+ 1.1538X,,, - 1.1538Y,,
+ #0.)- pls = 321

- 1.2728Y,,, - 0.0585X,,,
- 0.0666X,,, + 1.0867X,,,
+ 1.3043X,,, - 1.3043Y,,,
#mo = pyy = 149
- 1.2728Y,,, - 0.0585X,,,
- o.oaéaxizz + 1.0867X,,,

+ 1.3043X,,, - 1.3043Y,
+ ngz - 932 = 167



171

(8) j=2;, t=23

- = 5
0.2079X12 - 1.2?28X12a 1.2?28Y12ﬁ 0.0-85X22

3

+ 1.0912X224 - 1'0912Y22Q - 0.0666X323 + 1.086?}(324

- 1.0867Y32& - 0.03Q8X423 ks 1.3043X42a - 1'3043YQ24
a a

+ 1.0438X524 - 1.0438‘1524 + My = Pyg = 189

€9) §i=2; t=4

-0 2079X12a + 1.2728X125 - 1.2728Y125 - 0.0585X22a

+ 1.0912}(225 - 1.0912Y225 - 0.0666)(324 + 1.0867X325

- 1.0867Y325 - 0'0348X&2h + l.3043X&25 - 1'3043YQ25
a a

+ 1.0438X525 - 1.0438Y525 Doy = Pyy = 214

(10) j =2, t=5

- 0.2079X125 + 1.2728X126 - 1.2?28\’126 - 0.0585X225

+ 1.0912X226 - 1.0912‘1’226 - O.D666X325 + 1.086?X326

- 1.0867Y326 - O.O348X425 + 1.3043X426 - 1.3043Ya26
a a

+ 1.0438X526 - 1.0438Y526 * Myg = Pyg = 246

(11) i=3 =1

= 0.13?7X131 + 1.2821X132 - 1.2821Y132 - 0.0826X231

- 1.1&74X232 - 1.147&Y232 - 0.0739X331 + 1.1008X332

- 1.1008Y332 - 0.0453X431 + 1.1072X432 - 1.1072Y432

a a
+ 1.0537X532 = 1.053?Y532 + Ny - p31 = 160



(12)

(13) j

(14)

(15) "\ j =

j:3$

0.13?7X132

1.1474X233

1.1008Y333

1.0537X532

3,

0.1377Xl33

1.1&74X234

1.1008Y334

1.053?}{534

j=3’

0.13??){134

1.14?&X235

1.1008Y335

1.0537X535

3,

0.1377)(135

1.14?4X236

1.1008Y336

1.0537}{536

172

£ = 2

+ 1.282].){133

- 1.1&?4Y233

- 0.0453X432

- 1.0537Y533

E=23

- 1.2821){13(+

- 1'1474Y234

- 0.0453XQ33

- 1.0537Y534

t = 4

+ 1.2821){]_35

- 1.14?&Y235

- 0.0453X43a

- 1.0537Y535

t =3

+ 1.2821}{136

1.1&?4Y236

0.0QSBXa

35

1.0537Y536

1.2821Y

133

0.0?39X332

5
l.;O?MXa33

1.2821Y134

0.0739X333

1.10?2)(434

a
n

4 a
33 ~ P33

1.2821‘{135

0.0739}(334

1.1072Xa35

a
n

_ a
34 ~ P3g

1.2821Y136

0.0?39X335

1'L0?2X436

a
n

_ a
35 = P33

- 0.0826X232

B 1.1008X333

= Q72
1.107_Y433

112

- 0.0826)(233

- 1.1008)(334

- l'lO?ZYQSQ

124

- 0.0826X23q

+ 1.1008X335

- 1.1072Y435

138

- 0.0826X235

+ l.lOOSX336

- 1'1072Y¢36

153



(16) j =

[

(17)

(18) j =

(19)

e

b,

0.1608X141

1'1791X2q2

1.1812Y342

1.044&X5a2

i=46,

0.1608X142

1.1?91X2&3

]..18].2'{3‘&3

1.0444X5&3

4,

0.1608X1&3

1.1791}{244

]..1812Y344

l.OQh&XSaa

j= 4,

0.1608)(144

1.1791){26;5

1.1812Y345

1.0444X5a5

173

£ =1

- 1.4667X142

1.1?91Y242

2
0.07h1X&al

1.0444Y542

I

£ o= 2

+ 1.&66?X1a3

— 1'1?91Y263

- 0'0721X442

- 1.0444Y543

t =3

+ 1.4667}(144

1.1791‘{244

0.0721Xa43

1.0444Y544

1

t = 4

+ 1.466?X1a5

- 1.1?91Y245

- 0.0721Xa&a

- 1.0&&&Y545

1.4667Y

142

0.1344X

1.1447X

a
n

41 ~

1.466?Y1

341

442

d
P41

43

0.1344X

342

1.1447X

n

1.4667Y,
0.1344%

1.1447)(4

a

42~

a
n

43

443

a
Pyo

44
343
44

a il
_p43_

1.4667Y

145

0.1344X

344

- 0.1446X241

+ 1.1812){342

- 1'1447Yaa2

76

- 0.1446x242

+ 1'1812X343

- 1.1447Y4a3

83

- 0.1446X243

+ 1.1812X34Q

- 1.1447qu4

89

- 0.1446X244

+ 1.1812X345

1.1&4?X4&5 - 1.14&7Yaa5

n

a
44

— a —
Puy =

95



(20)

j= 4,

('.3.1608)(].&5

1.1791}{246

1.1812Y346

1'0444X546

(21) § = 5,

+

(22)

|

+

I

+

0-2062X151

1.1600X252

1.1039Y352

1.069?X552

j= 5,

0.2062X152

1.1600X253

1.1039Y353

1.069?X553

(230F = 5,

|

+

+

0.2062X153

1.1600X254

1.1039Y35&

1.0697X554

174

£ =3

- l.&b&?xlaﬁ

- 1'1?91Y246

- 0.0?21X&a5

- 1.0444Y546

G =1

+ 1.3235}(]_52

- 1.1600Y252

- 0.1689X451

- 1.069?Y552

£ =2

+ 1.3235X153

- 1.1600Y253

- 0.1689){452

- 1.069?Y553

£ =3

+ ]..3235}{15‘:+

- 1.1600Y25&

- 0.1689X453

- 1.069?1’5Sq

1.4667Y,, . - 0.
0.1344X,, o + 1.
L.1447X,, - 1.
“25 - pis S
1.3235Y <, X-
0.0811X5¢, ™+ 1.
1.3572X,., - 1.
a5y - P5p = 68

1.3235Y; o4 = 10
0.0811X., + 1.
1.3572X, 5 - 1.
NSy = Psy = 79

1.3235¢ ., - O.
0.0811}%53 + 1.
1.3572%, 5, - 1

ngy - Pgy = 92

14a6x245

1812X346

laa?yaqb

1143X251

1039)(352

3572Y&52

1143X252

1039}{353

2
35?_Y453

1143X253

IOBQXBS&

«3572Y

454
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(24): j =5; E£=4%

0.2062X + 1.3235X L1a3235% - O.lléBXz

154 155 155 54

+ 1.1600X,ss = 1.1600Y,.. — 0.0811Xy,, + 1.1039Xy,,
- 1.1039Y;5 - 0.1689X, 5, + 1.3572X, 5 ~ 1.3572¥,
+ 1.0697X o — 1.0697¥ + ng, - P, = 107

(25) § =5, t=25

- 0.2062X) ¢ + 1.3235X o - 1.3235Y . = 0.1143X,

+ 1.1600X256 - 1.1600Y256 - O.OSllXSSS + 1.1039X356
= 1.1039‘{356 - 0.1689X455 + 1'35?2X¢56 - 1'3592Y456
a a
+ 1.0697X556 - 1.0697Y556 + Mg = Peg = 123
(26) j =6; t=1
0.0X161 + 1.4286X162 - 1.4286Y162 - 0.1329X261
+ 1.1597X262 - 1.1597Y262 = 0.1022)(361 + 1.1087X362
- 1.1087Y362 - 0.1191x461 + 1.2143X462 - 1.21&3Y462
a a
- 1.0115X562 - 1.0115Y562 + M) ~Pgp T 77
(2N =6, © =2
0.0X162 i l.&286X163 - 1.4286Y163 - 0.1329X262
+ 1.159?X263 - 1.1597Y263 - 0.1022Xi62 B 1.1087X363
- 1.1087Y363 - 0.1191X462 + 1.2143X463 - 1.21Q3Y463
a a
+ 1.0115X563 - 1.0115Y563 + Mgy = Pgy = 84
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(28 j =6y & =73

0.0X163 + 1.&286)(16q - 1.4286‘(164 - 0.1329X263

+ 1'159?X264 - 1'1597Y26& - 0.1022X363 + 1.108?}{364

- 1'108?Y36h - 0'1191X463 + 1.21&3X46a - 1'2143Y46&
a a

+ 1'0115x56& - 1'0115Y564 * Mgy = Pgy = 91

(29) j'=6; =4

O.O)(l64 + 1.4286X165 - 1.4286Y165 - 0'1329X26a

T 1.159?)(265 - 1.159?Y265 - 0'1022X36& +l.108?X365

- — ; —

1.1087Y365 0.1191){464 + 1.2143X465 1.2143Y465

a a

+ 1.0115X565 - 1.0115Y565 0 = Pgy = 99

(30) j=86, &£=5

O.OXl65 - 1.&286}(166 - 1.4286Y166 - 0.1329X265

+ 1.1597X266 - 1.1597Y266 ] 0.1022X365 + 1.108?X366

= 1.108?\’366 - 0'1191X465 + 1.2143Xa66 - 1'2143Y&66
a a

+ 1.0115X566 - 1.0115Y566 + Ngo = Pgg = 107

(BINSN] =7, t=1

O'Dxl?l + l.'J.l'JXL.)‘,2 - O.OYl72 - 0.115§X271

+ 1.1&52X272 - 1.1452Y272 - 0.1873X3?1 . 1.1864X3?2

= 1.1864Y372 - 0.2207X471 e 1.&286X4?2 - 1.4286Y472

+

a a
1.1036X5?2 - 1.1034Y572 + 0o, - Py T 82
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(32) =T £ =2

O.D){”,2 + O.O){l73 - O.OYl73 - u.1158x272

+ 1.1452X2?3 - 1.1452Y273 - 0.1873X3?2 + 1.1864x3?3

- 1.1864Y373 - 0.220?}{A72 - 1.4286X&?3 - 1.&286Yq73

s 4 a.—.

+ 1.1034X573 - 1.1034Y573 t Mgy = Pyy = 91

{33) =7, t.=3

O.OX173 + 0.0x17a - O.OY174 - 0.1158X2?3

+ 1.1452.‘3(2.M - 1.1452Y2?a - 0.18?3X3?3 - 1.186&X3?4

- 1.186&Y3.}‘,4 - 0.220?X4?3 + 1.4286X4?4 - 1.&286Y4?&
a a

+ 1.103&)(574 N 1.1034Y57& t.Nyq = Pyy = 101

(34) 3 = i t =4

CI.OX174 - 0.0X1?5 - D.OY175 - 0.1158X2?4

+ 1.1&52}{275 - 1.14521’275 - 0.1873}(_374 - 1.1869}(375

- 1.1864Y375 - 0.220?Xa?a - 1.4286Xa75 - 1.&286Y475
a a

+ 1.1034X5?5 - 1.1034Y575 g, = Py, = 111

(38 3 =17, t =5

0.0X175 + 0.0){1?6 - 0'0Y176 - 0.1158X275

+ 1.1452X2?6 - 1.1452‘1‘.’276 - 0.1873X375 - 1.1864X3?6

- 1.1864\!376 - 0.2207}{475 . 1.4286X476 - 1.4286Ya76

a a
- 1.1034X576 - 1.1034‘1576 + My = Py = 122



(36)

e

(37) ]

|

!

(38)

+

(39N j

|

j = 8s

0.1885X181

1.1305X282

1.0000Y382

1.0000X582

8,

0'1885X182

1.1305){283

1.0000Y383

1.0000X583

i=38,

0.1885X183

1'1305X284

l.OOOOY384

l.OOOOXSSQ

8,

0.1885X134

1.1305X285

1.0000‘1’385

l.OOOOX585

178

£ =]
+ 1.2000X
- 1.1305Y
+ 0.0thl
- 1.0000Y

£ o= 2

1.2000X

+

1.1305Y

0.0}(482

1.0000Y

t =3
+ 1.2000X
- 1.1305Y
+ 0'0X433
- 1.0000Y

t = 4

+ 1.2000X
- 1.1305Y
+ O'OXASQ

- 1.0000Y

- '1.2000Y

182 182
28y — 0:0606X, 0.
+ 1.0000X, o, - 1
I pa =
582 81 81
13 = 1-2000Y, &
283 — 0-0606X30s
+ 1.0000X, 45 — 1
+l'la —pa —
583 82 82
184 = 1-2000Y; o
284 ~ 0-0606X;q4
+ 1.0000X, o, — 1
a a
584 * Mg3 ~ Pg3 =
185 ~ L1-2000¥, o
,g5 = 0-0606X,o,
+ 1.0000X, oo — 1
+na «—pa =
585 84 84

- 0.102&X281

+ 1.0000X382

.OUOOYQB2

31

— 0.1024X282

+ 1.0000X383

.OOOOY483

37

- 0.1024K283

+ 1.0000){38Q

.OOOOY484

44

- O.lOZ&XZBq

- 1.0000X385

.OOOOY485

50



(40) j = 8,

™

I

(ii) Student Enrolment Goals (40)

0.1885X185

1.1305){286

1.OOOOY386

1.0000}{586

179

£ =D

- 1'2000X186

- 1.1305Y28b

+ O.OXQSS

- 1.0000Y586

- 1.2000Y
- 0.0606)(3

+ 1.0000X

+

(41) j = 1,

|

0.2592X111

1.2096X212

1.0966Y312

1.01&4X512

(42) § =1

0.2592X112

1.2096X213

1.0966Y313

1.0144X513

43) j =1,

%

0.2592X113

1.20961{21q

1.0966Y314

1'0144X514

t =1
+ 1.3125X

- 1.2096Y212

- 0.1014X411

- 1.0144Y512

ti= Z

- 1.3125X113

1.2096Y21

|

3

0.1014}(412

1.0144Y513

|

=, 8

+ 1.3125){114

- 1.2096Y214

- 0.1014X413

- O.OIQQYSI4

I

N

o+

112 =~ 1. 3180Y

0.0846X31

1.3125‘1’11

0.0846X31

- 0.1024X285

- 1.0000X386

- 1.0000Y

486
59

- 0.1302X21l

+ 1.0966X312

- 1.1538Y412

235

- 0.1302X212

+ 1.0966X313

- 1.1538Y413

= 245

- 0.1302}{213

+ 1.0966X314

- 1.1538Y&1q

256
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(44) j =1, t =4

- 0.2592X11& + 1.3125X115 - 1.3125Y115 - 0.1302X214

+ 1.2096}{215 - 1.2096‘[215 - 0.0846)(314 + 1.0966}(315

- 1.0966Y315 - 0.101&}({;14 + l.lBBBXQ15 - 1'1338Y415
b b

- 1.0144){515 - 1.0144\’515 + Ry, - Py T 264

(45) 3 =15 =5

- 0.2592X115 + 1.3125}(116 = 1.3125Y116 - 0.1302X215

+ 1.2096}(216 - 1.2096Y216 - 0.0846X315 = 1.0966X316

- 1.0966Y316 - 0.1014}{415 v 1.1538){416 - 1'1538Y416
b b

+ 1.01&&}{516 - 1.0144Y516 T 267

(46) j =2, t= 1]

- 0.2079X121 i 1.2?28X122 - ]..2?28‘1.’12.2 - 0.0385}(22l

+ 1.0912)(222 - 1.0912‘]’.’222 - 0.0666){321 - 1.0867)(322

- 1.086?Y322 - 0.03&8)(421 + 1.3043X422 - 1.3043Y422
b b

+ 1.0438X522 - 1.0438‘1522 + My = Py = 115

& 3 =2, &t =2

- 0.2079X122 ¥ 1.2728X123 - 1.2?281’123 - 0.0585}(222

+ 1.0912){223 - 1.0912‘[223 - 0.0666}(322 + 1.0867X323

- 1.086?\’323 - 0.0348Xa22 + 1.3043X&23 - 1.3043Ya23
b b

+ 1.04-38)(523 ~ 1.0438Y523 + Myy = Ppy = 125



(48)

|

I

(49) j =

+

(50)

I

4

+

(51) SN

+

j= 2,

0.20?9X123

1.0912X22Q

1.086?Y324

1.0438}{524

2,

0.2079X124

1.0912X225

1.0867Y325

1.0438)(525

j=2,

0.20?9X125

1'0912X226

1.0867‘[326

1.0&38X526

3,

0.137?X131

1.1&?4X232

1.1008Y332

1.0537X532

- 1.2728}(124

- 1.0912Y22a

- 0.03&8Xa23

- 1.0438Y524

t = 4

4 1.2?28X125

- 1.0912Y225

- 0.0348X425

- 1.0438‘(525

t.= 5

+ 1.2728X126

- 1.0912Y226

- 0.0348X425

- 1.0438Y526

B =

+ 1.2821X132

- 1.1474Y232

- 0'0453X431

- 1.0537Y532

3

1.2728‘(124

0.0666X323

1.3943Xa2a

b b
Rog = Poy

1.2?28Y125

0.0666X32a

1.3043)(425

1.2728Y

126

0.0666X325

1.3043}(426
b

o b
25 ~ P2s

1.2821Y132

0.0739X351

1.10?2}(&32

b b

- 0.0585X223

- 1.0867X32a

- 1'3O“3Y424

= 135

- 0.0585}(22q

- 1.0867X325

- 1.3043Y&25

- O.O585X225

. 1.086?X326

- 1.30&3‘(42b

= 150

- 0.0826}(231

- 1.1008}{332

- 1.10?2Y432

= 160



(52) j

(53)

(54) j

|

+

|

N

(55)

+

3,

0.137?X132

1.1474X233

1.1008Y333

1.0537X533

j= 3,

0.1377X133

1'14?4X234

1'1008Y33A

1.053?}(534

3,

0.1377){134

1.14?4X235

1.1008Y335

1.053?}(535

j:3:

0.137?X135

1.1&?&X236

1.1008Y336

1.0537X536

182

£ = 2

+ 1.2821X133

- 1.1474Y233

- 0.0&53Xa32

- 1.033?Y533

£ =3

+ 1.2821X134

- 1.14?4Y23&

= 0.0453X433

- 1.0537Y534

L=4&

+ 1.2821}{135

- 1.1474Y235

- 0°0453X43&

- 1.053?Y535

E =3

B 1.2821}(136

- 1.1474Y236

- 0.0453){435

- 1.0537Y536

1.2821Y133

0.0739X332

1.19?2X433
b b

832, By

1.2821Y13a

0.0739X333

1.1072X,, 5,
() b
33 ~ P33

1.2821Y135

0.0739X33&

1.1072)(435

1.2821Y136

0.0?39X335

1'1072X4

b
35

36

b
f35 = P35

- 0.0826X

+ 1.1008X

- 1.1072Y

= 181

- 0.0826%

+ 1.1008X

- 1.1072Y

= 201

- 0.0826X

+ 1.1008X

- 1.1072Y

- 0.0826X

+ 1.1008X

- 1.1072Y

= (226

232

333

433

233

334

434

234

335

435

235

336

426



(56) j =

(57)

(58) ]

do

(59)

e

4,
0.1608X, ,,

1.1791X242

1.1812Y3a2

1.0444X5a2

i=4,

0'1608X1a2

1.1791X243

1.1812‘1’3‘;3

1.04&4X543

4,

0.1608X143

1.1?91}(244

1.1812Y344

1.0&44X5a&

j=4)

0.1‘5:08)(1‘,44

1.1?91}(245

1.1812Y345

1.0444X545

183

B =1

- 1.466?X1a2

1.1791Y£a

2

1'0?21X441

l.Ohﬁ&YSaz

£ = 2

- 1.4667X143

- 1.1791Y2a3

- O.O?ZlX442

- 1.04&4Y5a3

£ =3

1.466?X1aa

1.1?91‘{244

0.0?21X443

1.0444Y544

t =4

B 1.4667X1Q5

- 1.1?91Y245

- 0.0?21X444

- L.0444Y545

Y
1 667Y1a2

0.134&X3a1

1.1§a?x442

b b
41 ~ Par

n

1.4667Y143

0.1344X3a2

1.1aa?xaa

b b
42 ~ P42

3

0]

1.&667Yl¢4

0.13&4X343

L.1447X,,,
b b
P43 T P43

1.&667?145

0.1344Xjaa

L.1447X,, o
b b
44 " Puy <

- o.1aabx2al

+ l.l812X3a2

- 1.1&47Ya42

122

- 0.144632a2

- 1.1812}(3“3

- 1.14&7Yaa3

143

- 0.1446X243

- 1.1812X3a4

- 1'1447YA44

162

- 0.1aa6x244

- 1.1812X345

- 1.1447Y445

184



(60) j = 4,

0.1638X1a5

+ 1.1?91}{246

1'1812Y3a5

1.0444X546

4

(61) j =5,

- 0.2062}(151

+1.1600X252 -

- i.1039Y352

+ 1.069?X552

(62) j =5,

0.2062X152

. 1.1600X253

1.10391’353

+ 1.069?X553

(63) j =5,

0.2062X153

- 1.1600}{25‘,+

1.1039Y35

4

+ 1.069?X55a

184

t =5

+ 1.4667X146

1'1?91Y246

O'OTZIXaa

5

L.oaaaquﬁ

£ o= 1

+ 1.3235X152

1.1600‘{252 -

- 1.0697Y552

t .= 2

+ 1.3235X153

1.1600Y253

0.1689){q

52
1.0697‘(55

3

t = 3

- 1.3235}(154

- l.lﬁOOstq

- 0.1689X453

- 1.0697Y554

1.4667Y, , — 0.1446X,,
0.1344K, o + 1.1812X,
1.;4Q7X446 - 1.1&47Yaab
1.3235%5, 5 - 0.1163%,,
L0811, + 1.1039X,,,
1.3572%, ., - 1.3572Y,,,
nsy - Py = 64
1.3235Y ., - 0.1143X,.,
0.0811Ks, + 1.103%% 5
L BSTGs ~ LI3ETRY < o
N3 = P3y = 68
1.3235Y154 - 0.1143X253
0.0811%;,, + 1.1039X,,
1.3572X,, - 1.3572Y,,
N3y = Pay = 72
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(64) J =: Oy t = &
2 —
- 0.2062X15a + 1.3235X155 = 1.3L35Y155 0.1143X254
. 2 L = 0. 1.1039X

+ 1 1600X255 1 1600Y255 0 0811X354 + 03 355

- 1.1039Y355 - 0.1689X454 + 1.35?2Xq55 - 1.3572Y455
b b

+ 1.0697}(555 - 1.0697‘1’555 + n5a PSQ = 78

(65) j =5, t=25

- 0.2062X155 + 1.3235X156 - 1.3235Y156 - 0.1143X255

+ 1.1600X256 - 1.1600Y256 - 0.0811X355 + 1.1039}(356

- 1.1039Y356 - 0.1689X455 + 1'35?2X456 - 1'3592Y456
b b

4 1.0697Y556 - 1.0697Y556 +Mgo = Pgs = 78

(66) 3 =6, t =1

O.OX161 + 1.4286X162 - 1.4286Yl62 - 0.1329X261

+ 1.1597X262 - 1.1597Y262 + 0.1022X361 + 1.1087X362

- 1.1087Y362 - 0.1191}{461 + 1'2143x&62 - 1'2143Y462
b b

+ 1.0115X562 - 1.01l5Y562 + nﬁl = p6l = 03

(6N =6, t =2

0.0X162 + 1.4286X163 = 1.4286Y163 - 0.1329X262

+ 1.1597X263 - 1.159?Y263 + 0.1022}(362 + 1.1087X363

-- 1.1087Y363 - 0.1191X462 + 1.2143X463 - 1.2143Y463

b
+ 1.0115X563 - 1.0115Y563 + Mgy = Peoy = 114
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(68) j =6, t =3

O.OX163 - 1.4286X164 - 1.4286‘[164 - 0.1329){2‘53

- 1.159?}(264 - 1'1597Y264 + 0.1022X363 . 1.1087}{364

- 1'108?Y364 - 0'1191X&63 + 1.21&3Xa6a - 1.2143Y46a

¥ 1'0115X56a - 1'0115Y56a t Mgy = Peg = 135

(6g)j=6, Lt =&

O.OX164 + 1.&286}(165 - 1.&286Y165 - 0'1329X264

- 1.1597X265 - 1.159?‘{265 - 0.1022){364 - 1.1087X365

- 1.108?Y365 - 0.1191Xa64 + 1'2143X&65 - 1.2143Y465
b b

- 1.0115X565 B 1.0115Y565 ey~ Py = 156

(70) =65 t =35

O.OX165 + 1.4286)(166 - 1.4286Y166 - 0.1329)(265

- 1.159?)(266 - 1.159?Y266 + 0.1022X365 + 1.108?)(366

- 1.]087Y366 - 0.1191X465 - 1.2143)(466 - 1.2143Y466
b b

+ 1.0115X566 - 1.0115‘[566 + Mg = Pgg = 157

NS =7, =1

0.0X171 + O.OXI?2 - O.OY172 - 0.1158X271

IS 1.1452}(272 - 1.1452Y2?2 - 0.1873X371 + 1.186&X372

- 1.1864Y372 - 0.2207Xa?1 - 1.4286X4?2 - 1.4286Y472
b b

- 1.1034X5?2 - 1.1034\1’5},2 + Mo = Py = 45



1

(72) = T t = 2

0.0X1?2 + 0.0)(1?,3 - 0.
+ 1.1452X2?3 - 1.1452Y
= 1.1864Y3?3 - 0.2207X
= 1.1034X573 - 1.1034Y
(73) =%, E£=3

0.0X1?3 + 0.0X1?Q - 0.
+ 1.1452X2?a - 1.1452Y
- 1.1864Y374 - 0.2207X
+ ]..].034}(5_{.4 - 1.1034Y
(74) 3 =7, t =4

0.0X1?4 + 0.0x175 - 0.
+ 1.1452X2?5 -+1.1452Y
- 1.1864Y375 -0.2207X
+ 1.1034X575 - 1.1034Y
(75) j =%y E=E.S

0.0X175 + 0.0X1?6 - 0.
+ 1.1452X276 - 1.1452Y
- 1.1864Y376 - 0.2207X
+ 1.1034X576 - 1.1034Y

87
OF gy — BETISEK, .
2y, ~ BB IR o +
4oy + 1-4286X, . -

b b
syz E Mg = Pyg = 48
0¥, - 0.1158X,5.
p7s = 0-1873X5 "+
4y * LG, 1

b b
574 Py ~ P73 = 21
0X) ;5 - 0-1158X,,,
yo5 = 018T3Ryey + Lo
-, =

b b
sys: ¥ By~ By & 10
0¥ 56 = 0-1158X, ¢
276 0.1873X375 +
ais * LA2BEK, o

b b
576 * Mg~ Pyg = 10

4%

1.

e

1:

1.

L

1864X373

QZSbYa?3

186&X3?4

.4286Y

474

1864){375

&286Ya?5

1864X376

4286Y476



(76) j = 8,

0.1885X181

1.1305){282

4

1.0000Y382

1.0000X582

4

(77)

i=28,

0.1885X182

1.1305X283

1.0000Y383

1.0000X583

(78) j = 8,

0.1885}(183

1.1305X2

+

84

l.OOOOXSS&

l.OOOOXSSQ

(79)

j =28,

0.1885}(184

1.1305)(285

1.0000Y385

1.0000Y585

+

+

|

+

+

+

|

188

T |

1.2000X ) o, = 1.2000Y g, + 0.1024X,o)
1.1305Y,,, ~ 0.0606X,o + 1.0000Xy,
0.0X, g, + 1.0000X, o) ~ 1.0000Y,,
1.0000Y b b~ 4s
: sg2 * Mg1 T Pg1 T
£ = 2
1.2000X, g, = 1.2000Y, g5 = 0.1024X,4,
1.1305Y,4, — 0.0606X,55" + 1.0000X,4,
0.0X,g, + 1.0000%;qy — 1.0000Y, 4.
b b
1.0000Y583 + Mgy = Pgy = 60
t =3
1.2000X, o, - 1.2000Y, o, — 0.1024X, .
1.1305Y,,, - 0.0606X,5, + 1.0000X,g,
0.0X, g4 + 1.0000X, o, — 1.000Y,
b b
1.0000¥ g, + fgy = Pgg = 71
t =4
1.2000X, g, ~ 1.2000Y, oo = 0.1024X,o,
1.1305Y,5, ~ 0.0606X,5, + 1.0000X,,
0.0X,q, + 1.0000X, 5, - 1.0000Y,
1.0000Y o b _ 82

585 © "84 T Pgy
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(80) j

+ 1.2000X
185

+ 1.1305}(286

- l.OOOOY386 + O'OXQSS

+ l.OOOOY586 - 1.0000Y

186 ~ 1.2000‘[186

- 1.1305Y286 - 0.0606X385

+ 1.0000X, g0 ~ 1
b
Pgs

-0.185X - 0.

% ‘T

586 85

(iii) Academic Rank Distribution Goals (120)

(81) E=A={ 132 ¥5 J=1; & =4

- 0.181&X111 - 0.9188X112 - 0.9188Y112

+ D.8467X212 - 0.8&6?Y212 + 0.0254){311

+ 0.3290Y312 - 0.0304xa11 - 0.3&61XQ12
c c

- 0.3043X512 + 0.3043Y512 0,00 7 Parl

(82) 4d=m= €LY =1, it =2

- 0.1814X112 + 0.9188X113 - 0.9188Y113

+ 0.8467X213 - 0.8&67Y213 + 0.0254X312

+ 0.3290Y313 B 0.0304X412 - 0.3461X413
c c

- 0.3043X513 + 0.3043Y513 +.M400 = Payp =

(B3F EF=RA=12%5 i=131; E=3

- 0.1814}{113 + 0.9188){114 - 0.9188Y114

+ 0.8&67X21& -~ 0.8667Y214 + 0.0254X313

+ 0.3290Y314 + 0.0304X413 - 0'3461X&l&
c c

- 0.3043X514 - 0'3043Y51Q + 0,03 = Pals

1024Y285

- 1.0000X386

.OOOOY486

- O.O391X211

- 0.3290X312

- 0.3461Ya12

=0

+ 0.0391X212

- 0.3290X313

- 0.3461Y413

0

+ 0.0391X213

- 0'3290X314

" 0.3461Ya14

0
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C [ i< -
Ag14 ~ Palg =

(84) i = A {1,2}, j=1, t=
= 0.181ax114 + 0.9188x115 - 0.9188Y
3 0.8467X215 - 0.8667Y215 + 0.0254X
+ 0.32901’315 + 0‘0304X41a - 0.3461X
s 0.3043x515 + 0.3043Y515 +
(85) i=A=11,2}, j=1, t =275
- O.lSl&X“5 + 0'9188X116 - 0.9188Y
+ 0.846?x216 = 0.86672216 + 0.0254X
4 0.3290Y316 + 0‘0304Xa15 - 0.3461X
C
- 0.3043x516 + 0.30&3*{516 s~
(86) i=A= {1,245 i 2, t =1
- O.IQSSX121 + D.BQLOXIZZ - 0.8910Y
+ 0.?63ax222 - 0.?634Y222 + 0.0200X
- 0.3260Y322 + 0.0104)(&2l - 0.3913X
[
< 0.3131}{522 + 0.3131Y522 + nA21 =
O\ L. == 1,21 , =2, ¢ =2
p— 0.1455){122 - 0.8910}{123 - 0.8910Y
+ 0.?634X223 = 0.?63&Y223 + 0.0200X
+ 0.3260Y323 + o.oloaxazz - 0.3913X
C
- 0.3131X523 + 0.3131‘.{523 + nA22

4

115
314

415

116
315
416

L &>
Pals

122
321
422

C
Pa21

123
322

423

_— G =
Pa22 =

+ 0.0391X
- 0.3290}(3

+ 0.3461Ya

+ 0.0391X21
- 0.3290X

+ 0.3&61‘(4

- 0.01?6X2

214

15

/o)
0

5

316

16

=0

21

- 0.3260X

322

+ 0.3913Y

422

=0

+ 0.0176X

222

- 0.3260X

323

+ 0.3913Y

423
0



(88) i =

(89) 1 =

+

(90) i =

|

+

0.1455X123

0.7634){224

0.3260Y32a

0.3131}(524

0.1&55X12a

0.7634)(225

0.3260‘[325

0.3131Y525

0.1455X125

0.7634X226

0.3260Y326

0.3131}{526

VL i =2

|

+

+

0.096&){131

0.8032X232

0.3302Y332

0.3161)(532

- 0.7634Y2

+ 0.8910X1

= 0.8975X1

+ 0.0136XQ3

+ 0.3161Y5

191

AZ{l!Z}sj:

+ 0.8910X

124

24

+ 0.0104X

423

+ 0.3131Y

524

A:{l,Z},j:

25

- 0.7634Y

225

- 0.0104X

424

+ 0.3131Y

525

A={1,2},j:

+ 0.8910X

126

- 0.7634Y

226

- 0.0104X

425

+ 0.3131Y

526
{1,2} , 3 =

32

- 0.8022Y

232

1

32

+

0.8910Y1

24

0.0200X

323

0.3913X, .,

0
A23

B =

424

C
= Pyog

4

0.8910Y

125

0.0200X%

0.3913Xa

%C
A24

B fom

o

4

+

+

324
25

_ C
Pa24

5

0.8910Y

0.0200X

0.3913X4

nS
A25

126
325
26

C
~ Pass

0.8975Y

132

0.0222X

331

0.3322X

&
A31

432
_ C
Pa31

i 0.3913Ya

+ 0.01?6X22

- 0.3260X

+ 0.0176X

223

- 0.3260X

324

24
= 0

+ 0.0176X

224

- 0.3260X

325

+ 0.3913Y

425
=0

5

326

+ 0.3913Y

426
=0

+ 0.0248X

231

- 0.3302X

332

+ 0.3322Y

432
=0
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(gz) i=A={1,2},j=
- 0.096&X132 + 0.8975X, 44
+ 0.8032X233 - 0.8032Y233
+ 0.3302Y333 + 0'0136XA32
- 0.3161X533 + 0.3161Y533
(93) i=4=4{1,2}, j =
- 0.0964){133 + 0.89?5X13a
+ 0.{3032)(234 - 0.80321’234
+ 0.3302Y334 - 0.0136X433
- 0.3161}{534 + 0.3161\.’534
(94) i =4A=1{1,2), =
- 0.0964}{134 + 0.89?5x135
+ 0.8032x235 = 0.8032Y235
+ 0.3302Y335 * 0.0136}{434
- 0.3161){535 & 0.3161Y535
W i =A= {12} ; j =
- 0.0964){135 + 0.89?5x136
+ 0.8032x236 - 0.8032‘{236
+ 0.3302Y336 - 0.0136X435
- 0.3161}{536 + 0.3161Y536

&

3,

41

+

+

0.8975Y
0.0222X

0.3322X

C

"A32

0.8975Y
0.0222X

0.3322X

5
A33

t =4
0.8975Y
0.0222X
0.3322X

 Ro

TA34

0.8975Y
0.0222X

0.3322X

€
A35

C
~ Pa32

_ C
Pa33

+

133

332

+

433

+

134

333

+

434

+

135

0.0248X232

O.3302X333

O.3322Ya33

= @

0.0248X233

0.3302}(334

O.3322Y434

=0

0.0248}(23q

- 0.3302X

334

+

435

c —
Pazy =

+

136

335

+

436

—_ = ]
Pa3s =

335

0.3322‘(&35

0

0.0248X235

0.3302}(336

0'3322Ya36

0



(96) i

e

(97)

I

(98)

0.1126X

0.8254X

0.3544Y

0.3133X

0.1126X

0.8254X%

0.3544Y

0.3133X

0.1126X

0.8254%

0.3544Y

0.3133X

() i =

1

0.1126X

0.8254X

0.3544Y

0.3133X

A= 1{1,2} ,

141

242

342

542

142

243

343

543

143

244

344

544

A

144

245

345

545

+ 0.0216Xa

- 1.026?X1

+ 0.0216X

+ 1.0267X1

- 0.8254Y

193

j =

+ 1.0267X

142

- 0.8254Y

242

41

+ 0.3133Y

542

i=A={1,2},j=

+ 1.0267X

143

- 0.8254Y

243

+ 0.0216X

442

+ 0.3133Y

543

i:A:{l,Z},j:

44

- 0.8254Y

244

443

+ 0.3133Y544

{1,2 }, j =

45

245

+ 0.0216X

444

+ 0.3133Y

545

4

+

+

4

+

ORG REl |

4ot O.OQB&XZQI

0.0403X3a1 - D.3SAQX342

0.3&34Xa - O.BQBQY&

1.026?Y1

42 42

c

ALl =0

T 24
LIV

w E =2

+ 0.0434X2a2

- o.354ax343

0.3434X443 + 0.3&34Y443

1.0267Y143

o.oao3x342

€
Ta42 =0

_ C
Pauo

s L =3

1.026?Y144 + 0.0434X2a3

0.0403X343 - O.3544X3a4

0.3&34){444 + 0.3&34Ya44
c
n

A23 =0

_ C
Pa23

y L= 4

1.026?Y145 + 0.0&34X2¢a

0.0403X344 - 0.35&4X345

0.3434X,, . + 0.3434Y,,
G C
Wyag ~ Pagy, = 10



[

(100) i = A

+

(101)

().3.126)(”‘5

0.825&X246

O.35h4Y346

0'3133X546

i-= A

0.L¢43x151

0.8120X252

0.3312Y352

0.3209X552

(102) i = A

+

(103)

+

0.1443X152

0.8120}{253

0.3312Y353

O.3209X553

i=A

0.1&&3X153

0.8120X254

O.3312Y354

0.3209}{554

194

{1,2} , j=4,t =5

46 —-1.0267Y1Qb

246 * 0.0&03X3Q5

- O.;&3&XQ

1.026?}{L
0.8254Y

0.0216X445

C C
020336, * Mans. ~ Pyys

46

2, § =15, t =1

0.9265X, ., - 0.9265Y
0.8120Y,,, + 0.0243%;,,
0.0507X, ) - 0.4072X,,
0.3209¥y5, ¥ mys) = Pys

{1,2},_125,12:2

0.9265X153

0.8120Y

- 0.9265Y153

253 * 0.02&3X352

0.0507X - 0.4072X

452

c c
0.3209Y553 * Mygy = pA52

453

f142F j =.5’ t =3

0.9265){l - 0.9265Y1

54 54

254 * 0.0243X353

- 0.4072){q

0.8120Y

0.050?}(453

0.3209‘{554 +

54
nC _ [
a53 ~ Pas3

+ 0.0434X245

- 0.35&&X3&6

=t O.3Q34Yaa6

+ 0.0343X251

- O.3312X352

- 0.4072Y452

=0

+ O.O343X252

- 0.3312X353

+ 0.4072Y453
=0

- 0.0343X253
- 0.3312}{354

+ 0.4072‘{‘454

=0
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(104) 1 = A ={1,23, j=55¢t=4

- 0'1““3X154 . 0.9265X155 —-0.9265‘{155 + 0.0343X25a

+ 0.8120X255 - 0.8120Y255 + 0.02"5!3)(354 = 0.3312X355

+ 0.3312Y355 + 0'0507X45Q - OihO?zxaﬁs + 0.4072‘{455
g o

- 0.3209X555 - 0.3209Y555 + Oyey = Pasy = 0

(105) A =R&=412%s J= Sk = 5

- 0.1&43X155 - O.9265X156 - 0.9265Y156 + O.O343X255

. 0.8120}{256 - 0.812OY256 + 0.02&3X355 - 0.3312X356

. 0.3312Y356 + 0.0507xa55 - 0.4072X456 + 0'a0?2Y456
c c

= 0.3209)(556 + 0.3209‘(556 s = Pass = 0

(106) i = A& =141,2 3 ,NM=65¢t =1

0.0X161 + 1.0000X162 - 1'0000Y162 + 0.0399X261

+ O.8118X262 - 0.08118Y262 + 0.0307X361 - 0.3327)(362

. 0.3327Y362 + 0.0357){461 - 0.3643X462 + 0'3643Y462
c G

- 0.3035X562 + O.3035Y562 Wy T Pagl = 0

Qe i=a=A12%}y; j=6;t=2

0'0X162 + 1.0000X163 - 1.0000Y163 + 0.0399X262

B 0.8118X263 - 0.8118Y263 - 0.0307X362 - 0.332?X363

+ O.3327Y363 + 0.0357X462 - O.3643X463 - 0'3643Y463
(o c

- 0.3035X563 ~ 0.3035Y563 + Nyeo = Prpy = 0
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(108) i=A= 11,2}, j=6, t =273

0.0X + 1.0000X - 1.0000Y + 0.0399X

163 164 164 263

+ 0'8118X26a - 0.8118Y264 + 0.0307X363 - 0'3327X36a

+ 0.3327Y364 4 0'0357X463 - D.3643XA64 + 0'3643Y46a
c c

- 0'3035X564 + 0'3035Y564 *Myea = Prgy = 0

(109) i =A== 11,2F ., §=2064,t =%

O.OX164 + I.OOOOX16S - 1.0000Y165 + O°0399X264

+ 0.8118}(265 - O.8118Y265 re 0'0307X36& - 0.3327X365

+ 0.332?‘{365 + 0.035?}{464 - 0.3643X465 + 0.3643Y465
c c

- 0.3035X565 + 0.3035Y565 Mass ~ Pags = 0

(1¥0) & = 4= {152F o\ = 65-E = 5

O.OX165 + 1.000}(166 - I.ODOOYl66 & 0.0399X265

+ 0.8118}{266 - 0.8118Y266 + 0.0307_){365 - O.332?Y366

+ 0.3327Y366 + 0'0357X465 - 0'3643X466 + O.3643Y466
c c

- 0'3035X566 + 0.3035‘{566 * Moo = Ppgs = 0

NN 3 =A=11,2F . §=Ts 8= 1

0'0X171 - O.OX]'_J2 - O'OYl?Z + 0.0347X271

+ 0.8016X272 - 0.8016Y2?2 ks O.O562X371 - 0.3559X372

* O.3559Y372 + 0.0662}{4_{.1 - 0.4286X4?2 + 0.4286Y472

- 0.3310X + 0.3310Y +

L o C _ 0
572 579 F Begy = Pagg T
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(112) i=a=11,2) , =7, t =2

0.0X172 + 0.0X173 - O.OY1?3 + D.O347X272

0.8016}(2?3 - 0.8016Y2?3 + 0.0562X3?2 - 0.3559X3?3

+ 0.3559Y,. . + 0.0662X,,, - 0.4286X,

0.3310X5

="

¥ X

2 3 ¥ 0:9286Y,.4
.S c ol

73 K72~ Pyip T

73 * O.3310Y5

(113) i=4a=1,2y, j=7,t =23

O.C}Xl?3 + O.OX174 - O'OY174 + O.O347X2?3

+ 0.8016X - 0.8016Y2?

274 + 0.0562X3? - 0.3559Y

4 3 374

374 * 0.0662X473 - 0.«54286}‘14?.4 + 0.4286Y

c c
- (.'-‘.3310}(5?4 + 0.3310‘{5?4 + Myga = Pagy = 0

+ 0.3559Y 474

(114) i =4A= {1,884 =17, ¢t =24

O.OXl74 + O'Oxl?ﬁ - 0.0Y175 - 0.03&7}(274

+ 0.8016X275 - 0.8016Y2?5 - 0'0552X37a - 0.3559X3?5

B 0.3559Y375 + 0.0662X4?4 - 0.4286X475 + 0.4286Y475

- Cl.3310X5:‘,5 + 0.331(}‘1{5.}5 + n

C

- c —0
A74 ~ Pavy T

(115) i=A:{1,2},j_=7,t=5

0.0){1_}5 + O'DX176 = D°0Y176 - 0.0347X2?5

+ 0.8016)(276 - 0.8016Y276 + 0.0562X375 - 0.3559)(376

+ 0.3559}{376 + 0.0662X¢75 - 0.4286){47

o c
- 0.3310}{576 + 0'3310Y5?6 *Myge = Pygg =

6 * 0.4286Y4?6

0]



(116) i = A

0'1320X181

+ 0.7914X282

O.3000Y382

0.3000){582

R

(117) 1 = A

0.1320}(182

0.791&X283

0.3000Y383

0.3000}(583

ap

g

(118) i = A

0.1320X183

0'7914X28a

+ 0°3000Y384

0'3000X584

+

NI 1L =&

|

0°1320X184

0.7914X285

B 0'3000Y385

0.3000X585

+

+

198

{1y2]:j:8!t:1
0-8&00X182 - 0.8400Y182 + 0.030?X281
0.7914Y282 + 0.0182X381 - 0-3OOOX382
0'0x481 - 0'3000Xﬁ82 + O.3OOOY482

c <
0.3000Y582 + Nya1 ~ Pagl = 0
{laz}’j:a,t-:z
0.8400X183 - 0.8400Y183 + 0.O3O7X282
0.7914Y283 + 0.0182X382 = 0.3000X383
0.0x482 - 0.3000X483 + 0'3000Y483

C C
0.3000Y583 FMyos = Pagy = 0
152¥ 5 =85 £ =3
O'BQOOXISQ - f.'l'.84‘00‘11'18‘!\l + 0.0307X283
0'7914Y234 + 0.0182X283 - 0'300X38&
0'0X483 - 0'3000XQ84 + 0'30002484

Cc c
0.3000Y584 + nA83 - pA83 = 0
1,2y, 3= 8, t =4
0.8600x185 - 0.8400Y1§5 + 0'030?X28h
0.?914Y285 - 0'0182X28a - O.3OOOX385
O°Ox486 - 0.3000Xa85 + 0'3000Y485

c c
0.3OOOY585 + nA84 = Pagsy = 0



(120) i A

0.1320X185

+ 0.7914X2

86

0.3000)(386

0°3000X586

+

(121) i =B

0.1037X -

111

O.&838X212

+ 0.4386Y312

0.4058X5

12

(122) 1

B

0.1037X112 -

- 0.4838X213

+ 0.4386Y313

- 0.4058X513

(123) i

B

0.1037X113 -

- 0.4838X21a

+ 0.4386Y314

- 0.4058}{514

+

+

-+

. 5250X

.5250X

.5250X

199

0.8&00}(186

0.7914Y286

0.0X

485
O.3OOOY586

3t 4 J =

i

112

0.4838Y212

0.0406X411

0.4058Y, ,
{3}/, 3

¥y *

0.4838Y213

0.0406X412

0.4058Y513
{3t , j =

1iE

0.4838‘[214

0.0&06X413

0.4058Y51&

= Byt ="5
- 0.8400Y, g, + 0.0307X,,.
+ 0.0182X,q. ~ 0.3000X,g
- 0.3000X,g, + 0.3000Y,q
At c -0
A85 ~ Pags ~©
L= 1
0.5250Y ;5. =/0.0781X,
+ 0.0338X,,, - 0.4386X,,,
- 0.4615X,;, + 0.4615Y,
e | gk
p11 ~ Py = ©
g B = 2
0.5250Y,,, - 0.0781X,,
+ 0.0338X,,, - 0.4386X,,,
- 0.4615X,;4 + 0.4615Y, .
 d {2
* Npy1g ~ Ppip = O
1y k=3
0.5250Y114 - 0.0781X,,,
+ 0.0338K,,, - 0.4386X,,,
- 0.4615X,, + 0.4615Y,,
+ n = P = 0
B13 ~ Pp13 ~
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(124)i=3={3},j=l,t=4

0.1037X,,, = 0.5250X,,s + 0.5250Y,,. - 0.0781X,,,

- 0.4838X, o + 0.4838Y, . + 0.0338X; , - 0.4386Xy, ¢
+ 0.4386Y, o + 0.0406X, , - 0.4615X,, + 0.4615Y,
- 0.4058X s + 0.4058Y, . + ngla & p;la =

(325) A =B =43%, =1, =95

0.1037X115 - 0.5250)(116 - 0.525OY116 - 0.0?81X215
- 0.4838X216 - 0.4838Y215 - 0.0338}{315 - O.&386X316
- 0.4386Y316 - O.OhOﬁXalS - 0.4615X416 - 0.4615Y416
= c c
- 0.4038){516 - 0.4058Y516 + Mpys = Ppys = 0
(I26) 1 =B =43} , j\\W t =1
0.0832X121 - 0.5091X122 - 0.5091Y122 - O.O351X221
= 2 =
0.4365X222 - 0.&365Y222 + O.0~66X321 0.434?X322
+ 0.&34?Y322 B 0'0139X421 - 0.5217X422 B 0.5317Y422
c c
= 0.4175% 55 + 0.4175Y 5 + ngpy = Ppyy = O
(RINT=B= 3}, §=2,.t=2
0.0832X122 - 0.5091X123 + 0.5091Y123 - O.O351X222
- O.&365X223 + 0.&365Y223 + 0.0266X322 - 0.4347X323
- 0.434?Y323 + 0'0139X&22 - 0'5217XQ23 + 0.521?Y423
c c
- 0.41?5X523 + 0.41?5Y523 * Moy = Ppog = 0



(128)

]

|

(

0

+

(

o

+

(

0

|

|

i B

.0832)(123 -

0.&365}(22q

0,4347Y324

0.4175}(524

129) i B

.0832X124 -

0.&365X225

0.4347Y325

0.&175X525

130) i B

.0832){125 -

0.4365)(226

0.4347Y326

0.&175X526

181)

i B

.0551X131 -

0.4590X232

0.4403Y332

0.4215X532

0

.

+

"

4

+

(=]

EE

+

o

+

+

+

201

{3}s_j=23

.5091X12a +

0.4365Y22&

0.0139)(q

0.

+

23

0.4175Y52z+

+

{3}’j:21

O’

3

25

0.&365Y225

0'0139X42&

0.4175Y525

.5091X1

+

{3}

» 152,

.0591}(126 + 0.

0.4365Y2

+

26

0.0139}(‘}25

0.4175Y526

+

3 5 § =35

.5128X 0.

132 *
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-44OOX, ,\ + 0.4400Y, ,, + 0.0434X,, .
0.3537Y,,, - 0.0941X,, . — 0.3544X,
0.0505X,,, + 0.8013X,,, - 0.8013Y,
12 ¥
0.?311Y5&q * Mopa = Popg = 0
{4,5},j=4’t=ﬁ|.
S44O0X, o + 0.4400Y145.+ 0.0434X,,
0.3537Y,,. - 0.0941X,, , - 0.3544X,, .
0.0505X,,, + 0.8013X,,. - 0.8013Y .
| 23 &
0.7311Y545 * Moun ~ Pouy T 0



(180) i =2¢

0'0482X145 -

- 0.3537’){2‘:}6

- O.35Q&Y3a6

. 0'?311X546

(181) i

C

151
- 0.3480X

0.0619X

252

+ 0.3312Y352

+ 0.7&88}(552

(182) i c

0.0619X152 -

- 0.3480X253

+ 0.3312Y353

o 0.?488X553

(183) i

c

0.0619X153 -

- 0.3480)(254

+ 0.3312Y354

+ 0.7483X554

0

+

|

214

95y » =4, =5
2z
.&&00X146 + 0‘4a00Y1&6 - 0.043&X2a5
0'353?Y246 - 0.0941X3a5 - o.354ax346
0.0505Xaa5 B (3&.23()12’;){“‘&'6 - 0'8013Yaa6
c c
0.7310 e + Beys = Poys = O
£4;5Y 5 § =5, =1
.39?1X152 + 0.39?1Y152 + 0.0343X251
0.3&803‘.’252 - 0.0568}(351 - O.3312X352
0.1182X451 + 0.9500X452 - 0.9500Ya52
C G
0.7488Y e, + nce) - Posy = O
{5 =5, t =2
.3971X153 - 0.39?1Y153 - 0.0343X252
0.3480Y253 - 0.0568X352 - 0.3312)(353
0.1182X452 4 0.9500X453 - 0.9300‘{453
o C
0.7488Y553 + Nosy = Pogy = 0
14,5 5 §j =55 €= 3
.3971X15a + 0.3971Y15q + 0.0343X253
0.3480‘1254 - 0.0568)(353 - 0.3312X35a
0.1182X453 + 0.9500}{‘:}54 - O.9500Y454
C c
0.7488Y,,, + ooy — Pogy = O
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(184) 1 =6 =44,5 , j=5,t=14%

0'0619X154 - 0.3971}{155 + O.397LY155 - 0.0343}(25A

= 0.3&80)(255 + 0.3480\1255 - 0.0568}(354 - 0.3312X355

- O.3312Y355 - 0.1182X45q - O.QDOOXQ55 - 0.9300Y455
c c

. 0.7488X555 B O.TQSSYBSS + Ness ~ Posy = 0

(185) i =¢€ = {4,5} , j=5,t =05

0.0619X155 - 0.3971X156 - 0.3971Y156 - 0.0343X355

- 0.3480X256 - 0.34803‘.'256 - 0.0568X355 - 0.3312X356

T 0.3312Y356 - 0.1182X455 - O'QSOOXQ56 - O.95DOY456
[ c

A 0.7488}(556 - O.?488Y556 ¥ Aocs = Pogg = 0

(186) i =06= {4,9%,, J =6, t =1

0.0X161 - 0.4286X162 - 0.4286Y162 + O.O399X261

- 0.3479X262 + O.3479Y262 - 0.0715X361 - 0.3326X362

- 0.3326Y362 - 0‘0834X461 - 0'8500X462 - O'SSOOYQGZ
c c

- 0.7081X562 - 0.7081Y562 * Moy T Poel = 0

&8?) i =0C= 14,5y, j =6, =2

0.0X162 - 0.&285X163 + 0.4286Y163 +‘O.0399X262

- 0.3479X263 + O.34?9Y263 - 0.0?15X362 - 0.3326X363

- 0.3326Y363 - 0'0834X462 - 0'8500X463 - 0'8500Y463
c Cc

+ 0.?081X563 - 0.?081Y563 * Mooy = Pogy = 0
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(188) i =C = (4,5 , j=6,t=23

O.OX163 - O.&286X164 . (3!.&286\:’1{)‘,+ + 0.0399}(263

- 0.3&79X264 + 0.3479Y264 - 0.0715X363 - 0.3326){364

- O.3326Y364 - 0.083&X463 + 0'8500X464 - 0‘85OOYaba

+ 0.7081X - 0.7081Y + nS

C =0
564 564 c63 ~ Pce3 T

(189) i =€ = {4,5} 5, j =6, t =&

0.0X - 0.4286X16 + 0.4286Y1 + 0.0399%

164 5 65 264

- 0.34?9X265 + 0.3479Y265 - 0.0715}{364 - 0.3326X365

+ 0.3326Y365 - 0'0834X464 + 0.8500X465 - 0'8500Y465
c c

- 0.?081X565 - 0.7081Y565 * Noesn = Pogs = 0

(190) 1 =0C =44,51, \W¥YhH,t =5

0'0x165 - 0.4286X166 + 0.4286Y166 + 0.0399X265

- 0.3479X266 + 0.3479Y266 - 0.0?15}(365 - 0.3326X366

. O.3326Y365 - 0.0834X465 + 0°8500x466 - 0'8500Y466
c c

4 0.7081X566 - 0.7081Y566 + Nogs = Pogs = 0

(IRNNL =6 =4{4;5}, j =75 E =1

0.0X171 + 0.0X1?2 + Cr.ClYl_’,2 + O.OBQ?XZ?I

- 0.3436X272 + 0.3436Y272 - 0.1311}{371 - 0.3559)(372

+ D.3559Y3?2 - 0.1545X471 + l.OOOOXa?z - 1.OOOOY4?2
c c

- 0.7724X572 - 0.7?2&Y572 + Nogy = Poyp = 8]
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(192) i =¢= 4,5}, j=7,t =2

}(”,2 173 ~ 0.0‘1’”,3 + 0.03&7X2?2

- 0.3436X273 - 0.3&36Y273 - 0.1311X372 - 0.3559X373

+ O.3559Y373 - 0‘1545X472 + l.O_OOX473 - 1.OOOOY473

c o
0.7?24X573 - 0.7724Y573 + Mags = Poya

0.0

+ 0.0X

= 9

(A93) f 0= WSV, §=7T; =3

0] + 0.0X - 0.0Y + 0.0347X

“D8yng 174 174
- 0.3436X,., + 0.3436Y,., - 0.1311X

273

274 4 - 0.3559X

373 374

+ 0.3559Y - 1.0000Y

374 0.1545X473 +-1.0000X

¢ c
+ 0.7?2&)(574 - 0.7724Y57h o3 < Pegg

474 474

= O

(19(4) i.:c:{z#,f)},j:?’t:t’.;

0 + 0.0X 0.0Y + 0.0347X

o 7 12 7 %igs 274

- 0.3&36X2?5 + 0.3&36Y275 - 0.1311X374 - 0.3559X3?5

+ 0.3559Y375 - 0.1345Xa?4 + 1.0000){‘“5 - 1.000‘1’4?5

0.7724Y +

spe . =0
5 575 c76 ~ Pcis <

+ 0.?724}(57

(195) i =C = {4,5} y ] = Ty E=9

175 176 ~ %96
~ 0.3436X

275

276 * 0.3436Y276 - 0.1311}{375 - 0'3559X376

+ 0.35592376 - 0.1545X475 + 1.000X4?6 - l'OOOYé?ﬁ

] [
76 = Vel 12eae * Pogs. = Pogs =

0.0X + 0.0X 0} 4 + 0.0347X

+ O.TTZGXS 0



(

0

+

(

0

+

(198)

0

+

(

0

196) i

.OS66X181

0.3392X282

0.30000Y382

0.?000)(582

197)

i c

.0566X182 -

0.3392X283

0.3000Y383

0.7000X583

i =0

.0566X183 -

0'3392X284

D.BOOOY384

O.?OOOX584

199) C

i

.0566)(184 -

0.3392}{285

0.3000‘1385

O.?OOOX585

¢ =
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{40} 5 j =8, £t =1
- 0.3600X, g, + 0.3600Y, 4
+ 0.3392Y, ., - 0.0424X
- 0.0X,q; + 0.7000X,4
(d
- 0.7000Y 0, + nog,
— {4,5} ¥ j = 8, r = 2
0.3600X, g5 + 0.3600Y, ¢
+ 0.3392Y, ., - 0.0424X
~ 0.0X,g, + 0.7000X, 4,
o
- O.?OOOYSS3 + n082 -
= (4,54, I'=8, t = 3
0.3600X, 4, + 0.3600Y,
£0.3392Y,,, - 0.0424X
- 0.0X,g, + 0.7000X,4,
[
- 0.7000Y,0, + nggy -
:{4,5},“}:'8, t =4
0.3600X; g, + 0.3600Y,
+ 0.3392Y, .. — 0.0424X
- 0.0X,q, + 0.7000X,.
- 0.7000Y 5 S e
‘ 585 * "cg4s T Pega T

+ 0.0307X

2 28
4g, - 0-3000X
, - 0.7000%,
=
~ Pegy = ©
, B070307x,,
382 - 0-300X3
~ 0.7000Y, 4,
L d
Pegy = ©
4 + 0.0307}(28
4g3 = 0-3000%
- 07004,
o2
Pcgz = ©
5 + 0:0307X,
3g4 ~ 0+300X,
- 0.700Y,.

0

1

382

82

2

83

3

384

4

85
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(200) i=C=1{4,5), j=8, ¢t =4

0.0566X185 - 0.3600X186 + 0.3600Y186 + 0.0307X285

- 0.3392}(286 + 0.3392Y286 - 0.0424X385 - 0.3000}(386

B O.3DOOY38b - O'OXQSS - 0'7000x486 - 0'?00Y486

c &
+ 0.7000X586 - 0.7000Y586 + nCSS = pC85 =0
Non-goal Constraints
(iv) Maximum Hiring Constraints (40)

(201) 3 = Loy i = L

Y + Y + Y + Y + Y d g _ 35
111 * ann 311 411 s1i1 © ™11 T Prp <
(202) j= Lo, e = 22

Y Y Y Y Y » 2 = 37
2t Yo T TGN Cuxe T i Y Py By S
(203) 3 s{l, & =3

Y + Y + Y + Y + Y - nd - pd = 38
113 213 313 413 513 13 13
(204) ] = 1, t =4

4 Y Y Y Y d d = 40
114 7 214 7 Y314 T 14 Y Ts14 T Mg T Prg T
(205) = Iy =5

¥ + Y + Y + Y + Y + nd g = 40

515 15 ~ P15 =
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421

422

423

424

425

431

432

433

434

521

522

523

524

525

531

532

533

534

Poy

P2

P23

IA

Prs

P3q

P3

P33

P34

17

19

20

22

23

24

27

30

33
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435

441

442

443

444

445

451

452

453

539

541

542

543

544

545

551

552

553

P35

Pyl

Pup

P43

Puy

Pys

Ps5p

Ps)

P53

34

18

22

24

28

28

10

10

11



222

454

461

462

463

464

465

471

472

455 °

554

555

561

563

565

572

562

564

571

Psy

Pss

Pe1

Pg2

Pe3

Pey

Pgs

P71

P72

12

12

14

17

20

23

24
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173 273 373 473

474

375 475

481

282 382 482

383 483

484

385 485

o5 * B = Py = 8
Y594 * “ga - p?a = &l
L A
Yoq) TG - PgL = 7
Yoap * “gz = pgz =
Y583 *'“33 - 933 =11
Yogs * “ga - Py, = 12
Y55 * “gs = 935 = L=



Payroll
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Budget Constraints

(241) t =1

- 2244X), + 8915X,,, - 8915Y,,, - 1850X,,,

+ B557X,,, = 8557Y,,, - 1257X 51 + 864X, .,

- 8164Y ,, - 1466X , ) + 9293X ,, - 9293Y,,

- 1829% 5, + 8767X ., - 8767Y,,

= 0.0X () + 9380X,,, - 9380Y,,, - 0.0X.

+ 0.0X 5, = 0.0Y;,, - 1686X, 5 + 8275X] g,

- 8275, 4, - 1536X,,, + 10470X, .~ 10470Y,,,
- 682X,,, + 9707X,,, = 9707¥, 5 — 985X,4,

+ 1293454, = 12934Y,,, < 1689X,,, + 10745X,,,
- 10745Y,,, - 1343X,.4 + 10290X,., - 10290Y,,
- 1559, + 10191X, , - 10191Y, , - 1358X,..

+ 10080X,,, < 10080Y,,, - 1215X,q, + 10114X,o,
- 10114Y,00 = 1330Xy,, + 12936X,,, - 12936Y,,

- 859Ky,, + 12662X,,, - 12662Y,,, - 1017X,,,

+ 13122%,,, ~ 13122Y,,, - 1872X,,, + 13794X,,,
= 13794Y,,, - 126X, + 12969X,., - 12969Y,,
- 1458, 0, + 13016X, ., — 13016Y,, - 2829, 5,

+ 13975K,,, - 13975Y,_, - 889X, + 11868X,,

- 11868Y,,, - 1584X,,, + 15832X, ,

- 15832Y,,, - 540X,,, + 17898X,,, — 17898Y,,,
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- 707X,4, + 15193, - 15193Y,,, - 1130X,
+ 15834X,,, - 15834Y, . - 2594X, ., + 18176X,,
- 18176Y, ., - 1859X, | + 16529%, ., - 16529¢
- 3416X, . + 19446X, . — 19446Y,, - 0.0X, o
+ 14052X, g, ~ 14052Y, o, + 15850X. , - 15850Y .,
+ 16204X,,, — 16204Yc,, + 16433X y, - 16433¥cys
+ 16374X,,, - 16374Y,,, + 16431X,., - 16431Y,,,
+ 15789%,, - 15789, , + 17081X,,, = 17081Y,.,
+ 15480X o, — 15480Y o, + nle - ple

= 11,343,922
(242) t = 2
- 2237X) ), + 8822X, /- 8822Y,,, - 1721X,,
+ 8535K,4 = 8535Y 5y - '1229X ., + 8277X 4,
~ 8277Y 4, ~ 1437X,,, + 9293X,,, - 9293Y,,.
- 1841X o5+ 8894X, ., — 8894Y 5 - 0.0X .,
+ 9380X, 4 — 9380Y, 4 - 0.0X,,, + 0.0X, .
—0%0Y) 5 = 1675K o, + 8294X, g5 — 8294Y, oo
= 1545X,,, + 10441X, 4 — 10441Y, 4 - 694X,,,
4 90312223 - 9031Y,,, - 1016X,,, + i0243x233
- 10243Y,,, - 1712X,,, + 10539X,,, - 10539Y,, .
- 1396X,c, + 10358K,., - 10358Y,., - 1644X,,
+ 9780X,,.. - 9780Y,,. - 1424X __ + 10278X

263 263 272 273
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10278Y273 - 1258X282 + 10043X283 -
1332X312 + 13015X313 - 13015Y313 -
1289?X323 -~ 12897Y323 - 10Q8X332 +
13539Y,5, - 1241X,,, + 13985X,,, -
1288X, ¢, + 13482Xy  ~ 13482Y,,
13711)(363 - 13?11Y363 - 2810X372 +
14587Yy,, ~ 922Xy0, + 12286Xy4, -
1575X,), + 16023X,,, - 16023Y, -
18041X, 53 — 18041Y, 5 — 704X, +
16108Y,,, - 1122X,,, + 15783X,,, -
2655X, 5, + 18474X, oo~ 18474Y, , -
16663X, ¢, — 16663Y, 5 ~ 3385X, ., +
19446Y, 5 — 040X, g, + 14712X, 0, -
15752X,) 5 = 15752, + 16341X,,,
16382X,,5 — 16382Y ,, + 16251 X
16816X ., — 16816, , + 15628X,,
16922X .5y = 16922X,,, + 15720Xq,
e e )
2 TPy - 12,519,538

543

100&3\’283

866X322

13539X333

13985Y343

- 1459X

362

1&587X373

12286Y383

545Xa22

16108Xa33

15783Y443

18&0){462

19446Xa73

14712Y483

- 163alY523

16251\’5q

- 15628Y563

- 15720Y583

3
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(243) t =3

- 22140}(113 - 8798X114 - 87985{114 - 1860X123

+ 8539)(124 - 85391’124 - 1231X133 . 8452X13&

- 8&52Y134 - 1441X143 . QQBQXIQQ - 943&Ylha

- 183?)(153 + 887’1}(15[+ - 88?1Y154 - O.OX163

+ 9380){164 - 9380Y16ﬁ - 0.0}(1?3 - o.oxl?&

- 0.0Y174 - 1665)(183 s 8156X184 - 8156Y18&

- 1545)(213 + 10455}(214 - 1(.‘145.’:‘1’2“+ - 723X223

+ 7764X22a - ??64\’224 - 1015X233 - 10260X23&

- 10260Y234 - 1??7X243 - 105?0}{2@4 - 105?0Y24&
- 1401X253 - 10333X25a - 10333Y254 - 1?11X263
+ 10381X26& - 10381Y264 - 1&21X273 - 10281X2?4 - 10281’1’2.M
- 1260X283 B 9990)(284 - 9990Y284 - 1334X313

- 13012}(314 - 13012Y314 - 866X323 + 13&26}{324
- 13426Y324 - 10&9X333 + 1&015}{334 - 14()153(33(+
- 1866X3a3 + 13985X34& - 13985Y344 - 1268){353
+ 13528}(354 - 13528Y354 - 1&61)(363 - 15635X364
- 15635Y364 - 2819)(3.!3 . 2298)(374 - 2298Y3?4

- 922)(383 + 12286X384 - 12286Y384 —_15?9X413

+ 16023}{414 - 16023Y41& - 545X423 + 180&1)(&24
- 18041Y42Q - 705Xa33 + 16108X434 - 16108Y43a
- 1123}(443 - 16653X444 - 16653Y&&4 - 2593X453



228

+ 18127, - 18127Y, ., - 1845X, ., + 16663X,,,
- 16663Y, - 3399X,., + 19446X,., - 19446Y,
- 0.0X, g9 + 14712X, o) - 14712Y, o, + 15791,
- 15791Y,, + 16249K,,, - 16249Y,, + 16396X.,,
- 16396Y,,, + 16259%,,, - 16259Y,, + 16431X,;,
- 16431¥,,, + 15671X,,, - 15671, , + 16992X..,
—~ L6993 + 15720K. . ~ LSTIOY .. ng 2 p;

= 13,873,535
(244) t = 4
- 2239%X;,, + 8613X,; -8613Y,,, - 1867X;,,
+ B541X) 50 = 8541Y ¢ = 1233X,,, + 8436X, ;.
- 8436Y, 5. - 1439X;,, + 9575X,,. — 9575Y,,,
- 1835K; 5, + 8856X, 5 — 8856Y g - 0.0X ¢,
+ 9580}(165 - 9380Y165 - O'DXITC} + 0'0X175
- 0.0Y) o~ 1679X,g, + 8218XX o, - 8218Y, .,
- 1610X,,, + 10649%, o - 10649Y, o - 753X,,,
+ 9770%,, 5 = 9770Y,,¢ — 1055K,,, + 10247X,, ¢
- 10247¥,,, - 1778K,,, + 10548X,, . - 10548Y,,
- 1400X, ., + 10323X, . - 10323Y,, . - 1700X,,
+ 10422K,, o - 10622Y, - 1477X,,, + 10254X,.
- 10254Y,,, - 1262X,5, + 10071X,o. - 10071Y,q,
- 1334Xy,, + 13558X, . - 13558Y; . - 866Xy,
+ 13976Xq, = 13974Y,, ¢ + 1049Xyq, + 14141X440
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- 14141Y . - 1917K,, , + 14523X,, . - 14533,
- 1264X,,, + 13523Ky . - 13523Y, . - 1462X,,,

+ 16236%y o - 16234Y, o - 2823K,,, + 15134X,. .
- 15134Y375 - 922X384 i 12324X385 - 12324Y385

- 1578X,,, + 16023X, . - 16023Y, - 545X,,,

+ 18041X,, o — 18041Y,, ¢ — 705X,,, + 16108X, ;.

- 16108Y,,5 - 1123X,,, + 16463X,, . - 16463Y,,
= 26075, + 19519X, 55 ~ 19519Y, 55 - 1849X,(,

+ 16663, ¢ o~ 16663Y, o — 3406X, . - 19446X,
- 19446Y475 - O.OXQSQ + 14712){485 - 14?12Y485

+ 15786X, . - 15786Y, . + 16341X., . - 16341Y,,.
+ 16407Xgys — 16407Y 5+ 16268X, o — 16341Y,,
+ 16508K, . — 16508Y .. + 15703X, , - 15703¥,
+ 17028){575 - 17028Y5?5 - 15720X585 - 15720Y585
+my, = p, . = 15,440,094

(245)N\E= 5

= 2239%,,. + 8820X,, - 8820Y, - 1859X,,,

% B553K, 5 ~ 8553Y,,. — 1232X 4, + 8370X, .

- 8370‘.{136 - 126&){145 + 9?75X146 - 9775Y146

- IBQOXISS -~ 8690}{156 - 8690Y156 - 0'0X165

- 9380)(166 - 9380Y166 - O.OX175 + 0'0X176
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.OYl76 - 1682)(185 + 8179xi86 - 81791’186
1610){215 - 10&&9X216 - 10&49Y216 - ?50X225
9758X226 - 9?58‘[226 B 1058X235 + 10268X236
10268Y236 - 184?X2Q5 - 105873245 - 10587Y246
1452}(255 - 10350}(256 - 10350Y256 - 1708)(265
10401)(266 - 10401Y266 - 1472X2?5 . 102?2)(276
10272Y276 - 1256){285 - 10085)(286 - 10085Y286
1334X315 s 13556X316 - 13556Y316 - 860){325
1392?}{326 - 139271’326 - 1049X335 + 14095X336
1&095‘.{336 - 1920}(345 + 15086X346 - 15086Y346
1265X355 4 1&022){356 - laOZZY356 - 1&64X365
14249X366 - 1&249Y366 - 2826}(3_}.5 - 15084X3?6
15084Y3?6 - 922X385 + 12269}{386 - 12269Y386
15?8X415 + 16023X416 - 16023Y416 - 545X425
17836}(426 - 17836Y426 - 706X&35 - 16108}{436
16108Y&36 - 1124;}(445 + 16&92X440 - 16492Y446
2611){455 + 18127}(456 - 18127‘1:'456 - 1852X465
16663X466 - 16663Y466 —'3412X475 . 19446Xa76
19446Y476 - O.OX485 + 14?12)(486 = 14?12Y&86
15?84X516 - 15784Y516 + 16341X526 - 163A1Y526
16418)(536 - 16&18Y536 - 16275X546 - 16275Y546
16535}{556 - 16535Y556 + 15?26}(566 - 157261’566
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B }.7056){5?6 - 17056Y5?6 - 15'4’20)(586 - 15?20‘(5

+ ng = pg - 16,996,873

86



232
-, APPENDIX 7

A Short Review of the theory of Postoptimal Sensitivity

Analysis in Goal Programming

For our discussion in this section, we introduce the
following notation (Ignizio, 1976):

w = the weighting factor of the sth non-basic

k,s
variable at priority level k.
: : .th . 5
Ui = the weighting factor of the i basic variable
L]
th :
at the k  priority level.
b = vector representing the values of the basic
variables at any given iteration.
a, = the level of the achievement of the objective
function associated with priority k.
Ik S = the per unit contribution of non-basic variable
L]
' 2 L,
s toward the achievement of the k priority level.
T = a matrix (called transformation matrix) consisting

of the columns in the final simplex tableau associated with the

initial basic variables (i.e. associated with the negative
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deviational variables).

.th i . .
e, = coefficient of the i row associated with nonbasic
i,s

variable s.
Changes that can be considered .in goal programming

postoptimal analysis include (Ignizio, 1976):

(i) change in Yi,s

(ii) change in Ui,k

(iii) change in the original r.h.s. value of goal i

(iv) change in ¢, j; the coefficient associated with
»

the jth variable in objective or goal i.

Change in wk,s or Ui,k

r U can affect 1 or a

A change in either wk,s_o i,k k,s k

only and these are used to determine whether the GP solution is

optimal or not. Denoting all new values with "~" i.e. if the

new wk,s — wk,s and lk,s is the new value of Ik,s’ then
~ m -~
e\ = B ey e M) = (1)
=1
Ifd is now positive and there is no negative 1 value at
k,s k,s

a higher priority level in the same column, the optimal solution
mix of the problem will change.

Similarly, a change in the Ui value will affect both

Jk
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the unit contribution to the achievement of the objective funct-

ion by variable s (also called index value) Ik . and the
]

achievement value a, . The new values are given by

k
~ m ~
lk,s b .E (ei,s ’ Ui,k) 3 wk,s (2)
i=1
- m i)

LE a, was originally zero and is now positive, then the optimal
~

solution mix may change depending on the values of the Lo a
3

In particular, if the Ik o 1s positive with no negative index value
£}

in its column at a higher priority level, the optimal solution

mix will change.

Change in Original r.h.s. Value (bi) of goal i.

A change in the value of bi can affect both value of b
column in the final simplex tableau or the values of the
achievement of the objective function at the kr‘h priority

level, a If b' is the value of the vector reflecting the

o’

r.h.s. values of the goals with bi altered, the new value of

~

the r.h.s. column in the final simplex tableau, b is given by

~

b=T. b (4)

and
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m o
a = % b, '« i (5)

~

It is possible that one of the entries of b can become negative
as a result of the operation-described by (4) In such a
case, the new solution is infeasible. Infeasibility can be

resolved by the dual simplex method of goal programming.

Change ix e,
i

5]

Changes in the c¢. ., are not as easily analyzed as those
3

described before. However, considering changes associated with

non-basic variables only, we have

~

e =T . C (6)
s s

where T = transformation matrix, defined previously

c; = the new vector set of cs coefficients under the
3

th . .
s basic variable

~
E; = is the new vector set of e, coefficients in the
]
final simplex tableau under basic variable s. This change will
affect the index corresponding to variable s at the appropriate

priority level. Whether the change will affect the optimal

solution mix depends on the examination of the Ik . values.
]
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