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Abstract—Budget allocation is a central
problem in the university. The annual budget
allocation process in the university is principally a
cumbersome and complex process, often failing
to achieve intended objectives to ensure a solid
financial position for the university; and to
maximize the university’s ability to respond to
favorable variances throughout the year. For that,
this study concerns with optimizing the efficiency
of budget allocation process for various
organizational units in the university through
designing a novel system based on a fuzzy multi-
level quadratic optimization model. The allocation
for each organizational unit has lower and upper
limits. The objective function of the proposed
system is to minimize the sum of the quadratic
deviations of each allocation from its limits. The
results are promising for helping the decision
makers in the university.
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I. INTRODUCTION

University is non-profit business. A university has
no proprietors; it is a public trust. However, both a
university and a business are economic entities. So,
they have to maintain financial viability to survive. This
similarity is why both have budgeting. The university’'s
budgeting is an imperative annual planning document,
which reflects the available choices, priorities and
strategies set forth as the aftereffect of intensive
planning. The aim of the budgeting strategy is
determining the optimal distribution of limited
budgetary resources among competing alternative
projects for enhancing the university’s ability to meet
changing institutional needs, prevent the extension of
base operations beyond current revenue capacities,
and the optimal usage of a limited budget. [1, 2]

University tries to predict the required fund based
on the requirements of its related organizational units.
Organizational units may be faculties; central
departments; or any other distinct staff or students-
oriented operational activity, which has the following
characteristics: Organizational permanency;
Programmatic autonomy. However, it is difficult to
realize effective budget allocations manually because

related organizational units make competing claims for
funding; also, if the resources are allocated to each
unit individually, the aggregate outcome appears not to
make the ideal and fair utilization of the total resource,
and may resist implementation. [3]

Due to the complication of the activities and
decision-making environment in the university and
expanding the number of variables, activities and
objectivities; university budget allocation process
among conflicting plans becomes a very hard problem.
As a result, designing an effective system based on
mathematical models that aid the decision makers in
the university to solve such problem has become one
of the most attractive interests of university strategists.

[4]

The university budget allocation process is a
decentralized or Multi-Level Programming (MLP)
problem, where each related organizational unit
suggests its own budget requirements for the
upcoming fiscal year. After that, these individual
budget requirements are aggregated and arranged
hierarchically to produce the overall university budget.
These requirements are arranged based on two
standards: the rate of requirements and the rate of
priority level for each organizational unit. The MLP
problem aims to find a feasible solution to a set of
objectives constrained by the available resources that
will also contribute maximally to the objectives
developed by the upper level decision maker. Policy
making in MLP systems is characterized by the
following main problems: Interdependencies between
the subsystems, and conflicts between the goals and
priorities within each subsystem. [5, 6]

In [7] Nopiah et al. introduced a priority based goal
programming model for resource allocation in
Malaysian public university, where the university’s
operations were modeled as those in an industry’s
production. The model comprised of 19 variables
which were divided into 2 classifications: products and
resources. There were 4 objectives and 30 constraints,
which all were changed over into goal structures.
Safari et al. [8] was aimed at offering an Integer
lexicographic goal programming model for university
budget allocation by considering it as a manufacturing
system. The coefficients and constants have all been
extracted based on analyzing research and
educational aspects of Shahed University. The model
had thirty six decision variables that were broken down
into two classes of university sources and university
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products variables. L. Zamfirescu and C. B.
Zamfirescu [9] developed a mathematical model for
the budgeting system. The model considered only the
final allocation of public funds. The model had been
implemented in a spreadsheet tool and built using the
goal programming optimization method. The model
was exemplified for a sample of budgeting from the
Romanian Ministry of Health. The model was
implemented in Microsoft Excel and optimized with its
Solver optimization tool.

Abdul Aziz et al. [3] constructed a mathematical
model for the budget planning of a public university in
Malaysia. Three strategies were used, namely the
horizontal line approach, staircase method and zigzag
strategy. These strategies were determined based on
analysis of past data. A linear model was used to
determine the total amount of the faculty’s budget that
should be allocated for each quarter. In [4] Nasrabadi
et al. provided a programming model of Performance-
Based Budget in the University, using Payam Noor
University of South Khorasan budget data. From one
perspective, support allocation to the university
depended on performance and the results of previous
programs, and on the other perspective, considering
the uncertainty of the upper bound; the assigned
budget was enhanced through using the robust model.

In [10] Maijama’a and Abu Bakar showed how
integer programming model was used to help one of
the government-funded Malaysian universities (U-
XYZ's university) for allocating its budget to
accomplish its research and publication agenda. Two
models were developed. The first model was to
determine the minimum amount of budget that should
be allocated to achieve its objective for research and
publication agenda. The second model was to decide
the proper strategy to maximize the aggregate rating
score acquired, subject to the total budget allocated.

The remainder of this study is organized into the
following sections: In Section 2 the motivation of the
study based on the literature review is discussed. A
short review of the proposed case study is provided in
Section 3. Section 4 proposed the university budget
allocation system based on the fuzzy multi-level
guadratic optimization model. Experimental results are
outlined in Section 5, and lastly, conclusions are
represented in Section 6.

Il.  MOTIVATION OF THE STUDY

University budgeting is a resource allocation
problem. Decision makers in the university continually
face the task of allocating resources by balancing
costs, benefits and risks. Perform this task manually is
more complex because many reasons: There are
constraints on the available budgets in the university;
Many people are usually involved, but most of them
have different special agendas, which creates
competition for limited resources and lead to the
formation of teams secretly working on non-approved
projects; Decision makers are presented with a large

number of investment opportunities and they cannot
know the details of each one sufficiently well to make
informed decisions.

Based on the literature review on past studies
pertaining to resource and budget allocation of public
universities, which is shown in the previous section, we
can conclude that there are no studies have developed
a fuzzy multi-level quadratic based system for
optimizing the efficiency of budget allocation process.
This lack of research is the main motivation for us to
carry out this study.

The objective of this study is to help alleviate and
optimize the budget allocation problem in the university
by suggesting a system based on a fuzzy multi-level
quadratic optimization model. This system will enable
decision makers in the university to: Prioritize the
activities based on certain objective; Distribute the
budget allocated based on certain criteria; Improve
balancing between the development mission of a
university and its strategic priorities; Determine the
minimum amount of budget required for organizational
units in the university, which encourage them to set
priorities and develop new executable activities.

I1l. A PROPOSED CASE STUDY

The presented study deals with a real-world case
study of budget allocation problem in Sohag
University, which is an independent regional university
in Egypt. It is located in Sohag, on the eastern bank of
the Nile. It offers both undergraduate and postgraduate
programs in several areas of study and it is an
important cultural and educational center in Egypt.

The first higher education center in Sohag
governorate was the Faculty of Education, established
in 1971. In 1975, Faculties of Arts and Science were
established. This center started as a branch of Assuit
University in 1980 with the establishment of the
Faculty of Commerce. In 1992, Faculty of Medicine
was established. In 1995, Sohag Branch became a
branch of South Valley University in Qena. In 1996,
Faculty of Agriculture was established. In 2006, Sohag
University was established to comprise all the faculties
of Sohag governorate. After that, Faculties of Industrial
Education and Nursing were added to the university. In
2008, Faculties of Engineering and Veterinary
Medicine were set up. Finally, Faculties of Pharmacy,
Law and Languages were added.

Budgeting allocated for each public Egyptian
University, involving Sohag University, is determined
yearly as a section in the Egyptian budget. The
Egyptian budget is organized according to ten key
functions. One of these functions is the education,
which comprises the development, formulation, and
delivery of government policies and programs at all
levels of education (preschool, primary, preparatory,
secondary, as well as university and higher education).
Fig. 1 shows a simple pie chart, which presents an
overview of the average percentage of each key
function in the total Egyptian budget. [11]
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I Environment Protection

Fig. 1. Average Percentage of Functions in the Total Budget.
(11]

The financial budget of the public Egyptian
Universities, involving Sohag University, is developed
based on the economic classification. This
classification is a characterization of expenditures and
resources according to the economic transactions
involved or in ways that confirm the economic nature
of the transactions involved or in ways that confirm the
economic nature of the transactions, such as, salaries,
goods and services, or transfers and interest
payments.

The economic classification consists of resources
side, which illustrates from where the money in the
budget comes; and uses side, which illustrates what
will the money in the budget buy. On the resources
side, the economic classification is organized into five
chapters. On the uses side, the economic classification
is organized into eight major chapters. Each chapter in
both sides is divided into groups and each group is
further disaggregated into line items. The public
Egyptian Universities, involving Sohag University, care
solely with uses (total expenditure) side because they
are non-profit organizations that are predominantly
funded by public funding sources through the
government, as opposed to private universities.
Table 1 shows how the economic classification for the
budget would look. [11]

IV. Fuzzy MULTI-LEVEL QUADRATIC UNIVERSITY
BUDGET ALLOCATION SYSTEM

In what follows, University budget allocation system
is proposed in view of the fuzzy multi-level quadratic
optimization model for overcoming the intricacy of
allocation of funds. For this, mathematical modeling of
fund allocation is optimized for formulating the
guadratic objectives and the linear constraints.

A.  Fuzzy Multi-Level Quadratic Optimization
Model

University budget allocation is a conversion of the
annual financial plan for the university into funds, with
a commitment for a particular timeframe (i.e., one year
for the operational budget). At first, the difference
between the following two significant terms should be

defined: budget requirements and budget allocations
for each organizational unit in the public Egyptian
university.

Budget requirement is the initial estimated
expenditures required for implementing function,
project or service plan, which is suggested from the
organizational units of the university. On the other
hand, Budget allocation is the actual amount of
resources, to be applied towards the needs of each
organizational unit of the university, taking into
consideration a given allocation limits, which meets the
requirements either completely or partially. Without
allocation limits, expenditures can surpass revenues
and result in fiscal deficit. The allocated budget is
usually less than the required budget; this is because
the funds given to the units are usually less than what
is requested.

TABLE I. EcoNoMmIC CLASSIFICATION OF THE BUDGET.

Uses (Total Expenditure) Side

l. General Expenditure

. Wages and compensation of employees
. Purchase of goods and services

. Interest

. Subsidies, grants, and social benefits

. Other expenditures

» 01~ W N P

. Purchase of nonfinancial assets (investments)

Il. Acquisition of Assets

7. Acquisition of domestic and foreign assets

1. Loan Repayment

8. Domestic and foreign loan repayment

Resources (Total Revenue) Side

l. General Revenue

1. Taxes
2. Grants

3. Other (nontax) revenue

Il. Funding resources

4. Receipts from lending and sales of financial assets

5. Borrowing and sales of securities

In this study, an efficient fuzzy Multi-Level quadratic
optimization model is suggested to allocate a given
yearly budget for each organizational unit in the
university with high performance fairly and precisely.
Various studies have been presented in the area of the
fuzzy Multi-Level quadratic programming problems
[12, 13, 14, 5].
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The proposed model is a fuzzy Multi-Level
Programming (MLP) problem, where each level
presents an objective function for each organizational
unit independently. These organizational units’ levels
are arranged hierarchically based on three fuzzy
standards: the rate of requirements, the rate of priority
level, and the rate of criteria level for each
organizational unit. Each unit can have one of the
following priority levels: Urgent (Highest) priority; High
priority; Normal priority; or Low priority. The priority is
derived from the impact and the urgency, based on the
context of each organizational unit and the criteria that
it may need to consider for assigning the priority level.
The priority can have one of the following criteria
levels: National criteria; Local criteria; Organizational
criteria; or Special criteria.

The expected allocation for each organizational
unit, which will be resulted from the proposed model,
has lower and upper limits. The lower limits are gotten
from the budget allocations of the organizational units
in the previous fiscal year, while the upper limits are
gotten from the budget requirements of the
organizational units for the upcoming fiscal year. The
objective function of the proposed model is to minimize
the sum of the quadratic deviations (average of the
squared differences) of each allocation predicted by
the model from its limits. The optimal solution is a
compromise between the upper and lower limits of
each unit. Based on the above, the mathematical
formulation of the proposed model can be considered
as given below:

[FLDM]

Min F(x) =Ym, Wij ((xj - ij)z + (x]- - ij)Z) ’

X; (1.2)
[SLDM]
. ~ _ m L _ 2 _ 2
Min F,(y) = X%, w <(Yj Uy].) + (y,- Ly].) ) ,
Yi (1.b)
[n"" LDM]
. o= 1 2 2
Min F,() = 32, M((tj - Ut].) + (t,- —Lt].) ) ,
]
Y (1.c)
Subject to:
(x,j - t) € G (G=12..,m), (1.d)
Where
G:{ Z]n:l1X]+y]++t]SB,
LX]. <x < UX]. G=1,2,..,m),
Ly, <y; < U, G=1,2,..,m),
Ly St < Uy G=12,..,m),

Xj+y+-t <B; G=1,2,..,m),

X, Yj -t 20 G=12,..,m) .}

The definition of each decision variable used in the
proposed mathematical model is described in Table 2.

TABLE II.
MODEL

THE DECISION VARIABLES USED IN THE PROPOSED

The variable Description

Fuzzy First level, second level and
F; n" level guadratic objective functions,

respectively.

Decision variables indicating the
expected amounts allocated for each
X, Vi» e § line item j in the university budget to
first, second and n" organizational

units respectively.

Non-negative weights of the line
w items. The weights can be equal for
all the levels (W =1)

G Constraint set (feasible solutions).

Real constants indicating the lower
limits allocated in the previous year
xj Ly - for each line item j to first, second

and n" organizational units

respectively.

Real constants indicating the upper
limits required in the upcoming year
xjr Uy for each line item j to first, second

and n" organizational units

respectively.

The overall amount of the approved

university budget.

The amount of approved university

budget allocated for each line item j.

B. The University Budget Allocation System’s
Life Cycle

The annual life cycle of the proposed system based
on the fuzzy multi-level quadratic optimization model
can be summarized in two phases, as follows:

Phase [: Estimate the budget requirements by the
organizational units: The function of this
phase is achieved by the following steps:

Step 1. Each organizational unit can log in to the
proposed system for building its own budget
requirements.
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Step 2.

Step 3.

Get line_items that are required from the
budget for each organizational unit.

For each single_line_item in line_items

Step 3.1. Determine the amount estimated for this

single_line_item to support the required
resources for the unit.

Step 3.2. Chose the priority level's id (Urgent,

denoted by A; High, denoted by B;
Normal, denoted by C; Low, denoted by
D) and the criteria level's id (National,
denoted by RO; Local, denoted by R1;
Organizational, denoted by R2; Special,
denoted by R3) for this single_line_item
to arrange from most to least important
and get an idea of where the unit wants
its money to go first.

Step 3.3. Each priority level and criteria level has a

specific value, which defines the
importance for this single_line_item.

Step 3.4. Compute: total_priority= (Priority_value -

Criteria_value) / 100.

Step 3.5. The system records this information. The

Step 4.

organizational unit can view and modify
its information.

Next

Phase IlI: Allocate the budget fairly by the proposed

Step 1.

Step 2.

Step 3.

system: The function of this phase is
achieved by the following steps:

The university receives its approved budget
from the government. After that, the specific
line items of this approved budget are
uploaded to the system, which will be
distributed to the related organizational units.

Get the sum_budget requirements and
sum_total_priority for all related organizational
units.

For each single_organizational_unit in
related_organizational _units

Step 3.1. Get unit_budget_requirement and

unit_total_priority for this
single_organizational_unit.

Step 3.2. Set unit_average_arrange =

Step 4.
Step 5.

Step 6.

arrange_value
(unit_budget_requirement,
sum_budget_requirements,
unit_total_priority, sum_total_priority).

Next

Arrange the related organizational units
according to the computed values of
unit_average_arrange and records these
values, as shown in Fig. 2.

Get overall_approved_budget (B) allocated
from the government.

Step 7. Get arranged_organizational_units.

unit id |rate_of requirement |rate_of priority| unit_average arrange
205 35.74 22.6 29.17
301 6.518 27 16.759
204 12,284 19.3 15.792
209 2497 18.9 10.6985
213 3.974 174 10.687
201 12.91 6.9 9.905
202 9.618 16 8.609
207 4,201 1159 8.0505
212 1441 119 6.6705
203 4,427 8.6 63135
211 2.276 6.9 4,588
210 119 6.9 4,045
206 2542 3.6 3,071
208 0.384 3.6 1.992

Fig. 2. Sample of the values of arrange for the organizational
units

Step 8. Set i=1, which indicating the i™ level decision
maker @i LDM) for each
arranged_organizational_unit.

Step 9. For each
single_arranged_organizational _unit in
arranged_organizational_units

Step 9.1. If overall_approved_budget > 0 then

Step 9.1.1. Get the
sum_line_items_requirements  and
sum_line_items_total_priority for all
line items related to this
single_arranged_organizational_unit.

Step 9.1.2. Get line_items for this
single_arranged_organizational_unit.

Step 9.1.3. For each single_line_item in
line_items

Step 9.1.3.1.Get  budget_requirement and
total_priority for this
single_line_item.

Step 9.1.3.2.Set line_item_average_arrange
= arrange_value
(budget_requirement,
sum_line_items_requirements,
total_priority,
sum_line_items_total_priority).

Step 9.1.4. Next

Step 9.1.5. Arrange the line items related to this
single_arranged_organizational_unit
according to the computed values of
line_item_average_arrange.

Step 9.1.6. Get arranged_line_items for this
single_arranged_organizational _unit.
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Step 9.1.7. For each single_arranged_line_item some light on the gap between the current situation
in arranged_line_items and the targeted one, and illustrating the accuracy of

Step 9.1.7.1.Get budget_requirement (upper the proposed system.

limit) for this
single arranged line item. TABLE I1l. COMPARISON OF THE PROPOSED BUDGET ALLOCATION
- - AND THE ACTUAL BUDGET ALLOCATION

Step 9.1.7.2.Get  previous_budget_allocation r—
imi H Accuracy S
(I_ow:ar I|m|é) ; for this o ol | P | o | Gpbeean
single_arranged_line_item. Ozl | Ul | T | gy | DU | o | Prpod
. ) Reenenr |t et Allcation | gyjoer | 20 Actual
Step 9.1.7.3.1f previous_budget_allocation Is e A et | i | Allcaion
NULL then |
Faculy of Siece 3L | LS00GS | 360% | LSGI3T0 | 540% | 35830692
Step 9.1.7.3.1. Set Poedtmms— oy o0 | 504 anss o [en
. . _ * ACUILY OF LOMAKICE 214, /31 J4% | 0808003 | L% ASANNS
previous_budget_allocation= (50 / 100) FalyofArs VB3RS |B59% | 18 | 13009907 [ 630% | L7911
budget_requirement. 2| . [Focuyobbiefcie TH02B0 | 47696080 | BR[| TH0SSa06 | 00 | 235256
. 3| 5 [TocuyofNusig SEIRA 98I0 | LBF [OL0L6 | Lg% | 115040
Step 9.1.7.4.End if 2| & [Foclyof Veerary Meticte | 9930585 |3 Tl [ 55545095 | L6Il% | B0590
2| & [ Faculyof stcuue ST EREE 140% [ 16437100
Step 9.1.7.5.Get approved_budget (By) 7| 3 [Fclyoffagiemg | %8659 09%% |3 199% |00
allocated from the government for A St By S T 05% | DLAN | 0ots [ IERN]
thi inal d i it 0 Faculty of Industrial Education | 34823470 | 184368 | 0411% [ 31701721 [ 090% | 17817353
Is single_arranged_line_item. Fauly ol Law S0 [ 16305 |00 | 163085 |04 00
Facuyof Languaes RSB |4ST8H | 130% | MBI | 205% | 2060501
Step 9.1.8. Next CoutalDeparuet IT3T07571 | 120889857 | 3489%% | 172889106 | S015% | S26001208
. o 9 4 i v Tmiverify 3 7870/ NI {4
St ep 9.1.9. The system formulates fuzzy the Ith Overall Accuracy ofAllotﬂnol.xAtcordmgtoApprO\edIm\emlr‘\ Budget: f,.ﬂ? 9850% | 30.93%
LDM uadratic roarammin Overall Accuracy of Allocation According to the Budget Requirement: | 39.19% 86.43%
roblem (groblem (1.a) P ( 19 ) 9 FaclyofSiece WIS | TRIND 47T | TSes0na0 |48 | 1840720
P ) e Faclyof Education 19870470 | LOSTSTI0 | T040% | 131589041 | 8517% | 2813331
Step 9.1.10. The system solves the fuzzy ith LDM Y Faculty of Commerce TS50 | 62808603 [ 4066% [ 62818603 | 4066% 000
; L 2 Facly of AT LA | ISR |34 | 0R0005) | 1A% | 1613
quadratlc_problem for obtaining the | 5 [ FeculyolVedicie TARSAS0 | 4905280 | BII% | 681909006 | HI3% | 2086156
compromise solution. g % | FacalyofNusing A5HH 2360% 23%0% |00
. g 5, | Facalty of Veternary Medicne | 87087195 280% 2008% | 400955
Step 9.1.11. The system records the obtained z ¢ [Tyl 510 | R%D | 030 0% 0w
results, which represent the ¢ % | Facuty of Eneieerng sesi | a26030 | 1me [ 2030 | 1mes [oo
expected amounts allocated for all L Facuyof Phamcy 653600 L% | 159880 [ L18% 32860
line items related to this g imﬁﬂdﬂm‘“w‘]‘” f;;-z%i“; géﬁ;ﬁ m}“f 5;632“ (1)%34“-‘5
. . . . 0L LaW IR.07). 70070 011 70070 A
single_arranged_organizational_unit. Facuy of Lantaes R DI |TRIB% | 165%% | K660
. LIS 353862 349 204415 378% 359,028
Step 9.1.12. Discount these expected amounts Coml D LSLIH [05360 [0 [LOWSH [E5% [3908%
of this Accuracy of Allocation According to the Approved University Budget: 67.94% 100% | 32.06%
! L IS Faculy o Sciece TRINN | 477 | 765740 | 48%% | BATX0
single_arranged_organizational_uni Faculyof Educaion LRTISTI0 | 70 | 13589041 [8517% | 281331
t from the overa"_approved_budget _ Facultyof Commere 4066% | 62818603 [ 4066% [ 000
(B) { Facully of At 3 399 [ 259075 | 3% | 167432
' o | FacutyofMieticie TAR%0 W7I1% | 681919006 | HI3%% | 20086726
F % | Faculty of Nursing 52687960 2361% | 36476280 | 2361% [ 000
=+ o !
Step 9.1.13. Seti=i+1. 5 | Facyof ey Medize | STOS7LSS 0% | B06 | 288% | 4095
Step 9.1.14. The i" LDM defines his/her problem g :“;Qﬁ;gfﬂ:i“ﬂf .f‘."a;go ?‘ﬂ;’ *:8%6900 ?f; gﬁ
. . . . th v Uy 0 E0g 2 L0081 307 | 20820330 | LI36% !
in point of view of the (i-1)" LDMs = [Foaly ofPhamaey 660 L% | 159580 | 1% | 32880
(upper level decision makers) by Facuty of ndustri Edcation | 471698.0 0% [I9BI0L [L6%% [ 163465
i H v of Law 208 645, 9 33 0
setting the controlled variables of Ry O =
7 “th Faculyof Languzges IR 91% | TROB36_ | 16%% | NG
the (i-1)” LDMs to the i" LDM Cenl Dgare LB | 953560 | 0% | LHISI0 | 837% | 90890
constraints. Accuracy of Allocation According to the Approved University Budget: | 67949, 100% | 32.06%
Step 9.2. End If FalyofSekae OIS [TOSSTE | 40| LOBIGLE [SE5% | S0
Facuyof Educton 04T |41 [05H% | UBOMT | 0786% | 5550
2 Facuyof Conmeree G060 [AUSS [00% | @68 | 030%
Step 10. Next o 23| 3 [Fkyofars 600|617 [097% | 1670405 |08
§ 02| o [FoubyofMedice DN | BRN [ 00% | DI | L%
£ i o Bl 6N B0RA 05 [ 36288 [00%
S ic| [ Feubyof Ve Mol | B350 [T | 04i0% | US450 | 069% | 093
V. EXPERIMENTAL RESULTS M H T RS
i ; i Facuyof Engtee O30 | ©I70 [ 0368 | @257 [ 036 |0
In this section, the proposed system has been Ll Lo R e
. . Facuyof Py BAET) | BOBE  [000% [#8H60 0257 | 4101
applied for a real-world case study of budget allocation Falyof sl Ecain | BOK20 | 900 [006% | 0% | 00%¢% | 5808

in Sohag University. Table (3) presents a comparison
between the current situation (actual budget allocation
provided by the decision makers in the university) and
the recommended situation (proposed budget
allocation obtained by the system) in Sohag University.
This comparison is a very useful way for shedding
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Accuacy q Aml;“:“ x
- £ Propose of Gap between
Organizational of Actnal o
Ol U | UuisBudgt | TS | gy | B ] Popued | Propred
. Allocation Allocation | pyoer | a0d Actal
Requirement Allocation (Resulls) S Allocation
WSS Allocarion |
Faculty of Law 16.731.00 16.73000 0089% | 1673100 | 0.08%% | 0.00
Faculty of Languages 284035 1546116 0082% | 2284035 0121% | 7379.19
Central Department 1587122401 | 1058777047 [ 58329% | 158712240 | 84253% | 488345354
Accuracy of Allocation According to the Approved University Budget: 67.08% 9727% | 30.19%
Faculty of Science 864.987.83 3915% | SG498783 | S64% | 26615010
Faculty of Education 61.116.90 027% | 6111650 0400% | 1880520
Faculty of Conmuerce 1738730 0078% | 1738730 0114% | 548375
= Faculty of Arts 4107090 0151% | 4107050 0.268% | 18.039.60
2| & Faculty of Medicime 0454% | 1276070 | 0.737% | 43.369.50
] : Eaculty of Nursing 0052% | 1148550 0075% | 353400
G| g | Faculty of Veterinary Medicine 0.208% | 4855890 0317 | 16.808.85
v | Faculty of Apriculre 182.048.00 L1S0% | 29582800 | 1934% | 113.780.00
Faculty of Engineening 3.20000 0034% | 520000 0.034% | 000
Faculty of Pharmacy 1516879 0059% | 21.669.70 0142% | 650091
Faculty of Languages 3 88.00 0001% | 130.00 0.001% | 4200
Central Department 561.563.99 | 938877507 [ 61375% [ 135615639 | 88.652% | 417278892
Aceracy of Allocation According to the Approved University Budget: | 67.84% 9832% | 30.48%
Faculty of Science 16112015 A580% | BBITISS | 6615% | 7205340
Faculty of Edueation 60.160.03 1699% | 86.897.85 245% | 67780
Faculty of Conmerce 2965213 0838% | 4331210 128% | 1365997
Faculty of Arts T0.640.46 1995% [ 12597065 | 3558% | 5533009
" Faculty of Medicime 67.016.80 1.893% | 10890230 | 3.076% | 4188350
g * : Faculty of Nursing 2 17.13690 0434% |2 0.699% | 761640
z f < | Faculty of Veterinary Medicine A 1.91% 1974% | 118750
8 5| S | Feoulyof Asicuinre 980 | 2056% 3666% | 4991950
8 % % [ Tacaltyof Enginecting 6403750 1.809% 1809% | 000
Eaculty of Pharmacy X 1873690 0529% 0756% | 803010
Faculty of Industrial Education 0345% 0509% | 5827.08
Faculty of Law 0473% 0473% | 000
Faculty of Languages i 043% [ 07103 (06 [ 1309
Ceniral Deparfiment 1.309.660.02 A5.068% | 2309.660.02 | 65.243% | TI0.664.61
Accuracy of Allocation According to the Approved University Budget: 63.8% 92.7% 189%
Faculty of Science 543140 376020 30.887% | 543140 H618% | L6710
E. Faculty of Education 169.00 17.00 0961% | 169.00 1388% | 5200
o
Faculty of Agricolure S0 | L8040 | 1SS 30700 [ 25233% | LISLSO
Accuracy of Allocation According to the Approved University Budget: 41.38% T113% | 1385%
o | Faculty of Science 543140 376020 30887% | 543140 H6I8% | 167120
.':’A Faculty of Education 169.00 1700 0961% | 169.00 1388% | 5200
= | Faculty of Agriculure 307190 189040 15528% | 307190 5233% | LI8150
Aceuracy of Allocation According to the Approved University Budget: 47.38% TL23% | 1385%
. Faculty of Science 6140 15020 0l46% | 27522 0.160% | 2502
E Faculty of Apricnlnme 1372150 84400 4921% | 844400 4921% | 0.00
% | Facaltyof ndustnal Educatin | 3850000 | 3960000 | B0%8% [ 3960000 | 3078% | 000
IS
" | Central Department 15273830 10574190 61624% | 1327154 | TLRAO% | 17.529.64
Acenracy of Allocation According to the Approved University Budget: | 89.77% 100% | 10.23%
- Faculty of Science 25020 0l46% | 21522 0160% | 2502
z Faculy of Asticultre BAHO | 490% [ SAHD [490% |00
I} Faculty of Indnstrial Education | 8.5 39.600.00 23.078% | 39.600.00 213078% | 000
¢ Central Department 10574190 61624% | 1327154 | TL840% | 17.529.64
Aceuracy of Allocation According to the Approved University Budget: | 89.77% 100% | 10.23%

As it is demonstrated in the results of the previous
table, the proposed university budget allocation system
shows an overall improved in university budget
allocation of 30.93% compared to the actual budget
allocation provided manually by the decision makers in
the public Egyptian university.

Fig. 3 and Fig. 4 show charts to compare the
accuracy of budget allocation between the proposed
university budget allocation system and the actual
budget allocation according to two criteria: the
approved university budget and the budget
requirement. The overall accuracy of allocation from
the approved university budget is maximized after
implementing the proposed university budget
allocation system. Hence it is stated that the proposed

university budget allocation system gives a better
allocation of university’s funds than the actual budget
allocation, and indicates that the proposed system is
more effective and more balanced.

The Current Budget Allocation ===The Proposed Budget Allocation
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Fig. 3. Budget Allocation Accuracy According to the
University Budget
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Fig. 4. Budget Allocation Accuracy According to the Budget
Requirement

VI.

Effective decision making is indispensable for any
organization in adapting to the fast technological
changes. The crucial tool in scientific decision making
is the mathematical models. Mathematical models
process data, and transform them into pertinent
information. In this study, a new system based on
fuzzy multi-level quadratic optimization model was
designed for optimizing the efficiency of budget
allocation process at organizational units in the
university. The allocation for each organizational unit
had lower and upper limits. The objective function was
to minimize the sum of the quadratic deviations of
each allocation from its limits. The proposed system
was implemented based on the budget of Sohag
University as a case study. It was found that there
exists a wide gap between the proposed allocation and
the actual allocation of university’s funds.

CONCLUSIONS
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The proposed system provides compromise
solutions between the lower and upper limit, which are
very likely to be accepted by the various organizational
units. The system was designed to empower the
university to adjust its financial resources with its goal,
vision and values. As a result, budgets will be better
able to meet changing institutional needs and be
responsive to their mission as well as new
opportunities. Finally, we want to clarify that the
system can be implemented in many Egyptian
universities and institutions of higher education.
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