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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 

http://www.jmest.org/
mailto:amr.atef@commerce.sohag.edu.eg


Journal of Multidisciplinary Engineering Science and Technology (JMEST) 

ISSN: 2458-9403 

Vol. 6 Issue 7, July - 2019 

www.jmest.org 

JMESTN42353004 10396 

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 
quadratic optimization model. Experimental results are 
outlined in Section 5, and lastly, conclusions are 
represented in Section 6. 

 

II. 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. 

 

III. 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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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 
quadratic 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.  ECONOMIC CLASSIFICATION OF THE BUDGET. 

Uses (Total Expenditure) Side 

I. General Expenditure 

1. Wages and compensation of employees 

2. Purchase of goods and services 

3. Interest 

4. Subsidies, grants, and social benefits 

5. Other expenditures 

6. Purchase of nonfinancial assets (investments) 

II. Acquisition of Assets 

7. Acquisition of domestic and foreign assets 

III. Loan Repayment 

8. Domestic and foreign loan repayment 

Resources (Total Revenue) Side 

I. General Revenue 

1. Taxes 

2. Grants 

3. Other (nontax) revenue 

II. 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   �̃�1(𝑥) = ∑   
1

𝑊𝑥𝑗

𝑚
𝑗=1  ((𝑥𝑗 − 𝑈𝑥𝑗

)
2

+ (𝑥𝑗 − 𝐿𝑥𝑗
)

2

)  ,                                  
[                               
  𝐱𝐣                                                                                                                         (1.a) 
 

[SLDM] 

Min   �̃�2(y) = ∑   
1

𝑊yj

m
j=1  ((yj − 𝑈yj

)
2

+ (yj − 𝐿yj
)

2

)  ,                                                                                             

[                       
   𝐲𝐣                                                                                    (1.b) 
 

…                                                                               
 

[n
th

 LDM] 

Min   �̃�𝑛(t) = ∑   
1

𝑊tj

m
j=1 ((tj − 𝑈tj

)
2

+ (tj − 𝐿tj
)

2

)  ,                                                                                                                               

   𝐭𝐣                                                                                    (1.c) 
 

  Subject to:  

   (xj, yj, … , tj) ∈  G              (j = 1, 2, … , m)  ,                      (1.d) 
 

  Where     

     G = {       ∑ xj + yj + ⋯ + tj
m
j=1 ≤ B  , 

                               

                     Lxj
≤ xj ≤ Uxj

                  (j = 1, 2, … , m)  ,  
 

                     Lyj
≤ yj ≤ Uyj

                  (j = 1, 2, … , m)  ,  
 

                        … 
 

                        Ltj
≤ tj ≤ Utj

                   (j = 1, 2, … , m)  ,  
 

                        xj + yj + ⋯ + tj ≤ B𝑗     (j = 1, 2, … , m)  ,  
 

                        xj, yj, … , tj ≥ 0                (j = 1, 2, … , m)  .  }   
 

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

 

TABLE II.       THE DECISION VARIABLES USED IN THE PROPOSED 

MODEL 

The variable Description 

F𝑖 

Fuzzy First level, second level and 

n
th
 level quadratic objective functions, 

respectively. 

xj, yj, … , tj 

Decision variables indicating the 

expected amounts allocated for each 

line item j in the university budget to 

first, second and n
th
 organizational 

units respectively. 

𝑊 

Non-negative weights of the line 

items. The weights can be equal for 

all the levels (W = 1) 

G Constraint set (feasible solutions). 

𝐿xj
, 𝐿yj

, … , 𝐿tj
 

Real constants indicating the lower 

limits allocated in the previous year 

for each line item j to first, second 

and n
th
 organizational units 

respectively. 

𝑈xj
, 𝑈yj

, … , 𝑈tj
 

Real constants indicating the upper 

limits required in the upcoming year 

for each line item j to first, second 

and n
th
 organizational units 

respectively. 

B 
The overall amount of the approved 

university budget. 

B𝑗 
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 I: 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. 

http://www.jmest.org/
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Step 2. Get line_items that are required from the 
budget for each organizational unit. 

Step 3. 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 R0; 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 
organizational unit can view and modify 
its information. 

Step 4. Next 

 

Phase II: Allocate the budget fairly by the proposed 
system: The function of this phase is 
achieved by the following steps: 

Step 1. 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. 

Step 2. Get the sum_budget_requirements and 
sum_total_priority for all related organizational 
units. 

Step 3. 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 = 
arrange_value 
(unit_budget_requirement, 
sum_budget_requirements, 
unit_total_priority, sum_total_priority). 

Step 4. Next 

Step 5. Arrange the related organizational units 
according to the computed values of 
unit_average_arrange and records these 

values, as shown in Fig. 2. 

Step 6. Get overall_approved_budget (B) allocated 
from the government. 

Step 7. Get arranged_organizational_units. 

 

 

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

 

Step 8. Set i=1, which indicating the i
th
 level decision 

maker (i
th
 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 
in arranged_line_items 

Step 9.1.7.1. Get budget_requirement (upper 
limit) for this 
single_arranged_line_item. 

Step 9.1.7.2. Get previous_budget_allocation 
(lower limit) for this 
single_arranged_line_item. 

Step 9.1.7.3. If previous_budget_allocation Is 
NULL then 

Step 9.1.7.3.1. Set 
previous_budget_allocation= (50 / 100) * 
budget_requirement. 

Step 9.1.7.4. End if 

Step 9.1.7.5. Get approved_budget (Bj) 
allocated from the government for 
this single_arranged_line_item. 

Step 9.1.8. Next 

Step 9.1.9. The system formulates fuzzy the i
th
 

LDM quadratic programming 
problem (Problem (1.a) - (1.d)). 

Step 9.1.10. The system solves the fuzzy i
th
 LDM 

quadratic problem for obtaining the 
compromise solution. 

Step 9.1.11. The system records the obtained 
results, which represent the 
expected amounts allocated for all 
line items related to this 
single_arranged_organizational_unit.  

Step 9.1.12. Discount these expected amounts 
of this 
single_arranged_organizational_uni
t from the overall_approved_budget 
(B). 

Step 9.1.13. Set i=i+1. 

Step 9.1.14. The i
th
 LDM defines his/her problem 

in point of view of the (i-1)
th
 LDMs 

(upper level decision makers) by 
setting the controlled variables of 
the (i-1)

th
 LDMs to the i

th
 LDM 

constraints. 

Step 9.2. End If 

Step 10. Next 

 

V. EXPERIMENTAL RESULTS 

In this section, the proposed system has been 
applied for a real-world case study of budget allocation 
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 

some light on the gap between the current situation 
and the targeted one, and illustrating the accuracy of 
the proposed system. 

 

TABLE III.  COMPARISON OF THE PROPOSED BUDGET ALLOCATION 

AND THE ACTUAL BUDGET ALLOCATION 
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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. 

 
Fig. 3. Budget Allocation Accuracy According to the 

University Budget 

 

 

Fig. 4. Budget Allocation Accuracy According to the Budget 
Requirement 

 

VI. CONCLUSIONS 

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. 
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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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