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Abstract 

 

Multi-objective nature of socio-economic systems has made budget planners faced 

with some budget allocation challenges among which the unbalanced allocation of 

budget among organization's multiple goals is believed to be the most important one.  

To surmount this challenge, budget planners need to be informed of powerful budget 

allocation methods. To do so, different budget allocation methods have been 

developed among which the goal programming (GP) models seem to be widely 

applied. But, GP models in turn have different performances in terms of balanced 

allocation of budget among goals. The prime purpose of this study is to use a type of 

GP model which has a far better performance in terms of balanced allocation. This 

paper is organized into seven sections. Section I deals with the introduction. The 

problem is introduced in this part. Section II deals with reviewing some studies that 

have been conducted on university budget planning so far. In this section, related 

literature is somewhat reviewed. Section III is about research methodology. In this 

section, problem of interest is defined in details and widely used GP models are 

explained which Integer Chebyshev Goal Programming (ICGP) is finally selected as the model of research. Furthermore, 

all problem parameters are elucidated in this section. Section IV focuses on normalization computation techniques. In this 

section, normalization techniques are explained and Euclidean normalization is selected for computing normalization 

constants. Section V is about goal's preferential weights computation. In this section, Analytic Hierarchy Process (AHP) as 

a multi criteria decision making aid is explained and used for computing preferential weights. Section VI is about model 

implementation and solution analysis. In this section, the model is applied in a non-public higher education institution to 

solve the budget allocation problem and the comparison of the model solutions with the current situation while applying 

the model, indicates that the quantity of resources and products available at this institution is suboptimal. Section VII as the 

final one ends with conclusion. In this section, model's advantages along with some suggestions are proposed. The 

managers of the studied institution can use the solutions of this model as effective guidelines because institution's inflows 

and outflows as system's sources and outputs have been properly covered according to a manufacturing systems approach. 
 

Keywords: Budget Allocation, Imbalanced Allocation of Budget, Non-public Higher Education Institutions, Goal Programming 

Models, Integer Chebyshev Goal Programming Model. 

 

 

1. Introduction 

  
Since the mid-1960s, many studies have been conducted on resource allocation in university management. In 

recent years, due to the budget limitations university management of higher education institutions has been 

faced with the difficult situation in resource allocation. In many organizations, especially universities, the 

conflict between goals is one of their obvious features. The resource allocation process between conflicting 

objectives and programs is difficult. As a result, designing and application of decision support tools has become 

one of the most popular interests of academic planners and strategists (Entezari, 2010). Now, the privatization 

has been extended to higher education institutions and being agile and adapting quickly to environmental 

changes and requirements is one of the characteristics of an effective university. Changes in population's age 

pyramid, deviations in the target population's tastes of universities, the development of educational 

technologies, limited financial resources, and targeted research in the country, all cause a compulsive change in 

academic management approaches. Academic activities portfolio is composed of three general research, 

services and education patterns. Obviously, rational and synergistic relationships are essential in selection the 

combination of these activities in the long-term projects. Therefore, this approach will be extended the short-

term planning process and even budgeting. The universities are expected that besides traditional way of offering 
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services, they increase financial resources through a variety of income-generating activities including increased 

tuition, increased students' registrations, providing consulting services to government and industry, launching 

short-term courses to meet the needs of the private sector and so on. Certainly, selecting an appropriate volume 

of each activity is of special importance.  

Given the above, this fact is raised that considering the annual research and educational objectives and 

programs of universities and budget constraints, how can a mathematical model be devised for budget 

allocation to those activities in order to help managers in optimal resource allocation?  

 Answering this question leads to design a mathematical model, which with respect to manufacturing systems 

approach in the planning should essentially cover the conflicting goals. In continuation and in section II, we 

will discuss scientific literature review and research background.   

 

 

2. Literature review 

 

Several methods have been proposed in the literature for budget allocation of higher education institutions 

which in a macro segmentation they can be divided into two categories, single-period and multi-periods. To do 

this, various models are used including linear programming (LP) models, goal-programming (GP) models and 

simulation-based models. GP models can be generally classified into two categories; the first is based on the 

distance metric including lexicographic, weighted, and chebyshev models. Depending on the nature of studied 

variables and goals, the second category includes integer, fuzzy, fractional and binary models. One of the first 

studies which has been performed on the application of mathematical programming in the budget allocation of 

higher education institutions can be referred to Hopkins's studies (1971). For long-term resource planning and 

budget allocation in the university, he designed a cost simulation model in which budget was considered as an 

output rather than input. Resource allocation through this model was associated with major shortcomings such 

as disregarding the dynamics within the system and the lack of careful attention to the multiple and conflicting 

goals of the colleges (Hopkins, 1971). Using a survey, White (1987) that carried out through 146 articles, 

showed that the existing mathematical models could be used in the management of higher education institutions 

(White, 1987). 

 In a study, Caballero et al (2001) stressed the need for the use of quantitative models in solving the problem of 

university's resource allocation. In 2006, they conducted a study about resource allocation models in which they 

designed an interactive goal-programming model that managers were able to overcome the many challenges of 

resource allocation through this model. One prominent feature of this model is that it allows managers to 

intelligently deal with the unpredictable and uncertain phenomena of external environment (Caballero et al, 

2006). 

 Basu and Pal (2006) also used goal programming for budget allocation in the university. Their model would 

properly allocate the budget to achieve the target levels of educational, non-educational and research members.  

Furthermore, Ogunlade (2008) designed a multi-period goal programming model for budget allocation of 

university. Unlike many planning models that are set for one year, this model was designed for a five-year 

period (Ogunlade, 2008). 

 In their studies, Nopiah et al (2007) could design a comprehensive goal programming model for university. 

The extension of their model allows planners to cover different parts of the educational system and properly 

track and monitor the flow of resource allocation (Nopiah, 2007). In a multiyear study, which Pal and Sen 

(2008) conducted on the university resource allocation systems they could provide an efficient goal 

programming model for proper allocation. The resource trade-off in the educational systems has been properly 

considered in this model. In his research, Jones (2011) also presented a new model for the sensitivity analysis of 

goal programming models for resource allocation. Safari et al (2012) developed an Integer Lexicographic Goal 

Program. This model possessed 36 decision variables, 49 goals, 7 systematic constraints and 53 technical 

coefficients. After it had been solved, the goals were achieved with a total deviation (I, e. Objective Function 

Value) equal to 250.6875 units (Safari et al, 2012). 

Regarding university's departments, it should be noted that as the body is composed of the links of all bones and 

biological - neural organs, the structure of an organization like a body also relates all units of the organization. 

Accordingly, studying and identifying organizational structure is a basis for understanding the relationships 

between these units and the manner of distributing resources (both physical and non-physical resources) within 

them. Since the budget is a part of the material resources and is distributed within the organizational structure, 

proper budget allocation is required to correctly identify the organizational structure. Understanding of 
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organizational structure and the manner of relationship with its constituent units gives managers an in-depth 

look and enables them to develop mechanisms (models or patterns) for proper budget allocation affair.  

 

 

3. Research Method 
  

3.1.Problem Definition  

 

Each higher education institution includes three main operating units the education and research units are more 

prominent. Other organizational units and departments are responsible for supporting the activities of these two 

main divisions. 

_ Educational duties of higher education institution may be performed in several colleges. Every college 

contains several   departments. Every department runs one or more disciplines at the undergraduate, master, and 

doctoral levels. 

_ Educational, service and research objectives are achieved through faculty members. Regarding rank and 

type, faculty members include assistant professor, associate professor, and professor and with respect to the 

wage, they are classified into visiting professors and recruited professors.  

_ Research functions are achieved under the supervision of research deputy of higher education institution in 

the form of publishing books and periodicals, articles, conferences, research projects (inside and outside of the 

university), patents and so on. 

_ In recruiting and employing staff (faculty members and other employees), higher education institution 

always observes a reasonable ratio (faculty members to other staff). This ratio is different for administrative and 

technical staff. The number of technical and administrative staff should not be lower than a certain limit.   

_ The number of allocable computers per year follows an upper limit and the number of computers is not the 

same for each educational level. These values also apply to books and library resources.  

_ The hours allocated to every faculty member for teaching, service delivery and research (supervisory and 

administrative) duties obey certain limits.  

_ In the establishment and operation of postgraduate courses, the higher education institution must always take 

into account a certain proportion compared to the number of bachelor's disciplines. The number of existing 

undergraduates should not exceed a certain limit.. 
_ The ratio of articles, patents, and postgraduate students to each research item follows a specific quantity. 

_ The number of published books and articles compared to the member of faculty members follows a specific 

ratio. 
_ The objectives of higher education institution are well defined in the number of scientific publications, 

patents, participation in university external projects, small, medium, and large-scale studies, and annual 

conferences. 
_ The number of macro or large studies to total researches should not be less than a certain quantity. 

_ The number of copies of publishable books and journals would be a certain number. 

_ In addition, the ratio of assistant professor, associate professor, and professor to the total members should be 

regarded in recruiting and employing faculty members.    

_ The minimum income earned from higher education institution's teaching, service delivering and research 

activities should be observed. 

_ Budget Allocated for the costs of higher education institution such as salary, purchasing books, computers, 

and laboratory equipment etc.is defined as a system constraint. 

As indicated in the above description, setting goals and achieving them are required in the problem space. 

Typically, organizational performance indicators can be used as a criterion for target setting. By reviewing 

some of available sources about educational and research indicators, the most common and suitable criteria 

were selected to define resource allocation goals of higher education institutions. These sources include New 

York University's report of budget allocation process (NU Publications, 1998), Eastern Washington University's 

strategic budget allocation model (EW Publications, 2003), Maryland University's report on budget allocation 

process (MU publications, 2005) and Diminnie and Kwak's study (Kwak & Diminnie,. 1987). However, 

applying practices and case studies were also effective to complete the work.Analytic Hierarchy Process (AHP) 

is also used to compute the relative importance of goals. 

 

 

4.Mathematical Model Formulation 
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Multi-objective nature of socio-economic systems has made budget planners faced with some budget allocation 

challenges among which the unbalanced allocation of budget among organization's multiple goals is believed to 

be the most important one.  To surmount this challenge, budget planners need to be informed of powerful 

budget allocation methods. To do so, different Budget allocation methods have been developed among which 

the goal programming (GP) methods seem to be widely applied. But, GP Methods in turn have different 

performances in terms of balanced allocation of budget among goals.GP models can generally be defined in 

terms of underlying distance metric and mathematical nature of the decision variables and/or goals used in the 

program. Lexicographic, Weighted, and Chebyshev models are three major models which are defined in terms 

of underlying distance metric while fuzzy, integer, binary, and fractional goal programming models are defined 

in terms of mathematical nature of the goals and/or decision variables (Jones and Tamiz, 2010).  

As Jones and Tamiz say (2010), a common feature in all of the solutions found by both the weighted and 

lexicographic variants can be found. That is, they are all to be found at extreme points (intersections of goals, 

constraints, and/or axes). This leads to a certain imbalance, with some goals doing very well but other goals 

being a long way from being achieved. This is due to the underlying Manhattan metric that has a „ruthless 
optimization‟ property. If a balance between the objectives is the dominant need, then the Chebyshev goal 
programming (CGP) should be applied. This variant of Goal Programming was first introduced by Flavell. It is 

known as Chebyshev goal programming, because it uses the underlying Chebyshev (L∞) means of measuring 
distance. That is, the maximal deviation from any goal, as opposed to the sum of all deviations, is minimized. 

For this reason CGP is sometimes termed Minmax goal programming (Jones and Tamiz, 2010) 

With regard to the problem of unbalanced allocation of budget among organization's multiple goals, the 

underlying philosophy, when using the L∞ distance metric, is that of balance. That is, the decision maker is 
trying to achieve a good balance between the achievement of the set of goals as opposed to the lexicographic 

approach which deliberately prioritizes some goals over others or the weighted approach which chooses the set 

of decision variable values which together make the achievement function lowest, sometimes at the expense of 

a very poor value in one or two of the goals. CGP is also the only major variant that can find optimal solutions 

for linear models that are not located at extreme points in decision space (Jones and Tamiz, 2010). Although 

goal programming classes are fundamentally different, it is possible to formulate a goal programing that has a 

model from each class. Depending on the structure of problem, each of these models may be used. In terms of 

distance metric and problem of imbalanced allocation, Chebyshev Model is selected and since variables of 

problem under study are Integer, an Integer Chebyshev Goal Programming (ICGP) has been formed in this 

paper. Algebraic structure of Chebyshev Model is represented in Figure 1. 

 

Fig. 1. Algebraic Structure of CGP (Jones & Tamiz, 2010) 

Where 
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 is the vector of decision variables,  

is the achieved value of qth goal 

is the negative deviational variable of qth goal  

 is the positive deviational variable of qth goal  

( ) 1,.....

1,.....

, 0 1,.....

q q q q

q q q q

q q

q q

Min a

x
f n p b q Q

u n v p
q Q

k k

x
F

n p q Q







   

  



 


x

1......... n

x
x x

( )
q

x
f

q
n

q
p



  Applied mathematics in Engineering, Management and Technology 2014 

M. Shafia et al 

548 
 

is the aspiration level of qth goal  

Preferential weight associated with the penalization of  

 Preferential weight associated with the penalization of  

is normalization constant 

is the feasible set 

   

 

5.Model Parameters 

 
The decision variables of the proposed model include: 

The quantity of j-th source used in the higher education institution   0js   

The quantity of j-th product in higher education institution   0jp   

The proposed mathematical model is presented in Table 1. 

 

Table 1:  Proposed Mathematical Model 
 

Objective Function Formulation 

 

Min   

(W1/C1)*PD1<= ; (W2/C2)*ND2<= ; (W3/C3)*PD3<= ;  (W4/C4)*ND4<= ;  (W5/C5)*ND5<= ;

(W6/C6)*ND6<= ; (W7/C7)*ND7<= ;  (W8/C8)*ND8<= ;(W9/C9)*ND9<= ;(W10/C10)*ND10<= ;

(W11/C11)*ND11<= ;      (W12/C12)*

    
    

 ND12<= ;       (W13/C13)*ND13<= ;   (W14/C14)*PD14 <= ;    

(W15/C15)*ND15<= ;      (W16/C16)*ND16<= ;        (W17/C17)*ND17<= ;  (W18/C18)*PD18<= ;

(W19/C19)*PD19<= ;       (W20/C20)*PD20<= ;       (

  
   
  W21/C21)*ND21<= ;    (W22/C22)*PD22<= ;

(W23/C23)*ND23 <= ;      (W24/C24*ND24<= ;         (W25/C25)*ND25<= ;   (W26/C26)*ND26<= ;

 
   

 

Goal constraints with their corresponding mathematical formulations 

Goal 1- maximum number of computers allocated for educational and research activities 

10 1 1 1s d d b
     

Goal 2- reference books dedicated to educational and research activities to students 

2 11
2 2 2

1

J

j

j

s
d d b





 




  


 

Goal 3- upper limit of reference books dedicated to educational and research activities 

11 3 3 3s d d b
     

Goal 4- upper limit of educational loading of each faculty member in a week 

1

4 4 4

1

J

j j j

j

J

j

j

p

d d b

s

 
  



  



 

Goal 5- lower limit of journal title 

10 5 5 5p d d b
     

Goal 6- patents to each research 

6
6 6 6

7

J

j

j

p
d d b

s

 



  


 

Goal 7- postgraduate students to each research in large (macro) scale 

1
7 7 7

9

d d b
s

      

q
b

q
u

q
n

q
v

q
p

q
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Gal 8- professor to faculty members 

1
8 8 8

1

J

j

j

s
d d b

s

 



  



 

Goal 9- associate professor to faculty members 

2
9 9 9

1

J

j

j

s
d d b

s

 



  



 

Goal 10- assistant professor to faculty members 

3
10 10 10

1

J

j

j

s
d d b

s

 



  


 

Goal 11- faculty to technical staff 

1

11 11 11

5

J

j

j

s

d d b
s

    


 

Goal 12- faculty to administrative staff 

6
12 12 12

1

J

j

j

s
d d b

s

 



  


 

Goal 13-upper limit budget allocated to research with medium and micro scales 

13 13 13

7

( )
J

j j

i

s d d b  



    

Goal 14- lower limit of patents 

6 14 14 14p d d b
     

Goal 15- lower limit of outside of the university's projects 

5 15 15 15p d d b
     

Goal 16- lower limit of technical staff 

5 16 16 16s d d b
     

Goal 17- upper limit of administrative staff 

6 17 17 17s d d b
     

Goal 18- upper limit of small-scale research 

7 18 18 18s d d b
     

Goal 19- upper limit of medium-scale research 

8 19 19 19s d d b
     

Goal 20- lower limit of large-scale research 

9 20 20 20s d d b
     

Goal 21- upper limit majors at the undergraduate level 

2 21 21 21p d d b
     

Goal 22- lower limit of conferences per year 

7 22 22 22p d d b
     

Goal 23- lower limit of expected revenue from all educational and research activities 

7 7 7 1 2 23 23 23

1 5 1

( ) ( ) ( )
J J J

j j j j j j j

j j j

p p p s d d b         

  

           

Goal 24- large-scale research to total studies 

9
24 24 249

7

i

i

s
d d b

s

 



  


 

Goal 25- lower limit of each book title copies 

3 25 25 25p d d b
     

Goal 26- lower limit of each journal title copies 

4 26 26 26p d d b
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Systematic Constraint Formulation

The total budget allocated for salaries, medium and small-scale studies, purchasing 

reference books required for faculty and students, computers required to faculty and 

students, chemical instruments, Chemical, laboratory instruments and facilities (system 

constraint) 

  1 2

1

J

j j

j

s L  


    

 

Technical coefficients and constants used in the model are presented in Table 2. 

 

Table 2: Technical Coefficients and Constants 

Symbols Description 

1  Average number of postgraduate students in any major 1 

2  Average number of undergraduate students in any major 2 

3  Average number of published copies of each book 3 

4  Average number of published magazines 4 

7  Average number of people who have participated in the conferences 5 

1a  Average tuition of postgraduate disciplines 6 

2a  Average tuition of undergraduate disciplines 7 

3a  Average price of each book 8 

4a  Average price of each magazine 9 

5a  Average financial value of each outside of university's project 10 

6a
 

Average financial value of each patent 11 

7a
 

Average payment of participants in the university's conferences 12 

1  
Average annual salary of each full professor 13 

2  
Average annual salary of each associate professor 14 

3  
Average annual salary of each assistant professor 15 

4  
Average annual salary of each professor 16 

5  
Average annual salary of each technical staff 17 

6  
Average annual salary of each administrative staff 18 

7  
Average cost of each small-scale research 19 

8  
Average cost of each medium-scale research 20 

9  
Average cost of each large (macro)-scale research 21 

10
 

Average price of each computer allocated for educational and research activities of faculty and 

students 
22 

11
 

Average price of each volume of reference book dedicated to conduct educational and research 

activities of faculty and students 
23 

Symbols Definition of the constants 

1  
Total cost of chemicals and laboratory instruments per year 24 

2  
Total cost of students' facilities and welfare service infrastructure per year 25 

2  
Number of reference books to perform educational and research activities 26 

 

 

6. Normalization Constant Computation by Euclidean Method 
 

To calculate the normalization constants for goals' unwanted deviations, there are three methods. The first 

method is Percentage normalization. In this method, each deviation is turned into a percentage value away from 
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its target level so all deviations are measured in the same units. The second method is Zero-One Normalization 

which is to scale all unwanted deviations into a zero-one range. The value zero will show a deviation equal to 

zero and the value one will represent the worst possible value of the deviation within the feasible set. The third 

method is Euclidean normalization. This normalization constant is actually the Euclidean mean of the technical 

coefficients of the goal. In comparison with other two methods, Euclidean method is very computationally 

robust. In fact, it works with all goals and target levels and its computation is not complex. Thus, Euclidean 

method has been used here in order to compute all normalization constants (Jones and Tamiz, 2010). All goals 

and their respective normalized constants are presented in Table 3. 

 

Table 3: Goals and Their Respective Normalized Constants 

Goal 
Normalized 

Constant 

Goal 1- maximum number of computers allocated for educational and research activities 1 

Goal 2- reference books dedicated to educational and research activities to students 1 

Goal 3- upper limit of reference books dedicated to educational and research activities 1 

Goal 4- upper limit of educational loading of each faculty member in a week 62.4820 

Goal 5- lower limit of journal title 5.5677 

Goal 6- patents to each research 24.2693 

Goal 7- postgraduate students to each research in large (macro) scale 1 

Gal 8- professor to faculty members 9.1651 

Goal 9- associate professor to faculty members 4.3588 

Goal 10- assistant professor to faculty members 2.6457 

Goal 11- faculty to technical staff 2.2360 

Goal 12- faculty to administrative staff 7.2111 

Goal 13-upper limit of budget allocated to research with medium and micro scales 912537.1 

Goal 14- lower limit of patents 1 

Goal 15- lower limit of outside of the university's projects 1 

Goal 16- lower limit of technical staff 1 

Goal 17- upper limit of administrative staff 1 

Goal 18- upper limit of small-scale research 1 

Goal 19- upper limit of medium-scale research 1 

Goal 20- lower limit of large-scale research 1 

Goal 21- upper limit of majors at the undergraduate level 1 

Goal 22- lower limit of conferences per year 1 

Goal 23- lower limit of expected revenue from all educational and research activities 46903490 

Goal 24- large-scale research to total studies 4.1231 

Goal 25- lower limit of each book title copies 1000 

Goal 26- lower limit of each journal title copies 1000 

 

7. Preferential Weights Computation by AHP 
 

Analytic Hierarchy Process (AHP) is known as one of the most applied multi criteria decision making methods. 

It was developed by Thomas L. Saaty in 1970s and has gone substantial refinements since then. This method 

enables decision makers to derive ratio scales from paired comparisons. In this paper, AHP has been used to 

rank the goals and compute their preferential weights. 

An AHP questionnaire was prepared and emailed to deans, deputies and chancellor of the university. Almost all 

of them responded to the questionnaire. The questionnaire was analyzed by Expert Choice 11 Software and all 

goals' preferential weights were computed. Table 4 shows goals and their respected preferential weights 
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Table 4: Goals and Their Respected Preferential Weights 

Goal 
Preferential 

Weight 

Goal 1- maximum number of computers allocated for educational and research activities 0.0372 

Goal 2- reference books dedicated to educational and research activities to students 0.0044 

Goal 3- upper limit of reference books dedicated to educational and research activities 0.0804 

Goal 4- upper limit of educational loading of each faculty member in a week 0.0842 

Goal 5- lower limit of journal title 0.0437 

Goal 6- patents to each research 0.0436 

Goal 7- postgraduate students to each research in large (macro) scale 0.0301 

Gal 8- professor to faculty members 0.0802 

Goal 9- associate professor to faculty members 0.0329 

Goal 10- assistant professor to faculty members 0.0099 

Goal 11- faculty to technical staff 0.0695 

Goal 12- faculty to administrative staff 0.0347 

Goal 13-upper limit budget allocated to research with medium and micro scales 0.0215 

Goal 14- lower limit of patents 0.0360 

Goal 15- lower limit of outside of the university's projects 0.0086 

Goal 16- lower limit of technical staff 0.0118 

Goal 17- upper limit of administrative staff 0.0839 

Goal 18- upper limit of small-scale research 0.0852 

Goal 19- upper limit of medium-scale research 0.0512 

Goal 20- lower limit of large-scale research 0.0053 

Goal 21- upper limit majors at the undergraduate level 0.0209 

Goal 22- lower limit of conferences per year 0.0315 

Goal 23- lower limit of expected revenue from all educational and research activities 0.0731 

Goal 24- large-scale research to total studies 0.0014 

Goal 25- lower limit of each book title copies 0.0038 

Goal 26- lower limit of each journal title copies 0.0151 

 

 

8. Model Implementation in an Actual System and Solutions Analysis 
 

Actual data of a private higher education institution was prepared. The model includes 74 variables 21 of which 

are decision variables and others are positive deviational and negative deviational variables. Furthermore, there 

are twenty-six goal constraints and one system constraint. The model is an integer Chebyshev goal 

programming model which has a minimization objective function. It is solved by Lingo 11 software and its 

solutions are presented in Table 5: 
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Table 5: Solutions of the Model 

Deviated Goal 
Preferential 

Weight 

Normalization 

Constant 
Deviation Value Objective Function Value 

ND2 0.0044 1 44 

0.1962422 

 

ND9 0.0329 4.3588 26 

ND10 0.0099 2.6457 26 

ND11 0.0695 2.2360 6 

ND13 0.0215 912537.1 8318000 

PD14 0.0360 1 1 

ND15 0.0086 1 7 

ND16 0.0118 1 16 

ND17 0.0839 1 2 

PD19 0.0512 1 3 

ND21 0.0209 1 2 

ND24 0.0014 4.1231 24 

Model Solutions Current Status University's sources (
J

S ) 

7 2 NO. of full professors 1S  

0 4 NO. of associate professors 
2S  

0 9 NO. of assistant professors 3S  

0 8 No. of instructors 4S  

44 42 NO. of technical staff 5S  

110 100 NO. of administrative staff 6S  

1 4 NO. of micro research 7S  

14 6 NO. of medium research 
8S  

0 6 NO. of macro research 9S  

0 100 
NO. of computer allocated to students and faculty's 

educational and research activities 10S  

658 500 No. of reference books assigned to students and faculty 11S  

Model Solutions Current Status University's Product( JP ) 

15 10 NO. of postgraduate disciplines 1P  

22 20 NO. of undergraduate disciplines 2P  

0 3199 NO. of copies of published books 3P  

0 3500 NO. of scientific- research journals 
4P  

3 5 NO. of university's external projects 5P  

16 2 NO. of patents 6P  

0 3 
NO. of scientific conferences and seminars 

organized by the university 7P  

46 20 
NO. of scientific and research papers published by 

the faculty 8p  

0 7 NO. of published books 9p  

0 2 NO. of published journals 
10p  

 
The above table shows that the goals of the higher education institution administrators are achieved with a 

0.1962422 deviation and among all twenty-six goals, goal 2, goal 9, goal 10, goal 11, goal 13, goal 15, goal 16, 

goal 17, goal 21 and goal 24 are under achieved and goals 14 and 19 have become over achieved. Goal 2 is 
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under achieved to 44 units, goal 9 is under achieved to 26 units, goal 10 is under achieved to 26 units, goal 11 is 

under achieved to 6 units, goal 13 is under achieved to 8318000 units, goal 14 is over achieved to 1 units, goal 

15 is under achieved to 7 units, goal 16 is under achieved to 16 units, goal 17 is under achieved to 2 units, goal 

19 is over achieved to 3 units, goal 21 is under achieved to 2 units and finally, goal 24 is under achieved to 24 

units. 

With regard to such unwanted deviations and the gap between current status and model solutions (I.e. 

recommended status), if administrators want to achieve the goals of university in an optimal manner, they 

should do the following actions: 

University has currently two full professors; it should have 7 full professors in the next year to achieve its goals, 

therefore, it requires three full professors and should take an increasing strategy towards full professor. The 

item of "associate professor" is currently equivalent to four  people; university  needs no more associate 

professors in the next year to realize its goals, thus it does not need to recruit any associate professor and should 

take a preserving strategy towards associate professor. The item of "assistant professor" is currently equivalent 

to nine people; in the next year, university needs no more assistant professors to achieve its goals, therefore it 

does not need to recruit any associate professor and should take a preserving strategy towards associate 

professor. Item of "instructor" currently equals eight people. In the following year, the university should 

maintain this level to realize its goals because this value is optimum. Hence, the university does not require the 

instructor and it should take a preserving strategy towards the instructor. "Technical staff" is currently equal to 

forty-two people. To realize its goals, university should reach this item to forty-four; therefore, it should add 

two people to its technical staff. It should also take an increasing strategy towards technical staff. 

"Administrative staff" is currently one-hundred people, for the next year, the university should reach this item 

to 110 people to achieve its goals; hence it requires ten administrative staff. It should take an increasing strategy 

towards administrative staff. 

 During the past year, the university conducted four micro-sized researches, six medium-sized research, and six 

macro-sized studies. The university should perform one micro-sized research, eleven medium-sized researches, 

and no more macro-sized studies. Therefore, the university should take an increasing strategy towards macro 

and medium-sized researches and a preserving strategy towards micro- sized studies. Item of "computers 

allocated to do teaching and research activities" is currently equal to one-hundred devices and in the following 

year, university does not need to buy any computer. The number of books dedicated to teaching and research 

activities are currently five-hundred copies, in the next year, the university should buy one hundred and fifty six 

copies. The number of postgraduate courses is currently ten majors and in the following year, the university 

should have fifteen majors in postgraduate degree to realize its goals; thus, it needs five majors and university 

should take an increasing strategy towards this item. 

 The number of undergraduate courses is currently twenty majors and in the following year, the university 

should have twenty-two majors in undergraduate degree to realize its goals; thus, it needs two majors. The 

university should take an increasing strategy towards this item. The university currently has seven book titles, 

which has released total 3199 copies of them but in the next year, it doesn't need more book titles and doesn't 

need to publish any copy of them. The university currently has two periodicals that it has published total 35000 

copies of them but in the next year, it doesn't need more periodical titles and doesn't need to publish any copy of 

them.  

The university has currently conducted five university's external projects, which should perform three more 

university's external projects to realize its goals and it should take the increasing strategy for this item. The 

university currently has two patents, which should reach them to sixteen patents in the following year to achieve 

its goals. It should take an increasing strategy towards this item. The university currently has held three 

conferences, which doesn't need to hold any more conferences in the next year. The university's faculty has 

published twenty articles, which should publish forty-six articles for the next year, and an increasing strategy 

should be taken towards this item. 

 

 

9. Conclusion  

 

Many researchers and practitioners in higher education have attempted to develop efficient budget allocation 

methods. Since organizations are multi objective entities, their managers encounters some challenges while 

wanting to allocate the budget among organizational multiple goals in a balanced manner. Following the 

conducted studies and the importance of this issue in institutions of higher education, an integer chebyshev  
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goal-programming model was developed and implemented in a non-public institution of higher education. With 

regard to the research problem, 

 model's structure, Simultaneous consideration of sources and outputs via manufacturing systems approach for 

budget planning, the diversity of sources and outputs in comparison with studies presented in the literature 

review and increased number of constraints and the scope of model are main features that differentiate this 

model from many other models. 

This model is susceptible for being used in a large number of higher education institutions and outperforms 

other GP models in terms of balanced allocation of budget. However, it can be more improved by considering 

the following suggestions: 

A) Mangers set target levels according to their desire. Thus, it may result in some ideal and nonrealistic target 

levels. So,  development of a mechanism the  helps the managers to set the target levels more realistically is of 

paramount importance 

B) Since many of the devised models are single-period, they can't cover the organization in a longer trend. To 

tackle this disadvantage, developing a multi-period goal programming model is strongly recommended.   

Furthermore, manager's attention to Resource Based View (RBV) and organizational dynamic capabilities, 

while planning for budget allocation, is strongly effective and believed to yield very good results. However, the 

managers of the studied institution can use the solutions of this model as effective guidelines because 

institution's inflows and outflows as system's sources and outputs have been properly covered according to a 

manufacturing systems approach. 
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