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Abstract 

 

Strategic planning is expressly significant for company´s success and competitive 

advantage making in an increasingly competitive business environment. So 

management of companies have to provide decision making processes to ensure 

smooth running of the company. Widely used approach for solving multi criteria 

decision problems is goal programming. The article is dedicated to the application 

of multi criteria goal programming for management of the company. It provides 

deep literature review of the approach as well as its theoretical framework needed 

for further creation of specific model. Unique goal programming model was created 

for the implementation of strategic goals of the company into the business plan.  
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1 Introduction 
 

   Decision making process is a part of everyday activities of companies. In every 

situation management of the company has to choose the best solution for its future 

development and right direction. This decision making process is influenced not 

only by objective but also subjective aspects and usually for each specific situation 

there are various criteria which have to be taken into consideration. So the decision 

making process is not only about selection of best variant but also about the 

selection of right criteria based on which is provided the selection. The majority of 

situation in which company has to provide the decision making process can be 

viewed from multiple angles and simultaneously through one decision the company 

can track multiple goals. These goals are usually contradictory or conflicting so the 

right solution is a good compromise between all goals which are set in the company. 

So the search of compromise solution is the main idea of multi criteria decision 

making process which is the mathematical and statistical discipline and represents 

the analysis of this process. It includes a variety of methods through which 

companies can find the appropriate solution for each situation. One of these 

methods is goal programming which is the one of the oldest methods of multi 

criteria decision making. [1, 11, 13]  

Goal programming belongs to multi criteria linear programming methods, but while 

these methods deal with the maximization or minimization of various objective 

functions, goal programming is focused on achieving predetermined goals. Setting 

goals is an inseparable part of company´s management. Through partial goals are 

fulfilled companies strategies and defined company´s future direction. As soon as 

goals are specified then through goal programming can be minimized the deviation 

from all goals. [14, 16] 

The main objective of this contribution is to provide theoretical background of goal 

programming based on the detailed literature review of its development and then 

create a unique goal programming model for management of companies which can 

be used for the implementation of strategic goals into the business plan. 

 

2 Methodology 
 

2.1 Literature review  

 

   Goal programming is a special approach for solving tasks of linear 

programming. Charnes, Cooper and Ferguson (1955) as first pointed out goal 

programming in their article Optimal estimation of executive compensation by 

linear programming, this paper presented a constrained regression idea that 

embodies the deviation minimizing approach inherent in goal programming. On the 

other side the term goal programming firstly appeared in 1961 when Charnes and 

Cooper published their book Management Models and Industrial Applications of  
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Linear Programming. [2] It is important to highlight that it was not presented as a 

unique method, but only as an extension to general linear programming approach 

and suggested to use for solving unsolvable linear programming problems. 

Generally accepted statement of goal programming as a tool for solving multiple 

and conflicting goals, which is the main distinguishing characteristic to describe 

how a goal programming differs from general linear programming model was 

presented by Charnes and Cooper in 1977. [3] 

From first book dedicated to the issue of goal programming in 1961 until 1966 were 

published various journal research by Chambers and Charnes (1961), Charnes and 

Cooper (1962), Charnes, Cooper and Ijiri (1963), Joksh (1964) and Charnes and 

Stedry (1966). The most important development in the extension of goal 

programming models during this period was presented in the publication 

Management Goals and Accounting for Control by Ijiri (1965) [6]. He introduced 

preemptive priority factors as way of ranking goal in the objective function of goal 

programming model and established the assigning of relative weights to goals in 

the same priority level. 

Charnes and Cooper (1997) pointed out the link between goal programming and 

multi objective optimization while Romero (1985) proved that goal programming 

is a certain case of the distance function model [15]. The most famous and important 

reviews of goal programming approach can be found in in works of Ignizio and 

Cavalier (1994), Romero (1991), Schniederjans (1995), Tamiz et. al. (1998), Tamiz 

and Jones (1997), Lee (1972, 1973), Lee and Clayton (1972), Lee et. al. (1978), 

Ignizio (1978), Zanakis and Gupta (1985) or Saber and Ravindran (1998). [4, 5, 7, 

8, 9, 16, 17, 19, 20] 

There are numerous fields of application of goal programming approach and use of 

it was extended into different territories. Various types of management includes 

application of goal programming such as management of the reservoir watershed 

(Chang et. al., 1997), management of solid wastes (Chang and Wang, 1997), 

accounting and financial resources management (Cook, 1984; Sharda and Musser, 

1986; Aderoba, 1994; Cooper et. al., 1997), assets (Rosenbloom and Shiu, 1990), 

public accounting (Garrod, 1991; Killough and Souder, 1973), economics (Bazaraa 

and Bouzaher, 1981; Bouzaher and Mendoza, 1987); banking (Zaloom et. al., 1986), 

credit analysis (Srinivasan and Kim, 1987), financial planning (Callahan, 1973; 

Cook, 1984; Lee and Eom, 1984), managing risk (Both and Bessler, 1989; Lee and 

Hall, 1988; Sharda and Musser, 1986). Another fields of application are marketing 

and quality control (Kim, 1983; Williams, 1987; Sengupta, 1981), human resources 

(Price, 1974; Price and Gravel, 1984), production (Lee et. al., 1978; Decro, 1984; 

Schniederjans and Hong, 1996; Aouni et. al., 2000), transportation and facility 

location (Min, 1988, 1989; Martel and Aouni, 1992; Charnes et. al., 1996), 

transportation problems subject to budget restraints (Chalam, 1994), spatial studies 

(Athanassopoulos, 1996), telecommunications (Sueyoshi, 1996), agriculture and 

forestry (Sinha et. al., 1988; Romero, 1991; Pickens and Hof, 1991), industrial 

applications (Rao, 1987; Dhingra et. al., 1990; Gen et. al., 1993) and so on [1, 17]. 

There is also important development of classic goal programming model as a 

statistical tool for estimation. It could be an alternative to the conventional statistical  
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methods, while is provides more flexibility for modeling the estimation process. 

There are numerous works in this field of extended goal programming such as 

Aouni et. al. (1997), Aouni and Martel (2000), Kettani er. al. (1998), Oral et. al. 

(1992, 1993), Oral and Kettani (1988, 1989). Another popular area of extended goal 

programming is the field of integer goal programming with works from Lee and 

Morris (1977), Markland and Vickery (1986), Lee and Luebbe (1987), Ignizio and 

Cavalier (1994), Tamiz et. al. (1999). [1, 17] 

Based on all these methodological development of general goal programming 

approach there are many extensions to the model such as: weighted, lexicographical, 

integer, nonlinear, stochastic, interactive, fuzzy, minmax, with intervals, fractional 

and other various extension of goal programming.  

As was mentioned goal programming approach has passed through various 

transformations and is in the attention of researcher for more than sixty years. Since 

that time there were plenty of journal articles and book dedicated to this topic. 

Authors who deal with the goal programming method the most are C. Romero, B.B. 

Pal, M. Sakawa, C.T. Chang, M. Tamiz, B. Aouni, A. Biswas, D. F. Jones, D.K. 

Sharma, J. Gonzalez – Pachon, M. J. Schniederjans, P. Biswas and M. Gen. They 

published numerous articles in journals dedicated to the topic. For illustration we 

provided the development of the number of publications dedicated to goal 

programming, which were indexed in the database Web of Science and Scopus, 

based on the key word goal programming. 

 

 
 

 

Figure 1: Development of the number of publications dedicated to goal 

programming in the database Scopus and Web of Science (self-processed) 

 

2.2 Theoretical aspects of goal programming  

 

   Goal programming belongs to the methods for solving tasks of multi – criteria 

linear programming. This approach is not a special type of linear programming, but 

better formulation is that it is a special approach for solving tasks of linear program- 
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ming. Goal programming is a modification and at the same time especially an 

extension of linear programming. Goal and linear programming have lot of in 

common – the model of real problem for both approaches must be simplified into 

the unified form, objective function is optimized within the constraints, variables 

must be non – negative, objective function and constraints are linear and both 

approaches are used as a support for decision making process [10].  

These approaches differ in a way of formulation of constraints. Goals in goal 

programming are formulated as constraints which don´t have to be fulfilled. Goal 

programming allows to consider in one model more goals even they are conflicted. 

In goal programming model are also considered deviations, which allows to define 

goals through deviations in the form of equations. Objective function in goal 

programming model is a certain type of penalize function which minimize 

deviations from set goals with the regard to the priorities of these goals.  

The tasks of multi – criteria linear programming want to optimize several objective 

functions on the set of feasible solutions  , , 0 ,nX X x R Ax b x a     and find 

a compromise solution, which must be not dominated. The solution is not 

dominated, if there is no feasible solution, which is dominated, so there is no other 

acceptable solution that would be better or equally rated by all objective functions. 

We assume that the objective functions and constraint are linear. Goal programming 

is very often used for finding a compromise solutions of tasks of multi – criteria 

programming [12]. 

In the basic model of linear programming is firstly defined the system of equality 

and inequality constraints which defines the system of feasible solutions. On this 

system are found optimal solutions according to defined optimality criterion. In 

goal programming approach are not used constraints, but system of goals which 

represents and behaves as constraints. If we want to define the basic theoretical 

framework of goal programming firstly we have to determine goals and especially 

the difference between fixed and free goals while each one has assigned the target 

value [11]. 

Fixed goals represents constraints in the basic model of linear programming and 

are assigned with some target value. Fixed targets must be fulfilled and they can be 

formulated as:  

1

1,2, , .
n

ij j i
j

a x b i m


        (1) 

On the other side in the goal programming model there are free goals which don´t 

have to be fulfilled exactly. The tendency is to achieve the target value as closely 

as possible so to minimize deviations from target values. These positive and 

negative deviations are expressed by the use of deviation variables 
i

d   (variable 

of negative deviation from i target value) and 
i

d  (variable of positive deviation 

from i target value). Based on these can be formulated general equation of goal 

programming model: 

1

1.2. ,k,
n

ij j i i i
j

c x d d g i 



          (2) 
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In this equation the part 
1

n

ij j
j

c x


 is the left side of constraint and 
i

g is the target 

value. If the model of goal programming contents multiple, even in some cases 

contradictory goals, then their importance can be expressed either by using weights 

or lexicographically. Weights are dimensionless numbers and express the 

importance of individual goals. The lexicographic method is based on the 

minimization of deviations from the most important goal and then continues to the 

least important goal [18]. 

The objective function in the goal programming model minimizes deviations from 

target values and can include either both deviations or only one of them (positive 

or negative). If we want to minimize the negative deviations from target value we 

get the solution which is as close as possible from the bottom to this target value 

but can be arbitrarily higher that this value. This can be used for example for profit. 

On the other side in the case of minimization of the positive deviation is conversely 

[21]. The solution can be arbitrarily lower than the target value but is as close as 

possible to the target value from above, which can be used especially for costs. The 

last option is to minimize the positive and negative deviation at the same time so 

we get a solution which is as close as possible to the target value from both sides. 

If the importance of goals is expressed by weights, we can minimize the weighted 

sum of deviations or minimize the maximum weighted deviation. Minimization of 

the weighted sum of deviations is formulated as:  

to minimize: 

 
1

k

i i i i
i

i

v d v d
Z

g

   







        (3) 

in conditions of:  

1

1

, 1,2, ,m,

, 1,2, , ,

0, 0, 0, 1,2, , k,

ij

n

j i
j

n

ij j i i i
j

i i i i

a x b i

c x d d g i k

d d d d i



 



   

 

   

   



       (4) 

 

where 
i

v and 
i

v are weights and 
i

g  is target value. Minimization of the 

maximum weighted deviation is formulated as follows:  

to minimize D  in conditions of:  

1

1

, 1, 2, ,m,

, 1,2, , ,

, 1, 2, , ,

0, 0, 0, 1,2, , k,

ij

n

j i
j

n

ij j i i i
j

i i i i

i

i i i i

a x b i

c x d d g i k

v d v d
D i k

g

d d d d i



 



   

   

 

   


 

   




     (5)  
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where D  is maximum value of weighted deviation, 
i

v  and 
i

v are weights and 

i
g  is target value.  

 

3 Results and Discussions  
 

3.1 Unique goal programming model 

 

   Based on the provided literature review and theoretical backround of goal 

programming we applied defined approach in the management of the company. We 

created a specific model which can be applied generally in company´s management 

for calculation of target value of selected strategic goals. The model is made 

especially for the implementation of calculated achievable value of strategic goals 

into the business plans through which company´s management can provide day to 

day activities of the company. 

There were set general strategic goals entering the model: 

 profit maximization,  

 cost minimization,  

 sales growth,  

 minimization of product life time cycle,  

 reduction of the volume of waste.  

These strategic goals which are entering the specific goal programming model must 

be marked as free or fixed. Fixed goal of this model are sales. Each company has 

to know the minimum value of sales to cover its basic costs, so the fixed goal 

represents the minimum value of sales to be achieved to cover costs. Fixed goals 

includes also values of used materials, which are limited by the capacity, and 

maximum capacity of time attributed to the production department during the 

selected period.  

Free goals are then profit maximization, cost minimization and minimization of the 

volume of waste.  

Through the maximization and minimization of free goals are maximized also sales 

even they are entering the model of goal programming as a fixed goal and is set its 

minimum required value.  

So we created unique mathematical goal programming model based on the 

minimization of weighted sum of deviations for the implementation of strategic 

goals into the business plan of the company. This goal programming model is 

formulated as: 

 

to minimize: 

3 31 1 2 2

1 2 3

v dv d v d
Z

g g g

 

          (6) 

 

 

 

in conditions of:  
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1 1 2 2 1 1 1

1 1 2 2 2 2 2

1 1 2 2 3 3 3

1 1 1 2

n n

n n

n n

n n
material capacity

z x z x z x d d g

n x n x n x d d g

o x o x o x d d g

m x m x m x

 

 

 



     

     

     

  

     (7) 

1 1 2 2

1 1 2 2

0, x inte , 1,2, , ,

, 0, 1,2,3.

n n

n n

n n

i i

t x t x t x time capacity

p x p x p x sales

x ger n n

d d i 

   

   

  

 

       

where: 

v1-3  –  weights of set free goals 

g1  –  target value of profit 

g2  –  target value of costs 

g3  –  target value of total volume of waste 

1 1
d d 

 –  positive and negative deviations from target value of profit –   

                minimization of negative deviation 

2 2
d d 

 –  positive and negative deviations from target value of costs –     

                minimization of positive deviation 

3 3
d d 

 –  positive and negative deviations from target value of total   

                volume of waste – minimization of positive deviation 

z1-n  –  profit from one product 

n1-n  –  cost of production of one product 

o1-n  –  volume of waste of one product 

m1-n  –  volume of material of one product 

t1-n  –  amount of time needed for production of one product 

p1-n  –  price of the product 

x1-n  –  individual products of the company 

The unique goal programming model is based on general assumptions of goal 

programming but is modified for management needs. Through it management of 

the company can calculate and predict concrete numbers for further planning based 

on strategic plans of the company. Created model can be used in companies from 

various economic sectors, because it can be easily modified into specific conditions 

of each company. 

 

3.2 Numerical example 

 

   The created unique goal programming model was applied on concrete data 

obtained from the management of the company GOAL, s.r.o., which is company 

from Slovakia and operates in the production of road signs. Based on the defined 

strategic goals of the company and input data acquired from production we 

processed objective functions with relevant constraints and calculated desired target 

values of defined strategic goals.  
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Products of the company are divided into eight clusters, each cluster represents 

similar products and is characterized by seven production activities, costs connected 

with its production, value of waste, price and profit. Company also specified 

maximum possible amount of production. These input data on which base we 

provided calculations are shown in the table 1. 

 

Table 1. Input data of the company GOAL, s.r.o. to the goal programming model 

(self-processed) 
  

Cluster 

1 2 3 4 5 6 7 8 

Variable 

Formation of 

mold [h] 

0,0611 0,0843 0,0619 0,1792 0,0644 0,0859 0,0635 0,1792 

Attachment 

of c-profile 

[h] 

0,0819 0,0951 0,0476 0,1021 0,0852 0,0949 0,0521 0,1021 

Bonding film 

EG [h] 

0,0833 0,0912 0,0833 0,0917 0 0 0 0 

Bonding 

symbol EG 

[h] 

0,1022 0,1196 0,1 0,1417 0 0 0 0 

Bonding film 

HIGH [h] 

0 0 0 0 0,0927 0,1015 0,0917 0,1008 

Bonding 

symbol 

HIGH [h] 

0 0 0 0 0,1120 0,1382 0,11 0,1558 

Packaging [h] 
0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,05 

Waste [€] 
1,54 2,5 1,08 5,16 2,27 3,79 1,44 7,75 

Costs [€] 
16,99 27,48 11,92 56,72 24,92 41,68 15,81 85,22 

Price [€] 
20,59 34,47 13,98 74,04 29,72 52,26 18,92 109,1 

Profit [€] 
3,6 6,99 2,06 17,32 4,8 10,58 3,11 23,88 

 

For each category representing a cluster of products there is a maximum possible 

capacity or required minimum value (represented constraints as a fixed goals) and 

also for set free goals there is target value with possible deviations.  

 

Free goals of goal programming model of the company GOAL, s.r.o. are: 

 target value of profit – 300 000 € / year with the weight 0,6; 

 target value of costs – 1 500 000 €/ year with the weight 0,3; 

 target value of amount of waste – 100 000 € / year with the weight 0,1. 

Fixed goals of the company GOAL, s.r.o. are:  

 formation of mold – maximum 9000 hours / year, 
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 attachment of c-profile – maximum 9000 hours / year, 

 bonding film EG – maximum 4000 hours / year, 

 bonding symbol EG – maximum 4000 hours / year, 

 bonding film HIGH – maximum 4000 hours / year, 

 bonding symbol HIGH – maximum 4000 hours / year, 

 packaging – maximum 2000 hours / year, 

 sales – minimum 1 000 000 € / year,  

 production amount – maximum 30 000 products / year.  

Based on the defined input data, conditions, target values, capacities and variables 

is our created unique goal programming model modified for specific conditions of 

the company GOAL, s.r.o. and management of the company defined weights for 

three free goals [0,6;0,3;0,1]. So the objective function are:  

to minimize: 

 31 2
0,10,6 0,3

300000 1500000 100000

dd d
Z

 

         (8) 

in conditions of:  

 

1 2 3 4 5 6 7 8 1 1

1 2 3 4 5 6 7 8 2 2

1 2 3 4 5 6 7

3,6 6,99 2,06 17,32 4,8 10,58 3,11 23,88 300000

16,99 27,48 11,92 56,72 24,92 41,68 15,81 85,22 1500000

1,54 2,5 1,08 5,16 2,27 3,79 1,44 7,

x x x x x x x x d d

x x x x x x x x d d

x x x x x x x

 

 

         

         

      
8 3 3

1 2 8

1 2 8

1 2 4

1 2 4

5 6 8

5

75 100000

0,0611 0,0843 0,1792 9000

0,0819 0,0951 0,1021 9000 (9)

0,0833 0,0912 0,0917 4000

0,1022 0,1196 0,1417 4000

0,0927 0,1015 0,1008 4000

0,1120 0,13

x d d

x x x

x x x

x x x

x x x

x x x

x

   

   

   

   

   

   


6 8

1 2 8

1 2 8

1 2 8

82 0,1558 4000

0,05 0,05 0,05 2000

20,59 34,47 109,1 1000000

30000

2500 5000, x int , 1,2, ,8,

, 0, 1,2,3.

n n

i i

x x

x x x

x x x

x x x

x eger n

d d i 

  

   

   

   

   

 

For the calculation of defined goal programming model and obtaining solutions can 

be used various software programs. These include the most popular optimization 

software LINGO and also other such as Linear Program Solver (LiPS), MOPEN: 

Multiobjective programming package, Mathematical Programming Language 

(MPL) where can be used various different external solver such as Gurobi or 

CPLEX.  

Our calculations were provided with the software application LINGO and results 

can be summarized as follows:  

 calculated target value of profit – 300 006 € / year, 

 calculated target value of costs – 1 159 593 € / year, 

 calculated target value of waste – 105 464 € / year.  
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Vector of achieved variables represented individual clusters of the company is 

(2600,3700,2500,3100,5000,5000,3100,5000)optx  with calculated target value 

of sales 1 459 599€, which is enough for ensure smooth life cycle of the company 

and also to achieve profit. 

 

4 Conclusion 
 

   Increasing competitiveness and globalization of economy continuously 

challenge the decision making system and create a pressure on management of 

companies. The combination of different factors leads to an increasing number of 

decision making processes which the company must hold under control and provide 

the right direction. The goal programming model could be a powerful tool, allowing 

to model the collective decision making process adapted to the context of 

globalization and competitiveness. Goal programming represents a method for 

solving multi criteria decision problems and since its first publication in 1961, there 

have been many application articles in the literature. So the presented article 

provide deep literature review of fundamentals of this method as well as its various 

modification in different fields.  

Possibilities of application of goal programming in all field of economic such as 

accounting, general economics, engineering, finance, management, marketing and 

detail specification with more than thousands of studies with different variables, 

criteria´s function, objective functions and so on can be found in the publication of 

M. J. Schniederjans (1995) Goal Programming Methodology and Applications.  

The presented contribution also provide the theoretical background of goal 

programming. Based on these we created a unique goal programming model to 

allow management of the company implement strategic goals into the business 

plans easier. Created model was also applied on real data of the company GOAL, 

s.r.o. and we provided calculations based on the selected goals, constraints and 

specific conditions of analyzed company.  
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