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Abstract 
In the past two decades, ideal planning has been used for the multiple criteria decision making problem solving. 
The issue is raised here is that how to do a program to achieve the best and most comprehensive program that it has 
well run ability? Because of costly medical equipment production process, it should pay more attention to 
production planning.  In this research, this was carried out in the company’s beta; we are looking to fulfill two 
objectives, reducing the cost of production, increase revenue leading to increased profits. For the realization of 
these goals, we use the method of fuzzy planning, according to studies, we use simple collective models and 
collective weighted method.  According to the existing information and problem variables and TIVARY model, 
we find that the model leads to production costs and increasing income. According to the results of the research, we 
realized that for the realization of the Beta purposes, we should use TIVARY collective method. This study has 
expanded the discussion of optimization production planning using fuzzy goal programming techniques. Goal 
programming was used in various issues such as decision making. The most important goal programming 
restrictions is unclear goals. Fuzzy goal programming provided, it investigate fuzzy purpose in unknown level. 

KeyWords: Production planning, Goal programming, Fuzzy Logic, TIVARY model  

1. Introduction 
With the extensive industrial production process and need to meet the market demand with the highest quality and 
quantity, many problems appear. At the present time, the obstacles are not technical problems, more relevant to 
maximize the use of minimal resources. These references will be converted to usable products and quality, if used 
correctly. If it is not used correctly, not only do not create added value but cause wasting resources and increasing 
losses in production. In the matters, accurate identification of the needs of the market and to align with it in order to 
produce final products with the maximum value is very important. To achieve this goal, you should be paying 
attention to a few basic tips. First, The amount of required by any of the existing resources, including raw materials 
and machinery and manpower to be determined for each product unit, So that we can more accurately defining the 
production program. Then the available resources should be to estimate in the desired timeframe. Finally, the 
program is set to be the most productive efficiency and effectiveness in production and supply demand 
(Anvarirostami & Tabatabai, 1998). Production planning follows amount of production capacity and amount of 
product demand; it includes mid-term customers’ orders between 3 to 18 months. The main goals of production 
planning are as follows: 

1. Coordination between production rates with the amount of order. 2. Decisions regarding hiring, dismissal, 
overtime, postponing orders, optimal inventory levels, side agreements, determine the proper resources for the 
production (Aouni & kettani, 1997). The medical supplies industry complies with Building system based on order, 
because of the high cost of production and specifying consumption process. Due to nature of demand, production 
planning in this industry has a lot of important, in a way that it will have high flexibility and be able to coordinate 
with demands. Because of the high cost of producing medical supplies, we should pay more attention to production 
planning. So we should be looking for a way to reach the highest level of performance in accurately and 
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scientifically and high-functionality method. Operations research is science which gives us the possibility to do 
using linear programming method. We can use several methods of operations research for production planning. So 
we have to look for a suitable manner with the help of operations research, using it leads to best production 
planning with considering the existing limitations, and complexity of the production process. Practical method in 
this research is fuzzy goal programming. This method can consider opinions of managers and decision makers in 
the industry. Decision makers imagine desirable results for purposes, fuzzy goal programming model convert this 
desirable levels to mathematical language. Its results have most coordination with decision makers’ optimal. It is 
worth nothing that goal programming model can consider two types of soft and hard constraints. The difference 
between these two types of restrictions is that in fact, we can go beyond the limits.  Deviation from the values of 
the right will cause the soft limits. There are limits that any diversion of them is not possible they are called hard 
constraints (Chen, 2001). 

According to the basic objectives of the research, the following research questions are expressed:  

1.1 Does the application of fuzzy programming model increase production revenue?  

1.2 Does the running fuzzy goal programming can reduce cost? 

2. Research Literature 
Production planning is one of the most important branches of industry-related applications which are obtained 
from the combination of the various techniques of industrial engineering with mathematical optimization 
techniques and heuristics.  

Large branches in engineering industries haven’t high capacity of reception a variety of math and conceptual 
models. According to the definition, production planning means decisions about the resources that the organization 
needs for the future and allocation of these resources will be possible for the number of needed product and the 
lowest cost. In fact, production planning is meant to create a range for future production in organization. According 
to above, two main goals will be considered for production planning: 

•Determining production plans based on cost and management policies regarding customer service issues, 
financial and sustainability task. With this program, we can decide where we need to add capacity.  

•Contribute to the management in order to show the impact of various policies on costs, the amount of inventory 
and production (Chase and Tsai, 2011). 

2.1 Goal Planning 

In Multi Criteria Decision Making methods, we use several measures instead of using a measure of optimality.   
Multi-criteria decision making models can be divided into for multi-objective and multi-criteria decision-making 
models. In general, multi-objective models are used to design and multi-criteria models are used to select the top 
option. The main difference between the multi-objective decision making and multi-criteria models is that the 
former is defined on continuous decision space and the latter is defined on the discrete decisions space. Goal 
programming, first by Charnes and Cooper and Ferguson was introduced in 1955 (Charnes et al., 1995) but in 1961, 
the goal programming model is released by Charnes and Cooper (Charnes and Cooper, 1961). Methods of goal 
programming have common context. Their aim is to minimize the unfavorable deviations from purposes (Agawal 
& Kholi, 1991). Goal programming is linear programming which can be used for multiple and conflicting goals. In 
this case, the model must be solved in such a way that each of the objectives to be achieved. Therefore, the sum of 
the deviations from the ideal should be minimized in objective function.  

It is important that measure deviations from the ideal should have a single scale, because deviations with different 
scales cannot be collected. At First, you should do unsealed all deviations using one of methods unsealed, they 
must have a common unit, and so all deviations are collected on the target function (Chase, 2001). The General 
form of the programming model is as follows: 

In this model:                                                                                  

ܣ	݊݅ܯ      = {݃ଵሺ݊ଵ, ,ଵሻ݌ ݃ଶሺ݊ଶ, ,ଶሻ݌ … , ݃௞ሺ݊௞,  {௞ሻ݌
 

 
 

 ௜݂ሺݔሻ + ݊௜ − ௜݌ = ܾ௜       i = 1,2,…, m 
  

  (1)

In this model: 

A is target function 

S u b j e c t t o :

i ix , n , p ≥ 0
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 Is perverted variables function in k 

Is the right amount of aspiration i  

 Is negative deviation from ideal i   

 Is positive deviation from the ideal i  

Is the objective function of the decision variables i (Agawal & Kholi, 1991) 

In usual ideal planning models to achieve an acceptable solution, total undesirable deviations looks to be at least.  

Undesirable deviations include positive or negative deviations or both.  

2.2 Fuzzy Set 

Fuzzy set shows a group of members, in this set, there is no clear boundary between the members and 
non-members. x elements are members of X set. Therefore, fuzzy set C from X defines as set of couples.  

(2)

Where, the membership function is membership grade X in fuzzy set C. Membership function is between [0-1], 
so that, 0 value shows lowest grade of membership and 1 value is the highest grade of membership.  

2.2.1 Memberships Function of Crisp Sets: 

Membership function is defined as follows: 

஺ߤ  ሺݔሻ = ቄ1 ݔ ∈ 0ܣ ݔ ∉ ܣ  
(3)

It can be expressed so that, if x is belonging to set A, the membership function value is one, otherwise the value 
will be zero. It can be observed that, the domain of the membership function is reference set and its range is set 
of two members of {0, 1}.  

For example, suppose that in reference set X={1, 2,3,4,5}, A={1,3} is a subset of X.  

The set A can be indicated as follows: 

 

 

 

Figure 1. Membership function of a crisp set 

2.2.2 Membership Function of Fuzzy Sets  

As it has explained, membership function of crisp sets is a set of two members (0, 1) that can be shown as 
follows:  ߤ஺: ݔ → {0,1} (5)

k k kg (n ,p )

in

ip

if ( x )

iC [X, (X)] x Xμ= ∈

஺ߤ = ቄ1, ݔ = 1,30, ݔ = 2,4,5  (4)
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So, if the range of function is two member function, it is called a fuzzy set of X. in function , the nearer 
value to one shows, more depending of x to the set  A and the nearer value to zero shows, less depending of x to 
the set A. 

Accordingly, if µA(x) =1, then x is located in A, and if µA(x) =0, x is not member of A. So, fuzzy sets and their 
membership functions are generalization of crisp functions (Akoz and Petrovic, 2007). 

Membership functions of fuzzy sets are shown as follows: 

 

Figure 2. Membership function of a fuzzy set 

 

2.3 Fuzzy Goal Programming 

After Narsyman introduced fuzzy goal programming model, the studies were carried out on a fuzzy goal 
programming models to enhance computing performance. Hanan entered diversion goal programming variables 
into fuzzy goal programming model. To solve the model, just an ordinary linear programming formulation was 
necessary; Of course, this leads to an increase of the variables in formulating model (Chen and Tsai, 2001). 
Priority of objectives in the planning of an ideal planning is an important issue. For some causes are more 
important than others. Access to them is more important than others. Two different methods have been proposed 
for consideration of the importance.  

2.3.1 Sequential Method 

Decision-maker may consider priorities for goals, and objectives, assign different importance, which is known as 
sequential method. Solution is that objectives are divided into K priority. K is the number of fuzzy goals minus 
one. Then, k subsidiary issue is resolved. The achievement of the above objectives will be added to the least 
important issues as constraints (Chernes et al., 1995). 

The achievement of each of the sub-problems can be achieved. Although this method solves the model taking 
into account the importance of arbitrary decisions, efficiency is greatly reduced. In hierarchical structure which 
is provided by TIVARY, like other sequential methods, top objectives must be achieved. The higher objectives 
should be more important than the lower goals. Wang and Fu are used different membership functions to express 
the objectives priority which were obtained by using fuzzy set operations such as expansion and contraction. 
Chen and Tsai model suggests model that priorities objectives according to importance expressed by 
decision-maker. In this way, the decision maker determines the minimum values for each level of achievement. 
Objectives are modeled using appropriate access levels. Akoz and Petrovic, raised a fuzzy goal programming 
model where the importance level of aspiration, precisely defined and phase relationships are shown. This model 
proposed a new structure for objective function. The objective function is the sum of all achieving levels to goals 
and degree of satisfaction. In fact, the precise determination of the priority objectives in multi-objective 
problems is not easy. Uncertainty is unavoidable in expressing significance of goals. Or prioritization of 
objectives, from perspective of decision maker is ambiguous. The decisions and dependencies space between 
goals is another factor that influences on determination of objectives. Therefore, we need a fuzzy goal 
programming model to the uncertainty considered and provide a flexible tool for decision (Akos and Petrovic, 
2007).  

2.3.2 Gravimetric Method 

In more precise phrase, fuzzy weights show that the optimal value of an ideal, to determine the significance of 
goals than each other. Of course, this approach produces unacceptable results. Hanan and Dubbing used different 
weights to illustrate the importance of goals. They enter ideal weight to model as objective function coefficients. 
Hanan used weights to demonstrate the importance of goals. He assigns different weights to the objectives. In 

A ( x )μ

     irmgn.ir



www.ccsenet.org/mas Modern Applied Science Vol. 9, No. 9; 2015 

72 
 

objective function, the sum of the weighted deviations from the center of the triangular membership functions is 
minimized. This method makes use of isosceles triangular membership functions (Anvarirostami and Tabatabai, 
1998).  

3. Research Methodology 
Research methodology is applicable. To collect the data, we use the method prescriptive field models. 
Prescriptive models generally use a scientific approach to problem solving. The result of interaction and 
variables relationship are used to decision makers. Problem-solving approach can be summarized in 6 steps:  

1. Observation 2. Definition of the problem. 3. Making model. 4. Resolving model 5.Validation.             
6. Implementation. In this paper, after reviewing the Beta Company’s production process; the use of facilities 
and resources to produce each unit of product in the specified time interval is obtained. After this step, the levels 
of resources were determined to establish the available limits to justify the space obtained for the final answer. 
After ensuring the accuracy of the information provided, we developed a fuzzy goal programming model. The 
intended targets of decision makers identify and weighed. The limitations of the model were taken as definitive. 
The next step was to collect the data required as input to models such as the ingredients of each product, revenue 
which were collected using interview techniques, observation and company database.  

It is worth noting that because the fuzzy goal programming, optimal levels of each of the goals must be specified 
and allowed each interval, specified by decision makers, Comments are used to obtain the desired range.  

4. Analysis of Research data 
The study was discussed on production optimization using fuzzy goal programming. The validity of each study 
is applicability. Also, different models were examined to analyze the cost and increase profits. Model 
implemented in the company's functional beta. In analyzing the data, production planning key variables was 
identified using interview techniques.  

4.1 Research Variables 

Variables are divided into two groups: deterministic and non-deterministic.  

4.1.1 Deterministic Variables 

These variables were included in both groups. The first group includes products that are indicated by the letter y. 
The second group consists of raw materials, which are indicated by the letter X. 

Y1, Y2and Y3 

X1 X2 and X3 

4.1.2 Non-Deterministic Variables (Fuzzy) 

1.2.1.4 The total cost of production (b1): Managers often decide to reduce their prices as much as possible; 
however, to achieve the lowest cost may not be exact. Then, we use fuzzy criteria for total costs.  

2.2.1.4 Total sales revenue (b2): Managers often decide to increase their revenue as much as possible; however, 
to achieve the highest revenue may not be exact. Then, we use fuzzy criteria for total revenue.  

4.2 Multi-Objective Problem Definition 

Due to the variables defined in the previous section and the information in our database, we can explain the 
following multi variable. The number of product y1 is 50% X1, 25% X 2 and 25% X3. 16 number of this 
product can be produced maximum. Thus, the constraints associated with this product (Y1) include: 

 

 

 

Each product Y2 is a combination of 15% X2, 25% X1 and 60% X3. 101 number of this product can be produced  

 

 
 

maximum. Thus, the onstraints associated with this product include: 

Each product Y3 is a combination of 60% X1 and 40% X2. 390 number of this product can be produced 
maximum. Thus, the constraints associated with this product include: 

ଵݔ0.5 + ଶݔ0.25 + ଷݔ0.25 ≥ ଵݕ ଵݕ ≤ 16 
(6) 

ଵݔ0.25 + ଶݔ0.15 + ଷݔ0.60 = ଶݕଶݕ ≤ 101 
(7) 
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Revenue from product sales in Beta is as follows: 

 

 

Total revenue of sales is 3658894 that it used as b2 criteria. 

According to this description, the issue of several linear programming is as follows: 

 

 

 

 

 

 

 

 

 

 

Above problem is a multi-objective problem that it can be solved by the techniques of multi objective problems. 
One of these methods is goal programming method. As we explained in the previous section, Most of the 
information we receive from the environment aren’t accurate. Because of its importance for decision making for 
purposes, we consider them as fuzzy. In fact, the purpose of this section is the implementation of a fuzzy goal 
programming model to reducing costs and increasing profits. In this first part, we consider dubbing simple 
additive model. Then we use the weighted additive model for the implementation of goal programming model.  

4.3. Solving Simple Additive TIVARY Model 

The general form of fuzzy goal programming is shown below: 

 

 

 

 

 

 

In which f(x) is fuzzy goal: 

Bi is objective measure. 

Ax<g is systems limitation 

X is n-dimensional vector of decision variables 

To solve the model, we use the concept of linear membership function. The membership function for the fuzzy 
goals, defined as follows:  

If purpose n is in the form below, then: 

 

 

 

 

ଵݔ0.60 + ଶݔ0.40 = ଷݕ ଷݕ ≤ 390 (8)

ଵݔ11627 + ଶݔ6288 + ଷݔ7107  (9)

ଵݕ16500		ݔܽܯ + ଶݕ22604 + ଷݕ2851 ଵݔ1162			݊݅ܯ  + ଶݔ628 + ଷݔ710  ܵ. ଵݔ0.5 ݐ + ଶݔ0.25 + ଷݔ0.25 = ଵݔଵ 0.25ݕ + ଶݔ0.15 + ଷݔ0.60 = ଵݔଶ 0.60ݕ + ଶݔ0.40 = ଵݕ ଷݕ ≤ ଶݕ 16 ≤ ଷݕ 101 ≤ ,ଵݔ 390 ,ଶݔ ,ଷݔ ,ଵݕ ,ଶݕ ଷݕ ≥ 0 

(10)

Find X 

AX ≤ g X ≥ 0 

To satisfy          f୧ሺxሻ	>∼		b୧		 (11)
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Li is Low tolerance for fuzzy goal and bi-Li is tolerance interval. If fuzzy goal is ௜݂ሺݔሻ	>∼		ܾ௜, so membership 

function is as below: 

 

 

 

 

 

In which ui is high tolerance and ui-bi is is tolerance interval.  

Collective goal programming model becomes the sum of the membership functions of the objectives, which is 
formulated as follows: 

 

 

 

 

 

 

 

 

 
We called v (µ) as Fuzzy availability function or fuzzy decision function. This is a single-objective linear 
programming problem that we can solve it using linear programming techniques, such as the simplex algorithm. 
Now, the two-objective problem is already described by this model. As we explained in the previous section, 
Beta problem is now as follows: 

Find X 

AX	 ≤ g X ≥ 0 

To satisfy          f୧ሺxሻ	>∼		b୧		 (12)

௜ߤ = ۔ە
ۓ 1 ௜݂ሺݔሻ ≤ ܾ௜ݑ௜ − ௜݂ሺݔሻݑ௜ − ܾ௜ 																																				ܾ௜ ≤ 	 ௜݂ሺݔሻ ≤ ௜0ݑ ௜݂ሺݔሻ ≥ ௜ݑ  (13)

ሻߤሺܸ	ݔܽܯ =෍ߤ௜௜ μ୧ 	݋ݐ	ݐ݆ܾܿ݁ݑܵ  = 	 ௜݂ሺݔሻ − ௜ܾ௜ܮ − ௜ܮ 	ܺܣ  ≤ ௜ߤ ݃ ≤ ௜ߤ 1 ≥ 0 , ܺ ≥ 0 

(14)

ଵݕ16500		ݔܽܯ + ଶݕ22604 + ଷݕ2851 <∼ 3658894			 
ଵݔ1162			݊݅ܯ + ଶݔ628 + .ܵ 	2712728			>∼			ଷݔ710 ଵݔ0.5 ݐ + ଶݔ0.25 + ଷݔ0.25 = ଵݔଵ 0.25ݕ + ଶݔ0.15 + ଷݔ0.60 = ଵݔଶ 0.60ݕ + ଶݔ0.40 = ଵݕ ଷݕ ≤ ଶݕ 16 ≤ ଷݕ 101 ≤ ,ଵݔ 390 ,ଶݔ ,ଷݔ ,ଵݕ ,ଶݕ ଷݕ ≥ 0 

(15)
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Upper bound for the purpose, income, is 3858894 and lower bound for the purpose, cost, is 2212728, Now, we 
turn our fuzzy goals into membership functions.  

 

 

 

 

 

 

 

 

 

 

Thus, it becomes a single-objective problem:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

If we solve this problem by using the software Lingo, We reach the optimum solution: 

The amount of goals is equal to: 

 

Membership function values are as follows: 

 

4.4 Weighted Additive TIVARY Model: 

,ଵݔ ,ଶݔ ,ଷݔ ,ଵݕ ,ଶݕ ଷݕ ≥ 0
μଵ = ଵݑ	 − ଵ݂ሺݔሻݑଵ − ܾଵ = 3858894 − ሺ165000ݕଵ + ଶݕ226040 + 3858894		ଷሻݕ28513 − 3658894= 3858894 − ሺ165000ݕଵ + ଶݕ226040 + 200000		ଷሻݕ28513  

(16)

μଶ = 	 ଶ݂ሺݔሻ − ଶܾଶܮ − ଶܮ = ሺ11627ݔଵ + ଶݔ6288 + ଷሻݔ7107 − 2212728	2712728 − 2212728= ሺ11627ݔଵ + ଶݔ6288 + ଷሻݔ7107 − 2212728	500000  

 

(17)

ሻߤሺܸ	ݔܽܯ = ଵߤ + ݐ݆ܾܿ݁ݑܵ ଶߤ ଵߤ 	݋ݐ = 3858894 − ሺ165000ݕଵ + ଶݕ226040 + 200000		ଷሻݕ28513  

ଶߤ = ሺ11627ݔଵ + ଶݔ6288 + ଷሻݔ7107 − 2212728	500000 ଵݔ0.5  + ଶݔ0.25 + ଷݔ0.25 = ଵݔଵ 0.25ݕ + ଶݔ0.15 + ଷݔ0.60 = ଵݔଶ 0.60ݕ + ଶݔ0.40 = ଵݕ ଷݕ ≤ ଶݕ 16 ≤ ଷݕ 101 ≤ 390 

,ଵݔ ,ଶݔ ,ଷݔ ,ଵݕ ,ଶݕ ,ଷݕ ,ଵߤ ଶߤ ≥ 0 

ଵߤ ≤ ଶߤ ,  1 ≤ 1 

(18)

ଵݔ = 200	, ଶݔ = 675	, ଷݔ = 2825 , ଵݕ = 16 , ଶݕ = 101 , ଷݕ = 390 (19) 

ܾଵ = ଵݕ16500 + ଶݕ22604 + ଷݕ2851 = 16500 × 16 + 22604 × 101 + 2851 × 390 = 3658894			  

 

(20) 

					ܾଶ = ଵݔ1162 + ଶݔ628 + ଷݔ710 		= 1162 × 200 + 628 × 675 + 710 × 2825 	 = 2662728				 (21) 

ଵߤ = 1			 , ଶߤ = 0.9 (22) 
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Weighted additive models widely are used in goal programming and multi-objective programming techniques to 
reflect the relative importance of goals. In this approach, the decision maker can assign different weights to the 
coefficients of each term in the phase function. In objective function, each member will be multiplied by the 
appropriate factor, and then added together. Weighted additive model is as follows: 

 
 

 

 

 

 

 

 

 

wi is relative importance from fuzzy goal (i). The main problem with this method of management is correct 
relative importance for fuzzy goals.  

Now, we formulate and solve this problem by using weights= ଵଷ , ଶଷ . So the objective function is as follows: 

 

 
 

Constraints of the problem will be the same with the simple mass. So we can solve it using the software Lingo 
and we arrive at the optimal solution: 

 
 

The target value is equal to: 

 

 

Membership function values are as below: 

 

 

5. Conclusions and Recommendations 
5.1 Research Results 

According to research goals, in this study we follow 2 goals. These goals include reducing costs and increasing 
revenue for the production of products. The main way to achieve these goals was using the fuzzy goal 
programming. According to the research variables, TIVARY model was used through conventional methods. 
Finally, to achieve the objectives of the study, we used TIVARY simple additive model and TIVARY weighted 
mass model. First, we run the model using simple additive model.  

 

 

 

 

 

Figure 3. The results from two methods of TIVARY simple additive model and TIVARY weighted mass model 

 

ሻߤሺܸ	ݔܽܯ =෍ݓ௜ߤ௜௜ ௜ߤ 	݋ݐ	ݐ݆ܾܿ݁ݑܵ  = 	 ௜݂ሺݔሻ − ௜ܾ௜ܮ − ௜ܮ 	ܺܣ  ≤ ௜ߤ ݃ ≤ ௜ߤ 1 ≥ 0		, ܺ ≥ 0 

(23) 

ሻߤሺܸ	ݔܽܯ = ଵߤ13 + ଶ (24)ߤ23

ଵݔ = 300	, ଶݔ = 525	, ଷݔ = 2654 , ଵݕ = 16 , ଶݕ = 101	, ଷݕ = 390 (25) 

ܾଵ = 3658894 , ܾଶ = 2562728  (26)

ଵߤ = 1 , ଶߤ = 0.7 (27)
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For the weighting of the criteria, we considered 1/3 and 2/3 for the cost and revenue, respectively. This 
weighting procedure was used, because the main objective is to reduce production costs. And we obtain lower 
cost with this weighting method. Figure 1 shows the results of the two models.  

5.2. Research Proposing: 

According to the results, the following suggestions are offered: 

Determining the goal programming models is very important. And it is one of the most critical steps in 
developing models of goals. This is due to the different and changing views in this regard. It is suggested to 
consider the fuzzy goal programming model with fuzzy parameters. The amount of orders for goods is imported 
fuzzy model. In this case, it becomes clear that in which case it becomes clear that more reliable results can be 
generated in real terms.  

Goal programming techniques can be used to solve other similar models in the organization. The degree of 
achievement, and variables, compared to be able to determine the most appropriate model.  
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