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Abstract - The product-mix problem is suitable in many Fields. This paper reviews a practical optimization problem of 

product-mix based on availability of resources, raw materials. The objective is to maximize profit and minimize waste 
satisfactory all constraints. In this paper, the problem is formulated as a fuzzy linear programming model as well as by using 
goal programming approach. 
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I. INTRODUCTION 

 
Product mix problems are theoretically the easiest 

computational problems to understand. There are 

various technique to solve product mix problem. This 

paper give details two approaches and their models to 

solve product mix of the manufacturing bakery. 

Firstly, it explains the models and after that, it 

includes two numerical examples by two approaches 

first is fuzzy linear programming approach and 

second one is goal programming approach. 

Implementation of the theory of grade function of 

vague set principle to multi-objective programming 

problems has been discussed. 

 

II. BASIC DEFINITIONS 

 

Fuzzy Set 

If X is a collection of objects denoted by x ,then, a 

fuzzy set 𝐴  in X is a set of ordered pairs: 

𝐴 = {(𝑥,𝜇𝜆   𝑥 )|𝑥€𝑋}   . [2] 

Membership Function 

For any set X, the Membership function is a mapping 

from set 𝑋to [0,1].  Denoted by 𝜇𝐴 𝑥 [2]. 
Product Mix Problem 
It is aunificationof finite number of products.Its 

purpose is to calculate the number of each product 

manufacture to attain objective of the firm. 
Example – maximizing profit and minimizing waste. 

Formulation of the Problem 

A Bakery manufactures three types of products 

Brownie, Choco Truffle, Doughnut. Each type of 

product is made by different mixture of sugar, Milk, 

flour. The following table summarizes the required 

amount of sugar, Milk, flour required to produce per Kg 

of product is given in the following table 

Product Sugar Milk Flour Profit Waste 

Brownie 2 2 1 5000 4 

Choco-

Truffle 
3 3 2 6250 2 

Doughnut 6 2 3 4650 3 

Availability 127 52 56 - - 

Tolerances are defined in such a way: 

(i) Maximum profit should be greater than or equal to 
75% 

(ii) The overall waste should not surpass 30% more 

than the lowest waste 

Then, based on data mentioned in above table and 

with the help of defined tolerances, the bakery owner 

wants to maximize profit and minimize waste. 

Following steps are required to convert the 

manufacturing problem into fuzzy linear 

programming problem with more than one objective. 

 

Decision variables 

𝑥1  is thequantity of 1-Kg package of brownie to be 
produced. 

𝑥2 is the quantity of 1-Kg package of Choco-Truffle 

to be produced. 

𝑥3is the quantity of 1-kg package of Doughnut to be 

produced. 

 

First Objective Function: The aim of 1𝑠𝑡  objective 

function is to enlarge the whole dividend. 
 

Maximize z1= 𝑝𝑖𝑥j    (j=1,2,3) 

 

𝑧1is the total dividend gained from three  products. 

𝑝1is the Profit gain from brownie 

𝑝2is the Profit gain from choco -Truffle 

𝑝3  𝑖𝑠 the Profit gain from Doughnut 

 

Second Objective Function: The aim of 2𝑛𝑑  
objective function is to minimize the overall waste 

arising out of three products. 

 

Minimize  𝑧2=     𝑤𝑖𝑥𝑗   (j=1,2,3) 

 

𝑧2 is the total waste arising out of manufacturing of 

the three products 

𝑤1 is the Waste arise from the production of brownie. 

𝑤2 is the Waste arise from the production of Choco-
Truffle. 

𝑤3 is the Waste arise from the production of 

doughnut. 



International Journal of Management and Applied Science, ISSN: 2394-7926                                 Volume-5, Issue-7, Jul.-2019 

http://iraj.in 

Multi-Objective Decision Making Approach for Product Mix Problem: A Literature Review 

 

47 

System of constraints 

The amount of sugar should not surpass its 
accessibility. 
 𝑎𝑖𝑗 𝑥𝑗 ≤ 𝑏1        ∑a1jxj≤b1 (j=1,2,3) 

𝑎11 is the quantity of sugar desired to make 1 Kg of 

brownie. 

𝑎12 isthe quantity of sugar desired to make 1 Kg of 

choco truffle 

𝑎13 is the quantity of sugar desired to make1 Kg of 

Doughnut 

𝑏1 is the quantity sugar accessible to synthesize 

packages of 1 Kg of the three products. 

The quantity of Milk must not surpass its 

accessibility, which is: 
 𝑎2𝑗𝑥𝑗 ≤ 𝑏2 (j = 1,2,3)  

𝑎21 is the quantity of Milk needed to synthesize 1 Kg 

Brownie. 

𝑎22 is the quantity of Milk needed to synthesize1 Kg 
choco truffle 

𝑎23 is the quantity of Milk needed to synthesize1 Kg 

Doughnut 

𝑏2is the quantity of Milk accessible to synthesize1 Kg 

of three products. 

 The quantity of flour needed must not 

surpass its accessibility, 
 𝑎3𝑗𝑥𝑗 ≤ 𝑏3( j = 1,2,3) 

𝑎31 is  the quantity  of flour desired to make 1 Kg of 

Brownie ; 

𝑎31 isthe quantity  of flour desired to make1 Kg of 

choco Truffle; 

𝑎32 is the quantity of flour desired to make1 Kg of 

Doughnut ; 

𝑏3is the quantity of flour accessible to packages of 1 

Kg of the three product. 

Detailed Model for the Product Mix Problem 

Maximize 𝑧1=𝑝1𝑥1+𝑝2𝑥2 + 𝑝3𝑥3 

Minimize    𝑧2=𝑤1 𝑥1  +𝑤2𝑥2+𝑤3𝑥3 

subject to, 

𝑎11𝑥1+𝑎12  𝑥2 +𝑎13𝑥3 ≤ 𝑏1 

𝑎21𝑥1+𝑎22𝑥2+𝑎23 𝑥3 ≤ 𝑏2 

           𝑎31  𝑥1+𝑎32𝑥2+𝑎33𝑥3 ≤ 𝑏3 

𝑥1 ,𝑥2 ,𝑥3 ≥ 0 

 

Converting the detailed model expressed above into 

Fuzzy model 

 z1(max) and z1(min).are the corresponding 

optimum value of  the objective function 𝑧1. 

 

The grade of approval to the value attained by the 

function 𝑧1 

 
 

 z2(max) and z2(min).are the corresponding 

optimum value of  the objective function 𝑧2. 

 The grade of approval  to the value attained 

by the function z2: 

 
 

Now, the problem is converted into a problem having 

more than one objective. 

Maximize ),,( 321
1

xxxz  

Minimize  ),,( 3212
xxxZ  

Subject to 

𝑎11𝑥1+𝑎12𝑥2+𝑎13𝑥3 ≤ 𝑏1 

𝑎21𝑥1   +𝑎22𝑥2 +𝑎23𝑥3 ≤ 𝑏2 

𝑎31𝑥1+𝑎32𝑥2 + 𝑎33𝑥3 ≤ 𝑏3 

𝑥1,𝑥2,𝑥3 ≥ 0 
Maximize α 

Subject to 

𝜇𝑧1
(𝑥1 , 𝑥2 ,𝑥3) ≥ 𝛼 

𝜇𝑧1
(𝑥1,𝑥2,𝑥3)≥ 𝛼 

𝑝1𝑥1+𝑝2𝑥2+𝑝3𝑥3 ≥ 0.75 

𝑤1𝑥1+𝑤2𝑥2+𝑤3𝑥3 ≤ 0.30 

𝑎11𝑥1+𝑎12𝑥2+𝑎13𝑥3 ≤ 𝑏1 

𝑎21𝑥1   +𝑎22𝑥2 +𝑎23𝑥3 ≤ 𝑏2 

𝑎31𝑥1+𝑎32𝑥2 + 𝑎33𝑥3 ≤ 𝑏3 

𝑥1,𝑥2,𝑥3 ≥ 0 

 

The Fuzzy Linear Programming Model 

Maximize    𝑧 𝑥 =  {𝑧1  𝑥 , 𝑧2  𝑥 ,…, 𝑧𝑛   𝑥 } 

Subject to , 

𝐴𝑥 = 𝑏 

𝑥 ≥ 0. 

Here, all objectives are characterized by the 

corresponding grade function. 
 

For each independent function 

{ 𝑧1  𝑥 , 𝑧2  𝑥 ,…, 𝑧𝑛   𝑥 }  there is corresponding 

grade 

{𝜇𝑧1
 𝑥 , 𝜇𝑧2

(x),…,𝜇𝑧𝑛
 𝑥 } 

 

For each objective function {𝑧1 ,𝑧2 ,…,𝑧𝑛 }.let the 

optimal  solutions are found at{𝑥1 ,𝑥2 ,𝑥3 ,…..,𝑥𝑛 }. 

Then, define 

𝑧𝑗
𝑚 = min{𝑧(𝑥1 ),𝑧 𝑥2 ,……𝑧(𝑥𝑛 )} 

Then the membership function for the 𝑗𝑡ℎ  objective 

function will be defined as: 
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Maximize or Minimize 

𝜇𝑧𝑗
(x) 

Subject to 

𝐴𝑥 ≤ 𝑏 

𝑥 ≥ 0 
The problem further transformed to the following 
linear programming problem 

𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒 𝛽 
Subject to 

𝛽 ≤ 𝜇𝑧𝑗
(x) 

𝐴𝑥 ≤ 𝑏 

𝑥 ≥ 0 

 

Solution of Product mix Problem using Fuzzy 

Linear Programming approach 

The whole mathematical model for the given problem 

- 

Maximize 𝑧1 = 5000𝑥1 + 6250𝑥2 + 4650𝑥3 

𝑧2 = 4𝑥1 + 2𝑥2 + 3𝑥3 
subject to, 

2𝑥1 + 3𝑥2 + 6𝑥3 ≤ 127 

2𝑥1 + 3𝑥2 + 2𝑥3 ≤ 52 

𝑥1 + 2𝑥2 + 3𝑥3 ≤ 56 

𝑥1 ,𝑥2 ,𝑥3 ≥ 0 
 

The optimal solution using Sequential Solution 

Approach 

𝑧1 max = 1,30,000  ,  𝑧2 max = 0  , 𝑧1 min = 0,
𝑧2 min = 104. 
 

Therefore, the constraints will then become 

5000𝑥1 + 6250𝑥2 + 4650𝑥3 ≥ 97500 

4𝑥1 + 2𝑥2 + 3𝑥3 ≤ 31.20 
 

The  fuzzy mathematical model for the given problem 

- 
Maximize α 

subject to 

2𝑥1 + 3𝑥2 + 6𝑥3 ≤ 127 

2𝑥1 + 3𝑥2 + 2𝑥3 ≤ 52 

𝑥1 + 2𝑥2 + 3𝑥3 ≤ 56 

4𝑥1 + 2𝑥2 + 3𝑥3+≤ 31.2 

5000𝑥1 + 6250𝑥2 + 4650𝑥3 ≥ 97500 
(5000𝑥1 + 6250𝑥2 + 4650𝑥3)

130000
 ≥ 𝛼 

(104 − (4𝑥1 + 2𝑥2 + 3𝑥3)

104
≥ 𝛼 

Where 𝑥1 ,𝑥2  ,𝑥3 ≥ 0 

 

The optimal solution using Fuzzy Linear 

Programming Approach: 

 

𝑥1
∗ =  0 (This indicates that the bakery does not 

manufactures any 1 Kg package of Brownie); 

𝑥2
∗ =  15.6(This indicates that the bakery 

manufactures   15.6 Kg package of  Choco-Truffle); 

𝑥3
∗ =  0 (This indicates that the bakery does not    

manufacture any 1 Kg package of Doughnut); 

𝛼∗= 0.70 

Maximum profit  𝑧1 = 97500, Minimum waste 

 𝑧2 = 31.2 
 

Fuzzy Goal Programming Model: 

Minimize 𝛽 

Subject to 
(𝑧𝑖 𝑥 −𝑙𝑖)

(𝑔𝑖−𝑙𝑖)
 +𝑑𝑖

− +𝑑𝑖
+ = 1   (i=1,2,…..n) 

𝐴𝑥 ≤ 𝑏 

𝛽 ≥ 𝑑𝑖
− 

𝑑𝑖
− 𝑑𝑖

+=0  (i=1,2,….n) 

𝑑𝑖
− ≥ 0 

𝑑𝑖
+ ≥ 0 

𝑥 ,𝑑𝑖
−,𝑑𝑖

+ ≥ 0 

But, for (i=1,2,…..n) ,𝑍𝑖 𝑥 = 𝑐𝑖
𝑇(𝑥) 

Hence,  we have, 
(𝐶𝑖

𝑇 𝑥 −𝑙𝑖)

(𝑔𝑖−𝑙𝑖)
 +𝑑𝑖

− − 𝑑𝑖
+ = 1 

i ,e 

𝑐𝑖
𝑇 𝑥 + 𝑚𝑖𝑑𝑖

+ = 𝑔𝑖 𝑘 = 1,2,…𝑛  
𝛽 ≥ 𝑑𝑖

− 

𝐴𝑥 ≤ 𝑏 
𝑑𝑖

−𝑑𝑖
+ = 0  𝑖 = 1,2,3,4,… . 𝑛  

𝑥 ,𝑑𝑖
− ,𝑑𝑖

+ ≥ 0 𝑤ℎ 𝑒𝑟𝑒 𝑚𝑖=(𝑔𝑖-𝑙𝑖) and 

𝐴𝑥 ≤ 𝑏 

𝑑𝑖
−.𝑑𝑖

+ = 0,(i=1,2,3,…n) 

𝑥, 𝑑𝑖
− ,𝑑𝑖

+ ≥ 0where𝑚𝑖 = (𝑔𝑖-𝑙𝑖) and 

𝛽 = max(𝑑𝑖
−) 

 

Solution of Product mix Problem using Goal 

Programming Approach 
Minimize u 

subject to, 

(5000𝑥1 + 6250𝑥2 + 4650𝑥3 + 130000𝑑1
−

− 130000𝑑1
+) = 130000 

(4𝑥1 + 2𝑥2 + 3𝑥3 + 104𝑑1
− − 104𝑑𝑖

−) ≤ 104 

2𝑥1 + 3𝑥2 + 6𝑥2 ≤ 127 

2𝑥1 + 3𝑥2 + 2𝑥3 ≤ 52 
(𝑥1 + 2𝑥2 + 3𝑥3) ≤ 56 

(4𝑥1 + 2𝑥2 + 3𝑥3) ≤ 31.2 

5000𝑥1 + 6250𝑥2 + 4650𝑥3 ≥ 97500 

𝛽 ≥ 𝑑1
− 

𝛽 ≥ 𝑑2
_  

𝑑1
−.𝑑1

+ = 0 

𝑑2
−𝑑2

+ = 0 

𝑥, 𝑑1
− ,𝑑1

+ ,𝑑2
−,𝑑2

+ ≥ 0 

(𝑥1 + 2𝑥2 + 3𝑥3) ≤ 56 

(4𝑥1 + 2𝑥2 + 3𝑥3) ≤ 31.2 

5000𝑥1 + 6250𝑥2 + 4650𝑥3 ≥ 97500 

𝛽 ≥ 𝑑1
− 

𝛽 ≥ 𝑑2
_  

𝑑1
−.𝑑1

+ = 0 

𝑑2
−𝑑2

+ = 0 

𝑥, 𝑑1
− ,𝑑1

+ ,𝑑2
−,𝑑2

+ ≥ 0 

 

The optimal solution using goal programming 

approach: 

𝑥1
∗ = 0 (This indicates that the manufactures do not 

manufactures any 1 Kg package of Brownie); 
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𝑥2
∗ =15.6 (This indicates that the company 

manufactures 15.6Kg package of choco-truffle); 

𝑥3
∗  =0 (This shows  that the firm does not 

manufacturing any 1 Kg package of Doughnut); 

β * = 0.30, 

Maximum profit (z1) = 97500 

Minimum waste (z2) = 31.2 

 

III. CONCLUSION 

 

In this paper we have investigated two approaches  

for solving  linear programming problems with more 
than one objective under Vague envirnoment and 

illustrated it with an example. This paper emphasizes 

the correspondences amidVague Goal programming 

and Vague linear Programming. 
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