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ABSTRACT 

The focus of this project work is to check the quality control of laundry and 

toilet soap projection. This project gave an overview introduction on the topic 

and reasons for choosing it, in collection and analyzing the data. The data 

collected for this project is a secondary data, of which data A represent the 

data for laundry soap and data B represent the data collected from toilet soap 

respectively. Which equal analysis was given to each data. X and R chart was 

the method of data analysis use to analyze the data obtained from the 

production. From the results, it shows that the both the laundry and toilet 

soap where under statistical quality control, on which the H0 null hypothesis 

was accepted. The data was collected from NASCO Household Products Jos. 
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INTRODUCTION 
Industrial development strategy is characterized by the efficient use of 

resources at every production stage. The analysis and efficient utilization of 

resources are made sustainable by effective management decision making 

techniques employed in the industry. A quantitative decision making tool 

called linear programming can be used for the optimization problem of 

product mix. Understanding the concept behind the optimization problem of 

product mix is essential to the success of the industry for meeting customer 

needs, determining its image, focusing on its core business, and inventory 

management.  

Apparel manufacturing firms profit mainly depends on the proper allocation 

and usage of available production time, material, and labor resources. Kumar, 

(2010). Ezema and Amakom (2012) 
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Statement of the Problem 

Companies in the world, including Ethiopia, have faced problems on 

optimization of production inputs. A company’s endurance in a competitive 

market closely depends on its ability to produce the highest quality products 

at the lowest possible cost (Kumar, 2010). Ezema and Amakom (2012) 

 

Aim and Objectives 

The aim of this research is to determining an optimal solution among 

alternatives to meet a specified objective function limited by various 

constraint sand restrictions (Shaheen and Ahmad, 2015). 

The objectives are: - 

• to manufacture firm profit that is significantly affected by the cost of 

resources and resource utilization Arefayne and Pal, (2014). 

• create a management style to guide their performances in processing 

and resource utilization. 

• to produce a required different amount of production resources having 

different costs and revenues at different stages of production. 

 

Significance of the Study 

First, crafting the proper assortment of products provides the best 

opportunity of meeting customers' needs. The customers come to rely on the 

industry as their primary resource. By carefully monitoring product mix and 

seeking feedback from customers, the firm will be able to make adjustments 

as the needs of customers change over time. Second, it shapes the image of the 

industry and its brand to maintain consistency in the eyes of the target 

market. Third, the industry stays focused on its core business. The industry 

may be tempted to add more product lines in an effort to reach more 

customers. By doing so, it could be in danger of adding products that appeal 

only to a fraction of its customer base while alienating the core customers.  

 

Research Hypothesis 

H0; optimization problem of product mix has influence in linear 

programming application 

H1; optimization problem of product mix has no influence in linear 

programming application 
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Assumption of the Study 

Technically, there are five additional requirements of an LPP: 

1. We assume that conditions of certainty exist; that is, the numbers in the 

objective and constraints are known with certainty and do not change 

during the period being studied. 

2. We also assume that proportionality exists in the objective and 

constraints. This means that if production of 1 unit of a product uses 3 h 

of a particular scarce resource, then making 10 units of that product 

uses30 h of the resource. 

3. The third technical assumption deals with additively, meaning that the 

total of all activities equals the sum of the individual activities. 

4. We make the divisibility assumption that solutions need not be in whole 

numbers (integers). Instead, they are divisible and may take any 

fractional value. 

5. Finally, we assume that all answers or variables are non-negative. 

Negative values of physical quantities are impossible; we simply cannot 

produce a negative number of textile products. Ezema and Amakom 

(2012) 

 

Limitation of the Study 

The relatively sample of the sample limits generalization of the research 

outcome was quantitative in nature and relied on face to-face interviews with 

members of the management and line supervisors in accordance with existing 

records and merely amended to finalize the concepts relevant to the resources 

held and consumed and the production volume of each product in the case 

company. 

 

LITERATURE REVIEW 

This deals with the collection of other relevant analysis and efficient 

utilization of resources that are made sustainable by effective management 

decision making techniques employed in the industry. A quantitative decision 

making tool called linear programming can be used for the optimization 

problem of product mix. Understanding the concept behind the optimization 

problem of product mix is essential to the success of the industry for meeting 

customer needs, determining its image, focusing on its core business, and 

inventory management.  
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Ezema and Amakom (2012) emphasized that organizations in the world are 

challenged by shortages of production input sand low capacity utilization that 

can consequently lead to low production outputs. Linear programming is an 

operational research technique used to allocate optimally production 

resources for a firm’s best practices. It is the most widely used tool (Reeb and 

Leavengood, 1998) to determine optimal resource utilization. As Reeb and 

Leavengood (1998) stated, it is a planning process that allocates resources—

labor, materials, machines, and capital—in the best possible way so that costs 

are minimized or profits are maximized. The LPP then becomes a problem of 

allocating scarce resources to products in a manner such that profits are at a 

maximum and/or costs are at a minimum (Yahya, 2004). However, managers 

in companies create gaps in adopting the method to allocate scarce resources 

among operations and providing quantitative analysis for each production 

period due to lack of awareness. In EM 8720, use the Simplex Method to Solve 

Linear Programming Maximization Problems, to build on the graphical 

example and introduce an algebraic technique known as the simplex method. 

This method lets us solve very large LP problems that would be impossible to 

solve graphically or without the analytical ability of a computer. (Lucey, 1996) 

Linear programming being the most important, it is designed for models with 

linear objective and constraint function ALP models can be designed and 

solved to determine the best course of action as in a product mix subject to 

the available constraints. 

 

RESEARCH METHODOLOGY 
This section discuss on how the data were collected to achieve the selected 
objective, therefore. Pursuance of this task, the method of data collection 
employed for the purpose of this study will be discussed.  
 

METHOD OF DATA COLLECTION 
The data collection procedure was quantitative in nature and relied on face to 
face interviews with members of the management and line supervisors in 
accordance with existing records and merely amended to finalize the concepts 
relevant to the resources held and consumed and the production volume of 
each product in the case company. 
 

Population of study 

This study concern itself solely with the Optimization Problem of Product Mix 

and Linear Programming Applications 
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Sampling method  

The study of optimization problem of product mix and linear programming 

was employed via secondary data which covers the challenges faces within 

the various manufacturing organizations.  

 

Sample frame 

The target population is N=100 n=20 which cover the following products  

• Polo T-shirt 

• Basic T-shirts 

• Mock Neck T-shirts 

• Singlet’s 

• Short Pants 

Where N = is the total population under study and  

            n = is the sample population under study.    

 
Method of data Analysis  
The method to be used in this research work is Linear programming problem 

(LPP) which is a collection of the objective function, the set of constraints, and 

the set of nonnegative constraints. 

 
Model Solution 
A powerful linear programming problem solving technique is the simplex 

Method. Among the various software packages, LINGO 16.0 software was used 

to hold the simplex procedures. The global optimal solution report for this 

model is as follows. 

Step 1: Clearly define the decision variables of the problem, X = (x1, x2,…, xn). 

Step 2: Write the objective function as a linear combination of the decision 

variables, Z = f (X). 

Step 3: Formulating the constraints of the problem as a linear combination of 

the decision variables. 

 
General Form of the Linear Programming Model 
In general, if C = (c1, c2,…, cn) is a tuple of real numbers, then the function f of 

real variables X = (x1, x2,…, xn) defined by 

f (X) = c1x1+ c2x2 +…+ cnxn 

is known as a linear function. If g is a linear function and b = (b1, b2 ,…, bn) is 

tuple of real numbers, then g(x) = b is called a linear equation, whereas  
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g(x) (≤, ≥) b is called a linear inequality. A linear constraint is one that is 

either a linear equation or a linear inequality. A linear programming problem 

(LPP) is one which optimizes (maximizes or minimizes) a linear function 

subject to a finite collection of linear constraints. Formally, any LPP having 

𝑛decision variable scan be written in the following form: 

Optimize                   𝑍 = ∑ 𝐶𝑗𝑋𝑗𝑛
𝑗=1  

Subject  ∑ 𝑎𝑖𝑗𝑋𝑗(≤,=,≥)𝑏𝑖, 𝑖 = 1,2,3, . . , 𝑚𝑚
𝑖=1  

X j n j ≥ 0, 1, 2,...n 

where jijiC ,a ,b are constants. 

The function, being optimized (maximized or minimized), is referred to as the 

objective function. The restrictions normally are referred to as constraints. 

The first m constraints (those with a function of all the variables, on the left-

hand side) are called functional constraints (or structural constraints). 

Similarly, the X j n j ≥ 0, =1, 2,..., restrictions are called non-negativity 

constraints (or non-negativity conditions) and the aim is to find the values of 

the variables Xj. Any vector 𝑋! , satisfying the constraint of the LPP is called a 

feasible solution of the problem (Fogiel, 1996; Schulze, 1998;Chinneck, 2000). 

 

DATA PRESENTATION AND ANALYSIS 

This chapter presents the data collected for this study, analysis, result and 

discussions are carried out on the data base on the aim and objectives of this 

project using the statistical tools outlined and described in chapter three. 

Interpretation of each of the analysis is also done for all the statistical tools 

employed and it is based on this interpretation that conclusions will be drawn 

and relevant recommendations. 

 

Table 1 
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Figure 1: Comparison of customer order and LPP production resources 

utilization. Here, an analysis has been made without considering customer 

orders to develop an LPP model using monthly consumption of resources. The 

monthly consumption of each resource values are given under the left-hand 

side column in Table 2, which can be used as required for the constraints.  

 

Discussion of findings  

The information collected from the case company in addition to the sales and 
other operating data was analyzed to provide estimates for LPP model 
parameters. To set up the model, the first level decision variables on the 
volume of products to be produced were set. 
x1 = number of Polo T-shirts 
 x2 = number of basic T-shirts 
x3 = number of mock neck T-shirts 
 x4 = number of singlets  
x5 = number of short pants  
Z = total profit during the month  
Now, the linear programming model, maximizing the total profit is: 
Maximize z = 525/100*X1+482/100*X2+485/100*X3 
+32/10*X4+675/100*X5;  
Subject to  
315*X1+ 200*X2 + 195*X3 + 180*X4+ 280*X5 ≤ 20526871;  
230*X1 +110*X2+ 140*X3+ 100*X4+ 200*X5 ≤ 13288700;  
125/10*X1+5.5 *X2 + 63/10*X3+ 425/100*X4 + 75/10*X5 ≤ 590765;  
31/10*X1+ 191/10*X2+ 201/10 *X3+ 165/10*X4+ 375/10*X5 ≤ 2116525;  
18/10*X1+ 11/10*X2+ 17/10 *X3+ 11/10*X4+ 26/10*X5 ≤ 139225;  
227/10*X1 + 55/10*X2+ 104/10*X3+ 45/10*X4 + 201/10*X5 ≤ 1002344;  
2*X1+ 13/10*X2 + 19/10*X3+ 13/10*X4+ 26/10 *X5 ≤ 154982; 
 X1≥ 0; X2 ≥ 0; X3 ≥ 0; X4 ≥ 0; X5 ≥ 0. 
Data Analysis 
Figure 1 
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Figure 2 

 
 

Figure 3 

 
 

Figure 4 
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Conclusion 

Ability to use resources (resource utilization) was recorded as the major 

constraint in the apparel manufacturing industry. The profits comparison 

between the actual production and production using LPP models show 

sizeable differences. From this point of view, it can be concluded that the 

apparel company should use quantitative research methods of linear 

programming to determine their optimal product mix. Thus, it will be possible 

to obtain the following results:  

• The profit of the company can be improved by 59.84% (from Birr 

465,456 per month to Birr 777,877.3 per month).  

• Denying customer orders and adopting the LPP solution provides only 

three types of products but the profit of the company can be improved 

by 7.22% (from Birr 465,456 per month to Birr 499,058.5 per month). 

• Use of an operational research technique in the production time 

horizon helps the company to improve its objective. 

 

Recommendation 

Northwest corner method is a special type method used for transportation 

problems in linear programming it is used to calculate the feasible solution for 

transporting commodities from one place to another, whenever you are given 

a real-word problem, which involve supply and demand from one source of 

different source. 

Least cost method is another method to calculate the most feasible for a linear 
programming problem. 
This method drives more accurate result than northwest corner method, it is 

used for transportation and manufacturing problem 
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