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Abstract  

 

An Optimization Model to Improve Productivity and Efficiency in a Manufacturing 
Production Line  

 

     The production line is the backbone of the manufacturing companies and any decision 

related to it can be crucial to the management to increase or decrease the production 

capacity. Also, it can affect directly the productivity and efficiency of the production as 

well as the profitability of the company. 

     To take a decision, company management has to consider it on solid base of analysis 

of all the affecting factors. As shown in the literature review, the linear programming can 

be positively effective in the results. Method taken to analyze the ability of increasing 

productivity and efficiency is applied model of linear programming on the figures we 

have from production lines.  

     Results of the research are positive in general, two production lines out of five 

increased productivity, and the remaining three production lines decreased the resources 

to the minimum,  

     At the end of the research, the linear programming gave positive solution as the 

objectives targeted achieved. 
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Chapter 1 

Introduction 

 

1.1 Background  

Manufacturing companies often face some difficulty to measure the actual production 

efficiency and productivity and this is due to many circumstances like resource 

availability and the uncertainties may happen during the production process. 

In studied case, there are many factors effective in the production line, one of them is the 

market demand of the product; the management decisions to increase or decrease the 

production capacity depending on the market share they expected to have 

synchronization with availability of the resources and row materials. 

Research will apply a model of linear programming to improve the production line in 

more than one scenario and will analyze the results to come up with the most logical and 

acceptable scenario. 

The approach is to consider the production line and the resource as constrains and in each 

can segregated to multi categorize. 

Data, figures & numbers were taken from an actual production line and the study along 

with the result will be taken in consideration and will be recommended to the company, 

and they will try to improve the production line based on our research results. 

The study shows the gap and the missing productivity or the loss of resource. To avoid 

such problem in another production line, I used the same principle of production since the 

company has many plants and each plant have more than one production line with same 

technics and principles of production. 
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1.2 Research Problem 

Productivity & efficiency are main factors affecting the capability and capacity of the 

production lines in manufacturing facilities. There are many ways to measure the 

productivity & efficiency of production line and the linear programming is one way, 

through which, I will try to show the analysis of productivity & efficiency.      

Most of production lines have wastes and they put it in their consideration like (Material 

wastes & production hours wastes). We will use linear programming to minimize these 

losses as well as reflect on improving productivity & efficiency.      

Research problem is to maximize the production productivity and minimize the waste, 

and get more accurate figures of input and output of production line. 

1.3 Research Aim  

Research objective is to maximize production ability, minimize production waste of 

material and Accuracies of actual production capability.    

In this research, we will discuss the probability of improving the production line in 

manufacturing company.  

1.4 Research Objective  

Is to maximize the production capacity and minimize the waste, the study will increase the 

accuracies of the actual figures we can get from the production line.   

Ø Maximize productivity of production lines. 

Ø Minimize production wastes (Material). 

Ø Accuracies of actual production capability.    
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1.5 Research Hypothesis  

Ø Maximize production line productivity by applying linear programming model. 

Ø Minimize wastes material and maximize the profit by analyzing the production 

line data. 

Ø The accuracies of the production capacity comparing to our analysis.     

1.6 Research Methodology  

Research will be based on the data taken from actual production line and will be 

formulated in linear programing to get the targeted results. Then, the productivity & 

efficiency will be analyzed based on the result we come up with. 

1.7 Literature Review  

In all production lines in manufacturing industries, one of the main goals is to maximize 

the productivity with same resources. Many studies done in the field of productivity used 

different methodologies to maximize the productivity. By reviewing some of the 

literatures, I realized that they chose their method based on the giving factors available 

with the researcher. There were articles discussed the productivity and another talked 

about application of linear programming. I will try to match and apply the methodology 

of linear programming model to improve productivity & efficiency.  
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Chapter 2 

Literature Review 

 

2.1 Introduction 

Hart, (1998) mentioned about the same subject, it’s a need to find what is exactly 

available in the body of knowledge as a step prior to instating any research and that could 

be considered as a kind of respect for the previous research.  

(Webster, & Watson 2002) the literature review is a methodological review of previous 

academic research where it critical step for any academic research.  

In this research, the studied focused on the productivity and efficiency of production lines 

and the optimum solution by applying linear programming model.   

2.2 Productivity and efficiency  

Rommelfanger, (1996) In this study, researcher measure the productivity and efficiency 

in manufacturing industries and compare it to the productivity in service sector . Also, he 

compare the growth of both companies with high productivity , long hour works, low 

productivity and their efficiency over the years. In long term study, the researcher 

approved that the high productivity lead to growth of the organization even if it will take 

a long time “  years “ and small increase in productivity can have a high impact on the 

organization specially in the long term. Agreed with this study and that will be approved 

by our study later on. 

Dantzig, (1995) In the study researcher measured the productive efficiency in some 

sector to come up with economic value and he apply some formulas and analyze the 

figures he had from the life and made his analysis graphically and data schedule. His 

analyzing is specifically in the economically effecting and we can see the economically 



5 	
  
 

difference in our research after improving the productivity efficiency without measuring 

it separately but by applying the linear programming and the efficiency always directly 

proportional to the productivity and when one increase or decrease the other will change 

in the same direction. 

Lee, (1996) This research argument is based on measuring the productivity in certain 

sector based on different parameters and combining the result and make same graphs to 

compare between the results. All the work is theoretical and based on data available to 

create a new model to measure the productivity in international trading in different 

countries and take the common parameter in all countries included in research and ignore 

the differences between countries and the other and the circumstances of international 

trading in each country, the aim of the study in general is good but the way the study was 

done I think isn’t useful for any country unless there are same circumstances and 

regulation. 

Coman, (2000) This research is to evaluate the financial company performance, the 

portfolio, capital of the business, and possibility to increase the portfolio. Researcher took 

a sum of the average of returns to get his target which is to expand the portfolio of the 

process to sum all the return and take the average by using linear programming model, 

researcher took each return as a linear constrain and process all constrains in one linear 

programming problem to get the optimal point of the figures applied in the problem. 

Researcher developed a liner programming model which is a multiple criteria linear 

programming model to match the available data and got an accurate result, researcher did 

many mathematical theory to get the linear programming model and to get the result 

targeted, the way that he concluded the modification is logical and can be followed but 

for the actual applying should give more justification to approve the workability of the 

modified linear programming model. 

Peter, (1997) In this research, researcher applied a linear programming model on logic 

circuit to measure the delay in each cell and in a total result of each logic circuit to 

combine the total result of all logic circuits. Researcher took the delay of each symbol 

and the rang of delay and by providing the delay of each symbol along with adding the 

wire delay and the solder joint delay, researcher can calculate the delay of any logic 
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circuit by knowing the part used in the circuit. The research can use full and concentrate 

delay result more than linear programming to find a general solution. Also, can be used to 

all logic circuit, they shorten the time by using linear programming and can be applied on 

many cells at the same time. We can use the some to combine more than production line 

result in one linear programming problem. 

2.3 Optimization of LP methods   

Pilat, (1996) Liability industry in US using LP “DEA model” to acquiring more revenue 

comparing to the firms the acquiring same revenue. They achieve the goal they are 

looking for and they increased the revenue especially in the long-term period. The way 

that they analyzed their case is reasonable and I think that in our study will use the same 

methodology with small difference in the figures and linear programming model. Hence, 

our product is different from them.   

Simon, (1993) This study studied the two possible solutions and the most suitable of both 

with incur a lowest cost of each and the possibility to convert from solution to another 

with the same cost or at least the minimum increased in the cost, the analysis was made 

by linear programming model. The research methodology was logical but the research 

wasn’t applied with actual figures from the practical life, it was just inferences we can 

take and apply on our research further comparing the result with our practical experience. 

Da Silva, (2004)  In this research they applied the linear programming to the multi 

production plant and they made a plan for the production,  the resource available, the 

possibility to increase or decrease the resource along with the production,  and to 

segregate or aggregate the production line to achieve multi product produced 

synchronously together. The idea of linear programming and the applying method is 

perfect but I think that they will face difficulty in the actual life to segregate or aggregate 

the production line from product to another; hence, they will lose the time they should 

save in production line or integration as per the requirement of the plan. 

Gorton, (1999) The researcher applied a model of linear programming in combined heat 

and power to get the optimum solution for the problem and modify a model to be more 

suitable with the case he worked on. The researcher applied the modify linear 
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programming model with his case and compared the result of modification model is 

effected the speed of power simplex process and it will be extremely fast based on the 

normal operation in actual life, they tested the model and found the speed is increased by 

approximately average of eleven times that the normal operation process. The 

modification worked perfectly and it is useful in the actual life, we can take similar steps 

of modification in our research and compare it with the actual production line result to 

see the effectiveness of our research. 

Simon, (1993) The researcher took a problem from actual life in manufacturing 

production line and applied the linear programming in their data according to resource 

available. Which will result which kind of product will get a company higher income or 

revenue and which kind of product should be outsources to cover the needed, researcher 

take the resource as a constrains and he applied a simple linear programming to get the 

visible solution and the optimum solution with the highest revenue possible to proceed 

with the company in this product. The goal was clear and the applying was simple and 

researcher got what he was looking for by a simple research. Thus, the research in 

manufacturing industries like our research could be an advantage to us to refer to at some 

point. 

Vanderbei, (2001) The research is about developing a linear programming model for the 

case which we can use linear programming on, and some of hypothesis made constrains 

from it to apply a linear programming of the case and come up with the solution their 

looking for in the research. The research went in depth in the hypothesis and made a 

model of linear programming that amended the model, but he didn’t use the amendment 

model in the problem from the actual life to prove its workability. Theoretically, we can 

accept the result of the research but practically, we can only accept the practical result 

coming from actual figures taken and applied on the linear programming and given a 

logical solution. This research can match with our linear programming model and the 

hypothesis they used in their research  

Kira, (1997) The researcher applied the linear programming model to prioritize the 

production line orders with regards to all the effective circumstances of the production 

line; the delivery schedule, distance, the cost of the shipment,  the profit of each order  , 
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the  ability and availability of shipment in the specific area needed to dispatch for. 

Researcher categorized the production as a priority and goals after applying all the data 

required in linear programming. He concluded the priority he was looking for 

successfully but he didn’t show if it can work in reality.  I think that the way of 

categorizing is very specific but the researcher didn’t apply the model in the actual 

problem. 

2.4 Summary  

Based on the above literature review, we conclude that the productivity and efficiency in 

production can be measured and improved by many ways; one of which is the linear 

programming. Moreover, it works successfully in most of the times to improve the 

productivity, increase the production or decrease unnecessarily wasting of resource.     
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Chapter 3 

Methodology 

 
3.1 Introduction 

To achieve research targets, we have to follow methods and guidelines of established 

study.  In this research, we discuss mainly linear programming and how to apply it in 

actual problem figures to improve the production line, to select most production line 

profitable, and to improve the others along with minimize resource to the level can 

production line produce without any effect in the productivity of the line or reduce the 

quantity of product. 

3.2 Data Collection 

To improve production lines, we have to study production lines themselves; the way they 

work, the ability of changes,  modify the production line, the working hours, the ability of 

increase or decrease the working hours and the affection of these changes on the cost and 

profit. In this research, our study will focus on the resource and the ability of reduce the 

recourse without changing the production quantity or increasing the profit without 

increasing the resource. All data were collected from the manufacturing production 

company and we have the official letter with all the data we need for our research 

(Appendix 1 page 33). 

3.3 Data Analysis 

The objective of this research is to find the optimum solution of the data given of 

production lines to reduce the resource and increase the profit by using a linear 

programming model and analyzing the solution. Hence, get the optimum result with 

logical analysis that can be applied in actual production lines. 
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Ø Review the literatures and choose the suitable hypothesis to adopt in the research 

to make the formulation and analysis based on. 

Ø Apply the LP Model choosen based on data available to get the research 

objectives. 

Ø Refer to Vanderbei's text, the standard form of a linear programming problem  

The objective is always to maximize or to minimize the linear function of the decision 

variables.  

Refer to linear programs formulation the below way a standard form of linear 

programming.  

We use “a” to nominate the quantity of material available, and “c” to nominate the profit 

variable of each operation process in production lines.  

X1= the number of production quantity of first process in production line 

X1= the number of production quantity of first process in production line 

formualtion in the research problem will be based on the above formula The -   
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Chapter 4  
Data Analysis  
 
4.1 Introduction 

The concentration in this chapter will be on the data we have, the solution of the linear 

programming, the analyzing of research steps of solution, the comparison between the 

classical solution and the solution we have from the Excel solver to come up with the 

optimum solution, thus improve the production lines. 

4.2 Data Given 

Schedule below given by manufacturing company; it includes five production lines , the 

quantity consumed in each line, the profit of each process in the line,  and the total 

capacity per day. “Due to company confidential, the profit given is assumption but it 

simulates to reality” 

Production Metric Ton per hours 

Production Lines 
Rolling Mill Stranding Capacity per 

Hour X1 X2 

L1 1 0.5 6 

L2 1.5 1.5 6.4 

L3 1 1.2 7.2 

L4 1.7 3 8.6 

L5 1.5 0.5 5.6 

    Profit Per MT $72 $105 

 
Table 4.1 The data of production lines capacity 

The variable X1 & X2 are the process stage in the production line and each stage consume 

different capacity of materials.   
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4.3 Analytical solution  

From the above data given, the data will be used as follow:  

Max. Profit (Z) = 72 X1 + 105 X2 

 Constrain 1 = 1 X1 + 0.5 X2  < 6 

 Constrain 2 = 1.5 X1 + 1.5 X2  < 6.4 

Constrain 3 = 1 X1 + 1.2 X2  < 7.2 

 Constrain 4 = 1.7 X1 + 3 X2  < 8.6 

 Constrain 5 = 1.5 X1 + 0.5 X2  < 5.8 

To find optimum point 

Constrain 1:  X1 = 6 ,  X2 = 12 

Constrain 2:  X1 = 4.2 ,  X2 = 4.2 

Constrain 3:  X1 = 7.2 ,  X2 = 6 

Constrain 4:  X1 = 5 ,  X2 = 2.8 

Constrain 5:  X1 = 3.8 ,  X2 = 11.6 

 

 

  

Optimum Point (D) 

                                               

 

                                                Feasible region 

 

Graph 4.1 The feasible region as the data given 
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Refer to graph 4.1 the feasible region will be confined in points (A, B, C, D, E) which the 

values of the point as follow. 

The lines in graph 4.1 means the production lines and are consider as constrains. 

The points (A, B, C, D, E) are our solution and the area confined on these points called 

feasible region.  

Point D is the optimum point of the solution that reflect the maximum profit of all 

production lines and the two lines which cross the point D are the Binding constrains 

which shows the ability to increase the productivity.  By substituting the following data 

in objective formula, we will get the result of the graph 4.1.  

A (0,0)  , ZA = 72 (0) + 105 (0) = 0 

B (3.7,0)  , ZB = 72 (3.7) + 105 (0) = 266.4 

C (3.5,0.75)  , ZA = 72 (3.5) + 105 (0.75) = 330.75 

D (3.3,1.1)  , ZD = 72 (3.3) + 105 (1.1) = 353.1 

E (0,2.8)  , ZE = 72 (0) + 105 (2.8) = 294 

The optimum point will be the D point and the Binding constrains are 2 & 4. 

In the following, applied the sensitivity analysis to achieve the target points. 

v
 The ability of increase resource to improve the optimum value.  

v
 The ability of decrease resource without changes the optimum value.   

v
 Studying the effect of increasing abundant resource and decreasing scarce 

resource. 

4.3.1 Sensitivity Analysis 

In the sensitivity analysis, solution will be based on two type of analysis: 

By how much can a resource be increase in order to improve the optimum value of the 

objective function? 
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By how much can a resource be decrease without causing a change in current optimum? 

                                                      

                                                               

     

                                                           Optimum Point F (3.5, 1.1) 
  

  

                                                                 

                                                                 Feasible region 

 

Graph 4.2 The possible increased feasible in resource constraint 2 

Moved line CD outward to touch new point F to increase the feasible region which is the 

abundant resource, to find the maximum ability of increasing the feasible region which 

reflected to our profit and increased optimum point to other point which it’s the highest 

ability of profit it can reach in our solution as shows in figure 4.2.  

RHS of constrain 2 will be increased to 6.5 and viable region will be confined in points 

(A, B, F, E). 

After find the F point value we determined the constrains cross the point F which are 4 & 

5. 

The F value (3.4, 0.9), X1 = 3.4 , X2 = 0.9 

We substitute these values in constrain 2 to get maximum allowable level of resource in 

constrain 2. 

Constrain 2 = 1.5 (3.4) + 1.5 (0.9) = 6.45 
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Graph 4.3 The possible increased feasible in resource constraint 4 

Moved constrain number 4 outward to touch new point G to increase the feasible region 

which is the constrain will be redundant after this point, to find the maximum ability of 

increasing the feasible region which reflected to our profit and increased optimum point 

to other point which it’s the highest ability of profit it can reach in our solution as shows 

in figure 4.3.  

Which the point G intersection of line 2 with X2-axis (X1=0) 

The G value (0 , 4.2), X1 = 0 , X2 = 4.2 

We substitute these value in constrain 4 to get the maximum allowable level of resource 

in constrain 4. 

Constrain 4 = 1.7 ( 0 ) + 3 ( 4.2 ) = 12.6 

 

 

 



16 	
  
 

 

 

 

 

 

 

 

Graph 4.4 The possible decreased in resource constraints 1, 3 & 5 

The Non-Binding constrains which used resources more than the production lines needs 

should reduced the Right hand Side (RHS) value in the formula as reflected in graph 4.4, 

the reduction were to the optimum point without changing the current solution to reduce 

unnecessary resource of non-binding constrains. 

The result of our sensitivity analysis will be as the following table.  

Production 
Line  

Type of 
constrain 

Change in 
resource  

Change 
in profit  

1 Abundant -1.95 0 

2 Scarce 0.5 0.6 

3 Abundant -2.38 0 

4 Scarce 0.65 74.1 

5 Abundant 0 0 

Table 4.2 The sensitivity analysis result 
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To find the recommend increase resource let Y = Change in profit / Change in resource  

Y1 = 0/- 1.95 = 0 

Y2 = 0.6/0.5 = 1.2 

Y3 = 0/- 2.38 = 0 

Y4 = 0.65/74.1 = 0.0087 

Y5 = 0/0 = 0 

To find the change in the objective function coefficient, written the objective function as 

follow. 

 

 

 

 

 

 

 

 

 

Graph 4.5 The ability of changing abundant to scarce 

The objective function may be written as follow:  

Z = C1 X1 + C2 X2 

As C1 increases or C2 decreases, the objective function Z will rotate in a clockwise 

direction pivoting at C. on the other hand decreases at C1 or an increases at C2 causes Z to 
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rotate in a counter clockwise direction. The point C will remain optimum as long as the 

slope of Z varies between the slopes of constrains 2 & 4. 

When the slop of Z coincides with the constrain 2, we have two alternative corner optima 

at C D. similarly when it coincides with the constrain 4, we obtain alternative corner 

optima at B C. 

To illustrate the procedure by determined the allowable range of C1 that will maintain the 

optimum at C.      

Will fixed C2 to get C1, “C2 = 105” 

Z = C1 X1 + C2 X2 

105 X2 = Z – C1 X1 

X2 = Z/105 – C1/105 X1 

Constrain 2  

1.5 X1 + 1.5 X2 = 6.4 

X2 = 4.27 – X1 

Constrain 4  

1.7 X1 + 3 X2 = 8.6 

X2 = 5.05 – 3/1.7 X1 

 

Than  

- C1/105 = -1.5/1.5  OR  C1 = 105     Min. 

- C1/105 = -3/1.7  OR  C1 = 185.29   Max. 

 105 < C1 < 185.29 
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To find the allowable range of C2 the value of C1 fixed as “C1 = 72” 

Z = C1 X1 + C2 X2 

C2 X2 = -72 X1 + Z 

X2 = -72/C2 X1 + Z/C2 

Than 

-72/C2 = -1.5/1.5  OR  C2 = 72   Max. 

-72/C2 = -3/1.7  OR  C2 = 40.8   Min. 

40.8 < C2 < 72 

4.4 Solver Solution  

To get more accurate solution and to check our solution and compare it to the result; we 

come up with the final analysis and we solve the problem in the Excel Solver as the 

following solution: 

Figure 4.1 Data given in excel form 

In the above figure 4.1 the data given and the formula applied in the front page of excel 

sheet. 
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Figure 4.2 Excel solver answer report 

In figure 4.2 is the answer report it shown all the details of the problem and the binding & 

non-binding constrains. 

As shown are the objective function & final variables, with the original value and final 

values. 

The constraints, it shown a formula representing the constraint; a column showing 

whether the constraint was binding or non-binding at the solution, and the slack value is 

the difference between the lower or upper bound and the final value. 
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Figure 4.3 Excel solver sensitivity report 

Refer to above figure 4.3, shown the sensitivity report with the result details of each 

constrains and final value of both constrains and variable cells. 

Constraints that are upper and lower bounds on the variable that entered in the constraints 

section of the Solver Parameters dialog are for efficiency reasons. 

The reduced costs shown the objective coefficients can be increased or decreased before 

the optimal solution changes. 
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Figure 4.4 Excel solver limits report 

Refer to figure 4.4, It shows a (lower limit & upper limit) for each variable, which are the 

smallest & largest values that a variables can take while satisfying the constraints and 

holding all of the other variables constant, and variables can take under these 

circumstances. 
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Chapter 5  
Conclusion 
  
5.1 Introduction 

In the research, we analyzed the data given by the manufacturing company to come up 

with result that can increase the profit along with decrease the resource and chose the 

more profitable production lines in all production lines available and works. 

5.2 Findings   

The results of the research are to increase the productivity of two production lines out of 

five production lines and the remaining three production lines are to decrease the 

resource to the minimum of optimum point value to save the resource losses accordingly. 

Production line Resource  Decrease  Increase  

1 Decrease 2.25 0 

2 Increase 0 0.5 

3 Decrease 2.72 0 

4 Increase 0 0.65 

5 Decrease 0.43 0 

Total 5.4 1.15 

Table 5.1 The ability of increase or decrease in the constrains 

- Refer to table 5.1, the production lines 1, 3 & 5 we can reduce the resource by 5.4 MT 

and we can increase production lines 1 & 2 by 1.15 MT and the difference of Abundance 

production lines and Scarce production lines by 4.25 MT, we can save this resource to 

achieve the optimum solution of all production lines of the company.   
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5.3 Conclusion  

Conclude that the analyzing of the data given can improve the productivity and efficiency 

along with increase the profitability of the company by decrease the resource from some 

of production lines and increased in others with save some of unnecessarily wasting 

resources by providing the optimization solution through applying of linear programming 

model. 

As research shown in second and fourth constraints we can increase the productivity by 

increasing the production capacity in both production lines and reducing the resource in 

other production lines accordingly. 

The first objective of maximize productivity of production lines is achieved in two 

production lines as shown in the analysis by increasing the productivity in production line 

number two and four to the maximum which reflect the increase in lines productivity and 

reduce the material waste by using the maximum capacity of the production lines. 

The second objective of minimize production wastes (Material) is achieved in all five 

production lines as shown in the analysis for production lines two and four increased the 

productivity of the both production lines without changing in the recourse which means 

the maximum raw material are used in these two production lines, and for the other 

production line number one, three & five the raw materials are reduced to the minimum 

without reducing the productivity of the production lines as shown in graph 4.4 then 

shown the second objective of the research is achieved on all five production lines.       

The third objective is accuracies of actual production capability, and the capacity 

calculated based on the machine capability, but in reality, it may not be reflected in the 

theoretical figures given about the machine capacity, in the research analysis concluded 

that the exact production capacity compared with the resources available and operating 

cost.  
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5.4 Recommendations  

To determine the exact productivity and efficiency they have to make another study on 

working hours for production lines. 

To equalize the demand with productivity another study to be done in market demand and 

ability of increase the productivity.     

The get an accurate productivity to study both resources and working hours should be 

combined in one study.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



26 	
  
 

Appendix 1: Production Lines Details 
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