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PRACTICAL APPLICATION OF SIMPLEX METHOD FOR SOLVING LINEAR 
PROGRAMMING PROBLEMS 
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Abstract: In this paper we consider application of linear programming in solving optimization problems with 
constraints. We used the simplex method for finding a maximum of an objective function. This method is 
applied to a real example. We used the “linprog” function in MatLab for problem solving. We have shown, 
how to apply simplex method on a real world problem, and to solve it using linear programming. Finally we 
investigate the complexity of the method via variation of the computer time versus the number of control 
variables. 
Keywords: simplex method, linear programming, objective function, complexity. 
 
 

1. Introduction  
Linear programming was developed during World War II, when a system with which to maximize the efficiency 

of resources was of utmost importance. New war-related projects demanded optimization of constrained resources. 
“Programming” was used as a military term that referred to activities such as planning schedules efficiently or 
deploying men optimally [1].  

Mathematical programming is that branch of mathematics dealing with techniques for maximizing or minimizing 
an objective function subject to linear, nonlinear, and integer constraints on the variables. Special case of mathematical 
programming is a linear programming. Linear programming is concerned with the maximization or minimization of a 
linear objective function with many variables subject to linear equality and inequality constraints [2]. Linear 
programming can be viewed as a part of a great revolutionary development. It has the ability to define general goals 
and to find detailed decisions in order to achieve that goals. It can be faced with practical situations of great complexity. 
To formulate real-world problems, linear programming uses mathematical terms (models), techniques for solving the 
models (algorithms), and engines for executing the steps of algorithms (computers and software) [3].  

Optimization principles have important aspect in modern engineering design and system operations in various 
areas. Computers capable of solving large-scale problems contribute to the recent development of new optimization 
techniques. The main goal of these techniques is to optimize (maximize or minimize) some function f. This functions 
are called objective functions. As a case study we used the objective function f that represent the revenue of the 
production of electronic elements, more precisely graphics cards. We used methods for maximizing the revenue of 
the company. Using linear programming, we can model wide variety of objective functions as: yield per minute in a 
chemical process, revenue in a production of cars, the hourly number of customers served in a bank, the mileage per 
gallon of a certain type of car, the production of computers on monthly basis and so on. Sometimes we may want to 
minimize f if f is the cost per unit of producing certain graphics cards (opposite of our example where we maximize 
the revenue of production), the operating cost of some power plant, the time needed to produce a new type of car, the 
daily loss of heat in a heating system, the costs for IT infrastructure in some company and so on.  

In most optimization problems the objective function f depends on several variables:  

x1, x2,…..xn                                                                                                                                                                            

These variables are called “control variables” because we can control them, that is, we can choose their values. For 
example the production of some plant may depend on temperature x1, moisture content x2, nitrogen in the soil x3. The 
efficiency of a certain air-conditioning system may depend on air pressure x1, temperature x2, cross-sectional area of 
outlet x3, moisture content x4, and so on. The optimization theory develops methods for optimal choices of x1,…,xn, 
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In all of this example, we saw that the notations of connectedness and path connectedness are in relation i.e. 
if some space is connected then we can find a path connection in that if the space is locally Euclidean1. In a metric 
space, the concept of connectedness it is difficult to estimate definite but understanding for it is to take just like a 
‘hole part’. Path connectedness is almost the same thing in metric space. So, depends of the dimension of the 
Euclidean space we can find relation between connectedness and path connectedness. 

 

 Example 3.4. If  ,X d  be a connected metric space. Assume that each point of X has an open set U such 

that x U  and U is path connected. Than X is path connected. 

 Example 3.5.  If A be a connected subset in nR  and 0  . Then it is clear that for   - neighborhood of 

A defined by     : n
AU A x R d x     is path connected. 

 

 

4. Concluding remarks 

In particular, spaces that are connected cannot be always path connected too. These notions are in the 
relation if the topology space has some properties. In this paper are represented some examples in which it can be 
easily seen that there are some connected topology spaces which can be path connected also. The conclusion from 
all of these is: if we are working with a metric space or we have a locally Euclidean space we can find a connected 
space in which also we can find a path between some pair of points. Metric spaces are interesting for work, because 
they are not so abstract and can be represented geometrically, so the concept of connectedness this space take like a 
‘hole part’ and concept of path connectedness is easier to see there. Implication of connectedness to path 
connectedness can be shown if the space for working is metric (Euclidean). Examples 3.1, 3.2, 3.3, 3.4 and 3.5 are 
given in metric space and for that this implication can be true.  
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The Appendix of the first number of Balkan Journal of Applied Mathematics and Informatics, 
is devoted to the reports of the First Modelling Week in Macedonia, which was held in Stip, 
12-16 February 2018.  

The First Modelling Week in Macedonia was organized by Faculty of Computer Science - 
Department of Mathematics and Statistics, Faculty of Electrical Engineering and Faculty of 
Technology with the support of the TD 1409 MI-NET Cost Action. The aims of the Modelling 
Week were: widening, broadening and sharing knowledge relevant to the Action’s objectives 
through working on modern and actual problems which can be solved with mathematics and 
mathematical modelling. 

The Modelling Week was organized under auspices of Prof. Blazo Boev, Rector of the Goce 
Delcev University, Stip, Macedonia. 

The Program Committee of the First Modelling Week were: 

1.    Vineta Srebrenkoska, PhD – Macedonia 
2.    Tatjana Atanasova – Pachemska, PhD – Macedonia 
3.    Poul G. Hjorth, PhD – Denmark 
4.    Wojciech Okrasinski, PhD – Poland 
5.    Joerg Elzenbach, PhD – Germany 
6.    Gregoris Makrides, PhD – Cyprus 
7.    Biljana Jolevska – Tuneska, PhD – Macedonia 
8.    Limonka Koceva Lazarova, PhD - Macedonia 

In the First Modelling Week in Macedonia participated 34 participants from Macedonia, 
Bulgaria, Portugal and Denmark. The Modelling Week was aimed towards Masters, PhD 
students, Early Career Investigators (up to 8 years after their PhD). All the participants were 
split in three groups in order to solve the three problems which were set: 

Problem 1 - Scheduling in kindergarten, proposed by Limonka Koceva Lazarova 

Problem 2 - Determining the optimal number of cash boxes to increase the efficiency of the 
customer service and determining the way of storage of products in the warehouse. How to 
manage stocks in the warehouse, proposed by Tatjana Atanasova – Pachemska. 

Problem 3 - Optimization of the industrial processes for production of advanced polymer 
composites by implementation of the full factorial experimental design, proposed by Vineta 
Srebrenkoska. 

The third problem was split in three subproblems.  

All of the solutions are presented in form of reports in this appendix. 

Thanks for the editors of the Balkan Journal of Applied Mathematics and Informatics, about 
their support for publishing of the results from The First Modelling Week in Macedonia. 
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Figure 4. Probability of n customers in the supermarket (c=4, λ=50, µ=18) 
 

When the arriving rate is λ=50 customers/ hour, service rate µ=18 customers/hour and three cash boxes 
opened, the cash boxes are busy with average waiting time of the customers around 13 minutes. When four cash 
boxes are opened with same arrival and service rate as with three cash boxes, the customers almost wait no time, and 
the busy rate of the cash boxes decreases from 86.33% to 42.0%.  

4. Conclusion 

In this paper is given analytical approach for supermarket application with a single phase and three parallel 
cash boxes. The customers arriving rate is with Poisson distribution with λ arriving customers per hour and the 
service rate is distributed exponentially with serving rate µ customers per hour. There is no limit to the number of 
customers of the queue and they come from infinite or very large population. When three cash boxes opened the 
average number of customers in the supermarket is 13.56, while with four cash boxes the average number of 
customers in the supermarket decrease to 3.7 customers. The average waiting time in the queue with three cash 
boxes is 12.6 minutes and with four cash boxes the average waiting time in the queue is 1.15minutes. Also, the 
average number of customers waiting in the queue decreases from 10.71 customers to 1 customer when the forth 
cash box is opened.  
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Abstract: The purpose of the study is to access the applicability of Taguchi Method in predicting properties of polymer 
composites. The preparation of the composites was conducted by applying Taguchi L9 Method. Voids are one of the 
most common defects in composite components and are known to degrade mechanical performance. As a result, void 
content measurement is often used both to assess the quality of a composite part and to determine its acceptability. For 
composites the calculate void in composite materials were determined in a lab according standard ASTM D 792, ASTM 
D 2734 and ASTM D 3171 with calculate experimental and theoretical density. From received results with minimal 
number of experiments and signal-to-noise ratios used as objective functions for optimization, data analysis and 
prediction of optimum results was shown that factor 1 has the biggest impact on the voids of manufacture samples.  

  
Keywords: taguchi method, polymer composites, voids.  

 

 Introduction  
  
Taguchi method is a statistical method developed by Taguchi and Konishi [1]. Dr. Taguchi's standardized 

version of DOE, popularly known as the Taguchi method or Taguchi approach, was introduced in the USA in the 
early 1980's. Today it is one of the most effective quality building tools used by engineers in all types of 
manufacturing activities. The DOE using Taguchi approach can economically satisfy the needs of problem solving 
and product/process design optimization projects. By learning and applying this technique, engineers, scientists, and 
researchers can significantly reduce the time required for experimental investigations. Taguchi method is a 
technique for designing and performing experiments to investigate processes where the output depends on many 
factors (variables, inputs) without having tediously and uneconomically run of the process using all possible 
combinations of values. 

The Taguchi approach is a form of DOE with special application principles. For most experiments carried out in 
the industry, the difference between the DOE and Taguchi approach (Fig.1) is in the method of application [2]. 
Taguchi Method involves identification of proper control factors to obtain the optimum results of the process [3], 
[4], [5]. Orthogonal Arrays (OA) are used to conduct a set of experiments. Results of these experiments are used to 
analyze the data and predict the quality of components produced. 

  
 
  
 
 

 
 

Fig. 1. Scheme of the major steps of implementing the Taguchi method [3]. 

Identify 
 the factors/ 
interactions 

Identify 
the levels 
of each 
factors 

Select an 
appropriate  
orthogonal 
array (OA) 

Assign 
The 
factors/inter
actions 
to columns 
of the OA 

Conduct the 
experiments 

Analyse the 
data, 
determine the 
optimal 
levels 

Conduct  
the 
confirmation 
experiment 

  UDK: 519.248:678.7-021.385



80

  
 
 
1. Experiment 

 
Voids are critical imperfections in fiber reinforced composite materials. They mainly arise from the entrapment 

of air or the presence of volatiles during the curing. The presence of voids can severely affect the mechanical 
performance and lifespan of the composites. 

Regardless of resin type, fiber type and fiber surface treatment, the inter-laminar shear strength of composite 
material decreases by about 7% for each 1% of voids, up to a total void content of about 4%. For a loaded carbon 
fiber laminate composite, a 1%-5% increase in void content can reduce the mechanical properties of the composite 
by up to 20% [6]. As a result, void content measurement is often used both to assess the quality of a composite part 
and to determine its acceptability [7], [8], [9], [10]. There are lots of factors that influence the filament winding 
process, but there are only four important that have a big influence on the output which we have used in the 
experiments: 

- Fiber tension (N) (factor 1),  

- Winding speed (m/min) (factor 2), 

- Number of layers (factor 3) 

- Temperature curing (factor 4), 

 
Table 1: Level of process parameters 

Symbol Factor 1 2 3 
X1 Fiber tension (N)  20 40 60 
X2 Winding speed (m/min)  5 10 15 
X3 Number of layers 7 10 15 
X4 Temperature curing 1,5h@100C  1,5h@120C 1,5h@130C 

 
Table 1 shows four factors in three levels used in the experiment. If three levels were assigned to each of these 

factors and a factorial experimental design was employed using each of these values, number of variations would be 
34. The fractional factorial design reduced the number of experiments to nine. The orthogonal array of L9 type that 
was used is represented in Table 2. This design requires nine experiments with four parameters at three levels. The 
interactions were neglected. The voids of the part should be maximized. Each result obtained represents the average 
of five samples. 

 
Table 2: Taguchi L9 (34) Orthogonal arrav 

Experiment 
Number 

Factor 
X1 X2 X3 X4 

1 20 5 100 7 
2 20 10 120 10 
3 20 15 140 15 
4 40 5 120 15 
5 40 10 140 7 
6 40 15 100 10 
7 60 5 140 10 
8 60 10 100 15 
9 60 15 120 7 

 

 
 
2. Results and discussion 
 
Nine different rings experiments were performed using the design parameter combinations in the specified 

orthogonal array table. Three specimens were fabricated for each of the parameter combinations. The completed 
response table for these data appears in Table 3. In order to estimate the effect of factor X1 (fibers tension) on the 
average value of response variable, were summed together three observed response at level 1 of factor X1. Then the 
sum was divided by 3 to obtain the average response at level of factor X1. The average responses at level 2 and 3 
was obtained in the similar manner. The test results (calculate voids properties) for the composite parts manufacture 
from filament winding technology are presented in Table 3.  

The standard deviation was calculated for each composite part in five steps [11]. First, Y was subtracted from 
each measurement in the sample (sample mean), then the square differences obtained prior were calculated [11]. 
Next, the squared obtained difference was divided by the sample number minus one (s2) [11]. Finally obtain the 
square root of s2. The sample variance is written as formula: 

 
	

 
 

Table 3. Experimental data and sample statistics  
Experiment  

number 
Observed response values  

          for voids (%) Mean Standard 
deviation S/N Ratio 

1 3,8 3,2 3,7 3,4 4 3,6 0,2 11,3 
2 4,5 4,8 3,8 4,3 5 4,5 0,8 12,6 
3 3,8 4,3 5 4,9 4,5 4,5 0,4 13,6 
4 4,2 3,7 4,6 4,4 3,3 4,0 1,0 12,0 
5 1,8 3,2 2,4 1,9 3,3 2,5 1,0 7,4 
6 4,5 3,8 3,1 4,1 4,3 4,0 0,9 11,4 
7 2,4 2,3 2,3 1,9 2,7 2,3 0,3 7,0 
8 2,8 1,2 1,5 2,7 1,1 1,9 1,4 3,3 
9 2,5 1,5 2,7 1,6 1,4 1,9 1,0 4,6 

 
 

Table 4. Rank of filament winding parameters 
Level Average S/N Ratio by factor level 

 X1 X2 X3 X4 
1 12,51 10,08 8,66 7,78 
2 10,26 7,78 9,74 10,33 
3 4,95 9,87 9,33 9,62 

delta 7,56 2,30 1,08 2,55 
Rank 1 3 4 2 

 

The above analyses of Table 2 and Table 3 are summarized in Table 4, where the levels of key factors 
optimizing the response are listed. In this study factors X1 and X4 were the dominant. According to [12] fiber speed 
can provoke the tension to move away from its nominal value, which in this paper has a rank of influence 3. In [13] 
it was reported that, due to specific shape of manufactured composite part the filament winding tension wasn’t 
evenly distributed even though it was held constant during the filament winding process, which led to increase in the 
percent of voids and decrease in mechanical performance of hybrid composite samples. Risteska et. al. [14] had 
published that winding speed shows more pronounced influence on mechanical characteristics of NOL ring 
composite samples in comparison to fiber tension, which is in accordance with results given in Table 4.  
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factors and a factorial experimental design was employed using each of these values, number of variations would be 
34. The fractional factorial design reduced the number of experiments to nine. The orthogonal array of L9 type that 
was used is represented in Table 2. This design requires nine experiments with four parameters at three levels. The 
interactions were neglected. The voids of the part should be maximized. Each result obtained represents the average 
of five samples. 
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orthogonal array table. Three specimens were fabricated for each of the parameter combinations. The completed 
response table for these data appears in Table 3. In order to estimate the effect of factor X1 (fibers tension) on the 
average value of response variable, were summed together three observed response at level 1 of factor X1. Then the 
sum was divided by 3 to obtain the average response at level of factor X1. The average responses at level 2 and 3 
was obtained in the similar manner. The test results (calculate voids properties) for the composite parts manufacture 
from filament winding technology are presented in Table 3.  

The standard deviation was calculated for each composite part in five steps [11]. First, Y was subtracted from 
each measurement in the sample (sample mean), then the square differences obtained prior were calculated [11]. 
Next, the squared obtained difference was divided by the sample number minus one (s2) [11]. Finally obtain the 
square root of s2. The sample variance is written as formula: 

 
	

 
 

Table 3. Experimental data and sample statistics  
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Observed response values  
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2 4,5 4,8 3,8 4,3 5 4,5 0,8 12,6 
3 3,8 4,3 5 4,9 4,5 4,5 0,4 13,6 
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2 10,26 7,78 9,74 10,33 
3 4,95 9,87 9,33 9,62 

delta 7,56 2,30 1,08 2,55 
Rank 1 3 4 2 

 

The above analyses of Table 2 and Table 3 are summarized in Table 4, where the levels of key factors 
optimizing the response are listed. In this study factors X1 and X4 were the dominant. According to [12] fiber speed 
can provoke the tension to move away from its nominal value, which in this paper has a rank of influence 3. In [13] 
it was reported that, due to specific shape of manufactured composite part the filament winding tension wasn’t 
evenly distributed even though it was held constant during the filament winding process, which led to increase in the 
percent of voids and decrease in mechanical performance of hybrid composite samples. Risteska et. al. [14] had 
published that winding speed shows more pronounced influence on mechanical characteristics of NOL ring 
composite samples in comparison to fiber tension, which is in accordance with results given in Table 4.  
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Optimized parameter’s value used in this research are:  

- Fibers tension, level 1 – 20N,  

- Winding speed, level 3- 15[m/min],  

- Number of layers, negligible, 

- Temperature curing, level 2.  

 

 
Fig. 2. Plot of factor effects on S/N ratio 

 
3. Conclusion 

 
The experiment conducted with the Taguchi method has demonstrated that the fiber tension is very important. 

Fiber tension is significant both in voids and mechanical properties. The most advantageous for the voids is tension 
20N. Parameter number 1 (X1) – Fiber tension demonstrated the biggest impact on void percent in composite 
samples 

In this experiment, factor X4 (temperature curing) affects variability the most. Temperature curing range 
between 100-140oC has not significant influence on the voids; but however the optimum temperature curing is 
1,5h@120oC. Factors X2 (winding speed), X3 (number of layers), are not so important, but however the optimum 
winding speed is 15m/min and the optimum number of layers is 10.    
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Abstract: The purpose of the study is to access the applicability of full factorial experimental design in predicting properties 
of polymer composites. The preparation of the composites was conducted by applying 22 full factorial experimental design. 
The fiber/resin ratio was taken to be the first factor and the second – mixing temperature. For the first factor, low and high 
levels are chosen to be 20/80 and 40/60, respectively and for the second factor – 175oC and 195oC, respectively. For 
composites the tensile and flexural strengths were determined in a lab. On the basis of the received experimental data it was 
created the regression equitation which the best describes the process.  

Keywords: experimental design, polymer composites, regression equitation.  
 

 

1. Introduction  
More and more factors have an influence on effectiveness and efficiency in the industrial processes and 

systems. An important question of science is to identify the most important factors for controlling complex 
processes and systems, to know their levels and influences to control all things in a right manner.  

To find the optimum in control of the processes there are often a lot of experiments to realize – practical and 
theoretical ones. In this field the sensitivity analysis as well as simulation and the design of experiments too are 
used. This is necessary to rapidly prevent failures and solve problems early. Design of experiments has an old 
tradition and history by R. Fisher, Taguchi, Shainin i.e. design of experiments is a structured, an established and an 
organized method of quality management. The key factor to minimize optimization costs is to realize as few 
experiments as possible. Design of experiments requires only a small set of experiments and thus helps to reduce 
costs. Design of experiments is used to determine the relationship between the different factors (xi) affecting a 
process and the output (result) of that process (y). Design of experiments has more to offer than a “one change at a 
time experimental method”. “One change at a time experimental method” has always the risk that the researcher will 
find only the significant effect on the output. Design of experiments also focuses on dependency and interaction 
between the factors. Design of experiments plans for all possible dependencies at first, and then prescribes exactly 
which data are needed to assess them. The exact length and size of the experiment are set by the experimental design 
before the real experiments begin [1]. 

Design of Experiments involves designing a set of experiments, in which all relevant factors are varied 
systematically (Fig. 1). When the results of these experiments are analyzed, they help to identify optimal conditions. 
Further results of design of experiments are: 

- The factors that most influence the results (high effect). 
- The factors that little influence the results (small effect). 
- The existence of interactions and synergies between factors. 
 


