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Abstract 

Quality control is a vital role for the development of an effective business to meet customer delight. In 

production, quality control is a growth that secure customers accept products free from shortage and meet their 

needs. When done the wrong way, it can put consumers at risk. It helps quality administrators analyze and solve 

complications before products quit the facility. Six steps to developing a quality control process are: setting the 

quality criterion and deciding which quality level to focus on; reducing running processes to deliver quality; 

surveying your results; getting feedback and making enhancement. In this paper, we are concentrating on the quality 

level in the production industry and the consideration between the two types of Maruti products using simplex 

methods in operational research and finding the maximum optimum solution. From the maximum optimum solution, 

we can get the quality rate of the product by using the Markov chain method and further applying data in Minitab 

software to examine the quality of the product in the graphical method.  
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1. Introduction 

Customer satisfaction determines  the success of a new product, and only products of high value meet the 

needs of clients who expect them to perform correctly throughout their whole life cycle. In order to fulfil such 

requirements, a minimum variation of parameters should be assured within the manufacturing processes and the 

product itself. From the most basic to the most complex parts, they must be designed and manufactured to a high 

standard of quality, and they must be reliable and safe to use.When we study a system that can change over time, we 

need a way to keep track of those changes. A Markov chain or Markov process is a stochastic model describing a 

sequence of possible events in which the probability of each event depends only on the state attained in the previous 

event. A countable infinite sequence, in which the chain moves state at discrete time steps, gives a discrete time 

Markov chain. A continuous time process is called a continuous time Markov chain. It is the method of analysis by 

which management receives aid for their decisions. Though the name of this method, Operation Research, is 

relatively new, the method used for this is not a new one. Operation research is concerned with the application of the 

principles and methods of science to the problems of strategy. In 1924, Walter A. Shewhart [1] of the Bell 

Telephone Laboratories laid the foundation for statistical quality control. Since then, the area of SQC has been 

enriched by the work of numerous statisticians, quality philosophers, and researchers. Muwafaq Alkubaisi 

(Muwafaq Alkubaisi) [2] Six Sigma was used to create an X-bar chart from data collected from a petroleum 

company in Kuwait.Unfortunately, it seems there are some serious deficiencies in the production process since the 

values of Cp and Cpk are less than 1, which means the process is not capable of meeting its specifications. 

Muhammad Muazzem Hossain et al. [3] the concept of statistical quality control has emerged as a scientific 

revolution in the arena of quality control and that the discipline of statistical quality control has its own research 

tradition. Terna Godfrey Leren et al. [4] apply statistical control charts in monitoring the production, packaging, and 

distribution or marketing processes of sachet water in Nigeria. Michael Stuart et al. [5] statistical analysis and 

methods' contributions to modern quality control and improvement.Jong Min Kim et al. [6] A residual (r) control 

chart of asymmetrical and non-normal binary response variables is proposed in this research. Hassen Muttlak et al. 

[7] Different quality control charts for the sample mean are developed using ranked set sampling (RSS) and two of 

its modifications, namely median ranked set sampling (MRSS) and extreme ranked set sampling (ERSS). Kai Yang 
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et al. [8] is an extension of Neuhardt’s work which questions the typical assumption that the subsamples used to 

establish statistical process control charts are uncorrelated. Lonnie C. Vance A search of the literature to determine 

the status of statistical quality control chart techniques for the years 1970–1980 was conducted. Azizah et al. [10] 

demonstrate an application of the Markov chain using a data mining approach to get the knowledge as a pattern for 

description and prediction. R.Arumugam et.al (2020) [11] explained the prediction of COVID-19 in India based on 

the Markov model. E.Preethi et. al (2017) [12] discussed the applications of stochastic model in the Webpage 

ranking. The prominent contributors include Zichang He and Wen Jiang. [13] The new Berief Markov chain model 

overcomes the shortcomings of the classical Markov chain and has an efficient ability to deal with uncertain 

information. V.O. Ezugwu et al. [14] The use of mathematical models for manpower planning has increased in 

recent times for better manpower planning quantitatively. Soren Asmussen et al. [15] consider GI/G/I queues in an 

environment that is periodic in the sense that the service time of the nth customer and the next interarrival time 

depend on the phase at the arrival instant. Ping-Qi Pan [16] For an optimal solution, a dual crash heuristic is 

described to produce an initial "good" basis. V. Sangeetha et al. [17] developed a strong ranking technique for the 

iterative values of the trapezoidal fuzzy numbers within the fuzzy transportation problem. Nebojsa V. Stojkovic, et 

al. [18] the significance of the simplex algorithm's starting pointW. H. Cunningham [19] relates to a new 

perturbation technique and to previously known degeneracy modifications for shortest path problems and maximum 

flow problems. Based on the statistical study, Dr.R.Arumugam et al. [20] the impact of dengue fever in Thanjavur 

district is based on the data. 

2. Methodology  

The data was collected from the following websites: https://www.cardekho.com/maruti/maruti-alto-800-

2016-2019-specifications.htm and https://zoutons.com/news/maruti-suzuki-alto-800-review. To find the best 

optimum solution, the data were entered into the simplex method in Operation Research. While comparing the 

optimum solution; we have got the best model of the Maruti Suzuki Alto 800 and Alto K10. Furthermore, we will 

use the best model in the Markov chain method to find the transition matrix and solution of the Markov chain. After 

finding the Markov chain solution, we will put the data into Minitab software to check the quality rate of the Maruti 

Suzuki Alto 800. Then, finally, we will check the results and give the conclusion. 

 

3. Mathematical Model 

3.1 Simplex method  

The Maruti Suzuki brand produces many types of Maruti products. Here we will take only two types of products, 

namely the Maruti Suzuki Alto 800 and the Maruti Suzuki Alto K10. The displacement of these two products, Alto 

800 and Alto K10, is 796 cc and 998 cc, respectively. The max power of the Alto 800 and Alto K10 is 47 bhp @ 

6000 rpm and 67 bhp @ 6000 rpm, respectively. The max torque of the Alto 800 and K10 is 69 Nm at 3500 rpm and 

90 Nm at 3500 rpm, respectively. Then the profit of Alto 800 is 20,000 per car and the profit of Alto K10 is 24,000 

per car. From the above information, we could write the objective function and constraint equation. 

   Objective function  

zMaxyx  000,24000,20  

Subject to the Constraint  

0,,9067998

6947796




yxyx

yx
 

 

After applying the slack variables 2,1 ss  to equal the inequality, we get  

    Objective function 

21 00000,24000,20 ssyxzMax   

     Subject to the constraints     

0,,,9067998

6947796

212

1




ssyxsyx

syx
 

Table 1 Initial Iteration 

https://www.cardekho.com/maruti/maruti-alto-800-2016-2019-specifications.htm
https://www.cardekho.com/maruti/maruti-alto-800-2016-2019-specifications.htm
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iCB  jC  20,000 24,000 0 0 Solution ratio 

 Basic 

variable 

x  y  
1s  

2s    

0 
1s  796 47 1 0 69 1.468 

0 
2s  998 67 0 1 90 1.343 

 
jz  0 0 0 0   

 
jj zc 
 

20,000 24,000 0 0   

 

Table 2 First Iteration 

iCB  jC  20,000 24,000 0 0 Solution Ratio 

 Basic 

variable 

x  y  
1s  

2s    

24,000 y  16.936 1 0.021 0 1.468 0.087 

0 
2s  -136.72 0 -1.425 1 -8.36 0.059 

 
jz  406464 24,000 0.504 0   

 
jj zc 
 

-386464 0 -0.504 0   

 

Here, all the 0 jj zc . Then x = 0 and y = 1.468, satisfying the first constraint, 796(0) + 47(1.468) = 

68.9 = 69, and providing an optimal solution, Max z = 35,232.By the definition of an optimum solution, "an optimal 

solution is a feasible solution where the objective function reaches its maximum value." By the Simplex method, an 

optimal solution attains its maximum value of 35232 and, by constraint equation; we assume that the best model is 

the Maruti Suzuki Alto 800. 

 

3.2 Markov chain model 
“A Markov chain or Markov process is a stochastic model describing a sequence of possible events in which the 

probability of each event depends only on the state attained in the previous event.”  Consider the Stochastic process 

 ............2,1,0; nxn   the possible value for Sixn  where S is a state space and S is finite or countable. 

      By the definition the one step transition probability can be written as   ixjxPP kkij   /1 . Similarly the n 

step transition matrix can be written as  ixjxPP knkij   / .  

From the simplex method, I decided to take the Alto 800. For my assumptions, I have taken the 2019 and 2020 

models of the Alto 800. In the Alto 800 model specifications, the data is classified into three modes: engine and 

transmission, fuel and performance, and dimensions and capacity. 

Based on fig. 1.1, I assumed the sum of the same value and different value for both the 2019 and 2020 

models is one. 

The three-step transition probability can be written as 

 ixjxPP kkij   /2

3
, for i and j we assume same and different so we can written as 

   DxSxPixjxPP kkkkij   // 22

3 ……………………………………(1) 

We can using the formula      BEAPBEAPBAP
c  in equation number (1), we get  

     DxDxSxPDxSxSxPDxSxP kkkkkkkk   /,/,/ 12122 ………(2) 

We can applying conditional probability      BEPEBAPBAEP ///   In equation number (2), we get 
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DxDxPDxDxSxPDxSxPDxSxSxP
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/,//,/

/)2(

112112

112112

2

  = (1.2)(1) +  (1.2)(1) 

  =2. 4 

 
Fig 1.1 describes the two models of Alto 800 and their three specifications. engine and transmissions, fuel 

performance, dimensions and capacity. Here I have assumed the sum of the values of the same features and different 

features is equal to one. Further, I have split the values and given the same and different features. The same and 

different features are the same in engines and transmissions; the same and different features are the same in fuel 

performance; and the same features are greater than the different features in dimension and capacity. 

 From the fig 1.1 the transition matrix can be written as  


















3.07.00

05.05.0

5.005.0

P  

     The transition matrix 1ijP . Therefore, this satisfies the Markov chain condition.  

3.3 Control chart 

 The control chart is a graph used to study how a process changes over time. A control chart always has a 

central line for the average, an upper line for the upper control limit, and a lower line for the lower control limit. 

Control charts for variable data are used in pairs. The control chart measures the performance and continuous 

monitoring of the process. The control charts are prepared with the help of Minitab software. Test values that fall 

within the specified range are considered acceptable, and those that fall outside are considered defects. In the control 

chart below, values that are outside of the control limits are shown in red, while values that are within the control 

limits are shown in blue. The control charts are as follows: 
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Figure 2: X bare and R-chart 

 

4. Discussion and Results 
 In the mathematical model, I have just explained the Simplex method and the Markov chain model. In the 

simplex method, I have taken two models of Maruti Suzuki, the Alto 800 and the K10. Using the displacement, max 

power, max torque, and profit of these two models, I have found the objective function and subject to the 

constraints. Then I just added the two slack variables 21, ss to equal the inequality constraints and also add these 

slack variables into the objective function. Then, using this objective function and constraints, I have just applied the 

simplex method. In the first iteration table, all 0 jj ZC  but for this maximised objective function  all 

0 jj ZC . So further, we have to go to iteration table 2 there all 0 jj ZC and find  the values of x = 0 

and y = 1.468. Applying x and y values in the constraint equations satisfies the first constraint equation and the 

optimal solution of Max z = 35232. From this simplex function, I have chosen Alto 800 for further procedure 

because, while using the values of x and y, it satisfies the first constraint equation, which represents the Alto 800 

model. Then I compared the 2019 and 2020 models of the Alto 800. The information was divided into three 

categories: engine and transmission performance, fuel performance, and specification dimension and capacity.Using 

these three specifications, find the three-step transition probability and transition matrix. The value of the transition 

probability is 2.4 and the transition matrix of all the rows is equal to 1. Then fig 1.1 explains the two models' same 

and different specifications. Then, using data from the 2019 and 2020 Alto 800 models, create control charts.By 

using Minitab software, the X bar and R charts are plotted. By using the three important tests of control chart in 

Minitab software, they are 1 point > K standard deviations from the centre line, K points in a row on the same side 

of the centre line, and K points in a row within 1 standard deviation of the centre line, and finding the quality rate in 

the graphical representation. There, the values that lie inside of the control limit are denoted as blue dots, and the 

values that lie outside of the control limit are denoted as red dots. Test result for X bar chart, test 1: one point more 

than 3.00 standard deviations from the centre line. The test failed at points 

1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20. Test 2: 9 points in a row on the same side of the centre line. At 

points 11 and 12, the test failed. Test result for R chart, test 1: one point more than 3.00 standard deviation from the 

centre line, test failed at point 19. 

5. Conclusion 
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This paper describes the quality level in the car manufacturing industry by using the simplex method, the Markov 

chain method, and Minitab software. In the simplex method, we compare two types of Maruti Suzuki models and 

find the optimal solution, deciding to proceed with the model Alto 800 for the further procedures. Then I just 

compare the 2019 and 2020 models of Alto 800 in the Markov chain method and find the transition probability value 

and transition matrix. Then further, the data was used in the Minitab software to find the quality rate of the Alto 800 

model by the graphical representation. In the X bar chart, all the values are outside of the control limit, and in the R 

chart, all the values are inside the control limit except for one point. In the R chart, we can say the data has no 

defects or it has a very low rate of defects. 
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