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Simulation of a waiting system 
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This paper analyzes an existing production system in an industrial hall, 

consisting of 11 machines (service stations) and 13 intermediate stocks 

(queues), where 4 types of parts are processed and assembled, with the 

aim of increasing production volume. The Queuing System Simulation 

module of the WinQSB software is used, which allows the simulation of 

waiting systems. 
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1. Introduction  

Probability theory and mathematical statistics are inevitable in the analysis of 

simple or complex waiting systems, because there are constantly situations of 

uncertainty both in terms of time of arrival and duration of services [2]. 

Waiting, forming a "waiting line" or a "queue" is a common phenomenon in 

the activity of an organization [9]. 

The design of a “waiting” model implies the knowledge of some 

characteristics of the studied phenomenon regarding the average number of: units 

in the system, of the units about to be served, of units in the queue, of unoccupied 

stations, of units arriving in a given time as well as the average time: serving, 

waiting in the system and waiting in a line [8]. 

The basic process in models for waiting phenomena consists of units 

generated over time by an input source, which require to be served by one or more 

serving stations. Units that cannot be served immediately will form waiting lines or 

queues. The most commonly used serving discipline is FIFO (first come, first 

served) [1]. 
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2. Illustrative example 

The production system (fig.2) required to be analyzed consists of 11 machines 

(serving stations or servers) on which 4 types of parts are processed and assembled 

(R1 ÷ R4). 

Part R1 is processed on machines M1 and M5, and part R2 on machines M2 

and M6, then a piece of each part type is assembled on machine M8 (Subassembly 

1). Parts R3 and R4 are processed on machines M3 and M4, and then a piece of 

each part is assembled on machine M7 (Subassembly 2). On the M9 machine, the 

two subassemblies are assembled, which are then processed on the M10 and M11 

machines, both machines being identical. 

If a machine from the first six (M1 ÷ M6) is occupied, the parts wait for the 

release of that machine in the container corresponding to that machine, the so-

called queues (intermediate stocks) between different jobs. There are also queues 

after the machines where the subassemblies are made and the assembly, more 

precisely, the M7, M8 and M9 machines. In the case of M10 and M11 machines, 

processing is carried out on any of them which are available. 

It is considered that all parts are processed and assembled according to the 

FIFO serving discipline, and the storage space for the parts to be processed and 

assembled is limited and therefore the maximum capacity for each queue, which is 

equal to 200, is specified. 

The duration of the time intervals between two consecutive arrivals of parts 

R1 to machine M1 is a uniformly distributed probabilistic quantity between 0.5 and 

0.6 hours. The duration of the time intervals between two consecutive arrivals of 

parts R2 to the machine M2 is a probabilistic quantity with normal distribution 

with an average of 0.6 hours and the standard deviation 0.2 hours. The duration of 

the time intervals between two consecutive arrivals of parts R3 at machine M3 is a 

uniformly distributed probabilistic quantity between 0.5 and 0.6 hours. The 

duration of the time intervals between two consecutive arrivals of parts R4 to the 

machine M4 is a probabilistic quantity with normal distribution with an average of 

0.6 hours and the standard deviation 0.2 hours. 

The machining time on the M1 machine is a probabilistic quantity with normal 

distribution with an average of 0.6 hours/part and the standard deviation 0.04 

hours/part, for the M2 machine it is a probabilistic quantity with a normal 

distribution with an average of 0.4 hours/part and standard deviation 0.03 

hour/part, for the M3 machine is a probabilistic size with normal distribution with 

an average of 0.3 hours/part and standard deviation 0.02 hours/part, for the M4 

machine is a probabilistic size with normal distribution with an average of 0.5 

hours/part and standard deviation 0.05 hours part, for the M5 machine is a 

probabilistic quantity with normal distribution with an average of 0.3 hours/part 

and the standard deviation 0.02 hours/part and for the M6 machine is a 
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probabilistic quantity with normal distribution averaging 0.25 hours/part and 

standard deviation 0.02 hours/part. The assembly time on M7 for subassembly 1 is 

a constant of 0.7 hours, for subassembly 2 (machine M8) is a constant of 0.8 hours, 

and for the assembly (machine M9) is 0.2 hours. Finally, the assembly is processed 

on M10 and M11 machines, and the processing time is a probabilistic quantity with 

normal distribution, with an average of 0.3 hours/part and the standard deviation 

0.02 hours/part. The transfer time of subassembly 1 from machine M7 to queue 11 

and that of subassembly 2 from machine M8 to queue 12 is 0.03 hours, and that of 

assembly from M9 to queue 13 is 0.02 hours. 

 

 
Figure 1. Input data of the problem 

  

 
Figure 2. Graphic representation of the production system 



 12 

After entering the problem data (fig.1) the simulation of 100 hours is 

specified. The results are collected starting with the 20th hour of operation, in order 

to remove the influence of the initial conditions, when the intermediate stocks are 

zero [2],[5]. 

 

2.1. Solving the problem 

The program provides results for three types of analysis: analysis of customers 

who have entered the system (fig.3), analysis of the use of service stations (fig.4) 

and queue analysis (fig.5). 

 

 
Figure 3. Show Customer Analysis. Current situation 

 

After simulating the 100 hours, it is found that during the 80 hours taken into 

account, 146 parts R1 and R3 enter the system, and also 134 parts R2 and R4. On 

average per hour there are 36.78 R1 parts in the system; 27.34 - R2; 35.11 - R3 and 

12.27 - R4. The total number of products obtained by processing and assembly is 

100 finished products. 

The average processing time of a finished product is 4.3316 hours, with a 

standard deviation of 0.0766 hours. The average waiting time for a finished product 

is 56.5872 hours, with a standard deviation of 23.4452 hours. The average time 

spent in the system by a finished product is 20.1584 hours, with a standard 

deviation of 7.3957 hours, and the total time spent in the system by a finished 

product is 32.9214 hours. 
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Figure 4. Show Server Analysis. Current situation 

 

From the analysis related to the use of machines (fig.4) it is observed that the 

M10 and M11 machines have the lowest degree of loading, namely: 20.92% and 

16.44%, and the number of products processed on each of these two machines is of 

56 and 44 pieces. In this case, the solution would be to remove the M11 machine, 

which would increase the load of the M10 machine. 

Also in the table with the analysis of service stations a load of over 100% can 

be observed on the M1 and M7 machines, machines that can be considered “narrow 

place”. This can be remedied by supplementing with another machine of each type. 

 

 
Figure 5. Show Queue Analysis. Current situation 

 

From the analysis of intermediate stocks (fig.5) it can be seen that queue 10 

has the longest average length, of 26.2575 products, as well as the longest average 

waiting time of 15.6439 hours. Queue 10 consists of parts R2 waiting to be 

assembled with parts R1 on the machine M8. The possible causes of the wait are: 

either the machine M8 is fully occupied, or in queue 9 there are no parts R1 to be 
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assembled with the parts R2 on the machine M8. The Show Server Analysis table 

shows that the M8 machine has a load rate of 100%, so this is the cause of the wait 

in the system and not the one related to queue 9, which has the second largest 

average length equal to 24.3272 products. To fix the problem, another M8 machine 

will be introduced into the system. 

Following the three analyzes performed, three solutions are proposed: 

1. disposal of the M11 machine; 

2. additional M1 and M7 machines; 

3.  supplementing the M8 machine. 
 

2.2. Supplementation with service stations 

The production system is supplemented with three more machines (M1b, M7b 

and M8b) and we obtain the three analyzes presented in the section 2.1. (fig. 6, 7 

and 8). 
 

 
Figure 6. Show Customer Analysis. Modified system 1 

 

 
Figure 7. Show Server Analysis. Modified system 1 
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Following the three analyzes made on the new production system, the following 

conclusions can be drawn: 

- the number of finished products obtained increased by 33 pieces; 

- on average, there are fewer parts of each type per hour and also the maximum 

number of parts decreased from 60 to 21 for part R1, from 43 to 3 for part R2, 

58 to 21 for the R3 part and 24 to 3 for the R4 part, 

- the total time spent by a finished product decreased from 32.9214 hours to 

11.886 hours; 

- the average time spent on a finished product decreased from 20.1854 hours to 

8.7134 hours; 

- the loading of the machines is not very good, especially for the M11 machine, 

being 19.20%, which again leads to the elimination of the M11 machine (the 

first solution proposed in section 2.1) 

 

 
Figure 8. Show Queue Analysis. Modified system 1 

 

2.3. Removing a service station 

One of the solutions proposed in section 2.1 was the elimination of the M11 

machine, which was also reached following the analyzes performed in section 2.2. 

The results obtained are almost identical to those obtained in section 2.2. The only 

change appears in Show Server Analysis, where the M10 machine increased the 

loading degree from 30.47% to 49.68%, meaning it also took over the loading 

degree of the removed machine (fig.9). 
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Figure 9. Show Server Analysis. Modified system 2 

 

A comparative graphical representation of the average and maximum pro-

cessing times on the 13 machines is illustrated in Figure 10. 

 
Figure 10. Graphical representation of the average and maximum  

processing times. Modified system 2 

 

2.4. Removal of an additional service station 

In section 2.2, the production system was supplemented with three machines, 

namely: M1b, M7b and M8b. Following the Show Server Analysis performed in 

section 2.1, the M1 machine was considered a “narrow place”, just like the M7 

machine, although due to the fact that the number of products processed on the M1 

machine is 134, identical to that of the other machines, it would not have been 

appropriate to supplement with another machine in this case. 
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Figure 11. Show Customer Analysis. Modified system 3 

 

 

Figure 12. Show Server Analysis. Modified system 3 

 

In this section the machine M1b is eliminated and the results are obtained, 

shown in figures 11, 12 and 13. 

 

 
Figure 13. Show Queue Analysis. Modified system 3 
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A comparative graphic image of the average and maximum processing times 

on the 12 machines is presented in fig.14. Also, in fig.15 are represented graphical-

ly the average and maximum values of the intermediate stocks, respectively of the 

average and maximum lengths of the queues in the system. 

 

 Figure 14. Graphical representation of average and maximum  

processing times. Modified system 3 
 

 Figure 15. Graphical representation of average and maximum Q lengths.  

Modified system 3 

 

In the table with comparative results in Figure 16, with the elimination of the 

M1b machine, the total number of finished products decreased from 133 to 131. 
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Figure 16. Comparative results 

 

3. Conclusion  

The waiting theory shows us that the average time spent by a consumer in the 

system consists of the average time spent in the queue and the time needed to 

serve. In this case, where the consumer in the waiting system is a finished product, 

the average time spent in the system is obtained by following the path taken by the 

part to achieve the finished product. 

In the present paper we started from a production system consisting of 11 

machines (servers), on which 100 finished products were processed and assembled. 

Following the supplementation of the system with 3 machines, it was observed that 

as the loading degree of the machines decreases (server utilization coefficient), the 

average downtime of the finished products in the system decreases, as well as the 

average waiting time and the number of finished products increases. But this 

decrease in the degree of loading of the machines also led to the situation where 

most of the queues are non-existent, in which case no intermediate stocks are 

needed due to the processing times of the parts or not enough parts enter the 

system. 
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