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ABSTRACT. In this paper, we aim to evolve a flowchart for the simulation orig-
inate in advent affair and leave-taking affair originates in on queueing model
for a variety of two servers. It is thus demonstrated how queue models can be
nearly new to regulate the queue and how to equip the assistance to the pas-
sengers through the servers and also analyze the variation of different servers.
This analysis study is the analysis of single queue-single server and single queue
- multi server system for finite and infinite queue models mistreatment the sim-
ulation of passenger’s statistics assembled from Atal Indore City Transport As-
sistance Limited (AICTSL) office Indore (M.P.) India for the specific bus route.
This analysis determines the result for judgment makers to equip better as-
sistance to the passenger and reduce waiting time or analyze the passengers
being balked. Also we nearly new MATLAB and WinQSB simulation software to
plotting the graph between numerous simulation consequences and analytical
consequences and also compute numerous system characteristics of queueing
models M/M queue model for judgment making.
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1. INTRODUCTION

Advent and leave-taking affair is the most important part of our daily life for
getting and providing assistance. The time interval between arriving and the
start of the assistance is called waiting time and it generates the queue. Queue-
ing problems are most commonly seen in many situations such as post office,
bank, public transport, traffic jam, hospital, educational institutes, computer
networking, and telecommunication Jhala et al. 2017, [2].

Most of the Ahmad et al. 2017, [4] reported queueing models assume that
the advents and leave-takings follow as birth and death process is also called
a Poisson process. Raid, 2010 [3], proposed so many authors work on this as-
sumption in many fields. Here we are using the Poisson method. Although
queueing theory, today’s scenario many researchers widely use simulation tool,
technique, and their software in many streams like object-oriented problems,
queueing theory, telecommunication, computer networking. Joshi et al., a pro-
posal of passenger behaviour is Balking, Reneging, Jockeying. The meaning of
balking in queueing theory the passenger not joins the queue if it is too long. F.
A. Height [5], reported queueing system with Balking was researched by many
authors. Firstly the M/M/1 balking introduce by Okonkwo et al., 2011 [1].
Queueing models are running by different simulation algorithms evolved by
many authors. Simulation has a user interface as well as a mathematical ap-
proach; with this feature, consequences can be analyzed easily.

The valid and reliable evolved simulation algorithm with each step requires
fewer statistics with a quick number of simulation runs which is time-consuming.
The authors resulted from that simulation process can be tested by a number of
the system. Sometimes it is useful to repeat runs so that model parts have differ-
ent random number while the rest use the same random numbers on each run
et al. Jerry, John S. WinQSB is simulation software nearly new for measuring
system performance and compare the opportunities or help for making business
judgments, which also help to reduce waiting time of passengers.

2. STRUCTURE FOR TWO SERVERS OF ADVENT AFFAIR AND LEAVE-TAKING

AFFAIR

In this paper, we are taking the real-world bus route statistics for measuring
waiting time, the queue length of the passengers for concluding how the most
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effective assistance can be equipped to the passengers. Before analyzing these
points we need to understand how the passengers enter into the system and get
assistance and leave the system. For this, we are preparing an advent and leave-
taking affair for two servers to the passengers. In this paper, we are handling
a specific bus route multi-server statistics. The advent affair and leave-taking
affair for two server models are represented in Figures 1 and 2. In which we see
the passenger enters into the system it will be in advent affair and the passenger
is waiting for their turn when both the servers are busy when the assistance turn
arrives at the passenger, the passenger goes into the leave-taking affair. In the
leave-taking affair, we see how the passengers are getting assistance one by one
from the servers. We studied advent affair and leave-taking affair for one server
et al Jhala 2017, [2], Raid 2010, [3]. With the help of this, we prepare a flow
chart for two servers. The benefit of this flow chart for two servers will help to
reduce the waiting time, queue length, and better utilization of the system.

3. METHODS

The statistics for this study was assembled for Indian public transport ve-
hicle at the specific route from Atal Indore City Transport Assistance Limited
(AICTSL), Indore (M.P.). We assembled 5 months of statistics of passengers. By
using the statistics we apply numerical calculations using queueing theory M/M
queue models and simulation techniques for better consequences. The following
are:

(1) Λ passengers per unit of an hour of Poisson advents distributions (expo-
nential inter advent time).

(2) µ Passengers per unit of hour of Poisson assistance distribution (expo-
nential assistance time).

(3) The queue discipline is a first come first serve basis for all the servers.
(4) Queue capacity may be finite and infinite for a single server as well as

multiple servers.
(5) The average advent rate is greater than the average assistance rate.
(6) Here servers are the number of buses.
(7) Ps passengers per unit of the hour being balked
(8) In the capacity of the infinite situation, we cannot measure the average

balked queue.
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(9) We are using M/M/1 with a balked normalized formula with the value
consider k = 1.

FIGURE 1. Flowchart for the advent affair for 2 servers

Notation:
Λ – The advent rate of passengers per unit
µ - The assistancerate per unit time
S - The number of servers
P0 - The probability that there are several passengers in the system
Lq - Average number of passengers in the queue
Ls - The system’s total number of passengers
Wq - Total passenger time spent in the queue
Ws - Average time in the system a passenger spends
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Ps - Average number of passengers being balked per hour

FIGURE 2. Flowchart for the leave-takingaffair for 2 servers.

A measure of the virtual load of the server should be prepared for is equipped
by potential advents. Since passengers will balk, some of the future advents may
be fostered by the system. The balking passengers are potential passengers, who
attend and ultimately get assistance for advents. The time throughout that all
servers stay busy are known as a busy amount for the reason. The average
number missing and the average number of potential advents during a busy pe-
riod during a unit assistance time are expressed by N and D respectively. Since
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n=c Pn is the likelihood that all servers are busy, the likelihood of losing pas-

sengers is
∑∞

n=c Pn due to balking. In addition, during a busy time the average
rate of advents is λp, and therefore the average loss due to balking during a busy
period is λpq

∑∞
n=s Pn. Therefore

(3.1) N =
1

sµ

[
α + λpq

∞∑
n=s

Pn

]
,

where(1/cµ) is the average duration during a busy time of unit assistance. On
the opposite hand, the typical group action (denoted by A) throughout a busy
time during unit help is given by

(3.2) A =
1

sµ

[
s∑

n=0

λPn +
∞∑

n=s+1

λpPn

]
.

When the queue is not filled by the passenger, (3.1) and (3.2) become

N =
λpq

sµ− λp
1

s!

(λ
µ

)s
P0

and

(3.3) A =
λP0

sµ

[
∞∑
n=0

1

n!

(λ
µ

)n
+
p2

s!

(λ
µ

)s+1 µ

sµ− λp

]
.

Since D = A+N , the loss ratio l is given as

l =
N

D
.

Now if the number of servers was just one then the entire number of passengers
served throughout a busy time would are 1

1−λ/µ = µ
µ−λ , which is well understood.

Within the current situation, after we have s - servers, considering sµ as the
typical rate throughout a busy amount, the average potential variety K served
during a busy period is given by the average potential number K served during
a busy period,

(3.4) K =
1

1− λ/sµ
=

sµ

sµ− λ
.

Therefore if we tend to work out the typical loss by L throughout a busy time,
then we will have

(3.5) L = lK.
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Let I and T be the lengths of associate in nursing idle and busy time respectively;
let T ∗ be the length of the amount starting with a passenger’s advent to the
instant once the device first becomes empty. The scheme is clearly either in I or
is in T ∗. Also, T ∗ ≥ T . We tend to have an interest within the proportion of the
time the system remains occupied, that given by

(3.6)
E(T )

E(I) + E(T ∗)
.E(I) =

1

λ
.

It is known that P0 = E(I)
E(I)+E(T ∗)2

, and E(T ) = 1
sµ−λ′ , Thus we’ve got

E(T )

E(I) + E(T ∗)
=

λP0

sµ− λ
.

Using (3.6) we tend to get the common loss of passengers throughout a hard
and fast length of time t as λP0t

(sµ−λ)L, Which by the use of (3.4) and (3.5) becomes

sλµtP0

(sµ− λ)2
l.

The expression for P0 and l is given by equation (3.3), respectively. The other
name of simulation in general terms is numerical computation, not a single
model can distinguish this. The analytical consequences are listed for queueing
models demonstrated in Table 2. Here we use multi-server statistics but the cal-
culation is also applied on single server systems as well as multi-server systems.
The balking is only measured for finite queue because the balking means after
specific queue length passengers will not join the queue, if we can only compute
for the finite length for the infinite situation it is not possible. The number of
servers helps to reduce the waiting time of the passengers, these factors are nu-
merically analysed by queueing model and analytical consequences are found
in Table 2, system performance measure by pie charts through MATLAB and
simulation and performance measured through the WinQSB software. The ana-
lytical consequences and simulation consequences are almost the same but the
single server for an infinite queue are very different because analytical conse-
quences give negative values which indicate the system is not sustainable that’s
why the simulation result is so far from the analytical consequences because of
unsustainable statistics and the maximum passengers in the queue is very highly
demonstrated by the simulation calculation. However we increase the servers,
the maximum number of passengers in the queue is decreased. This shows the
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system efficiency for assisting the passengers which also decreases waiting time
and queue length. Based on these analytical and simulation calculations conse-
quences are represented by pie charts by using MATLAB and WinQSB.

TABLE 1. Queueing Models

Model-I
[(M/M/I):
(∞/FCFS)]

Model-II:
[(M/M/I):
(N/FCFS)]

Model-III:
[(M/M/s):
(∞/FCFS)]

Model-IV: [(M/M/s):
(N/FCFS)]

ρ λ
µ

λ
µ

λ
sµ

λ
sµ

p0 1− λ
µ

1−ρ
1−ρN+1

[∑s−1
n=0

(sρ)n

n!
+ 1
s!

(sρ)s

1−ρ

]−1 [∑s−1
n=0

(sρ)n

n!
+ 1
s!

(
λ
µ

)s
(N−s+

1)

]−1

pn ρn(1− ρ) ρn
(

1−ρ
1−ρN+1

) 
ρn

n!
P0; 1≤n<s

ρn

s!sn−s P0; n≥s;ρ=λ/µ



1
n!

(
λ
µ

)n
P0; n≥s

1
s!sn−s

(
λ
µ

)n
P0; s<n≥N

0; n>N

Ls
ρ

1−ρ
∑N
n=1 n

[
1−ρ

1−ρN+1

]
ρn Lq +

λ
µ

Lq+
λ
µ
(1−PN )

Lq
ρ2

1−ρ Ls − λ
µ

[
1

(s−1)!
(λ
µ

)s
λµ

(sµ−λ)2

]
P0

(sρ)sρ

s!(1−ρ)2

[
1−ρN−s+1−(1−ρ)(N−

s+1)ρN−s
]
P0

Wq
ρ

µ(1−ρ) Ws − 1
µ

Lq
λ

Ws − 1
µ

Ws
1

µ−λ
Ls

λ(1−PN )
Wq +

1
µ

Ls
λ(1−PN )

Ps - ρk

k!
e−ρ - (λ/µ)s

s!
∑s
n=0

(λ/µ)n

n!

The mean advent rate of passengers = 17, the mean assistance rate of pas-
sengers = 16, the number of servers = 5, the number of seats = 44.

TABLE 2. Calculation of numerous performance measures

Model P0 Ls Lq Ws Wq Ps

(M/M/1):(∞/FCFS) -0.0625 -17 -18.0625 -1 0.066406 -
(M/M/s):(∞/FCFS),s=2 0.312911 1.489537 0.427037 0.08762 0.025120 -

s = 3 0.344691 1.12101 0.058510 0.065942 0.03442 -
s = 4 0.346363 1.071559 0.009059 0.063033 0.000533 -
s = 5 0.345876 1.063838 0.001338 0.062579 0.000079 -

(M/M/1):(N/FCFS) 0.004369 31.142882 30.038038 1.934765 1.872265 0.367190

(M/M/s):(N/FCFS),s=2 0.037974 1.935529 0.051824 0.113855 0.051355 0.214870

s = 3 0.090718 2.493809 0.009945 0.146695 2.431309 0.070718

s = 4 0.19980 2.301937 0.003838 0.135408 2.239437 0.018438

s = 5 0.300181 1.580214 0.001161 0.092954 0.030454 0.003903
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FIGURE 3. Graphical representation of all
M/M/1 models

FIGURE 4. Perfor-
mance measures
for M/M/1 model
through a pie chart

FIGURE 5. Graphical represen-
tation of (M/M/s): (∞/FCFS)
models for all servers

FIGURE 6. Performance mea-
sures for (M/M/s): (∞/FCFS)
model through the pie chart

4. CONCLUSION

The formation of the advent affair and assistance affair of passengers through
the flow chart gives a better understanding of system utilization. From the nu-
merical consequences, we able to see the feasibility towards their parameter of
the system like model one single server - the infinite model has all the values
with the negative sign which shows the instability of a system and parame-
ters are not feasible. Apart from these all three models single server - finite
model, multi-server - infinite model, multi-server – the finite model has all of
the values with the positive sign which represents the stability of the system pa-
rameters are feasible for all these models. Through the MATLAB and WinQSB
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software’s performance measures are demonstrated by pie charts. Through the
output, the consequences of both analytic and simulation are almost the same.
The drawback of graphical representation is that it only represents the feasi-
ble consequences; the single server - the finite queue is infeasible towards their
parameters so it can’t be demonstrated through graphical representation.

The study suggests to the AICTSL office that as the number of the server gets
increased, the waiting time and queue length as well as balked will get reduced
thereby.

FIGURE 7. Graphical represen-
tation of (M/M/s): (N/FCFS)
models for all servers

FIGURE 8. Performance mea-
sures for (M/M/s): (N/FCFS)

FIGURE 9. Simulation Perfor-
mance measures using WinQSB
for (M/M/1): (∞/FCFS)

FIGURE 10. Simulation Perfor-
mance measures using WinQSB
for(M/M/2): (∞/FCFS)
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FIGURE 11. Simulation Perfor-
mance measures using WinQSB
for (M/M/3): (∞/FCFS)

FIGURE 12. Simulation Perfor-
mance measures using WinQSB
for(M/M/4): (∞/FCFS)

FIGURE 13. Simulation Perfor-
mance measures using WinQSB
for (M/M/5): (∞/FCFS) FIGURE 14. Simulation Perfor-

mance measures using WinQSB
for(M/M/1): (N/FCFS)
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FIGURE 15. Simulation Perfor-
mance measures using WinQSB
for (M/M/2): (N/FCFS)

FIGURE 16. Simulation Perfor-
mance measures using WinQSB
for(M/M/3): (N/FCFS)

FIGURE 17. Simulation Perfor-
mance measures using WinQSB
for (M/M/4): (N/FCFS)

FIGURE 18. Simulation Perfor-
mance measures using WinQSB
for(M/M/5): (N/FCFS)

REFERENCES

[1] DR. UGOCHUKWU, C. OKONKWO: Simulation model of multiple queueing parameters: A
case of the vehicle maintenance system, Computer and Information Science, 4(2) (2011),
21–33.



SYSTEM PERFORMANCE MEASURES OF M/M QUEUEING MODELS. . . 853

[2] N. JHALA, P. BHATHAWALA: Analysis and application of queueing theory in supermarkets,
International Journal of innovative research in science, Engineering and Technology, 6(9)
(2017), 17974–17979.

[3] R. AL-AOMAR: Simulating assistance systems, Industrial Engineering department; Jordan
University of science technology Irbid 22110, JORDAN retrieved on june 20, 2013.

[4] T. AHMAD KOKA, V. H. BADSHAH, R. AHMAD SHAH: Single and multi server queueing
models: A study, International Journal of mathematics and its applications, 5(4) (2017),
595–603.

[5] F. A. HEIGHT: Queueing with balking, Biometrika, 44 (1957), 360–369.

INSTITUTE OF ENGINEERING AND TECHNOLOGY

DEVI AHILYA VISHWAVIDHYALAYA INDORE, INDIA

Email address: 882nidhi@gmail.com

IPS ACADEMY, INDORE, INDIA

Email address: pradeepkjoshi1@gmail.com

GOVT HOLKAR SCIENCE COLLEGE, INDORE, INDIA

Email address: raj_rma@yahoo.co.in

IET, DEVI AHILYA VISHWAVIDHYALAYA INDORE, INDIA

Email address: pragyashukla_iet@yahoo.co.in


	1. Introduction
	2. Structure for Two Servers of Advent Affair and Leave-taking Affair
	3. Methods
	4. Conclusion
	References

