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i.

Single server Queuing system
modeling

Discrete event Simulation (DES)



Representation of the system

ﬁ schematically

Server=idle
queue=0

0 =0



Representation of the system
schematically

o

First customer arrival time :
A, =1min, T1=1 min

Ol

Generate service time :
S1=0.4 min
Cl1=1.4 min
Server=BUSY
queue=0

=T1



Representation of the system
schematically

o

second customer arrival time :
A, =0.2 min , T2=1.2 min

T2<C1 [ e2=T2
O O}

Server=Dbusy
queue=1

=T

2 2



Representation of the system
schematically

third customer arrival time :
A; =0.4 min , T3=1.6 min

T3>C1 [ e3=Cl an /.
Generate service time
For second customer :

S2=0.2 min
C2=C14+52=1.6 min

Server=busy Therefore first customer departs after 1.4 min with no
Delay in the system (D=0)
queue=1
Second customer now enter service :
e,=C

) Delay in system = C1-T2=1.4-1.2=0.2 min.



L.

Simulate M/M/1 queuing system. Assume the queue is empty at the beginning and
server 1s idle. The inter-arrival and service times are:

Aj 0.4 1.2 0.5 | 0.2 1.6 0.2 1.4 1.9

S 2 0.7 0.2 | M| 3.7 0.6 - . =

Assume the simulation run is until 6% customer leaves the facility.

Trace the simulation by following the events.

Sketch Q(t) and B(t) of the queue and estimate the following parameters
1. Average delays in the queue.

ii. Time-average number of customers in the queue.

ii. Utilization of the server.




Aj 0.4 1.2 0.5 1.7 0.2 1.6 0.2 1.4 1.9
Si 2 0.7 0.2 1.1 3.7 0.6 - - -
9 8 7 6 5 4 3 2 1 Customers
1.9 1.4 0.2 1.6 0.2 1.7 0.5 1.2 0.4 Inter-arrivals Ai
- - - 0.6 3.7 1.1 0.2 0.7 2 Service Si
9.1 7.2 5.8 5.6 4 3.8 2.1 1.6 0.4 Arrival Times
9.2 8.6 4.9 3.3 3.1 2.4 | End Service Time
3.4 3 0.9 - 1 0.8 - Delays
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Customers

Inter-arrivals Ai

Service Si

Arrival Times

End Service Time

Delays
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Customers

Inter-arrivals Ai

Service Si

Arrival Times

End Service Time

Delays

Q(t)

4

3
By g
33 E 3
Q.9 =
§ 8 ==
§ 3 =+
= E 3
o= =
N = =
I = =
= = =
N’ g
Q =¥
= ES
o € =
[+1]

T

T m N = O

T

Lr

LLLLLL bl o

LI

T =

T M N = O

7 8 ?_T 10
9.2

6

5

e

3.3 3.8

1 2
L

5 6 7 8 9 10

4

’_TIFTZ3

0.4

1.6

Average delays in the queue.

9.1 minute/customer
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Sum of all delays
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Customers 1 2 3 4 3] 6 7 8 9

Inter-arrivals Ai 0.4 1.2 0.5 1.7 0.2 1.6 0.2 1.4 1.9

Service Si 2 0.7 0.2 1.1 3.7 0.6 - - -

Arrival Times 0.4 1.6 2.1 3.8 -4 5.6 5.8 7.2 9.1

End Service Time | 2.4 3.1 3.3 4.9 8.6 9.2

Delays - 0.8 1 - 0.9 3 3.4

Q(t) -

A 1 if severisbusy

4 - 41‘ B(')={o if sever is idl
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Time-average number of customers in the queue

T =2 (1.6-0.4)+(3.3-3.1)+(4-3.8)+(5.6-4.9) == 1.2+0.2+0.2+0.7 = 2.
L= (2.1-1.6)+(3.1-2.4)+(4.9-4)+(5.8-5.6) == 0.5+0.7+0.9+0.2 == 233
T2E=  (2.4-2.1)+(7.2-5.8)+(9.1-8.6) =  0.3+1.4+0.5 =222
T3 == (8.6-7.2)+(9.2-9.1) = 1.4+0.1 =15

M:;_fz __23(0)+23(1)+22(2)+15(3)

1.21 Customer
() 9.2
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2. A service facility consists of two servers in series(tandem), each with its own FIFO
queue (see Fig.1), A customer completing service at server 1 proceeds to server 2,
while a customer completing service at server 2 leaves the facility. Assume that the
inter-arrival times of customers to server 1 are IID exponential random variables with
mean 1 minute. Service times of customers at server 1 are IID exponential random
variables with mean 0.8 minute, and at server 2 are [ID exponential random variables
with mean 0.9 minute.

OO0 O

Queue 1

- Q000 O >

Queue 2

Server 1 Serverd

Fig.1. A tandem queuing system.
The inter-arrival and service times are:

A 1.445 | 1.215 | 0.241 | 1.565 | 0.126
Sil 0.071 | 0.590 | 0.624 | 0.351 | 0.713
Si2 2.082 | 0.904 | 1.406 | 0.566 -

Assume the simulation run is until 4t2 customer leaves the facility.
- Trace the simulation by following the events.

- Sketch Q(t) and B(t) of both queues and estimate the following parameters

1. Average delays in every queue.
11. Time-average number of customers in every queue.
111. Utilization of both servers.




A 1.445 | 1.215 | 0.241 | 1.565 | 0.126
Si1 | 0.071 | 0.590 | 0.624 | 0.351 | 0.713
S;i2 2.082 | 0.904 | 1.406 | 0.566 -

5 4 3 2 1 Customers
0.126 | 1.565 | 0.241 | 1.215 | 1.445 Inter-arrivals A1
0.713 | 0.351 | 0.624 0.59 0.071 Service Si 1

- 0.566 | 1.406 | 0.904 | 2.082 Service Si 2
4.592 | 4466 | 2.901 2.66 1.445 Arrival Times

5.53 4.817 | 3.874 3.25 1.516 | End Service Time 1
6.474 | 5908 | 4.502 | 3.598 | End Service Time 2

0.225 - 0.349 - - Delays 1

0944 | 1.091 | 0.628 | 0.348 - Delays 2




Customers 1 2 3 - 5
Inter-arrivals Ai 1.445 | 1.215 | 0.241 | 1.565 0.126
Service Si 1 0.071 0.59 0.624 | 0.351 0.713
Arrival Times 1.445 2.66 2.001 | 4.466 | 4.592
End Service Time 1 1.516 3.25 3.874 | 4.817 5.53
Delays 1 - - 0.349 - 0.225
Cor secrver 1:
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B

Customers 1 3 < 5

Inter-arrivals Ai 1.445 1.215 0.241 1.565 0.126

Service Si 1 0.071 0.59 0.624 0.351 0.713

Arrival Times 1.445 2.66 2.901 4.466 02

End Service Time 1 1.516 3.25 3.874 4.817 5.53

Delays 1 - 0.349 - 0.225

I\
) T 'y . l t
115 11514 26 4 ! ‘ x5
1 z 397y 3 \ f ¥

2 3 L “4é 5 563 £ 2



Customers 1 2 3 < 5
Inter-arrivals Ai 1.445 | 1.215 | 0.241 | 1.565 | 0.126
Service Si 1 0.071 0.59 0.624 | 0.351 | 0.713
Arrival Times 1.445 2.66 2.901 | 4.466 | 4.592
End Service Time 1 | 1.516 3.25 3.874 | 4.817 5.53
Delays 1 - - 0.349 - 0.225
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Customers 1 2 3 5
Inter-arrivals Ai 1.445 1.215 0.241 1.565 0.126
Service Si 2 2.082 0.904 1.406 | 0.566 -
End Service Time 1 1.516 3.25 3.874 | 4.817 5.53
End Service Time 2 | 3.598 | 4.502 5.908 | 6.474
Delays 2 - 0.348 | 0.628 1.091 0.944
For Sérver 2.
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Customers 1 2 3 - 5
Inter-arrivals Ai 1.445 1.215 0.241 1.565 0.126
Service Si2 2.082 0.904 | 1.406 | 0.566 -
End Service Time 1 1.516 3.25 3.874 | 4.817 5.53
End Service Time 2 | 3.598 | 4.502 5.908 | 6.474
Delays 2 - 0.348 | 0.628 1.091 0.944
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Customers 1 2 3 < 5
Inter-arrivals Ai 1.445 1.215 0.241 1.565 0.126
Service Si2 2.082 0.904 1.406 0.566 -

End Service Time 1 | 1.516 3.25 3.874 | 4.817 5.53

End Service Time 2 | 3.598 | 4.502 | 5.908 | 6.474

Delays 2 - 0.348 | 0.628 | 1.091 | 0.944

For server 2.
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