Chapter 5

Queuing Models

Example1:

Assume in our simulation system, the server was down, and 8 jobs have arrived with the following arrival times and service times.
	
	Arrival

Time
	Service

Time

	1
	0
	6

	2
	8
	8

	3
	14
	4

	4
	15
	5

	5
	23
	6

	6
	26
	7

	7
	28
	2

	8
	30
	4


Order those jobs in queue according to the following criterions
· First in first out

· Last in last out

· Last in first out

· Shortest processing first

· Largest processing first

Solution:

· First in first out 


1,2,3,4,5,6,7,8,
· Last in last out 


1,2,3,4,5,6,7,8
· Last in first out 


8,7,6,5,4,3,2,1
· Shortest processing first 
7,3,8,4,1,5,6,2
· Largest processing first 

2,6,5,1,4,8,3,7
Example2:

Assume the following M/M/1 system, where arrival and service time is given
	
	Arrival

Time
	Service

Time

	1
	0
	6

	2
	8
	8

	3
	14
	4

	4
	15
	5

	5
	23
	6

	6
	26
	7

	7
	28
	2

	8
	30
	4

	9
	40
	5

	10
	47
	3

	11
	48
	6

	12
	53
	7

	13
	59
	3

	14
	62
	4

	15
	70
	3

	16
	71
	3

	17
	73
	4

	18
	77
	5

	19
	82
	3

	20
	85
	2


Find

· Time weighted Average number of customers in queue

· Time weighted Average number of customers in system

· Average time in system

Solution:

From the above table we can produce the following table.

First we calculate the extra columns values as follows:

· Start service time=max (arrival time, end service time of previous job)

· End service time = start service time + service time

· Time in queue = start service time – arrival time

· Time in system = End service time - arrival time
· Queue length can be calculated by using the following: 
We compare the arrival time of job i with the start and end service times of the above jobs




Get the first job j that has 
arrival time of job i >= start service time of job j
and 
arrival time of job i  < end service time  of job j



then





queue length=i-j

· No. of jobs in the system can be calculated by using the following: 

Since the number of jobs in the system is the queue length + the job in the server

	
	Arrival

Time
	Service

Time
	Start Service
	End Service
	Time in

Queue
	Queue

Length
	No. of Jobs in System
	Time in System

	1
	0
	6
	0
	6
	0
	0
	1
	6

	2
	8
	8
	8
	16
	0
	0
	1
	8

	3
	14
	4
	16
	20
	2
	1
	2
	6

	4
	15
	5
	20
	25
	5
	2
	3
	10

	5
	23
	6
	26
	32
	3
	1
	2
	9

	6
	26
	7
	32
	39
	6
	1
	2
	13

	7
	28
	2
	39
	41
	11
	2
	3
	13

	8
	30
	4
	41
	45
	11
	3
	4
	15

	9
	40
	5
	46
	51
	6
	2
	3
	11

	10
	47
	3
	51
	54
	4
	1
	2
	7

	11
	48
	6
	54
	60
	6
	2
	3
	12

	12
	53
	7
	60
	67
	7
	2
	3
	14

	13
	59
	3
	67
	70
	8
	2
	3
	11

	14
	62
	4
	70
	74
	8
	2
	3
	12

	15
	70
	3
	74
	77
	4
	1
	2
	7

	16
	71
	3
	77
	80
	6
	2
	3
	9

	17
	73
	4
	80
	84
	7
	3
	4
	11

	18
	77
	5
	84
	89
	7
	2
	3
	12

	19
	82
	3
	89
	92
	7
	2
	3
	10

	20
	85
	2
	92
	94
	9
	2
	3
	9


· Time weighted Average number of customers in queue
14----16

    15---20

                  23----26

                            26----32

                               28 ----39

                                   30--- 41

                                          40---46

                                                       47----51

                                                            48-----54

                                                                    53----60

                                                                            59----67

                                                                                62----70

                                                                                          70---74

                                                                                            71----77

                                                                                               73----80 

                                                                                                      77------84

                                                                                                             82------89

                                                                                                                     85------92

= [(14-0)*0+(15-14)*1+ (16-15)*2+(20-16)*1+(23-20)*0+(28-23)*1+(30-28)*2+(32-30)*3+(39-32)*2+(40-32)*3+(41-40)*2+(46-41)*1+(47-46)*0+(48-47)*1+(51-48)*2+(53-51)*1+(54-53)*2+(59-54)*1+(60-59)*2+(62-60)*1+(67-62)*2+(71-67)*1+(73-71)*2+(74-73)*1+(77-74)*2+(80-77)*2+(82-80)*2+(84-82)*1+(85-84)*1+(89-85)*2+(92-89)*1+(94-92)*0]/94= 1.44680851

· Time weighted Average number of customers in system

= ((6-0)*1+(8-6)*0+(14-8)*1+(15-14)*2+ (16-15)*3+(20-16)*2+(23-20)*1+(28-23)*2+(30-28)*3+(32-30)*4+(39-32)*3+(40-32)*4+(41-40)*3+(46-41)*2+(47-46)*1+(48-47)*2+(51-48)*3+(53-51)*2+(54-53)*3+(59-54)*2+(60-59)*3+(62-60)*2+(67-62)*3+(71-67)*2+(73-71)*3+(74-73)*2+(77-74)*3+(80-77)*3+(82-80)*3+(84-82)*2+(85-84)*2+(89-85)*3+(92-89)*2+(94-92)*1)/94= 2.5

· Average time in system

If Ti  is the time spent by job i in system
Then Average time in system= ∑ Ti/no. of jobs

=205/20=10.25

