OPRE 315 Queuing System and Simulation
Pete’s Coffee Shop:

-  One customer every 5 min – according to Poisson
-  One customer serviced every three minutes – exponentially 
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1 [System: W/M/T 1 From Formulal
2 |Customer anival rate (lambda) per hour = 12.0000
3 |Service rate per server (mu) per hour = 20.0000
4| Overall system effective arrival rate per hour = 12.0000
5| Overall system effective service rate per hour = 12.0000
6 |Overall system utilization = 60.0000 %]
7 |Average number of customers in the system (L) 1.5000
8 |Average number of customers in the queue (La 0.9000
9 |Average number of customers in the queue for a busy system (Lb) = 1.5000
10 |Average time customer spends in the system (W) = 0.1250 hours
11 |Average time customer spends in the queue (Wa) = 0.0750 hours|
12 |Average time customer spends in the queue for a busy system (Wb) = 0.1250 hours
13| The probability that all servers are idle (Po) = 40.0000 %]
14| The probability an arriving customer waits (Pw) or system is busy (Pb) = 60.0000 %|
15 |Average number of customers being balked per hour = o
16| Total cost of busy server per hour $0|
17| Total cost of idle server per hour = $0|
18| Total cost of customer waiting per hour = $0|
19| Total cost of customer being served per hour $0|
20| Total cost of customer being balked per hour $0|
21| Total queue space cost per hour = $0|
22 |Total system cost per hour = $0|
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1 [System: W/M/T T From Simulation|
2 |Customer anival rate (lambda) per hou 12.0000
3 |Service rate per server (mu) per hour 20.0000
4 |0verall system effective anival rate per hour 11.8245
5 |Overall system effective service rate per hour 11.8236
6 |Overall system utilization = 58.9468 %|
7 |Average number of customers in the system (L) = 1.4648
8 |Average number of customers in the queue (La) = 0.8753
9 |Average number of customers in the queue for a busy system (Lb) = 1.4849
10 |Average time customer spends in the system (W) 0.1233 hours|
11 |Average time customer spends in the queue (Wal 0.0740 hours|
12 |Average time customer spends in the queue for a busy system (Wb) = 0.1256 hours|
13| The probability that all servers are idle (Po) = 41.0532 %]
14| The probability an arriving customer waits (Pw) or system is busy (Pb) = 58.9468 %|
15 |Average number of customers being balked per hour = o
16| Total cost of busy server per hour $0|
17| Total cost of idle server per hour $0|
18| Total cost of customer waiting per hour = $0|
19| Total cost of customer being served per hour = $0|
20| Total cost of customer being balked per hour = $0|
21| Total queue space cost per hour = $0|
22 |Total system cost per hour = $0|
23| Simulation time in hour = 1000.0000)
24 |Starting data collection time in hour = o
25 | Number of observations collected = 11824
26| Maximum number of customers in the queue = 20|
27| Total simulation CPU time in second = 1.2930)





A) Possibility that two customers come in a 15-min period.
P (X=2) = 12(.25) ² e^ -12(.25)   / 1*2 or 2!

=.224

B) Possibility 3 customers arrive in a 30 min period

P= (X>3) 
P= 1-P(X<3)
=1- {P(X=0) + P (x=1) + p (X=2) + p (X=3) }

= 1- .15

=.85

C) Probability service time is under two minutes

P (T<=2) = 1  - e^-20(2/60) * (6 /60)
= .487

D) On average how long does a customer spend time waiting for service?

W q'=12 / (20 (20-12))

W q = .075

=7.5 * .6

=4.5 Minutes

E) Probability a customer spends less than 5 min at Peter’s

P (W<5) = 1 – e –((20-120)(6/60))
P (W<5) = .551

F) Average number of customers present at Pete’s

=12 / (20-12)

=1.5

G) What percentage of Pete’s time is spent serving customers?

PW =12/20

=.6

=60%

Example: Peter’s Drive-In on 16th Avenue has one walk-up service window for people who want to park their cars and eat at a picnic table. On the Friday before a long weekend, customers arrive at the window at a rate of 30 per hour, following a Poisson distribution. There is a very large (say M), almost infinite number of hungry customers at this time of the year. The customers are served on a first come, first served basis, and it takes approximately 1.5 minutes to serve each customer.

We first determine ( and ( using the same units of time:

( = 30





( = 40

Average number of customers in the system, both waiting and being served:

LS = 
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 =        30 / (40-30) = 3

Average time a customer spends in the system, both waiting and being served:

WS = 
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1/ (40-30) = .1

Average number of customers waiting in line (i.e. length of the queue):

Lq = 
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 = 
 30² / 40(40-30) = 2.25

Average amount of time a person spends waiting in line:

Wq = 
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 = 30 / 40(40-30) = .075

Utilization factor (i.e. how busy is the server working at the window):

( = 
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 = 30/40 = ¾ = .75

Probability of there being no customers in the system:

P0 = 1 - 
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 = 1- (30/40) = 1 - .75 = .25

Probability of there being more than k customers in the system:
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	Pk = 
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	(30/40) ^1     = .75
	Note that this is equal to 1 – P0

	1


	(30/40) ^2     = .57
	

	2


	(30/40) ^3     = .42
	Meaning there is a   42 % chance that more than 2 customers are in the system

	3


	(30/40) ^4     = .32
	

	4


	(30/40) ^5     =. 24
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1 [System: W/M/T 1 From Formulal
2 |Customer anival rate (lambda) per hour = 30.0000
3 |Service rate per server (mu) per hour = 40.0000
4| Overall system effective arrival rate per hour = 30.0000
5| Overall system effective service rate per hour = 30.0000
6 |Overall system utilization = 75.0000 %]
7 |Average number of customers in the system (L) 3.0000
8 |Average number of customers in the queue (La 2.2500
9 |Average number of customers in the queue for a busy system (Lb) = 3.0000
10 |Average time customer spends in the system (W) = 0.1000 hours|
11 |Average time customer spends in the queue (Wa) = 0.0750 hours
12 |Average time customer spends in the queue for a busy system (Wb) = 0.1000 hours|
13| The probability that all servers are idle (Po) = 25.0000 %]
14| The probability an arriving customer waits (Pw) or system is busy (Pb) = 75.0000 %|
15 |Average number of customers being balked per hour = o
16| Total cost of busy server per hour $0|
17| Total cost of idle server per hour = $0|
18| Total cost of customer waiting per hour = $0|
19| Total cost of customer being served per hour $0|
20| Total cost of customer being balked per hour $0|
21| Total queue space cost per hour = $0|
22 |Total system cost per hour = $0|





Simulation[image: image11.png][11-29-2010] Performance Measure Result
1 [System: W/M/T T From Simulation|
2 |Customer anival rate (lambda) per hou 30.0000
3 |Service rate per server (mu) per hour 40.0000
4 |Overall system effective anival rate per hous 29.9815
5 |Overall system effective service rate per hour 29.9765
6 |Overall system utilization = 74.9730 %]
7 |Average number of customers in the system (L) = 3.0408
8 |Average number of customers in the queue (La) = 22910
9 |Average number of customers in the queue for a busy system (Lb) = 3.0558
10 |Average time customer spends in the system (W) 0.1014 hours|
11 |Average time customer spends in the queue (Wal 0.0764 hours
12 |Average time customer spends in the queue for a busy system (Wb) = 0.1019 hours|
13| The probability that all servers are idle (Po) = 25.0270 %]
14| The probability an arriving customer waits (Pw) or system is busy (Pb) = 74.9730 %|
15 |Average number of customers being balked per hour = o
16| Total cost of busy server per hous $0|
17| Total cost of idle server per hour $0|
18| Total cost of customer waiting per hour = $0|
19| Total cost of customer being served per hour = $0|
20| Total cost of customer being balked per hour = $0|
21| Total queue space cost per hour = $0|
22 |Total system cost per hour = $0|
23| Simulation time in hour = 1000.0000)
24 |Starting data collection time in hour = o
25 | Number of observations collected = 29979|
26| Maximum number of customers in the queue = 27|
27| Total simulation CPU time in second = 3.2180





Comparison:
When comparing my results with those of WinQSB I notice that the result are very similar and in some cases exactly the same.  For example the Performance measure and my calculation predict that the average customer waits in line 75% percent of the time. When the simulation was run a very similar result was found with 74.97% of the time customers waited. MY results and WinQSB were also very similar in predicting the number of customers in the system at 3, while the simulation predicted a very similar result. There is an also a very similar answer for all three methods for the probability all servers are idle. In fact though all the calculations are similar so it seems all three methods could be used for this particular problem.
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