[bookmark: _GoBack]Problem 15-1
Willow Brook National Bank operates a drive-up teller window that allows customers to complete bank transactions without getting out of their cars. On weekday mornings, arrivals to the drive-up teller window occur at random, with an arrival rate of 24 customers per hour or 0.4 customers per minute.
a. What is the mean or expected number of customers that will arrive in a five-minute period?
[bookmark: _Hlk25830802][bookmark: _Hlk25830971]Mean=0.4×5=2	

λ = 2 per five-minute period
b. Assume that the Poisson probability distribution can be used to describe the arrival process. Use the arrival rate in part (a) and compute the probabilities that exactly 0, 1, 2, and 3 customers will arrive during a five-minute period. If required, round your answers to four decimal places.
	X
	P(x)

	0
	0.1353

	1
	0.2707

	2
	0.2707

	3
	0.1804


c. Delays are expected if more than three customers arrive during any five-minute period. What is the probability that delays will occur? If required, round your answer to four decimal places.

P(X>3) =1-P(x=0)-P(x=1)-P(x=2)-P(x=3) =0.1428765

Hence, P (Delay Problems) = 0.1429


Problem 15-3 (Algorithmic)
Willow Brook National Bank operates a drive-up teller window that allows customers to complete bank transactions without getting out of their cars. On weekday mornings, arrivals to the drive-up teller window occur at random, with an arrival rate of 18 customers per hour or 0.3 customers per minute. In the same bank waiting line system, assume that the service times for the drive-up teller follow an exponential probability distribution with a service rate of 24 customers per hour, or 0.4 customers per minute. Determine the following operating characteristics for the system:
a. The probability that no customers are in the system. If required, round your answer to four decimal places.
Given that,
The rate of arrival=18 customers
Service rate, m=24 customers
[bookmark: _Hlk25830859]Traffic intensity=Arrival rate service rate=1824=0.75
The probability of no client is in the system=1- P=1-0.75=0.25

Therefore, P0 = 0.25
b. The average number of customers waiting. If required, round your answer to four decimal places.
[bookmark: _Hlk25831590][bookmark: _Hlk25831569]The average number of customers waiting= λ2 ÷( λ) = (18 ×18) ÷24(24-18) =2.25

Thus, Lq = 2.25
c. The average number of customers in the system. If required, round your answer to the nearest whole number.
The average number of customers in the system= λ÷ ( λ) =18÷ (24-18) =18÷6=3

Therefore, L =3 
d. The average time a customer spends waiting. If required, round your answer to four decimal places.
The average the customers spends waiting=18÷24(24-18) =0.125

Wq = 7.5min
e. The average time a customer spends in the system. If required, round your answer to the nearest whole number.
The average time the customer spends in the system=0.16667 hours
W = 10.00 min
f. The probability that arriving customers will have to wait for service. If required, round your answer to four decimal places.

Pw = 0.3



Problem 15-9 (Algorithmic)
Marty's Barber Shop has one barber. Customers have an arrival rate of 2.1 customers per hour, and haircuts are given with a service rate of 4 per hour. Use the Poisson arrivals and exponential service times model to answer the following questions:
a. [bookmark: _Hlk25859432]What is the probability that no units are in the system? If required, round your answer to four decimal places.
Given that
 λ =2.1
[bookmark: _Hlk25856937]µ =4

P0 = 1-( λ÷µ) =1-(2.1÷4) =1-0.525=0.475
Hence, the probability that no units are in the system is 0.475
b. [bookmark: _Hlk25859492]What is the probability that one customer is receiving a haircut and no one is waiting? If required, round your answer to four decimal places.

P1 = P0 (λ÷µ) =0.475(2.1÷4) =0.2494
Hence, the probability that one customer is receiving a haircut and no one is waiting is 0.2494
c. [bookmark: _Hlk25859392][bookmark: _Hlk25858844][bookmark: _Hlk25861193][bookmark: _Hlk25858885]What is the probability that one customer is receiving a haircut and one customer is waiting? If required, round your answer to four decimal places.

P2 = P0 (λ÷µ)2 =0.475(2.1÷4)2 = 0.475 ×0.275625=0.1309
Therefore, the probability that one customer is receiving a haircut and one customer is waiting is 0.1309
d. [bookmark: _Hlk25859339]What is the probability that one customer is receiving a haircut and two customers are waiting? If required, round your answer to four decimal places.

P3 = P0 (λ÷µ)3 =0.475(2.1÷4)3 =0.475×0.144703125=0.0687
Hence, the probability that one customer is receiving a haircut and two customers are waiting is 0.0687
e. [bookmark: _Hlk25860276]What is the probability that more than two customers are waiting? If required, round your answer to four decimal places.

P(More than 2 waiting) = P(probability of more than three customers are in the system)
                                       = 1 -(P0 +P1 + P2 + P3 = 1-(0.475 +0.2494 +0.1309 +0.0687)
                                      =1-0.9240=0.076
Hence, the probability that more than two customers are waiting is 0.076
f. [bookmark: _Hlk25862703]What is the average time a customer waits for service? If required, round your answer to four decimal places.
[bookmark: _Hlk25862136]
Wq = Lq ÷ λ
Lq = λ2÷ µ (µ- λ)
     =2.12 ÷4(4-2.1)
     = 4.41 ÷7.6=0.5803
Thus, Wq=Lq ÷ λ=0.5803 ÷2.1=0.2763
Wq = 0.2763hours
Hence, the average time a customer waits for service is 0.2763


Problem 15-11 (Algorithmic)
Agan Interior Design provides home and office decorating assistance to its customers. In normal operation, an average of 2.5 customers arrive each hour. One design consultant is available to answer customer questions and make product recommendations. The consultant averages 10 minutes with each customer.
a. Compute the operating characteristics of the customer waiting line, assuming Poisson arrivals and exponential service times. If required, round your answers to four decimal places.
Under this situation we should determine multiple probabilities 
Given that, 
[bookmark: _Hlk25869480] λ=2.5
µ=60 ÷10=60
[bookmark: _Hlk25874745][bookmark: _Hlk25869887]P0 = 1-(λ÷µ) =1-(2.5÷6) =0.5833
The average number of the units in the waiting line
[bookmark: _Hlk25876504]Lq = λ2 ÷ µ (µ- λ) =2.52 ÷ 6(6-2.5) =6.25÷21
Lq = 0.2976
 The average number of the units in the waiting line
[bookmark: _Hlk25870167]L=Lq +(λ÷µ) = 0.2976 +(2.5÷6) =0.7143
The average amount of time customers spent in waiting line
Wq = Lq ÷ λ=0.2976 ÷2.5= 0.1190
Thus, Wq = 0.1190 hours
 The average time the unit usually spends in a system
W= Wq +(1÷µ) = 0.1190 +(1÷6) =0.2857 hours
Pw = λ÷µ= 2.5÷6=0.4167
b. Service goals dictate that an arriving customer should not wait for service more than an average of 5 minutes. Is this goal being met? If not, what action do you recommend?
No. The organization should hire another consultant or increase the service rate.


c. [bookmark: _Hlk25873357]If the consultant can reduce the average time spent per customer to 8 minutes, what is the mean service rate? If required, round your answer to one decimal place. Will the service goal be met?
If the organization consultant can reduce the average time per client to eight minutes, the mean size (µ)=60 ÷8=7.5
Lq = λ2÷ µ (µ- λ) = 2.52 ÷ 7.5(7.5-2.5) =0.1667
Wq = Lq ÷ λ=0.1667÷2.5=0.0667 hours or 4.00 minutes 

Will the service goal be met?
Yes, the 5 minutes average service wait per client goal will be achieved by the firm.

Problem 15-17 (Algorithmic)
The new Fore and Aft Marina is to be located on the Ohio River near Madison, Indiana. Assume that Fore and Aft decides to build a docking facility where one boat at a time can stop for gas and servicing. Assume that arrivals follow a Poisson probability distribution, with an arrival rate of 6 boats per hour, and that service times follow an exponential probability distribution, with a service rate of 12 boats per hour. The manager of the Fore and Aft Marina wants to investigate the possibility of enlarging the docking facility so that two boats can stop for gas and servicing simultaneously. Assume that the arrival rate is 6 boats per hour and that the service rate for each server is 12 boats per hour.
a. What is the probability that the boat dock will be idle? If required, round your answer to two decimal places.
Given that, 
µ=12
[bookmark: _Hlk25876466][bookmark: _Hlk25929172][bookmark: _Hlk25915440]λ=6

P0 = 1-(λ÷µ)= 1-(6÷12)=0.5 
b. What is the average number of boats that will be waiting for service? If required, round your answer to four decimal places.

Lq = λ2 ÷ µ (µ- λ)=62 ÷12(12-6)= 36÷72=0.5
Thus, the average number of the boats waiting the service =0.5
c. What is the average time a boat will spend waiting for service? If required, round your answer to four decimal places.
Wq = Lq ÷ λ=0.5 ÷6=0.0833

Wq =  0.0833hours
d. What is the average time a boat will spend at the dock? If required, round your answer to four decimal places.

W = Wq +(1÷µ)=0.0833 +(1÷12)=0.0833+0.0833=0.1667
e. If you were the manager of Fore and Aft Marina, would you be satisfied with the service level your system will be providing? Why or why not?
The average service rate = 60÷12= 5 minutes and the averaging waiting time is also 5 minutes. Therefore, I would be satisfied with the service of the level of the system since the waiting time is only 5 minutes which is highly acceptable.

Problem 15-19 (Algorithmic)
All airplane passengers at the Lake City Regional Airport must pass through a security screening area before proceeding to the boarding area. The airport has three screening stations available, and the facility manager must decide how many to have open at any particular time. The service rate for processing passengers at each screening station is 3 passengers per minute. On Monday morning the arrival rate is 5.4 passengers per minute. Assume that processing times at each screening station follow an exponential distribution and that arrivals follow a Poisson distribution. When the security level is raised to high, the service rate for processing passengers is reduced to 2 passengers per minute at each screening station. Suppose the security level is raised to high on Monday morning. The arrival rate is 5.4 passengers per minute.
a. The facility manager's goal is to limit the average number of passengers waiting in line to 10 or fewer. How many screening stations must be open in order to satisfy the manager's goal?
µ= 2 per minute or 120 per hour
λ= 5.4 per minute or 324 per hour
[bookmark: _Hlk25953663]Since,   µ, then it is not M/M/1 model 
 = =2.7
And if it is M/M/K model, then 

  kµ, k  2.7, and let K =5,4,3
Where K=3
P0 =  


   
 Since, 7.529≤10
Thus, to satisfy the goals of the manager there should be at least 3 stations for screening.  Having 3 station(s) open satisfies the manager's goal to limit the average number of passengers in the waiting line to at most 10.
b. What is the average time required for a passenger to pass through security screening? If required, round your answer to two decimal places.
L =  +  = 

W =  = 10.229 ÷324 = 0.03157 hours or 1.8942 minutes 






Problem 15-27
Gubser Welding, Inc., operates a welding service for construction and automotive repair jobs. Assume that the arrival of jobs at the company's office can be described by a Poisson probability distribution with an arrival rate of two jobs per 8-hour day. The time required to complete the jobs follows a normal probability distribution, with a mean time of 3.2 hours and a standard deviation of 2 hours. Answer the following questions, assuming that Gubser uses one welder to complete all jobs:
a. What is the mean arrival rate in jobs per hour? If required, round your answer to two decimal places.
[bookmark: _Hlk25913962]Mean of arrival (λ)=2÷8=0.25 jobs per hour
b. What is the mean service rate in jobs per hour? If required, round your answer to four decimal places.
Mean of service rate ‘
µ =2÷3.2=0.625 per hour
c. What is the average number of jobs waiting for service? If required, round your answer to three decimal places.
[bookmark: _Hlk25914533]Lq = [λ2 σ2 + (λ÷µ)2] ÷2{1-(λ÷µ)}
   = [0.252 ×22 +(0.25÷0.625)2] ÷2(1-0.4) = (0.25+0.16) ÷1.2=0.342

d. [bookmark: _Hlk25914607]What is the average time a job waits before the welder can begin working on it? If required, round your answer to one decimal place.
Wq = Lq ÷ λ=0.342÷0.25=1.368

Thus, the average time a job waits before the welder can begin working on it is 1.368 hours
e. [bookmark: _Hlk25914830]What is the average number of hours between when a job is received and when it is completed? If required, round your answer to one decimal place.
W= Wq +(1÷µ) = 1.368 +(1÷0.625) =1.368 +1.6=2.968

Hence, the average number of hours between when a job is received and when it is completed is 2.968 hours
f. What percentage of the time is Gubser's welder busy?
Pw = λ÷µ= 0.25 ÷0.625=0.4= 40%

Hence 40% of the time the welder is busy.



Problem 15-31 (Algorithmic)
Mid-West Publishing Company publishes college textbooks. The company operates an 800-telephone number of whereby potential adopters can ask questions about forthcoming texts, request examination copies of texts, and place orders. Currently, two extension lines are used, with two representatives handling the telephone inquiries. Calls occurring when both extension lines are being used receive a busy signal; no waiting is allowed. Each representative can accommodate an average of 13 calls per hour. The arrival rate is 25 calls per hour.
a. How many extension lines should be used if the company wants to handle 90% of the calls immediately?
Utilizing the formula, such that n and m will be busy 
[bookmark: _Hlk25929729]Pn =[ (λ÷µ)n ÷ n!] ÷{∑mi=0 ((λ÷µ) i}  /i!
Calculation of the probability that two of the two servers will be busy
[bookmark: _Hlk25931669][bookmark: _Hlk25931665]P2 =[(25÷13)2 ÷2!] ÷=1.849112426÷4.7772189349=0.38748
Hence, two lines are inadequate
Thus, the organization needs 4 extensions lines to be able to handle 90% of the call immediately.


b. What is the probability that a call will receive a busy signal if your recommendation in part (a) is used? If required, round your answer to four decimal places.
The probability that a call will receive that busy signal if 4 extensions lines are to be used
[bookmark: _Hlk25935269]P4 ==[(25÷13)4 ÷4!] ÷=0.569869 ÷6.5273=0.0873



c. What number of calls, in decimal form, receive a busy signal for the current telephone system with two extension lines? If required, round your answer to four decimal places.

The probability that 2 of the 2 servers will be busy

[bookmark: _Hlk25931807]P2 =[(25÷13)2 ÷2!] ÷
=1.849112426÷4.772076=0.38748
Hence, the two lines are not sufficient 
The probability that the 3 of the 3 servers will be busy
P3 ==[(25÷13)3 ÷3!] ÷=1.1853 ÷5.9573=0.19897
Hence, the 3 lines are inadequate 
The probability of 4 of the 4 servers will be busy
P4 == [(25÷13)4 ÷4!] ÷=0.569869 ÷6.5273=0.0873
Problem 15-33 (Algorithmic)
Kolkmeyer Manufacturing Company is considering adding two machines to its manufacturing operation. This addition will bring the number of machines to eight. The president of Kolkmeyer asked for a study of the need to add a second employee to the repair operation. The arrival rate is 0.05 machines per hour for each machine, and the service rate for each individual assigned to the repair operation is 0.5 machines per hour.
a. Compute the operating characteristics if the company retains the single-employee repair operation. If required, round your answers to four decimal places.
Given that, 
N=8
µ=0.5
[bookmark: _Hlk25944814]λ=0.05
Probability that there are no units in the system 
	b. 
	P0
	= 1÷

	c.     
	
	    =1÷

	d.          
	
	        = 0.3383
Average number of the Units in the waiting line 


	 
	Lq
	= N-=8-

	
	
	Average number of the units in the system 

	
	L
	= Lq +=0.7213 +(1-0.3383) =0.7213+0.6617=1.383




           Average time the customer spends in the waiting line 
Wq = Lq÷ λ(N-L)=0.7213÷0.05(8-1.383)=2.180 hours
Average time the units spend in the system
W=Wq+(1÷µ)=2.180 +(1÷0.5)=4.180

b.Compute the operating characteristics if a second employee is added to the machine repair operation. If required, round your answers to four decimal places.
The assumptions
Population size=8
Service rate=0.5
Arrival rate=0.05
Number of servers=2
Characteristics
	c. 
	P0
	= 0.4566

	
	Lq
	= 0.0646

	
	L
	= 0.786

	
	Wq
	= 0.1791 hours

	
	W
	= 2.1791 hours


d. Each employee is paid $25 per hour. Machine downtime is valued at $85 per hour. From an economic point of view, should one or two employees handle the machine repair operation? Explain. If required, round your answers to two decimal places.

Cost of one employee system  
Cost=20+85L=25+(85x1.3832) =$142.56

Cost of two employees system: 
 
Cost= (2x25)+85L=50+85(0.786)=$116.81
From an economic point of view, should handle the machine repair operation.




