Operations Management, 11e, Global Edition (Heizer/Render)

Module D  Queuing Models

Section 1   Queuing Theory

1) Waiting-line models are useful to operations in such diverse settings as service systems, maintenance activities, and shop-floor control.

Answer:  TRUE

Diff: 1

Key Term:  Queuing theory

Learning Outcome:  Apply waiting-line theories and models

2) Study of waiting-line models helps operations managers better understand:

A) service systems such as bank teller stations.

B) maintenance activities that might repair broken machinery.

C) shop-floor control activities.

D) service systems such as amusement park rides.

E) all of the above

Answer:  E

Diff: 1

Key Term:  Queuing theory

Learning Outcome:  Apply waiting-line theories and models

3) Which of the following is NOT a common queuing situation?

A) grocery shoppers being served by checkout clerks

B) commuters slowing or stopping at toll plazas to pay highway tolls

C) machinery waiting to be repaired or maintained

D) parcel delivery truck following its computer-generated route

E) patients in a health clinic waiting to see one of several doctors

Answer:  D

Diff: 1

Key Term:  Queuing theory

Learning Outcome:  Apply waiting-line theories and models

4) A waiting line or ________ is where items or people are in a line awaiting service; ________ is a body of knowledge about waiting lines.

Answer:  queue, queuing theory

Diff: 1

Key Term:  Queuing theory

Learning Outcome:  Apply waiting-line theories and models

Section 2   Characteristics of a Waiting-Line System

1) The two characteristics of the waiting line itself are whether its length is limited or unlimited and the discipline of the people or items in it.

Answer:  TRUE

Diff: 2

Key Term:  Waiting line (queue)

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

2) A waiting-line system has three parts: the size of the arrival population, the behavior of arrivals, and the statistical distribution of arrivals.

Answer:  FALSE

Diff: 2

Key Term:  Queuing theory

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

3) A copy center has five machines that serve many customers throughout the day. The waiting-line system for copy service has an infinite population, while the waiting-line system for copier maintenance has a finite population

Answer:  TRUE

Diff: 2

Key Term:  Queuing theory

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

4) In queuing problems, arrival rates are generally described by the normal probability distribution.

Answer:  FALSE

Diff: 2

Key Term:  Poisson distribution

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

5) Balk and renege are elements of queue discipline.

Answer:  FALSE

Diff: 2

Key Term:  Queuing theory

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

6) A hospital emergency room always follows a FIFO queue discipline in the interest of fairness.

Answer:  FALSE

Diff: 2

Key Term:  First-in, first-out (FIFO) rule

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

7) In queuing problems, the term "renege" refers to the fact that some customers leave the queue before service is completed.

Answer:  TRUE

Diff: 2

Key Term:  Waiting line (queue)

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

8) A waiting-line system with one waiting line and three sequential processing stages is a multiple-server, single-phase system.

Answer:  FALSE

Diff: 2

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

9) If the service time within a queuing system is constant, the service rate can be easily described by a negative exponential distribution.

Answer:  FALSE

Diff: 2

Key Term:  Negative exponential probability distribution

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

10) LIFS (last-in, first-served) is a common queue discipline, most often seen where people, not objects, form the waiting line.

Answer:  FALSE

Diff: 3

Key Term:  Queuing theory

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

11) A bank office with five tellers, each with a separate line of customers, exhibits the characteristics of a multiphase queuing system.

Answer:  FALSE

Diff: 2

Key Term:  Multiphase system

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

12) In the analysis of queuing models, the Poisson distribution often describes arrival rates, while service times are often described by the negative exponential distribution.

Answer:  TRUE

Diff: 2

Key Term:  Queuing theory

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

13) In queuing problems, which of the following probability distributions is typically used to describe the number of arrivals per unit of time?

A) binomial

B) normal

C) Poisson

D) exponential

E) lognormal

Answer:  C

Diff: 1

Key Term:  Poisson distribution

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

14) In queuing problems, which of the following probability distributions is typically used to describe the time to perform the service?

A) binomial

B) normal

C) Poisson

D) negative exponential

E) lognormal

Answer:  D

Diff: 1

Key Term:  Negative exponential probability distribution

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

15) The common measures of a queuing system's performance include:

A) probability that the service facility will be idle, average queue length, and probability that the waiting time will exceed a specified duration.

B) average time each customer spends in the system, probability that the service system will be idle, and average time each customer spends in the queue.

C) average queue length, maximum time a customer may spend in the queue, and the utilization factor for the system.

D) average time each customer spends in the system, maximum queue length, and probability of a specific number of customers in the system.

E) maximum queue length, maximum time a customer may spend in the queue, and average queue length.

Answer:  B

Diff: 2

Key Term:  Queuing theory

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

16) The shopper who says to himself, "I've waited too long in this line. I don't really need to buy this product today," and leaves the store is an illustration of which element of arrival behavior?

A) random arrival

B) renege

C) random departure

D) balk

E) frustration

Answer:  B

Diff: 2

Key Term:  Waiting line (queue)

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

17) A waiting line, or queuing, system has three parts, which are:

A) distribution of arrival times, discipline while waiting, and distribution of service times.

B) arrival rate, service rate, and utilization rate.

C) arrival discipline, queue discipline, and service sequencing.

D) arrivals or inputs, queue discipline or the waiting line itself, and the service facility.

E) sequencing policy, penalty for reneging, and expediting of arrivals.

Answer:  D

Diff: 2

Key Term:  Queuing theory

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

18) The source population is considered to be either ________ in its size.

A) finite or infinite

B) fixed or variable

C) known or unknown

D) random or scheduled

E) small or large

Answer:  A

Diff: 2

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

19) The potential restaurant customer who says to her husband, "The line looks too long; let's eat somewhere else," is an illustration of which element of arrival behavior?

A) first-in, first-out

B) balk

C) renege

D) random departure

E) frustration

Answer:  B

Diff: 2

Key Term:  Waiting line (queue)

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

20) Arrivals or inputs to a waiting-line system have characteristics that include:

A) population size.

B) population behavior.

C) population's statistical distribution.

D) A and C

E) A, B, and C

Answer:  E

Diff: 2

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

21) Which part of a waiting line has characteristics that involve a statistical distribution?

A) arrivals or inputs

B) the waiting line itself

C) the service facility

D) A and C

E) A, B, and C

Answer:  D

Diff: 2

Key Term:  Waiting line (queue)

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

22) Which of the following is an example of a finite arrival population?

A) copy machines in a copying shop that break down

B) students at a large university registering for classes

C) shoppers arriving at a supermarket

D) cars arriving at a suburban car wash

E) all of the above

Answer:  A

Diff: 2

Key Term:  Limited, or finite, population

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

23) Which of the following represents a customer that reneged due to the waiting line?

A) A husband and wife decide to eat out instead after seeing the movie ticket line.

B) A car drives past the first fast-food restaurant on Hamburger Row because the drive-through was full.

C) A Black Friday shopper skipped one store because the line went around the building.

D) A student ordered pizza online because the phone line was busy.

E) A customer at a gas station went inside to buy a soda, but after waiting in line for a minute left the soda behind and went outside empty-handed.

Answer:  E

Diff: 2

Key Term:  Waiting line (queue)

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

24) Which of the following represents an unlimited queue?

A) drive-through lane at a fast-food restaurant

B) small barbershop with only 5 chairs for waiting customers

C) toll booth serving automobiles on an interstate

D) faculty office with limited seating during office hours

E) restaurant with no outside seating and limited capacity due to fire department restrictions

Answer:  C

Diff: 2

Key Term:  Unlimited, or infinite, population

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

25) Which of the following is most likely to violate a FIFO queue?

A) supermarket with no express lanes

B) car repair garage

C) emergency room

D) fast-food restaurant

E) All of the above are equally likely to violate a FIFO queue.

Answer:  C

Diff: 2

Key Term:  First-in, first-out (FIFO) rule

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

26) A college registrar's office requires you to first visit with one of three advisors and then with one of two financial professionals. This system is best described as which of the following?

A) single-server, single-phase system

B) single-server, multiphase system

C) multiple-server, single-phase system

D) multiple-server, multiphase system

E) multiple-server, cross-phase system

Answer:  D

Diff: 2

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

27) An airline ticket counter, with several agents for one line of customers, is an example of which of the following?

A) single-server, single-phase system

B) single-server, multiphase system

C) multiple-server, single-phase system

D) multiple-server, multiphase system

E) cross-server, single-phase system

Answer:  C

Diff: 2

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

28) A concert hall, employing both ticket takers and ushers to seat patrons, behaves typically as which of the following?

A) multiple-server, single-phase system

B) multiple-server, multiphase system

C) single-server, single-phase system

D) single-server, multiphase system

E) multiple-server, cross-phase system

Answer:  B

Diff: 2

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

29) A McDonald's single-lane drive-through that has one window for making the payment and a second window for receiving the food behaves most like which of the following?

A) single-server, single-phase system

B) single-server, multiphase system

C) multiple-server, single-phase system

D) multiple-server, multiphase system

E) single-server, sequential-phase system

Answer:  B

Diff: 2

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

30) The sign at the bank that reads, "Wait here for the first available teller," suggests the use of a ________ waiting line system.

A) dynamic-server, single-phase

B) random-server, single-phase

C) single-server, multiphase

D) multiple-server, single-phase

E) multiple-server, multiphase

Answer:  D

Diff: 2

Key Term:  Multiple-server queuing system

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

31) A large discount store and supermarket has a hair styling salon on its premises. The salon has several operators. Salon customers can shop in other parts of the store until their name is called for salon service, at which time the customer will be served by the next available stylist. This scenario provides an example of which of the following?

A) multiple-server, limited queue length

B) single-server, multiphase, limited queue length

C) multiple-server, unlimited queue length

D) multiple single-server systems, limited queue length

E) single-server, unlimited queue length

Answer:  C

Diff: 2

Key Term:  Multiple-server queuing system

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

32) A system in which the customer receives service from only one station and then exits the system is which of the following?

A) a single-phase system

B) a single-channel system

C) a multiple channel system

D) a multiphase system

E) a limited-access system

Answer:  A

Diff: 1

Key Term:  Single-phase system

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

33) Which of the following is a measure of queue performance?

A) utilization factor for the system

B) average queue length

C) probability of a specific number of customers in the system

D) average waiting time in the line

E) all of the above

Answer:  E

Diff: 2

Key Term:  Waiting line (queue)

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

34) Which of the following is most likely to be served in a last-in, first-served (LIFS) queue discipline?

A) customers checking out at a grocery store

B) the in-basket on a manager's desk

C) patients entering a hospital emergency room

D) patrons waiting to be seated in a casual-dining restaurant

E) customers waiting to see a bank teller

Answer:  B

Diff: 2

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

35) Which of the following is NOT a measure of a queue's performance?

A) average time spent in the queue

B) average queue length

C) probability that the service facility will be idle

D) utilization factor for the system

E) All of the above are performance measures.

Answer:  E

Diff: 2

Key Term:  Waiting line (queue)

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

36) A(n) ________ is a discrete probability distribution that often describes the arrival rate in queuing theory.

Answer:  Poisson distribution

Diff: 2

Key Term:  Poisson distribution

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

37) A(n) ________ occurs when an arrival refuses to enter a waiting line; a(n) ________ occurs when an arrival joins a waiting line, then leaves it before being served.

Answer:  balk, renege 

Diff: 2

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

38) A waiting line has a(n) ________ population if, as arrivals take place, the likelihood of additional arrivals is decreased.

Answer:  finite or limited

Diff: 2

Key Term:  Limited, or finite, population

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

39) Of the three types of queue discipline, only ________ is assumed by the four primary waiting line models.

Answer:  FIFO or FIFS or first-in, first-out or first-in, first-served

Diff: 2

Key Term:  Characteristics of a waiting-line system

40) A(n) ________ queuing system has one line and one server.

Answer:  single-server

Diff: 2

Key Term:  Single-server queuing system

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

41) A(n) ________ queuing system has one waiting line, but several servers; a(n) ________ queuing system is one in which the customer receives services from several stations before exiting the system

Answer:  multiple-server, multiphase

Diff: 2

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

42) A(n) ________ queuing system is one in which the customer receives service from only one station and then exits the system.

Answer:  single-phase

Diff: 2

Key Term:  Single-phase system

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

43) The ________ probability distribution is a continuous probability distribution often used to describe the service time in a queuing system.

Answer:  negative exponential

Diff: 2

Key Term:  Negative exponential probability distribution

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

44) Provide an example of a limited or finite population for a queue.

Answer:  Answers will vary, but the textbook provides copiers at a copying shop in terms of breakdowns and repair.

Diff: 2

Key Term:  Limited, or finite, population

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

45) What does it mean to have a patient customer in a waiting line?

Answer:  A patient customer is one who waits in the queue until he or she has been served, and exits the system normally. A patient customer does not balk or renege or switch between lines.

Diff: 2

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

46) Describe the difference between FIFO and LIFO queue disciplines.

Answer:  FIFO (first-in, first-out) serves first the customer who entered earliest and who has been in line longest; LIFO serves first the customer who entered most recently. FIFO exhibits a fairness to people waiting; LIFO is something like an in-basket on a desk, where the top piece of paper was the last entered, but the first to be serviced.

Diff: 3

Key Term:  First-in, first-out (FIFO) rule

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

47) What are the components in a waiting-line system?

Answer:  The components of a waiting-line system are (1) the arrivals or inputs to the system; (2) the queue discipline, or the waiting line itself, and (3) the service facility.

Diff: 2

Key Term:  Queuing theory

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

48) Identify the seven major measures of a queue system's performance. 

Answer:  
•
The average time each customer or object spends in the queue

•
The average length of the queue

•
The average time each customer spends in the system (waiting time plus service time)

•
The average number of customers in the system

•
The probability that the service facility will be idle

•
The utilization factor for the system

•
The probability of a specific number of customers in the system

Diff: 3

Key Term:  Waiting line (queue)

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

49) Suppose that 1 customer arrives each minute in a Poisson distribution. Is it more likely that 2 customers or 0 customers will arrive each minute?

Answer:  P(0) = e^(-1)(1^0)/0! = .368

P(2) = e^(-1)(1^2)/2! = .184

Thus it is more likely that 0 customers will arrive each minute.

Diff: 2

Key Term:  Poisson distribution

AACSB:  Analytic skills

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

Section 3   Queuing Costs

1) The cost of waiting decreases as the service level increases.

Answer:  TRUE

Diff: 2

Objective:  LO3

Learning Outcome:  Apply waiting-line theories and models

2) The study of waiting lines calculates the cost of providing good service but does not value the cost of customers' waiting time.

Answer:  FALSE

Diff: 2

Objective:  LO3

Learning Outcome:  Apply waiting-line theories and models

3) Which of the following occurs as the level of service decreases?

A) Cost of waiting time decreases, and cost of providing service decreases.

B) Cost of waiting time decreases, and cost of providing service increases.

C) Cost of waiting time increases, and cost of providing service decreases.

D) Cost of waiting time increases, and cost of providing service increases.

E) Cost of waiting time first decreases, then increases; while cost of providing service decreases.

Answer:  C

Diff: 2

Objective:  LO3

Learning Outcome:  Apply waiting-line theories and models

4) What costs are present in waiting line analysis? How do these costs vary with the level of service?

Answer:  The costs are the cost of providing service, and the cost of waiting time. The cost of providing service rises in a linear fashion with increases in the service level. The cost of waiting time decreases in a nonlinear fashion as the service level increases.

Diff: 2

Objective:  LO3

Learning Outcome:  Apply waiting-line theories and models

Section 4   The Variety of Queuing Models

1) Four of the most widely used waiting line models–M/M/1 or A, M/M/S or B, M/D/1 or C, and Limited population or D—all share three characteristics: Poisson arrivals, FIFO discipline, and exponential service times.

Answer:  FALSE

Diff: 2

Learning Outcome:  Apply waiting-line theories and models

2) In the M/M/1 waiting line model with an arrival rate of 2 per hour and a service rate of 6 per hour, the utilization factor for the system is approximately 0.333.

Answer:  TRUE

Diff: 2

AACSB:  Analytic skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

3) The greater the margin by which the arrival rate exceeds the service rate, the better the performance of the waiting line.

Answer:  FALSE

Diff: 1

Key Term:  Waiting line (queue)

AACSB:  Reflective thinking skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

4) An M/M/1 model and an M/D/1 model each have an arrival rate of 1 per minute and a service rate of 3 per minute; the average queue length of the M/M/1 will be twice that of the M/D/1.

Answer:  TRUE

Diff: 2

Objective:  LO5

Learning Outcome:  Apply waiting-line theories and models

5) A finite population waiting line model has an average service time T of 100 minutes and an average time between service requirements U of 400 minutes; the service factor X is 0.25.

Answer:  FALSE

Diff: 2

AACSB:  Analytic skills

Objective:  LO6

Learning Outcome:  Apply waiting-line theories and models

6) A waiting line meeting the assumptions of M/M/1 has an average time between arrivals of 20 minutes, and it services items in an average of 10 minutes each. What is the utilization factor?

A) 0.25

B) 0.33

C) 0.50

D) 0.67

E) 3.00

Answer:  C

Diff: 2

AACSB:  Analytic skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

7) A waiting line model meeting the assumptions of M/M/1 has an arrival rate of 2 per hour and a service rate of 6 per hour. What is the utilization factor for the system?

A) 0.25

B) 0.33

C) 0.50

D) 0.67

E) 3.00

Answer:  B

Diff: 1

AACSB:  Analytic skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

8) Which one of the following is NOT a characteristic of a Model A or M/M/1 system?

A) exponential service time pattern

B) single number of servers

C) single number of phases

D) Poisson arrival rate pattern

E) limited population size

Answer:  E

Diff: 2

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

9) Which one of the following is NOT a characteristic of a Model B or M/M/S system?

A) unlimited population size

B) single server

C) exponential service time pattern

D) single phase

E) Poisson arrival rate pattern

Answer:  B

Diff: 2

Objective:  LO4

Learning Outcome:  Apply waiting-line theories and models

10) Which one of the following is NOT a characteristic of a Model C or M/D/1 system?

A) single server

B) single phase

C) Poisson arrival rate pattern

D) exponential service time pattern

E) unlimited population size

Answer:  D

Diff: 2

Objective:  LO5

Learning Outcome:  Apply waiting-line theories and models

11) In the basic queuing model (M/M/1), what probability distribution describes service times?

A) binomial

B) negative exponential 

C) Poisson

D) normal

E) lognormal

Answer:  B

Diff: 2

Key Term:  Negative exponential probability distribution

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

12) In the basic queuing model (M/M/1), what probability distribution describes arrival rates?

A) continuous

B) normal

C) negative exponential 

D) Poisson

E) lognormal

Answer:  D

Diff: 2

Key Term:  Poisson distribution

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

13) A single-phase waiting-line system meets the assumptions of constant service time or M/D/1. Units arrive at this system every 10 minutes on average. Service takes a constant 4 minutes. What is the average length of the queue Lq in units?

A) 0.4

B) 0.133

C) 4.167

D) 4.583

E) 6

Answer:  B

Diff: 2

AACSB:  Analytic skills

Objective:  LO5

Learning Outcome:  Apply waiting-line theories and models

14) Which of the following is NOT an assumption of the M/M/1 model?

A) The first customers to arrive are the first customers served.

B) Each arrival comes independently of the arrival immediately before and after that arrival.

C) The population from which the arrivals come is very large or infinite in size.

D) Customers do not renege.

E) Service times occur according to a normal probability distribution.

Answer:  E

Diff: 2

Key Term:  Negative exponential probability distribution

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

15) A single-phase waiting-line system meets the assumptions of constant service time or M/D/1. Units arrive at this system every 12 minutes on average. Service takes a constant 8 minutes. What is the average length of the queue Lq in units?

A) 0.67

B) 2.5

C) 4.5

D) 5.0

E) 7.5

Answer:  A

Diff: 2

AACSB:  Analytic skills

Objective:  LO5

Learning Outcome:  Apply waiting-line theories and models

16) A single-phase waiting-line system meets the assumptions of constant service time or M/D/1. Units arrive at this system every 12 minutes on average. Service takes a constant 8 minutes. What is the average number in the system Ls in units?

A) 2.25

B) 2.5

C) 3.0

D) 1.33

E) 5.0

Answer:  D

Diff: 2

AACSB:  Analytic skills

Objective:  LO5

Learning Outcome:  Apply waiting-line theories and models

17) A queuing model that follows the M/M/1 assumptions has λ = 2 and μ = 3. What is the average number of units in the system?

A) 2/3

B) 1

C) 1.5

D) 2

E) 6

Answer:  D

Diff: 2

AACSB:  Analytic skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

18) A queuing model that follows the M/M/1 assumptions has λ = 3 and μ = 2. What is the average number of units in the system?

A) -3

B) 3

C) 0.667

D) 150 percent

E) Growing without limit, since λ is larger than μ.

Answer:  E

Diff: 2

AACSB:  Analytic skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

19) Students arrive randomly at the help desk of the computer lab. There is only one service agent, and the time required for inquiry varies from student to student. Arrival rates have been found to follow the Poisson distribution, and the service times follow the negative exponential distribution. The average arrival rate is 12 students per hour, and the average service rate is 20 students per hour. On average, how long does it take to service each student?

A) 1 minute

B) 2 minutes

C) 3 minutes

D) 5 minutes

E) 20 minutes

Answer:  C

Diff: 2

AACSB:  Analytic skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

20) A queuing model that follows the M/M/1 assumptions has λ = 10 and μ = 12. What is the average number of units in the system?

A) 0.83

B) 2

C) 2.5

D) 5

E) 6

Answer:  D

Diff: 2

AACSB:  Analytic skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

21) A queuing model that follows the M/M/1 assumptions has λ = 2 and μ = 8. The average number in the system Ls is ________ and the utilization of the system is ________.

A) 3; 100 percent

B) 0.33; 25 percent

C) 4; 33 percent

D) 6; 25 percent

E) 4; 25 percent

Answer:  B

Diff: 2

AACSB:  Analytic skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

22) Four of the most widely used waiting line models—M/M/1 or A, M/M/S or B, M/D/1 or C, and Limited population or D–all share which of the following three characteristics?

A) normal arrivals, FIFO discipline, and normal service times

B) Poisson arrivals, FIFO discipline, and a single-service phase

C) Poisson arrivals, FIFO discipline, and exponential service times

D) Poisson arrivals, no queue discipline, and exponential service times

E) Poisson arrivals, single-server, and FIFO discipline

Answer:  B

Diff: 2

Objective:  LO1

Learning Outcome:  Apply waiting-line theories and models

23) A queuing model that follows the M/M/1 assumptions has λ = 2 and μ = 3. What is the average time in the system?

A) 2/3

B) 1

C) 1.5

D) 2

E) 6

Answer:  B

Diff: 2

AACSB:  Analytic skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

24) Students arrive randomly at the help desk of the computer lab. There is only one service agent, and the time required for inquiry varies from student to student. Arrival rates have been found to follow the Poisson distribution, and the service times follow the negative exponential distribution. The average arrival rate is 12 students per hour, and the average service rate is 20 students per hour. What is the utilization factor?

A) 20%

B) 30%

C) 40%

D) 50%

E) 60%

Answer:  E

Diff: 2

AACSB:  Analytic skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

25) A finite population waiting line model has an average service time T of 100 minutes and an average time between service requirements U of 400 minutes. What is the service factor X?

A) 0.20

B) 0.25

C) 4

D) 5

E) 300 minutes

Answer:  A

Diff: 2

Key Term:  Limited, or finite, population

AACSB:  Analytic skills

Objective:  LO6

Learning Outcome:  Apply waiting-line theories and models

26) A finite population waiting line model has an average service time T of 200 minutes and an average time between service requirements U of 300 minutes. What is the service factor X?

A) 0.20

B) 0.40

C) 0.60

D) 0.67

E) 2.5

Answer:  B

Diff: 2

Key Term:  Limited, or finite, population

AACSB:  Analytic skills

Objective:  LO6

Learning Outcome:  Apply waiting-line theories and models

27) Students arrive randomly at the help desk of the computer lab. There is only one service agent, and the time required for inquiry varies from student to student. Arrival rates have been found to follow the Poisson distribution, and the service times follow the negative exponential distribution. The average arrival rate is 12 students per hour, and the average service rate is 20 students per hour. A student has just entered the system. How long is she expected to stay in the system?

A) 0.125 minutes

B) 0.9 minutes

C) 1.5 minutes

D) 7.5 minutes

E) 0.075 hours

Answer:  D

Diff: 2

AACSB:  Analytic skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

28) Students arrive randomly at the help desk of the computer lab. There is only one service agent, and the time required for inquiry varies from student to student. Arrival rates have been found to follow the Poisson distribution, and the service times follow the negative exponential distribution. The average arrival rate is 12 students per hour, and the average service rate is 20 students per hour. How many students, on average, will be waiting in line at any one time?

A) 0.9 students

B) 1.5 students

C) 3 students

D) 4 students

E) 36 students

Answer:  A

Diff: 2

AACSB:  Analytic skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

29) A waiting-line system that meets the assumptions of M/M/S has λ = 5, μ = 4, and M = 2. For these values, Po is approximately 0.23077, and Ls is approximately 2.05128. What is the average time a unit spends in this system?

A) approximately 0.1603

B) approximately 0.2083

C) approximately 0.4103

D) approximately 0.8013

E) Cannot be calculated because λ is larger than μ.

Answer:  C

Diff: 2

AACSB:  Analytic skills

Objective:  LO4

Learning Outcome:  Apply waiting-line theories and models

30) A waiting-line system that meets the assumptions of M/M/1 has λ = 1, μ = 4. For this system, Po is ________ and utilization is ________.

A) 0.75; 0.25

B) 0.80; .20

C) -3; -4

D) 3; 4

E) none of the above

Answer:  A

Diff: 2

AACSB:  Analytic skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

31) A waiting-line system that meets the assumptions of M/M/S has λ = 5, μ = 4, and M = 2. For these values, Po is approximately 0.23077, and Ls is approximately 2.05128. What is the average number of units waiting in the queue?

A) approximately 0.1603

B) approximately 0.4103

C) approximately 0.8013

D) approximately 1.0417

E) Cannot be calculated because λ is larger than μ.

Answer:  C

Diff: 2

AACSB:  Analytic skills

Objective:  LO4

Learning Outcome:  Apply waiting-line theories and models

32) A waiting-line system that meets the assumptions of M/M/1 has λ = 1, μ = 4. For this system, what is the probability of more than two units in the system?

A) zero

B) 0.015625

C) 0.0625

D) 0.25

E) 0.9375

Answer:  B

Diff: 2

AACSB:  Analytic skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

33) A waiting-line system that meets the assumptions of M/M/1 has λ = 1, μ = 4. For this system, what is the probability of fewer than two units in the system?

A) 0.0625

B) 0.25

C) 0.75

D) 0.9375

E) 1.00

Answer:  D

Diff: 3

AACSB:  Analytic skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

34) Little's Law is not applicable in which of the following situations?

A) the opening of a toy store on Black Friday morning

B) a 24-hour supermarket

C) a gas station with 24-hour self-service pumps

D) B and C

E) It is applicable to A, B, and C.

Answer:  A

Diff: 2

Learning Outcome:  Apply waiting-line theories and models

35) Which of the following is a requirement for application of Little's Law to be valid?

A) arrival rates that follow the Poisson distribution

B) FIFO queue discipline

C) steady state conditions

D) single-server system

E) multiphase system

Answer:  C

Diff: 2

Key Term:  The variety of queuing models

36) The ________ of a waiting line and the probability that the queue is empty add to one.

Answer:  utilization

Diff: 2

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

37) In a finite or limited population waiting line, the ________ is calculated from the average service time and average time between service requirements before the problem can be completed.

Answer:  service factor

Diff: 3

Objective:  LO6

Learning Outcome:  Apply waiting-line theories and models

38) What are Ls and Lq, as used in waiting line terminology? Which is larger, Ls or Lq? Explain.

Answer:  Ls is the average number of units in the system. Lq is the average number of units in the waiting line. Ls includes the average number of units in line as well as the average number of units being served. Consequently, Ls is larger than Lq by the average number of units actually being serviced.

Diff: 2

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

39) What are the six assumptions underlying the M/M/1 waiting line model? Which of these also hold for the M/D/1 model?

Answer:  
1.
Arrivals are served on a "first-in, first-out" (FIFO) basis; and every arrival waits to be served, regardless of the length of the line or queue.

2.
Arrivals are independent of preceding arrivals, but the average number of arrivals (arrival rate) does not change over time.

3.
Arrival rates are described by a Poisson probability distribution and come from an infinite (or very, very large) population.

4.
Service times vary from one customer to the next and are independent of one another, but their average rate is known.

5.
Service times occur according to the negative exponential probability distribution.

6.
The service rate is faster than the arrival rate.

Assumptions 4 and 5 do not apply to M/D/1.

Diff: 3

Learning Outcome:  Apply waiting-line theories and models

40) You have seen that, in an M/D/1 problem, the average queue length is exactly one-half the average queue length of an otherwise identical M/M/1 problem. Are all other performance statistics one-half as large also? Explain.

Answer:  Only the average queue length and average waiting time are halved. Utilization is exactly the same. Ls and Ws are smaller in M/D/1 than in M/M/1, but not by exactly one-half.

Diff: 2

AACSB:  Analytic skills

Objective:  LO5

Learning Outcome:  Apply waiting-line theories and models

41) Why must the service rate be greater than the arrival rate in a single-server system?

Answer:  If the service rate is not greater than the arrival rate, the line will increase in length indefinitely.

Diff: 1

AACSB:  Reflective thinking skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

42) A waiting line meeting the M/M/1 assumptions has an arrival rate of 4 per hour and a service rate of 12 per hour. What is the probability that the waiting line is empty?

Answer:  Po = 1 - λ/μ = 1 - 4/12 = 8/12 or 0.667.

Diff: 1

AACSB:  Analytic skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

43) A waiting line meeting the M/M/1 assumptions has an arrival rate of 4 per hour and a service rate of 12 per hour. What is the average time a unit spends in the system and the average time a unit spends waiting (in hours)?

Answer:  Ws = 1 / ( μ- λ) = 1 / (12 - 4) = 1/8 or 0.125 hours; Wq = λ / [μ(μ - λ)] = 4 / [(12)(8)] = 1/24 or 0.0417 hours.

Diff: 2

AACSB:  Analytic skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

44) A waiting line meeting the M/M/1 assumptions has an arrival rate of 10 per hour and a service rate of 12 per hour. What is the average time a unit spends in the system and the average time a unit spends waiting (in hours)?

Answer:  Ws = 1 / (μ - λ) = 1 / (12 - 10) = 1/2 or 0.5 hours; Wq = λ/ [μ(μ - λ))]= 10 / [(12)(2)] = 10 / 24 or 0.4167 hours. 

Diff: 2

AACSB:  Analytic skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

45) A waiting line meeting the M/M/1 assumptions has an arrival rate of 10 per hour and a service rate of 12 per hour. What is the probability that the waiting line is empty?

Answer:  Po = 1 - λ/μ = 1 - 10/12 = 2/12 or 0.1667.

Diff: 1

AACSB:  Analytic skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

46) A crew of mechanics at the Highway Department Garage repair vehicles that break down at an average of λ = 7.5 vehicles per day (approximately Poisson in nature). The mechanic crew can service an average of μ = 10 vehicles per day with a repair time distribution that approximates an exponential distribution.

a. What is the utilization rate for this service system?

b. What is the average time before the facility can return a breakdown to service?

c. How much of that time is spent waiting for service?

d. How many vehicles are likely to be in the system at any one time?

Answer:  
(a) Utilization is 7.5 / 10 = .75 or 75 percent; (b) Ws = 1 / (10 - 7.5) = 1 / 2.5 = 0.4 days; (c) Wq = 7.5 / [10(10 - 7.5)] = 0.3 days; (d) Ls = 7.5 / (10 - 7.5) = 7.5 / 2.5 = 3 units

Diff: 2

AACSB:  Analytic skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

47) A crew of mechanics at the Highway Department Garage repair vehicles that break down at an average of λ = 7 vehicles per day (approximately Poisson in nature). The mechanic crew can service an average of μ= 11 vehicles per day with a repair time distribution that approximates an exponential distribution.

a. What is the utilization rate for this service system?

b. What is the average time before the facility can return a breakdown to service?

c. How much of that time is spent waiting for service?

d. How many vehicles are likely to be waiting for service at any one time?

Answer:  
(a) Utilization is 7 / 11 = .636 or 64 percent; (b) Ws = 1 / (11 - 7) = 1/4 = 0.25 days; 
(c) Wq = 7 / [11(11 - 7)] = 7 / 44 = 0.16 days; (d) Lq = [7(7)] / [11(11 - 7)] = 49 / 44 = 1.114 units.

Diff: 2

AACSB:  Analytic skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

48) A crew of mechanics at the Highway Department Garage repair vehicles that break down at an average of λ = 5 vehicles per day (approximately Poisson in nature). The mechanic crew can service an average of μ= 10 vehicles per day with a repair time distribution that approximates an exponential distribution.

a. What is the probability that the system is empty?

b. What is the probability that there is precisely one vehicle in the system?

c. What is the probability that there is more than one vehicle in the system?

d. What is the probability of 5 or more vehicles in the system?

Answer:  
(a)P0 = 1 - 5/10 = 0.50; (b) Pn > 1 = (5/10)2 = 0.25; the probability of exactly one is 1 - .50 - .25 = .25; 
(c) 0.25 as previously calculated; (d) the probability of five or more is Pn > 4 = (5/10)5 = 0.0313.

Diff: 3

Key Term:  The variety of queuing models

AACSB:  Analytic skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

49) A crew of mechanics at the Highway Department Garage repair vehicles that break down at an average of λ = 8 vehicles per day (approximately Poisson in nature). The mechanic crew can service an average of μ= 11 vehicles per day with a repair time distribution that approximates an exponential distribution. The crew cost is approximately $300 per day. The cost associated with lost productivity from the breakdown is estimated at $150 per vehicle per day (or any fraction thereof). What is the expected cost of this system?

Answer:  The number of vehicles out of service is Ls = 8 / (11 - 8) = 8/3 = 2.667. The cost of waiting is $150 × Ls = $150 × 2.667 = $400. Server cost is $300 per day for a total of $700.

Diff: 2

AACSB:  Analytic skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

50) A crew of mechanics at the Highway Department garage repair vehicles that break down at an average of λ = 8 vehicles per day (approximately Poisson in nature). The mechanic crew can service an average of μ= 10 vehicles per day with a repair time distribution that approximates an exponential distribution.

a. What is the probability that the system is empty?

b. What is the probability that there is precisely one vehicle in the system?

c. What is the probability that there is more than one vehicle in the system?

d. What is the probability of 5 or more vehicles in the system?

Answer:  
(a) P0 = 1 - 8/10 = 0.20; (b) Pn > 1 =(8/10)2 = 0.64; the probability of exactly one is 1 - .64 -.20 = .16; 
(c) 0.64 as previously calculated; (d) Pn > 4 = (8/10)5 = 0.32768

Diff: 3

AACSB:  Analytic skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

51) A crew of mechanics at the Highway Department Garage repair vehicles that break down at an average of λ = 8 vehicles per day (approximately Poisson in nature). The mechanic crew can service an average of μ= 11 vehicles per day with a repair time distribution that approximates an exponential distribution. The crew cost is approximately $300 per day. The cost associated with lost productivity from the breakdown is estimated at $150 per vehicle per day (or any fraction thereof). Which is cheaper, the existing system with one service crew, or a revised system with two service crews?

Answer:  Ls for the single server is 8 / (11 - 8) = 8/3 = 2.667. The single-server system server cost is $300 per day; wait cost is $150 × 2.667 = $400, for a total of $700. For the two-server system, Ls = 0.8381. The two-server system will double the server cost to $600, but reduce the wait cost to $150 × .8381 = $125.72, for a total of $725.72. The single-server system is cheaper.

Diff: 3

AACSB:  Analytic skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

52) A dental clinic at which only one dentist works is open only two days a week. During those two days, patients arrive at the rate of three per hour. The doctor serves patients at the rate of one every 15 minutes.

a. What is the probability that the clinic is empty (except for the dentist and staff)?

b. What percentage of the time is the dentist busy?

c. What is the average number of patients in the waiting room?

d. What is the average time a patient spends in the office (wait plus service)?

e. What is the average time a patient waits for service?

Answer:  
(a) Po = 1 - 3/4 = 0.25; (b) The dentist is busy when the clinic is not empty, or 1 - .25 = 0.75 or 75 percent of the time; (c) Lq = [3(3)] / [4(4 - 3)] = 2.25; (d) Ws = 1 / (4 - 3) = 1 hour; (e) Wq = 3 / [4(4 - 3)] = 0.75 hours

Diff: 2

AACSB:  Analytic skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

53) A dental clinic at which only one dentist works is open only two days a week. During those two days, the traffic arrivals follow a Poisson distribution with patients arriving at the rate of three per hour. The doctor serves patients at the rate of one every 15 minutes.

a. What is the probability that the clinic is empty (except for the dentist and staff)?

b. What is the probability that there are one or more patients in the system?

c. What is the probability that there are four patients in the system?

d. What is the probability that there are four or more patients in the system?

Answer:  
(a) Po = 1 - 3/4 = 0.25; (b) The probability that there are one or more patients is Pn > 0 = 3/4 or .75; (c) The probability of exactly four patients is Pn > 3 - Pn > 4=.3164 - .2373 = .0791; (d) .2373 as previously calculated.

Diff: 3

AACSB:  Analytic skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

54) At the order fulfillment center of a major mail-order firm, customer orders, already packaged for shipment, arrive at the sorting machine to be sorted for loading onto the appropriate truck for the parcel's address. The arrival rate at the sorting machine is at the rate of 100 per hour following a Poisson distribution. The machine sorts at the constant rate of 150 per hour.

a. What is the utilization rate of the system?

b. What is the average number of packages waiting to be sorted?

c. What is the average number of packages in the sorting system?

d. How long must the average package wait until it gets sorted?

e. What would Lq and Wq be if the service rate were exponential, not constant?

Answer:  
(a) The utilization rate is = 100/150 = 0.67 or 67 percent; (b) Lq = [(100)(100)] / [(2)(150)(50)] = .67; 
(c) Ls = .67 + 100/150 = 1.33; (d) Wq = 100 / [(2)(150)(50)] = 0.0067 hours, or 0.4 minutes(e) Both values would be exactly doubled from the constant service rate results: Lq = 1.33 and Wq = .0133 hours

Diff: 3

AACSB:  Analytic skills

Objective:  LO4

Learning Outcome:  Apply waiting-line theories and models

55) At the order fulfillment center of a major mail-order firm, customer orders, already packaged for shipment, arrive at the sorting machine to be sorted for loading onto the appropriate truck for the parcel's address. The arrival rate at the sorting machine is at the rate of 140 per hour following a Poisson distribution. The machine sorts at the constant rate of 150 per hour.

a. What is the utilization rate of the system?

b. What is the average number of packages waiting to be sorted?

c. What is the average number of packages in the sorting system?

d. How long must the average package wait until it gets sorted?

Answer:  
(a) The utilization rate is = 140/150 = 0.9333 or 93.33 percent; (b) Lq = [(140)(140)] / [(2)(150)(10)] = 6.53; 
(c) Ls = 6.53 + 140/150 = 7.46; (d) Wq = 140/ [(2)(150)(10)] = 0.0467 hours, or 2.8 minutes

Diff: 2

AACSB:  Analytic skills

Objective:  LO4

Learning Outcome:  Apply waiting-line theories and models

56) A waiting-line system that meets the assumptions of M/M/1 has λ = 1, μ= 4. Calculate Po. Build a table showing the probability of more than 0, 1, 2, 3, 4, 5, 6, and 7 units in the system. Round to six decimal places in your work

Answer:  Po = 1 - .25 = .75

	Number in system
	Probability of more than the number in the system
	

	0
	.250000
	

	1
	.062500
	

	2
	.015625
	

	3
	.003906
	

	4
	.000977
	

	5
	.000244
	

	6
	.000061
	

	7
	.000015
	


Diff: 2

AACSB:  Analytic skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

57) A finite population waiting line model with a single server has an average service time T of 200 minutes and an average time between service requirements U of 300 minutes. Calculate the service factor X. If the population consists of 5 elements, what are the average number waiting, the average number being serviced, and the average number running? Refer to Table D.8.

Answer:  The service factor is X = T / (T + U) = 200 / (200 + 300) = 0.40. For a population of five, the table factors are D = .952 and F = 0.493. The number waiting is Lq = N(1 - F) = 5(1 - 0.493) = 5(.507) = 2.535. The number being serviced is H = FNX = (.493)(5)(.4) = 0.986. The number running is J = NF(1 - X) = (5)(.493)(.60) = 1.479

Diff: 3

Key Term:  Limited, or finite, population

AACSB:  Analytic skills

Objective:  LO6

Learning Outcome:  Apply waiting-line theories and models

58) A finite population waiting line model with a single server has an average service time T of 50 minutes and an average time between service requirements U of 350 minutes. Calculate the service factor X. If the population consists of 5 elements, what are the average number waiting, the average number being serviced, and the average number running? Refer to Table D.8.

Answer:  
The service factor is X = T / (T + U) = 50 / (50 + 350) = 0.125. For a population of five, the table factors are 
D = .473 and F = 0.920. The number waiting is L = N(1 - F) = 5(1 - 0.920) = 5(.080) = 0.400. 
The number being serviced is H = FNX = (.920)(5)(.125) = 0.575. 
The number running is J = NF(1 - X) = (5)(.920)(.875) = 4.025 

Diff: 3

Key Term:  Limited, or finite, population

AACSB:  Analytic skills

Objective:  LO6

Learning Outcome:  Apply waiting-line theories and models

59) Suppose that a service facility has an average line of 2 customers that must wait, on average, 5 minutes for service. How many customers are arriving per hour?

Answer:  Use Little's Law that 2 customers = (5 minutes)(X customers/minute)

X = .4 customers/minute = 24 customers arrive each hour

Diff: 2

AACSB:  Analytic skills

Learning Outcome:  Apply waiting-line theories and models

60) Suppose that a fast food restaurant wants the average line to be 4 customers and that 80 customers arrive each hour. How many minutes will the average customer be forced to wait in line?

Answer:  Little's Law: 4 customers = (80 customers/hour)(X hours wait)

X = .05 hours = 3 minutes average wait

Diff: 2

AACSB:  Analytic skills

Learning Outcome:  Apply waiting-line theories and models

61) A manufacturing plant is trying to determine how long the average line for a repair process will be. If 10 machines arrive each hour and must wait 6 minutes in the line, how long will the line be, on average?

Answer:  Little's Law: X machines = (10 machines/hour)[(6 minute wait)(1 hour / 60 minutes)]

X = 1 machine 

Diff: 2

AACSB:  Analytic skills

Objective:  LO2

Learning Outcome:  Apply waiting-line theories and models

Section 5   Other Queuing Approaches

1) Service times in an automobile repair shop tend to follow which probability distribution?

A) exponential

B) normal

C) triangular

D) binomial

E) Erlang

Answer:  B

Diff: 3

Learning Outcome:  Apply waiting-line theories and models
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