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BA380N DEMBA Operations Exam

Sample Final
Professor Edward Anderson

The University of Texas at Austin

Instructions:

· Count your pages.  There should be 18 of them.

· Open-book, Open-note exam.  You may use Word, Powerpoint, and Excel to work on this test.  However, you may not use any Excel plug-ins (such as solver or crystal ball), or any other software (such as Visio, ABC flowcharter, etc.)

· For multiple choice, please select the best answer for each question.  For the other questions, please show all of your work and circle your final answer.  For long problems, please show your work.  (Partial credit is possible for the long problems, though not for the multiple choice problems.) For short essays, please keep them to the space provided (remember: brevity is the soul of wit).

· Make sure to print your name at the top of this page

· Because this is a take-home and you won’t be able to ask me questions, you have up to 5 hours to complete the exam. The 5 hours do not need to be contiguous, however you are not allowed to review material and/or work on the problems outside of this time window.  When you are done with the exam please e-mail the answers to me at Edward.Anderson@mccombs.utexas.edu on or before Sunday, December 12, 2004.
Each multiple choice problem is worth 2 points.  Each sub-problem of the long problems is also worth 2 points unless otherwise indicated.  Your name is worth 2 points.  This makes for a total of 122 points on the exam.

Since this is a take-home, I want to be explicit in the honor statement:

HONOR STATEMENT

WHEN TAKING THIS EXAM, I AGREE TO ABIDE BY THE HONOR CODE AND THE TIME LIMIT CONSTRAINTS.   I FURTHER AGREE TO AVOID DISCUSSING THE EXAM UNTIL ALL PARTIES IN THE DISCUSSION HAVE COMPLETED AND TURNED IN THEIR EXAMS.

Signature __________________________________________________________________

Good luck...

The Bee Cave Spa (BCS) is a beautification center which specializes in massages, facials, pedicures, etc. as well as beauty product consulting.  By collecting data from clients, Olga, the chief beauty consultant, can use her custom-built neural-network-based BeautySoft software to determine an optimal program of beauty maintenance for each individual client using official Bee Cave Spa products. 

Collecting the data and determining the optimal maintenance program are rather time consuming, so they are generally run on Mondays, which are reserved strictly for client manicure & massage packages.  Magda can interview the clients while they are being manicured and massaged.  Other services such as pedicures are run on other days.

Because Olga received her MBA from the Univeristy of Texas at Austin (’97), she realizes that she should only start clients through the massage/consultation program at the same rate her employees can finish them.  Given that she uses this “material” release policy, Olga would like to improve the performance of her system on Mondays.  

A diagram of the process is given below. Currently, there is an average wait of 10 minutes between client arrival and the commencement of the manicure/massage due to late and/or early client arrivals.  Assume the process is deterministic and flows are “smooth.”

Note that the steps, “interview clients,” “enter data,” “execute BeautySoft,” and “Recommend Program to Client” in diagram must occur in sequence.  That is, the order in which they occur cannot be changed during any process redesign.  Additionally, Olga cannot recommend a program to the client while the client is being manicured/massaged as it detracts from the client’s relaxation.
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Problems 1-6 refer to the Bee Caves Spa described on the previous page

1. What is the system cycle time in minutes?







a) 12 mins/client

b) 15 mins/client

c) 20 mins/client

d) 33 mins/client

e) 60 mins/client

2. What is the rush-order flow time through the entire Bee Caves Spa?

a) 33 mins

b) 60 mins

c) 67 mins

d) 77 mins

e) Not enough information to determine an answer

3. What is the flow-time of through the entire Bee Caves Spa including waiting for interview clients?

a) 
33 mins

b) 
60 mins

c) 67 mins

d) 77 mins

e) 
Not enough information to determine an answer

4.
Assume a customer arrives every 20 minutes, what is the average utilization of the labor process as a whole (to the nearest percentage point)?

a) 58%

b) 66%

c) 78%

d) 93%

e) 
Not enough information to determine an answer

5.
Suppose Olga has just hired a new employee, Svetlana.  To which task listed below should she be assigned in order to increase system capacity most effectively (Assume all employees—including Olga—are equally effective at all tasks)?  


a)
Manicure/Massage

b) Enter Data

c) Execute Beautysoft

d) Recommend program to clients

6.
Assume that Olga instead assigns Svetlana to take over the interview clients operation from Magda.  What is the maximum labor utilization possible when running at capacity (to the nearest percentage point?

a)
58%

b)
66%

c)
78% ?

d)
93%

e) 
Not enough information to determine an answer

7.
If a mortgage process’s bottleneck has an operational cycle time of 30 seconds, then the capacity of the entire process is?

a) 30 applications/hour

b) 60 applications/hour

c) 90 applications/hour

d) 120 applications/hour

e) Not enough information to determine an answer

8.
Which of the following relations is true for any process?

a) Rush Order Flow Time (( Flow Time ( Process Cycle Time 

b) Process Cycle Time ( Rush Order Flow Time (( Flow Time

c) Process Cycle Time ( Flow Time (( Rush Order Flow Time

d) Rush Order Flow Time ( Process Cycle Time (( Flow Time

e) Not enough information to answer this question

9.
Which of the following is not traditionally associated with the Toyota  Production System?

a)  Less WIP

b)  Shorter flowtimes

c)  Higher quality

d)  Increased product variety

e)  Reduced costs

10.  What is the method of determining the bottleneck advocated in The Goal?

a) Look for the resource with the highest efficiency/utilization

b) Look for the biggest pile of WIP

c) Look for the operation with the highest operational cycle time

d) Look for the first operation in the process

e) None of the above 

11.  Not used post-2005
12.
In The Goal, what does Jonah not recommend to improve operations

a) “Squeezing” (or exploiting) bottleneck operations to increase thruput

b) Putting inspection before bottlenecks

c) Balancing the line

d) Cutting transfer batch size

e) All of the above

13.
What is not a rule-of-thumb used to improve face-to-face service operations?

a) Passing customers between multiple clerks

b) A simple-to-understand service flow

c) Hiding back-office operations from the customer

d) Easy customer surveillance

e) Proper waiting facilities

14.  What factors will increase the difficulty of scheduling a process?

a) Backtracking

b) Sharing resources between operations

c) Being configured as a job-shop rather than an assembly line

d) All of the above

e) None of the above

15.
Which policy will not reduce the bullwhip effect in the beer game?

a) Improving communication between the stages

b) Reducing the duration of the ordering and shipping delays

c) Minimizing the variability in orders

d) Placing a ceiling on the inventory at each stage

e) Increasing the total number of stages

Questions 16-21 refer to the following description, which also refers to the diagram below.  The car wash on Route 2244 averages 40 cars arriving per hour.  The exterior clean station can wash 45 cars per hour.  After this workstation, one quarter of the cars go for intensive interior cleaning, the remainder go to one of the normal interior clean stations.  Each normal interior cleaning station has a cycle time of 5.5 mins.  The Intensive station can process 12 cars per hour.  After normal interior cleaning, one-third of the cars join the line from intensive interior cleaning headed for the wax station.  The capacity of the wax station is 25 cars per hour.  
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16.
What additional assumption(s) not stated in the problem description are necessary for analysis?

a) Arrivals are not correlated with each other

b) The mean of each operation’s service time equals its standard deviation.

c) There is enough space for all lines under most circumstances.

d) Utilization is less than 100 percent

e) All of the above

For problems, 17-21, make the “standard” or “default” assumptions when facing a queueing system while only knowing the mean arrival rate and the mean service rates for each operation.

17.
What is the average line length before exterior clean?


a) 
5.7 cars

b) 7.1 cars

c) 8.2 cars

d) 9.8 cars

e) 11.2 cars

18. What is the average flow time through normal interior clean (including both waiting and service)?

a) 18.8 mins

b) 20.2 mins

c) 20.6 mins

d) 22.4 mins

e) 25.3 mins

19. What is the average number of cars actually being worked on at normal interior clean phase in the steady state?

a) 1 customers

b) 2.8 cars

c) 3 cars

d) 9.4 cars

e) 10.9 cars

20. Assume that after process improvement, the standard deviation of Wax’s service time has been reduced to 90 seconds.  After this process improvement, approximately what is the new average number of cars waiting for Wax that have not been served?  

a) 1.6 cars

b) 2.2 cars 

c) 3.2 cars

d) 9.6 cars

e) 12.2 cars

21.What happens to the exterior clean queue’s average sizes if the arrival rate at the carwash increases to 46 cars per hour?  

a)  No steady-state (line continuously grows)

b)  Line shrinks to zero 

c)  Size changes to a new steady-state level that is greater than zero

d)  Not enough information to answer the question

22.  Assume that there is an average of 25 cars at any given time in a competitor car wash across the street from the Bee Caves Car Wash.  The arrival rate is 40 cars/hour. Assume that the utilization of the competitor car wash is less than 100 percent.  The distribution of car interarrival times is normally distributed.  What is the approximate flowtime through the car wash for the average car?


a)  
10 mins


b)
15 mins


c)
25 mins


d) 
37.5 mins

e)
Not enough information to determine an answer.

23. All other things being equal, from an operational perspective, which is the easiest process to manage?


a)  
A complex process with many steps and lots of variability in operational cycle times.


b)  
A simple process with few steps and lots of variability in operational cycle times.


c) 
A complex process with many steps and little variability in operational cycle times.


d)
A simple process with few steps and little variability in operational cycle times.

24.  What advantages does Benihana probably receive from limiting its menu?

a) Reduction in demand uncertainty, resulting in reduced inventories and waste

b) Reduced flowtime

c) Increase Benihana’s bargaining power with respect to suppliers.

d) All of the above

e) All but one of the above

25.  How can one improve a client’s perception of waiting?

a) Keep clients informed of how long they still have to wait

b) Occupy client with interesting distractions

c) Provide comfortable waiting facilities

d) All of the above

e) All but one of the above

26.  Which of the following is not a 6-sigma blackbelt tool?

a) Benchmarking

b) Pareto Analysis

c) Quality circles

d) Fishbone diagrams

e) All of the above are a 6-sigma/blackbelt tool

27.  What does Dell do that Toyota does not to help maintain low inventories?

a) Production leveling

b) Just-in-time management of inventory

c) Pull production system at almost all operations
d) Heavy reliance on information systems

28.
What costs are not associated with excess levels of inventory?

a) Increased operational downtime resulting from starvation and blockage

b) Shrinkage

c) Opportunity costs of capital tied up in inventory

d) Costs from increased defects

e) All of the above costs are associated with excess levels of inventory

29.  All other things being equal, what will not generally reduce flowtime in a process

a) Lowering variability in arrival rates and processing (service) rates

b) Removing non-value add operations

c) Reducing defects

d) Adding capacity

e) All of the above will generally reduce flowime

30.
Topic not taught in 2007
31.  In what ways can random variability negatively impact a product?

a) Flowtime

b) Conformance quality

c) Product Features

d) Product variety

e) Both a and b

32.
What tool is the least helpful for determining the root cause of conformance quality defects?

a) Fishbone diagram

b) Correlation charts

c) Pareto charts

d) Queueing charts

e) Histograms

33.
What is a potential advantage to using a serial process rather than flexible “case-workers” like those discussed in the state license renewal case?

a) customers are “handled” by fewer clerks

b) flowtime will be reduced if service times have a high coefficient of variation

c) capacity can be more easily matched to demand

d) training costs will be reduced

e) both a and c 

For the next two questions, consider a process at a PC company in which the throughput rate is 100 PCs per hour.  Because it is a build-to-order maker, orders arrive in a Poisson process (i.e. CVIAT = 1). Once orders arrive, they sit in a buffer awaiting the first stage of assembly.  Assembly occurs in the following 3 stages (you can assume that CVST = 1 for all operations, except for stage 3.)

· Stage 1:  The first stage consists of a kitting operation (in which the workers put in a carrier all the parts needed for the order).  This operation can be treated as a single server with a utilization of 88%.  

· Stage 2:  The next stage consists of 53 separate build cells operating in parallel with each other. The utilization of each build cell is 95%.  

· Stage 3:  The order is boxed by a single high-speed conveyor line, which can be treated as a single server with a utilization of 90%.  Stage 3 has a coefficient of variation of its service time of 1%.

34.
To which stage should you add a server to most reduce the system cycle time?

a) Stage 1

b) Stage 2

c) Stage 3

d) Not enough information to determine which stage


35.
To which stage should you add a server to most reduce the flowtime through the entire process from order arrival to the completion of stage 3?

a) Stage 1

b) Stage 2

c) Stage 3

d) Not enough information to determine which stage


36.
In an assembly plant, cars flow through 4 operations.  Operations 1, 2, 3, and 4 have operational capacities of respectively 65, 66, 80, and 67 cars per hour.  The third operation, however, is the paint shop, through which 25% of the cars fail inspection after completing their first run through the shop (i.e. Operation 3’s yield on the first past is only 75%). Those that fail inspection must be run through the paint shop a second time before proceeding to operation 4.  What is the capacity of the plant?

a) 45 cars/hour

b) 64 cars/hour

c) 66 cars/hour

d) 80 cars/hour

e) Not enough information to determine the answer to this question

37.
In the previous question, if the arrival rate at operation 1 is 60 cars per hour, what is the operational throughput of the paint shop?

a)
45 cars/hour

b)
64 cars/hour

b) 66 cars/hour

c) 80 cars/hour

d) Not enough information to determine the answer to this question

38.
A physician has been running an urgent care clinic in which patients can arrive whenever they’d like (i.e. patients arrive in a Poisson process).  She is considering moving to an “appointment-only” system for her patients.  If the coefficient of variation of her service times will remain at 100%, what is the biggest reduction that she can expect in the patients’ waiting time (before they are served)?

a) 0%

b) 10%

c) 25%

d) 50%

e) 100%

39.
Which of the following is true of the various quality tools we learned about in class?

a) A Pareto chart and a histogram both graph a measurement against its frequency

b) The Toyota “Five-whys” and the fishbone diagram are both tools to help determine the root cause(s) of defects

c) Benchmarking should only be applied by a firm to competitors in the same industry.

d) Correlation charts show that a causes b

e) A non-normally distributed histogram is useless for process improvement.

40.  Which of the following is not a pillar of Toyota’s operating strategy?

a) Production leveling

b) Eliminating waste

c) Tight supplier relationships

d) Reducing employee control over quality

e) Visual management

41.
Which is not part of the Deming Wheel (or Cycle)? [[More emphasized in classes prior to 2007]]
a) Do

b) Benchmark

c) Check

d) Plan

e) Act or Assess

42.  Which of the following was a bottleneck in the plant in the Goal?

a) R2D2

b) R0-G0

c) Galvanization

d) NCX-10

e) None of the above

43.
Assume that you have a monopoly on providing cab service at the airport.  On average customers arrive every 5 minutes with a standard deviation of 8 minutes.  The average cab takes a total 20 minutes to take the customer to her destination and return back to the airport.  The standard deviation for the cab service time is 19 minutes.  How many cabs do you need in your fleet to ensure a wait time of less than 10 minutes before picking up the customer?

a) 3 cabs

b) 4 cabs

c) 5 cabs

d) 6 cabs

e) 7 cabs

For the next 3 questions, at a ski-equipment rental process, the following steps occur:

· Customers come in and fill out a rental agreement; this takes 10 minutes/customer

· The first clerk looks for the equipment and presents it to the customer; this takes 8 minutes/customer

· While the first clerk is looking for equipment, the second clerk takes payment from the customer; this takes 5 minutes/customer as he will also take a deposit on the requested ski equipment.

44.
What is the capacity of the ski-rental process (its system capacity)?


a)
6 customers/hour


b)   7.5 customers/hour


c)  12 customers/hour


d)  15 customers/hour


e)  None of the above

45.
What is the rush-order (theoretical) flowtime of the ski-rental process from customer arrival? to departure?


a)   8 minutes


b)
15 minutes


c)   18 minutes


d)   23 minutes


e)   None of the above

46. What is the maximum average labor utilization of clerks (to the closest percentage point), assuming that demand never exceeds capacity?


a)  43%


b)  77%


c)   81%


d)  87%


e)  None of the above

Long Question 1 (2 points for each sub-problem, except for sub-problem f, which is worth 4 points)

In one of the little-know battles of the Civil War, General Tecumseh Beauregard lost the Third Battle of Bull Run because his preparations were not complete when the Federals attacked.  If the PERT method had been available, things might have gone differently.  Suppose that the following activities were necessary in order to prepare for the battle:

	Activity
	Description
	Predecessor
	Expected Time

(days)
	Variance

(days^2)

	A
	Develop plan
	--
	2
	0.64

	B
	Move engineering division
	A
	2
	2.25

	C
	Advance cavalry scout
	A
	4
	2.25

	D
	Cavalry reconnaissance
	C
	3
	0.49

	E
	Plan fortifications
	D
	1
	0.04

	F
	Army march
	A
	4
	2.25

	G
	Build pontoon bridges
	B
	4
	1.44

	H
	Troops build earthworks
	E,F
	3
	4

	I
	Artillery placement
	D,H
	1
	0.09

	J
	Cavalry harassment of opposition supply lines
	D
	3
	1.69

	K
	Create supply lines
	G
	2
	0.36

	L
	Attack
	I,J,K
	0
	0


a) What are the estimated time to complete all preparations for the battle and the standard deviation of that completion time?












For parts b-c, Assume that the mean critical path duration is 15 days and the standard deviation of the critical path’s duration is 2 days. (These may or may not be the correct answers to part a).  

b)
The Federals plan to attack in exactly 16 days.  If Beauregard  finishes his preparations first and attacks, then he will have a greater probability of winning.  What is the probability that Beauregard will complete his preparations in less than 16 days? 
 

c)
There is the possibility that Beauragard can request help from an adjoining state, depending on how long it will take him to begin his attack.  In how many days can he guarantee with 95% certainty that his preparations will be complete? (Hint:  You need only consider the critical path).









d)  
As stated in part b, the Federals plan to attack in exactly 16 days.  Assume Beauregard has a 63% probability of finishing his preparations first and attacking. In this case, he will win with an 80% probability (this may or may not match the results from part b).  If the Federals attack before Beauregard's preparations are complete, then the Federals win with a 70% probability.  What is the probability that Beauragard actually wins without external help?








e)  Assume that Beauragard has found a plan that shows the probably direction of approach of the Federal Army.  This allows him to shorten his cavalry reconnaissance.  His most optimistic, most likely, and most pessimistic estimates for the reconnaissance are now 1, 2, and 4 days respectively.  Given these estimates, what is the new estimated mean and standard deviation of the completion time for the cavalry reconnaissance activity?

f)
What policies would Goldratt in The Critical Chain recommend that Beauragard follow to increase the chances of completing his fortifications within 16 days. (4 points for this sub-problem.)

Long Question 2. Topic not on Final in 2008.
Long Question 3 

Johanna Johansen, president of the UT MBA alumni association of Minnesota, is planning the association’s annual holiday dinner in International Falls, MN.  Tickets to the event are $50 each, payable at the door.  Catering costs are $30 per head, but an estimate must be given to the caterer one week in advance.  Based on previous experience, the average number of people who show up for this event appears normally distributed with a mean of 100 attendees and a standard deviation of 30%.  Johanna’s problem is two-fold.  One, she has to pay the caterer based on her estimated attendance rather than the actual.  If too few people show up, that is not the caterer’s problem.  On the other hand, if too many people show up, some alumni will have to be turned away at the door.  This has been shown to result in a reduction of $150 per person turned away in future contributions.

a)  What attendee estimate should Johanna give the caterer?

P = 50, C = 30, V = 0, G = 150, D ~ Norm (100, 302)

Cu = P-C+G = 50 – 30 + 150 = 170;     Co = C-V = 30 – 0 = 30

Service Level = Pr (Q*<=D) = Cu/(Co+Cu) = 170/(170+30) = 85%

This implies Z = 1.04, hence Q*= 100 + 1.04*30 = 131 people

b) What is the probability that some alumni will have to be turned away? 

Prob(Stockout) = 1 – SL = 1 –85% = 15%

c) What estimate would Johanna give if she were not concerned about the reduction in future contributions?

Cu = P-C+G = 50 – 30 + 0 = 20;     Co = C-V = 30 – 0 = 30

Service Level = Pr (Q*<=D) = Cu/(Co+Cu) = 20/(20+30) = 40%

This implies Z = -.25, hence Q*= 100 - 0.25*30 = 93 people

d) Comment qualitatively on how the difference in the policies from parts a and c might affect the association’s long run operating income.

Following the policy in part 3 will likely lead to a reduction in future operating income vs. part 1 over the long run. 
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