Question 1. (12 points)
A production company manufactures bowling balls. It is important that the diameters of the balls, 10 cm, conform to quality control standards. Typically, bowling ball diameters are in the range 21.59 cm to 21.91 cm. Four sample of 12 bowling balls each have been selected and the sample means and ranges computed

	SAMPLE
	MEAN
	RANGE

	1
	21.61
	1.17

	2
	20.82
	1.14

	3
	21.69
	1.06

	4
	21.72
	1.23



a. Determine upper and lower control limits for the mean and range charts assuming 3-σ control limits. Assume that the process standard deviation of the lengths of the steel bars is not known.
Answer:									(5 Points)

















b. Is the process is in control with regard to the range? With regard to the mean? 								(2 Points)
Answer:


c. New information based on statistical analysis of a large data set informs you that the process standard deviation of the diameters of bowling balls is 0.86 cm. your colleague has suggested that you use a control chart for the mean with LCL = 20.881 and UCL = 22.038. Determine the α –risk (type I error probability) that she used to determine these quality control limits.
(5 Points)
Answer:


Question 2: (10 points)
ABC Inc. has to choose only one of the following three processes with the performance data:
	Process
	Process Mean
	Process Standard Deviation
	Lower Design Specification
	Upper Design Specification

	A
	15
	0.32
	14.1
	16.0

	B
	15.5
	0.2
	15.0
	17.0

	C
	18.5
	0.5
	16.5
	20.1



Mr. John McDonalds, the operations manager of ABC Inc. wants to choose the most capable process

a. Determine the current capability of each process. Which process should John choose based on current capability?			(5 Points)
Answer:


b. Determine the potential capability of each process. Which process should John choose based on potential capability?			(5 Points)
Answer:


Question 3. (20 points)
[bookmark: _GoBack]“Super C” at Atwater operates between 9 A.M. to 10 P.M each day and it open seven days a week. Currently, Super C operates six checkout counters each serving its own waiting line. Customers are arriving at the store at an average rate of 90 per hour, following Poisson distribution. The service time at each checkout counter is exponentially distributed with a mean service time of 2 minutes per customer. Each customer spends an average of 125$. Super C has a contribution margin of 15% on all its items.

Super C’s customer research has established that it incurs Super C a cost of 30$ per hour that a customer spends waiting in the system. Super C is employing workers at checkout counters at an hourly wage of 20$ per counter. The manger of Super c feels that it might be advantageous to form a simple waiting line serviced by all checkout counters instead of separate waiting lines.

Suppose:

Current system = separate waiting line for each cash counter, and customers are split into each cash counter equally (that is, the arrival rate of each counter is 15 per hour), and customers are not allowed to change lines

New system = single waiting line for all cash counters

Determine the following:

a. What is the probability that an arriving customer will see at least two customer waiting in line in the current system?			(3 Points)


b. What is the average time a customer has to wait in line before getting serviced at the checkout counter in the new system?
	


c. Compute total profit per hour in both system and comment if the new system is an improvement over the old one. 			(5 points)
	


d. Suppose that the new system is selected. Now, Super C is contemplating on optimizing the number of checkout counters. Find out many checkout counters should be removed or added on the new system, if the objective is to maximize the profit?					(7 Points)


Question 4. (18 points)
An aircraft engine manufacturer wants to develop an aggregate production plan for the next four quarters. The forecasted demand and the other relevant cost data for each quarter are given:

	Period
	Demand Forecast
	· Inventory carrying cost = $15,000 per engine/quarter

	Q1
	450 engines 
	· Backordering cost = $ 22,000 per engine per quarter

	Q2
	380 engines
	· Regular production cost = $50 per unit

	Q3
	410 engines
	· Hiring cost = $ 2,500 per worker

	Q4
	360 engines
	· Firing cost = $4,000 per worker

	
	
	



Each worker can manufacture 40 engines per year. The beginning inventory for quarter 1 and ending inventory for quarter 4 are assumed to be zero. The collective agreement requires that the number of workers fired cannot be more than 8 workers in any back-to-back quarter. There were three workers fired at the end of quarter 4 of the previous year, leaving 35 workers still employed by the company.

a. Write the Linear Programming formulation for the above problem.

Question 5. (12 points)
a. Solve the following LP formulation using the graphical method. Indicate the solution. Show all work.

Minimize Subject to  	Z = 2x + 3y
	4x + 6 y = 32
		- 3x – 4y ≥ - 36
				x + y ≥ 8
x, y ≥ 0

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	





b. Assume that the objective function has been changed to Z = 3x – 8y. If all other problem parameters remain unchanged, what is the optimal solution to this new problem? 								(4 Points)


Question 6. (8 points)
Concordia cafeteria operates during summer semester, although student customers during summer are unpredictable. Ms. Mary McDonalds, the manager of Concordia cafeteria maintained a good supply chain relationship with a nearby restaurant “All-Available” so that she can either operate cafeteria kitchen, or get all items during a day from “All-Available” to serve customers. To operate kitchen, it costs $300 per day. Suppose Mary choose to get all Concordia customer orders supplied form “All-Available” restaurant, it costs 300$ per day for quick transportation for all orders. On an average, each customer spends $20 for food materials that cost $16 (excluding operating cost of kitchen) to Concordia, or $18 for the same if supplied from “All-Available” (excluding transportation cost).

a. On a typical day, Mary forecasted the demand to be 300 customers. What should Mary do; operate kitchen or get all delivered form “All-Available”? Justify your answer with appropriate computation. 				(4 Points)















b. What is the minimum demand (number of customers) that surely motivates Mary to operate the kitchen?						(4 Points)


Question 7. (20 Points) Please answer on the computer answer sheet and here below too.									Answer
	1.
	Which of the following is likely to happen when there is an increase in the process variability while process men is relatively stable?
a.  and R charts both reveal the increase
b.  - Chart reveals the increase, R- chart does not reveal the increase
c.  – Chart does not reveal the increase, R-chart reveals the increase
d.   and R chart s cannot be used to identify such variability in process
e. None of the above

	2.
	Customers arrive at a bakery at an average rate of 18 per hour. There are 2 servers, and each serve a customer in an average of four minutes. Assuming Poisson arrivals and Exponential service time, what is the average number of customers being served at any time?
a. 0.6
b. 1.2
c. 2.4
d. 2
e. None of the above

	3.
	An item with a holding cost of $500 per year can be shipped by air in 1 day that costs $100, or by ground in 4 days that cost $25. Which one is cheaper and by how much?
a. Ground is cheaper by $75.00
b. Ground is cheaper by $70.89
c. Ground is cheaper by $72.36
d. Ground and air have the same total cost
e. None of the choices

	4.
	Three sigma control limits (compared to two sigma limits) tend to have what impact on error probabilities?
a. Increase the Type II and decrease Type I
b. Decrease the Type II and increase Type I
c. Decrease the Type I and Type II
d. Increase the Type I and Type II
e. Have little or no impact

	5.
	Examination of the function of purchased parts or materials in an effort to reduce costs and/or improve performance is called:
a. Vendor analysis
b. Value analysis
c. Negotiated purchasing
d. Vendor relations
e. Vendor assessment

	6.
	Which of the following is not a motivation for using electronic data interchange (EDI) in a supply chain?
a. Reduction of paper work
b. Reduction in clerical labour
c. Increased accuracy
d. Increased speed in processing transactions
e. Frequent deliveries of small shipments

	7.
	Which of the following to the phenomenon of increasing variability and need for inventory as we move from the customer to the producer in the supply chain?
a. Continuous replenishing
b. EDI
c. Quick response
d. DRP
e. None of the above

	8.
	Which of the following is a solution for Bullwhip effect in a supply chain?
a. Sharing customer POS information
b. Offering one time price discounts
c. Reducing production quantity
d. Increasing production quantity
e. None of the above

	9.
	Which of the following is not a reason for outsourcing?
a. To increase capacity
b. To access expertise which is not available in house
c. To access patented design or knowledge
d. To reduce bullwhip effect
e. All of the above 

	10.
	Aggregate operations planning is capacity planning for
a. A long term horizon of several years
b. An intermediate term horizon, typically 12 months
c. A short terms horizon of one or two weeks
d. Machine loading in a plant on hour0by-hour basis
e. None of the above

	11.
	Which of the following shifts demand from one period to another period?
a. Backorders
b. Overtime
c. Part-time workers
d. Subcontracting
e. None of the above

	12.
	Which one of the control charts follows binomial distribution
a. P chart
b. C chart
c. R chart
d. X-bar chart
e. None of the above

	13
	The goal of queuing analysis is to minimize:
a. Capacity costs
b. Customer waiting line
c. The sum of customer waiting costs and capacity costs
d. The sum of customer waiting time and service time
e. None of the above

	14.
	Focusing attention on the most important problem areas is referred to as:
a. 5W2H approach
b. Quality assurance
c. Benchmarking
d. Pareto analysis
e. Cause-and effect analysis

	15.
	McDonalds opened a counter onto St. Catherine Street to sell ice cream using one human-server with an average service time of 2 minutes per customer, following exponential distribution and the average number of customers waiting in line is 10 (assuming Poisson arrivals). To save on server costs, the manager proposed to replace the human server by an automatic vending machine that takes exactly 2 minutes per customer. The average number of customers waiting in line is:
a. 2
b. 5
c. 14
d. 10
e. Can’t tell with the given data

	16.
	Which of the following can reduce the waiting times of customers in a single-channel waiting line system?
I. Increasing the service rate.
II. Increasing the utilization of the system
III. Increasing the arrival rate.
a. I only
b. I and III only
c. II only
d. I, II, and III
e. I and II only

	17.
	Which of the following is not an example of an external failure cost?
a. Warranty claims
b. Handling complaints
c. Loss of customer goodwill
d. Rework
e. None of the above

	18.
	Aggregate operations’ planning requires which of the following information?
I. A forecast of expected demand
II. Current levels of inventory
III. Policies regarding employment levels
a. I only
b. II only
c. III only
d. I and II only
e. I, II and III only

	19.
	Which technology allows companies to automatically identify, track, monitor, or locate objects within the supply chain?
a. Hand-held barcode readers
b. Radio frequency identification (RFID) system
c. Electronic data interchange (EDI) systems
d. E-commerce websites
e. None of the above

	20.
	Costs of inspectors, testing, and test equipment are examples of:
a. Internal failure costs
b. External failure costs
c. Appraisal costs
d. Prevention costs
e. Replacement costs



