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Instructions:

1- 
Write down the exam copy number (that exists at the top right corner of this page) on the identification white card next to your name. 
2-
Answer all questions on your examination copy. Use opposite side if necessary. Answers or calculations written on the sheet of notes or on the statistical tables will not be evaluated. 

3-
Justify all answers with proper arguments and/or calculations. Be precise, clear and concise: ambiguous or vague statements will be considered false. Please write legibly.

4-
One 8.5 x 11, two-sided sheet of personal notes and a pocket calculator are permitted. No textbook or class notes are allowed.
5-
The value of each question is indicated on the left margin for a total of 80 marks.

6-
Verify that your exam has 12 pages (including this title page). Statistical tables are provided separately. Please right your name and student number on the statistical tables booklet. The exam booklet, the cheat-sheet, and the statistical tables must be returned at the end of the exam period.  Students failing to submit these documents to the professor will receive zero (0) on the exam.
GOOD LUCK AND HAVE A GREAT HOLIDAY!
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[23]
Problem 1

Material Requirements Planning
The product structure tree of product A is given below. The lead times and available inventories of each item are found in the following table.
	
	
                 A
	
	
	
	
	Table 1

	
	
	
	
	
	
	
	
	
	
	
	
	Item
	Lead Time
	
	Available

Inventory

	
            E(1)
	
	
  C(2)
	
	
	
  B(3)
	
	
	
	A
	2 weeks
	
	200

	
	
	
	
	
	
	
	
	
	
	
	
	B
	2 weeks
	
	1000

	
	
	
	
	
	
  C(1)
	
	
	   D(2)
	C
	1 week
	
	1500

	
	
	
	
	
	
	
	
	
	
	
	
	D
	3 weeks
	
	8500

	
	
	
	
	
	
	
	
	
	
	
	
	E
	4 weeks
	
	900


[3]
(a)
Given the available inventories, how many additional units of E must be ordered if a total of 2,000 units of A are required? Show your work. (Hint: You do not need to develop an MRP plan; also, do not specify when the units of E must be ordered: we only want the total number of E to order).

Since each A needs 1 E, and there are already 200 A and 900 E available, we only have to order 900 additional units of E.
[6]
(b)
Given the available inventories, how many additional units of C must be ordered if a total of 2,000 units of A are required? Show your work. (Hint: You do not need to develop an MRP plan; also, do not specify when the units of C must be ordered: we only want the total number of C to order).

Since A needs 2C each, A alone will require 4000 units of C, but 200 units of A are available, and 1500 units of C are available. So 4000 – 400 – 1500 = 2100 C.
But each A also needs 3B which needs 1C, so that’s 3000 B, minus 1000 available yields 2000 B, so another 2000 C needed for a total of 4100 C.
	
	
                 A
	
	
	
	
	Table 1

	
	
	
	
	
	
	
	
	
	
	
	
	Item
	Lead Time
	
	Available

Inventory

	
            E(1)
	
	
  C(2)
	
	
	
  B(3)
	
	
	
	A
	2 weeks
	
	200

	
	
	
	
	
	
	
	
	
	
	
	
	B
	2 weeks
	
	1000

	
	
	
	
	
	
  C(1)
	
	
	   D(2)
	C
	1 week
	
	1500

	
	
	
	
	
	
	
	
	
	
	
	
	D
	3 weeks
	
	8500

	
	
	
	
	
	
	
	
	
	
	
	
	E
	4 weeks
	
	900


[6]
(c)
Treat the following questions independently; show your work for each answer. Given the available inventories and assembly lead times, what is the maximum amount of product A that could be supplied to customers:

[2]
i)
now (i.e. at the beginning of week 1)?  Briefly Justify.
200 units because it’s available.

[4]
ii)

within the next two weeks (i.e. on the beginning of week 3, assuming we are at the beginning of week 1)?  Show your calculations.
Now we can use available inventory to produce A, because E’s lead time is 4 weeks we can only use available inventory.
200 A available.
900 E can make 900 A, 1500 C can make 750 A, 1000 B can make 333 A.

So if we divert 500C into making B, then we have enough B to make 500 A and enough C to make 500 A, so the maximum A we can supply now is 500 units. 

	
	
                 A
	
	
	
	
	Table 1

	
	
	
	
	
	
	
	
	
	
	
	
	Item
	Lead Time
	
	Available

Inventory

	
            E(1)
	
	
  C(2)
	
	
	
  B(3)
	
	
	
	A
	2 weeks
	
	200

	
	
	
	
	
	
	
	
	
	
	
	
	B
	2 weeks
	
	1000

	
	
	
	
	
	
  C(1)
	
	
	   D(2)
	C
	1 week
	
	1500

	
	
	
	
	
	
	
	
	
	
	
	
	D
	3 weeks
	
	8500

	
	
	
	
	
	
	
	
	
	
	
	
	E
	4 weeks
	
	900


[6]
(d)
Given the available inventories and assembly lead times, complete the following table.
	Week:
	1
	2
	3
	4
	5
	6
	7
	8

	Item:                    A
	
	
	
	
	
	
	
	

	Gross Requirements
	
	
	
	
	
	
	
	1,200

	Available
	
	
	
	
	
	
	
	200

	Net Requirements
	
	
	
	
	
	
	
	1,000

	Plan. Order Receipts
	
	
	
	
	
	
	
	1,000

	Plan. Order Releases
	
	
	
	
	
	1,000
	
	

	Item:                    B
	
	
	
	
	
	
	
	

	Gross Requirements
	
	
	
	
	
	3,000
	
	

	Available
	
	
	
	
	
	1,000
	
	

	Net Requirements
	
	
	
	
	
	2,000
	
	

	Plan. Order Receipts
	
	
	
	
	
	2,000
	
	

	Plan. Order Releases
	
	
	
	2,000
	
	
	
	

	Item:                    C
	
	
	
	
	
	
	
	

	Gross Requirements
	
	
	
	2,000
	
	2,000
	
	

	Available
	
	
	
	0
	
	1,500
	
	

	Net Requirements
	
	
	
	2,000
	
	500
	
	

	Plan. Order Receipts
	
	
	
	2,000
	
	500
	
	

	Plan. Order Releases
	
	
	2,000
	
	500
	
	
	

	Item:                    D
	
	
	
	
	
	
	
	

	Gross Requirements
	
	
	
	4,000
	
	
	
	

	Available
	
	
	
	8,500
	
	
	
	

	Net Requirements
	
	
	
	0
	
	
	
	

	Plan. Order Receipts
	
	
	
	
	
	
	
	

	Plan. Order Releases
	
	
	
	
	
	
	
	

	Item:                    E
	
	
	
	
	
	
	
	

	Gross Requirements
	
	
	
	
	
	1,000
	
	

	Available
	
	
	
	
	
	900
	
	

	Net Requirements
	
	
	
	
	
	100
	
	

	Plan. Order Receipts
	
	
	
	
	
	100
	
	

	Plan. Order Releases
	
	100
	
	
	
	
	
	


[2]
(e)
Given the available inventories and assembly lead times, how many weeks would be needed to meet a gross requirement of 1,200 units of A? At the earliest, at the beginning of what week could an order of 1,200 units of A be delivered? Justify and be precise.
7 Weeks because the MPS shows that we have one week without any activity needed to finish the planned production.
[7]
Problem 2

Inventory Management: Deterministic Demand
QUESTION (a) AND (b) ARE INDEPENDENTS 

[3]
(a)
The Dine Corporation is both a producer and a user of brass couplings. The firm operates 220 days per year and uses the couplings at a steady rate of 50 per day. Couplings can be produced at a rate of 200 per day. Assume storage costs are $1 per coupling per year, and machine setup costs (or ordering costs) are $35. 


What is the optimal production order quantity of brass couplings?

Small d = 50 
steady rate of 50 per day,
 D = 11000, p = 200, H = $1, S = $35
Q* = SQRT [(2 * 11000 * 35 / 1 * 200 / (200 – 50))]

Q* = SQRT [770000 * 1.333]

Q* = SQRT [1026666]

Q* = 1013.245 -> 1014
[4]
(b)
Burger Prince orders paper cups from a supplier, and uses the basic Economic Order Quantity model to determine the order quantity. The ordering cost is constant and fixed irrespective of the order quantity, while the holding cost is determined as a certain percentage of the purchase cost of paper cups. Burger Prince was told that the cost of paper cups would increase by 10%. 

[2]
i)
Should the order quantity change and if so, Should Burger Prince order more or less than before? Briefly Justify.
Order more because the EOQ sets the ordering cost = to holding cost, ordering more will offset the increase in the ordering cost to even out with holding cost.

[2]
ii)
By what percentage the order quantity will increase or decrease following the increase of 10% in the cost of paper cups?  show your calculations.
Tc(Q*) = DC + SQRT(2DSH)
If SQRT(2DHS) increases by 10%, -> 1.1 * SQRT(2DHS)

Then to make the equation still true, we must add 10% to DC as well since those two terms are set to equal.

So Tc(Q*) = 1.1DC + 1.1SQRT(2DSH)
[17]
Problem 3

Inventory Management: Probabilistic Demand
Weekly demand of a product is stationary and has been forecasted using exponential smoothing. The expected demand is 196 units per week and the standard deviation of weekly demand is 25. The item is purchased from a vendor at a cost of $10 per unit: the ordering cost is $50 with a lead time of one (1) week; The holding cost is $6 per unit per year. Assume there are exactly 52 weeks per year. The following questions are all based on these data, but are independent.

[4]
(a)
Assume the manager decided to adopt a fixed-order-quantity model, but decided not to carry any safety stock (e.g. the size of the safety stock is 0). Calculate the probability of stocking out during the lead time, and the expected demand units lost during the lead time. Show your work and give sufficient details. 


[2]
Probability of stocking out during lead time:

бd = 25, d = 196, D = 10192, C = $10, S = $50, L = 1, H = $6
µ = d*L = 196
R = 196 since no safety stock.
P(Stockout) = P(Demand > 196)
Z = 197 – 196 / 25 (Or maybe z = 0 because SS = 0, so then 50%)
Z = 0.04

P = 0.484046 or about 48.4%

[2]
Expected demand units lost during the lead time:
Assume service level = 95%, so 1-p = 0.05
E(z) = 196 * 0.05 / бL

бL = SQRT(L * бd2)
     = SQRT(625)
     = 25

E(z) = 0.392,so 1 unit lost during lead time.
[4]
(b)
Assume the manager decided to adopt a fixed-order-quantity model, and wishes to maintain a 90% service level (type 1 service). Calculate the optimal order quantity and the reorder point. Show your work and give sufficient details. (Reminder: this question is independent of question (a) ).

[2]
Optimal Order Quantity:
Q* = SQRT [(2DS) / H]
      = SQRT (2 * 10192 * 50 / 6)
      = SQRT(169866)

      = 413

[2]
Reorder Point:

R = µL + z*бL
   = d*L + 1.65*25
   = 196 + 41.25

   = 238
[5]
(c)
Assume now the manager decided to adopt a fixed-time-period model with T = 4 weeks as review period (i.e. time between orders). Assume the beginning inventory is 300 units. What should the order quantity be so that 98% of the demand will be satisfied? Show your work and give sufficient details.

бd = 25, d = 196, D = 10192, C = $10, S = $50, L = 1, H = $6
Type I because based on probability of not stocking out.
S = d(T+L) + z * бT+L
   = 196(4+1) + 2.33 * SQRT [5 * 625]
   = 980 + 130.250961
   = 1111

S – I = 1111 – 300 = 811 units.

[4]
(d)
The production manager wishes to set up a fixed-time-period inventory system so that the probability of stockout is at most 2.5%. However, given storage space constraints, the size of the safety stock must be at most equal to the expected demand over one week which is 196 units. What is the maximum time between orders (e.g. T is the time between two orders) that would meet these criteria? Show all your work.
So now p = 0.975

S = d(T+L) + 2.24 * 55.9017
S = 196(T + 1) + 125.219808
1111 = 196T + 321.22

T = 4.03 rough estimate since based on S service level of 98%
 [9]
Problem 4

Just-in-Time Philosophy
To illustrate the process of "continuous improvement" and "elimination of waste", a "Just-in-Time Production Game" was played in class: an inefficient production system was simulated, the inefficiencies were analyzed and a discussion followed, during which possible changes were proposed that would facilitate the transition of the production system to a "Just-in-Time" system.

State three of the seven JIT success factors which were implemented and briefly explain how they were used to eliminate inefficiencies. In each case, refer specifically to something that was done in the game.
JIT success factor number 1: Employee Empowerment
Change to the system and resulting elimination of inefficiencies (please refer to the game):

Give each station the power to make decisions such as stopping the process when something is wrong. 
JIT success factor number 2:Layout
Change to the system and resulting elimination of inefficiencies (please refer to the game):

Minimize distance between stations and delivery. You can just fire the truckers and deliver yourself, bringing the stations closer would help as well.
JIT success factor number 3:Quality Control
Change to the system and resulting elimination of inefficiencies (please refer to the game):

Making everyone responsible for quality, as well as changing markers when needed can improve quality.
Problem 5

Quality Control: Control Charts

Forty-eight (48) samples of 100 units each were taken on the production of an assembly line manufacturing microchips. The system operates around the clock, and there are two 12-hour shifts: the day shift begins work at 7:00 and the night shift begins work at 19:00. One sample was taken at the end of each production hour for a period of two consecutive days. The sample results are summarized in the Table below (samples taken between 8:00 and 19:00 inclusive were taken on the production of the day shift):

	Time
	Number of Defective Chips
	Time
	Number of Defective Chips

	Day shift
	Day 1
	Day 2
	Night Shift
	Day 1
	Day 2

	  8:00
	2
	1
	20:00
	2
	2

	  9:00
	2
	2
	21:00
	1
	2

	10:00
	0
	1
	22:00
	3
	3

	11:00
	3
	4
	23:00
	3
	4

	12:00
	3
	2
	  0:00
	3
	3

	13:00
	5
	4
	  1:00
	4
	3

	14:00
	4
	5
	  2:00
	5
	5

	15:00
	5
	5
	  3:00
	4
	5

	16:00
	5
	6
	  4:00
	5
	5

	17:00
	7
	6
	  5:00
	6
	7

	18:00
	6
	5
	  6:00
	7
	8

	19:00
	7
	7
	  7:00
	9
	8

	Total
	49
	48
	Total
	52
	55


[4]
(a)
Using these data, calculate 99% upper and lower control limits. 

P chart because occurrence and nonoccurence can be counted.

Upper Control Limits (UCL):

p-2bar = 204 / (48 * 100) = 0.0425
p-2bar ± z * SQRT [p double bar*(1 – p-2bar /n]
UCL = 0.0425 + 3 * SQRT (0.0425* (1-0.0425/100))
         = 0.0425 + 3 * 0.020173

         = 0.103019

Lower Control Limits (LCL):

LCL = 0.0425 – 3 * 0.020173

        = 0
[6]
(b)
Below you will find a plot of the percentage of defectives for each of the forty-eight (48) samples taken during the two days of the study. On the graph, show clearly the average proportion of defective chips and the 99% control limits to complete the control chart. From this chart, what are your conclusions and recommendations?

[2]
Control limits and average proportion on graph
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[2]
Conclusions (interpretation of the the control chart graph):
There seem to be a pattern in the percentage of defects. It goes steadily up then suddenly drops down and repeats in cycles. While all the data points are within control, this pattern of defects is certainly worth investigating. 
[2]
Recommendations (action to take based on your conclusions):
Since the number of defects steadily go up, perhaps workers need more breaks? Follow-up investigation is certainly required to find out the issue and corrective action should be taken immediately after discovering the cause of this pattern.
[4]
Problem 6

Quality Control: Process Capability
In an assembly line, resistances for micro-chips are manufactured. Random samples taken regularly on the production of theses resistances have shown that the average resistance is 1,000 ohms, and that the standard deviation is 3 ohms.  According to specifications, only resistances between 994 and 1,006 ohms are acceptable.

[2]
(a)
Calculate the Process Capability.  What can you conclude?

Cp = 12 / 3 * 6
     = 0.667
The process is incapable of meeting the specifications.
[2]
(b)
What proportion of all resistances produced meet the specifications? Show all your calculations.

Z = 0.125 / 3 = 0.04
P = 0.016 * 2 = 0.032
So 3% meet the specifications.
[10]
Problem 7

Quality Control: Acceptance Sampling
Company X produces pocket calculators. It purchases the main processor chips in lots of 1,000 from company Y. The acceptable quality level of company X is 1% defectives per lot, and the company finds 3% or more defectives per lot to be unacceptable. Samples of 100 are drawn from each lot, and the lot is rejected if more than three (3) defectives are found.

[4]
(a)
Calculate the producer's risk and the consumer's risk associated with this sampling plan.

[2]
Producer’s Risk:

[2]
Consumer’s Risk:

[2]
(b)
Calculate the Average Outgoing Quality (AOQ) of a lot associated with this sampling plan assuming that the percent of defective calculators in the lot is 2%.

[2]
(c)
A second sampling plan is considered: sample 140 units and reject the lot if more than two (2) defectives are found. Which of the two plans would be preferable to company X? Justify your answer.

[2]
(d)
A sampling plan with an acceptance number of c = 4 yields a Producer’s Risk of 0.01 and a Consumer’s Risk of 0.20.  If we wish to lower the Consumer’s Risk without increasing the sample size, should we make the acceptance number, c, larger or smaller than 4?  How would this change affect the Producer’s Risk?  (This question is independent of questions (a), (b) and (c)).
































































































