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Sample Final Exam SOLUTIONS 
ADM 3301: OPERATIONS MANAGEMENT 

       
Professor: Rim Jaber Time: Three (3) hours    
 
Last Name:  _____________________________  First Name: ______________________________ 
 
Student Identification Number:         
Instructions to students: 
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- Verify that your exam has 13 pages (including this title page).  Statistical tables are provided on page 13. 
3- Answer all questions on your examination copy.  Use the opposite (blank) side, if necessary. Answers or calculations 

written on the sheet of notes will not be evaluated.  
4- 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: What I cannot read will not be marked. 
5- This is a closed-book exam: however, one double sided sheet (8.5" x 11") of notes and a calculator are permitted for 

arithmetic use only. The sheet of notes must be handed over with the exam copy at the end of the exam period, or 
else your copy will not be marked. 

6- The value of each question is indicated on the left margin for a total of 80 marks. 
7- NO COMMUNICATION DEVICES MAY BE WITHIN SIGHT DURING THE EXAM PERIOD. 

Problem Description Page Marks Total 

1 Material Requirements Planning p. 2 23  

2 Inventory Management: Deterministic Demand p.5 7  

3 Inventory Management: Probabilistic Demand p. 6 17  

4 Just-In-Time Philosophy p. 8 9  

5 Quality Control: Control Charts p. 9 10  

6 Quality Control: Process Capability  p. 11 4  

7 Total Quality Management and miscellaneous topics p. 12 10  

Total   80  

Statement of Academic Integrity 
The School of Management does not condone academic fraud, an act by a student that may result in 
a false academic evaluation of that student or of another student. Without limiting the generality of 
this definition, academic fraud occurs when a student commits any of the following offences: 
plagiarism or cheating of any kind,  use of books, notes, mathematical tables, dictionaries or other 
study aid unless an explicit written note to the contrary appears on the exam, to have in his/her 
possession cameras, radios (radios with head sets), tape recorders, pagers, cell phones, or any other 
communication device which has not been previously authorized in writing.  
 
Statement to be signed by the student: 
I have read the text on academic integrity and I pledge not to have committed or attempted to 
commit academic fraud in this examination. 
 
Signed:______________________________________   
 
Note: an examination copy or booklet without that signed statement will not be graded and will 
receive a final exam grade of zero.  
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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. 
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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). 

 
 
    For A:   2000 – 200 = 1800 units of A will be ordered 
    For E: 1800 – 900 = 900 units of E will be ordered. 
 
 
 
 
 
 
 
 
 
 
[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). 

 
    
   For A: 2000 – 200 = 1800 units of A will be ordered 
   For B: (3 x 1800) – 1000 = 5400 – 1000 = 4400 units of B will be ordered 
   For C: (2 x 1800) + 4400 – 1500 = 3600 +4400 – 1500 = 6500 units of C will be ordered 
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[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 
 
 
 
 
 
 
 
 
 

 
 
 

 [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. 

 
  Lead time of A is 2 weeks 
   
  The maximum numbers we can produce with existing inventories is: 
 
   Min (1000/3, 1500/2, 900/1) = 333.33 
  
  The maximum of product A that can be supplied to customers within the next two weeks is: 
 
   200 + 333 = 533 units 
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[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               1000 
Plan. Order Receipts               1000 
Plan. Order Releases           1000     

Item:                    B                 
Gross Requirements           3000     
Available           1000     
Net Requirements           2000     
Plan. Order Receipts           2000     
Plan. Order Releases       2000         

Item:                    C                 
Gross Requirements       2000   2000     
Available       1500        
Net Requirements       500   2000     
Plan. Order Receipts       500   2000     
Plan. Order Releases     500   2000       

Item:                    D                 
Gross Requirements       4000         
Available       8500 4500 4500 4500 4500 
Net Requirements                
Plan. Order Receipts                 
Plan. Order Releases                 

Item:                    E                 
Gross Requirements           1000     
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. 

 
    6 weeks are needed 
    Earliest delivery date is beginning of week 7 
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[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? 

 
  

D = 50 * 220 
        Ö D = 11,000 d = 50 p = 200 H = $1 S =  $35 

          Q* = sqrt((2*D*S/H)*(p/(p-d))) = 
      

          Q* = 1013.24 
        

Q* = 
      
1,013 or   1,014 

 
   

      
 

[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. 
 

Q*= sqrt((2*D*S/H))) 

 H will increase, thus Q* will decrease and therefore He should order less than before  
 

  

 
 [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. 
 

Let H = I* C => I is percentage and C is cost of paper cup 
Q*old     =sqrt((2*D*S/I*C))) 

Q*new  =sqrt((2*D*S/1.10*I*C))) 
  Where H new = I*(1.10 C) 
 
Thus, Q* new = Q∗old

√1.1
= 0.9535Q* old 

Or Q*old    = 1.048 Q*new 
 
  He should order less before, 4.65 % ≈ 5 %, less than before  
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[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: 
   
  Z = 𝑆𝑆

𝜎
=  0

25
 = 0 

   
  P(Stockout) = P(Z ≥ 0) = 0.5 
 
 

 
 [2] Expected demand units lost during the lead time: 

 
 NOT DISCUSSED IN CLASS, thus not included on the final exam. 
 
 

[4] (b) Assume the manager decided to adopt a fixed-order-quantity model, and wishes to maintain a 90% service 
level. 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: 
   

D= 196 *52 =10,192 
H= S6 

 S= S50 
 

   Q*= sqrt((2*D*S/H))) 

Q*=412.15 
Q*=412 or 413 

 
 [2] Reorder Point: 

L=1 Week, 𝜎𝐿 = 25 
p = 0.9 Î z = 1.282 

 
 
  𝑅 =  𝜇𝐿 + 𝑧 𝜎𝐿 = dL + 𝑧 𝜎𝐿 
  = (196)*(1) + 1.282*sqrt(1*(25)2) = 196+ 32.05 = 228.05 
  R ≈ 229 
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[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. 

 
p= 0.98 Î Compute z = 2.055 

 
  𝑄 ∗  = 𝑆 – 𝐼 
 
S =  μ(T + L) + z σ(T + L)  
S = d(T + L) + z √(T + L)𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒  =  
S = 196*(4+1) + 2.055* √5 ∗ (25)^2  = 980 + 114.87 = 1094.87 
 S ≅ 1095 
  

Q* = 1095 – 300 = 795 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. 

 
   Max T = ??          p = 0.975 Î z = 1.96 
 

     𝑆𝑎𝑓𝑒𝑡𝑦 𝑆tock ≤ 196  
z σ(T + L) ≤ 196 

1.96 √(T + 1) ∗ (25)^2 ≤ 196 
   

1.96 ∗ 25√T + 1  ≤  196 
 

√T + 1  ≤  
196

1.96 ∗ 25 
 

  
     √T + 1 ≤ 4 
     T + 1 ≤ 16 

=> T ≤ 15  
 The max time between two orders is 15 weeks 
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[9] Problem 4  Just-in-Time Philosophy:  
 
 The answer to this question will not be provided as there many alternative responses. 

Please refer the power point slide in the final exam review document for the seven 
success factors. 
 
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: ___________________________________________________________ 
 
 
Change to the system and resulting elimination of inefficiencies (please refer to the game): 
 
 
 
 
 
 
 
 
 
JIT success factor number 2:___________________________________________________________ 
 
 
 
Change to the system and resulting elimination of inefficiencies (please refer to the game): 
 
 
 
 
 
 
 
 
JIT success factor number 3:___________________________________________________________ 
 
 
 
Change to the system and resulting elimination of inefficiencies (please refer to the game): 
 
 
 
 
 
 
 



9 
 

[10] 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.  
 
   Confidence level 99% then z = 2.576 

   
n

)p-(1p  p     zr  

    p = 49+48+52+55
48 𝑥 100 

 = 0.0425 
 

  
100

)9575.0-(10425.0      = 0.0202 

 
 Upper Control Limits (UCL):    0.0425 + 2.576 x 0.0202 = 0.0945 
 
 Lower Control Limits (LCL): 0.0425 – 2.576 x 0.0202 = - 0.0095 => LCL = 0 
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[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 

 
 

 
 

[2] Conclusions (interpretation of the the control chart graph): 
 
All points are within control limits but: 

1- More defects happen towards the end of the shifts 
2- The night shifts have more defectives than the day shift. Probably due to tiredness.  

 
 
 
 
 
 
[2] Recommendations (action to take based on your conclusions): 
 

x  Shorter shifts/ adding shits 
x  Job/worker rotation 
x  More breaks 
x  Better supervision at night 
x  Machine may be overworked and require more maintenance. 
x  Employees need to be aware of this, maybe they can be more careful 
x Provide incentives like pay raises to employee with least defects. 
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[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 / (6 x3) = 0.67 
 
The process is not capable of satisfying the specification  
 
 
 
 
 

[2] (b) What proportion of all resistances produced meet the specifications? Show all your calculations. 
 
 

   𝑃 (994  ≤ 𝑋 ≤ 1006) = 𝑃 (994−1000
3

 ≤ 𝑍 ≤  1006−1000
3

) 
P( − 2 ≤ Z ≤ 2) 

 
     P = 2 x 0.4772 = 0.9544 => 95.44 % 
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[8] Problem 7:  Circle the proper answer to each question or fill in the blank 
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