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1. (6p) 
A manager is trying to decide whether to build a small, medium, or large factory. Demand can 
be low, average, or high, with the estimated probabilities being 0.25, 0.40, and 0.35 
respectively. 

A small facility is expected to earn $18,000 if demand is low. If demand is average, the small 
facility is expected to earn $75,000; it can be increased to average size to earn $60,000. If 
demand is high, the small facility is expected to earn $75,000 and can be expanded to average 
size to earn $60,000 or to large size to earn $125,000. 

A medium sized facility is expected to lose an estimated $25,000 if demand is low, and earn 
$140,000 if demand is average. If demand is high, the medium-sized facility is expected to 
earn $150,000; it can be expanded to a large size to earn $145,000. 

If a large facility is built and demand is high, earnings are expected to be $220,000. If demand 
is average for the large facility, it is expected to earn $125,000; if demand is low, the facility 
is expected to lose $60,000. 

a) Draw the decision tree for this problem. 
b) What should management do to achieve the highest expected payoff? 

 

 

 

2. (6p) 
A company is designing a new testing station for a product. The testing station is able to test 
products at an average rate of 5 products per hour according to a negative exponential 
distribution. Products for testing arrive at an average rate of 3 units per hour, following a 
Poisson distribution. They are served according to FIFO and each product requires 1.5 m2 in 
storage space. A product is in this stage of the production process has a value of 1400 €.  

a) How much floor space is required for storing products in queue for testing? 
b) What’s the average value of products within the testing system? 
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3. (6p) 
A company wants to design a new assembly line for their latest products. The company wants 
to produce at least 270 units per day and they expect to operate the production line 450 
minutes per day. The assembly requires 14 different tasks and the work element data is shown 
in the table below. 

Work element Time (seconds) Immediate Predecessor(s) 
A 10 None 
B 25 None 
C 10 None 
D 35 A 
E 65 B, C 
F 35 A, E 
G 30 None 
H 20 D, G 
I 45 A 
J 50 None 
K 20 None 
L 40 J, K 
M 30 A, L 
N 70 F, H, I, M 

 

a) Draw a precedence diagram. 
b) What cycle time (in minutes) results in the desired output rate? 
c) What is the theoretical minimum number of workstations and which work elements 

are assigned to which station? 
d) What is the efficiency of your solution? 

 

 

4. (6p) 
The supply manager of a chemical plant must determine the lot size for a particular chemical 
that has a steady demand of 30 barrels per day. The production rate is 190 barrels per day, 
annual demand is 10,500 barrels, setup cost is $200, annual holding cost is $0.21 per barrel, 
and the plant operates 350 days per year. Determine the following: 

a) The economic production lot size. 
b) The total annual setup and inventory holding cost for this chemical. 
c) The time between orders. 
d) The production time per lot. 
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5. (10p) 
The BOMs (Bill Of Materials) for products A is shown in Table 1 below. Data from inventory 
records are shown in Table 2. The MPS calls for 250 units of product A to be completed in 
week 8. The lead-time for production of product A is two weeks. 

Item Made of: Number x Item 
A 1xB, 1xC, 2xD 
B 2xC 
D 1xB 

Table 1 

Inventory Record Data: 

 

Data category B C D 

Lot sizing rule L4L FOQ = 1000 L4L 
Lead time 2 weeks 1 week 3 weeks 

Safety stock 0 100 0 
Scheduled receipts None 1000 (week 1) None 

On-hand inventory 0 200 0 

Table 2 

Develop the materials requirement plan for the next six weeks for items A, B, C, and D. An 
MRP template is included in the exam for your convenience. 

 

 

6. (8p) 
A manufacturing company has three factories that supply three major warehouses. The 
capacity of each factory, and the demand of each warehouse, is listed in the table below. Use 
the Modified Transportation Method (MODI) to optimize the distribution of goods from the 
factories to the warehouses. 

     Warehouses  
Factories 1 2 3 Amount available 

1 5 4 3 100 
2 8 4 3 300 
3 9 7 5 300 

Amount required 300 200 200  
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7. (6p) 

Name, and explain the five steps, used when practically applying Theory of constraints. 

 

 

8. (10p) 
During the past eight quarters, a port has unloaded large quantities of grain from ships (see 
table below). The port’s manager wants to test the use of exponential smoothing to see how 
well the technique works in predicting tonnage unloaded. He guesses that the forecast of grain 
unloaded the first quarter was 175 tons. Two values of α are examined; α=0.1, and α=0.5. 
Determine which value of α gives the better forecast based on the values of MAD and MSE. 

Quarter: 1 2 3 4 5 6 7 8 
Actual tonnage 180 168 159 175 190 205 180 182 

 

 

 

9. (6p) 
a) Name four functions of inventory. 
b) Name three reasons to keep low levels of inventory. 
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10. (6p) 
As an inventory manager you must decide on the order quantity for an item that has an annual 
demand of 2000 units. Placing an order cost you €20 each time. Your annual holding cost, 
expressed as a percentage of average inventory value is 20%. Your supplier has provided the 
following price schedule: 

Order size Price per unit 
1 – 199 € 2:50 
200 – 299 € 2:40 
300 – 999 € 2:25 
1000 -  € 2:00 
 

What is the best order policy from a cost perspective? 

 

 

11. (9p) 

Answer the three questions below in detail! 

a) From a logistics point of view, what is the difference between Convenience products, 
and Shopping products? 

b) How do the logistics strategy for a certain product change over the different phases of 
the product life cycle? 

c) How do the Weight-Bulk ratio influence the two more important logistics costs; 
transportation and storage? 

 

 
12. (5p) 

In a Q system, the demand for a certain product is normally distributed, with an average of 
520 units per week. The lead-time is 7 weeks. The standard deviation of weekly demand is 17 
units. 

a) What is the standard deviation of demand during the 7-week lead-time? 
b) What is the average demand during the 7-week lead-time? 
c) What reorder point results in the cycle-service level of 99%? 
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13. (8p) 
Consider the following job times for a three-machine problem. Assume that the jobs are 
processed in the sequence M1-M2-M3. Find the optimum sequence for processing the five 
jobs below and show it in a Gantt-chart for all three machines, indicating the total processing 
time. 

 

 

 

 

14. (5p) 
A company produces 2 different gearbox models. Relevant data on a bottleneck operation in 
the plant for the upcoming year are given in the table below. 

Pump model Model A Model B 
Demand forecast 30,000 gearboxes/year 12,000 gearboxes/year 
Lot size 50 units 30 units 
Standard processing time 0.6 hour/unit 1.0 hour/unit 
Standard setup time 3.0 hours/lot 3.0 hours/lot 
 

The shop works 200 days per year, 2 shifts per day, eight hours per shift, and a 15% capacity 
cushion is desired. How many machines are needed to meet the upcoming year’s demand 
without resorting to any short-term capacity solutions? 

 
 
 

15. (3p) 
Describe how the labor climate is affecting the decision for new manufacturing plants. 
 
 

  
Job M1 M2 M3 

A 12 15 24 
B 27 18 30 
C 24 6 18 
D 18 9 21 
E 15 12 33 





MRP
Item: 

Item: 

Item:  

 

Item:  

 

Item:  

 

Item:  

 

Lead time:
Safety stock:

Lead time:
Safety stock:

Lead time:
Safety stock:

Lot size:

Lot size:

 

 

Lot size:  

6 7 8
Due:  

Release:  

Due:
Release:

Week:

Week: 1 2 3 4 5

Lot size:  

  
  

Lead time:
Safety stock:

Week: 1 2 3 4 5 6 7 8
Gross requirements   
Scheduled reciepts  
Projected on hand         
Planned reciepts  
Planned order releases  

Week: 1 2 3 4 5 6 7 8
Gross requirements    
Scheduled reciepts
Projected on hand         
Planned reciepts    
Planned order releases    

Week: 1 2 3 4 5 6 7 8
Gross requirements     
Scheduled reciepts  
Projected on hand         
Planned reciepts  
Planned order releases  

Week: 1 2 3 4 5 6 7 8
Gross requirements     
Scheduled reciepts
Projected on hand         
Planned reciepts  
Planned order releases  

1 2 3 4 5 6 7 8









Capacity	  formulas	  

Capacity	  

Machine	  requirements	  for	  single	  products	  

	  𝑀 = !"
! !! ! !""

	  

	  

	  

Machine	  requirements	  for	  multiple	  products	  

𝑀 =
𝐷𝑝 + 𝐷 𝑄 𝑠 !"#$%&'  ! + 𝐷𝑝 + 𝐷 𝑄 𝑠 !"#$%&'  ! +⋯+ 𝐷𝑝 + 𝐷 𝑄 𝑠 !"#$%&'  !

𝑁 1− 𝐶 100 	  

	  

M	  =	  Number	  of	  machines	  
D	  =	  Yearly	  demand	  
p	  =	  processing	  time	  per	  product	  
Q	  =	  Batch	  size	  
s	  =	  setup	  time	  per	  batch	  
N	  =	  Total	  operating	  time	  per	  year	  
C	  =	  Desired	  capacity	  cushion	  (expressed	  in	  %)	  
	   	  



Break-‐even	  analysis	  

Total	  cost	   𝐶 = 𝐹 + 𝑐×𝑄	  

Total	  revenue	   𝑅 = 𝑝×𝑄	  

Break	  even	  quantity	   𝑄 = !
!!!

	  

C	  =	  Total	  cost	  
F	  =	  Fixed	  cost	  
c	  =	  variable	  cost	  
Q	  =	  Quantity	  of	  sold	  products/services	  
R	  =	  Total	  revenue	  
p	  =	  revenue	  per	  sold	  unit	  
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Linear	  regression:	  
	  

	  𝑌 = 𝑎 + 𝑏𝑋	  
	  

𝑏 =
Σ𝑋𝑌 − 𝑛𝑋𝑌
Σ𝑥! − 𝑛𝑋!

	  

	  

𝑎 = 𝑌 − 𝑏𝑋	  
	  

	  

Forecast	  accuracy	  (Linear	  regression):	  

	  

Correlation	  coefficient:	   𝑟 = ! !"! ! !
! !!!( !)! ! !!! ! ! 	  

	  

Coefficient	  of	  determination:	   𝑟! = ! !!! !"!!!!

!!!!!!
	  

	  

	  

Standard	  error	  of	  the	  estimate:	   𝜎𝑌𝑋 = !!!! !!! !"
!!!

	  

	   	  



Weighted	  moving	  average	  

𝐹!!! =𝑊!𝐷! +𝑊!𝐷!!! +⋯𝑊!𝐷!!!!!	  
	  

Exponential	  smoothing	  

𝐹!!! = 𝛼𝐷! + 1− 𝛼 𝐹!	  
𝐹!!! = 𝐹! + 𝛼 𝐷! − 𝐹! 	  
	  

Exponential	  smoothing	  with	  trend	  

𝐴! = 𝛼𝐷! + 1− 𝛼 𝐴!!! + 𝑇!!! 	  
𝑇! = 𝛽 𝐴! − 𝐴!!! + 1− 𝛽 𝑇!!!	  
𝐹!!! = 𝐴! + 𝑇!	  
	  

At	  =exponential	  smoothed	  average	  of	  the	  series	  in	  period	  t	  

Tt	  =exponential	  smoothed	  average	  of	  the	  trend	  in	  period	  t	  

α	  =	  smoothing	  parameter	  for	  average	  (value	  0-‐1)	  

β	  =	  smoothing	  parameter	  for	  trend	  (value	  0-‐1)	  

Tt+1	  =	  Forecast	  for	  period	  t+1	  

	  

	   	  



Forecast	  errors	  

Forecast	  error	   𝐸! = 𝐷! − 𝐹! 	  

	  

Average	  forecast	  error	   𝐸 = !"#
!
  

Mean	  square	  error	     𝑀𝑆𝐸 = !!!

!
	  

	  

Mean	  absolute	  deviation	   𝑀𝐴𝐷 = !!
!

	  

	  

Standard	  deviation	   𝜎 = !!!! !

!!!
	  

	  

	  

Mean	  absolute	  percentage	  error    𝑀𝐴𝑃𝐸 = !! (!"") /!!
!

	  

	  

Tracking	  signal	   	   𝑇𝑟𝑎𝑐𝑘𝑖𝑛𝑔  𝑆𝑖𝑔𝑛𝑎𝑙 = !"#
!"#

	  

	  

	   	  

	  



Inventory	  management	  
	  

Holding	  cost	  	   	   	   𝐻𝑜𝑙𝑑𝑖𝑛𝑔  𝑐𝑜𝑠𝑡 = !
!
𝐻 	  

	  

Ordering-‐/setup	  cost	   	   	  𝑂𝑟𝑑𝑒𝑟𝑖𝑛𝑔  𝑜𝑟  𝑠𝑒𝑡𝑢𝑝  𝑐𝑜𝑠𝑡 = !
!
𝑆 	  

	  

	     
Material	  handling	  cost	   	   	   𝐶 = !

!
𝐻 + !

!
𝑆 	  

	     

Economic	  order	  quantity         𝐸𝑂𝑄 = !!"
!
	  

	  

Time	  between	  orders	   	   	   𝑇𝐵𝑂!"# =
!"#
!
	  

	  

Q	  =	  Order	  quantity	  

H	  =	  Holding	  cost	  per	  item	  

D	  =	  Forecasted	  demand	  

S	  =	  Setup	  cost	  per	  order	  

	  

	   	  



Continuous	  review	  (Q)	  system	  

Inventory	  position	   	   	   𝐼𝑃 = 𝑂𝐻 + 𝑆𝑅 − 𝐵𝑂	  

IP	  =	  Inventory	  Point	  

OH	  =	  On-‐hand	  inventory	  

SR	  =	  Scheduled	  receipts	  

BO	  =	  Back	  orders	  

	  

Re-‐order	  point	   	   	   𝑅 = 𝑑𝐿 + 𝑆𝑎𝑓𝑒𝑡𝑦  𝑠𝑡𝑜𝑐𝑘	  

𝑑	  =	  Average	  demand	  per	  time	  unit	  

L	  =	  constant	  lead	  time	  In	  time	  units	  

	  

Standard	  deviation	  of	  demand	  during	  lead	  time:	   	  𝜎!"# = 𝜎!!𝐿 = 𝜎!   𝐿	  

	  

Safety	  stock:	  	  = 𝑧𝜎!"# 	  

	   	  



Periodic	  review	  (P)	  system	  

	  𝑇 = 𝑧𝜎 !!! = 𝑧𝜎!   𝑃 + 𝐿	  

T	  =	  average	  demand	  during	  the	  protection	  interrval	  +	  safety	  stock	  for	  protection	  interval	  

P	  =	  length	  of	  time	  between	  reviews	  

	  

Noninstantaneous	  replenishment	  

Maximum	  cycle	  inventory:	  	   𝐼!"# =
!
!
𝑝 − 𝑑 = 𝑄 !!!

!
	  

p	  =	  production	  rate	  

d	  =	  demand	  rate	  

Q	  =	  lot	  size	  

Total	  annual	  handling	  cost:	  	  	   𝐶 = !!"#
!

𝐻 + !
!
𝑆 	  

	  

Total	  annual	  handling	  cost:	  	  	   𝐶 = !
!

!!!
!

𝐻 + !
!
𝑆 	  

	  

Economic	  production	  lot	  size:	  	  	   𝐸𝐿𝑆 = !!"
!

!
!!!

	  

I	  =	  Inventory	  
D	  =	  annual	  demand	  
p	  =	  production	  rate	  
d	  =	  demand	  rate	  
Q	  =	  lot	  size	  
H	  =	  holding	  cost	  
S	  =	  ordering/setup	  cost	  
	   	  



Quantity	  discounts	  

Total	  annual	  material	  cost:	   𝐶 = !
!
𝐻 + !

!
𝑆 + 𝑃𝐷	  

Q	  =	  lot	  size	  
H	  =	  holding	  cost	  
D	  =	  annual	  demand	  
S	  =	  ordering/setup	  cost	  
P	  =	  Price/unit	  
D	  =	  Demand	  rate	  
	  

One	  period	  decisions	  

Payoff:	  	   	   	   𝐼𝑓  𝑄 ≤ 𝑆 ⇒ 𝑃𝑎𝑦𝑜𝑓𝑓 = 𝑝𝑄	  

	   	   	   𝐼𝑓  𝑄 > 𝑆 ⇒ 𝑃𝑎𝑦𝑜𝑓𝑓 = 𝑝𝐷 − 𝑙𝑑	  

p	  =	  profit/unit	  
Q	  =	  Purchased	  quantity	  
D	  =	  actual	  demand	  
l	  =	  loss/unit	  
d	  =	  number	  of	  disposed	  items	  
	  



Location	  formulas,	  KPP227	  
	  

Location	  

Load	  distance	   𝑙𝑑 = 𝑙!𝑑!! 	  

Euclidian	  distance	   𝑑!" = 𝑋! − 𝑋! ! + 𝑌! − 𝑌! !	  

Rectilinear	  distance	   𝑑!" = 𝑋! − 𝑋! + 𝑌! − 𝑌! 	  

	  

Center	  of	  gravity	  

𝑋∗ = !!!!
!!
	   𝑌∗ = !!!!

!!
	  

	  

	  

	  

	  
	  



Waiting	  lines	  formulas,	  KPP227	  

Waiting	  lines	  

Interarrival	  times	  

𝑃! =
!" !

!!
𝑒!!"	  for	  n	  =	  1,2,…	  

	  
Pn	  =	  Probability	  of	  n	  arrivals	  in	  T	  time	  periods	  
λ	  =	  Average	  numbers	  of	  cutomer	  arrivals	  per	  period	  

	  

	  

Service	  time	  distribution	  

𝑃 !!! = 1− 𝑒!!"	  	  
	  
μ	  =	  Average	  number	  of	  customers	  completing	  service	  per	  period	  
t	  =	  service	  time	  of	  the	  customer	  
T	  =	  target	  service	  time	  
	   	  



Single	  server	  model	  
	  
Average	  utilization	  of	  the	  system	   	  

𝜌 =
𝜆
𝜇	  

	  
	  
Average	  number	  of	  customers	  in	  the	  system	   	  

𝐿 =
𝜆

𝜇 − 𝜆	  

	  
	  
Average	  number	  of	  customers	  in	  the	  waiting	  line	  

𝐿! = 𝜌𝐿 =
𝜆!

𝜇 𝜇 − 𝜆 	  

	  
	  
Average	  time	  spent	  in	  the	  system	  including	  service	  

𝑊 =
1

𝜇 − 𝜆	  

	  
	  
Average	  waiting	  time	  in	  line	  

𝑊! = 𝜌𝑊 = !
! !!!

	   	  



Probability	  that	  n	  customers	  are	  in	  the	  system	  

𝑃! = 1− 𝜌 𝜌!	  

	  

Probability	  that	  0	  customers	  are	  in	  the	  system	  

𝑃! = 1−
𝜆
𝜇	  

	  

Probability	  that	  less	  than	  k	  customers	  are	  in	  the	  system	  

𝑃!!! = 1−
𝜆
𝜇

!

	  

	  

Probability	  of	  more	  than	  k	  customers	  are	  in	  the	  system	  

𝑃!!! =
𝜆
𝜇

!!!
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