Note that some solutions below are given using formulas; you can also use the inventory example spreadsheet.

Economic Order Quantity (EOQ):

1. A large bakery buys flour in 25-pound bags.  The bakery uses an average of 4,860 bags a year.  Preparing an order and receiving a shipment of flour involves a cost of $4 per order. Annual carrying costs are $30 per bag.

a) Determine the economic order quantity.

b) What is the average number of bags on hand?

c) How many orders per year will there be?

d) If the annual demand were to double, how would the bakery’s ordering be affected?

Solution

We can use the EOQ formula for this problem.  First, we will use “bag” as the unit of analysis, so the “25-pound” information is irrelevant.  Annual demand, R, equals 4860.  Ordering cost, K, is $4, and annual holding (carrying) cost is $30 per bag.  So  

a) 
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 bags.

b) The average on-hand inventory is Q/2, so if the EOQ in a) is used, there will be 18 bags on hand on average.

c) Annual demand rate is R, and each time an order is placed, the quantity is Q*. So to meet the demand, on average the number of orders per year should be R/Q*. In this problem, the average number of orders per year equals R/Q* = 4860/36 = 135.

d) When annual demand, R, changes, the economic ordering quantity also changes.  The new order quantity is 
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 bags.  

Note that when demand doubles, the economic order quantity does NOT double in response.  Instead the change in the inventory policy is more balanced: order size increases by a factor of 
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 only, and the frequency of order also increases by a factor of 
[image: image4.wmf]2

.  This is true in general: when the demand is n times the original size, the EOQ is 
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 times the original size and the ordering frequency is also 
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 times the original value.  

2. CoinStar is a national company that builds and places coin counting machines at various locations in Seattle and other major cities.  All coin counting machines are linked to a central computer via a dedicated line so that the central computer knows at all times how much money is in any machine. CoinStar currently contracts with an armored car service to pick up the coins from each machine; the coins are brought by the armored car to a central facility where the coins are counted, placed in rolls, and sold to grocery and other retail stores. 

For a QFC store, Coinstar estimates that money accumulates at a rate of $9 per day.  The armored car company charges Coinstar $80 for each (coin collection) visit to the machine.  

According to Coinstar’s comptroller, they use an annual cost of capital of 20 percent.  How often should CoinStar have the armored car company service this QFC machine (i.e., how many pickups per year)?

(Hint: this problem is analogous to a traditional EOQ problem.)

Solution

In the EOQ problem, inventory is built up first, and the drawn down by the constant demand.  When inventory reaches zero, it will be replenished.  So the inventory over time looks like:
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The CoinStar problem is the “opposite” of the EOQ problem: the machine starts empty, and then coins start to accumulate when customers use it.  When the coins reach a certain point, the machine is emptied (the collection occurs), and we start all over again.  So the coin in the machine looks like:


So even though the problem looks different, the underlying tradeoff and formulas are the same.  If collection occurs too often, CoinStar pays too much to the armored car company (i.e. ordering cost is too high); if collection occurs too infrequently, then too many coins accumulate in the machine and the opportunity cost is too high (i.e. holding cost is high).  Moreover, if we send a collection each time coins reach Q, then the total cost is (h*Q/2 + K*R/Q), exactly the same as the EOQ problem.  Therefore, the best Q can be found via the EOQ formula.  We will use "year" as the unit of analysis.  Annual "demand" (for pickup) is R=$9*365=$3285.  Ordering/setup cost is the K=$80 charged by the armored car service.  Annual holding cost on each unit of inventory ($1) is h=$0.2.  So the EOQ is 
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 That is, a pickup car will be sent when there is $1,621.11 in the machine.  On average, the number of pickups made per year is R/Q*=2.03, about twice a year (annual coin accumulation is R, and each pickup brings back Q*, so the number of pickups per year is on average R/Q*). 

Reorder Point:

3. Annual demand is Normal with mean 1000 and standard deviation equal to 50. Furthermore, the lead time is assumed to be Normal with a mean of 0.2 months (6 days) and a standard deviation of 0.05 mos. Also, desired service level = 95%. What is the order quantity, safety stock and reorder point?
Solution
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4. Aw-Shucks, a local retailer of automotive parts, sells an average of 30 mufflers (of a common type) per week; the store buys the mufflers for $12 each and sells them for $29.95.   Analysis of past sales indicates that demand for this type of muffler appears to be normally distributed with a weekly standard deviation of 3 mufflers.  Each time the store reorders the muffler, it incurs a $22 fixed reorder cost and must wait two weeks before delivery.  The reputation of Aw-Shucks is based on being responsive to customer demands, which store managers have translated (through the use of an arcane Operations Management textbook) into a policy that specifies a 90 percent probability that a stockout will not occur during any ordering cycle.  
If the annual inventory carrying cost rate is assumed to be 20 percent (please assume 52 weeks per year), find the following:
a)
For a customer who walks into Aw-Shucks and orders a muffler, what is the probability that the store will be able to meet her request from on-hand stock?
b)
Assuming that the store uses an EOQ-based continuous review inventory system, what is the turnover ratio for this muffler (where turnover ratio is defined as the ratio of the cost of goods sold divided by the average dollar inventory per year)?
Solution

a) The 90% probability of a stockout occurring during a leadtime is the service level ; and the probability that a customer walking into the store having her request met from on-hand stock is the fill rate. Note that once we find the expected number of shortages per unit time E(N), the fill rate is simply 1- E(N)/R.
Using the spreadsheet, we find that E(N)=0.036. So the fill rate is 1- E(N)/R = 1-0.036/30 = 0.9988. That is, 99.9% of the customers will have their requests directly met from on-hand inventory.
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b) In an EOQ-based continuous review inventory system, turnover ratio is calculated as follows: 
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. A high ratio indeed.
5. Toy Warehouse is a toy retailer that is open 360 days per year. Daily demand of its Robot Pig is 10 on average. Demand appears normally distributed with a standard deviation of 2 per day. The cost of ordering is $20, and annual carrying cost is $10 per unit.  The supplier is very reliable so that the lead time is a constant 3 days.

a) What is the economic order quantity?

b) What ROP will provide a 96% service level (probability of not stocking out during lead time)?

c) If the cost is $50 for each unit short, then what is the expected annual shortage cost? What is the corresponding fill rate?

Solution

Let us use “day” as the time unit.
a) Ordering cost K=$20, holding cost per item =$10/360 per day, and daily demand R=10 units. So, 
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units.
b) dLT = 
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= 3.46 units. 


Moreover, Service level =96% ( Safety stock (SS) should be 1.75 times dLT ≈ 6 units. ( Reorder point =  R*LT + SS = 36.

c) Using the spreadsheet, E(N) = 0.00467 per day. Therefore, annual shortage cost = 0.00467*360*K = 0.00467*360*$50 = $84.06. Or, we can simply look up the spreadsheet to find that expected daily shortage cost is $0.23, which translates into an annual shortage cost of $84.18 (the difference is due to rounding). The proportion of demand that experience shortage is: E(N)/R = 0.00467/10=0.000467. So the corresponding fill rate is 1-0.000467=0.999533 = 99.9533%, very high.
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6. You have a product whose weekly sales have a normal distribution with an average of 600 units and a standard deviation of 100 units.  Your annual holding cost is 20% of the unit purchasing cost, and for each unit short, you incur a cost of $12.  Assume 50 weeks per year.  Currently you are considering the following two suppliers:

A national wholesaler
Each unit will cost you $15 to purchase.  They ship from an out-of-state warehouse so the lead time is a random number with normal distribution.  Its mean is 2 weeks and standard deviation is 1 week.  There is also a fixed setup cost (ordering cost) of $150 for every order placed.  
A local supplier
The local supplier is closer and has a constant lead time of one week (i.e., the standard deviation is zero).   Moreover, due to lower shipping cost, the fixed setup cost is only $30 per order.  However, because it lacks economy of scale, the local supplier charges a bit more for each unit: $15.20.
You have decided to use an EOQ/Reorder point inventory ordering policy.

Questions:

1)
If you choose the national wholesaler,

a) What should your EOQ be?

b) Between the following two reorder points, which one will give you the lowest overall cost: 1800, 2400?

c) For the reorder point you choose in b), what’s the corresponding type-I service level, ?

2)
If you choose the local supplier,

d) What should your EOQ be?

e) Between the following two reorder points, which one will give you the lowest overall cost: 1200, 1800?

f) For the reorder point you choose in b), what’s the corresponding type-I service level, ?

3)
Given the answers in 1) and 2), which supplier would you choose?

Solution

1)
We will use the “choose r by cost” worksheet from “inventory.xls”.  Using “week” as our time unit of analysis, we plug the following numbers into the spreadsheet:

	R
	Demand rate avg.
	(units per unit time)
	600

	R
	Demand rate std. dev.
	(units per unit time)
	100

	LT
	Leadtime avg.
	(time units)
	2

	LT
	Leadtime std. dev.
	(time units)
	1

	K
	Unit ordering/prod. cost
	($ per order)
	 $         150.00 

	H
	Unit inv. holding cost
	($ per unit per unit time)
	 $             0.06 

	S
	Unit shortage cost
	($ per unit short)
	 $           12.00 


The spreadsheet gives the following answer:

a) EOQ= 1732.05

	r
	Reorder point
	(units)
	1800
	2400

	
	
	
	
	

	Step 0: Calculate the EOQ
	
	
	

	Q
	The Economic Order Quantity
	(units)
	1732.050808
	1732.050808

	
	
	
	
	

	Step 1: Calculate leadtime demand information
	
	

	R*LT
	Demand during leadtime avg.
	(units)
	1200
	1200

	dLT
	Demand during leadtime std. dev.
	(units)
	616.4414003
	616.4414003

	
	
	
	
	

	Step 2: CalculateS.L. based on re-order point
	
	

	SS
	Safety Stock
	(units)
	600
	1200

	
	(Type-I Service Level)
	 
	0.8348
	0.9742

	
	
	
	
	

	Step 4: Calculate the shortages
	
	
	

	E[N]
	Expected shortage per unit time
	(units short per unit time)
	18.71347377
	2.089261467

	
	
	
	
	

	Step 5: Calculate costs
	
	
	

	Ordering Cost
	($ per unit time)
	 $           51.96 
	 $           51.96 

	Carrying Cost (cyclic)
	($ per unit time)
	 $           51.96 
	 $           51.96 

	Carrying Cost (safety stock)
	($ per unit time)
	 $           36.00 
	 $           72.00 

	Shortage Cost
	($ per unit time)
	 $         224.56 
	 $           25.07 

	
	
	
	
	

	Total cost
	 
	 $         364.48 
	 $         200.99 


Between the two reorder points, reorder point =2400 gives a lower cost.
b) Its corresponding type-I service level is:  = 0.9742.
2) Using “week” as our time unit of analysis, we plug the following numbers into the spreadsheet:

	R
	Demand rate avg.
	(units per unit time)
	600

	R
	Demand rate std. dev.
	(units per unit time)
	100

	LT
	Leadtime avg.
	(time units)
	1

	LT
	Leadtime std. dev.
	(time units)
	0

	K
	Unit ordering/prod. cost
	($ per order)
	 $         30.00 

	H
	Unit inv. holding cost
	($ per unit per unit time)
	 $             0.0608 

	S
	Unit shortage cost
	($ per unit short)
	 $           12.00 


The spreadsheet gives the following answer:

a) EOQ= 769.48
	r
	Reorder point
	(units)
	1200
	1800

	
	
	
	
	

	Step 0: Calculate the EOQ
	
	
	

	Q
	The Economic Order Quantity
	(units)
	769.4837641
	769.4837641

	
	
	
	
	

	Step 1: Calculate leadtime demand information
	
	

	R*LT
	Demand during leadtime avg.
	(units)
	600
	600

	dLT
	Demand during leadtime std. dev.
	(units)
	100
	100

	
	
	
	
	

	Step 2: CalculateS.L. based on re-order point
	
	

	SS
	Safety Stock
	(units)
	600
	1200

	
	(Type-I Service Level)
	 
	1.0000
	1.0000

	
	
	
	
	

	Step 4: Calculate the shortages
	
	
	

	E[N]
	Expected shortage per unit time
	(units short per unit time)
	1.21918E-08
	1.67363E-30

	
	
	
	
	

	Step 5: Calculate costs
	
	
	

	Ordering Cost
	($ per unit time)
	 $           23.39 
	 $           23.39 

	Carrying Cost (cyclic)
	($ per unit time)
	 $           23.39 
	 $           23.39 

	Carrying Cost (safety stock)
	($ per unit time)
	 $           36.48 
	 $           72.96 

	Shortage Cost
	($ per unit time)
	 $             0.00 
	 $             0.00 

	
	
	
	
	

	Total cost
	 
	 $           83.26 
	 $         119.74 


Between the two choices, reorder point=1200 gives the lowest overall cost.  

b) Its corresponding type-I service level is approximately 100%

3) We cannot directly compare the two suppliers yet, because the national supplier offers a lower unit price ($15 vs $15.20). On a weekly basis, this difference amounts to 600*$0.20 = $120.

On the other hand, the total inventory cost (holding+ordering+shortage) is lower with the local supplier ($83.26 vs $200.99). On a weekly basis, this difference is $117.73.

Based on the total cost alone, the national wholesaler is a better choice, but by a very small margin.  On the other hand, the local supplier is a better choice from a service level viewpoint.

So in reality, the company could choose either one, depending on the priority.  Since the differences are small, it should also consider other factors in deciding which supplier to use. 
The Newsvendor Model
7. Joe’s Slop House is a little hole in the wall restaurant that serves slow-cooked barbecue beef sandwiches. The beef for the sandwiches cooks overnight, so each evening Joe decides how much beef to cook for the next day. The beef costs $2 a pound and Joe sells each sandwich (filled with 1 pound of beef) for $4. At the end of the day, any leftover beef is given to the neighborhood church for their soup kitchen. The tax deduction for this is worth $0.50 a pound. Daily demand for the beef can be approximated by a normal distribution with a mean of 80 pounds and a standard deviation of 20 pounds. How many pounds of beef should Joe cook for the next day?

Solution:

Let the unit of analysis be “pound”.  For each pound that is short, the restaurant loses $2 in potential revenue, so the underage cost Cu=2.  For each pound that is above the demand, the restaurant spends $2 but can recuperate $0.5, so the cost of overage is Co=1.5.  Therefore, the critical ratio equals Cu/(Cu+Co) = 2/3.5 = 0.5714.  From the normal table (or, using excel function “=normsinv(0.5714)”), we find that the stocking level should be 0.18 times standard deviations above the mean. Therefore Joe should cook 80+0.18*20 = 83.6 pounds every day.

8. Suzie’s café sells fresh muffins every day.  The price for the blueberry muffin is $3 each, and it costs Suzie $.50 to prepare each day.  All muffins left at the end of each day are donated, which gives Suzie a tax benefit of $.1 each.  From her experience, Suzie knows that 

If she prepares 2 muffins, then she can sell all of them.

If she prepares 3 muffins, then she can sell all of them with probability 0.9.

If she prepares 4 muffins, then she can sell all of them with probability 0.65. 

If she prepares 5 muffins, then she can sell all of them with probability 0.5.

If she prepares 6 muffins, then she can sell all of them with probability 0.32.

If she prepares 7 muffins, then she can sell all of them with probability 0.08.

If she prepares 8 or more muffins, she will not be able to sell all of them.

     Optimally, how many muffins should Suzie prepare everyday?

Solution:

Cu=2.5, Co=0.4, Critical ratio = Cu/(Cu+Co) = 2.5/2.9 = 0.86.
n
Probability of demand 
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or equal to n (cumulative probability)

1


1




0

2


0.9




0.1

3


0.65




0.35

4


0.5




0.5

5


0.32




0.68

6


0.08




0.92

7

`
0




1

So she should optimally prepare 6 muffins everyday.
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Assuming 52 weeks per year, the weekly holding cost = $12*20%/52
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