Chapter 10: Managing Economies of Scale in the Supply Chain: Cycle Inventory

Exercise Solutions 

1. The economic order quantity is given by 
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.  In this problem:

D  = 109,500 (i.e., 300 units/day multiplied by 365 days/year)  

S = $1000/order

H = hC = (0.2)(500) = $100/unit/year

So, the EOQ value is 1480 units and the total yearly cost is $147,986

The cycle inventory value is EOQ/2 = 1480/2 =740

Worksheet 10.1 provides the solution to this problem.

2. 

(a) If the order quantity is 100 then the number of orders placed in a year are: D/Q = 109500/100 = 1095.  So, 1095 orders are placed each year at a cost of $1000/order.  Thus, the total order cost is $1,095,000.  

Cycle inventory = Q/2 = 100/2 = 50 and the annual inventory cost is (50)(0.2)(500) = $5,000

(b) If a load of 100 units has to be optimal then corresponding order cost can be computed by using the following expression:
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This analysis is shown in worksheet 10-2.

3.

(a) We first consider the case of ordering separately:

For supplier A:

Order quantity (Q) = 
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5

)(

2

.

0

(

)

100

400

)(

20000

(

2

+

= 4,472 units/order

Total cost = order cost + holding cost = (20000/4472)(500) + (4472/2)(0.2)(5) = $4,472

Similarly, for suppliers B and C the order quantities are 1768 and 949 and the associated total costs are $1,414 and $949, respectively.  

So, the total cost is $6,835

(b) In using complete aggregation, we evaluate the order frequency (n*) as follows:

So, n* of the case is = 
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S* = 400 + 3(100) = $700

So, n* = 
[image: image5.wmf])

700

(

2

)

5

)(

2

.

0

(

9000

)

4

)(

2

.

0

(

2500

)

5

)(

2

.

0

(

20000

+

+

= 4 orders/year

For supplier A:

Q = D/n = 20000/4 = 5000 units/order

Total cost = order cost + holding cost = 4(500) + (5000/2)(0.2)(5) = $4,500

Similarly, for suppliers B and C the order quantities are 625 and 225 and the associated total costs are $650 and $513, respectively.  

So, the total cost is $5,663.

Worksheet 10-3 provides the solution to this problem

4. 

(a) This is a quantity discount model and the decision is to identify the optimal order quantity in the presence of discounts. We evaluate the order quantities at different unit prices using the economic order quantity equation as shown below:

For, price = $1.00 per unit

Q= EOQ = 
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Since Q > 19,999

We select Q = 20,000 (break point) and evaluate the corresponding total cost, which includes purchase cost + holding cost + order cost

Total Cost = 
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 = $ 241,960

Similarly we evaluate the EOQs at prices of p = 0.98 (Q = 31298) and p = 0.96 (Q = 31623, which is not in the range so use Q = 40001).  The corresponding total costs are $241,334 and $236,640.

So, the optimal value of Q = 40001 and the total cost is $236,640

The cycle inventory is Q/2 = 40001/2 = 2000.5

(b) If the manufacturer did not offer a quantity discount but sold all plywood at $0.96 per square foot then Q = 31,623 and the total cost is $ 233,436

This analysis is shown in worksheet 10 -4

5. We solve this problem using a similar approach as in the previous case except the equation used for computing the order quantity at a particular price level in the presence of marginal unit quantity discounts is as shown below:

Q at for a price level Ci  = 
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For price = $1.00 per unit

Q = 
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= 30,984 

Since Q > 19,999, we adjust Q = 20,000 and the corresponding total cost is $ 246,800 

The same procedure is followed for the other unit prices and the optimal quantity is 63,246 at a total cost of $242,663.  

Worksheet 10 -5 shows the analysis and problem solution 

6. In the case of no promotion, we can use the EOQ expression to compute the order quantity.  

So, Q = 
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In the presence of discount, 

Qd = 
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Qd = 
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= 30,277 units/order 

Dominick’s order given the short-term price reduction must be 30,277.

Worksheet 10-6 shows the solution to this problem

7. In this problem, the goal is to obtain an annual demand for which TL costs are equal to LTL costs. As the annual demand increases, the optimal batch size grows making TL more economical. Above the threshold obtained, Flanger should use TL. Below the threshold they should use LTL. 

Thus, we equate the two cost functions as shown below:

TL Costs:

Optimal order quantity QTL = 
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Annual order cost = 
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Annual trucking cost = 
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Annual holding cost = 
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Total Cost for TL = 
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LTL Costs:

Optimal order quantity QLTL = 
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Annual order cost = 
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Annual trucking cost = 
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Annual holding cost = 
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Total Cost for TL = 
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Equating the TL and LTL costs results in a demand value of 3056.  If the demand goes beyond this value then the TL option will prove economical and if the demand is below this value then LTL is the optimal choice.  

Worksheet 10-7 solves this problem in EXCEL by using the solver option.

(b) If the unit cost is increased to $100 then the new threshold is 6112.  Thus, as unit cost increases the LTL option becomes preferable.  

(c) If the LTL cost decreases to $0.8 per unit then the new threshold value becomes 4775.  

8. 

(a) LTL costs with one supplier per truck:

Optimal order quantity QTL = 
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Annual order cost = 
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(b) TL costs with one supplier per truck:

Optimal order quantity QTL = 
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Annual order cost = 
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(c) TL costs with two suppliers per truck:

In the presence of aggregation we solve for optimal order frequency n*

So, n* of the case of 2 suppliers is = 
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S* = 800 + 2(100) + 2(100) = $ 1200

Thus, n* = 
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Optimal order quantity (Q) per supplier = D/n = 600 units

Order cost per product = 
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(d) The optimal number of suppliers that need to be grouped is 4 with an order quantity of 490 units and total cost of $4,899.  The truck capacity of 2000 units would not be sufficient if more than 4 suppliers are aggregated.  

(e) When demand is 3000 the aggregated TL option with four suppliers is optimal, and when the demand decreases to 1500 the LTL option is optimal.  As demand increases to 1800, the aggregated TL option with four suppliers is optimal.

Worksheet 10-8 shows the results and analysis for this problem

9. We compute the total cost for the fast moving product and a similar approach can be utilized to evaluate the total costs for medium and slow moving products.  

(a)

Fast moving products:

EOQ = Q = 
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Total cost per product = $3464 

Total cost for all fast moving products (5 products) = $17320

Similar analysis for the medium and slow products results in batch sizes of 2191 and 980, respectively.  

(b)

The total costs for three product groups are:

Fast moving = $17,320

Medium moving = $21,908 

Slow moving = $34,292  

So, the total cost across all products is $73,522.  

(c)

For the fast moving products the total time required is:
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Similarly, for the medium and slow moving products the number of hours needed is 122.7 and 25.2, respectively.

Worksheet 10-9 demonstrates these computations.

10.

(a) 

In situations where full truckloads are used the number of deliveries for large, medium, and small customers in a given year is 5, 2, and 0.7, respectively, which is obtained by dividing annual demand by truck capacity in each case.  

For the Large customer:

Order quantity = Q = 12 units/order (truck capacity)

The transportation cost for large customer is given by:

nL(S+sL) = 5(800+250) = $5250

The holding cost is given by:

(12/2)(10000)(0.25) = $15,000

So, the total cost is $20,250

The days of inventory carried at the large customer are:

(12/2)(365)/60 = 37 days of inventory

For the medium and small customers the total costs are $17,100 and $15,700, respectively, and the inventory carried by these customers is 91 and 274 units, respectively.  

Thus, the overall cost of this plan for the three customers is $53,050

Worksheet 10-10 shows these evaluations.

(b) In this case, we evaluate separate EOQs for each of three cases.  

For the Large customer:

Order quantity = Q = 
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Number of orders (nL) = D/Q = 60/7.1 = 8.5 orders/year

The transportation cost for large customer is given by:

nL(S+SL) = 8.5(800+250) = $8874

The holding cost is given by:

(7.1/2)(10000)(0.25) = $8,874

So, the total cost is $17,748

The days of inventory carried at the large customer are:

(7.1/2)(365)/60 = 22 days of inventory

For the medium and small customers the total costs are $11,225 and $6,481, respectively, and the inventory carried by these customers is 34 and 59 units, respectively.  

Thus, the overall cost of this plan for the three customers is $35,454

(c) In this case we utilize complete aggregation, i.e., each truck has products that are shipped to all customers.

In the presence of aggregation we solve for optimal order frequency n*

So, n* of the case is = 
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S* = 800 + 3(250) = $1550

So, n* = 
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For the Large customer:

Order quantity = Q = D/n* = 60/8.6 = 6.97 units/order 

Transportation cost:

nL(S+SL) = 8.6(800+250) = $9,044

The holding cost is given by:

(6.97/2)(10000)(0.25) = $8,707

So, the total cost is $17,751

The days of inventory carried at the large customer are:

(6.97/2)(365)/60 = 21.2 days of inventory

For the medium and small customers the total costs are $5,636 and $3,314, respectively, and the inventory carried by these customers is 21.2 and 21.2 units, respectively.  

Thus, the overall cost of this plan for the three customers is $26,702

(d) In the case of partial aggregation we evaluate relative delivery frequency.  In this case not every customer is supplied with the product in every order.

Step 1: we identify most frequently ordered product assuming each product is ordered independently.

For the large customer:
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For the medium and small customers the order frequency is 5.3 and 3.1, respectively. 

Thus, the most frequent ordering of the product comes from the large customer.

Step 2: We identify the frequency with which other customer orders are included into the most frequently ordered.  

We evaluate 
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Since we are already accounting for the fixed cost for the large customer, we only consider the product specific costs for medium and small customers.  Thus:
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and similarly, 
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We now evaluate the frequency with which medium and small customers order relative to the large customer.  
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Step 3: Having decided the order frequency for each customer, we recalculate the order frequency for the most frequently ordering customer, i.e., the large customer:

n =
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= 9.37 orders/year

Step 4: For medium and small customers, we evaluate the order frequency:

nM = n/mM = 9.37/1 = 9.37

nS = n/mS = 9.37/2 = 4.68

The total costs are evaluated as in the previous problem except for the fact that the order costs for medium and small customers only includes the product specific costs.  

The total cost for tailored aggregation is $ 26,693

These evaluations are shown in different worksheets in 10-10

11.

(a) From the retailer’s standpoint, the optimal order quantity is:

Q = 
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Retailer costs:

Order costs = (240000/9798)(200) = $4,899

Holding costs = (9798/2)(0.2)(5) = $4,899

Retailer total cost = $9,798

Crunchy’s costs:

Order costs = (240000/9798)(1000) = $24,495

Holding costs = (9798/2)(0.2)(3) = $2,939

Retailer total cost = $27,434

Total cost = $37,232

(b) In jointly optimizing the order quantity is:

Q =
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Retailer costs:

Order costs = $2,530

Holding costs =  $9,487

Retailer total cost = $12,017

Crunchy’s costs:

Order costs =  $12,649

Holding costs =  $5,692

Retailer total cost = $18,341

Total cost = $30,358

(c) In this case, we equate the total costs associated with ordering at the EOQ and the breakpoint levels for the retailer in determining the discount level.  The goal seek option is utilized to obtain the discount per unit at break point, which is equal to $0.00917.  Worksheet 10-11 provides details of the analysis.
12.

(a) Given that Demand is estimated to be equal to 2,000,000 – 2,000p and the production costs for Orange is $100 per unit, we get the optimal price by setting P equal to (2,000,000 + 2,000(100))/4000 giving Orange a wholesale price equal to $550. 
At this wholesale price Good Buy would set a retail price equal to (2,000,000 + 2,000(550))/4000 or $775.

Profits for Orange at this price would be $202,500,000 and Good Buy would have a profit of $101,250,000.

(b) If Orange offers a $40 discount to Good Buy, then the new price would be (2,000,000 + 2,000(510))/4000 or $755.  Good Buy would pass along $20 or 50% of the discount offered by Orange.
Worksheet 10-12 provides details of the analysis.

13.

(a) Good Buy should purchase is lots equal to SQRT[(2DS)/hC] = SQRT{(2x450000x10000)/(.2x550)] = 9,045

(b) Given the $40 discount by Orange for the next two weeks, Good buy should adjust its lot size to (40)(450000)/(550-40)(.2) + (550x9045)/(550-40) = 16,814.  Equation 10.15 

The lot size increase about 86%.
Worksheet 10-13 provides details of the analysis.
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