
CHAPTER 20
inventory management: economic order quantity, jit, and the theory of constraints

  DISCUSSION QUESTIONS
1.
Ordering costs are the costs of placing and receiving an order. Examples include clerical costs, documents, and unloading. Setup costs are the costs of preparing equipment and facilities so that they can be used for producing a product or component. Examples include wages of idled production wor-kers, lost income, and the costs of test runs. Carrying costs are the costs of carrying inventory. Examples include insurance, taxes, handling costs, and the opportunity cost of capital tied up in inventory.
2.
As ordering costs decrease, fewer and larger orders must be placed. This, in turn, 
increases the units in inventory and, thus, increases carrying costs.

3.
Reasons for carrying inventory: (a) to balance setup and carrying costs; (b) to satisfy customer demand; (c) to avoid shutting down manufac​turing facilities; (d) to take advantage of discounts; and (e) to hedge against future price increases.

4.
Stock-out costs are the costs of insufficient inventory (e.g., lost sales and interrupted production). 

5.
Safety stock is simply the difference between maximum demand and average demand, multiplied by the lead time. By re-ordering whenever the inventory level hits the safety-stock point, a company is ensured of having sufficient inventory on hand to meet demand.

6.
The economic order quantity is the amount of inventory that should be ordered at any point in order to minimize the sum of ordering and carrying costs.

7.
JIT minimizes carrying costs by driving 
inventories to insignificant levels. Ordering costs are minimized by entering into long-term contracts with suppliers (or driving set-up times to zero).

8.
Shutdowns in a JIT environment are avoided by practicing total preventive maintenance 

and total quality control and by developing close relationships with suppliers to ensure on-time delivery of materials. Internally, a Kanban system is used to ensure the timely flow of materials and components.

9.
The Kanban system is used to ensure that parts or materials are available when need-ed (just in time). The flow of materials is controlled through the use of markers or cards that signal production of the necessary quantities at the necessary time.

10.
JIT hedges against future price increases and obtains lower input prices (better usually than quantity discounts) by the use of long-term contractual relationships with suppliers. Suppliers are willing to give these breaks so that they can reduce the uncertainty in the demand for their products.

11.
Constraints represent limited resources or demand. Internal constraints are limiting factors found within the firm. External constraints are limiting factors imposed on the firm from external sources.

12.
First, graph all constraints. Second, identify the corner points of the feasible region. Third, compute the value of the objective function for each corner point. Fourth, the optimal solution is defined as the corner point that produces the largest value for the objective function. The simplex method is used to solve higher dimensional linear programming problems.
13.
(1) Throughput—the rate at which an organization generates money through sales. 
(2) Inventory—the money an organization spends in turning materials into throughput. (3) Operating expenses—the money the organization spends in turning inventories into throughput (the money an organization spends).

14.
Lower inventories mean that a company must pay attention to higher quality—it cannot afford to have production go down because of defective parts or products. It also means that improvements can reach the customer sooner. Lower inventories mean less space, less overtime, less equipment—in short, less costs of production and, thus, lower prices are possible. Lower inventories also mean shorter lead times (usually) and better ability to then respond to customer requests.

15.
(1) Identify constraints, (2) exploit binding constraints, (3) subordinate everything else to decisions made in step 2, (4) elevate binding constraints, and (5) repeat. 

CORNERSTONE Exercises

Cornerstone Exercise 20.1
1.
Number of orders = D/Q = 12,500/250 = 50. Ordering cost = P × D/Q = $45 × 50 = $2,250. 
Carrying cost = CQ/2 = ($4.50 × 250)/2 = $562.50. 
TC = $2,250 + $562.50 = $2,812.50. 
2.
EOQ
= 
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TC
= Ordering cost + Carrying cost = ($45 × 12,500/500) + [($4.50 × 500)/2]


= $1,125 + $1,125 = $2,250

Relative to the current order size, the economic order quantity is larger, with fewer orders placed; however, the total cost is $562.50 less ($2,812.50 – $2,250). Notice that Carrying cost = Ordering cost for EOQ. 

3.
EOQ
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= 50


TC
= Ordering cost + Carrying cost = ($0.45 × 12,500/50) + [($4.50 × 50)/2]


= $112.50 + $112.50 = $225`

Smaller, more frequent orders can dramatically reduce the cost of inventory. This result foreshadows the power of just-in-time purchasing. 

Cornerstone Exercise 20.2

1.
Reorder point = Rate of usage × Lead time = 500 × 5 = 2,500 units. Thus, an order should be placed when the inventory level of the part drops to 2,500 units. 

2.
The inventory is depleted just as the order arrives. The quantity on hand jumps back up to the EOQ level.


Inventory (units)


 



0
5
10
15
20


Days

3.
With uncertainty, safety stock is needed. Safety stock is computed as follows:

Maximum usage

575
Average usage


(500)

Difference


75
Lead time

×
5
Safety stock


375

Reorder point
= (Average usage × Lead time) + Safety stock



= (500 × 5) + 375 



= 2,875

Thus, an order is automatically placed whenever the inventory level drops to 2,875 units.

Cornerstone Exercise 20.3

1.
Objective function: Max Z = $300A + $600B


subject to: 2A + 5B < 300 (assembly-hour constraint)

2.
Contribution margin (CM) per unit of scarce resource for Component A = $150 ($300 unit CM/2 assembly hours per unit) and for Component B = $120 ($600 unit CM/5 assembly hours per unit). Thus, 150 units of Component A (300 hours/2 hours per unit) should be produced and sold for a total contribution margin of $45,000 ($300 × 150). None of Component B should be produced. 

3.
Max Z = $300A + $600B 



subject to: 2A + 5B
< 300 (assembly-hour constraint)



A
< 75 (demand constraint for Part A)



B
< 60 (demand constraint for Part B)


The maximum amount of Component A should be produced: 75 units, using 150 assembly hours. This leaves 150 assembly hours so that 30 units of Component B (150/5) can be produced. Total CM = ($300 × 75) + ($600 × 30) = $40,500. 

Cornerstone Exercise 20.4

1.
Max Z = $400A + $600B


subject to:


Internal constraints:
6A + 10B
< 300 (cutting)



10A + 6B
< 308 (welding)



4A + 10B
< 400 (assembly)


External constraints:
A
< 50



B
< 40


Nonnegativity constraints:
A
> 0



B
> 0

Cornerstone Exercise 20.4
(Concluded)

2.
The graph of the constraint set is: 


   B 100




        30




0
30
50
100  A

The coordinates of D, E, F, and G are obtained by solving the simultaneous equations of the associated intersecting constraints that define the feasible set (Region DEFG). 

	Corner Point
	A-Value
	B-Value
	Z = $400A + $800B

	D
	
0
	0
	$
	0
	

	E
	
0
	30
	
	24,000
	*

	F
	
20
	18
	
	22,400
	

	G
	
30.80
	0
	
	12,320
	



*Optimal solution.


The binding constraint is cutting (10 × 30 = 300). 

3.
The feasible corner points affected are E and F. E now has coordinates (0, 31); thus, Z = $24,800. For F, the coordinates are obtained by solving 6A + 10B = 310 and 10A + 6B = 308, simultaneously. We obtain A = 19.06 and B = 19.56, with Z = $23,276.  Thus, E continues to be optimal, and the incremental benefit of the extra machine hours is $800 ($24,800 – $24,000), which is $80 per additional machine hour ($800/10).

Cornerstone Exercise 20.5

1.
Binding constraint: cutting. Since there is only one binding constraint, this constraint becomes the drummer. Thus, cutting is the drummer. Production rate = 6 per day of Component B (30/5). A 2.5-day time buffer requires sufficient materials on hand to produce 15 units of Component B. To ensure that the time buffer does not increase at a rate greater than six per day for Component B, materials should be released to the cutting process such that only six of B can be produced each day. 

2.    

                                            Rope: Materials for six units of Component B per day:








Finished Goods:

6 units Component B per day

3.
The Welding Department cannot produce any faster than the Cutting Department, which supplies six units per day, or 30 units per week. Thus, there would be no excess inventories produced, and there will be no buildup of work-in-process inventory from the Welding Department.
Exercises

Exercise 20.6

1.
Annual ordering cost
= P × D/Q


= $30 × 640,000/4,000 = $4,800

2.
Annual carrying cost
= CQ/2



= ($15 × 4,000)/2 = $30,000

3.
Cost of current inventory policy
= Ordering cost + Carrying cost



= $4,800 + $30,000



= $34,800


Since ordering costs are not equal to carrying costs, this is not the minimum cost.

Exercise 20.7

1.
EOQ
= 
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= 1,600

2.
Ordering cost
= P × D/Q



= $30 × 640,000/1,600




= $12,000


Carrying cost
= CQ/2




= ($15 × 1,600)/2




= $12,000


Total cost
= $12,000 + $12,000




= $24,000

3.
Savings:
$
34,800





(24,000)




$
10,800
Exercise 20.8

1.
EOQ
= 
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= 2,500

2.
Carrying cost
= CQ/2




= ($0.45 × 2,500)/2



= $562.50


Ordering cost
= P × D/Q



= $18 × 78,125/2,500 



= $562.50

Exercise 20.9

1.
Reorder point
= Average rate of usage × Lead time




= 315 × 4 



= 1,260 units

2.
Maximum usage

375

Average usage

315

Difference

60


Lead time

×  4

Safety stock

240


Reorder point
= (Average rate of usage × Lead time) + Safety stock




= (315 × 4) + 240 



= 1500 units

Exercise 20.10

1.
EOQ
= 
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= 120,000 (batch size for small casings)

2.
Setup cost
= P × D/Q



= $18,000 × 2,400,000/120,000




= $360,000


Carrying cost
= CQ/2




= ($6 × 120,000)/2




= $360,000


Total cost
= $360,000 + $360,000




= $720,000

Exercise 20.11

1.
EOQ
= 
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= 40,000 (batch size for large casings)
2.
Setup cost
= P × D/Q



= $18,000 × 800,000/40,000




= $360,000


Carrying cost
= CQ/2



= ($18 × 40,000)/2




= $360,000


Total cost
= $360,000 + $360,000



= $720,000

Exercise 20.12

1.
Small casings:



ROP = Lead time × Average daily sales



Lead time = 2 + 3 = 5 days



ROP = 5 × 9,600 = 48,000 small casings


Large casings:



Lead time = 2 + 5 = 7 days



ROP = 7 × 3,200 = 22,400 large casings

2.
Small casings require 20 batches per year (2,400,000/120,000). Large casings also require 20 batches per year (800,000/40,000). The lead time for the small casings is 5 days and that of the large casings is 7 days. Thus, the total workdays needed to produce the annual demand is 240 [(20 × 5) + (20 × 7)]. Since there are 250 workdays available each year, it appears possible to meet the annual demand. Given the initial inventory levels of each product, the daily and annual demand, and the lead times, Morrison must build a schedule that coordinates production, inventory usage, and sales. This is a push system, as the scheduling of production and inventory is based on anticipated demand rather than current demand.

Exercise 20.13

Maximum daily usage

875

Average daily usage

800
Difference

75

Lead time

×  2
Safety stock

150
Reorder point
= (Average rate of usage × Lead time) + Safety stock


= (800 × 2) + 150


= 1,750 units

Exercise 20.14

1.
The entire Kanban cycle begins with the need to produce a final product—a product demanded by a customer. The demand for a product to be assembled is known from the production schedule. Assume that a final product is needed. The withdrawal Kanban controls movement of work between the assembly process and the manufacturing processes. It specifies the quantity that a subsequent process should withdraw from the preceding process. The assembly process uses withdrawal Kanbans to notify the first process that more subassemblies are needed. This is done by having an assembly worker remove the withdrawal Kanban from the container in the withdrawal store and place it on the withdrawal post. This W-Kanban signals that the assembly process is using one unit of subassembly A and that a replacement for it is needed.


The replacement activity is initiated by a carrier who removes the production Kanban from the container of subassemblies in the SB stores area and places this P-Kanban on the production post. The container in the SB stores area is then moved to the withdrawal store area with the W‑Kanban attached (taken from the withdrawal post). The production Kanban tells the workers in the subassembly A cell to begin producing another unit. The production Kanban is removed and goes with the unit produced (which goes to the SB stores area). This Kanban system ensures that the second process withdraws subassemblies from the first process in the necessary quantity at the necessary time. The Kanban system also controls the first process by allowing it to produce only the quantities withdrawn by the second process. In this way, inventories are kept at a minimum, and the components arrive just in time to be used.

Exercise 20.14
(Concluded)
2.
The second process uses a vendor Kanban to signal the supplier that another order is needed. The process is similar to the internal flow described in Requirement 1. However, for the process to work with suppliers, the suppliers must be willing to make frequent and small deliveries. It also means that the supply activity works best if the supplier is located in close proximity to the buyer. The subassemblies must be delivered just in time for use. This calls for a close working relationship with the supplier. The inventory function on the materials side is largely assumed by the supplier. To bear this cost, there must be some compensating benefits for the supplier. Long-term contracts and the reduction of demand uncertainty are significant benefits for the supplier. EDI can facilitate the entire arrangement. If the supplier has access to the buyer’s online database, then the supplier can use the buyer’s production schedule to determine its own production and delivery schedule, making it easier to deliver parts just in time. In effect, the supplier and buyer almost operate as one company.

Exercise 20.15

The phrase “implementing JIT” conveys to many the notion that one day a company is conventional and the next day it is JIT with all of the benefits that are typically assigned to JIT. In reality, changing to a JIT environment takes time and patience. It is more of an evolutionary process than a revolutionary process. It takes time to build a “partners-in-profits” relationship with suppliers. Many firms attempt to force the JIT practice with suppliers by dictating terms—but this approach really runs counter to the notion of developing close relationships—something that is vital for the JIT purchasing side to work. There must be trust and mutual benefits—not unilateral benefits—for JIT purchasing to become a success.

Also, management should be aware of the disequilibrium that workers may experience with JIT. Many workers may view JIT methodology as simply a way of extracting more and more work out of them with no compensating benefits. 
Others may see JIT as a threat to their job security as the non-value-added activities they perform are eliminated or reduced. Furthermore, management should be ready and willing to place some current sales at risk with the hope of assuring stronger future sales or with the hope of reducing inventory and operating costs to improve overall profitability. How else can you justify lost sales due to production stoppages that are designed to improve quality and efficiency?

Exercise 20.16

1.



Basic

Standard
Deluxe

Price

$
12.00
$
17.00
$
32.00


Less: Variable cost


7.00

11.00

12.00



Contribution margin

$
5.00
$
6.00
$
20.00


÷ Machine hours

÷
0.10
÷
0.20
÷
0.50



Contrib. margin/machine hour

$
50.00
$
30.00
$
40.00

The company should sell only the basic unit with contribution margin per machine hour of $50. Behar can produce 1,820,000 (182,000/0.10) basic units per year. These 1,820,000 units, multiplied by the $5 contribution margin per unit, would yield a total contribution margin of $9,100,000.

2.
Produce and sell 300,000 basic units, which would use 30,000 machine hours (300,000 × 0.10). Next, produce and sell 300,000 deluxe units, which would use 150,000 machine hours (300,000 × 0.50). Finally, produce and sell 10,000 standard units (2,000/0.20), which would use the remaining 2,000 machine hours.


Total contribution margin
= ($5 × 300,000) + ($20 × 300,000) + ($6 × 10,000)




= $7,560,000

Exercise 20.17

1.
The production rate is 1,500 bottles of plain aspirin per day and 500 bottles of buffered aspirin per day. The rate is set by the tableting process. It is the drummer process since it is the only one with a buffer inventory in front of it.

2.
Duckstein has 0.5 day of buffer inventory (1,000 bottles/2,000 bottles per day). This time buffer is determined by how long it takes the plant to correct problems that create production interruptions.

3.
A is the rope, B is the time buffer, and C is the drummer constraint. The rope ties the production rate of the drummer constraint to the release of materials to the first process. The time buffer is used to protect throughput. Sufficient inventory is needed to keep the bottleneck operating if the first process decreases. The drummer sets the production rate.                                                                                                  

CPA-TYPE EXERCISES
Exercise 20.18 
b.
An increase in the cost of carrying inventory would lead to a reduction in average inventory. Suppose item A is required to be refrigerated so that it will not spoil. If electricity costs are rising, management would prefer to have a lower inventory of item A on hand because of the increased carrying cost of the item.

Exercise 20.19 
b.
Ordering cost = carrying cost for EOQ.  There is not sufficient information to calculate the annual demand, the average carrying cost per unit, or the cost of placing one order, thus the other choices cannot be correct. 
Exercise 20.20 
a.
The best definition of EDI is electronic (computer-to-computer) exchange of business transaction documents (business information). EDI is always between two separate businesses (not internally).

Exercise 20.21 
d.
For TOC, the drummer constraint sets the production rate of the factory.  Succeeding operations of necessity must match the production rate of the drummer constraint. For preceding operations, the rate is controlled by tying the rate of production of the first operation to that of the drummer by releasing sufficient materials to ensure this outcome.

Exercise 20.22  
b.
For a TOC setting, Encapsulating is the drummer and sets the production rate because it is the department that has the buffer work in process inventory.  The other choices are clearly incorrect given this observation. 
  PROBLEMS
Problem 20.23
1.
EOQ
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= 12,000 (batch size)

Bateman’s response was correct given its current production environment. The setup time is two days. The production rate possible is 750 units per day after setup. Thus, the time required to produce the additional 9,000 units would be 14 days [2 + (9,000/750)].

2.
To have met the order’s requirements, Bateman could have produced 3,750 units within the seven-workday window [(7 – 2) × 750] and would have needed 8,250 units in stock—5,250 more than available. To solve delivery problems such as the one described would likely require much more inventory than is currently carried. If the maximum demand is predictable, then safety stock could be used. The demand can be as much as 9,000 units per year above the expected demand. If it is common for all of this extra demand to occur from one or a few large orders, then protecting against lost sales could demand a sizable increase in inventory—an approach that could be quite costly. Perhaps some safety stock with expediting and overtime would be more practical. Or perhaps Bateman should explore alternative inventory management approaches such as those associated with JIT or TOC.

3.
EOQ
= 
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= 1,502 (batch size, rounded)

New lead time
= 1.5 hours + [(1,502/2,000) × 8 hours]




= 7.5 hours, or about one workday


At a production rate of 2,000 units per day, Bateman could have satisfied the customer’s time requirements in less than seven days—even without any 
finished goods inventory. This illustrates that inventory may not be the solution to meeting customer needs or dealing with demand uncertainty. Paying attention to setup, moving, and waiting activities can offer more benefits. JIT tends to produce smaller batches and shorter cycle times than conventional manufacturing environments. As the EOQ batch size computation revealed, by focusing on improving the way production is done, the batch size could be reduced to about 13 percent (1,502/12,000) of what it was before the improvements.

Problem 20.23
(Concluded)
4.
EOQ
= 
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= 490 (batch size, rounded)


This further reduction in setup time and cost reduces the batch size even more. As the setup time is reduced to even lower levels and the cost is reduced, the batch size becomes even smaller.


If the cost is $0.864, then the batch size is 144:


EOQ
= 
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= 144 (batch size)


With the ability to produce 2,000 units per day (250 units per hour), the day’s demand (36,000/250 = 144) can be produced in less than one hour. This provides the ability to produce on demand. The key to this outcome was the 
decrease in setup time, wait, and move time—all non-value-added activities, illustrating what is meant by referring to inventory management as an ancillary benefit of JIT.

Problem 20.24
1.
Let X = Model 12 and Y = Model 15


Max Z = $60X + $30Y

subject to:




3X + 0.75Y< 60,000
(1)




X
< 15,000
(2)




Y
< 40,000
(3)




X
> 0




Y
> 0


(Units are in thousands.)
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2.


Corner Point

X-Value
Y-Value
Z = $60X + $30Y

A
0
0
$
0


B
15
0
900


C
15
20
1,500


D
10
40
1,800*


E
0
40
1,200


*Optimal solution.

3.
Constraints (1) and (3) are binding, constraint (2) is loose, constraints (2) and (3) are external, and constraint (1) is internal. See Requirement 1 for numbering of constraints.

Problem 20.25
1.
($30 × 1,000) + ($60 × 2,000) = $150,000

2.
Pocolimpio: CM/qt. = $30/2 = $15/qt. (Two quarts are used for each unit.)


Total contribution margin possible = $15 × 6,000 = $90,000 [involves selling 3,000 units of Pocolimpio (6,000/2)]

Maslimpio: CM/qt. = $60/5 = $12/qt. (Five quarts are used for each unit.)


The contribution per unit of scarce resource is less than that of Pocolimpio.


The company should produce only Pocolimpio if there is enough demand to sell all 3,000 units.

3.
Let X = Number of Pocolimpio produced


Let Y = Number of Maslimpio produced


a.
Max Z = $30X + $60Y (objective function)



2X + 5Y
< 6,000 (direct materials constraint)



3X + 2Y
< 6,000 (direct labor constraint)




X
> 0




Y
> 0


b.
(Units are in hundreds.)
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Solution: The corner points are the origin, the points where X = 0, Y = 0, and where the two linear constraints intersect. The point of intersection of the two linear constraints is obtained by solving the two equations simultaneously.

Problem 20.25
(Concluded)

Corner Point
X-Value
Y-Value
Z = $30X + $60Y


Origin
0
0
$
0



Y = 0
2,000
0
60,000


Intersection
1,638
545
81,840*



X = 0
0
1,200
72,000



*Optimal solution.



The intersection values for X and Y can be found by solving the simultaneous equations:




2X + 5Y
= 6,000




2X
= 6,000 – 5Y



X
= 3,000 – 2.5Y



3(3,000 – 2.5Y) + 2Y
= 6,000




9,000 – 7.5Y + 2Y
= 6,000




3,000
= 5.5Y



Y
= 545 (rounded)



2X + 5(545)
= 6,000




2X
= 3,275




X
= 1,638 (rounded)



Z = $30(1,638) + $60(545) = $81,840



Optimal solution: X = 1,638 units and Y = 545 units


c.
At the optimal level, the contribution margin is $81,840.

Problem 20–26
1.
Cornflakes: CM/machine hour
= ($2.50 – $1.50)/1




= $1.00


Branflakes: CM/machine hour
= ($3.00 – $2.25)/0.50




= $1.50


Since branflakes provide the greatest contribution per machine hour, the company should produce 400,000 boxes of branflakes (200,000 total machine hours times two boxes of branflakes per hour) and zero boxes of cornflakes.

Problem 20.26
(Continued)
2.
Let X = Number of boxes of cornflakes


Let Y = Number of boxes of branflakes


a.
Formulation:



Z = $1.00X + $0.75Y (objective function)



subject to:




X + 0.5Y
≤ 200,000 (machine constraint)




X
≤ 150,000 (demand constraint)




Y
≤ 300,000 (demand constraint)




X
≥ 0




Y
≥ 0


b. and c.  (Units are in thousands.)



[image: image33.png]400

350

300

250

200

50

100

200

200





Corner Point
X-Value
Y-Value
Z = $1.00X + $0.75Y


A
0
0
$
0



B
150,000
0
150,000



Ca
150,000
100,000
225,000



Da
50,000
300,000
275,000b


E
0
300,000
225,000

Problem 20.26
(Concluded)


aPoint C:




X
= 150,000




X + 0.5Y
= 200,000




150,000 + 0.5Y
= 200,000




Y
= 100,000




Point D:




Y
= 300,000




X + 0.5Y
= 200,000




X + 0.5(300,000)
= 200,000




X
=  50,000



bThe optimal mix is D, 50,000 boxes of cornflakes and 300,000 boxes of branflakes. The maximum profit is $275,000.

Problem 20.27
1.


Dept. 1
Dept. 2
Dept. 3

Total



Product 401 (500 units):




Labor hoursa

1,000
1,500
1,500
4,000




Machine hoursb

500
500
1,000
2,000


Product 402 (400 units):




Labor hoursc

400
800
—
1,200




Machine hoursd

400
400
—
800


Product 403 (1,000 units):




Labor hourse

2,000
2,000
2,000
6,000




Machine hoursf

2,000
2,000
1,000
5,000


Total labor hours

3,400
4,300
3,500
11,200


Total machine hours

2,900
2,900
2,000
7,800


a2 × 500; 3 × 500; 3 × 500
d1 × 400; 1 × 400

b1 × 500; 1 × 500; 2 × 500
e2 × 1,000; 2 × 1,000; 2 × 1,000

c1 × 400; 2 × 400
f2 × 1,000; 2 × 1,000; 1 × 1,000

The demand can be met in all departments except for Department 3. Production requires 3,500 labor hours in Department 3, but only 2,750 hours are available.

Problem 20.27
(Continued)
2.
Product 401:
CM/Unit = $196 – $103 = $93




CM/DLH = $93/3 = $31


Direct labor hours needed (Dept. 3): 3 × 500 = 1,500


Product 402:
CM/Unit = $123 – $73 = $50


Requires no hours in Department 3


Product 403:
CM/Unit = $167 – $97 = $70






CM/DLH = $70/2 = $35


Direct labor hours needed (Dept. 3): 2 × 1,000 = 2,000


Production should be equal to demand for Product 403 as it has the highest contribution margin per unit of scarce resource. After meeting demand, any additional labor hours in Department 3 should be used to produce Product 401 (2,750 – 2,000 = 750; 750/3 = 250 units of Product 401).


Contribution to profits:




Product 401:
250 × $93 =
$
23,250




Product 402:
400 × $50 =
20,000




Product 403:
1,000 × $70 =

70,000




Total contribution margin

$
113,250
3.
Let X
= Number of Product 401 produced


Let W
= Number of Product 402 produced = 400 units


Let Y
= Number of Product 403 produced


Max Z = $93X + $70Y + $50W (objective function)


subject to:




2X + Y
≤ 1500 (machine constraint)




3X + 2Y
≤ 2,750 (labor constraint)




X
≤ 500 (demand constraint)




Y
≤ 1,000 (demand constraint)




W
= 400


Corner Point
X-Value
Y-Value
W-Value
Z = $93X + $70Y + $50W



A
0
0
400
$
20,000




B
500
0
400
66,500




C
500
500
400
101,500




D
250
1,000
400
113,250*




E
0
1,000
400
90,000


*The optimal output is:




Product 401: 250 units




Product 402: 400 units




Product 403: 1,000 units

Problem 20.27
(Concluded)

At this output, the contribution to profits is $113,250.


[image: image34.png]1,600

1.400

1,200

1,000

800

600

400

200

R

100

200

300

400

500

600

700

800

900

1.000




Problem 20.28
1.


Molding
Grinding
Finishing
Component X

3,000
6,000
9,000

Component Y

10,000

15,000
20,000

Total requirements

13,000
21,000
29,000
Available time

11,520
24,000
33,600

Less: Setup time



2,880

—

—

Net time available



8,640
24,000
33,600

Note: The time required is computed by multiplying the unit time required by the daily demand. The available time is derived from the workers employed. For example, molding has 24 workers, each supplying 480 minutes per day or 11,520 minutes (480 × 24). Assuming two setups, the molding production time is reduced by 2,880 minutes per day (24 × 60 × 2). Setup occupies one hour and so ties up the 12 workers for one hour.

Molding is the major internal constraint facing Confer Company.

Problem 20.28
(Concluded)
2.
The contribution per unit for X is $50 ($90 – $40) and for Y is $60 ($110 – $50). The contribution margin per unit of scarce resource is $10 per minute ($50/5) for Component X and $6 per minute ($60/10) for Component Y. Thus, X should be produced first. If all 600 units of X are produced, Confer would need 3,000 molding minutes. Using two setups, there are 8,640 minutes available (11,520 – 2,880). This leaves 5,640 minutes, and so 564 units of Y could be produced. The total contribution margin per day would be $63,840 [(600 × $50) + (564 × $60)].

3.
A setup time of 10 minutes would tie up the 24 workers for only 10 minutes. Thus, production time lost is 240 minutes per setup. After setting up and producing all of X required, this would leave 8,280 minutes to set up and produce Component Y (11,520 – 3,240). Setup time for Y would use up 240 minutes of molding’s resources, and this leaves 8,040 minutes for producing Y. Thus, 804 units of Y could be produced each day (8,040/10). This will increase daily contribution margin by $14,400 ($60 × 240).

Problem 20.29
1.
The constraints are both labor constraints, one for fabrication and one for assembly (let X = the units of Part A and Y = the units of Part B; hours are used to measure resource usage and availability):


Fabrication:
(1/3)X + (1/3)Y ≤ 800
(1)


Assembly:
(1/2)X + (2/3)Y ≤ 800
(2)


The constraints are graphed below. (Units are in hundreds.)
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Problem 20.29
(Continued)

The graph reveals that only one binding constraint is possible (assembly labor). Thus, the contribution margin per unit of scarce resource will dictate the outcome. For Part A, the contribution margin per unit of assembly labor is $40 ($20 × 2), and for Part B it is $36 ($24 × 1.5). Thus, only Part A should be produced. The optimal mix is 1,600 units per day of Part A and none of Part B. The daily contribution margin is $32,000 ($20 × 1,600).

2.
The drummer constraint is the assembly constraint. The mix dictates a production rate of 1,600 units of Part A per day. At this rate, all 800 hours available of the drummer constraint are used. The fabrication constraint would use 533.33 hours at this rate, leaving 266.67 hours of excess capacity.


The drummer constraint sets the production rate for the entire factory, 1,600 units of Part A per day. The rope concept simply means that the production rate of the fabrication process is controlled by tying the release of materials to assembly’s rate of production. The daily release of materials to the fabrication process should be enough to produce only 1,600 components. The 1.5-day buffer means that there should be a 1.5-day supply of components in front of the drummer process (assembly) so that production can continue should the supply of parts to assembly be interrupted. Thus, a 2,400-component inventory is required. This protects throughput in case production or supply is interrupted. The 1.5-day length reflects the time thought necessary to restore most production interruptions.

3.
The use of local labor efficiency measures would encourage the fabrication process to produce at a higher rate than the drummer rate (it has excess capacity) and so would run counter to the TOC objectives. In fact, efficient use of labor in fabrication would cause a build up of about 266 units per day of work-in-process inventory—a very expensive outcome.

Problem 20.29
(Concluded)
4.
Adding a second shift of 50 workers for the assembly process creates an additional 400 hours of assembly resource. There would now be 1,200 hours of assembly resource available. The assembly constraint now appears as follows: (1/2)X + (2/3)Y ≤ 1,200.

The new constraint graph appears below. (Units are in hundreds.)
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Point C is now optimal: X = 2,400, Y = 0. The contribution margin before the increase in the labor cost of the second shift is $48,000 ($20 × 2,400). Thus, the daily contribution margin increases by $16,000 ($48,000 – $32,000). Since the cost of adding the extra shift of 50 workers is $4,800, the improvement in profit performance is $11,200 ($16,000 – $4,800).

Problem 20.30
1.
Potential daily sales:




Frame X
Frame Y

Sales

$
40

$
55


Materials


20


25



CM per unit

$
20

$
30


Daily demand

×
200

×
100



Daily profit

$
4,000
+
$
3,000
=
$7,000 potential

Problem 20.30
(Continued)

Process
Resource Demands
Resource Supply


Cutting

X: 15 × 200 =
3,000




Y: 10 × 100 =
1,000





4,000
4,800


Welding

X: 15 × 200 =
3,000




Y: 30 × 100 =
3,000




6,000
4,800


Polishing

X: 15 × 200 =
3,000
4,800


Painting

X: 10 × 200 =
2,000




Y: 15 × 100 =
1,500




3,500
4,800


Bountiful cannot meet daily demand. The welding process requires 6,000 minutes but only has 4,800 available. All other processes have excess capacity. Thus, welding is the bottleneck. The contribution margin per unit of welding resource (minutes) for each product is computed as follows:




X: $20/15 = $1.33/minute




Y: $30/30 = $1.00/minute


This suggests that Bountiful should first produce all that it can of Frame X. Thus, 3,000 minutes (15 × 200) of welding will be dedicated to Frame X. The remaining minutes (1,800) will be used to produce all that is possible of Frame Y: 1,800/30 = 60 units of Frame Y. The optimal mix is Frame X = 200 units and Frame Y = 60 units, producing a daily contribution of $5,800 [($20 × 200) + ($30 × 60)].

Problem 20.30
(Continued)
2.
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Corner Point
X-Value
Y-Value
Z = $20X + $30Y

A
0
0
$
0


B
0
100
3,000


C
120
100
5,400


D
200
60
5,800*


E
200
0
4,000


*Optimal point.


Max Z = 20X + 30Y

subject to:




15X + 10Y
< 4,800




15X + 30Y
< 4,800




15X
< 4,800




10X + 15Y
< 4,800




X
< 200




Y
< 100




X
> 0




Y
> 0

Problem 20.30
(Concluded)
3.
The welding process is the drummer. It sets the production rate for the entire plant. Thus, the plant should produce 200 units of Frame X per day and 60 units of Frame Y per day. To ensure that the cutting process does not exceed this rate, the release of materials is tied to the maximum production rate of the welding process. (Materials for 200 units of Frame X and materials for 60 units of Frame Y would be released.) This is the rope. Finally, to protect throughput, a time buffer is set up in front of the welding process. This buffer would consist of 400 cut units of Frame X and 200 cut units of Frame Y (a two-day buffer).

4.
The redesign would increase the polishing time for Frame X from 3,000 
minutes to 4,600 minutes and, at the same time, decrease the welding time for Frame X from 3,000 minutes to 2,000 minutes. This frees up 1,000 minutes of scarce resource in welding and decreases the excess capacity of polishing. The extra 1,000 minutes in welding can be used to produce an additional 33 units of Frame B (1,000/30). This will increase daily contribution margin by $990. It would take 10.1 workdays to recover the $10,000 needed for redesign ($10,000/$990). This step illustrates one way of elevating constraints—the third step in the TOC methodology.

Cyber Research Case
20.31
Answers will vary.


	The following problems can be assigned within CengageNOW and are auto-graded. See the last page of each chapter for descriptions of these new assignments.

· Integrative Exercise—CVP, Break-Even Analysis, Theory of Constraints (Covers chapters 16, 19, and 20)

· Blueprint Problem— Just-In-Case Inventory Management: the EOQ Model
· Blueprint Problem—Constrained Optimization, Graphical Solutions with Multiple Constraints
· Blueprint Problem—Theory of Constraints, Drum-Buffer-Rope Model



EOQ       5,000





ROP       2,500         





A < 50





10A + 6B < 308





B < 40





   50





6A + 10B < 300





   40





E





F





4A + 10B < 400





G





D





Time Buffer: 


Materials for 15 units of 


Component B





    Drummer:


      Cutting


    Department





       Welding


    Department





      Assembly 


    Department





The Collaborative Learning Exercise Solutions can be found on the 


instructor website at http://login.cengage.com.
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