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CHAPTER 1
INTRODUCTION TO THE FIELD

Review and Discussion Questions
1. What is the difference between OM and OR/MS? Betv@drand IE?

Operations Management (OM) is a synthesis of conceptseghdiques that relate directly to production
systems and enhance their management. Operations Maeraighas a distinct management role that
differentiates it from OR and IE. Operations Managersthiegools of OR in decision making and are
concerned with many of the same issues as IndustriainEsmg. Operations Research/Management
Science (OR/MS) is a branch of applied mathematics, whilestridl Engineering (IE) is an engineering
discipline.

2. How would you distinguish OM from management and degdional behavior as taught at your
university?

Management and organizational behavior is concerned wétlottmulation of corporate strategic policy.
Operations Management is concerned with the operations gtratdich specifies how the firm will
employ its production capabilities to support its corporate sirateg

3. Take alook at the want ads in The Wall Street Journbéaaluate the opportunities for an OM major
with several years of experience.

The following are some examples of jobs available to OMuates with several years of experience from
the Wall Street Journal, January 18, 2000.

1

www.elsolucionario.net



Chapter 1

Some additional advertisements.

" CHIEF OPERATING
' OFFICER

$100+MM third party logistics provider backed by New York
private equity firm seeks a proven Chief Operating Officer to
work with the CEQO and CFO on an aggressive domestic and
international acquisition program and to lead its integration.
Ultimately, the company is -t_arﬁin annual sales of $700-
$BOOMM in the next 3-5 years, T

selected individual should
have experience in distribution operations, supply chain
management, or logistics. The candidate will have had iu_[l P&L
experience and a successful track record in running a
company or a division within a larger company (minimum
sales: $150MM). Experience in acquisition identificalion, due
diligence, and integration is also highly desirable.
Compensation will be highly competitive and will include a
significant, equity incentive; Qualified candidates should
forward their resumes and salary history te:

Bex DROT1, The Wall Street lournal
545 E. John' Carpenter Fwy. #400 Irving, TX 75062

4. What factors account for the resurgence of interesMrt@day?

With the expanding objectives of productive systems combivitdincreased applications to services and
increased efficiency of Japanese producers, there &aised interest in nuts and bolts issues.

5. Using Exhibit 1.2 as a model, describe the input-toangdtion-output relationships found in the
following systems:

a. An airline
Inputs: passengers
Components: planes, crews, equipment, terminals
Primary functions: transportation
Output: satisfied, safe customers

b. A state penitentiary
Inputs: criminals
Components: legal system, physical plant (prison), guardsugmbrt staff
Primary functions: segregation of prisoners from socipishment, rehabilitation
Output: reformed society members

c. A branch office of a bank
Inputs: customers
Components: tellers, bank officers, teller windows, systems
Primary functions: deposit and withdrawal handling, loan initiatsboring money and valuables
Output: satisfied customers, positive return on loan ratios

d. The home office of a major banking firm
Inputs: paperwork from customers and other institutions
Components: loan underwriters, clerks, computer systems
Primary function: record-keeping, loan processing, cootidig@ash flows
Output: satisfied customers, sound investment portfolios

2
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6.

Customer visits

Website

\'

Consumer orders
for custom shoes

V

L

Promotional Footwear
Orders (>30 pairs)

Manufacturing
of shoes in China

|

l

Manufacturing
of shoes in China

UPS Delivery
2~4 weeks Leadtime

l

UPS Delivery
6~8 weeks Leadtime

Introduction to the Field

Sketch the production-delivery system used by CMAX.comngaties, Inc. in providing the custom
tennis shoes. Could this approach be applied to other cengionds? Give examples.

This charts the flow of the CMAX.com Solemates, Inc.’s production system. The production process
combines mass production capability with high customizatidhis is possible in part due to the use of
flexible manufacturing. The needs and wants of théoousr are considered at every step of the process.

This approach can be applied in a large number of indsistridowever, the approach seems most
appropriate in recreational consumer goods and produptfrirey high customization. Many production
companies have high volume and low volume lines. Mamyvolume production facilities could learn
from the CMAX.com Solemates, Inc..

7. Suppose that Rolling Stone presented the following headlinesngeladi OM.  What particular
historical events or individuals would they be referring to?

OVER 5 BAZILLION SOLD TO DATE--Refers to McDonald's @rheir unique approach to quality and
productivity that stands as a reference point for delivérigh-volume standardized services.

BEANTOWN B-SCHOOL DISCOVERS YOU CANT HAVE IT ALL---Rfers to Harvard professors
William Abernathy, Kim Clark, Robert Hays, and Steven Wiveght and the emphasis on a
manufacturing strategy based on tradeoffs among pesfocenmeasures.

INVENTORY—OH NOTaichi Ohno’s successful implementation of the Just-In-Time philosophy at
Toyota Motors in the early 1980s, dramatically decreaseshtory levels.

BUSINESSES USE A BIG HAMMER TO FORCE CHANGE--Michael Hamnpeished companies to
become lean by seeking innovations in processes by wtha&h run their operations. This approach
became know as business process reengineering (BPR).

FAST HENRY BECOMES MARVEL OF MOTOWN--This refers to HgnFord as the first to develop a
highly integrated, efficient production system.

EXECS FOLLOW GURU’S RECIPE FOR BIG Q STEW—Refers to quality gurus such as W. E. Deming,
Joseph Juran, Armand Feigenbaum and Philip Crosby.
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Chapter 1

10 BILLION FAX MACHINES DUMPED IN THE OCEAN--Refergo the obsolescence of the fax
machine with the widespread adoption of the World Wide \W&kVW) and the Internet in general for
business communications.

"THE CHAIN GANG" MOVES TO TOP OF THE CHARTS--Supplfhain management has emerged an
important aspect of business.

4
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CHAPTER 2
OPERATIONS STRATEGY AND COMPETITIVENESS

Review and Discussion Questions

1. Can a factory be fast, dependable, flexible, produce high-qpatiucts, and still provide
poor service from a customer’s perspective?

Yes, if a customer’s needs are not considered and does not influence strategy development, an
organization could be delivering the wrong service or product. BEweumgh the product or
service is delivered fast, dependable, and flexible in designfeatures and is of high technical
quality, overall service could be rated “poor” by a customer who demands a different mix of
features and attributes. It is often best not to be fastest to the marketbbuhe best firm in the
market as judged by the ultimate customer.

2. Why should a service organization worry about being world clagsdibds not compete
outside its own national border? What impact does the Internet have on this?

As the environment changes, firms can find themselves fadbdcainpetition from outside their
industry or from outside their home country. Even if they do not, tineiples of a world class
firm can be applied to any and all manufacturing and service g@mc&enchmarking or rating
your firm’s performance to the best in your industry or class can provide future strategic

directions for improvements.

The Internet is global by its very nature. Retail storestmow compete with Internet stores.
Local auction houses will be in competition with Internet auction sites suchags ®Btually all
organizations will be impacted in some form by the Internets ilnportant that this impact be
considered.

3. What are the major priorities associated with operatimategy? How has their relationship
to each other changed over the years?

The four major imperatives are cost, quality, delivery, andHily. In the sixties, these four
imperatives were viewed from a tradeoff’s perspective. For example, this meant that improving
guality would result in higher cost. However, more recent thoughtsptsat these four
imperatives can improve simultaneously, and in many industrigsbmanecessary for success.
The problem then becomes one of prioritizing and managing towards orderly imgrdve

5
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Chapter 2

4. For each of the different priorities in question 3, descrikeutlique characteristics of the
market niche with which it is most compatible.

Cost is most compatible with products that are commaodities Highly standardized products

with many alternative suppliers). Quality provides companiewans of (1) differentiating a

product and winning orders or (2) competing in a market and qualifgingrélers. Quality is

now pervasive among all market niches in that customers rpacehigh quality. Speed and
reliability of delivery are essential in those marketbere there is a large degree of
customization. In addition, reliable delivery may be a competididvantage in some regions of
the world where delivery is difficult due to geographical pmiitical reasons. Flexibility is
important where customers demand low volume but wide varieties of products.

5. A few years ago the dollar showed relative weakness estbect to foreign currencies, such
as the yen, mark, and pound. This stimulated exports. Why would longd¢gance on a
lower valued dollar be at best a short-term solution to the competitivenoddsnp?

This approach is dependent on economic policies of other nations.isThiragile dependency.

A long-term approach is to increase manufacturing and sendesstry productivity in order to

regain competitive advantage. At a national level, solutiopsapto lie in reversing attitudes

and strategies identified in the MIT Commission Report. Atra level, competitive weapons
are consistent quality, high performance, dependable delivenypetitive pricing, and design
flexibility.

6. Inyour opinion, do business schools have competitive priorities?

Their competitive priorities include:

Quality of professors and curriculsptonsistent quality and high performance
Leader in development of new curriculum topiegesign changes

Academic level of student attractedonsistent quality

Quantity and quality of research publishecbnsistent quality

Quality of library resources-quality

What companies recruit at the schedalfter sales service

Success rate of graduatesonsistent quality

Availability of financial aid—low price and after sales service

Cost of tuition—low price

6
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Operations Strategy and Competitiveness

7. Why does the “proper” operations strategy keep changing for companies that are world-class
competitors?

The top three priorities have generally remained the saeetiove: make it good, make it fast,
and deliver it on time. Others have changed. Part of this may be explained by réladizingrid
class organizations have achieved excellence in these tlmae and are, therefore, focusing
attention on some of the more minor areas to gain competitiventadea The changes in the
minor priorities may result from recognizing opportunities or fréi@anges in customer desires or
expectations.

8. What is meant by the expressions order winners and order eps&lifiwhat was the order
winner(s) for your last purchase of a product or service?

Order winners are dimensions that differentiate the producereice or services of one firm
from another. Order qualifiers are dimensions that ard tesscreen a product or service as a
candidate for purchase. Obviously, answers will vary for therondieners from your last
purchase.

9. What do we mean when we say productivity is a “relative” measure?

For productivity to be meaningful, it must be compared with somethgey erhe comparisons
can be either intracompany or intercompany as in the case of bekamgn Intercompany

comparisons of single factor productivity measures can be sorh&wviueus due to differences
in accounting practices (especially when comparing with dareiompetitors). Total factor
productivity measures are somewhat more robust for comparison purposes.

10. What are the typical performance measures for quality, speed @rdetind flexibility?

The typical performance measure for quality is percent tiegeor yield rate. Other quality
indicators include environmental measures of toxic waste prodaces, rework, and waste.
Scrap is categorized as engineered or nonengineered scrap.

Speed of delivery is measured by length and variability in product lead time.

Flexibility is measured by the number of products sold, andithe tequired to get a new
product to market.

11. What should be the criteria for management to adopt a particulampenfa measure?

The choice of performance measureafs)st be rooted in a deep understanding of the firm’s
distinctive competencies, the market, the competition, and the firm’s desired future competitive
position. The choice of performance measures should be consistenthes desired future
position of the firm. In addition, total factor productivity reaees potentially provide a more
compete picture of the firm’s competitiveness.

7
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Chapter 2

Problems
Problem Type of Problem Difficulty | New Modified | Check
Total Multifactor | Partial Problem| Problem | Figure in
Productivity | Productivity | Productivity Appendix
Measure Measure Measure A
1 Yes Moderate Yes
2 Yes Yes Moderate
3 Yes Yes Moderate
4 Yes Easy
5 Yes Easy
6 Yes Easy
7 Yes Easy
1. Labor Productivity- units/hour
Model Output Input Productivity
in Units in Labor Hours (Output/Input)
Deluxe Car 4,000 20,000 0.20
Limited Car 6,000 30,000 0.20
Labor Productivity- dollars
Model Output Input Productivity
in Dollars in Dollars (Output/Input)
Deluxe Car  4,000($8,000)= 20,000($12.00)= 133.33
$32,000,000 $240,000
Limited Car  6,000($9,500)= 30,000($14.00)= 135.71
$57,000,000 $420,000

The labor productivity measure is a conventional measypeoofuctivity. However, as a partial measure,
it may not provide all of the necessary information that &led. For example, increases in productivity

could result from decreases in quality, and/or increasesaterial cost.

www.elsolucionario.net
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Operations Strategy and Competitiveness

2. Labor Productivity

Country Output Input Productivity
in Units in Hours (Output/Input)

u.s. 100,000 20,000 5.00

LDC 20,000 15,000 1.33

Capital Equipment Productivity

Country Output Input Productivity
in Units in Hours (Output/Input)

u.s. 100,000 60,000 1.67

LDC 20,000 5,000 4.00

Yes. You would expect the capital equipment productivitgsnee to be higher in the U.S. than in a LDC.

b. Multifactor— Labor and Capital Equipment

Country Output Input Productivity
in Units in Hours (Output/Input)
u.s. 100,000 20,000 + 60,000= 1.25
80,000
LDC 20,000 15,000 + 5,000= 1.00
20,000

Yes, labor and equipment can be substituted for each oftherefore, this multifactor measure is a better
indicator of productivity in this instance.

c. Raw Material Productivity

Country Output Input Productivity
in Units in Dollars (Output/Input)
u.s. 100,000 $20,000 5.00
LDC 20,000 FC $20,000/10= 10.00
$2,000

The raw material productivity measures might be greatéreil. DC due to a reduced cost paid for raw
materials, which is typical of LDC’s.

9
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Chapter 2

3. Total Productivity

Year Output Input Productivity
in Dollars in Dollars (Output/Input)
2002 $200,000 $30,000 + 35,000 + 1.64
5,000 + 50,000 + 2,00(
=$122,000
2003 $220,000 $40,000 + 45,000 + 1.53
6,000 + 50,000 +3,000
= $144,000
Partial Measure Labor
Year Output Input Productivity
in Dollars in Dollars (Output/Input)
2002 $200,000 $30,000 6.67
2003 $220,000 $40,000 5.50
Partial Measure Raw Materials
Year Output Input Productivity
in Dollars in Dollars (Output/Input)
2002 $200,000 $35,000 5.71
2003 $220,000 $45,000 4.89
Partial Measure Capital
Year Output Input Productivity
in Dollars in Dollars (Output/Input)
2002 $200,000 $50,000 4.00
2003 $220,000 $50,000 4.40

The overall productivity measure is declining, which indisa@tgossible problem. The partial measures
can be used to indicate cause of the declining productilityhis case, it is a combination of declines in
both labor and raw material productivity, but an increagkdrcapital productivity. Further investigation
should be undertaking to explain the drops in both labdraw material productivity. An increase in the
cost of both of these measures, without an accompaimgnggase in the selling price might explain these

measures.
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Operations Strategy and Competitiveness
4,
Contract Output Input Productivity
in Units in Hours (Output/Input)
Navy 2300 25(2)40 = 2000 1.15
Army 5500 35(3)40 = 4200 1.31

The workers were most productive on the Army contract.

5.
Month  Output Input Productivity Percentage Change
in Dollars  in Hours  (Output/Input)
April $45,000 1560 28.85
May $56,000 1820 30.77 (30.77-28.85)/28.85 = 6.67%
6.
Year Output Input Productivity Percentage Change
in Packages in Drivers  (Output/Input)
2004 103,000 84 1226.2
2005 112,000 96 1166.7 (1166.7 -1226.2)/1226.2 = - 4.85%
7.
Part Output Input Productivity
in Hamburger in Hours (Output/Input)
Equivalents
700 Hamburgers 2225 200 11.125
900 Cheeseburgers (1.25)
500 Chicken Sandwiches (.8C
700 Hamburgers 2135 200 10.675
700 Cheeseburgers (1.25)
700 Chicken Sandwiches (.8C
11

www.elsolucionario.net




Technical Note 2

TECHNICAL NOTE 2
OPTIMIZING THE USE OF RESOURCES WITH LINEAR

PROGRAMMING
Problems
Problem Type of Problem Difficulty New Modified Check Figure
Problem Problem in_Appendix A
Excel Graphical | Formu-
lation
1 Yes Easy
2 Yes Easy Yes
3 Yes Yes Moderate
4 Yes Yes Moderate Yes
5 Yes Yes Moderate
6 Yes Yes Difficult
7 Yes Yes Moderate
8 Yes Moderate Yes
9 Yes Moderate Yes
10 Yes Moderate Yes
*Solution procedure modified.
12
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Optimizing the Use of Resources with Linear Programming

1. Excel Solution

X Y Total
Decision 6 0
Profit $3 $1 $18
Resources

X Y Used Capacity
A 12 14 72 <= 85
B 3 2 18 <= 18
C 1 0 <= 4

Graphical solution--the problem requested the Excel solution, but the fojaraphical solution
is provided for classroom use if desired.

. <untitled>

. Constraints

6.0714 )

Isoprofit Line

x1

13
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Technical Note 2

A B Total
Decision 15 10
Profit $2 $4 $70

Resources

A B Used Capacity
A 4 6 120 >= 120
B 2 6 90 >= 73
C 1 10 >= 10

Graphical solution--the problem requested the Excel solution, but the ifajjgraphical solution
is provided for classroom use if desired.

B Constraint; e DObjective Function: — Feasible Area: m

OPTIMAL
SOLUTION

18.00 OBJ=70.00

A=15.00

1600+ B=10.00

14.00-

12,00+

10,00
8.00+
£.00
4,00~
2004

0.00
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3.

a. Maximize Z =

Optimizing the Use of Resources with Linear Programming

20+ 6X; + 8X5

s.t. 8% + 2X, + 3X; < 800
4X, + 3X, < 480
2X4 + X3 < 320
X3 < 80
Xl ’ X2 ’ X3 2 0
b. Excel solution
X1 X2 X3 Total
Decision 45 100 80
Profit $20 $6 $8 $2,140
Resources
X1 X2 X3 Used Capacity
Milling 8 2 3 800 <= 800
Lathes 4 3 480 <= 480
Grinders 2 1 170 <= 320
Sales 1 80 <= 80
c. Solution is X =45 S=0 Z=$2140
X, =100 S$S=0
X3=80 S =150
S4 =0

implies milling machines at capacity

implies lathes at capacity

implies grinders not at capacity, with 150 hours available

implies that X is not at maximum sales capacity

e. The shadow price for the milling machine department is $2.25 per hour. Sinlgecibst

$1.50 per hour to work overtime in this department, it is wortlewtol do so.

The

maximum overtime is 400. However, only 200 hours are availalileerefore, it is
recommended that 200 hours of overtime in the milling machine departmesede u

15
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Technical Note 2

4. a.
Let A = pounds of food A

B = pounds of food B

Minimize: z=.75A+.15B
s.t. 600A + 900B < 3,600 Maximum calories

600A + 900B > 1,800 Minimum calories

200A + 700B < 1,400 Maximum starch

400A + 100B > 400 Minimum protein

A < 2 Maximum amount of A
A Constraint: T Objective Function: — Feasible Area: m

PR stk T R
B30 |  0BJ-0.68
st M | B
4.90—; E
4.20—: :
3.50—5 E
2.30—: alories-low :
2.10_EA-Iimit E
1.40~- i
0.?0-'5 T s E
D'IJDD.U_IZI —— D.Iélil S 1.RISIZI | - 2.I4IZI | : 1]
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Optimizing the Use of Resources with Linear Programming

5. Add constraint 100B < 150, and change objective function to z = 1.75A + 2.50B

A Constraint: — Objective Function: — Feasible Area: m
7.00 ] T L 1 (0 T o " o OPTIMAL
i Tt 1 SOLUTION
i Fat =
E.30— = UBJ=5.Ubt
i aldygies-high i A=0.75
B.ED— - E=1.50
490 ]
420+ —
AR ]
2.80 alories-low Il
210~ A-limit 1
1.40~ B
070 Protein =i
0.00 i L 1 L 1 | L L L 1 | L L 1 I L J
obo n.bo 1b0 240 a0

6. a.
Let A = gallons of fuel A to mix
B = gallons of fuel B to mix
Minimize z=1.20A + 0.90B
s.t. A+ B > 3,000 fuel demand
A+ B < 4,000 Maximum storage
A < 2,000 Maximum fuel A available
B < 4,000 Maximum fuel B available
10A - 5B> 0 Blend 80 octane minimum*
A,B>0

*Note, blend constraint can be stated as (90A + 75B)/(A + B) > 80

17
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Technical Note 2

b.

A B Total
Decision 1000 2000 3000
Profit $1 $1 $3,000

Resources

A B Used Capacity
Min demand 1 1 3000 >= 3000
Max Storage 1 1 3000 <= 4000
Max Fuel A 1 1000 <= 2000
Max Fuel B 1 2000 <= 4000
Blend 10 -5 3.342E-07 > 0

Graphical solution--the problem requested the Excel solution, but the fofj@saphical solution
is provided for classroom use if desired.

A Constraint: — Objective Function: — Feasible Area: m
4.000.00 T & & F @@ & §F FE& T ® A 7 7 & Fa a5 & I OPTIMAL
[ siafuel 1 SOLUTION
i - B-available
3E00.00-{ 4 0DJ-2.000.00
I 1 a=1.000.00
3.200.00-+ 1 B-2000.00
s ao000- in-fuel i
2.,400.00— 1
F&-availabl ]
2.000.00F .
1.600.00—+ 1
1,200.00- 1
20000 g
400.00- 1
000 _ N L D 00 O L
0o g0d.00 1,600.00 2.400.00 3,200.00 4.000.00
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Optimizing the Use of Resources with Linear Programming

7. Let: F = dollars spent on food
S = dollars spent on shelter
E = dollars spent on entertainment

Maximize Z = 2F + 3S + 5E

s.t. F+ S+ E < 1500 Total Budget
F+ S < 1000 Maximum on Food and Shelter
S < 700 Maximum on Shelter alone

E < 300 Maximum on Entertainment

F S E Total
Decision 300 700 300
Profit 2 3 5 4,200

Resources

) & X X Used Capacity
total budget 1 1 1 1300 <= 1500
$ on food and shelter 1 1 1000 <= 1000
$ on shelter 1 700 <= 700
$ on entertainment 1 300 <= 300

8. Produced 50 barrels of Expansion Draft and 50 barrels of Burning River. Theuetalae

will be $1400.
Expansion Draft Burning River Total
Decision 50 50
Sales $20 $8 $1400
Resources

X4 X, Used Capacity
Corn 8 2 500 <= 500
Rice 0 6 300 <= 300
Hops 4 3 350 <= 400

19
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Technical Note 2

9. Run zone for 6 hours and man for 4 hours at a cost of $384.

Zone Man Total
Decision 6 4
Cost $48 $24 $384
Processes
X X, Produced Demand
BCP1 3 1 22 >= 20
BCP2 1 1 10 >= 10
BCP3 1 0 6 >= 6
10. She should plant 700 acres in corn and 100 acres in soybeans.
Corn Soybeans  Wheat Total
Decision 700 100 0 800
Profit per acre $2,000 $2,500 $3,000 $1,650,000
Resources
Corn Soybeans  Wheat Used Capacity
Labor (workers) 0.1 0.3 0.2 100 <= 100
Fertilizer (tons) 0.2 0.1 0.4 150 <= 150
Acres Planted 700 100 0 800 <= 900
20
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Chapter 4

CHAPTER 4
PRODUCT DESIGN PROCESS

Review and Discussion Questions

1. Describe the generic product development process describad andipter. How does this
process change for "technology push" products?

Products that are developed using the “technology push” would be more narrowly focused in
phase 0 and phase 1 of Marketing. There focus would be narroweisbgaau would only look

at market segments that could benefit from the applicatiowf technology. The rest of the
generic process may be somewhat less complex as well siadedhnology of the product
current exist in your manufacturing facilities

2. Discuss the product design philosophy behind industrial desigdesngh for manufacture
and assembly. Which one do you think is more important in a customeeébpusduct
development?

Industrial design is concerned with designing a product from thesnd-point of view, such as
aesthetics and user-friendliness of the product. Designdaufacturability, on the other hand,
makes the product design less complicated and easier to manufaéuayeoften it results in less
parts, smaller size, increased reliability, and lower cost.

Both philosophies are equally important for a customer-focused product development.r to orde
attract customers, the product must be aesthetically pleasthgser-friendly (industrial design).
However, to sustain customer interests, it should also hdeeex cost and higher reliability
(design for manufacturability).

3. Discuss design-based incrementalism, which is frequent proedesign throughout the
product’s life. What are the pros and cons of this idea?

Pro: enhanced function, higher quality, and lower cost through conisfy advancing
technology.

Con: time and money spent on frequent product and process redesignsjdaty given in
servicing the existing and older products.

4. What factors must be traded off by product development before introducing a newproduct

The factors that need careful attention for new products radugt performance, development
speed, product cost, and development program expense. Smith and Reidentsignsix pairs
of trade-offs in their book. These include all possible pairs among thé&fdars noted above.

5. How does the QFD approach help? What are some limitations of the QFD approach?

QFD helps to get the voice of the customer into the desigreps using interfunctional teams.
The limitations of QFD relate to the culture of the orgation. In the United States, we tend to
be vertically oriented and try to promote breakthrough. Thiswark against interfunctional

teamwork, which is needed for QFD success. If a breakthrodtglniecaan be maintained with a

40
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Product Design Process

continuous improvement mentality through interfunctional teams, thiddwead to tremendous
improvements in productivity.

Problems
Problem Type of Problem Difficulty New Modified Check
NPV House of | Assembly | Flow Problem | Problem Figure in
Problem Quality Chart Process Appendix A
Chart PP
1 Yes Moderate Yes
2 Yes Moderate Yes
3 Easy
4 Yes Moderate
5 Yes Yes Difficult
1. Tuff Wheels Kiddy Dozer
a. Base case
Project Schedule Year 1 Year 2 Year 3 Year 4
Kiddy Dozer QI Q2 Q3 Q4|0Q1 Q2 Q3 Q4|QL Q2 Q3 Q4|Q1L Q2 Q3 Q4
Development 333 333 333
Pilot Testing 100 100
Ramp-up 200 200
Marketing and Support 38 38 38 38 383 38 38 38 38 38 38 38 38
Production Volume 15 15 15 15| 15 15 15 15| 15 15 15 15
Unit Production Cost 100 100 100 100, 100 100 100 100, 100 100 100 100
Production Costs 1500 1500 1500 1500 1500 1500 1500 1500/ 1500 1500 1500 1500
Sales Volume 15 15 15 15| 15 15 15 15| 15 15 15 15
Unit Price 170 170 170 170, 170 170 170 170, 170 170 170 170
Sales Revenue 2550 2550 2550 2550 2550 2550 2550 2550 2550 2550 2550 2550
Period Cash Flow -333 -333 -633 -338| 1013 1013 1013 1013| 1013 1013 1013 1013| 1013 1013 1013 1013
PV Year 1r =8 -333 -327 -609 -318| 935 917 899 881| 864 847 831 8l4| 798 783 767 752
Project NPV 8503
41
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b. The results are shown below for both scenariosaléssare only 50,000 then the project is still
worthwhile since the NPV decrease to $6,759,000. fif Wheels has under estimated the sales and it

ends up being 70,000 per year then NPV will increase $8,503,000 base case to $10,247,000 with
the higher sales rate.

Sales Revised to 50,000 per Year

Project Schedule Year 1 Year 2 Year 3 Year 4

Kiddy Dozer Ql Q2 Q3 Q4| Q1 Q2 Q3 Q4| Q1 Q2 Q3 Q4| Q1 Q2 Q3 Q4

Development 333 333 333

Pilot Testing 100 100

Ramp-up 200 200

Marketing and Support 38 38 38 38 33 38 38 38 33 38 38 38 38
Production Volume 13 13 13 13 13 13 13 13 13 13 13 13
Unit Production Cost 100 100 100 100 100 100 100 100 100 100 100 100

Production Costs 1250 1250 1250 1250 1250 1250 1250 1250 1250 1250 1250 125(
Sales Volume 13 13 13 13 13 13 13 13 13 13 13 13
Unit Price 170 170 170 170 170 170 170 170 170 170 170 170

Sales Revenue 2125 2125 2125 2125 2125 2125 2125 2125 2125 2125 2125 2125

Period Cash Flow -333 -333 -633 -338| 838 838 838 838 838 8338 838 838 838 838 838 838

PV Year 1r =8 -333 -327 -609 -318| 774 759 744 729| 715 701 687 674 660 647 635 622

Project NPV 6759

Sales Revised to 70,000 per Year

Project Schedule Year 1 Year 2 Year 3 Year 4

Kiddy Dozer Q1 Q2 Q3 Q4| Q1 Q2 Q3 Q4] 0Q1 Q2 Q3 Q4] Q1L Q2 Q3 Q4
Development 333 333 333

Pilot Testing 100 100

Ramp-up 200 200

Marketing and Support 38/ 38 38 38 33 38 38 38 33 38 38 38 38
Production Volume 18 18 18 18/ 18 18 18 18 18 18 18 18
Unit Production Cost 100 100 100 100, 100 100 100 100/ 100 100 100 100
Production Costs 1750 1750 1750 1750[ 1750 1750 1750 1750 1750 1750 1750 1750
Sales Volume 18 18 18 18/ 18 18 18 18 18 18 18 18
Unit Price 170 170 170 170, 170 170 170 170 170 170 170 170
Sales Revenue 2975 2975 2975 2975 2975 2975 2975 2975 2975 2975 2975 2975
Period Cash Flow -333 -333 -633 -338| 1188 1188 1188 1188| 1188 1188 1188 1188| 1188 1188 1188 1188
PV Year 1r =8 -333 -327 -609 -318| 1097 1076 1054 1034| 1014 994 974 955| 936 918 900 882
Project NPV 10247

c. The impact of changing the interest rate is shown beldvere is still a positive NPV but it shrinks the

interest rate increases. This would be expected sincéarhtie interest rate reduces the present value of
future cash flows.

Base Case 8% $8,503,043
9%  $8,283,241

10% $,8069,666

11% $7,862,116
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2. Perot Corporation Patay2

Chip.

Product Design Process

a. In the base case the Patay2 Chip Project has geedyNPV of $10,460,000, see below.

Project Schedule Year 1 Year 2 Year 3 Year 4

Patay2 Chip 1st half 2nd half 1st half 2nd half 1st half 2nd hall 1st halt 2nd half

Development Cost 5,00C 5,000 5,00C 5,00(Q

Pilot Testing Cost 2,50C 2,500

Debug Cost 1,50C 1,500

Ramp-up Cost 3,000

Advance Marketing Cost 5,000

Ongoing Marketing and Suppd 500 500 500 500
Production Volume 125 125 75 75
Unit Production Cost 655 655 545 545

Production Costs 81,87t 81,875 40,87t 40,875
Sales Volume 125 125 75 75
Unit Price 820 820 650 650

Sales Revenue 102,500 102,500 48,75C 48,75(

Period Cash Flow -5,000 -5,000] -9,000 -17,000| 20,125 20,125 7,375 7,375

PV Year 1r =12 -5,000 -4,762| -8,163 -14,685 16,557 15,768 5503 5,241

Project NPV 10,460

b. Additional 10 million for higher price is clearly worthwhas it raises the NPV from $10.46 million to
$16.654 million. See results below.

Project Schedule Year 1 Year 2 Year 3 Year 4
Patay2 Chip 1st half 2nd half 1st half 2nd half 1st half 2nd hali 1st halt 2nd half
Development Cost 7,50C 7,500 7,50C 7,50(Q
Pilot Testing Cost 2,50C 2,500
Debug Cost 1,50C 1,500
Ramp-up Cost 3,000
Advance Marketing Cost 5,000
Ongoing Marketing and Suppd 500 500 500 500
Production Volume 125 125 75 75
Unit Production Cost 655 655 545 545
Production Costs 81,87t 81,875 40,87t 40,875
Sales Volume 125 125 75 75
Unit Price 870 870 700 700
Sales Revenue 108,750108,75( 52,50C 52,50(
Period Cash Flow -7,500 -7,500/-11,500 -19,500] 26,375 26,375 11,125 11,125
PV Year 1r =12 -7,500 -7,143/-10,431 -16,845 21,699 20,666 8,302 7,906
Project NPV 16,654
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c. Reduced sales estimates have a significant impabeddPV. It reduces the NPV all the way down to
$10,000. The success of the Patay2 Chip is very depéon the sales estimates. It would be wise for
Perot to make sure that there is sufficient demand foyP&hips.

Project Schedule Year 1 Year 2 Year 3 Year 4
Patay2 Chip 1st half 2nd half 1st half 2nd half 1st half 2nd halfl 1st halt 2nd half
Development Cost 5,00C 5,000 5,00C 5,000
Pilot Testing Cost 2,50C 2,500
Debug Cost 1,50C 1,500
Ramp-up Cost 3,000
Advance Marketing Cost 5,000
Ongoing Marketing and Suppqg 500 500 500 500
Production Volume 100 100 50 50
Unit Production Cost 655 655 545 545
Production Costs 65,50C 65,500 27,25C 27,25(
Sales Volume 100 100 50 50
Unit Price 820 820 650 650
Sales Revenue 82,00C 82,00(¢ 32,50C 32,50(
Period Cash Flow -5,000 -5,000 -9,000 -17,000f 16,000 16,000 4,750 4,750
PV Year 1r =12 -5,000 -4,762| -8,163 -14,685 13,163 12,536 3,545 3,376
Project NPV 10
3. Answers will vary based upon the product selected anstildent. Issues that should be considered in

the design and manufacture of a product include desigress (traditional vs. concurrent
engineering), customer needs and expectations, legsiderations (EPA, OSHA, etc.), service life,
reliability, appearance, standardization, any industry stdedhat should be considered (e.g.,
television set and the type of signal received from statiomsthod of shipment, material cost and
availability, stage of the product life cycle, design for ofanturability, design for assembly,
packaging, environmental, unit cost, pricing, availabilitpofchased material, availability of
capacity, availability of subcontractors, setup cost, nantufing time, volume, and expected product

life.
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Answers may vary.

Product Design Process
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5. This can be a fairly extensive assignment dependiag the amount of research students do into
paddle manufacturing. Without doing any library or fielddgton the production process, students
should be able to come up with a solution approximatingtieegiven below.

a. obtain paddle for model

b. equipment and materials
equipment: bandsaw, hand saws, circular saw, sandinigimeatathe, glue press, handtruck

materials: wood, plywood, rubber for paddle surfaces glacquer, plastic bags for wrapping,
shipping boxes, and tape.

(1) Assembly drawing

2 handle facing
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(2) Assembly chart

— Main Piece

[ \ Glue handle facings to

/ \ / main piece

- Handle facing (2) S
N 7N
&

‘ As Inspect
Rubber surfaces (2) /{\
/ \ { : Glue rubber surfaces to
\ 3/' I\ s main piece
A-4 Inspect
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(3) Flow Process Chart

Receive rubber

Inspect

To saw

Cut to size

Wait for
main piece

Receive plywood
for main piece

Inspect

o0 hand saws
Cut from
plywood
To glue

Inspect

Inspect
To packing
Put in
plastic bags

Box for
shipment

To finished
goods

Lacquer
Dry
Glue rubber
surfaces
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Cut handle

Cut into
two pieces

To glue

Wait for
main piece



Product Design Process

(4) Process route sheets

Part Name: Main Piece

Operation Operation description Dept. Setup | Pieces pel Tools
number time hour
10 Cut to size Saw 1.0 100 Band saw
20 Glue handle facing Glue 0.5 50 Clamps
21 Lacquer Glue 0.3 100 Paint brush
22 Glue rubber surface Glue 0.1 100 Paint brush

Part Name: Handle Facing

Operation Operation description Dept. Setup | Pieces pel Tools
number time hour
15 Cut to size Saw 0.25 400 Circular saw
16 Cross cut diameter Saw 0.25 100 Circular saw
20 Glue handle facing Glue 0.5 50 Clamps

Part Name: Rubber Surface

Operation Operation description Dept. Setup | Pieces pel Tools
number time hour
16 Cut to size in batches of 24 Saw 0.3 300 Band saw
22 Glue rubber surface Glue 0.1 100 Paint brush
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5. a. Process Flow Diagram.

Part C Part A Part B

Drilling Assembly 1

Final Assembly

Final
Component

Capacity of assembly line 1 = 140 units/hour X 8 houssXl®& days/week = 5,600 units/week.

Capacity of drill machines = 3 drill machines X 50 parts/Ro@ hours/day X 5 days/week =
6,000 units/week.

Capacity of final assembly line = 160 units/hour X 8 stday X 5 days/week = 6,400 units/week.

The capacity of the entire process is 5,600 units pek,wéth assembly line 1 limiting the
overall capacity.

b. Capacity of assembly line 1 = 140 units/hour X 16r&faiay X 5 days/week = 11,200 units/week.

Capacity of drill machines = 4 drilling machines X 50 partsfh8 hours/day X 5 days/week =
8,000 units/week.

Capacity of final assembly line = 160 units/hour X 16rsfday X 5 days/week = 12,800
units/week.
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The capacity of the entire process is 8,000 units pek,weéth drilling machines limiting the

overall capacity.

Capacity of assembly line 1 = 140 units/hour X 16rbay X 5 days/week = 11,200 units/week.

Capacity of drill machines = 5 drilling machines X 50 partsfh8 hours/day X 5 days/week =
10,000 units/week.

Capacity of final assembly line = 160 units/hour X 12rsfday X 5 days/week = 9,600

units/week.

The capacity of the entire process is 9,600 units pek,weéth final assembly machines limiting t
he overall capacity.

Cost per unit when output = 8,000 units.

Cost per unit = Total cost per week/Number of units predymer week

Item

Cost of part A
Cost of part B
Cost of part C
Electricity

Assembly 1 labor
Final assembly labor

Drilling labor
Overhead
Depreciation
Total

Calculation Cost
$.40 X 8,000 $3,200
$.35 X 8,000 2,800
$.15 X 8,000 1,200
$.01 X 8,000 80
$.30 X 8,000 2,400
$.30 X 8,000 2,400
$.15 X 8,000 1,200
$1,200 per week 1,200
$30 per week 30

$14,510

= $14,510/8,000

= $181

Cost per unit when output = 9,600 units.

Cost per unit = Total cost per week/Number of units predymer week

Item

Cost of part A
Cost of part B
Cost of part C
Electricity

Assembly 1 labor
Final assembly labor

Drilling labor
Overhead
Depreciation
Total

Calculation Cost
$.40 X 9,600 $3,840
$.35 X 9,600 3,360
$.15 X 9,600 1,440
$.01 X 9,600 96
$.30 X 9,600 2,880
$.30 X 9,600 2,880
$.15 X 9,600 1,440
$1,200 per week 1,200
$30 per week 30

$17,166

= $17,166/9,600

= $1.79
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Let X =the number of units that each option will produééhen the company buys the units, the
cost is $3.00 per unit (3X). When it manufactures thisuthey incur a fixed cost of $120,000 (4
drilling machines at $30,000 a piece) and a per unit cakt 8fl. Therefore, 120,000 + 1.81X is
the cost of this option. Set them equal to each other dwel few X to determine the breakeven
point.

3X =120,000 + 1.81X
X = 100,840 units.

Therefore, it is better to buy the units when you prodese than 100,840, and better to produce
them when demand is greater than 100,840 units.
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TECHNICAL NOTE 4
LEARNING CURVES

Review and Discussion Questions

1. If you kept any of your old exam grades from last semestethgm out and write down the
grades. Use Exhibits TN4.5 and TN4.6, log-log graph paper, or a spreadsheet to find whethe
the exponential curve fits showing that you experienced learning over thstee(imesofar as
your exam performance is concerned). If not, can you give some reasons why not?

For example, if your scores were;

Exam 1 =85
Exam 2 =75
The learning percentage = #85 = 88%

Since 88% lies between 85 and 90% on the learning curve exhibit (TN4.5), we texilate to
find the improvement ratio for the third exam. It would be .8169

Therefore, exam 3 = .8169 x 85 = 69.4
Suppose, that the reverse was true, #até student’s grade is improving.
Exam 1 =75
Exam 2 = 85
Because improvement curves are usually associated withadesr in some variable over time,
we convert this to a decrease in lost points, i.e., exam 1 =xa&) @ = 15. The learning
percentage is 15/25 = .60.
The number of lost points for exam 3 = 25 x .4450 = 11.1
The grade for exam 3 = 16011.1 = 88.9
Generally, learning curves are used for repetitive tasks. In other wondg,tdeisame exact task

over and over again. In this case, new material is covered drmmexam to the next. This
change in material might impact on the learning curve.
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Technical Note 4

2. How might the following business specialists use learningesurgccountants, marketers,
financial analysts, personnel managers, and computer programmers?

Accountants: estimating costs
Marketers: setting-selling prices
Financial analysts: performing a breakeven analysis for purpolésvestment

decision making
Personnel managers: estimating the number of workers required
Computer programmers: estimating times to write programs

3. As a manager, which learning percentage would you prefer (bihgs being equal), 110
percent or 60 percent? Explain.

Students tend at first glance to erroneously associate higdwing percentages with faster
learning. Relative to the 110 percent learning rate, strietgretation of this would mean that
every time output doubles, production time per unit increasd®lpercent. With a 60 percent
learning rate, every time output doubles, production time per unit desrés 40 percent. These
statements can be verified by simple arithmetic.

4. What difference does it make if a customer wants a 10,000ndeit produced and delivered
all at one time or in 2,500 unit batches?

Aside from the costs of resetup, undoubtedly some relearningéssay each time one of the
2,500 unit orders is produced. This would result in additional intemore material and other
resource usage. What might be better and cheaper (afrteast learning curve perspective) is
to produce the entire 10,000 unit order and simply deliver 2,500 units at a time to ¢timeecust
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Learning Curves

Problems
Problem | Type of Problem| Difficulty New Problem | Modified Problem | Check Figure in Appendix A
Learning
Curve
1 Yes Easy
2 Yes Easy
3 Yes Moderate Yes
4 Yes Easy
5 Yes Moderate
6 Yes Moderate
7 Yes Easy Yes
8 Yes Moderate
9 Yes Easy
10 Yes Easy
11 Yes Easy Yes
12 Yes Moderate
13 Yes Easy
14 Yes Moderate
15 Yes Moderate
16 Yes Moderate
1. Ratio for 58 unit from Exhibit TN4.5 is .5518; standard time fof"amit is .20.
Unit Ratio (Exhibit TN4.5) Time
100" 4966 20
——— (.4966) = .18 hours
5518
200" 4469 20
——— (.4469) = .16 hours
5518
400" 4022 20
———(.4022) = .15 hours
5518
2. a
Unit Ratio (Exhibit TN4.5) Cost
1°'ten 1.0000 $2,500.00
2"ten .7000 $2,500 x .7000 = $1,750.0
3%en .5682 $2,500 x .5682 = $1,420.5
4" ten .4900 $2,500 x .4900 = $1,225.0
5" ten 4368 $2,500 x .4368 = $1,092.0

b. The price should be between the cost of the first twenty ($2,500 + $1,750 = $4,250),
and the cost of the next twenty ($1,420.50 + $1,225.00 = $2,645.50)
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3.

For labor the following learning was experienced:

Unit 1 to 2 = 1500/2000 = 75%, from units 2 to 4 = 1275/1500 = 85%
Based on this, we estimate an average labor learning rate of 80%

For cost the following learning was experienced:

Unit 1 to 2 = 37050/39000 = 95%, from units 2 to 4 = 31492.5/37050 = 85%
Based on this, we estimate an average cost of parts learning9agé at

Labor for 12 more units:

From Exhibit TN4.6 16 units =8.920
-4 units =3.142
5.778

Therefore, Labor for 12 more units = 2,000(5.778) = 11,556 hours

Cost for 12 more units:

From Exhibit TN4.6 16 units =12.040
-4 units = 3.556
8.484

Therefore, Cost for 12 more units = 39,000(8.484) = $330,876

4, a. L abor:

LR = 3500/5000 = 70%

From Exhibit TN4.6 12 units =5.501
-2 units =1.700
3.801

Therefore, Labor cost for 10 more units = 5,000(3.801)(30) = $570,150
Material:

LR = 200000/250000 = 80%
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From Exhibit TN4.6 12 units =7.227
-2 units =1.800
5.427

Therefore, Labor cost for 10 more units = 250,000(5.427) = $1,356,750
Total Cost is $570,150 + $1,356,750 = $1,926,900

b. The minimum cost would be as calculated in part a, $1,926,900. This would
assume no forgetting. However, the worst case would be totgtfing, which
would imply that there was no benefit to having produced units 1 anchiz T
cost would be as follows.

Complete forgetting:

Labor: 4.931(5,000)(30) =$ 739,650
Material: 6.315($250,000) = $1,578,750
Total = $2,318,400

Therefore, the range is from $1,926,900 to $2,318,400.

a.

Units 1 to 2 = 640/970 = 65.98%
Units 2 to 4 = 380/640 = 59.37%
Units 4 to 8 = 207/380 = 54.47%

Average learning rate = 59.94% Round this to 60%

b. From Exhibit TN4.6 200 units =12.090
-10 units = 3.813
8.277

Therefore, time for 190 more units = 970(8.277) = 8,029 hours
c. For 1,008 unit from Exhibit TN4.5:

.0062(970) = 6.0 hours
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6.
a.
For units 1 to 2 =10/12 = 83.33%
For units 2 to 4 = 6.5/10 = 65 %
For units 4 to 8 = 3.6/6.5 = 55.38%
For units 8 to 16 = 2.7/3.6 = 75%
The average learning rate is = 69.67 Round this to 70%.
b. From Exhibit TN4.6 120 units =19.570
-20 units = 7.407
12.163
Therefore, cost for 100 more units = 12 million (12.163) = $145,956,000
c. From Exhibit TN4.5: Cost for 13Qunit is $12 million(.0851) = $1,021,200
7. LR = 1,800/2,000 = 90%
From Exhibit TN4.6 6 units = 5.101
-3 units = 2.746
2.355

Therefore, time for 3 more units = 2,000(2.355) = 4,710 hours
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8. LR=6.3/9.0 =70%

The breakeven point where the AVERAGE labor hours on all caxsced by the
mechanic equals 3 hours. According to the following table, that daesnit until after car 25.
Unless each mechanic is going to service over 25 cars, ita gobd deal. Since the dealer
expects to perform the service on 300 vehicles (approximatelyra@gumhanic), it appears that
Honda’s rate is fair.

Learning

Rate 70%

Unit 70% Average
1 9.0 9.00
2 6.3 7.65
3 5.1 6.80
4 4.4 6.21
5 3.9 5.75
6 3.6 5.39
7 3.3 5.09
8 3.1 4.84
9 2.9 4.63
10 2.8 4.44
11 2.6 4.27
12 2.5 4.13
13 2.4 3.99
14 2.3 3.87
15 2.2 3.76
16 2.2 3.66
17 2.1 3.57
18 2.0 3.49
19 2.0 341
20 1.9 3.33
21 1.9 3.26
22 1.8 3.20
23 1.8 3.14
24 1.8 3.08
25 1.7 3.03
26 1.7 2.97
27 1.7 2.92
28 1.6 2.88
29 1.6 2.83
30 1.6 2.79
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9. Labor LR = 3,200/4,000 = 80%
Material LR = 21,000/30,000 = 70%

a. For the 2% unit:

Labor 4,000(.3697)($18 per hour) = $26,618.40
Material $30,000(.2038) =$ 6,114.00
Total = $32,732.40
b. From Exhibit TN4.6 22 units = 11.230
-2 units = 1.800
9.430

Labor time for 20 more units = 4,000(9.430) = 37,720 hours

Average time = 37,720/20 = 1,886 hours

c. From Exhibit TN4.6 22 units = 7.819
-2 units = 1.700
6.119

Therefore, material cost for 20 more units = $30,000(6.119) = $183,570
Average material cost = $183,570/20 = $9,178.50
Average labor cost = 1,886($18 ) = $33,948.00

Average total cost = $9,178.50 + $33,948.00 = $43,126.50

10. a. LR = 80/100 = 80%
Therefore, for the 20unit (from Exhibit TN4.5) = .3812(100) = 38.12 minutes.
Do not hire.
b. Two factors determine if an individual will meet the 30 mimetguirement for
the 20" unit; the time for the first unit and the learning rate. nggables such as
Exhibit TN4.5, the expected time for the"™0nit can be calculated. Compare

this value to the required 30 minutes.

C. Concern is that the value of the learning rate is estimated frovo points.
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11. a. LR = 40/50 = 80%
Time for the 3 (from Exhibit TN4.5) is .7021(50) = 35.1 hours

Time for 1,000 units (from Exhibit TN4.6) is 158.7(50) = 7,935 hours

Average time per unit is 7,935/1,000 = 7.935 hours.

Since the average time per unit is less than 20 hours, take the tontrac
12. LR =85%
From Exhibit TN2.5, the factor for the T@nit is .5828, and .5584 for the"2
We interpolate to find the factor for the™1Use (.5828+.5584)/2 = .5706 for thé"11

Using the cost for the Yainit of $2.5 million, estimate the cost for tHéuhit:
$2.5 million/.5828 = $4,289,636

The cost for
11" unit is $4,289,636(.5706) = $2,447,666

12" unit is $4,289,636(.5584) = $2,395,333
The price with a 10% profit should be

11" unit, $2,447,666/.90 = $2,719,629

12" unit, $2,395,333/.90 = $2,661,481

Total price for 11 and 12" unit is $5,381,110

13. LR =47.5/50 = 95%
For the 19 unit (from Exhibit TN4.5) the expected time is 50(.8433) = 42.165

a.
minutes

b. For the 108 unit (from Exhibit TN4.5) the expected time is 50(.7112) = 35.56
minutes
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14.
a.
For units 1 to 2 = 29/39 = 74.35%
For units 2 to 4 = 19/29 = 65.55%
For units 4 to 8 = 13/19 = 68.42%

The average learning rate is = 69.44 Round this to 70%.

b. From Exhibit TN4.6 100 units = 17.790
-10 units = 4.931
12.859

Labor time for 90 more units = 39(12.859) = 501.5 minutes

c. From Exhibit TN4.5, the 1,08nit will take 39(.0200) = .78 minutes

15. 85% learning. 1,000/hour implies 500 in 30 minutes or .5 houssn AX4.5 we see that
it takes .4930 hours after 20 batches are encoded.

16. 75% learning. From TN4.6 in 24 hours 100 batches of 20 are produoed.TR4.5, the
production rate at 100 batches and 75% learning is .1479 hours/batch, svbii¢é batches/hour
or 135 sandwiches per hour.
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CHAPTER 5
PROCESS ANALYSIS

Review and Discussion Questions

1.

Compare McDonald's old and new processes for mdddnurgers. How valid is McDonald's claim
that the new process will produce fresher hamburgethéocustomers? Comparing McDonald's new
process to the processes used by Burger King and Véemdhich process would appear to produce
the freshest hamburgers?

Exhibit 5.2 illustrates the various processes. McDonald'pimcess was a make-to-stock, where
orders were pulled from finished goods. However, McDdisanew process will assemble-to-order.
Therefore, McDonald's claim of a fresher hamburgeukhhold. Burger King's process is a
combination of McDonald's old and new processes. EseBurger King can hope to do is match
McDonald's with their orders that are assembled-to-ordlbe ones that are taken from finished goods
will generally not be as fresh. Wendy's, on the otlaadhshould beat both McDonald's and Burger
King on freshness, since they cook-to-order (Make-teQt

State in your own words what Little's Law means. Thinkoexample that you have observed where
Little's Law applies.

Little's Law shows the relationship between throughput thteughput time, and the amount of work-
in-process inventory. Specifically, it is throughput time égjaamount of work-in-process inventory
divided by the throughput rate. Little's Law is useful faaraining the performance of a process.
Example 5.1, bread-making operation, illustrate an applicafidittle Law.

Explain how having more work-in-process inventory icaprove the efficiency of a process? How
can this ever be bad?

More work-in-process inventory can be used to buffeltiple stage processes. Specifically, it can
help with blocking or starving. Blocking is when the activiiieshe stage must stop because there is
no place to deposit the item just completed. Starving is Wiesactivities in a stage must stop
because there is no work. Buffer inventories betwgemnations can help relieve these problems, and
improve the efficiency of the overall process. Increasingk-in-process inventory can be bad in that
it involves more investment in inventory, as well as takingraipable floor space. Also, the JIT
philosophy view work-in-process as being negative feargety of reasons (more on JIT in a later
chapter).

Recently some Operations Management experts have begsting that simple minimizing process
velocity, which actually means minimizing the time that it tat@process something through the
system, is the single most important measure for imprawipgcess. Can you think of a situation
when this might not be true?

The problem with focusing exclusively on process veloeityat other dimensions might be ignored,
such as quality or safety. There are many exam@e® would be if drying time was reduced, this

might impact the quality of the process. Another eXeammuld be whiskey, reducing the aging time
would probably impact its quality.
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Problems
Problem | Type of Problem| Difficulty New Problem | Modified Problem | Check Figure in Appendix
Process Analysis H

1 Yes Easy Yes
2 Yes Easy
3 Yes Moderate Yes
4 Yes Moderate
5 Yes Moderate
6 Yes Moderate
7 Yes Moderate Yes
8 Yes Moderate Yes
9 Yes Moderate

1. Traditional method: 20 minutes setup plus 10 companies times 2 minutes perycompan
20 + (10*2) = 40 minutes.
Alternative method: 1 minute setup plus 10 companies times 5 minutes per company.
1 + (10*5) = 51 minutes.

Therefore, the traditional method is best.

2. The longest process on this "assembly line" will govermtitput. Therefore, the maximum
output from this line will be:

Output = available time/cycle time = (40 hours per week)*(6Quteis per hour)/1.5
minutes per student = 1,600 students per week.

Therefore, this line cannot produce the 2,000 students per week.

3.

a. The market can only be served at 3 gal/hr, while rawriabkie received at 4 gal/hr.
Consequently, there is a 1gal/hr build-up of WIP in the bathtub. B@dwours (50 gal
bathtub/1 gal per hour build-up), the bathtub will overflow.

b. The average amount being supplied is only 2.5 gal/hr, so that caitjat rate. The
market will be shy by .5 gal/hr, and a stock-out will occur within each 2 hole.cyc

4.

a. One operator per project: 10 projects per day/8 hours per &b projects/hour. The
productivity of this option is also 1.25 projects/hour. For the twoabdperapproach,
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the second operator will limit the system to a rate of 2 pi®jeaur (this assumes 30
minutes per project). The first operator would be idle for an average of 1Gemgath
project. The productivity for the two operator approach is 2 gi®jeer hour/2 hours
of labor = 1 project/hour.

b. With the one operator, 1000 projects would take 1000 projects/1.@atpper hour =
800 hours or 100 days. With two operators, it would take 1000 projectgéeigrper
hour = 500 hours or 62.5 days. The labor content for the first opt&0d0isours. The
second option requires 1000 hours of labor.

Current plans are to make 100 units of component A, then 100 uritsrgfonent B, then
100 units of component A, then 100 units of component B, etc, where the setum énks
for each component are given below.

Component Setup / Changeover Time Run Time/unit
A 5 minutes 0.2 minutes
B 10 minutes 0.1 minutes

Assume the packaging of the two components is totally autoraattdnly takes 2 seconds
per unit of the final product. This packaging time is smeabbugh that you can ignore it.
What is the average hourly output, in terms of the number of ahifmckaged product
(which includes 1 component A and 1 component B)?

5+ 10 +.2(100) + .1(100) = 15 + 30 = 45 minutes/100 units

45/100 = 60/X

X = 133.3 units/hr.
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Given the following amount of work in seconds required at each station:
A 38 J 32 X 22
B 34 K 30 Y 18

C 35 L 34 z 20

(8 X 60 X 60)/38 = 757

Efficiency: 263/ (9 X 38) = 76.9%

6 x 38 = 228 seconds

Take Order = 100 per hour * 12 hours= 1200
Pick Order = 80 per hour * 24 hours = 1920
Pack Order = 60 per hour * 24 hours = 1440

Maximum output is determined by order taking (1200) stheepick and pack operations can

work up to 24 hours to clear out their order backlog.

If we take the maximum of 1200 orders then:
Pick Order = 1200 orders/80 per hout5hours
Pack Order = 1200 orders/60 per howO=hours

Orders can be taken at a rate of 100/hours and caickesifat the rate of 80/hour so they build at
the rate of 20/hour. Orders are taken for 12 hours.

Maximum orders waiting for picking = 20/hour * 12 hour249
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Orders can be picked at a rate of 80/hours and caadkeg at the rate of 60/hour so they build at
the rate of 20/hour. Orders are picked for 15 hours.

Maximum orders waiting for packing= 20/hour * 15 hour308

(b. revisited) If we take the maximum of 1200 orders then
Pick Order = 1200 orders/80 per hout5hours
Pack Order = 1200 orders/120 per hour = 10 hours
However, Packing has to wait for the orders to be piskeitiwould be 15 hours

(c. revisited) This answer does not change.
Orders can be taken at a rate of 100/hours and caickezifat the rate of 80/hour so they
build at the rate of 20/hour. Orders are taken for 12shou
Maximum orders waiting for picking = 20/hour * 12 hour249

(d. revisited)
Orders can be picked at a rate of 80/hours and caadkeg at the rate of 120/hour so
they build at the rate of O/hour. Orders are picked $ondurs.

Maximum orders waiting for packing= 0/hour * 15 hour® =
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The maximum capacity at National State would be (8 telle@srhhutes)/5 minutes per customer
or 96 customers per hour.

b. We can not handle all the customers by 5:00 pm (see tabl)belhe last customers
are processed after National State closes their doors at 5:00youtilthee done at 5:05.

c. The maximum waiting time is 12.5 minutes (see table bedmd)it occurs from 4:40

4:45.
Customers Customers Customers  Customers
Arriving Departing at Waiting
During During Teller at Expected
Period Period or end of Waiting
Time (Cumulative)  (Cumulative) Waiting Period Time*

4:00 - 4:05 2 2(2) 2 0 0
4:05-4:10 5(7) 5(7) 5 0 0
4:10-4:15 6(13) 6(13) 6 0 0
4:15 - 4:20 8(21) 8(21) 8 0 0
4:20 - 4:25 10(31) 8(29) 10 2 1.25
4:25-4:30 12(43) 8(37) 14 6 3.75
4:30 - 4:35 16(59) 8(45) 22 14 8.75
4:35 - 4:40 12(71) 8(53) 26 18 11.25
4:40 - 4:45 10(81) 8(61) 28 20 12.50
4:45 - 4:50 6(87) 8(69) 26 18 11.25
4:50 - 4:55 4(91) 8(77) 22 14 8.75
4:55 - 5:00 2(93) 8(85) 16 8 5.00
5:00 - 5:05 0(93) 8(93) 8 0 0

* Waiting time is customers waiting * .625 minutes. A custosteruld complete service every
.625 minutes (5 minutes service/8 tellers)

9. The expected output is 3.5 professors per hour (the averfafy, 2, 3, 4, 5, and 6, the
individual output rates). But, after simulating this proc#ss actual output would be less due to
the starving that takes place in the system.
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TECHNICAL NOTE 5
JOB DESIGN AND WORK MEASUREMENT

Review and Discussion Questions

1. Why might practicing managers and industrial engineers beicMdeabout job enrichment
and sociotechnical approaches to job design?

Job enrichment by definition moves away from specialization, lwhitom a purely

mechanical standpoint, is the most efficient way to work. Saatiateal approaches include
job enrichment as a design strategy and in addition emphasizeerand work group

autonomy. Thus, managers and industrial engineers have legittmaterns about the
implications of these approaches on output, planning, and control.

2. Professors commonly complain to their families that book writiigard work and that they
should be excused from helping out with the housework so that theystanikich exhibit
in this chapter should they never let their families see?

Exhibit TN5.3, listing caloric requirements for various aciédt indicates that writing
requires only slightly more calories than sitting at .resthus, from a purely physical
standpoint, professors cannot plead overwork on the job to avoid chores at home

3. Is there an inconsistency when a company requires precisstéinaards and encourages job
enlargement?

This depends greatly on the job at hand. However, if the aleneé the enriched job are
well defined and standardized, there is no reason why objettimdasds cannot be set for
enriched jobs.

As an aside, it is worth emphasizing that work simplificatimtions are not incompatible
with any of the behaviorally oriented approaches to job design. Fompéxgjust because a
worker is given autonomy in performing a task doesn’t mean that the methods by which that
task is accomplished shouldn’t be efficient.

4. Match the following techniques to their most appropriate application;

a. Worker-machine chart a. Washing clothes at a Laundromat
b. Process chart b. Tracing your steps in getting a parking permit
c. Work sampling c. Faculty office hours kept
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5. You have timed your friend, Lefty, assembling widgets. Hig taweraged 12 minutes for
the two cycles you timed. He was working very hard, and youveelieat none of the nine
other operators doing the same job can beat his time. Areegdy to put this time forth as
the standard for making an order of 5,000 widgets? If not, what else could you do?

Exhibit TN5.10 can be used to evaluate the adequacy of the sample size (i.e., numtler of cy
times). The average time in hours for the first twoeyad .200. Since there are to be 5,000
widgets each requiring one cycle, then according to Exhibit TNSh&Cappropriate number

of cycles to be studied is 8. Thus, six additional cycles dhmaitimed. Also, it is important

to know if being lefthanded affects assembly time and whether Left’s added effort should be
accounted for through performance rating to assure that aievgowill have a reasonable
standard.

6. Comment on the following:

a. “Work measurement is old hat. We have automated our office, and now we run every
bill through our computer (after our 25 clerks have typed the d&taour computer
database).”

While work measurement may be “old hat” in the face of computerization, the fact remains
that there are 25 clerks doing manual work that is amenabigethods analysis and time
study.

b. “It’s best that our workers don’t know that they are being time studied. That way, they
can’t complain about us getting in the way when we set time standards.”

Not only does this violate good time study practice, it alsoelediie company open to
worker distrust and union reactions. Most large companies lpgifis policies on how
standards are to be set and rarely would a union agree to theagwerdch advocated in the
above statement.

C. “Once we get everybody on an incentive plan, then we will start our work measurement
program.”

This is extremely poor practice. Wage incentives showembe instituted until jobs are
measured and standardized.

d. “Rhythm is fine for dancing, but it has no place on the shop floor.”

One of the principles of motiorcenomy is “work should be arranged to provide a natural
rhythm that can become automatic.”

7. Organization wide financial incentive plans covertad workers. Some units or individuals
may have contributed more to corporate profits than others. Dbaesldtract from the
effectiveness of the incentive plan system? How would your fiveescheme for a small
software development firm compare to an established auto manufadiurfig

Employee participation is an important dimension of incentive plafise contribution of

units or individuals to corporate profits will naturally be feliént due to the law of
diminishing marginal returns. This means that effective pletisbe designed to generate
productivity improvements across the entire organization. A sswdtivare development
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firm could likely get by with one general plan covering athployees, while a large
automobile manufacturing company would likely apply different ptarthe various parts of
the organization.

Problems

Problem Type of Problem Difficulty New Modified Check
Process| Job Work Time Problem | Problem | Figure in
Chart Satis- | Sampling | Study Appendix

faction A

1 Yes Easy

2 Yes Moderate

3 Yes | Moderate Yes

4 Yes Moderate

5 Yes Easy

6 Yes Easy

7 Yes | Moderate Yes

8 Yes | Moderate

9 Yes Moderate

1. We have used this exercise to illustrate the fact thatieece of correspondence to the
guidelines for job design is a pretty accurate predictor of #mengl level of subjective
safsfaction people have with their jobs. For example, if a person’s job averages one or less
on the scale given, they probably found it to be an unsatisfactomyljen he was doing it.
Similarly, if a person ended up with a score of three or morg,grabably found it to be a
fairly satisfactory job. Of course, the factor of wagesasconsidered in this exercise, but
this doesn’t seem to alter the generally accurate matching of subjective job satisfaction with
that implied by the numerical score.
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2. Flow diagram and process chart of an office procedpreposed method*
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#Requisition is writter: in triplicate by supervisor and approved by purchasing agent. From Ralph M. Bames, Moation and Time Study
(New York: John Wilay & Sons, 1968),
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NT = (total time)(working time proportion)(performance xjddétotal number of pieces
produced) = (45 minutes)(1)(.90)/30 = 1.35 minutes

ST = NT (1 + Allowance) = 1.35 (1 +.12) = 1.51 minutes

NT 135

= = 1.53 minutes
(L-allowances) (- .12

or ST=

Daily output at standard = 8 hours (60 minutes per hour)/1.51 minute3.& &iits
Since this worker did not achieve standard output, no bonus would beRmydwould
be 8 hours per day ($6 per hours) = $48

p = 95%, absolute error = 2.5%
From Exhibit TN5.11, n = 304. Average samples per day = 304 samples/60 days = 5.07

Using random number from Appendix B, the following observation tinaesbe obtained
for the first day:

Time Assign Number
8:00- 8:59 000- 059
9:00-9:59 100-159

10:00- 10:59 200- 259
11:00-11:59 300- 359

Random numbers from Appendix: 799, 077, 383, 683, 152, 331, 285, 045, 513, 456, 176,
524, 574,151, 322

Answer will vary depending upon the random numbers selected.

Random number Observation time

045 8:45
151 9:51
152 9:52
322 11:22
331 11:31

NT = (total time)(working time proportion)(performance indeitdtal number of pieces
produced) = (480 minutes)(.91)(1.15)/2000 = .502 minutes

ST = NT (1 + Allowance) = .502 (1 +.10) = .552 minutes

NT 502

T = = = .558 minutes
(L-allowances) (@1-.10)

or
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6.

o

NT = (total time)(working time proportion)(performance indeitdtal number of pieces
produced) = (280 minutes)(1)(1.25)/5000 = .07 minutes

ST = NT (1 + Allowance) = .07 (1 +.10) = .077 minutes

NT 07

T= =— =.078 minutes
(L-allowances) (- .10)

NT = (total time)(working time proportion)(performance indg€tQtal number of pieces
produced) = (30 minutes)(1)(1.30)/42 = .9286 minutes

ST = NT (1 + Allowance) = .9286 (1 +.15) = 1.0679 minutes

NT 9286
or sT={~-alowances) - (1-19 - 1 0925 minutes

Daily output at standard = 8 hours (60 minutes per hour)/1.0679 mmnu4té8.5 units
If 500 units are produced, wages (day) would be 500/449.5 timesr$&opr times 8
hours per day = $44.49

NT = (total time)(working time proportion)(performance inddtgtal number of pieces
produced) = (90 minutes)(1)(1.30)/10 = 11.7 minutes

ST = NT (1 + Allowance) = 11.7 (1 +.15) = 13.455 minutes

NT 117
or sT={-alowances) - (1~ 19 - 13765 minutes

Daily output at standard = 8 hours (60 minutes per hour)/13.455 minG&&§747
units

If 50 units are produced, wages (day) would be 50/35.67447 times $12 pemtesiBti
hours per day = $134.55
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9. p=30%, absolute error = 3%
From Exhibit TN5.11, n = 933. Average samples per day = 933 samples/60 days = 15.55

Using random number from Appendix B, the following observation tinaesbe obtained
for the first day:

Time Assign Number
8:00- 8:59 000- 059
9:00-9:59 100-159

10:00- 10:59 200- 259
11:00-11:59 300-359

1:00-1:59 400-459
2:00-2:59 500- 559
3:00-3:59 600- 659
4:00-4:59 700- 759

Random numbers from Appendix: 748, 420, 729, 958, 085, 596, 958, 345, 462, 337, 337,
348, 866, 733, 772, 784, 898, 186, 063, 260, 967, 130, 779, 553, 580, 276, 925, 679, 575,
766, 678, 750, 110, 798, 695, 976, 317, 283, 422, 831, 977, 431, 098, 958, 708, 938, 936,
388, 971, 859, 143,

Answer will vary depending, upon the random numbers selected.

Random number Observation time

110 9:10
126 9:26
130 9:30
143 9:43
317 11:17
337 11:37
345 11:45
348 11:48
420 1:20
422 1:22
431 1:31
553 2:53
708 4:08
729 4:29
733 4:33
748 4:48
750 4:50
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CHAPTER 6
MANUFACTURING PROCESS SELECTION AND DESIGN

Review and Discussion Questions

1. What does the product-process matrix tell us? Where would you place a Chstassant
on the matrix?

Products and processes are closely interrelated and both gghtHifedcycle stages. The
stage in the lifecycle of the product will determine the pssceThe advantages of cost and
flexibility can be combined through the adoption of Flexible Maaotufring Systems
technology. The Chinese restaurant case might be debatatdeitsingolves both high
volume and high variety.

2. It has been noted that during World War Il Germany made a criticalkmiby having its
formidable Tiger tanks produced by locomotive manufacturers, while idamecar
manufacturers produced the less formidable U.S. Sherman tank. Use the prodsst-proce
matrix to explain that mistake and its likely result.

The locomotive manufacturers likely used project technologyprodesses. This is low
volume, high cost production. On the other hand, mass-producing automaketise had
technology to make high volume at low per unit cost.

3. How does the production volume affect break-even analysis?

A break-even analysis takes into account the production voluntiethee relevant cost of
producing the volume by the available alternative processezlclilates the relative profit
or loss of the alternative processes, thus helping to dedidd \alternative to choose for a
certain volume of production.

4. What is meant by a process? Describe its important features.
A process means a set of tasks that transform input intolusafputs. The important

features of process are (a) tasks, (b) flow (of matandl information), and (c) storage (of
material and information).
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Problems
Type of Problem Check
Flow - Figure ir.]
Assembly |  Process Modified Appendi
Problem| chart Chart Break-even| Difficulty | New Problem Problem X A
1 Yes Yes Moderate
2 Yes Yes Difficult
3 Yes Moderate Yes
4 Yes Easy
5 Yes Easy
6 Yes Moderate
7 Yes Easy Yes
8 Yes Difficult
9 Easy
10 Easy
11 Easy
12 Easy
13 Easy
1.

a. Assembly chart (answers may vary).

7N Wood frame (4)
l 1 |
\__/
e Staples f/ . \
." 5 ] - :u Assemble frame
. / N // I
f/' - Hang clip / \\.
[ 4% a A2 :u Attach hang clip
\\._ =X ./ \\\ /
f/’f I Glass / B
() [ | Insert glass
\ | 1\ )
\__/ N
TN Cardboard // \
¥ .: i \ Insert cardboard
./ ‘\\ '
7 T Points / a \.\
{ %) e ':I Install points
\\_ / \\ /

‘ A-B ‘ Inspect
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b. Flow process chart (answers may vary.)

Receive

Inspect

To saw

Cut to size

{
N

i
| To assambly

wood moulding

¢
\ Receive
\\ staples
Inspact

5
i | To assembly
S

v Wait

77N Assembly

'\ /JI frame

5
! /' Receive Recsive

7
A / \ / glass
4 rd
b 'y

. hang cli
N ng clip

Inspact Inspact
PSRN BT
{ | Toassembly { bi Tl
Nt \_/ cutting
N / Wit -/_\.
\ /’ @ \__J Cuttosize
Y T
l/ \J Ta aszembly
W
\ / Wait
1 4
/TN Attach Y
'\. /,-’ hang clip
,./ --\. Inzert
N glass
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Inspect
N
N / To cutting
-
\ 1 Cuttosize
N/
_'_,\
( | Toassembly
5 7
Wait

,./ = Insert
\\_/; cardboard

Receive
points

\/

Inspact

TN
L | To assembly
N

NS wait
*
V

Attach
paints

WA

Inspect
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2. This can be a fairly extensive assignment dependiog the amount of research students do into
paddle manufacturing. Without doing any library or fielddgton the production process, students

should be able to come up with a solution approximatingtieegiven below.

a. obtain paddle for model
b. equipment and materials

equipment: bandsaw, hand saws, circular saw, sandinigimeatathe, glue press, handtruck

materials: wood, plywood, rubber for paddle surfacee glacquer, plastic bags for wrapping,
shipping boxes, and tape.

(1) Assembly drawing

2 handle facing
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(2) Assembly chart

— Main Piece
()

- Handle facing (2) / \

.//2 \, [ oAt Glue handle facings to
N

/ \ / main piece

‘ A2 Inspect

Rubber surfaces (2) /--
/ \ { \ Glue rubber surfaces to
\ ¢ /' | & main piece
o \ Fd

A-4 Inspect
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(3) Flow Process Chart

. Receive plywood Receive wood
Receive rubber for main piece for handle
Inspect Inspect Inspect
To saw o hand saws To SClrcuIar
aws
Cut to size Cut from Cut handle
plywood
Wait for To glue Cut into
main piece 9 two pieces
To glue
Wait for
main piece

Inspect

Lacquer
Dry
Glue rubber
surfaces

Inspect
To packing
Put in

plastic bags

Box for
shipment

To finished
goods
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(4) Process route sheets

Part Name: Main Piece

Operation | Operation description Dept. Setup Pieces pen Tools
number time hour
10 Cut to size Saw 1.0 100 Band saw
20 Glue handle facing Glue 0.5 50 Clamps
21 Lacquer Glue 0.3 100 Paint brush
22 Glue rubber surface Glue 0.1 100 Paint brush
Part Name: Handle Facing
Operation | Operation description Dept. Setup Pieces pen Tools
number time hour
15 Cut to size Saw 0.25 400 Circular saw
16 Cross cut diameter Saw 0.25 100 Circular saw
20 Glue handle facing Glue 0.5 50 Clamps
Part Name: Rubber Surface
Operation | Operation description Dept. Setup Pieces pen Tools
number time hour
16 Cut to size in batches of 24 | Saw 0.3 300 Band saw
22 Glue rubber surface Glue 0.1 100 Paint brush
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. a.. Process Flow Diagram
Part C Part A Part B

Drilling Assembly 1

Final Assembly

Final
Component

Capacity of assembly line 1 = 140 units/hour X 8 hoang/d 5 days/week
= 5,600 units/week.

Capacity of drill machines = 3 drill machines X 50 parts/hé@ hours/day X 5 days/week
= 6,000 units/week.

Capacity of final assembly line = 160 units/hour X 8 Iséday X 5 days/week
= 6,400 units/week.

The capacity of the entire process is 5,600 units pek,wéth assembly line 1 limiting the
overall capacity.

Capacity of assembly line 1 = 140 units/hour X 16 higlang X 5 days/week = 11,200 units/week.

Capacity of drill machines = 4 drilling machines X 50 partsfh8 hours/day X 5 days/week
= 8,000 units/week.

Capacity of final assembly line = 160 units/hour X 16refilay X 5 days/week
= 12,800 units/week.
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The capacity of the entire process is 8,000 units pek,weéth drilling machines limiting the
overall capacity.

Capacity of assembly line 1 = 140 units/hour X 16 higkang X 5 days/week
= 11,200 units/week.

Capacity of drill machines =5 drilling machines X 50 partsfi%@& hours/day X 5 days/week
= 10,000 units/week.

Capacity of final assembly line = 160 units/hour X 12refday X 5 days/week
= 9,600 units/week.

The capacity of the entire process is 9,600 units per weigk final assembly machines limiting
the overall capacity.

d. Cost per unit when output = 8,000 units.

Cost per unit

Item Calculation Cost
Cost of part A $.40 X 8,000  $3,200
Cost of part B $.35 X 8,000 2,800
Cost of part C $.15 X 8,000 1,200
Electricity $.01 X 8,000 80
Assembly 1 labor $.30 X 8,000 2,400
Final assembly labor  $.30 X 8,000 2,400
Drilling labor $.15 X 8,000 1,200
Overhead $1,200 per week 1,200
Depreciation $30 per week 30
Total $14,510

= Total cost per week/Number of units prodiyesr week
= $14,510/8,000
=$1.81

Cost per unit when output = 9,600 units.

Cost per unit

Item Calculation Cost
Cost of part A $.40 X 9,600  $3,840
Cost of part B $.35 X 9,600 3,360
Cost of part C $.15 X 9,600 1,440
Electricity $.01 X 9,600 96
Assembly 1 labor $.30 X 9,600 2,880
Final assembly labor  $.30 X 9,600 2,880
Drilling labor $.15 X 9,600 1,440
Overhead $1,200 per week 1,200
Depreciation $30 per week 30
Total $17,166

= Total cost per week/Number of units predyser week
= $17,166/9,600
=$1.79
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Manufacturing Process Selection and Design

Let X = the number of units that each option will produce.

When the company buys the units, the cost is $3.00rpe(3X). When it manufactures the units,
they incur a fixed cost of $120,000 (4 drilling machine$341,000 a piece) and a per unit cost of
$1.81. Therefore, 120,000 + 1.81X is the cost of thtfoa. Set them equal to each other and
solve for X to determine the breakeven point.

3X =120,000 + 1.81X
X =100,840 units.

Therefore, it is better to buy the units when you prodiese than 100,840, and better to produce
them when demand is greater than 100,840 units.

a. FC=(P-VC)*Break-even (where FC = fixed cost, |price, and VC = variable cost)

$300,000 = ($23.00 - $8.00) * Break-even
Break-even = 20,000 books

b. Higher

c. Lower

FC = (P - VC) * Break-even (where FC = fixed cost, Priegg and VC = variable cost)
$150,000 = ($90 - $70) * Break-even
Break-even = 7,500 units.

FC = (P - VC) * Break-even (where FC = fixed cost, P ke@arand VC = variable cost).
$900 = ($5.50 - $4.50) * Break-even
Break-even = 900 units.

FC + profit= (P - VC) *V
(where FC = fixed cost, P = price, and VC = variable @,V = Volume)
$900 + $500 = ($5.50 - $4.50) * V
V = 1400 units.

Profit per unit = (P-VC)*V - FC)/V
$.25 = (($5.50 - $4.50)*V - $900)/V
.25V =V -900
75V =900
V = 1,200 units.

Profit per unit = ((P-VC)*V - FC)/V
$.50 = (($5.50 -$4.50)*V - $900)/V
.50V =V - $900
.50V =900
V = 1,800 units.
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Chapter 6

Profit per unit = ((P-VC)*V - FC)/V
$1.50 = (($5.50 -$4.50)*V - $900)/V
1.5V =V-900
.50V =-900
V =-1,800 units. Not possible.

7. FC=(P-VC) * Break-even (where FC = fixed cost; price, and VC = variable cost).
$2052 = ($.36 - $.144) * Break-even
Break-even = 9,500 miles.

8.
a. FC=(Pc-VCc)*Vc+ (Pb-VCh)*Vb
where
FC = fixed cost
Pi = price for product i
VCi = variable cost for product i
Vi = volume for product i
where i is
¢ = chair
b = bar stool
V=Vc=Vb

$20,000 = ($50 - $25) * V + ($50 - $20) *V

20,000 =25V + 30V

20,000 = 55V

V = 364 units of chairs and bar stools.

Break-even in dollars = $50(364 + 364) = $36,400.

b. FC=(Pc-VCc)*Vc+ (Pb-VCh) * Vb

where
FC = fixed cost
Pi = price for product i
VCi = variable cost for product i
Vi = volume for product i
where i is
¢ = chair
b = bar stool
V =Vc=4Vb

$20,000 = ($50 - $25) * V + ($50 - $20) *4V

20,000 =25V + 120V

20,000 = 145V

V = 138 units of chairs and (4 * 138) = 552 bar stools.
Break-even in dollars = $50(138 + 552) = $34,500.
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10.

11.

12.

a.

Manufacturing Process Selection and Design

I ssue Job Shop Flow Shop
Number of Changeovers Many Few
Labor content of product High Low
Flexibility High Low

60/.75 = 80 units/hour

Determine capacity analysis, look at moving from jobpsto continuous flow production, price
low and make up profits in volume, analyze producticexdtiees in order to determine labor
needs (i.e. can the shop get by with a part time employeeet the extra capacity).

Job Shop Flow Shop
Engineering Emphasis Product variety and improvement. Process improvements
General Workforce Skill Skilled workforce. Lower skill levels.
Statistical Process Contro Less important. More important.
Facility Layout Process, functional. Product, line, flow.
WIP Inventory Level Depends on the product. Lower.

throughput time (time to covert raw material into product)
Throughput time decreases as you move from a job thit@w shop environment.

capital/labor intensity
Capital intensity increases as you move to a flow shop (fogedore machinery). Labor intensity
(assuming you mean # of workers) would probably iaseeas well (depends on the level of
automation). Ratio would increase in a flow shop beceagial requirements are so much greater.

bottlenecks

Would probably decrease in a flow shop.
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TECHNICAL NOTE 6
FACILITY LAYOUT

Review and Discussion Questions

1.

What kind of layout is used in a physical fithess center?

Process layoutsimilar equipment or functions are grouped together, such as rowing
machines in one area, and weight machines in another. Thesexerthusiasts move
through the fitness center, following an established sequence of operations.

What is the key difference between SLP and CRAFT?

SLP is used to evaluate and include qualitative factors and doesjunioé neumerical flow of
items between departments. CRAFT is a quantitative heurigtigrgm that requires a
guantitative measure of interdepartmental work or information flow.

What is the objective of assembly-line balancing? How wgald deal with the situation
where one worker, although trying hard, is 20 percent slowertti@other 10 people on a
line?

The objective is to create an efficient balance betweemaisks and workstations to minimize
idle time. If the employee is deemed valuable, training emance his/her speed. It is also
possible to place him/her in the “choice” job, i.e., that workstation which has most idle time

to adjust for the slowness. Also, faster workers may atsgsslowpoke if the balance and
physical features of the line permit.

How do you determine the idle-time percentage from a given assemblylamedsa
Idle-time percentage is given as “balance delay” in the chapter. It is simply one minus
efficiency, where efficiency is equal to the sum of th& tawes divided by the number of

workstations times the cycle time.

What information of particular importance do route sheets andgwa@terts (discussed in
Chapter 3) provide to the layout planner?

Route sheets and process charts tell the layout planner trensepf steps, the processing
times, the equipment needed, and the delays and storage for thetpoooe made. Clearly,
this information is critical to planning effective use of plant faes.

What is the essential requirement for mixed-model lines to begai&cti

The need to develop a cycle mix that minimizes inventory build-ufewkeping cycle time
constant.
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7.

10.

Facility Layout

Why might it be difficult to develop a GT layout?

a. Distinct parts families must exist. This requires despiely and maintaining a
computerized parts classification and coding system. This can be a majosexpe

b. Several of each type of machine must be available. This dmuldn expensive
proposition, given the cost of purchasing and maintaining duplicate sets oheargchi

c. Taking a machine out of a cluster should not rob a cluster of all cpeity.

d. There may be parts that cannot be associated with a famtilg@ecialized machinery
that cannot be placed in a cell because of its general use.

e. Training personnel to perform multiple types of tasks bmynitially difficult. Union
regulations and interpersonal problems within a group working:@lil anust be resolved
before the cell is implemented.

In what respects is facility layout a marketing problenservices? Give an example of a
service system layout designed to maximize the amount of time the cussam#éra system.

The facility layout must be designed to meet customer exfi@as. Unlike fast food outlets,
many finer restaurants will try to maximize the time that a custasriargystem via requiring
a waiting period before seating customers (even those withvaéieas). Many customers
will patronize the cocktail lounge (thus enhancing profits).

Consider a department store. Which departments probably should looatesl near each
other? Would any departments benefit from close proximity?

Ask the students to list the various types of departmentsi@partment store. For example,
typical departments include: women’s clothing, men’s clothing, children’s clothing (both
male and female), shoes, health and beauty aids, tools, campingesuppme supplies,
music, toys, etc. There are obvious noncomplimentary departmentssstagisaand health
and beauty aids. An example of complimentary departments would be men’s clothing and
shoes.

How would a flowchart help in planning the servicescape |&yoithat sorts of features
would act as focal points or otherwise draw customers alengiic paths through the
service? In a supermarket, what departments should be located first along the customers’
path? Which should be located last?

The flowchart aids in monitoring the flow of customers through éneice area. This would
provide a means for providing a layout that minimizes theudist required for customers to
reach the product. Focal points could includenit style blue lights and “end cap”
displays. In a supermarket, the first things in the customer’s path should be shopping carts
and convenience items such as a delicatessen. It should bebemérthat certain popular
items such as milk and eggs are kept at the rear ofra &tacause the customer to walk
through the store and increase impulse purchases.
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Technical Note 6

Problems

Problem Type of Problem Difficulty | New Modified | Check
Office Mixed- Assembly | SLP | Material Problem| Problem Flgure In
Layout | model Line Handling Appendix

Sequence | Balancing Cost A
Model

1 Yes Moderate

2 Yes Moderate

3 Yes Moderate Yes

4 Yes Moderate

5 Yes Difficult

6 Yes Moderate

7 Yes Difficult

8 Yes Difficult

9 Yes Difficult Yes

10 Yes Moderate

11 Yes Moderate

12 Yes Moderate

13 Yes Difficult

1. Cyprus Citrus Cooperative has many alternatives. Beldweisxisting layout with the steps
in the process numbered.

i Files Billin
Typist | Fites] O Billing
Order
d| 4 1. |crewk 310
.‘\ _-ﬂ'. -._-"‘:.’.
'-. ‘“\-.::3.-‘:'.‘::.':.- - .:_._,...u’-' ..... -
Fomomerosomoons L e T e - Files
B R T L P R .,
aeper
Clerk 2. keep 5 D
CJ D Oftice
1Safel Supetrvisor

90

www.elsolucionario.net




Facility Layout

Students will identify many possible alternatives. Assuntited no jobs are combined, the
following is a possibly:

Billing Files | Filas Book-
Clerk 3 4 D keepar
Supervisor

5.10

C} 1. 2. DF’riceand

Order Extension
Clerk Clerk Isafel

2. Mixed model balance.
Required output/day: 24B + 24D

Process times: 12 minutes per B, and 8 minutes per D.

Model sequence B B D D D B B B B D DD

Operationtime 12 12 8 8 8 12 12 12 12 8 8 8

Minicycle time 24 24 24 24 24
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Technical Note 6

b. C = production time per day/required output per day
seconds/hour)/240 units per day = 120 seconds per unit

C.
Work station Task  Task time Idle time
| g 60
50 10
1] (B: 80
20 20
1 E 90
30 0
G
30
v H 60 30
. 420
d. Efficiency = = =.875 or 87.5%
N,C 4(120
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Facility Layout

65

b. C = production time per day/required output per day = (450 minuyg868units
per day = 1.25 minutes per unit or 75 seconds per unit

C.
Work station Task Tasktime Idle time
é 30
I E 30
15 0
Il F 65 10
1l (E; 35
40 0
D
35
v H 25 15
- T 275
d. Efficiency=—— = —— =.9170r 91.7%
N.C 479
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Technical Note 6

5. a. C = production time per day/required output per day

= (7.5 hour per day) (3600 seconds per hour)/1000units per day = 27 seconds per
unit

Work station Task Task time Idle time

I A 15
C 6 6
I B 24 3
1] E 18
F 7 2
v I 14
D 12 1
Vv G 11
H 9
J 7 0
VI K 15
L 10 2
- T 148
c. Efficiency=—— = —— =.9140r 91.4%
N,.C 6(27)

d. Reduce cycle time to 25 ((7.5*3600)/1100 = 24.54 seconds), which requires
rebalancing the line or work overtime: (100 units) 27 seconds per uRif09
seconds or 45 minutes of overtime.
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Facility Layout

100 100 100

50" A B C 50"

D 50"

From/to  Distances - Flow Cost = distance X
rectilinear flow X $2
AtoB 100° 10 $2,000
AtoC 200 25 10,000
AtoD 250’ 55 27,500
BtoC 100° 10 2,000
BtoD 150 5 1,500
CtoD 50 15 1,500
Total $44,500

45 20 15

C = production time per day/required output per day = (7.5 hour per day) (3600

seconds per hour)/300 units per day = 90 seconds per unit
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Technical Note 6

e.

= I — ﬂ) = 4.56 — 5 work stations
C 90

Work station Task Tasktime Idle time

I a 70
d 10 10
Il g 60
j 25 5
1 C 45
b 40 5
v e 30
h 50 10
\% f 20
| 15
k 20
I 25 10
- T 410
Efficiency =—— = ——— =.911 0r 91.1%
N.C 5(0)

Reduce cycle time to 81 seconds per unit. This produces (7.5{@60& seconds
per hour)/81 seconds per units = 333.3 units. Another option is to workrndfem
overtime (7.5 x 10% = .75 hour or 45 minutes). There are many othenspt
possible that are combinations of these two options.
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Facility Layout

2X10=20

7N -

[ X

6 [ 4
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Technical Note 6

C.
OIICHCINE=
20'
60'
d. Unlikely. The nurses’ station is not centrally located, and while patients may not

go to the lab (department 5) very often, the nurses do. Thuswithelp a great
deal of walking. It would be interesting to have the nursingf stafelop
closeness ratings and contrast them with that of administrators and M.D.s.

9. a. C = production time per day/required output per day = (7 hour per day) (3600

seconds per hour)/750 units per day = 33.6 seconds per unit

b. N, l = 1—18 = 3.51 —> 4 work stations

'TC 336
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Facility Layout

d.

Work station Task Tasktime Idle time
[ A 20

B 7 6.6
Il D 22

F 10 1.6
1 C 20 13.6
v E 15

G 16 2.6
\% H 8 25.6

. 118
Efficiency = = =.702 or 70.2%
N,C  5@336)

f. Reduce cycle time to 32. New production level is (7 hours/day)(3é8onds per
hour)/32 seconds per unit) = 787.5 units per day. Therefore, they are78J®% =
12.5 units short. Work (12.5 units )(32 seconds per unit) = 400 seconds7or 6
minutes overtime.

g. 1000- 787.5 = 212.5 units short, work (212.5 units)(32 seconds per unit) = 6800

seconds or 113.3 minutes or 1.89 hours of overtime. May want to consider
rebalancing the line.

a. There are 8! = 40,320 assignments possible if no constraints are applied.

b. There are only two layout that satisfy all of the constraints.

Layout |
A B G H
1 2 3 4
Courtyard
E F C D
5 6 7 8
99
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Layout Il
A C G H
1 2 3 4
Courtyard
E F B D
5 6 7 8

The following table contains the total materials handling costth®two alternative

layouts.
Path Flow Distance Cost

Layout1l Layoutll Layoutl Layoutll
A-B 2 10 25 20 50
A-C 0 25 10 0 0
A-D 0 34 34 0 0
A-E 5 15 15 75 75
A-F 0 18 18 0 0
A-G 0 20 20 0 0
A-H 0 30 30 0 0
B-C 0 18 18 0 0
B-D 0 25 10 0 0
B-E 0 18 20 0 0
B-F 3 15 10 45 30
B-G 0 10 15 0 0
B-H 2 20 18 40 36
C-D 0 10 25 0 0
C-E 0 20 18 0 0
C-F 0 10 15 0 0
C-G 0 15 10 0 0
C-H 3 18 20 54 60
D-E 4 30 30 120 120
D-F 0 20 20 0 0
D-G 0 18 18 0 0
D-H 0 15 15 0 0
E-F 1 10 10 10 10
E-G 0 25 25 0 0
E-H 0 34 34 0 0
F-G 1 18 18 18 18
F-H 0 25 25 0 0
G-H 4 10 10 40 40
Total 422 439

Based upon total material handling cost, layout | is optimal.

10C

www.elsolucionario.net




11. a.

Facility Layout

8

6

Adjacency Flow Distance Flow * Distance

1-2
1-5
2-3
2-7
3-4
3-5
4-5
4-7
5-6
6-7
7-8

35
1
30
4
45
5
30
3
30
20
15

Total

10
40
10
10
10
20
10
30
10
10
10

350
40
300
40
450
100
300
90
300
200
150
2320

12. a. Cycle time = Production time per day/required output per day

7.5 (60)(60)/900 units = 30 seconds

b. Efficiency = sum of task time/(actual number of workstations x ¢iyoks

120 sec/ (4(30)) =1 This is 100 percent efficient

c. To make 900 units per shift, station 3 will need to be duplicated.

Efficiency formula = 135/ (5(30)) = .9 This assume that each of the othe

Operators still take 30 seconds to complete. The system becomdfdesy due to the idle
time at the parallel workstations.

www.elsolucionario.net
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13. a.
b. C = production time per day/required output per day = 60
minutes per hour)/15 units per hour = 4 minutes per unit.
C.
Work station  Task Tasktime Idle time
I A 1
C 3 0
Il E 3 1
[ B 2
F 2 0
v D 1
G 3 0
d. Efficiency =L = £ =.9375 or 93.75%
N.C 4(4)
10z
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CHAPTER 7
SERVICE PROCESS SELECTION AND DESIGN

Review and Discussion Questions

1.

Who is the “customer” in a jail? A cemetery? A summer camp for children?

From the standpoint of society as a whole, the customee isufside community. However,
when we say in a jail, then we are talking about the prisoridrs.customer in a cemetery is
generally the family or friends of the “loved one.” For a summer camp for children, the
ostensible customers are the children. However, spetalseére usually made to serve the
best food and provide the best amenities on parents’ visit day.

How have price and variety competition changed McDonald’s basic formula for success?

McDonald’s originally emphasized quick delivery of a limited menu. In response to
competition McDonald’s has continuously expanded its menu. Some evidence suggests that
service, including quick delivery, has suffered as a result.

Could a service firm use production line approach or self-sisign and still keep a high
customer focus (personal attention)? Explain and support your answexarntples.

Yes, this is possible. In many instances, the customer actesises more technology and
feels that the service will not have as high a qualithevit it. For example, dental care with
its mechanized X-ray techniques requires far less customer d@ind less exposure to
radiation. The self-service design can also support customes, fee@xample the ATM
provides customer access to funds at a variety of locations and 24 hours a day.

Why should a manager of a bank home office be evaluated diffetlean a manager of a
bank branch?

Since a bank home office typifies low contact quasimanufacturinde vehbank branch
typifies medium contact mixed service, the problems faced byagemnent differ
considerably.

Identify the high-contact and low-contact operations of the followingceesvi

a. A dental office.

Dental office high contact includes waiting rooms, receptiondgstist(s), hygienist(s), x-
ray, etc., while labs would be low contact.

b. Anairline.

Airline high contact includes reservations desk, loading concopiaae with crew and
attendants, etc. Low contact includes maintenance, baggage handlingygevations, etc.
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Chapter 7

10.

c. An accounting office.

In an accounting office, high contact includes reception and CPAde @Ww contact
includes records, computer, library, etc.

d. An automobile agency

Automobile agency high contact includes showroom and offices. Low atoimzudes
maintenance, preparation, records-files, etc.

Are there any servidaisinesses that won’t be affected by knowledge outsourcing?

Service businesses that require face-to-face contact ast likely to be affected by
knowledge outsourcing. However, as technology improves even metiagaiosis and
treatment might take place at home where the patient wouldthewkselves up to the right
monitoring system the could be fed directly to a doctor anywhere in the world.

Relative to the behavioral science discussion, what paactdvice do you have for a hotel
manager to enhance the ending of a guest's stay in the hotel?

How about putting a couple of Starbuck's coffee coupons in the envadlmmeg with the bill
that is slipped under the door in the early morning of check-out Bay?uests staying
several days, arrange to have the manager say a personal good bye.

List some occupations or sporting events where the endingdsm@nant element in
evaluating success.

Attorney's closing argument at trial; the professor'd fieeture in the course; the comedian
saving his best joke for last, the magician saving bedt tac last; the "dismount" in all
gymnastic exercises; the entry into the water in diving competitions.

Behavioral scientists suggest that we remember everggags shots, not movies. How
would you apply this to designing a service?

What this means is that not all parts of the servicefegual impact in one's memory, and
therefore place your resources on those areas that give yow#tebang for the "memory
buck.” That is, think about which snap shots you want to clearly "fram#ie customer's
memory-- these might be thought of as the sweet spots of theeseou might even want
to create them. For example, a Lexus dealership in Los Angeles hanadomgt stemmed
rose when a customer comes to the service counter to pay foeoacirgy. While
the general car servicing process involves mainly inconveniencénthge" experience was
dominated by a positive snap shot of receiving a rose. Another exal@elash Mountain
at Disneyland, photographers regularly take pictures of people comingdodiu# their ride.
These become the keepsakes long after the details of the day areforgot

Some suggest that customer expectation is the key to semeimess. Give an example
from your own experience to support or refute this assertion.

Most responses will probably support rather than refute this assertion.
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11.

12.

13.

Service Process Design and Selection
Where would you place a drivechurch, a campus food vending machine, and a bar’s
automatic mixed drink machine on the service-system design matrix?
Referring to the exhibit, the most logical placement would appear to bigeaiechnology.
Can a manufacturer have a service guarantee in addition to a prodaotegr

Certainly, with some makes of automobiles, a rental caudsagteed if the product fails.
Many products are sold with warranties promising free and prompt service

Suppose you were the manager of a restaurant and you weronelstly that a couple
eating dinner had just seen a mouse. What would you say to them? Haivwwoukcover
from this service crisis?

The only thing you can do is to try to overcompensate for the evdiake dinner free.
Promise to contract with an exterminator. Offer them another free dinner after a “cooling
off” period. The Tylenol response is a good model to following in this situation.
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Chapter 7

Problems
Type of Problem
Service- .
system 3-T’s of System e New Modified _Check F|gu_re
Problem : ' . Difficulty in Appendix
design service Design Problem Problem A
matrix
1 Yes Easy
2 Yes Easy
3 Yes Moderate
4 Yes Difficult
5 Yes Easy
1.
Degree of customer/service contact
Buffered Core Permeable system Reactive system
(none) (some) (much)
High Low
Production
Sales efficiency
Opportunity
order
(catalog) (complaints)
Low High

10¢€
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Service Process Design and Selection

Degree of customer/service contact

Buffered Core

Permeable system
(some)

Reactive system
(much)

Sales
Opportunity

High

Low

Physician/Patient

Nurse/Patient

Diagnostic test
(X-Rays)

Medical records
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3. Here is a form that the students could use.

Task:

Treatment

Tangible Features:
(environment, layout, and
appearance)

Rating:

(1) poor

(3) average

(5) excellent

The following is what a completed form might look like.

Buy a shirt Checkout
Task:
No salesperson Professional, efficient, but
available not extremely friendly
Treatment

1

3

Tangible Features:
(environment, layout, and
appearance)

Layout was efficient,
appearance was excellent

5

Layout was logical, time

in line was average

3

Rating:

(1) poor

(3) average

(5) excellent

10¢
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Service Process Design and Selection

a. The important aspects of the service package are rapid deliveapnidbian, high-quality
mix of prepared foods in an environment of obvious cleanliness, order,haedid

courtesy.

b. Most of the skills needed by employees are easily obtainedgthrtraining. Probably
one of the most important aspects is thelegee’s attitude. They should be willing to
provide efficient service with cheerful courtesy.

c. Customer demand can be altered through promotions, such as digwoofftpeak
period. Also, extra services could be offered during off-pealogerto encourage
customers. These could include having an employee walk thitbegtacility offering
free refills on drinks

d. An example of a service blueprint for McDonald’s.

Fail point: order

Fail point: order Fail point: special
improperly taken order not requested e}ssembled
incorrectly
Customer Customer eats or
g:jﬁg‘:;:g:g: receives order departs
. Special orders are| Orders are Order given to
Order is taken requested assembled customer
% % Line of visibility
Cook receives Cook prepares Food transferred VE;%Z rzp|rc:|tts| altn e
order to cook food| foodSpecial to warmers
order to restock

I

Fail point: special
order cooked Fail point: warmers
incorrectly out of food

e. The customer/provider interface could be changed to includetewimeology by having
the customer place the order himself on a display screemw(thill also be more self-
service). Many fast food restaurants have the customers gedrighinks.

f. One measure currently used is the average time toveegeur order. Many times this is
visible to the customer on the cash register. Other measuukinclude cleanliness of
grounds, interior, restrooms, and counter; friendliness of employees, and sale

10¢
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5. What are the differences between high and low customerctgetaice (CCS) businesses, in
general, for the dimensions listed below? {Example - Facilityou& in a high CCS, the facility
would be designed to enhance the feelings and comfort of the earsidiite in a low CCS, the
facility would be designed for efficient processing.}

Low CCS Businesses High CCS Businesses
Worker Skill Low High
Capacity ,
Utilization High Low
Level of Hiah Low
Automation 9
11C
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TECHNICAL NOTE 7
WAITING LINE MANAGEMENT

Review and Discussion Questions

1.

Cultural factors affect waiting lines. For example, &@mtckout lines (e.g., 10 items of less)
are uncommon in Japan. Why do you think this is so?

A manager of a major store chain told one of the authorstthdidn't make sense to give
preferential treatment to people who buy less from you.

How many waiting lines did you encounter during your last airline flight?

Possibilities include: baggage check-in, ticket counter, sgocinigck, check-in at gate, at
boarding, and baggage pickup.

Distinguish between a channel and a phase.

A channel is the initial service point of a queuing systemphAse refers to the number of
stages that the service points provide. It is possiblbate single to multiple service
channels and single to multiple service phases.

What it the major cost trade-off that must be made in managing wantengifuations?

The classic trade-off is between the cost of waiting foriserversus the cost of providing
additional service capacity, e.g., the cost of idle WIP versusa$ieof adding more workers
and machines to process the inventory.

Which assumptions are necessary to employ the formulas given for Model 17?

Poisson arrival rates, exponential service rates, which impdurely random process, but
with a known mean (and hence known variance). Also assumed ithéharocess has
reached a point of stochastic equilibrium. In other words, steady state @ongitevail.

In what way might the first-come, first served rule beairnfo the customer waiting for
service in a bank or hospital?

In a bank, FCFS may be perceived to be unfair by customers whdangeeaccounts, but
who must wait while the less "important” customers obtain service.

In a hospital, especially in an emergency room, FCFS is proltadlgxception rather than
the rule. FCFS would be unfair when a patient with a minor probletreased before
another experiencing severe pain.

Define, in a practical sense, what is meant by an exponentialeséme.

An exponential service time means that most of the timeséhneice requirements are of
short time duration, but there are occasional long ones. Exporgistrédution also means
that the probability that a service will be completed in tlext instant of time is not
dependent on the time at which it entered the system. Wsegathat a barber, for example,
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does not fit an exponential distribution in either case. The badm an average time for
cutting hair, and a person who has been sitting in the chair gethagaut for the past 15
minutes has a higher probability of being completed in the next minute tharoa s just
walked in and sat down.

8. Would you expect the exponential distribution to be a good apprijaimaf service times
for
a. Buying an airline ticket at the airport?

Yes. Although certain customers will require special routiagd payment methods,
most ticketing is pretty straightforward and entails a shortstirne.

b. Riding a merry-go-round at a carnival?
No. The Merry-go-round has a fixed cycle time and hence constant seatees
c. Checking out of a hotel?

No. Probably a better approximation would be a normal distribuithme $ast and slow
checkouts are likely to be fairly equally balanced.

d. Completing a midterm exam in your OM class?

No. From our experience, students require the entire clagsl fand then some) to
finish the typical mid-term. Thus, the service rate is closenstant.

9. Would you expect the Poisson distribution to be a good approximation of
a. Runners crossing the finish line in the Boston Marathon?

Yes. The arrival pattern typically shows a few runners arriving “early” and the majority
arriving in a bunch and the remainder spread out along the tail of thbwdistni

b. Arrival times of the student in your OM class?
No. Arrivals are not random since there is a schedule to be met.
c. Arrival times of the bus to you stop at school?

No. Again, arrivals are not random since the bus follows a set schedule.
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Problems
Problem Type of Problem Difficulty | New Modified | Check
Model | Model | Model | Model | Waiting Problem | Problem | figure in
1 2 3 4 Time Appendix
Aprox. A
1 Yes Easy
2 Yes Yes Moderate
3 Yes Easy
4 Yes Moderate
5 Yes Moderate Yes
6 Yes Yes Moderate
7 Yes Moderate
8 Yes Yes Moderate
9 Yes Difficult Yes
10 Yes Yes Moderate Yes
11 Yes Moderate
12 Yes Difficult
13 Yes Easy
14 Yes Moderate
15 Yes Yes Moderate
16 Yes Yes Moderate
17 Yes Moderate Yes
18 Yes Moderate
19 Yes Moderate
20 Yes Yes Moderate
21 Yes Difficult
22 Yes Moderate
23 Yes Moderate
24 Yes Moderate
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1. Use model 1.
A = 4/hour [ = 6/hour

a l1-p= 1—A = 1—ﬂ =.33330r 33.33%
1 6
2 2 L
b. Lq = A = 4 =1.33, Wq == 1—33 = 1/3 hour or 20 minutes
H(L-A) 6(6-4) 4
)\2 42
c. Lq = = = 1.33 students
H(L-A) 6(6-4)

d. Atleast one other student waiting in line is the same¢ lagst two in the system. This probability
is 1-(Ry+Py).

(2]

o3y
=t

Probability of at least one in line is 1-(.3333 + .22223444

.3333

2222

2. Use model 1.
a. A = 4/hour [ =10/hour

)\2 42
L = =
T ou(u-A)  10(0-4)
Waiting cost = number in line times goodwill loss per houemumber of hours per day.
=.267(10)8 = $21.33 per day
Total cost = waiting cost + additional service cost
=$21.33 + $99.50 = $120.83 per day

= .267 students

b. Use model 3.
A4
M=2, p = — =— =.667
6
Interpolating from Exhibit TN7.11| , = .0837

Therefore, waiting cost = number in line times goodwill losshour times of hour per day
=.0837(10)8 = $6.70 per day

Total cost = waiting cost + additional service cost

= $6.70 + $75.00 = $81.70 per day

Consequently, it is better to hire another clerk.
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3. Use model 1.
A = 10/hour M =15/hour

o

10
1-p =1-— =.3333 0r 33.33%
15
b. P(both clerks busy) = P(one clerk busy) * P(one dberky)

, (10Y°
=p° = 1—5 = .4444 or 44.44

c. P(both clerks idle) = P(one clerk idle) * P(one clerk idle)
=(.3333)(.3333) =.1111 0or 11.11%
A° 10
d L,= = = 1.33 customers
H(L—=A) 1515-10)
e. L = A 10,
H—A 15-10
L
W, =—= 2. 2 or 12 minutes
A 10

4. Use model 3
A = 20/hour M =15/hour

a. S=2,anp = A = %) =1.3333, from Exhibit TN7.11,L, = 1.122

P Lq(s_lj _ 1.122(2/1.333 - 1) = 56%

(55% from DSS for POM, 56% contains rounding error)
b. 1.1 customers, see a for calculation.

L, =L, +A/W=1.122 + 20/15 = 2.455
L, _ 2455 _ 12 hours or 7.2 minutes

SO 20
d. Yes, fewer customers in line and shorter time in system.

5. Use model 2.
A = 60/50 per minute 1 = 60/45 per minute

minutes.

L = A° - (60/50)° — 4.05 cars
Y 2u(u-A)  2(60/45)(60/45- 60/50)

L, =L, +A/H =4.05 + (60/50)/(60/45) = 4.95 cars

woola_ 405 .
“7 A (60/50)
_L 495 =4.125minutes
* XN (60/50)
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6. Use Model 1.
A = 100 per hour |1 =120 per hour

a L - A 100 _ -5
BT 120 100
W, = 5 = i = .05 hours or 3 minutes
A 100
b. Now, U =180 per hour
LN 100 ;55
H—A 180-100
= 5 = £5 = .0125 hours or .75 minutes or 45 seconds
A 100

c. Using model 3\ = 100 per hour i =120 per hour
s=2,angy A _200_ gaqs from Exhibit TN7.11,L, = .1756
T120

L =L+ =1756+10=1.01
[Vl 120

= 5 = 1_01 = .0101 hours or .605 minutes or 36.3 seconds
A 100

7. Use model 2.
A = 10 per hour U =12 per hour

2
a. L = A = 10° = 2.083 people
To2u(u-A)  202(12-10)

b. Lo=L,+A/l =2.083+10/12 = 2.917 people

C. Wq — % — 2083: 2082 hours.
d. _Ls 2917 = 2917 hours
* A 10

A2 12
= — ©
2u(p-A)  202(12-12

e. It will cause it to increase, & = 12 per hour, L, =

8. Use model 1
A = 3 per minute [l =4 per minute

A

a Li=——= = 3 customers

H—A 4-3
b WZI; §=1 minute

* N 3

A 3
C. P=—=—=.750r75%

V1 4

d. Probability of 3 or more is equal to-Jrobability of 0, 1, 2

0 1 2
P=(1-2] 3] - aso0, R=[1-2] 3 <015 pzz(l_ﬁj(ﬁj - 1406
4\ 4 4\ 4 4\ 4

Total of R + P, + P, = (.2500 + .1875 + .1406) = .5781
Therefore, the probability of three or more is 1 - .5784249
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If a automatic vendor is installed, use model 2.

e.
(a. revisited)
A2 3
L = =
To2u(u-N) 24(4-3) =1 125 customers
Ly=L,+A/W=1125+7%=1.875
(b. revisited)
L
W,=—= 125 375minutes
A 3
W, = L1870 .625 minutes
A 3
By converting to constant service time, the number in linedsice from 3 to 1.875 people (a
reduction of 1.125, and time in system is reduced fromirfute to .625 minutes (a reduction of
.375 minutes or 22.5 seconds).
Use model 4.
N =4, population of 4 engineers,
S =1, one technical specialist,
T =1, average time to help engineer,
U =7, time between requests for help
T 1 _ -
a. X= =—— =.125, look up value of F in Exhibit TN7.12
T+U 1+7
F =.945, therefore, L = N(1-F) = 4(1-.945) = .22 epgits waiting
L(T+U) 220+7
bh. W= ( ) = ( ) =.466 hours or 28 minutes
N-L 4— 22
c. From Exhibit S6.12 at X=.125, and S=1, D = .362. heowords, 36.2% of the time an engineer

will have to wait for the specialist.

10. Use model 1A = 20 per hour L =30 per hour

a.

b.

C.

A 20 .
L= = = 2 people in the system
pH—A 30-20
= % = £= .10 hours or 6 minutes

Probability of 3 or more is equal to-Jorobability of 0, 1, 2

_

0
P, = 1-20 (E)j =.3333
30

1
P, = 1—@j Ej = .2222

30

2
P, = 129120} _ 14e
30 30

Total of R + P, + P, = (.3333 + .2222 + .1481) = .7036
Therefore, the probability of three or more is 1 - .7038364
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ph_20
d. K 30 _ 67 0r679%
e. Use model 3.
A 20
=—=—=.6667
po 30

From Exhibit TN7.11,L, =.0093
L, =L, +A/H1=.0093 +20/30 = .676

= 5 = @ =.0338 hours or 2.03 minutes

A

11. Use model 1
A = 5perhour L =6 per hour

A 5 :
a. Lg=——=——=5people inthe system
H—A 6-5
W, =5=§= 1 hours
A5
A 5

= 4.17 people on average

Lq = =
H(L-A) 6(6-5)
a. Itwould be busyp = =.833 or 83.3% of the time, for a 12 hour day .833E.2D hours

0 0
b. B, = 1_A A [1—§j(§J =.167 or 16.7%
HA M 6\ 6

c. W, = .75andA =5 per hour,

= .75:%: L,=375

= | >
ol

W<k
A
A

L:

S

— 375= = U =633, therefore, the service rate must be at least 6.33

H=A n=5
customers per hour

12. Use model 4.
N =4, population of 4 pieces of equipment,
S =1, one repairperson,

T =.0833, average time for repair,
U = .5, time between requests for repair (hours)
T .0833 _ L
a. X = = =.1428, look up value of F in Exhibit TN7.12
T+U .0833+.5
F =.928, therefore, L = N(1-F) = 4(1-.928) = .288 hiaes waiting
b. J=NF(1-X) = 4(.928)(1-.1428) = 3.18 machines opegatin
c. H=FNX=.928(4).1428 = .53 machines being serviced
d. n=L+H=.287 +.53 =.817 machines in the system
Cost of downtime is .817 times $20 per hour = $16.3%par
Cost of one serviceperson =$ 6.00 per hour
Total cost per hour =$22.34
11¢
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14.

15.

Waiting Line Management

With 2 repairpersons, S =2,
T .0833

T+U .0833+.5
F =.995, therefore, L = N(1-F) = 4(1-.995) = .020 hiaes waiting
H = FNX =.995(4).1428 = .568 machines being serviced
n=L+H=.020 + .568 = .588

=.1428, look up value of F in Exhibit TN7.12

Cost of downtime is .588 times $20 per hour = $11.%épar
Cost of two serviceperson = $12.00 per hour
Total cost per hour = $23.76

No, added cost of $1.42 per hour would be added fmrgkrepairperson

Use model 1.
A = 2 per hour L =3 per hour
N 2°
a. Lq = = =1.333 customers waiting
H(H-A) 3B-2)
L
b. W, = Tq = &233 = .667 hours or 40 minutes
c. L A 2 2, W, L2 1 hour
H-A 3-2 A2
A2 .
d. p=—=—=.67o0r67% of the time
Ho3
Use model 3.

A = 2 per hour =3 per hour
A2 L
a. p=—=_,fromExhibit TN7.11,L, =.0837
3

b. WL, /)\ =.0837/2 = .0418 hours or 2.51 minutes
C. Ly=L, +A/U=.0837+2/3=.7504 W, =L_/\=.7504/2 =.3751 hours or 22.51 minutes

Use model 1.
A = 6 per hour 1 =10 per hour

A 6
a. L.=———=—— =1.5people
M—A 10-6

L = % = .25 hours or 15 minutes

6
=— =.60 or 60%
10

c. Probability of more then 3 people is equal toptobability of 0, 1, 2

-3
SO
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1
<35
10\ 10
2
o (1 £ 8] 0
10\ 10

Total of R + P, + P, = (.4000 + .2400 + .1440) = .7840
Therefore, the probability of three or more is 1 - .784@160
d. Use model 3.

A 6 "

p =—=— =.60, from Exhibit TN7.11] , =.0593
po10

L, =L, +A/u=.0593+ 6/10=.6593

W, = L /A =.6593/6 = 1099 hours or 6.6 minutes

.2400

16. Use model 1.
A = 60/55 per minute A =60/50 per minute

a. L= A = 60/55 = 10.00 people
M—A 60/50- 60/55
= L = 1000 _ 9.167 minutes
Y (60/55)
b. L A 60/55 = 10.00 people

*"W-A  60/50— 60/55
c. Probability of 3 or more is equal to-Jprobability of 0, 1, 2

-y

60/55) 60/55)°
P, =|1- = .0909
60/50 \ 60/50
60/55) 60/55)"
P=|1- =.0826
60/50 )\ 60/50
[ 60/55 (60/55)2
), = 1- =.0751
60/50 \ 60/50

Total of R + P, + P, = (.0909 + .0826 + .0751) = .2487
Therefore, the probability of three or more is 1 - .2487513

5} _60/55
d. B 60750 5091 or 90.91%
e. Use model 2.
A2 (60/55)*
= 4.545

L = =

9 2u(u-\) 2(60/50)(60/50—60/55)
L, =L, +A/H =4.545 + (60/55)/(60/50) = 5.455 minutes
W, = L/A\ =5.455/(60/55) = 5.0 minutes
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17. Use model 1.
A = 25 per hour W =30 per hour

A 25
=—=—=.8330r83.3%
o 30
A 25 ,
b. L= = = 5.00 document in the system
H-A 30-25
c. W :5 = 500 _ .20 hours or 12 minutes
* N 25

d. Probability of 4 or more is equal te-probability of 0, 1, 2, 3

-
uAu
0
P, :(1—§ (éj = .1667
30\ 30

1
P, = 1-22] 23] _ 138
30\ 30

513
30\ 30

3
(125 2 s

2
=.1157
3

30\ 30

Total of R + P, + P, + P;= (.1667 + .1389 + .1157 + .0965) = .5178
Therefore, the probability of three or more is 1 - .517.8822 or 48.22%

A2 307
L = = —> 0
* pu(u-A)  30B0-30)

18. Use model 1.
A = 4 per hour L =6 per hour

A4
a. P=—=— =.6670r66.7%
6

U
A 4 .
b. L,=——=-—— =2.00 students in the system
H=A 4-2
L, 20
c. W,= TS =4 = .50 hours or 30 minutes
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d. Probability of 4 or more is equal te- probability of 0, 1, 2, 3

SEIRNLY
uAu
0
P, = 1-4 (f] = 3333
6 )\ 6
1
P, = 1—% ﬂj = 2222
6 /\ 6
2
o (1 (4] -
6\ 6

3
P, =(1—ﬂ [ﬂj =.0988
6\ 6

Total of R + P, + P, + P;= (.3333 +.2222 +.1481 + .0988) = .8024
Therefore, the probability of three or more is 1 - .8024976 or 19.76%

)\2 62
Lq = = — ®
H(H-A) 6(6-6)

19. Use model 1.
A = 10 per minute [l =12 per minute

A 10°

a. L,= = =4.17 people

H(L—A) 1212-10)
b. :Lz 10 =5 W =5=£:.5 minute or 30 seconds

* u-A 12-10 * A 10

A 10
C. =—=—=.8330r83.3%

poo12

d. Probability of 3 or more is equal te- probability of 0, 1, 2

-

0
R =(1-22]12) < 1667
12 )\12

1
p _(1.10Y10
12 )\ 12

2
by (1 10(10
12 )\ 12

Total of R + P, + P, + P;= (.1667 + .1389 + .1157) = .4213
Therefore, the probability of three or more is 1 - .421.83787 or 57.87%

.1389

1157
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20. Use model 3.
A = 10 per minutell = 12 per minute

A 10

a. — =.8333, from Exhibit TN7.11Lq =.175 cars

poo12
b. Lo=L,+A/l=.175+.8333=1.008
C. WS = % = &08 =.101 minutes or 6.06 seconds
Use model 1, and cuk in half.

22 52
d. Lq = = =.298
H(L—A) 1202-5)
Since there are two lines, the total number in line is 24ir@98, which is .596 cars
A 5
d. LS =——=——=.7143
M=—A 12-5
= % = E =.143 minutes or 8.58 seconds
21. Use model 1.

A = 2 per hour
With one repair persorfl =2

A 2
LS = =— >0

H=A 2-2

With two repair peoplepl =3

A

= 2cars

L=——=——
H=—A 3-2
With three repair peopleil =4

L, = A = 2 =1car
H=A 4-2
Number of repair  Service rate _ Cost of waiting Cost of Total cost
personnel per hour s per hout service per  per hour
() hour

1 2 © $ o $ 20 $ o

2 3 2 80 40 120

3 4 1 40 60 100

Note: 1 = cost of waiting is number in system times downtost of $40 per hour.
2 = cost of service is number of repair personnel tiweage rate ($20 per hour).
Should use three repair persons.

22. Use model 2.
A = 750 per hourd = 900 per hour
a. W, =L,/A=2.92/750 =.003889 hours or .2333 minutes or 1drgix
L - N _ 750°
4 2u(u-A)  2(900(900-750)
L, =L, +A/H =2.083 + 750/900 = 2.92 cars

= 2.083 cars
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23. You are planning a bank. You plan for 6 tellers. Teligke 15 minutes per customer with a standard
deviation of 7 minutes. Customers arrive 1 every threeutes according to an exponential
distribution. Every customer that arrives eventually getsicma. (Use the approximation model
spreadsheet “Waiting Line Approximations.xls” for this solution.)

X,=3,5=3,X,=158=7,5=6

c.->2-3_1 c-=>_"_ 667
X, 3 X. 15

A=tolazas p- Ll 06667, p= o338 _gam
X, X, 15 St 6(.06667

a. On average how many customers would be waiting in line?
_ pVEed N CZ+C2 .8332/%%% X 1? +.4667

. = =1.8468
1-p 2 1-.8332 2

L

b. On average how long would a customer spend in the?ban
L, = Lq + Sp =1.848+ (6)(.8332 = 6.8468
W _ Le _ 6:8468

=== = 205404
A 3333

c. If a -customer arrived, saw the line and decided not ¢et in line
that customer has
Answer: Balked

d. A customer who enters the line but decides to leavérthédefore getting service is said to have

Answer: Reneged
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24. You are planning the new layout for the local branfcthe Sixth Ninth Bank. You are considering
separate cashier windows for the three different clasbagrvice. Each class of service would be
separate with its own cashiers and customers. Oddlygeneach class of service, while different, has
exactly the same demand and service times. Peopl&doclass of service arrive every 4 minutes and
arrival times are exponentially distributed. It takes 7 minutegteice each customer and the standard
deviation of the service times is 3 minutes. You assigndaghiers to each type of service. (Use the
approximation model spreadsheet “Waiting Line Approximation.xls”.)

X,=4,5=4,X,=7,5=3,5=2

c-2_%_q c-=_3_ a5
X 4 X 7

Aot ol o500 potoloapg oo o 2500 _ g7g
X, 4 X 7 Su 2(1429

a. On average, how long will each line be at each of tHeerasindows?

_ pYEs® X CZ+CZ .8750%*7 X 12 + .428%

L =
9 1-p 2 1-.8750 2

=34138

b. On average how long will a customer spend in the bassufae they enter, go directly to one line and
leave as soon as service is complete).

L, =L, +S, = 34138+ (2)(:8750 = 5.1638

w _Ls 51638

A .2500

= 20.6553

You decide to consolidate all the cashiers so they candatidiypes of customers without increasing
the service times.

c. What will happen to the amount of time each cashier spdies (increase, decrease, stay the same,
depends on )

Answer: Stay the same

d. What will happen to the average amount of time a custspends in the bank? (increase, decrease,
stay the same, depends on )

Answer: Decrease
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CHAPTER 8
QUALITY MANAGEMENT: FOCUS ON SIX SIGMA

Review and Discussion Questions

1. Isthe goal of Six Sigma quality realistic for services such as BlockiidEn Stores?

A goal of Six Sigma can also be used for services. The @aevarere Six Sigma maybe
difficult is that many aspects of service quality areedaspon customer perception--for
example--the courtesy of the clerk. In spite of all efforténesone may perceive that the
clerk was not courteous. But in spite of this problem, eeffiort should be made to attain
Six Sigma in both manufacturing and service settings.

2. “If line employees are required to work on quality improvement activities, their
productivity will suffer.” Discuss.

The Japanese have demonstrated that high quality and the high piibduetdded to offer
low prices are not mutually exclusive. Products made correctlirgt¢ime do not have to
be reworked or scrapped, which translates into lower costsdt@rials and workers. If one
includes the time required for rework, time expended for the prioducf each product
would be lower if quality control becomes a line responsibility.

3. “You don’t inspect quality into a product; you have to build it in.” Discuss the
implications of this statement.

The typical U.S. factory invests 20 to 25 percent of its opeydiudget in finding and fixing
mistakes. One fourth of all workers fix things that are dene right. These are appraisal
and internal failure cost. On the other hand, if quality staisdare enforced as the item is
being built, appraisal, internal and external failure costsdeitrease while prevention costs
will increase. The rule of thumb is that for every dollar spermprevention, ten dollars are
saved in failure and appraisal costs.

4. “Before you build quality in, you must think it in.” How do the implications of this
statement differ from those of Question 3?

The “thinking quality in” philosophy requires a longer-term perspective than the “building
quality in” philosophy. “Building quality in” includes short-term techniques, such as tuning
the production equipment to assure consistent quality. “Thinking quality in” includes longer-
term technigues such as designing the product to be robust enoaghigwee high quality
despite fluctuations on the produectitine, training workers to be capable of “thinking in
quality,” and developing a working environment in which “thinking in quality” is nurtured.

5. Business writer Tom Peters has suggested that in making prduasges, we should
“Try it, test it, and get on with it.” How does this square with the DMAIC/Continuous
Improvement philosophy?

“Try it, test it, and get on with it” is closely related to Analyze and Improve stage of DMAIC
(define, measure, analyze, improve, control). Missing from Peter’s suggestion is the planning
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portion of the DMAIC cycle. The plan involves determining therappate improvement
that is tested on a small scale during the analyze amva activities, and implemented on
a wider scale during the improve stage of the DMAIC.

6. Shingo told a story of a poka-yoke he developed to makdsatreperators avoided the
mistake of putting less than the required four springs in & puston device. The
existing method involved assemblers taking individual springs @mobox containing
several hundred, and then placing two of them behind an ON button and two more behind
an OFF button. What was the poka-yoke Shingo created?

One common poka-yoke is part kitting. By kitting individual bosk®ur springs, operators
could make sure no springs remain in the box after the assembly operations.

7. The typical computerized word processing package is loaded withyodks. List
three. Are there any others you wish the packages had?

(i) When exiting the word processor, a prompt asks whether or novgouto save the
document. (ii) Many word processors will make backup filesagibus points in time.
(i) Many word processors will automatically correct tegm words when they are
misspelled, such as “the.” Word processors have made tremendous strides in this area.
Although it would be nice if the word processor checked the form of a word like “to,”
t0o,” and “two.”

127

www.elsolucionario.net




Chapter

8

Problems
Problem Type of Problem Difficulty | New Modified | Check
Fishbone| Benchmarking| Six Source | SERV Problem | Problem Figure in
and CI Sigma | of QUAL Appendix
Defects
e-SQ A
1 Yes Moderate
2 Yes Moderate
3 Yes Difficult
4 Yes Moderate
5 Yes | Moderate
6 Yes | Moderate
7 Yes Moderate
8 Yes Moderate
1. Not so good. He has 23 defectives, a DPMO of 15,333 and a sigma of around 2.4.
DPMO =[23/1 defect opportunity/unit x 1500] x 1,000,000 = 15,333
2.
‘ Machine ‘ ‘ Materials ‘
Wrong Cheap
temperature beans
Broken
thermostat
» Poor cup of coffee
Don't
grind Genetic
beans defect
enough
| Method | | Labor

This fishbone diagram examines four elements of a processriats, machine, method, and

labor. In this example, ProfessChase has isolated the root cause of why he can’t make a
good cup of coffee-it’s a genetic defect: his mother was never able to make a good cup of
coffee. His solution is to change the labor force or skip coffee (retgamhopeless).

3. Student-specific answer. Student should compare his or her performandeptrfoesiers
in the class and similar classes. They should identify the criticagéss factors of these top
students. A cause-and-effect diagram could be drawn to link the poor codicsmagce to
the root causes. They could then develop an improvement plan and test the péasingln

class and based on the performance improvement, they could apply the improved study
processes to all classes.
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4. Answers will vary. See Exhibit 8.10 for an example of the sources of si¢dbbte. One
example might look like the following:
Michele and Wayne assembled a wardrobe with the following mistakesiogc

They initially did not read the directions. (Omitted processing)

They assemble the wardrobe face-up and then had to turn it ovéadb the backing.
(Errors setting up)

As each component was attached the screws were tightened;enptievlast piece would
not fit into place. (Processing errors)

Components were continually moved to make room as the wardookeshape. (Errors
setting up workpieces)

While the doors open and closed effortlessly, the right-hand dooslightly lower than the
left-hand one.(Adjustment errors)

Several shelves that had been installed had to be taken out to ailiew pieces to be
assembled. (Processing wrong workpiece)

Several screws were left over when the wardrobe wasyfinalembled. (Missing or wrong
parts)

The Philips head screw diver that they were using was sliggalyarge for the screw heads.
(Tools improperly prepared).

5. Answers will vary from student-to-student, and from bank-to-bank. Th&BERVQUAL
dimensions follow:
Table 2. SERVQUAL IMPORTANCE WEIGHTS

Listed below are five features pertaining to banks and the semhiegsoffer. We
would like to know how much each of these features is important to themcerst
Please allocate 100 points among the five features according torpmatant it is to
you. Make sure the points add up to 100.

1. The appearance of the banks physical facilities, equipment,
personnel, and communication materials. points

2. The banks ability to perform the promised service
dependably and accurately. points

3. The bank's willingness to help customers and provide prompt
service. points

4. The knowledge and courtesy of the bank's employees and their
ability to convey trust and confidence. points

5. The caring, individual attention the bank provides
its employees. points

Total: 100 points
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6. Answers will vary from student to student and from bank to bank.

=

P OO ~NOUITA,WN

[

. Reliability - Does the bank’ site accurately delivery your account’s
information?

. Responsiveness - How quick does the site respond to your requests?

. Access - Speed of the web site.

. Flexibility - How well does the site adapt to different requests?

. Ease of Navigation - Ability to get around site and find wanted information.

. Efficiency - Ease of use.

. Assurance/Trust - Accuracy of account information.

. Security privacy - Does the site use encryption?

. Price knowledge Not directly applicable to a bank’s web site.

. Site Aesthetics - Is the site attractive.

. Customization/personalization - Can you set your own home page with the
bank’s site.

SUPPLIERS INPUTS PROCESS OUTPUTS CUSTOMERS
Airport Operator  Facility Ticket Passengers

Airline
Sky Caps
Security S

Plane & Personnel Boarding Pass
Baggage Checked Baggage
creeners Passenger Transportation

Process Steps:
Arrive Curbside-> Check Baggage (sky cap or ticket counter)Security screening
—>check in at departure gat® board aircraft
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VALUE ADDED

Arrive at

Quality Management: Focus on Six Sigma

NON-VALUE-ADDED

Curbside

Check Baggage [«

QOotain Baggage
Claim Check

Arrive at Security

Check point

Arrive at

A 4

=
=

Yes Pass 2d

Departure Gate

Security

]

20 Security
Check
Available?

Yes

Agent

Obtain Boarding

A 4

Available?

Yes

Board P

Aircraft
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TECHNICAL NOTE 8
PROCESS CAPABILITY AND STATISTICAL QUALITY
CONTROL

Review and Discussion Questions

1. The capability index allows for some drifting of the proaeesan. Discuss what this
means in terms of product quality output.

When Gy is larger then 1.33 or 1.5, this means that the mean of the pracedsft (up to a
limit) while still producing within specifications. This is what is implied by the phrase “a
capable process."

2. Discuss the purposes and differences between the P-charts and X-bahang.R c

P-charts are used to monitor the process for attribute data. These are typically binomial “go,
no-go” data. An example of a P-chart is percent of pieces nonconforming. X-bar charts are
used for charting population values for continuous measurement. XHaais operate
effectively with smaller sample sizes than P-charts, big fhore involved to analyze the
sample for an X-bar chart since a measurement must be. takerule of thumb for the
sample size of a P-chart is to have at least one defénte@ch sample. This can require a
relatively large sample size in some cases. If the moreslow, an X-bar chart will
generally be a better choice since it functions with smaHlenple sizes. An example of an
X-bar chart is average time to complete a mile run for omsope R charts are used to
compute process ranges for variable data, and are generally used inwihcésbar charts.

3. In an agreement between a supplier and a customer, the supplier must enalirgattist
are within tolerance before shipment to the customer. Whatwmithe effect on the
cost of quality to the customer?

Before the agreement was made, the customer probably inspeciiepbeiato protect against
off-spec supplies. This agreement (ideally) eliminateséesl for this inspection. Appraisal
costs, such as materials and supplies inspection and reliabgditpg, will be reduced since
the agreement would ensure that the supplies are totallynwialdgrance. This allows the
customer to focus attention on quality improvement within his or dvem processes,
requiring an increase in prevention cost. Scrap and reworkwiisitsitially drop because
of the improvement in the quality of the part supply. Once ptése programs are in force,
scrap, repair, rework, and downtime costs will drop even furthesuse of improvements in
the internal process. External failure costs will drop becatisaprovement in the product
and the process.

132

www.elsolucionario.net




Process Capability and Statistical Quality Control

4. In the situation described in Question 3, what would be the effieitte cost of quality to
the supplier?

If operating under the traditional definition for the quality cohfunction, appraisal costs
will increase since all parts, not just a sample, must heedted before shipment. Coupled
with costs associated with internal and external failure, apaserin the appraisal cost could
drive up the price of the parts so that they are no longer competitive.

5. Discuss the trade-off between achieving a zero AQL (aaiolepguality level) and a
positive AQL (e.g., an AQL of 2 percent).

The tradeoff involves a cost/precision tradeoff. This idoguaus to the service level/cost
tradeoff. From a classical economic point of view, if the cbdetects is very high, an AQL
of zero is economical. If defect costs are nominal, theafasthieving near perfect quality
can be prohibitive. This assumes that conformance is asymptotic tostrexis.
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Problems
Problem Difficulty | New Modified | Check
Type of Problem Problem | Problem | Figure in

Costof | P-chart | X-bar Accep- Cok Appendix
Inspec- and R tance A
tion charts Sampling

1 Yes Easy Yes

2 Yes Moderate

3 Yes Moderate

4 Yes Easy

5 Yes Easy

6 Yes Moderate Yes

7 Yes Easy

8 Yes Moderate

9 Yes Easy Yes

10 Yes Moderate

11 Yes Moderate

12 Yes Moderate Yes

13 Yes Moderate

14 Yes Moderate

1. Defective average = .04, inspection rate = 50 per hour, cosdpsfctor = $9 per hour, and
repair cost is $10 each.

a.

Calculation Cost per hour
No inspection .04 * (50) * $10 $20
Inspection 9

Therefore, it is cheaper to inspect in this case.
b. Cost per unit for inspection = $9/50 = $.18
c. Benefit form the current inspection process is
Hourly: cost of no inspectioncost of inspection ($20 - $9 = $11)

Per unit: average cost of qualitycost of inspection ((.04)$10 - $.18 = $.22)
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o) o) ’

A C, —min UTL-X X-LTL| o [101-1002 1002- 99 | ovgeo aag
3.003 ' 3.003

=.889

b. The process is capable of producing the desired quality, buessnprit is not capable
due to the process center. The process center should be adjusted.

a. Ten defectives were found in 10 samples of size 15.

|3:1_O= 067

1005

_ |P@-P) [067(%.067
S, =1 - = 5 0645

UCL = P +1.96S, = .067 + 1.96(.0645) = .194

LCL= P -1.96S, = .067 - 1.96(.0645) =-.060> zero

P

=

UcL = 192

Center= .07

Propartion Noncanforming

e
o

LCL = 0000

25
1
B
m
o
-
o
o

2 10

Sigma lewvel: 1.95

b. Stop the process and look for the special cause, it is out of statistitrall.c
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Technical Note 8

4. Defective average = .02, inspection rate = 20 per hour, cassmédtor = $8 per hour, and
replacement cost is $25 each.

a.
Calculation Cost per
hour
No inspection  .02(20)$25 $10
Inspection 8

Therefore, it is cheaper to inspect in this case.
b. Cost per unit for inspection = $8/20 = $.40

Benefit form the current inspection process per unit is:ameecost of quality cost of
inspection ((.02)$25 - $.40 = $.10)

5. Defective average = .03, inspection rate = 30 per hour, tospector = $8 per hour, and
correction cost is $10 each.

Calculation Cost per Cost per unit

hour
No inspection .03(30)$10 %9 $.300
Inspection 8 .267

Therefore, it is cheaper to inspect in this case.

6.
Sample 1 2 3 4 mean range
1010 991 985 986 993.00 25
2 995 996 1009 994 998.50 15
3 990 1003 1015 1008 1004.00 25
4 1015 1020 1009 998 1010.50 22
5 1013 1019 1005 993 1007.50 26
6 994 1001 994 1005 998.50 11
7 989 992 982 1020 995.75 38
8 1001 986 996 996 994.75 15
9 1006 989 1005 1007 1001.75 18
10 992 1007 1006 979 996.00 28
11 996 1006 997 989 997.00 17
12 1019 996 991 1011 1004.25 28
13 981 991 989 1003 991.00 22
14 999 993 988 984 991.00 15
15 1013 1002 1005 992 1003.00 21

X = 999.1, R= 21.733
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Control limits for X-bar chart;

UCL, LCL = X+A,R, = 999.1 + .73(21.733) = 1014.965, 983.235

Control limits for R chart;

UCL = D,R = 2.28(21.7333) = 49.551

LCL = D,R = 0(21.7333) = 0.00

1016 2326

1007 G50 o

Qoo 023

9o0.507 o

1,931

1 2 =2 < a =} i = a 10 11 12 12 1< 15

Sigma lewvel: 3
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G0

T i R R R R e e R R R i R R R M M S e R iR i )

20 -

/\/\/\ JANWAN

AR A A ARV,

10 =

Range

Sigma lewval: 2

The process is in statistical control.

a. AQL=.03,LTPD=.10
LTPD/AQL =.10/.03 = 3.333
From Exhibit TN8.10, c = 5.

Also from this Exhibit, n (AQL) = 2.613

2613 261:

n= =
AQL ~ 03

=87.1, round up to 88

b. Allow up to 5 defective components
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600
10(100Q

_ |P@-P) [.06(1.09
S, =1 - = 1000 - 0075

UCL = P +2S, = .06 + 2(.0075) = .075

a. P= 06

LCL= P -2S, = .06-2(.0075) =.045

P chart

A0

il

=

=

.

(]

'E o

o P

(]

Q p—

[

= 0z UCL = 0750

=

=]

E Center= 0800

[ P

=]

L 000 LEL = .0450
1 2 3 4 5 6 7 3 g 10

Sigma level: 2

b. The chart indicates that the process is out of control. The adetioisthould
investigate the quality of the patient meals.
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a. AQL=.15,LTPD=.40
LTPD/AQL = .40/.15 = 2.667
From Exhibit TN8.10, c = 8.

Also from this Exhibit, n(AQL) = 4.695

4.695 469¢

"=a0L T 15

=31.3, round up to 32

b. Randomly sample 32 LSI, reject the lot if more than 8 defective
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Proportion Monconforming

P-

S, =

UCL

12(1000

Process Capability and Statistical Quality Control

100
=.008333

PA-P) J .008338 . 008333
,/ = 1000 = .00287

=P+ 1.96S, = .008333 + 1.96(.00287) = .01396

LCL= P -1.96S, = .008333 - 1.96(.00287) =.0027

k=

014 o

012 o

010

P chart

00g - / ™, iy ¥ g
006 o
<
004 o -
UL = 01396
002 « Center= 0023
0.000 LCL = 0027
1 2 ] 4 5 A 7 ] ] 10 11 12

The

Sigma level: 1.96

process is in control.  Therefore, it can be statedtlieacrime rate has not

increased. However, there appears to be a gradual increase iméneate.
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_ 300 _ 415
20(1000

_|P@-P) [015%.015
sp_,/ - - 1000 - 00384

UCL = P + 1.96S, = .015 + 1.96(.00384) = .0225

11. P=

LCL= P - 1.96S, =.015 - 1.96(.00384) = .0075

P chart

.04

0z o

EAVAT AN

YR AYES

Proportion Monconforming

.00

Sigma level: 1.96

Process is out of statistical control.
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P

UCL = 0225

Center= 0150

LCL = 0075

Specifically, thremas outside of UCL warrant further
investigation, and four areas below LCL warrant investigation.
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Sample number 1 2 3 4 5 Mean Range
1 486 .499 493 511 481 494 .030
2 499 506 516 .494 529 .509 .035
3 496 500 515 .488 521 .504 .033
4 495 506 .483 .487 .489 492 .023
5 472 502 526 .469 481 490 .057
6 473 495 507 .493 506 495 .034
7 495 512 490 .471 504 494 .041
8 525 501 .498 474 .485 497 .051
9 497 501 517 506 516 .507 .020
10 495 505 516 511 497 .505 .021
11 495 482 468 492 492 486 .027
12 483 .459 526 506 .522 499 .067
13 521 512 493 525 510 512 .032
14 487 521 507 .501 .500 .503 .034
15 493 516 .499 511 513 .506 .023
16 473 506 .479 .480 .523 492 .050
17 477 485 513 484 496 491 .036
18 515 493 493 485 475 492 .040
19 511 536 .486 .497 491 .504 .050
20 509 490 .470 504 512 497 .042

X = .499, R= .037

Control limits for X-bar chart:

UCL, LCL = X+A R, = ..499 + .58(.037) = .520, .478

Control limits for R chart:
UCL = D,R =2.11(.037) = .078

LCL = D,R = 0(.037) = 0.00
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bean

X-bar
2 Xebar
UCL = 523
Porerage = A00
___________________________ LCL = 477
b 3 < 19 20
Sigma lewel: 2
R
UCL = 024

Range

Sigma level: 3

Process is in statistical control.
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b.

a.

Process Capability and Statistical Quality Control

. {UTL -X X- LTL} . {4.003— 4.001 4.001- 3.997}
C, =min =min =
o o)

31002 ' 3(.002
= .333

No, the machine is not capable of producing the part at the desired quelity le

c,, —min UTL-X X-LTL|_ . [110-100 100-90 _ min{8333.8333
£y £y 3(4) 3(4)
= .8333
C =Mmin UTL=X X-LTL| i) 110-92 92-90 = min{1.500Q.1667,
£y £y 34) 34
= .1667

Many defects will be produced. Assuming a normal distributien|eft tail is z = (92 -
90)/4 = .50, which corresponds to a probability of .1915. The right taiki§110-92)/4 =
4.5, which approximately corresponds to a probability of .5000. Thereforé, (A®115
+ .5000) are inside the specifications, while 1- .6915 = .3085 or approxinddyare
outside the specification limits.
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CHAPTER 9
OPERATIONS CONSULTING AND REENGINEERING

Review and Discussion Questions

1. Check out the web sites of the consulting companies listed irh#pgec outlines. Which
ones impressed you most as a potential client and as a potential employee?

Remember that web sites can change at any time. However, anghodite should be
technically sound and contain the appropriate information. Teahagpects include the
appearance including the choice of colors and fonts, the abilitydonfaterial on the site
(organization), ability to find the site (is it linked in tharious search engine or on
professional organization’s web sites?), ability to load easily, as well as the overall user
friendliness of the site. Content should include what thepaom does, what they could do
for your, their experience in the area, and their professioamlirg of employees (e.g.,
degrees held, certifications, etc.).

2. What does it take to be a good consultant? Is this a career for you?

Good consultants generally need good communications skills, goodiealagkKills plus
expertise and experience in the area they wish to consult in.tigkddly, in considering a
career as a consultant, the student should considered wiledyewould like to be a
consultant.
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3. Think about the registration process at your university. Develop a flaitchanderstand it.
How would you radically redesign this process?

A typical registration process might be:

Obtain registration materials

Use the class list to select courses

Fill out registration form

Obtain an advisor's signature for the registration form

After waiting in line, sit with a registration clerk who enters
classes into a computer

Student is assigned to desired An alternate course is
class searched for and selected

A bill is generated

The student pays the bill prior to the semester in question

One means of reengineering this process is to implemelgpddme or Internet registration
system. This could eliminate several steps in the process.
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4. Have you driven any car lately? Try not to think of theriasce claims settlement process
while you drive! How would you reengineer your insurana@pzany’s claims process?

For a simple auto claim not involving injury, the process invob@#acting an agent, an
adjustor is assigned, the injured party obtains three deSintdne estimates are sent to the
adjustor, the job is assigned to a body shop, and the work iguailgnperformed.
Depending upon the situation, the check is either sent to the body shop or tliepajtre

Any of the steps could be combined, reassigned or eliminated. For exahgladjustor
could take the vehicle to a preferred body shop and pay the bill immediately.

5. Identify the typical processes in manufacturing firms. Dschew the new product
development process interacts with the traditional functions inrthe fi

Traditional processes in a firm are broadly categorizedtimae areas: planning, organizing,
and controlling operations. Planning includes the aggregate plannicgspr strategic
planning, product planning, etc. Organizing includes the procedspsocess selection,
organizing the work force, layout, etc. Control processes includetygueaintrol, costs
controls, inventory controls, etc.

New product development is changing radically with concurrent engineeringhdhfsrced
an integrative, cross-functional approach to product design. Thealagitension of this
process is to operate cross-functionally while becoming closer to ttoenars

6. In discussing characteristics of efficient plants, Goodson, developer of “Rapid Plant
Assessments”, suggests that numerous forklifts are a sign of poor space utilization. What do
you think is behind this observation?

Forklifts require wide aisles and are expensive to operatey @lso increase pollution, and
encourage unnecessary movement of materials. “In the best plants, if materials need to be
moved a short distance, employees use hand-propelled roll ifats; materials are too
heavy to move by hand, garden tractors pull the carts in linked trains.” Eugene Goodson,
“Read a Plant Fast,” Harvard Business Review, May 2002, p. 109.
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Problems

Problem Type of Problem Difficulty New Modified | Check Figure
Consulting Reengineering Problem Problem | in Appendix

A

1 Yes Moderate

2 Yes Moderate

3 Yes Moderate

4 Yes Moderate

5 Yes Moderate

6 Yes Moderate

1. Answers will vary. But the proposal should include the following:
a. Situation faced by client.
b. Desired client outcomes
c. Planning premises (including possible complications).
d. Specific problem statement.
e. Initial hypotheses.

f.  Work plan, including approach to be followed, client involvement, datd needs from
client.

g. Scope of project, identifying specific phases and deliverables.
h. Identification of project team members and support capabilities.
i. Fee structure and payment schedule.

] Specification of the precise features of a service guaraihiese(l).

2. Answers will vary based upon the group. A good solution should follow the hint to develop a
good prospectus. Specifically, check to see if the prospectusnsoataeasonable target
market and do the skills of the team match the tangeitet’s needs.

3. The typical procurement process involves drafting a requegtrégosal (RFP, possibly
involving attorneys), mailing the RFPs to suppliers, receiving,®daluating bids, drafting
contracts, drafting purchase orders (PO), sending copies of PQsetsupplier and
accounting, receiving the supplies and a bill, transmittiegbili to accounting, and paying
the bill (from accounting.
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The Bose Corporation has adopted an interesting restructuringabfgsing. The concept is
termed JIT 1. At Bose, suppliers are given authority titewpurchase orders thereby
eliminating the purchasing department.

Additionally many organizations are using corporate procurement @@atgpe of credit card
for the company) for small valued purchases to eliminate manthefsteps in the
procurement process.

Since this process is multi-functional, reengineering is a gppdoach. It appears that all of
the steps can either be combined or eliminated. Losing conttbegbrocess is typically

cited as a reason for not eliminating some of these steps. &tstenld be asked to identify
organizational and technological enablers that will facilitate¢kagineering process.

4. There is a potential for continuous improvement. However, tige laumber of defects
demonstrates the need for reengineering. The Chapter outlie¢ofsseps for improving
this process. These steps include: stating a case fonaetialuating enablers, studying the
current process, creating a new process design and implementing the reedgineeess.

5. We suggest having teams simply report in class on whathiney observed in their plant
tour. Goodson notes that he has had teams look at cinema comgkxeealers, and
microbreweries, as well as large and small manufacturingatipes. Benefits come even
from taking tours during non-business hours. Goodson points out thain@@nours of
three fire truck manufacturing plants being considered for@ubtidding by Oshkosh Truck
provided enough information about how costs could be cut that they becdnsddgrs and
won. (The surveys indicated that a few million dollars a year could be savexirfaple, by
eliminating materials handling bottlenecks, consolidatiranigl, reducing inventories, and
running the shop paint shop on one shift instead of three.)

6. Refer to discussion in Question 5.
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CHAPTER 10
SUPPLY CHAIN STRATEGY

Review and Discussion Questions

1. What recent changes have caused supply chain management to gaimiogforta
Changes include:
a. Competitive pressures from foreign firms.
b. Elevation of product quality to a very high level of importance.
c. International marketing and international purchasing.
d. Trends towards choosing sole-source suppliers and long term relgagonshi

e. Product varieties and ranges are rapidly changing, and spedivefyd® market is
essential.

f. Product life cycles have shortened necessitating knowledge and coningdwfaries
in the various pipelines.

g. Adoption of JIT production has changed supplier relationships and hasaiksased
the focus on reducing inventories.

h. Trends in the legal system hold manufacturers liable for prodlwteisi even though
causes of failure may lie outside of the production system itself.

i. Use of EDI in purchasing.
j-  The growth of supplier development.

2. With so much productive capacity and room for expansion in the Usiigeels, why would a
company based in the United States choose to purchase items fragn fore? Discuss the
pros and cons.

The use of foreign firms can provide a U.S. firm more alterestin selecting a supplier.
The pros are more choices, potentially reduced costs in the afenaterials, transportation,
production, and distribution, and potentially moving closer to a fornigrket. The cons are
the distance is generally increased, communications probleniscaeased due to distance,
culture, and technology. There may be problems with customs, governegemations,
political stability, etc.

3. Describe the differences between functional and innovative products.
Functional products are staples that people buy in a wide cngéail outlets. Typically,

they do not change much over time, have low profit margins, stableciatgldi demand and
long life cycles. Innovative products, on the other hand, giveress additional reasons to
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buy. Fashionable clothes and personal computers are examples ddtivegwoducts.
Innovative products have short life cycles, high profit margins, andleai@mand.

4. What are characteristics of efficient, responsive, rigigimg and agile supply chains? Can a
supply chain be both efficient and responsive? Risk-hedging and Agile? Why ardtthy

Efficient supply chains are designed to minimize cost thatimes) high utilization,
minimizing inventory, and selecting vendors based primarily on codt quality, and
designing products that are produced at minimum cost. Market-réapsapply chains are
designed to minimize lead time to respond to unpredictable demandmihimizing
stockout costs and obsolete inventory costs. Risk sharing supphsare those that share
resources so that risks in the supply chain can be shared. a#giteose supply chains that
are flexible while still sharing risks of shortages acribgs supply chain. Generally, these
supply chains carry excess capacity and higher buffer sto¢ksdor in responsive supply
chains would be selected for speed, flexibility, and qualitys piossible to be both efficient
and responsive, and both Risk-hedging and Agile, but Exhibit 10.4 h&iggate why
supply chains are generally not both.

5. As a supplier, which factors would you consider about a buyer fyatential customer) to
be important in setting up a long-term relationship?

The financial stability and credit worthiness of the compiangf primary importance. The
reputation of the company visavis their supplier is also vapprtant. For example, is this a
company that is fair with its suppliers and honors its payablestimely fashion? Is the
technological match between supplier and customer sufficient? d@ivery schedules and
guantities be stable, facilitating smooth operations?

6. For the value density example in Exhibit 10.9, what would the difedt a competing firm
offers you a similar service for 10 percent less than Federal Express’s rates?

Weight United Parcel Competitor Cost Break-Even
(Ibs.) Service: 8-day 2-Day Air Savings Break-Even Product Value

Ground Service Service with UPS Product Value (per pound)
1 $3.30 $16.43 $13.13 $2,661.46 $2,661.46
2 $3.60 $18.45 $14.85 $3,011.25 $1,505.63
3 $3.85 $20.25 $16.40 $3,325.56 $1,108.52
4 $4.10 $22.05 $17.95 $3,639.86 $909.97
5 $4.30 $24.08 $19.78 $4,009.93 $801.99
6 $4.50 $25.88 $21.38 $4,334.38 $722.40
7 $4.65 $27.68 $23.03 $4,668.96 $666.99
8 $4.75 $29.48 $24.73 $5,013.68 $626.71
9 $4.85 $31.28 $26.43 $5,358.40 $595.38
10 $5.00 $33.08 $28.08 $5,692.99 $569.30

7. What are the advantages of using the postponement strategy?

Process postponement delays the process step that differémiggeoduct to as late in the
supply chain as possible. The advantages of this approach tai@nbalevels of inventory,
and fewer models are needed to match customer requiremenssre3tits in higher levels
of customer satisfaction at a lower cost.
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Describe how outsourcing works. Why would a firm want to outsource?

Outsourcing is the act of moving some of a firm's internetiviies and decision
responsibilities to outside providers. The terms of the agreement abésimtd in a contract.
Outsourcing goes beyond the more common purchasing and consulting sdrdaise not
only are the activities transferred, but also resources ntizdte the activities occur are
transferred. Reasons for outsourcing are listed in Exhibit 19o8ne of the major categories
from this Exhibit include organizational, improvement, finahc revenue, cost, and
employee driven reasons.

What is so different about Li & Fung's approach to working withr thestomers? Would
this approach work with functional products like toothpaste and bask&tballs

There is greater opportunity with innovative products, such asiraptim that each season
the production mix and production schedule is different. Howevispesing the
manufacturing to different countries depending upon the costs ahavidlkwork for staple
products.

What are the basic building blocks of an effective magsmimation program? What kind
of company wide cooperation is required for a successful mass customizatosmp?

The three organizational design principles for mass custaomzate 1) A product should be
designed so it consists of independent modules that can be asdémbbldifferent forms of
the product easily and inexpensively, 2) Manufacturing and sepriceesses should be
designed so that they consists of independent modules that can be meadamged easily
to support different distribution network designs, 3) The suppiyori--the positioning of
inventory and the location, number, and structure of service, manufagtarid distribution
facilities--should be designed to provide two capabilitiesstFit must be able to supply the
basic product to the facilities performing the customizationaicost-effective manner.
Second, it must have the flexibility and the responsiveness &itakvidual customer's
orders and deliver the finished, customized good quickly.
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Problems

Problem Type of Problem Difficulty | New Modified | Check
Supply Chain | Value Problem| Problem | Figure in
Performance | Density Appendix

A

1 Yes Moderate Yes

2 Yes Easy

3 Yes Easy

4 Yes Moderate

=

Shipping cost - U.S. Postal Service - Peoria, IL to Memphis, TN

Weight (Ibs.) Cost (overnight)  Cost Cost Savings Break-even Break-even value per

(3 day) pound
2 $15.00 $2.87 $12.13 $8,854.90 $4,427.45
3 17.25 3.34 13.91 10,154.30 3,384.77
4 19.40 3.78 15.62 11,402.60 2,850.65
5 21.55 4.10 17.45 12,738.50 2,547.70
6 25.40 4.39 21.01 15,337.30 2,5656.22
7 26.45 4.67 21.78 15,899.40 2,271.34
8 27.60 4,91 22.69 16,563.70 2,070.46
9 28.65 5.16 23.49 17,147.70 1,905.30

2. Days of raw material on-hand
= (production material on hand in dollars/cost of revenue)¥8f per year.
=(234/14,137) *365 = 6.04 days.
The amount of raw materials at the end of the year wiledd on the timing of payment, physical
units on had may be higher than this.

3. Inventory turnover = cost of goods sold/average aggeenventory value
= (4,000 hamburgers * $1 per pound * 1/4 pound enlburger * 52 week per year)/(350 pounds * $1
per pound)
= 148.5 turns/year

Day of supply = (average aggregate inventory value/dagbads sold)*365
= ((350 pounds * $1 per pound)/( 4,000 hamburge$$ per pound * 1/4 pound per hamburger * 52

week per year))*365
= 2.46 days
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4,
a. Inventory turnover = costs of good sold/average agtgdagventory value.

Quarter 1 2 3 4 Total
Cost of goods sold 280 295 340 350 1265
Raw material 50 40 55 60

WIP 100 105 120 150
Distribution Center Inventory 40 42 43 51
Aggregate Inventory 190 187 218 261

Average aggregate inventory value = (190 + 187 + 2281)/4 = 214
Inventory turnover = 1265/214 = 5.91

b. Focus on reducing WIP.
c. Average raw material inventory value = (50 + 40 +5®)/4 = 51.25

Day of supply = (average aggregate raw material invgnalue/cost of goods sold)*52
= (51.25/500)*52 = 5.33
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CHAPTER 11
STRATEGIC CAPACITY MANAGEMENT

Review and Discussion Questions
1. What capacity problems were encountered when a hew drug was introdueecboket??

The first two problems are the high capital cost of capamnd the opportunity cost of
restricting investments in other facilities. These problemes exacerbated by uncertainty
over patent infringement, competitor’s response and that there is only a 45% probability of
launching the product. If the product is launched it is possibleseodales because there is
not sufficient capacity to meet customer demand. The estimBtEsnand varied by 600%
and if actual sales are at the high end or the low end of thmatss the project will be a
financial disaster unless the correct capacity decision is made.

2. List some practical limits to economies of scale; that is, whendhqlhant stop growing?

The obvious answer is that a plant should stop growing wheonigsrun average cost curve
hits the inflection point. However, since this determinatiooften difficult to make (in the
short run), other factors such as coordination problems, exapasity, capacity imbalance,
and market shifts indicate a need to consider setting capacity limits.

3. What are some capacity balance problems faced by the following orgamszatifacilities?
a. An airline terminal.
Waiting areas, distances from boarding gates, ground crew requirementsj lstngs.
b. A university computing center.

Input/output time vs. computer processing time; CPU capacity uiphpeal storage
capacity; high speed, high capacity computer vs. multiple low speed, low cayanjiyters;
computer center consultant’s skill vs. customer requirements.

c. A clothing manufacturer.

Many manufacturers now use highly decentralized shops to obatkees. This means that
capacity of multiple sites must be accounted for in planning production.

4. What are some major capacity considerations in a hospital? How do tleeyrdih those of
a factory?

Some capacity considerations are size and composition of nursihgRftsf vs. LPNs),
balance between operating room and intensive care units, emenmgpemay, etc., and, of
course, how many beds are to be available. One of the diffeliencagsacity considerations
between a hospital and a factory is that a hospital can add tyaaieer quickly in the short
run, through “simply” adding more staff and more beds. A factory is usually technologically
limited, and, therefore, must plan well in advance to add major chafnt@pacity. On the
other hand, though, the general uncertainty which surrounds the demanddbalrservices
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on any given day is much greater than would be faced by a fackaiglitionally, factory
management generally has the ability to backlog demand in suely asmo achieve more
efficient levels of capacity utilization than does a hospital.

Management may choose to build up capacity in anticipation ofrdkrain response to
developing demand. Cite the advantages and disadvantages of both approaches.

The strategy of building up capacity ahead of demand is a Ksigtatance. Investment is
based on projections. This investment involves costs forfaeilities, equipment, human
resources, and overhead. If the demand materializes, the ieméssmvorthwhile since the
firm may capture a large amount of market share. If it sdmésnaterialize, the firm must
redirect the invested resources. This strategy is most appeoprizigh growth areas.

If the demand materializes, but the capacity planning strateggk averse, i.e., building
capacity only as demand develops, then most likely market alilhiee lost. The growth in

demand will encourage new entrants, resulting in more competifiba.risk averse strategy
may be most appropriate for small firms who cannot afford teshin unproven prospects.
To prevent potential loss of market share, firms may choose tenieatally increase
capacity to match the increase in demand.

What is capacity balance? Why is it hard to achieve? Wik#tods are used to deal with
capacity imbalances?

In a perfectly balanced plant, the output of each stage pmoti@eexact input requirement
for the subsequent stage. This continues throughout the entnaiope This condition is
difficult to achieve because the best operating levels for esae generally differ.
Variability in product demand and the processes may lead to imbalance, inrtiveisho

There are various ways of dealing with capacity imbaln&ne is to add capacity to those
stages that are the bottlenecks. This can be achievednipor@y measures such as
overtime, leasing equipment, or subcontracting. Another approach isseobuffer
inventories so that interdependence between two departments dansbeed. A third
approach involves duplicating the facilities of one department uploichwanother is
dependent.

What are some reasons for a plant to maintain a capacityofshiiiow about a negative
capacity cushion?

A plant may choose to maintain a capacity cushion for a numbersafitgalf the demand is
highly unstable, maintaining cushion capacity will ensure capaci@ability at all times.
Also, capacity cushions can be useful if high service quadiglt are established. Some
organizations choose to use capacity cushions as a competitipomwi create barriers to
entry for competitors.

Negative capacity cushions may be maintained when demaxgpested to decrease rapidly
and capacity investment is high enough to discourage short run capacitytiaoguis
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8. At first glance, the concepts of the focused factory and itgp#exibility may seem to
contradict each other. Do they really?

This is not necessarily true. This will depend on thelaba technology of the facility and on
the type of industry it competes in. An FMS plant may, for examysle,flexible processes to
enlarge the variety of products produced and delivered in a fiery tme. Therefore, it can
choose to compete on fast delivery of customized products rather than on cost.

Problems

Problem Type of Problem Difficulty | New Modified | Check
Capacity Decision Problem| Problem | Figure in
Analysis Tree Appendix

A

1 Yes Easy

2 Yes Easy

3 Yes Easy Yes

4 Yes Easy

5 Yes Moderate Yes

6 Yes Moderate

1.
Plastic Yearl Year2 Year3 Year4d

Demand for plastic sprinklers 97 115 136 141
Percentage of capacity used 485% 57.5% 68.0% 70.5%

Machine requirements .485 575 .680 .705
Labor requirements 1.94 2.30 2.72 2.82
Bronze Yearl Year2 Year3 Year4

Demand for bronze sprinklers 21 24 29 34
Percentage of capacity used 58.3% 66.7% 80.6% 94.4%
Machine requirements 1.75 2.00 2.42 2.83
Labor requirements 3.50 4.00 4.84 5.66
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2. Requirements for plastic remain unchanged.
Bronze Yearl Year2 Year3 Year4
Demand for bronze sprinklers 32 36 41 52
Percentage of capacity used 88.9% 100.0% 113.9% 144.4%
Machine requirements 2.67 3 3.42 4.33
Labor requirements 5.33 6 6.84 8.67

It is obvious that not enough capacity is available after figa to meet the increased
demand. AlwaysRain will have to consider purchasing additiorsthmes for the
bronze operations.

3. No. An additional machine will provide enough capacity cushion thdilthird year.
AlwaysRain must consider additional ways of meeting the foweén gemand. This can
include purchasing or leasing an additional machine, or outsourcing some of the demand.

Yearl Year2 Year3 Year4

Labor requirements-bronze 5.33 6.00 6.84 8.67
Labor requirements-plastic 1.94 2.30 2.72 2.82
Total labor requirements 7.27 8.30 958 11.49

AlwaysRain will face a problem of not having enough trained persdaneunning the
equipment after the third year. At that time, they will nemeither hire new trained
employees or initiate a training program for existing employes other workstations
who can be utilized at the bronze or plastic molding machines.
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5.
40
) $12 Million
High
$6
Small Million
Facility Low $10 Million
.60
Do
‘ ‘ nothing ®
40
Large $14 Million
Facility

$9
Million

$10 Million

.60

For the small facility,

NPV = .40 ($12 Million) + .60 ($10 Million) - $6 Million = $4.8 Million

Do nothing,
NPV = $0

For the large facility

NPV = .40($14 Million) + .60($10 Million) - $9 Million = $2.6 Million

Therefore, build the small facility.
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6.
$4 Million
Shopping
Center
$5 Million
Rezoned $3,000 x 1500

=$4.5 Million

.60
3 Million

Apartments

$2,000 x 1500 =

@ 40 $3 Million
$2 Million
Not
Rezoned
Houses
$4,000 x 600 =
$2.4 Million

Rezoned shopping center:
Point 1: Expected value = .70($4 Million) + .30($5 Million) = $4.3 Million
Rezoned apartments:
Point 2: Expected value = .60($4.5 Million) + .40($3 Million) = $3.9 Million
Since a shopping center has more value, prune the apartment dmoice.
other words, if rezoned, build a shopping center with a profts4o8
Million - $3 Million = $1.3 Million
If not rezoned:

Point 3: Expected Profit is $2.4 Million - $2 Million = $.4 Million

Expected profit is .60($1.3 Million) + .40($.4 Million) = $.94 Million
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TECHNICAL NOTE 11
FACILITY LOCATION

Review and Discussion Questions

1.

What motivations typically cause firms to initiate a facilitimsation or relocation project?

There are a variety of reasons; both positive and negdfivens may wish to move closer to
markets or sources of supply. Cost reduction is another megson. A company might
need an educated work force, thereby moving near a major utyivedn the negative side,
firms relocate to avoid costly regulation or unionization. Studsimtsild be able to cite a
large number of reasons.

List five major reasons why a new electronic components maatoing firm should move
into your city or town?

Answers will vary depending upon the location. Possibilitietude quality of education,
tax advantages, proximity of supply, proximity of markets, or favorablétyoélife.

How do facility location decisions differ for service facilities armhifacturing plants?

In many ways, the decisions are similar. However, since the custofeen involved in the
production of the service, proximity to the customer is of greatportance. Services often
utilize multiple sites to remain close to the customer. Kelaneeds impact services location
decisions. Alternatively, resource considerations have much more impaetufiacturing.

In addition, the cost of establishing a service facilityaktively low when compared to
manufacturing. Manufacturing decisions are often based on costigdtion while service
decisions are based on profit maximization.

What are the pro and cons of relocating a small or midsized azantng firm (that makes
mature products) from the United States to Mexico in the post-NAFTAamagnt?

According to the product life cycle concept, mature products mqguiore of a cost
orientation due to price competition and low product differeotmatiAs a result in the post-
NAFTA environment, firms are evaluating the cost/benefit ti@ffieassociated with moving
to Mexico. Labor costs are much lower in Mexico. Land is redgtigheap and there is less
regulation. If the cost of providing health care increaselarinited States, as a result of a
national health plan, firms could find more reasons to move to Mexite cons are a less-
educated workforce, and possibly increasing the distance from suppliers rketphage.

If you could locate your new software development company anywhere imarld, which
place would you choose, and why?

Answers will vary depending upon preferences. However, studenids provide sound
business reasons for their responses.
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Problems
Type of Problem Difficulty | New Modified | Check Figure in
Problem | Center of | Transportation Problem | Problem | Appendix A
Gravity | problem

1 Yes Moderate Yes
2 Yes Moderate Yes
3 Yes Moderate
4 Yes Moderate
1.

d]_x =150 dy =75 Vl = 8,000

dox = 100 d, = 300 \, = 6,200

dsx = 275 d, = 380 Vs = 7,000

Cx = 2A ViV,

= ((150)(8,000) + (100)(6,200) + (275)(7,000))/(8,000 + 6,200 + 7,000) = 176.7

Cy = ZdWV,/ZVI
= ((75)(8,000) + (300)(6,200) + (380)(7,000))/(8,000 + 6,200 + 7,000) = 241.5

dx=300  d,=320
=375  dy=470
4= 470 &= 180
Cy = 2dxVil2Vi

V; = 4,000
V, = 6,000
V; = 3,000

= ((300)(4,000) + (375)(6,000) + (470)(3,000))/(4,000 + 6,000 + 3,000) = 374

Cy = ZdWV,/ZVI
= ((320)(4,000) + (470)(6,000) + (180)(3,000))/(4,000 + 6,000 + 3,000) = 357

From/To New York Fort Worth San Diego Minneapolis | Supply
Boulder 7 11 8 13 100,000
Macon 20 17 12 10 100,000
Gary 8 18 13 16 150,000
Requirements 50,000 70,000 60,000 80,000
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b.

Factory
From/To New York  Fort Worth  San Diego Minneapolis Supply
Boulder 7 11 8 13 100,000
Macon 20 17 12 10 100,000
Gary 8 18 13 16 150,000
Requirements 50,000 70,000 60,000 80,000 350,000
Candidate Total
Solution Shipped
Boulder - - 10,000 10,000
Macon 50,000 50,000 - - 100,000
Gary - 20,000 60,000 70,000 150,000
Total Supplied 50,000 70,000 60,000 80,000 260,000
Profit
Boulder - - 130,000
Macon 1,000,000 850,000 - -
Gary - 360,000 780,000 1,120,000
Total Profit Total Cost $ 4,240,000

Total profit = $4,240,000. Note that alternate optimal solutions exist.
Production should be:
10,000 units
100,000 units
150,000 units

Boulder

Macon
Gary

a. This is the optimal solution, with a total cost of $720.

From/To D E F Supply
A 9 8 6 5 50
B 9 8 8 0 40
C 5 3 3 10 75
Requirements 50 60 25 30 165
Candidate

Solution

A 25 0 25 0 50
B 10 0 0 30 40
C 15 60 0 0 75
Total Shipped 50 60 25 30 165
Cost

A 225 0 150 0

B 90 0 0 0

C 75 180 0 0

Total Costs $720

b. Place a sufficiently small cost into the A to D cell to force a shijrftom A to D.
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CHAPTER 12
LEAN PRODUCTION

Review and Discussion Questions

1. What lean principles are being used by Arvin Meritor, Inc. (keebox on pages 482 and
483)? Use the categories from Exhibit 12.8 to develop your answer.

Arvin Meritor, Inc. uses a variety of lean techniques includingmg, continuous
improvement, visual communications on the shop floor to control thedfawaterials, pull
system using kanban signals and production leveling, quick changdexdnlity, small lot
production, and quality at the source.

2. lIsit possible to achieve zero inventories? Why or why not?

In reality, zero inventories are a challenging, if not impossilde) épr most organizations.
The concept is theoretical because the ideal production wmeis Nothing is made until the
customer expresses an unmet need for the product. In realigntories will always exist
due to the timing between the expressed need and the actual delivery of the coumitete
Nevertheless, this goal aids in understanding of the lean cenaam remains a reference
point to continually remember in the on-going improvement process.

3. Stopping waste is a vital part of lean. Identify some sowtesste in your home or dorm
and discuss how they may be eliminated.

Waste can include work in process, raw materials, ansh&d goods that are not being
directly worked on or being shipped to the customer. Any processpsoc@dures not
needed to complete the product or deliver the service are wddi@erial sitting in stores
and queues are also sources of waste as is excess oranefési Through applications of
lean principles of streamlining flows and only performing waskitas needed, these wastes
can be reduced and possibly eliminated.

Answers will vary to this question, but some obvious choices céoubpd in the refrigerator,
with bills waiting to be paid, and, of course, laundry. For examplauifdry were done in
small lots on a regular basis, fewer clothes would be neededou@e, many people might
not consider this an improvement.

4. Discuss lean in a job-shop layout and in a line layout.

Lean can be applied in a variety of organizational processsflowVhile pure lean
applications are often thought of as a line improvement, lean canimweervices or in job
shops. In a job shop, any repetitive work can be organized erdyed as a line flow. This
visibility of the process allows application of lean.
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10.

Why must lean have a stable schedule?

Because any changes in the final product schedule are mddvafogward along the line, a
stable schedule is necessary. This schedule must be fozame point. Also, because
suppliers and vendors are delivering in small batches just @sialm are needed, they need
accurate information about the build schedule so they can plan theipoowayy deliveries.

Will lean work in service environments? Why or why not?

Lean is already achieving successes in a number of sesmieonments. As services
identify their components that resemble an assembly line ancepettive in nature, the
concepts will work. Also, the philosophy of reducing waste anelasilining flows to
eliminate waste can work in any setting.

Discuss ways to use lean to improve one of the following: a pistaurant, a hospital, or an
auto dealership.

Any number of answers would be correct. For example, in a pigiaurant, streamlining
the pizza preparation and baking operations would speed the prodhetdostomer. Fast
and efficient customer ordering and payment would allow the rays$te process more
customers. Possibly letting customers refill their own drinkseove themselves would speed
processing. In a hospital or automobile dealership, procedures stredalined and altered
to serve the customer.

Which objections might a marketing manager have against uniformiqealing?

Uniform plant loading might upset a marketing manager who isinplg a special
promotional campaign for a specific product. If production didnmake enough of the units
during the promotional period, backorders or lost sales might regdio because some
products have different life cycles and sales patterns, th@othing might hinder the
marketing activities.

What are the implications for cost accounting of lean production?

Cost accounting can benefit lean analysis, but outdated measute® tibor rates and

productivity no longer apply. Overhead is the key variable tasome under lean. Labor is
only a small part of the entire production dollar. Also labor aadhimery may be idle under
lean because goods are only produced as needed. Labor and machiaegesamay not

reflect the lean philosophy.

What are the roles of suppliers and customers in a lean system?

Lean involves customers and suppliers as an integral part pfabess. Customers provide
product enhancement, modification, and usage data. Suppliers work witfatlgacturing
organization to coordinate delivery and raw material or othertipppduction. Both groups
may sit on lean teams and participate in improvement desyias all groups will benefit
from changes.

144

www.elsolucionario.net




11.

12.

13.

14.

15.

Lean Production

Explain how cards are used in a Kanban system.

Cards in a kanban system represent a visual work order. afesial is moved from the line
to the customer, the last operator in the process goes to thevaristation up the line and
pulls a bin of work for further processing. This employee resaay card from the bin and
leaves it at the previous station. This card representslaorder for this station to make or
process more products. This sequence continues in a backwauo fksbugh the line and
back to the suppliers.

In which ways, if any, are the following systems analogousawbln: returning empty
bottles to the supermarket and picking up filled one; running a hottdod at lunchtime;
withdrawing money from a checking account; raking leaves into bags?

All the systems represent work orders when the empty camtaare returned. The empty
bottles at the supermarket will be picked up by the soda batttérepresent a need to clean
and refill the bottles and return them to customers. A hot dog atdndchtime has hungry
customers as work orders to process. The customers in piresseat needs for the hot dogs.
Withdrawing money from a checking account serves as a temeipalso a tickler to the
individual to deposit more money in the account at the nexppagd. Raking leaves into
bags is also a kanban. Once a bag is filled, the indivjglulld an empty bag from the box
and continues to fill bags until the yard is free of leaves or no emg$yrbeain.

Why is lean so hard to implement in practice?

A key implementation difficulty is the lack of emphasis earl on an on-going basis. The
lean improvements are slow, take time, and are never endirtipl émthusiasm may wane
over time. Other problems in implementation include poor supplier tguali lack of
employee commitment, and problems in reducing machine set up times.

Explain the relationship between quality and productivity under the lean phijosoph

Under JIT, quality and productivity are key and equal partnersquabty improves, so does
productivity, as only good units are assembled. No work is wastegreparing inferior
guality items. Both are necessary in the lean philosophy.

Why would a JIT advocate have a geabwith the system proposed for the BMW AG’s U.
S. Factory (discussed in the box BMW moves beyond just-in-time production)?

Most of the system characteristics are in line with leadlDrproduction. The obvious area
of disagreement is using the vehicle stacking center to solveduling problems. In some
respects, it is a monument to inventory.
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Problems
Type of Problem
Value
Kanban Stream New Modified | Check Figure

Problem | Card Sets Mapping Difficulty | Problem | Problem | in Appendix A

1 Yes Easy Yes

2 Yes Easy

3 Yes Easy Yes

4 Yes Easy Yes

5 Yes Easy Yes

6 Yes Moderate Yes

D = 10 gauges per hour

L =2 hours

S=.20

C =5 gauges

K = DL(1+S)/C

K =10(2)(1+0.20) / 5 = 4.8> 5 Kanban card sets

D = 4 transmissions per hour

L =1 hour

S=.50

C = 4 transmissions

K =DL(1+S)/C

K =4(1)(1+0.50) / 4 = 1.56> 2 Kanban card sets

D = 2,400 bottles/2 hours = 1200/60 minutes = 20 per minute
L = 40 minutes

S=.10

C =120 bottles

K =DL(1+S)/C

K =2(40)(1+0.10) / 120 = 7.33> 8 Kanban cards

D = 16 catalytic converters per hour

L =2 hours

S =125

C = 10 catalytic converters

K =DL(1+S)/C

K =16(2)(1+0.125) / 10 = 3.6> 4 Kanban cards
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D = 32 catalytic converters per hour

L =1 hour

S=.125

C = 8 catalytic converters

K = DL(1+S)/C

K =32(1)(1+0.125) / 8 = 4.5> 5 Kanban cards

Cyprus Citrus Cooperative

a. Lead Time is 22.5 hours and Process Time is 30 minutes

Customer Shipping
Crcder Clerk Price ant | Biling Ulerk: lypust Huperisor
Extengion Clerk
Lead Time -
22.5 hours
‘ 30 minutes

b. There are many alternatives. This solution combines theafiid second workstation
together and the third and fourth work stations together and nioaesne piece flow. It
also would go to a one piece flow from the supervisor to shippirgill leaves a 12 hour
buffer in front of the supervisor. Further efforts could be put tdsvaliminating that
large amount of non-value added time. The new system shown bel@wideds time of
14.5 hours with a process time of 30 minutes.

Customer Shipping
Order Clerk Price and Biling Clerk lypst Hupervisor
Extension Clerk
Lead Time -
30 minutes
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CHAPTER 13
FORECASTING

Review and Discussion Questions

1. What is the difference between dependent and independent demand?

Independent demand is forecasted item demand that occurs sgpaoatethe demand for
other items. Dependent demand is calculated from the demand fbemitein. The differ-
ence lies in the way the two demands are determined.

2. Examine Exhibit 13.4 and suggest which model you might use for (1pbathit demand,
(2) demand for new houses, (3) electrical power usage, (4) new plantierpalass.

While any of the models in Exhibit 13.4 can potentially be usedrgrést any of the items,
the following models are generally appropriate: (1) Bathingdantand could be forecasted
using exponential smoothing. The time horizon is short, model compkaxitycost is low,
model accuracy is fair and data requirements are very l@vD€mand for new houses can
be forecasted using linear regression. The time horizodsrayemodel complexity is medi-
um high, model accuracy is medium high and data requirements are(BjgCausal regres-
sion models might be used to forecast electrical power usage. Ehkdimon is long, mod-
el complexity is fairly high, model accuracy is high and datuirements are high. (4) New
plant expansion plans can be forecast using qualitative foirggéschniques. This takes in-
to account nonquantifible issues when planning plant expansion.

3. What is the logic in the least squares method of linear regressigaisha

The least squares method fits a line to the data which nzegthe sum of the squared error
between particular points on a regression line and actoldigrved data lying in the same X
plane. If a central point (X-bar, Y-bar) is located in a scadtot, an infinitely large number
of regression lines could be found to represent the datdlyewed in terms of absolute er-
ror. However, there is only one, unique regression line that mirsrttizesum of the square
errors.
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Forecasting

4. Explain the procedure to create a forecast using the decompwosétbnd of least squares
regression.

The steps are as follows:
l. Decompose the time series into the components.
a. Find the seasonal component.
b. Deseasonalize the demand.
c. Find the trend component
Il. Forecast future values of each component.
a. Project trend components into the future.
b. Multiply trend component by seasonal component.

5. Give some very simple rules you might use to manage demand for a firm’s product. (An ex-
ample is “limited to stock on hand.”)

Demand management can be in terms of: order centiidhited to stock on hand,” lead
time—"“allow six weeks for delivery,” need—"“supply the parts to inoperative units first,”
time oper—“close up early every day,” or “closed on Saturdays,” plus others as mentioned in
the text such as price cuts, incentives, promotions, etc.

6. What strategies are used by supermarkets, airlines, hodpatiaks, and cereal manufacturers
to influence demand?

Supermarkets-several sales items, free giveaway items (such as a pdundter or a loaf
of bread), an occasional “midnight madness” sale where the store is open late or even all
night.

Airlines—excursion rates, age rates (senior citizens, children, yotdk)facharter flights,
off-season rates, exceptionally good meals (or no meals fdrefureduced prices), more
flights, tie-in with hotls or auto rental, and tour agencies for “package tours,” free cham-
pagne, free stop-over at a third point, or new terminals.

Hospitals—patients generally go to the hospital recommended by their playsidiherefore,
hospitals offer free office space, nursing assistance, lab equipmenposi#ifins, and patient
billing to physicians. Hospitals frequently advertise theirupanicy rate and room rates,
which tend to influence demand. Also, they could become a preferred provideizatmn.

Banks—free gifts for new accounts, free checking, free sadegosit box, free financial ad-
vice, “club memberships,” and free use of “executive lounges” for depositors in various size
account ranges, community rooms for club meetings.

Cereal manufacturersTV advertising, sponsorship of some youth events, free prizes in ce
real boxed, using prime display space.

14¢
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Chapter 13

7.

10.

11.

12.

13.

All forecasting methods using exponential smoothing, adaptive smoothidgexponential
smoothing including trend require starting values to get the equatiams gdow would you
select the starting value for, say'F

Starting values can be simply an average of the early pedpdgjuess. If the starting value
is taken some period back (as opposed to starting to use the eqaatia@ry recent data) the
equation will have a chance to adjust as it is carried forward to today.

From the choice of simple moving average, weighted movingag®eexponential smooth-
ing, and linear regression analysis, which forecasting techniquilwou consider the most
accurate? Why?

Of these four choices, the weighted moving average is th& accurate, since specific
weights can be placed in accordance with their importance. offfeg methods make as-
sumptions, such as an average, straight line, or exponential curve. Theed/aigiage may
be modified to any form. If a long time span is taken, howevenyvéighted average can be
cumbersome to use. In addition, as time periods pass, the uselikalgstvould like to
change the weights. This would add to the difficulty of usirgtéichniques for a large num-
ber of applications such as forecasting demand for inventory items.

Give some examples that you can think of that have a multiplicativens¢agnd.

Multiplicative effects are the most common. Essentiallypasiness sales are multiplicative.
For example, in auto sales, as growth in total sales increases, the lsemsatian increases.

What is the main disadvantage of daily forecasting using regressigaisal

The main disadvantage is the mathematical computation. Theeeyidittle time involved
for a computerized analysis, but hand computation is time consuming and prone to error.

What are the main problems with using adaptive exponential smoothing irstorgea
Adaptive smoothing is computationally difficult; it requiresvind) a set of equations in se-
guence. The user must select two constants for the equationis; amjasted by the equa-
tions, but the other is not. It is not clear as to what the wloeld be. Lastly, there is some
challenge to the value of adaptive smoothing when compared to other methods.

How is a seasonal index computed from a regression line analysis?

Seasonal index is equal to the actual value (data point) dividétebyalue computed from
the regression line. To lessen the effects of random ernersdices may be averaged over
several years for that same period.

Discuss the basic differences between the mean absolute deviatiomdacdsiaviation.

The standard deviation is a statistically based measuteteéined as the square root of the
arithmetic mean of the squared deviations from the mean of the data or

o |=0°
n
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14,

15.

16.

Forecasting

The mean absolute deviation, or MAD, is easier to do computagiosialte it is obtained
simply by calculating the absolute difference of each valos fsome other quantity, and
then averaging the differences by taking the arithmetic mean. If #reshis the mean abso-
lute deviation from the arithmetic mean of the data, then

In this chapter, the interest was in the mean absoluteatife between actual outcomes ver-
sus forecasted outcomes, or

Z|A_Fi|
MADz':lT.

One MAD is approximately equal toa8or conversely, & is approximately equal to 1.25
MAD.

What implications do forecast errors have for the searalitfasophisticated statistical fore-
casting models?

The existence of unavoidable forecast errors seems to suggesto matter what kind of
model one usessimple or sophisticateda perfect forecast is unattainable. Since forecasts
are predictions of the future based on present and past dataistlz@n@le opportunity for
very serious forecast errors to be caused by changks tohditions that generated the data.
This could lead to an invalid forecast or at least one thaaicenadded error. Therefore, one
could be easily persuaded to stop searching for ways to make ooor@te forecasts and
look instead for ways to quickly respond and adapt to demand changes.

What are the strongest selling points of focused forecasting?

Focused forecasting is simple, easy to understand, easy to useparidreee has shown it
also gives good results.

Causal relationships are potentially useful for which componentoksstries?

A time series creates an equation, such as y = a + bx, wigetkeay-intercept. Therefore, if
there is a relationship between y and X, it would show up asldpe b. If there is no rela-
tionship, b would be zero. There is some question as to the relationship being truly “causal,”
since many relationships may depend on other factors outside of the analysis
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Problems
Type of Problem
Exponen- Check
tial Exponential Focus New figure in
Moving | smooth- | smoothing | Linear Tracking | Fore- Decom- Prob- | Modified Appendix
Problem | average | ing with trend regression | signal casting | positon | Difficulty | lem Problem A
1 Yes Moderate
2 Yes Yes Moderate
3 Yes Easy Yes
4 Yes | Difficult
5 Yes | Difficult
6 Yes Moderate
7 Yes | Difficult Yes
8 Yes | Difficult
9 Yes | Yes Easy
10 Yes Moderate
11 Yes | Yes Easy Yes
12 Yes Moderate
13 Yes Moderate
14 Yes Yes Easy
15 Yes Moderate Yes
16 Yes | Yes Easy
17 Yes | Yes Yes Easy
18 Yes Moderate
19 Yes Moderate Yes
20 Yes | Yes Yes Moderate
21 Yes | Difficult
22 Yes Moderate
23 Yes | Yes Easy
24 Yes Moderate
25 Yes | Difficult
26 Yes Moderate
27 Yes Moderate | Yes
27 Yes Difficult | Yes
152
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1.

X Y xy X v’ Y (y-Y)?
1 4200 4200 1 17640000 3958.97 58093.360
2 4300 8600 4 18490000 4151.28 22117.028
3 4000 12000 9 16000000 4343.59 118053.912
4 4400 17600 16 19360000 4535.90 18468.113
5 5000 25000 25 25000000 4728.21 73872.452
6 4700 28200 36 22090000 4920.51 48625.904
7 5300 37100 49 28090000 5112.82 35036.160
8 4900 39200 64 24010000 5305.13 164128.863
9 5400 48600 81 29160000 5497.44 9493.754
10 5700 57000 100 32490000 5689.74 105.194
11 6300 69300 121 39690000 5882.05 174681.131
12 6000 72000 144 36000000 6074.36 5529.257

Total 78 60200 418800 650 308020000 728205.128
v 6.5
Y 5016.667
y =

2xy nxy

_2 = 192.3077
Zx
acy_bx= 3766667

LINEST (Microsoft Excel function) will produce the same results.

Month Forecast

13
14
15
16
17
18
19
20
21
22
23
24

6266.67
6458.97
6651.28
6843.59
7035.90
7228.21
7420.51
7612.82
7805.13
7997.43
8189.74
8382.05

20 -Y) mesoei
b. S =12 = = 269.85
y n_2 12-2

Therefore, 3 standard errors of the estimate would be 3(269.85) = 809.55 or 810

15¢

www.elsolucionario.net

Forecasting



Chapter 13

a. E+1 = Ft+ (X,(At — Ft), a=.20

2.
a. Fuy=.60(15) + .30(16) + .10(12) = 15.0
b. Fuy=(15+16+12)/3=14.3
C. Fuy=Funet a(Asune— Found = 13 +.2(15-13) = 13.4
d.
X y Xy x?
1 12 12 1
2 11 22 4
3 15 45 9
4 12 48 16
5 16 80 25
6 15 90 36
Total 21 81 297 91
X = 3.5
N 13.5
y =
D xy—nxy
b==——= 0.77
2
> X% =nx
a=y—bx = 10.8
Y=a+bx=10.8+.77x
e. PFuy Where July is the"7month.
Y =a+bx=10.8+.77(7) = 16.2
3.

Month  Demanc Forecas Absolute Deviatior
January 100 80 20
February 94 84 10
March 106 86 20
April 80 90 10
May 68 88 20
June 94 84 10
Total 90
b. MAD =90/6 =15
154
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b= 2% ~"™Ys = _168.24

>x% - nx:

4,
Average
from same Seasonal Deseasonalized x*deseasonalizec
X y quarter factor demand X demand
1 4800 3833.33 1.23 3902.61 1 3902.61
2 3500 2766.67 0.89 3942.77 4 7885.54
3 4300 3500.00 1.12 3829.05 9 11487.14
4 3000 2366.67 0.76 3950.70 16 15802.82
5 3500 1.23 2845.65 25 14228.26
6 2700 0.89 3041.57 36 18249.40
7 3500 1.12 3116.67 49 21816.67
8 2400 0.76 3160.56 64 25284.51
9 3200 1.23 2601.74 81 23415.65
10 2100 0.89 2365.66 100 23656.63
11 2700 1.12 2404.29 121 26447.14
12 1700 0.76 2238.73 144 26864.79
Total 7¢  3740C 37400.00 650 219041.20
9 _ 3116.67
X = 6.5

a=y,—bx= 4210.2¢
Period (X Yy Seasonal Forecast
factor  (Yq*seasona
factor)
13 2023.08 1.23 2488.28
14 1854.84 0.89 1646.54
15 1686.60 1.12 1894.04
16 1518.35 0.76 1152.97
15t
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Forecasting

b-d.
Average
from same
bi-monthly Seasonal Deseasonalizec x*deseasonalize
X y period factor demand X2 X*y demand
1 109 112.0 0.865 125.95 1 109 125.95
2 104 108.0 0.835 124.62 4 208 249.25
3 150 1545 1.194 125.65 9 450 376.94
4 170 176.0 1.360 125.00 16 680 500.02
5 120 123.0 0.950 126.26 25 600 631.30
6 100 103.0 0.796 125.65 36 600 753.88
7 115 0.865 132.88 49 805 930.18
8 112 0.835 134.21 64 896 1073.68
9 159 1.194 133.19 81 1431 1198.68
10 182 1.360 133.83 100 1820 1338.29
11 126 0.950 132.57 121 1386 1458.31
12 106 0.796 133.19 144 1272 1598.23
Total 7€ 1553 1553.00 650 10257 10234.70
Deseaonalized Simple
;, _ 129.416
X = 6.5
b:zxyd -NXYs _ 09804 1.136364
> x?—nx
a=§/d _bx = 123.04 122.0303
Period (X, Simple Yq Seasonal fac  Forecast
Forecast tor (Yq*seasonal
factor)
13 136.80 135.79 0.865 117.5
14 137.94 136.77 0.835 114.1
15 139.08 137.75 1.194 164.4
16 140.21 138.73 1.360 188.7
17 14135 139.71 0.950 132.8
18 142.48 140.69 0.796 112.0
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6. TS 1

(n} s < = i~ 10 1z

Tracking signal

Feriod

TS 1: Since there has been a rapid rise in the trend, thedovatiashortly be outside of the lim-
its. Therefore, the forecasting model is poor.

TS 2

Tracking signal

u} 2 < =} =3 10 12

Feriod

TS 2: This is within the limits. Therefore, the forecast is pizdse.

15¢
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TS 3

Z o

Tracking signal

o

[u] b= 4 =] =] 10 12

Period

TS 3: This series is rising rapidly, and is outside of the limits. €prently, the model is poor.
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7.
Average from
same quarterly Seasonal Deseasonalizet x*deseasonalize(
X y period factor demand X2 demand
1 160 187.5 1.003 159.47 1 159.47
2 195 217.5 1.164 167.54 4 335.09
3 150 177.5 0.950 157.92 9 473.77
4 140 165.0 0.883 158.56 16 634.24
5 215 1.003 214.28 25 1071.42
6 240 1.164 206.21 36 1237.24
7 205 0.950 215.83 49 1510.79
8 190 0.883 215.18 64 1721.52
Total 3¢ 1495 1495.00 204 7143.53
N 186.87¢
y =
X = 4.5
Z XYq —NXYq
b==—""—"——= 9.91
2
D x*—nx
a= ;,d _bx = 142.3C
Period Yyq Seasonal Forecast
factor
9 231.45 1.003 232
10 241.35 1.164 281
11 251.26 0.950 239
12 261.17 0.883 231
16C
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8. Two methods can be used to calculate the forecasts foexthéour quarters. The first fits a
line (the problem suggests hand fitting, but OLS regression veas heve) to the data and
then determining the seasonal factor. The second uses decompwbiien regression is
performed on deseasonalized data.

First procedure:

Actual/
X y Trend Trend Seasonal facto x* x*y
1 12 16.17 0.742 0.766 1 12
2 18 17.19 1.047 1.087 4 36
3 26 18.21 1.427 1.341 9 78
4 16 19.24 0.832 0.802 16 64
5 16 20.26 0.790 25 80
6 24 21.29 1.128 36 144
7 28 2231 1.255 49 196
8 18 23.33 0.771 64 144
Total 3€ 158 204 754
y = 19.75
X = 45
b= —nxy =
29y 1.02
> X% —nx
a=y-bx = 15.14
Seasonal
Period Y factor  Forecast

9 24.36 0.766 18.66
10 25.38 1.087 27.60
11 26.40 1.341 35.42
12 27.43 0.802 21.99
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Second procedure:

Average
from same
quarterly Seasonal Deseasonalize x*deseasonalize(
X y period factor demand X2 demand
1 12 14 0.71 16.93 1 16.93
2 18 21 1.06 16.93 4 33.86
3 26 27 1.37 19.02 9 57.06
4 16 17 0.86 18.59 16 74.35
5 16 0.71 22.57 25 112.86
6 24 1.06 22.57 36 135.43
7 28 1.37 20.48 49 143.37
8 18 0.86 20.91 64 167.29
Total 3¢ 158 158.00 204 741.14
y = 19.75
X = 4.5
b=
2 s ~ XY, _ 0.718
5 —2
> x*—nx
a=§/d _bx = 16.52C
Seasonal
Perioc Yy factor Forecast
9 2298 0.71 16.29
10 23.70 1.06 25.20
11 24.42 1.37 33.38
12 25.13 0.86 21.63

9. a. E=(700 + 600 + 400)/3 = 567
b. Fy=Fs+ a(As— Fs) = 350 + .20(600- 350) = 400

F5 = F4 + G.(A4 - F4) =400 + 20(709— 400) =460
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10.

Quarter
I Il 11 v
Last year 360 560 420 675
This year 395 580

Each strategy is used to predict the second quarter of this Jkan, the best one is used to
predict the third quarter of this year.

Strategy A: Whatever we sold in the past three months is watill probably sell in the
next three months. Therefore, our forecast is 395. Actual was 580. 395/580 = 68%.

Strategy B: What we sold in the same three-month period lastweawill probably sell in
that three-month period this year. Therefore, our forecast is 560alAeas 580. 560/580 =
97%

Strategy C: We will probably sell 10 percent more in the tienge months than we sold in
the past three months. Our forecast is 1.10(395) = 434.5. Actual was 580. 434.5/580 = 75%

Strategy D: We will probably sell 50 percent more over the thgee months than we did for
the same three months of last year. The forecast would be 1056{880. Actual was 580.
840/580 = 145%.

Strategy E: Whatever percentage change we had for the mesthibnths this year compared
to the same three months last year will probably be the pangentage change that we will
have for the next three months of this year. The forecast would be (395/3605601= Ac-
tual was 580. 614.4/580 = 106%.

The best method was B. Applying it to third quarter of this year results neeafi of 420.
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11. a-c. For the exponential smoothing forecast we need a begioréegdt for March and an
a. For the beginning forecast use the average of the firg gedods and select = .30.
Other choices will produce different answers.

3-Mo. Absolute Exponential Absolute

Month Demand MA Deviation Smoothing Deviation
January 110
February 130

March 150 130.00

April 170 130 40 136.00 34.00
May 160 150 10 146.20 13.80
June 180 160 20 150.34 29.66
July 140 170 30 159.24 19.24
August 130 160 30 153.47 23.47
September 140 150 10 146.43 6.43

MAD 23.3 21.1

Based upon MAD, the exponential smoothing model appears to be the best.

12.

Sum of ab-

Absolute solute de-
Month  Forecas! Actual Deviation RSFE deviation viatons MAD TS
April 250 200 -50 -50 50 50 50.0 -1
May 325 250 -75 -125 75 125 625 -2
June 400 325 -75 -200 75 200 66.7 -3
July 350 300 -50 -250 50 250 625 -4
August 375 325 -50 -300 50 300 60.0 -5
September 450 400 -50 -350 50 350 583 -6

TS
o » A M o
ﬁ
N
()]
D

Period

For September, the MAD is 58.3 and the TSGs The model is performing poorly since
the tracking signal is6 and moving in a downward direction.
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Forecasting

Absolute Sum of Absolute

Month Forecast Actual Deviation RSFE deviation deviations MAD TS
1 140 137 -3 -3 3 3 3.00 -1.00
2 140 133 -7 -10 7 10 5.00 -2.00
3 140 150 10 0 10 20 6.67 0.00
4 140 160 20 20 20 40 10.00 2.00
5 140 180 40 60 40 80 16.00 3.75
6 150 170 20 80 20 100 16.67 4.80
7 150 185 35 115 35 135 19.29 5.96
8 150 205 55 170 55 190 23.75 7.16

8

6 /

4 e
P2 "

0 ‘ o

2 3 4 5 7

-4

Period

a. For month 8, the MAD is 23.75

b. The tracking signal for month 8 is 7.16

c. The tracking signal is too large, so the forecast should be catoeor.

www.elsolucionario.net
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14. a-c.
Exponential  Absolute Absolute
Month Demand smoothing deviation T, F FIT, deviation
1 31 31.00 1.00 30.00 31.00
2 34 31.00 3.00 1.00 31.00 32.00 2.00
3 33 31.90 1.10 1.18 32.60 33.78 0.78
4 35 32.23 2.77 1.11 33.55 34.66 0.34
5 37 33.06 3.94 1.14 34.76 35.90 1.10
6 36 34.24 1.76 1.24 36.23 37.47 1.47
7 38 34.77 3.23 1.11 37.03 38.14 0.14
8 40 35.74 4.26 1.10 38.10 39.19 0.81
9 40 37.02 2.98 1.17 39.43 40.60 0.60
10 41 37.91 3.09 1.11 40.42 41.54 0.54
MAD 2.90 0.86

Based upon the MAD of each forecast, the exponential smoothing with treedisttér
forecasting model.

15.

Week Forecast Actual Deviation RSFE Absolute Sum of Abso- MAD TS
deviation lute deviations

1 800 900 100 100 100 100 100 1.0
2 850 1000 150 250 150 250 125 2.0
3 950 1050 100 350 100 350 117 3.0
4 950 900 -50 300 50 400 100 3.0
5 1000 900 -100 200 100 500 100 2.0
6 975 1100 125 325 125 625 104 31

4
3 o & »
1/
0
i 2 3 4 5 6
Period

For week 6, the MAD is 104, and the tracking signal is 3.1. Thasférly high value,
which indicates the model is unacceptable.
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17.

Forecasting

a. kepembe~ (170 + 180 + 140)/3 = 163.3

b. Feptembe= -50(170) + .30(180) + .20(140) = 167.0

C. Fouy= Founet 0(Ajune— Faund = 130 + .3(140 - 130) = 133.00
Faugust= Fauy + (Asuy — Fyuy) = 133.00 + .3(180 133.00) = 147.10

FSeptember: FAugust+ a(AAugust_ FAugusa = 147.10 + .3(179‘ 147.10) = 153.97

a. Beober= (75 + 80 + 60 + 75)/4 =72.5

b- I:October= I:September'i' OC(ASeptembet’— FSeptemef =65+ 2(75‘ 65) =67.0

Y = 405/6 = 67.5
X =21/6 = 3.5
D xy—nxy 1485- 6(35)675
— = =3.86
Y x?-nx  91-6(35)°

a=y—bx = 67.5-3.86(3.5) = 54.00
Y =a+ bx =54.0 + 3.86x

b=

d. FOCtober: 54.00 + 3.86(7) = 81.01
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18.

Quarter
I Il i v
Last year 23,000 27,000 18,000 9,000
This year 19,000 24,000 15,000

Each strategy is used to predict the third quarter of ttds. y&hen, the best one is used to
predict the fourth quarter of this year.

Strategy A: Whatever we sold in the past three months is waatillvprobably sell in the
next three months. Therefore, our forecast is 24,000. Actual was 15,0000/28,000 =
160%.

Strategy B: What we sold in the same three-month period lastweawill probably sell in
that three-month period this year. Therefore, our foreca$8,800. Actual was 15,000.
18,000/15,000 = 120%.

Strategy C: We will probably sell 10 percent more in the tieege months than we sold in
the past three months. Our forecast is 1.10(24,000) = 26,400. Actuall'w@a0.
26,400/15,000 = 176%.

Strategy D: We will probably sell 50 percent more ovemigne three months than we did for
the same three months of last year. The forecast would be 1.50(18,20(M)00. Actual
was 15,000. 27,000/15,000 = 180%.

Strategy E: Whatever percentage change we had for the psestibnths this year compared
to the same three months last year will probably be the pancentage change that we will

have for the next three months of this year. The forecasuvmmi(24,000/27,000)18,000 =
16,000. Actual was 15,000. 16,000/15,000 = 107%.

The best method is E. Apply it to the fourth quarter of this year.

(15,000/18,000)9,000 = 7,500
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Absolute Sum of Absolute

Period Forecast Actual Deviation RSFE deviation deviatons MAD TS
1 1500 1550 50 50 50 50 50.0 1.00
2 1400 1500 100 150 100 150 75.0 2.00
3 1700 1600 -100 50 100 250 83.3 0.60
4 1750 1650 -100 -50 100 350 87.5 -0.57
5 1800 1700 -100 -150 100 450 90.0 -1.67

3

2 A/\

1 *

P 0 : o~ :
1 1 2 3 \2\ 5
” S
Period

a. For period 5, the MAD = 90.00, and the TS =-1.67

b. The model seems acceptable since the tracking signal is 162 ofiean and is reason-
able. However, the downward trend in the graph does present a concern.
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20.

Month 3-mo. Absolute 3-mo Absolute Absolute Absolute
() Demanc MA deviation WMA deviation F, deviation T, F.  FIT, deviation
1 62 61.00 1.80 60.0061.80
2 65 61.30 1.82 61.8663.68
3 67 62.41 1.94 64.0766.01
4 68 64.67 3.33 6540 2.60 63.79 4.21 2.03 66.3168.33 0.33
5 71 66.67 4.33 67.10 3.90 65.05 5.95 2.00 68.2370.23 0.77
6 73 68.67 4.33 69.30 3.70 66.84 6.16 2.07 70.4672.53 0.47
7 76 70.67 5.33 7140 4.60 68.68 7.32 211 72.6774.78 1.22
8 78 73.33  4.67 7410 3.90 70.88 7.12 2.22 75.1477.36 0.64
9 78 75.67 2.33 7640 160 73.02 498 2.28 77.5579.83 1.83
10 80 77.33 2.67 7760 240 7451 5.49 2.11 79.2881.39 1.39
11 84 78.67 5.33 79.00 5.00 76.16 7.84 1.99 80.9882.96 1.04
12 85 80.67 4.33 81.60 3.40 7851 6.49 2.08 83.2785.35 0.35

MAD 4.07 3.46 6.17 0.89

Based upon MAD, the exponential smoothing with trend component apgpdashe best meth-
od.

21.
Average
from same
quarterly Seasonal Deseasonal- x*deseasonalize
X y period factor ized demand x° demand
1 205 340.0 0.736 278.48 1 278.48
2 140 207.5 0.449 311.63 4 623.25
3 375 530.0 1.147 326.80 9 980.40
4 575 770.0 1.667 344.91 16 1379.63
5 475 0.736 645.27 25 3226.33
6 275 0.449 612.12 36 3672.74
7 685 1.147 596.95 49 4178.66
8 965 1.667 578.84 64 4630.75
Total 3¢ 3695 3695.00 204 18970.24
N 461.8¢
y =
X = 4.50
Z XYy — XYy
b= — = 55.78
2
> X% —nx
a= ;,d _bx = 210.87
17¢
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22.

Forecasting

Forecas
Seasonz (Y g*seasc

Period (X Yq factor nal factor)
9 712.8¢ 0.736 525
Summer’06 10  768.6€ 0.449 345
11  824.44 1.147 946
12 880.2zZ 1.667 1467
Quarter
I Il 1] v
2004 1,125 1,310 1,075 1,550
2005 1,000 1,175 975

Each strategy is used to predict the third quarter of tras. y&hen, the best one is used to
predict the fourth quarter of this year.

Strategy A: Whatever we sold in the past three months is wdatill probably sell in the
next three months. Therefore, our forecast is 1,175. Actual was 975. 1,175/975 = 121%.

Strategy B: What we sold in the same three-month period lastweawill probably sell in
that three-month period this year. Therefore, our forecast is 1,0dFual was 975.
1,075/975 = 110%.

Strategy C: We will probably sell 10 percent more in the tleree months than we sold in
the past three months. Our forecast is 1.10(1,175) = 1,292.5. Actuarwa4,292.5/975 =
133%.

Strategy D: We will probably sell 50 percent more ovemitne three months than we did for
the same three months of last year. The forecast would be 1.50(1,0/3R-5. Actual was
975. 1612.5/975 = 165%.

Strategy E: Whatever percentage change we had for the ggeshibnths this year compared
to the same three months last year will probably be the gamtentage change that we will
have for the next three months of this year. The forecastdvwe (1,175/1,310)1,075 = 964.
Actual was 975. 964/975 = 99%.

If only the first three are used, the best method is B. Tdrerethe forecast for the fourth
guarter is 1,550.

If all five methods listed in the Text are used, then the ineshod is E. Applying it to the
fourth quarter of this yea produces a forecast of

(975/1,075) 1,550 = 1,406.
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23.
a. F (this month) = (325 + 350 + 400)/3 = 358
b. F (next month) = (300 + 325 + 350)/3 = 325
c. F (two months ago) = 450 + .20(40@50) = 440
F (one month ago) = 440 + .20(35@40) = 422
F (this month) = 422 + .20(325422) = 403
24,

Sum of
Absolute absolute
Month Forecast Actual Deviation RSFE deviation deviations MAD TS

May 450 500 50 50 50 50 50.00 1.00
June 500 550 50 100 50 100 50.00 2.00
July 550 400 -150 -50 150 250 83.33 -0.60
August 600 500 -100 -150 100 350 8750 -1.71
Septembe 650 675 25 -125 25 375 75.00 -1.67
October 700 600 -100 -225 100 475 79.17 -2.84

TS
A D o N o~

Period

The TS itself is acceptable. However, you would like iotbe TS going back and forth
between positive and negative. It currently is headed down (4 coiveggoint in a row
downward). If this trend continues, the forecasts will be unaabkpt This forecast
should be closely monitored to see if the downward trend continues, or if this ddeyrre
random chance.
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25. a.

Company A

Forecast Absolute  Forecast Absolute
Period EPS «=0.10 deviation o =0.30 deviation

2002-1 1.67 1.67 1.67
I 2.35 1.67 0.68 1.67 0.68
I 1.11 1.74 0.63 1.87 0.76
v 1.15 1.68 0.53 1.64 0.48

2003-1 1.56 1.62 0.06 1.50 0.06
I 2.04 1.62 0.42 1.52 0.52
I 1.14 1.66 0.52 1.67 0.53
v 0.38 1.61 1.23 151 1.13

2004-1 0.29 1.48 1.19 1.17 0.88
I -0.18 1.36 1.54 0.91 1.09
I -0.97 1.21 2.18 0.58 1.55
v 0.20 0.99 0.79 0.12 0.08

2005-1 -1.54 0.91 2.45 0.14 1.68
I 0.38 0.67 0.29 -0.36 0.74
I 0.64 -0.14

MAD 0.96 0.79

Company B

. Abso-

Forecast|ute devi-Forecast Absolute
Period Demand o = 0.10 ation a=0.30 deviation

2002-1 0.17 0.17 0.17
I 0.24 0.17 0.07 0.17 0.07
I 0.26 0.18 0.08 0.19 0.07
v 0.34 0.19 0.15 0.21 0.13

2003-1 0.25 0.20 0.05 0.25 0.00
I 0.37 0.21 0.16 0.25 0.12
I 0.36 0.22 0.14 0.29 0.07
v 0.44 0.24 0.20 0.31 0.13

2004-1 0.33 0.26 0.07 0.35 0.02
I 0.40 0.26 0.14 0.34 0.06
i 0.41 0.28 0.13 0.36 0.05
v 0.47 0.29 0.18 0.37 0.10

2005-1 0.30 0.31 0.01 0.40 0.10
Il 0.47 0.31 0.16 0.37 0.10
i 0.32 0.40

MAD 0.12 0.08
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MAD
Goodyear Tire Cooper Tire
a=0.10 .96 A2
o=0.30 .79 .08

b. Based upon MAD, an of .30 performs better than .10.

C.
Company A
Average X*
from same Seasonal Deseasonalize deseasonalize
X y quarter factor demand X2 demand
1 1.67 0.495 0.723 2.309 1 2.309
2 2.35 1.148 1.677 1.401 4 2.803
3 111 0.427 0.624 1.780 9 5.341
4 1.15 0.577 0.843 1.365 16 5.458
5 1.56 0.723 2.157 25 10.783
6 2.04 1.677 1.217 36 7.299
7 1.14 0.624 1.828 49 12.798
8 0.38 0.843 0.451 64 3.607
9 0.29 0.723 0.401 81 3.608
10 -0.18 1.677 -0.107 100 -1.073
11 -0.97 0.624 -1.556 121 -17.113
12 0.20 0.843 0.237 144 2.848
13 -1.54 0.723 -2.129 169 -27.676
14 0.38 1.677 0.227 196 3.172
Total 10! 9.58 9.580 1015 14.165
y = 0.684
X = 7.5
z XYy —NXYq4
b===—"-—"——= -0254
2
D x* —nx
a=y,—bx= 2.5867
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Forecas
Seasone (Y 4*seasona
Period (X Yq factor factor)
15 -1.217 0.624 -0.76
16 -1.470 0.843 -1.24
17 -1.725 0.723 -1.25
18 -1.978 1.677 -3.32
19 -2.232 0.624 -1.39
20 -2.485 0.843 -2.09
Company B
Average x*
from same Seasonz Deseasonalizet deseasonalize
X y quarter  factor demand X2 demand
1 0.17 0.263 0.764 0.223 1 0.223
2 024 0.370 1.077 0.223 4 0.446
3 0.26 0.343 0.999 0.260 9 0.781
4 034 0417 1.213 0.280 16 1.121
5 0.25 0.764 0.327 25 1.636
6 0.37 1.077 0.344 36 2.061
7 0.36 0.999 0.360 49 2.522
8 0.44 1.213 0.363 64 2.902
9 0.33 0.764 0.432 81 3.887
10 0.40 1.077 0.371 100 3.714
11 041 0.999 0.410 121 4,513
12 0.47 1.213 0.388 144 4.651
13 0.30 0.764 0.393 169 5.104
14 0.47 1.077 0.436 196 6.110
Total 10t 4381 4,810 1015 39.672
y = 0.344
X = 7.5
z XYy —NXYq4
b= — 2 2 = 0.016
D x* —nx
a:yd_bX: 0.225
17¢
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Forecast
Seasonal (Yg*seasona
Period (X Yq factor factor)
15 0.462 0.999 0.46
16 0.478 1.213 0.58
17 0.494 0.764 0.38
18 0.510 1.077 0.55
19 0.525 0.999 0.53
20 0.541 1.213 0.66

d. The results indicate that Goodyear Tire’s EPS is on a downward trend, while Cooper
Tire’s EPS is growing.

26. Since we our interested in forecasting the next four yearsy of the procedures presented
in the Text will not work. For example, moving average and exponamtiabthing will on-
ly project one period into the future. Therefore, of thehaws presented in the Text, re-
gression appears to be the logical approach.

6000

5500 T /
5000 7/' w

4500
4000 ‘ ‘ ‘ ‘ \ \ \ \ \ \

Revenue

Examination of the graph of revenue over time suggest thattregybe a slight upward
trend. Additionally, there may be a cyclical component, possibly Gyears. With the
limited data, it is very difficult to determine the cycl€onsequently, simple regression
appears to be the available choice for the forecast.
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2

X y Xy X y
1 4865.9 4865.9 1 23676982.8
2 5067.4 101348 4 25678542.8
3 5515.6 16546.8 9 30421843.4
4 5728.8 22915.2 16 32819149.4
5 54977 27488.5 25 30224705.3
6 5197.7 31186.2 36 27016085.3
7 5094.4 35660.8 49 25952911.4
8 5108.8 40870.4 64 26099837.4
9 5550.6 499554 81 30809160.4
10 5738.9 57389.0 100 32934973.2
11 5860.0 64460.0 121 34339600.0
Total 6€ 59225.8 361473.0 506 319973791.0
X = 6
o 5384.16¢
y =
D xy—nxy
b= — = 55.62
2
Zx —nx
a=y—bx = 5050.44¢
LINEST:
b 55.62
a 5050.44«
Perioc Forecas
12 5718
13 5774
14 5829
15 5885
177
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27.

a. Answers using LINEST function in Microsoft Excel.

Sales Price Advertising  Fitted Values
400 280 600 451.72
700 215 835 977.21
900 211 1100 1090.98
1300 210 1400 1195.40
1150 215 1200 1095.85
1200 200 1300 1231.99
900 225 900 929.25
1100 207 1100 1118.62
980 220 700 898.79
1234 211 900 1025.98
925 227 700 850.42
800 245 690 722.80

Constant 2191.3374
Price -6.9094
Advertising 0.3250

y=a+bx +b,X, =21913374-6.9094x, +.3250,

Where
a =y intercept
Xy = price
b, = slope of price
X, = advertising
b, = slope of advertising

b. Price has a large effect on sales because it slope value is miueh(H6.9094 versus
.3250). Price actually has a negative effect since raising price slesisales.

Sales = 2191.3374 - 6.9094 (300) + .3250 (900)
Sales =411.04
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28.

F, =300 T, =8

a =230 0 =40

A =288

FIT, =F +T, =300+8=308

F.,=FIT, +a (A —FIT,) = 308+ .3(288-308 = 308—-6 = 302
Too =T, +3(F,~FIT,) =8+ 4(302-308 = 8- 24= 56
FIT,,=F,+T,, =302+56=3076
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MANAGERIAL BRIEFING 13
ENTERPRISE RESOURCE PLANNING SYSTEMS

Review and Discussion Questions

1. What are the key technological features of SAP R/3 thatt spairt from conventional
business accounting/planning/control software?

The key technological features are application link enabliogpypbementary software partner,
data warehousing, and distributed client/server computer technology.

2. SAP R/3 allows the human resources, financial accounting, and manuaf@end logistics
modules to be implemented separately. How would this changetintfgmimplementation
process?

The benefit of this system is its integration. However higgléementing modules separately, it
is easier to implement especially when current practices don’t match SAP R/3 practices. The
drawback is that it might take longer, but it may be a smoother implenoentati

3. A feature that many companies are considering is thegta customer orders via World
Wide Web sites. Put yourself in the place of the person at Foror oimpany considering
this approach to taking customer orders for the Ford Explen sitility vehicle. What
information would you need to collect from the customer? Whatrirdtion would you give
the customer regarding the order? How would the information bewisigid Ford Motor
Company? What major problems would you anticipate need solvingtpriorplementing
the system? If this project is successftihat is, customers find ordering their Explorer over
the Web preferable to negotiating with a dealerhat are the long-term implications to Ford
Motor Company?

Information from the customer regarding their order could includeptiens, price, place of
delivery, loan (payment) information, and state in which it will benkesl.

The customer should receive information confirming the order thighselected option, the
price, any information they might need for loan and license, and livergiedate and place of
delivery.

Internally, the order could be used to arrange the purchase sf gelredule production, and
arrange the delivery of the car (logistics).

The main problem to be overcome with this system would be thefriesedliness of the
system. Would a significant number of customers use this systéfhat features would it
need to be successful?

In the long term, Ford would have to decide whether this is the vegywtant to do business.
If enough people use this approach, the dealer would not have any sahesdusNould
dealers remain in business to service the automobiles? Itatsd have an impact on the
delivery of automobiles.
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CHAPTER 14
AGGREGATE SALES AND OPERATIONS PLANNING

Review and Discussion Questions

1.

What is the major difference between aggregate planning mufauring and aggregate
planning in services?

Variable affecting services operations can increase thefaeedertime, a costly alternative.
Also, services operations often have unique rules concerning the hanmpbryee may work
(e.g., airlines, and trucking). Also intangibility of the prodiam ecnake the use of MRP diffi-
cult.

What are the basic controllable variables of a production planning problemt?ai&/ltiae four
major costs?

Basic controllable variables: production rate, work force levelsirasathtories.

Major costs: production costs (fixed and variable), production adaéege costs, inventory
holding costs, and backlog costs.

. Distinguish between pure and mixed strategies in production planning.

Pure strategies use only one variable to absorb demand fluctudfiored strategies involve
two or more pure strategies.

. Define level scheduling. How does it differ from the pure strateégipsoduction planning.

A Japanese approach, level scheduling focuses on holding prodcmtistant over a period
of time. It is more like a combination of strategies irt fioa the period it keeps work force
constant, inventory low and depends on a demand backlog to pull products through.

Compare the best plans in the CA&J Company and the Tucson Parke@edtRn Depart-
ment. What do they have in common?

The plans have little in common. The CA&J plans used a cdnstarwork force and sub-
contracting. The Tucson Parks plan, on the other hand, used a cbigtiawbrk force and
no subcontracting.

. How does forecast accuracy relate, in general, to the @laapplication of the aggregate

planning models discussed in the Chapter?

A highly accurate forecast encourages the use of determitestiniques such as linear pro-
gramming which in turn permits the development of near optiaals. Clearly, though, any
reduction in uncertainty enhances the likely accuracy of any production planethgd.

181

www.elsolucionario.net




Chapter 14

7. In which way does the time horizon chosen for an aggregate pkErmdet whether it is the
best plan for the firm?

Many factors affect the selection of an appropriate timezbori Perhaps, the most important
is what the firm intends to plan during that time period. Anegafe plan implies a period of
up to 18 months wherein the firm takes its forecast and plans pimdwsing inventory,
work force size, overtime and under time, subcontracting, and baakipggiers to achieve a
reasonable schedule at reasonable costs. A very stablie frivery stable environment with
a very stable demand really doesn’t need to go out very far with its aggregate plan. However,
when there is variation, especially when this variation is denable, then a longer aggregate
plan will show the need to find subcontractors, new workforce awhiy, etc. Planning for
these can start early.

8. Review the opening vignette, how does sales and operationsnglamelp resolve product
shortage problems?

Sales and Operations planning helps reduce shortages by gettimg lkadly players (sales, fi-
nance, operations and product development) to work tog ether to hatgdalupply and de-
mand. When a firm does a good job of sales and operations planisingss likely to have

demand and supply so far out of balance that there is productgdsrt@he opening vignette
shows that better communication between the executives myavavied the problem they
are discussing.

9. How would you apply yield management concepts to a barbershop# dkisk vending ma-
chine?

The first step would be to determine when peak and off-peastexnisted. For the barber-
shop, lower prices could be given during off-peak times. For exampde, ¢iscounts could
be given during days of the week, or times of the day when dembowd. iAnother approach
would be to offer a discount and an appointment to people that walk-in duringrpeakthus
transferring them to an off-peak time.

Hopefully, lack of capacity would not be a problem for a vendinghima¢ so reallocating
peak demand should not be an issue. But, trying to increase dig@igge non-peak times is
difficult because most vending machine can charge only one. powever, new technology
could allow the prices to be changed based on time of day, or evefayhef the week.

Therefore, during off-peak times, a lower price could be charged to stnsalats.
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Problems
Problem Type of Problem Difficulty New Modified Check Figure
Problem | Problem in Appendix A

Cut and try Transportation

1 Yes Moderate

2 Yes Moderate

3 Yes Moderate Yes

4 Yes Moderate

5 Yes Moderate

6 Yes Moderate Yes

7 Yes Moderate

8 Yes Moderate

9 Yes Moderate

10 Yes Moderate

11 Yes Moderate | Yes

1. Answers will vary, but Production Plan 2 is very difficult to beat in ternstaif cost.

2. Using a constant workforce of size 10 and assuming no shoaiagasklogs, the following
matrix would be optimal.

January February March Excess Available
capacity capacity
Beginning 0 10 20 0
inventory 200 200
January 50 60 70 0
RT 300 140 440
January 75 85 95 0
oT 90 20 110
January 100 110 120 0
Subcontracting 5 5
February 50 60 0
RT 380 380
February 75 85 0
ot 80 30 110
February 100 110 0
Subcontracting 5 5
March 50 0
RT 420 420
March 75 0
oT 110 110
March 100 0
Subcontracting 5 5
Requirements | 500 600 650 35 1785
18:
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3.

Forecast Begin- Produc- Produc- Produc- Overtime Actual Ending Workers Workers
ning in- tionre- tion hourstion hourshours produc- invento- hired
ventory quired required available tion ry

Fall 1000C 500 9500 1900C 1440C 7200
Winter 8000 -2300 1030C 2060C 1440C 6200 1030C
Spring 7000 0 7000 1400C 1440C 7200
Summer  1200C 200 1180C 2360C 1440C 1180C

Back Overtime Hiring Lay off Inventory Straight Total

order time
Fall $23,00( $72,00C $95,00(
Winter $49,60( $72,000$121,60(
Spring $1,00C $72,00C $73,00C
Summet $2,00C $4,00C $118,00($124,00(
Total $413,60(

*Workers hired = (23,600-14400)/(8*60) = 19.17 workers

4.

Forecast Begin- Produc- Produc- Produc- Overtime Actual Ending Workers Workers
ning In- tionre- tion hourstion hourshours production invento- hired
ventory quired required available

February  8000C 0 8000C 2000C 1600C 8000C

March 6400C 0 6400C 1600C 1600C 6400C

April 10000C 0 10000C 2500C 1600C 5000 8400C -1600C

May 4000C -1600C 5600C 1400C 1600C 6400C 8000
Back Overtime Hiring Lay off Inventory Straight Total
order time

February $125C $20000C $20125(

March $175C $16000C $16175(

April $32000C $7500C $16000C $55500(

May $8000C $16000C $24000(

Total $115800(

*(20,000-16,000)/(8*20) = 25 workers
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5.

Forecast Begin- Produc- Produc- Produc- Overtime Actual Ending Workers Workers
ning In- tionre- tion hourstion hourshours production invento- hired laid off
ventory quired required available ry

Spring 2000cC 1000 1900C 3800C 2800C 1000C 1900C 0
Summer  1000C 0 1000C 2000C 2800C 1000C 0 20
Fall 1500C 0 1500C 3000C 2000C 1500C 0 25
Winter 1800C 0 1800C 3600C 3000C 1500C -3000

Back Overtime Hiring Lay off Inventory Straight Total

order time
Spring $15000( $28000C $43000(
Summer $400C $20000C $20400(
Fall $250C $30000C $30250(
Winter $2400( $30000C $32400(
Total $126050(
6.

Jan. Feb. March April May June July AugustSept. Oct. Nov. Dec. Ave.
Forecast 2500 3000 4000 3500 3500 3000 3000 4000 4000 4000 3000 3000
Beginning 500 1250 1500 2000 1750 1750 1500 1500 2000 2000 2000 1500
inventory
Production 3250 3250 4500 3250 3500 2750 3000 4500 4000 4000 2500 3000 3458.2
requirements
Ending in- 1250 1500 2000 1750 1750 1500 1500 2000 2000 2000 1500 1500
ventory

Total Cost
Forecast 2500 3000 4000 3500 3500 3000 3000 4000 4000 4000 3000 3000 4050C
Beginning 500 1360 1720 1080 940 800 1160 1520 880 240 -400 -40
inventory
Production 3360 3360 3360 3360 3360 3360 3360 3360 3360 3360 3360 3360 4032C $403,200.0(
plan
Ending in- 1360 1720 1080 940 800 1160 1520 880 240 -400 -40 320
ventory
Safety stock 1250 1500 2000 1750 1750 1500 1500 2000 2000 2000 1500 1500
Excess in- 110 220 20 350 $1,750.0C
ventory
Back order 400 40 440  $8,800.0(
Total $413,750.0(

Next, try increasing or decreasing the number of workers by onecealdulate the total cost. A
better solution may be found.
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7. There is more then one solution.

Janvay | Febray March A May June goausgg c;gl&ty
January ]32(()).;)0 | 29;5;00 | 4000 | [4500] [5000 | [s500| |
JanouTary ]122.;)0 | 50.00 | | 5500 | |6000| | 6500 | 70.00 . 1200
Feﬁ):;-lFaW | 40.00 \3:(())(.)00 | 2c#;)&z).oo | 40.00 | | 4500 | | 50.00 . 4000
Febc#ary | 5500 | | 45.00 | | 65;(2).00 ]65050.00 | 60.00 | | 65.00 . 1200
March 50.00 40.00 30.00 50.00 | | 40.00 | | 45.00
o | 3000 Laom | [son | [som| [dom0| (655 , |
March | 65.00 | | 5500 | | 1:2:0 5000 | [ 5500 | [e000| |
Apri | 60.00 | | 50.00 | | 40.00 ’432600 [ 8500 | [4000 | |
Api | 7500 | | 6500 | | 55.00 ]1;1;)00 | 5000 | [s500 | |
May | [ 7000 | | 6000 | | 5000 | [4000]| |3000]| [8500| |
RT 200 3800
May | 8500 | | 7500 | | 6500 | |55.00 ‘1:2600 [s000 | [ oo
June | 80.00 | | 70.00 | | 60.00 | |50.00] [ 40.00 \430.00 o | 4000
000
June | 95.00 | | 8500 | | 7500 | |65.00]| | 55.00 | | 45.00 1200 | 1200
e O I I NN BN
ool | 5000 4000 6000 6000 | 5000 4000

Total Cost = $1,003,000
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Janvay | Febray March A May June goausgg c;gl&ty
January ]43(()).;)0 | 3500 | | 4000 | [4500 | [5s000 | [s500| |
JanouTary | 4500 | | 5000 | | 5500 | [60.00]| | 6500 | |[70.00 200 | 1200
February | | 4000 | [ 3000 | | 3500 | [4000| [4500 | [s000| |
RT 1000 3000
Febc#ary | 5500 | | 4500 | | 5000 | |5500] | 60.00 \1 26(’;3(.)00 . 1200
March | | 50.00 | [ 4000 | [ 3000 | [s000| | 4000 [4500| [
RT 1000 3000
Mrch | 65.00 | | 5500 | | 4500 | |5000] | 55.00 \1 :g(.)oo o | 1200
April | 60.00 | | 5000 | | 4000 | [30.00] | 3500 [ 40.00
RT 3000 1000 0 4000
April 75.00 65.00 55.00 45.00 | | 50.00 55.00
gy | L) Loooo ] 00| Taomn | [osw] 1,
I\gza"ry | 7000 | | 60.00 | | 50.00 ‘432600 | 30.00 | | 35.00 . 4000
M 85.00 75.00 65.00 55.00 | | 45.00 50.00
ot | | | | | 1000 | 200 A
June | 80.00 | | 70.00 [ | 60.00 | |50.00 ‘432600 (3000 | [ oo
June | 95.00 | | 8500 | | 7500 | |65.00] | 55.00 \1 :gc.)oo o | 1200
e O I I NN BN
ool | 5000 4000 6000 6000 | 5000 4000

Total Cost = $1,165,000
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8.

April
RT

April
oT

May
RT

May
oT

June
RT

June
oT

July
RT

July
oT

Unfilled
Demand

Demand

Dual P(j)

April April April May May May  June  June June July July July Supol Dual
A B C A B c A B o A B c PR p(i)
‘ 4 3 ‘ & ‘ 7 ‘ 3 ‘ 11 ‘ r ‘ 13 ‘ 13 13 7 ‘ 2
1500 3
200 £00 200
‘ K Fhll ‘ o ‘ o3 ‘ Mhl ‘ 14 ‘ Te ‘ Thhll ‘ T Th TRH ‘ S
el A
Eil] 100
‘ 1 M ‘ 1M ‘ 1 ‘ 5 ‘ 6 ‘ 7 ‘ a ‘ 11 10 g ‘ 18
1200 2
100 700 o
‘ “1he #H ‘ +H ‘ £ ‘ 750 ‘ 3 ‘ E] ‘ 11.50 ‘ 14 12 =50 ‘ 19
35
40 5
‘ 1k LM ‘ 14 ‘ +1 ‘ b ‘ “ M ‘ 4 ‘ 5 ‘ 5 7 ] ‘ 11
1600 5
m 900 700
‘ -1 M ‘ 14 ‘ A1 ‘ i ‘ M ‘ : ‘ 7.50 ‘ 9 9 150 ‘ 1
30 4
ol 550
‘ -In N ‘ +IM ‘ +14 ‘ Y ‘ M ‘ +IM ‘ +1H ‘ -1k 4 5 ‘ &
140 HHI
cm 8o
‘ 1 M ‘ 1M ‘ 114 ‘ 1 ‘ M ‘ 1M ‘ 1 ‘ 1 g 751 ‘ a
3¢ 7
G50 m
‘ 0 3 ‘ ] ‘ C ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 0 ] ‘ o
1] 550
An
a0 | 0 £00 700 =00 m 900 700 1200 1100 g0
1 5 e 3 8 g 10 11 12 13 1450 1530
Objective Yalue = 55300 (Minimization)
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Aggregate Planning

9.
Number of workers = (6700-200)10/(249*8) = 32.6 or 33 workers

Monthly production (except July) = 22(8)33/10 = 580 units/month

Jan. Feb. March Aprii May June July AugustSept. Oct. Nov. Dec. Total

Forecast 600 800 900 600 400 300 200 200 300 700 800 900 6700
Beginning 200 180 0 0 0 180 460 444 824 1104 984 764
inventory

Available 580 580 580 580 580 580 184 580 580 580 580 580 6564
Production

Ending in- 180 -40 -320 -20 180 460 444 824 1104 984 764 444
ventory

Costs Total
Lost Sales 800 6400 400 7600
Inventory 900 900 2300 2220 4120 5520 4920 3820 2220 26920
Total 900 800 6400 400 900 2300 2220 4120 5520 4920 3820 2220 34520

Since there appears to be excessive inventory costs, anaheshauld be attempted with 32
workers for comparison purposes.

10.
ForecastBegin- Safety Produc- Produc- Working Workers BeginningWorker Produc-Ending
ning stock tion tion hoursdays needed workers hired tion invento-
Invento- required required ry
ry
January 1000 500 500 1000  1000C 22 57 50 7 1003 503
February 1500 503 750 1747  1747¢C 19 115 57 58 1748 751
March 1200 751 600 1049 10490 21 63 115 -52 1058 609
Cost

Hiring Layoffs Total
$13,00C $15,60C $28,60C

Note, inventory cost are at the minimum because the inveldoejs are at the safety stock
levels. Therefore, only the cost of hiring and laying off workers has ineluded.

18¢
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11.

Current capacity per Month

12 full-time employees = 2460 per month for a four month total of 9840 units
3 Part-time employees = 495 per month for a four month total of 1980 units
Giving Total capacity for 11,820 units

Capacity needed:

Total demand is 12,100Current Inventory is 403 = Needed product is 11,697
Current Capacity meets demand and a reduction in part-time labor esasiitlé
May Demand is 3200 403 = 2797

This production minimizes carrying cost and only inventory costdluded in the table.
Carrying cost would be $40*(.24/12) = $.80 per month

Tby ‘June ‘July ‘August gp“;fg ngﬂty
M .80 1.60 2.40
Fulltair);]e 2460 0 2460
M .80 1.60 2.40

Ten?r;s :Ls7 ‘ 35 ‘ ‘ 123 495
J 0 .80 1.60

el i
June | | o | .80 | 1.60 . 405
Temps 305 190

Jul 0 .80

Fullliizlne ’ ‘ ‘ 2460 ‘ 0 2460
July | | Lo | 80 0 495
Temps 450 45

A 0

Fuull%l:r?(te ’ ‘ ‘ ‘2460 0 2460
August 0

Tgr%]upss ’ ‘ ‘ ‘ 495 0 495
Unfilled
Demand | ° 0 0 0
Dlﬂ:; g 2797 2800 3100 3000

Total Cost = $216.00
19C
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CHAPTER 15
INVENTORY CONTROL

Review and Discussion Questions

1. Distinguish between dependent and independent demand in a McDonald’s, in an integrated
manufacturer of personal copiers, and in a pharmaceutical supply house.

The key to the answer here is to consider what must be faddasiependent demand), and,
given the forecast, what demands are thereby created for ttemseet the forecasts
(dependent demand).

In a McDonald’s, independent demand is the demand for various items offered for sale—Big
Macs, fries, etc. The demand for Egg McMuffins, for example, nieelde forecasted. Given
the forecast, then, the demand for the number of eggs, cheese, Gdaaia, muffins, and
containers can then be computed based on the amount needed for each Egg McMuffin.

The manufacturer of copiers is integrated, i.e., the parts, comgoraint are produced
internally. The demand for the number of copiers is independeist me forecasted). Given
the forecast, the Bill of Materials is exploded to deternthree amounts of raw materials,
components, parts, etc. that are needed (more on the BOM in chapter 16).

The pharmaceutical supply company is an extreme case wherenshliems are carried and
nothing is produced internally. The bill of materials is #r item and, therefore, the
independent demand (forecasted from customers) is the saime @dependent demand. One
might attempt to consider that when the demand for items occuthéogthat this is similar
to a bill of materials. However, this is not a bill of nmaks, but rather a causal relationship
making it easier to forecast.

2. Distinguish between in-process inventory, safety stock inventory easdrsal inventory.

In-process inventory consists of those items of materialponents and partially completed
units that are currently in the production process.

Safety-stock inventory is set so that inventory is maintainsdtisfy some maximum level of
demand. It could be stated that safety stock is that levievehtory between the minimum
expected demand and the desired level of demand satisfaction.

Seasonal inventory is that inventory accumulated to meet some perwéiase in demand.

3. Discuss the nature of the costs that affect inventory size.

The optimum inventory size is one that minimizes the combined total of holatgocdering
(or setup) cost, shortage cost, and purchase cost.
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4. Under which conditions would a plant manager elect to useed-firder quantity model as
opposed to a fixed-time period model? What are the disadvantdgesing a fixed-time
period ordering system?

Fixed-order quantity modelashen holding costs are high (usually expensive items or high
deprecation rates), or when items are ordered from different sources.

Fixed-time period modelswhen holding costs are low (i.e., associated with low-cost items,
low-cost storage), or when several items are ordered fhensame source (saves on order
placement and delivery charges).

The main disadvantage of a fixed-time period inventory syssetimait inventory levels must
be higher to offer the same protection against stockoutfixedrorder quantity system. It
also requires a periodic count and closer surveillance tlimedrorder quantity system. A
fixed-order quantity system can operate with a perpetual count (keepingragrlogof every
time a unit is withdrawn or replaced) or through a simple twambiitag arrangement wherein
a reorder is placed when the safety stock is reacheds Idthér method requires very little
attention.

5. Discuss the general procedure for determining the order quavtién price breaks are
involved. Would there be any differences in procedure if holding cost were a fixethjage
of price rather than a constant amount?

In computing inventory size for the case where item cosevanith quantity ordered, if
holding costs are constant, then only one EOQ is calculatedn, T total cost for the
feasible EOQ and all break-points above are calculated loWast total cost is the best order
size.

If holding cost is a fixed percentage of the price, then the proldevorked from the largest
guantity (lowest price) to the smallest (highest price). &saigely lower prices in the EOQ
formula until the EOQ is a feasibld.e., the EOQ falls into the same ranges as the price used
in the equation. At this point it is only necessary to comphg total cost with this EOQ, and
with the price breakpoints above (at lower prices). Agtie,lowest total cost is the best
order size.

6. What two basic questions must be answered by an inventory-control degisibn

Any inventory control model or rule must establish (1) whenstshould be ordered, and (2)
how many should be ordered.

7. Discuss the assumptions that are inherent in production sefijmiatering cost, and carrying
cost. How valid are they?

Investigation of ordering and production setup cost will likélgvg that a single, unique cost
does not exist for each product, nor is it linearly relatetiéanumber of order (as implied in
the equations or inventory models). In the purchasing departmesexdople, an employee
is paid either a salary or an hourly rate for a normal workwd he cost for that employee is
sometimes divided among the number of items or orders for which hee$@ansibility,
resulting in an averaged or allocated cost for each ordeddoesp However, when we
consider an inventory ordering cost based on the number or orders p@syisadone in most
inventory models), reducing the number of orders the individual placesndbarecessarily
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decrease the net cost to the firm since his weekly pay mentiaé same. What happens is
really an increase in the ordering cost for each of the remairimg Mvithin his responsibility.

Nonlinearity of costs also occurs in production setups. Conthdeime for making a setup
in preparation for a production run. Setup time is roughly baseoh @xpected frequency of
making this particular product run. However, as the frequencgdres, familiarity with the
setup allows some shaving of the setup time. Moreover, iG¢hep is repeated often, an
investment in specialized equipment or the construction of jigg Inegome warranted,
reducing the setup time even more.

The terms carrying or holding costs for maintaining goods iantory include a multitude of
cost elements. To determine the nature and amounts of theseasosis a challenging feat.
Fortunately, total inventory cost curves tend to be dish shaped andheaefore, tolerate
some error. The holding costs associated with insurance, obsolesceinpersamnel who are
handling materials are extremely difficult to ascertain onitem-by-item basis, yet each
requires realistic analysis. Warehouse storage costsiwfmanfor example, may be based on
a ratio of its required square footage and the entireadlailvarehouse space, but this may
not be an accurate representation since it is an allocation of twsttfzan true cost. Take the
warehouse that is too large, or is used to stock products in aeasfbn or depressed period.
Allocation based on a share of total warehouse cost will result in a high cegirfige, when,
in fact, excess storage space should create pressure for-higitdower—order quantities.

In the simple inventory model, holding costs are based on thragevénventory on hand.
“Average” inventory presumes that, as stock is depleted, other product lines will be moved in

to occupy the space. It may be that costs should be basedkonumeainventory, especially
if these is an excess of space, or if the needs of an rerscaspecialized that no other
products can use the space (for example, due to environmeanteiereents). Each remaining
cost may be similarly challenged. Breakage, pilferageridettion, and insurance costs are
not constant but, rather, vary with inventory size. As the valuéventory increases,
insurance rates are lower, more refined handling proceduresheainstalled to reduce
breakage, some environmental control and maintenance can be ueddde deterioration,
and better security procedures can reduce theft.

These challenges to determining true costs are not intendesttwudige the use of inventory
models. The intent, rather, is to prevent the use of any moteuviclear knowledge of its
requirements and assumptions. Indeed, each application must cormdepdrating
conditions and needs of the firm. An appropriate model can then b&ped in a fashion
similar to those covered in this chapter.

8. “The nice thing about inventory models is that you can pull one off the shelf and apply it so
long as your cost estimates are accurate.” Comment.

Unfortunately, there is no model or set of models universallyicaipe to all inventory
situations. As stated in the chapter several times, gagatien is different and requires a
model to suit those conditions. Students frequently try to meenspecific models rather
than the process of building any inventory model. See also the answers imngiéstiow.

19¢
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9. Which type of inventory system would you use in the following situations?
a. Supplying your kitchen with fresh food.
b. Obtaining a daily newspaper.
c. Buying gas for your car.
To which of these items do you impute the highest stockout cost?

(&) Supplying kitchen with foed-both a periodic model and order quantity. Generally, a
household will shop once weekly for the majority of items (pécjothen pick up items
such as bread and milk as the supply runs low (fixed quantity with reorder point).

(b) Obtaining a daily newspapesa daily newspaper is obviously a periodic model. One
does not usuallwait until he has finished one daily paper before buying the next day’s
paper.

(c) Buying gas for your cargenerally, this is a hybrid type model wherein a reorder point is
signaled when the gas indicator is low, then the tank edfillMany people, however,
have a fixed quantity purchase when the reorder point is reached, such as “put in 10
gallons or $10.00 worth.” Still others (drawing upon our own experience) use a periodic
ordering system on their wife’s car, such as taking it out and filling it every Sunday after
church (or in Chase’s case, after the football game).

The highest stockout cost for most well-fed, well-read indivisluebuld be running out of gas
in your car. The cost could range from practically zero if ames rout in front of a gas
station—to being late for an appointment or causing an accident on the highway.

10.Why is it desirable to classify items into groups, as the ABC fitagsin does?

Using a classification scheme such as this one allows sgmation of time to be spent in
controlling specific groups or classes or items. For the ABC gigumgreater control is
afforded those items which comprise the greatest dollar volumseage. The result of this
classification is a reduction in the overall inventogesind, therefore, decreased costs for the
same level of satisfying inventory demands.

11.What kind of policy or procedure would you recommend to improve tleatiory operation
in a department store? What advantages and disadvantagegdpbeygstem have vis-a-vis
the department store inventory operation described in this chapter?

A wide variety of alternative methods for inventory contrel available for retail stores. The
most notable recent innovation is the introduction of an electrcadb register, which, in

addition to tabulating specific cash receipt categorieim @mnventional cash registers, will
also update inventory levels. Future usage will extend to steeckedit, and verifying credit

cards through direct linkage to a computer data file.

Other attempts in the past in trying to improve inventory coai® through prepunched and
coded tags on all items that are collected at the checkout counter iaicpty tabulated.
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Problems
Problem Type of Problem Difficulty | New Modified Check
Problem | Problem figure in
Appendix
A
Simple | Q-model | P-model | ABC Single | Quantity
EOQ with SS | with SS | analysis | period Discount
1 Yes Moderate
2 Yes Moderate
3 Yes Easy
4 Yes Moderate
5 Yes Moderate Yes
6 Yes Moderate
7 Yes Moderate
8 Yes Yes Moderate Yes
9 Yes Moderate
10 Yes Difficult
11 Yes Moderate
12 Yes Moderate Yes
13 Yes Difficult
14 Yes Moderate
15 Yes Moderate Yes
16 Yes Moderate
17 Yes Moderate
18 Yes Moderate Yes
19 Yes Moderate
20 Yes Moderate
21 Yes Moderate
22 Yes Moderate
23 Yes Moderate
24 Yes Moderate
25 Yes Moderate
26 Yes Moderate
27 Yes Moderate Yes
28 Yes Moderate Yes
29 Yes Moderate
30 Yes Moderate
31 Yes Moderate

1. G=%10-%4=%6
Co=%4-9$1.50 = $2.50

. C _ 6
T C,+C, 250+6

=.7059, NORMSINV(.7059)=0.541446

Should purchase 250 + .541446 (34) = 268.4 or 268 boxes of lettuce.
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2. Cu=$125
C, = $250
C, 125
P< +
C,+C, 250+125

= .333, NORMSINV(.333)=-0.43164

Should purchase 25 + (-.43164)(15) = 18.5254. Super Discount should overbook 19
passengers on the flight.

o - \/ZDS_ \/2(100()25
> H 100 =923 22

4. Service level P = .95, D = 500@, =5000/365, T = 14 days, L = 10 dafs,= 5 per day, and
| =150.

q=d(T+L)+z0,, I

0., =T +L)0? =/4+10)5)° = 24.495
From Standard normal distribution, z = 1.64

q=22904.10)+ 16424495 —150 = 218.94-> 219

365

5. Service level P = .98‘,j = 150, T = 4 weeks, L = 3 weekq, = 30 per week, and | =500
pounds.

q=d(T+L)+z0,, I

Or. = \/(T +L)0? = \/(4+ 3)(30)* =79.4
From Standard normal distribution, z = 2.05

g =150(4+3) + 2.05(79.4) 500 = 712.77— 713pounds

19¢
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o = \/ZDS_ \/2(25750250
opt — -
H 330~ 197523 1975

From Standard normal distribution, z = 1.64

R=dL+z0 = 515(1) + (1.64)25 = 556

b. Holding cost =% H= %75(.33)10 = $3,258.75
Ordering cost D S= @(250) = $3,259.49

Q 1975
c. Holding cost =% H= %00(33)10 = $3,300.00
Ordering cost D S= @(250) = $3,218.75

Q 2000

Total annual cost with discount is $6,518.7%0(25750/2000) = $5,875.00, without
discount it is $6,518.24. Therefore, the savings would be $643.24 for the year.

7. Service level P = .98 =5 per day, T = 30 days, L = 2 days,= 1 per day, and | =35.

q=d(T+L)+z0,, —I

0., =+/(T+L)o? =30+ 2)(1)? = 5.657
From Standard normal distribution, z = 2.05
g= 530+ 2)+ 2055.657) — 35 =136.60— 137chips

The most he would ever order would be when on-hand was zero.

g=530+2) + 20505.657) = 171.60— 172 chips

197

www.elsolucionario.net




Chapter 15

8.
0. - \/ZDS ~ \/2(10000150
opt — -
a. H 20000 - 129474 1225 units
R = dL + ss= (10000/52)(4) + 55 = 824.23> 824 units
b.q=d(T+L)+ss—| =(5000/52)(3+1) + 51 =390 |
9.
2DS 2(100010
a. =100 units
b TCpu gDt Qu 210005100, o)
Q 2 100 2
D Q 1000 500
TChos00 = —S+—H =——(10-100 + —2 = $320
I QT 2 500 © 0+
Therefore, forgo the discount, it is still cheaper to order 100 units aga tim
10.

Q. = \/205_ \/2(15600)3120
opt H 10 = 3120 units

0, =JLo? =/400)? =180 units

From Standard normal distribution, z = 2.05

R=dL + 2o = 300(4) + (2.05)180 = 1200.0 + 369 = 1569
If safety stock is reduced by 50 percent, then ss = 185 units.

1 . e
SS=20,,2= = 15: 1.03, so the service probability is 84.8%
o, 180

19¢
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11. Service level P = .981, =100 per day, T = 10 days, L = 6 daf/s,= 25 per day, and | =50.
g=d(T+L)+z0,,, —|

0., =+(T+L)a? =/ (L0+6)(25)% = 100
From Standard normal distribution, z = 2.05

g=100@10+ 6) + 205100) — 50 = 1755 units

12.

2DS  [2(200010
Qo =\ = 5
a = 89.44—> 89

b. Ordering cost =[—)S = M(lO) = $224.72
Q 89

c. Holding cost =% H= 8—29 (B) =%$222.50

13.

2DS 2(13000100
O =Ty = 65 -
: = 2,000 units

o, =+Lo? = \/4(40)2 = 80 units

From Standard normal distribution, z = 2.05

R=dL+ 20 = 250(4) + (2.05)80 = 1000 + 164 = 1164

If safety stock is reduced by 100 units, then ss = 64 units.

ss 64
$S=2720,,2=—= =

=— =.80
o, 80

From Standard normal distribution, z = .80, service probability is 79%

19¢
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14.

Quantity range Cost (C) EOQ Feasible
Less than 100 pounds $20 per pound 219 pounds No
100 to 999 pounds  $19 per pound 225 pounds Yes
1,000 or more pounds $18 per pound 231 pounds No
Note: EOQ = E
iIC

Therefore, calculate total cost at Q=225, C=$19, and at Q=1000, C=$18

D. Q. 3000, . 225 _

TCQ:225,C:19 = DC + 6 S+ EIC = 300(X19) + E40+ 7( 25)19 - $58,068
D Q. 3000 1000 _

TCoo1000ca8 = DC + 68+E|C =3000(L8) + 100070+ 5 (.25/18 = $56,370

The best order size is 1,000 units at a cost of $18 per pound.

15.a.

Item number Annual usage Class
18 61000 A
4 50000 A
13 42000 A
10 15000 B
11 13000 B
2 12000 B
8 11000 B
16 10200 B
14 9900 B
5 9600 C
17 4000 C
19 3500 C
20 2900 C
3 2200 C
7 2000 C
1 1500 C
15 1200 C
9 800 C
6 750 C
12 600 C

b. If item 15 is critical to operations, it may be desiraioleeclassify it from C to A to
ensure more frequent reviews.

20C
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16.

Q- \/ZDS: \/2(5000)10

a. H 203) = 408.25— 408 bottles

b. 0, =+/La? =/3(30)? =52 units
From Standard normal distribution, z = 1.64

R=dL+ 20, = 100(3) + (1.64)52 = 300.00 + 85.28 = 385:28385 hottles

17.

o - \/ZDS_ \/2(2400)5
a. e H 4

=77.467 77 sets

b. 0, =JLo? = \/7(4)2 = 10.583 sets
From Standard normal distribution, z = 2.05
R=dL + z0 | = (2400/365)(7) + (2.05)10.583 = 46.03 + 21.70 =67-3%8 sets
Order 77 sets when the on-hand inventory level reaches 68 sets.
18.Service level P = .98_3! = 60 units per day, T = 10 days, L = 2 da&¥s= 10 units per day,
and | =100 units.

q=d(T+L)+z0,, I

0, =+/(T+L)o? =10+ 2)(10)? = 34.64
From Standard normal distribution, z = 2.05

q= 60(L0+2) + 2053464)—100= 691 units
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19. Service level P = .991, = 2000 capsules per day, T = 14 days, L = 5 d8ys; 800 capsules
per day, and |1 =25000 units.

q=d(T+L)+z0,, I

O, = \/(T +L)o? = \/(14+ 5)(800)? = 3487.12 capsules
From Standard normal distribution, z = 2.3263
g=2000014+5)+ 2.32633487.12) — 2500C = 21,112 capsules
20.Cu=%$20-%$8 =$12
Co=%$8-%4=%4

C 12

u

P= = =.75
C,+C, 4+12

Demand Probability of demanc  Cumulative Probability (P)

300 0.05 0.05
400 0.10 0.15
500 0.40 0.55
600 0.30 0.85
700 0.10 0.95
800 0.05 1.00

Therefore, Sally’s should produce 600 T-shirts.

21.a.

Demand Probability Probability of Expected number Unsold Total

(dozen) of demand selling nth unit sold Sold (rev.) (rev.) revenue Cost Profit
1800 0.05 1.00 1800 $1242.00 $0.00 $1242 $882 $360
2000 0.10 0.95 1990 1373.10 290 1376 980 396
2200 0.20 0.85 2160 1490.40 11.60 1502 1078 424
2400 0.30 0.65 2290 1580.10 31.90 1612 1176 436
2600 0.20 0.35 2360 1628.40 69.60 1698 1274 424
2800 0.10 0.15 2390 1649.10 118.90 1768 1372 396
3000 0.05 0.05 2400 1656.00 174.00 1830 1470 360

b. The optimal number to make would be 2,400 dozen. This yields an eckpeofit of
$436.
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c. G =%0.69-%0.49 =$0.20
C,=$0.49 - $0.29 = $0.20

C

u

20

p= = = 50
C,+C, 20+ 20

Demand (dozen Probability of demanc Cumulative Probability (P)

1800
2000
2200
2400
2600
2800
3000

0.05
0.10
0.20
0.30
0.20
0.10
0.05

.05
0.15
0.35
0.65
0.85
0.95
1.00

Produce 2,400 dozen cookies.

22.

2(350050

2DS
Qopt :\/ H =

J

2530)

o, =+Lo? = \/2(6)2 = 8.49 mufflers

From Standard normal distribution, z = 1.28

= 216.02— 216 mufflers

Inventory Control

R=dL + zo = (3500/300)(2) + (1.28)8.49 = 23.33 + 10.87 = 34-3(B4 sets

Order 216 sets when the on-hand inventory level reaches 34 sets.
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23.
a. The obvious choice is ABC analysis.

b.

Item number Annual usage Class
q 90000
80000
68000
32000
30000
24000
17000
14000
12000
7000 B
3000
2300
2000
1900
1700
1100
1000
900
800
400

— 0T T O3 0 Q— Y -S0Q O3> ~+ X
O000O000000 WWWWwWwWX> > >

24. Service level P = .983,i = 5000/365 boxes per day, T = 14 days, L = 3 d8ys; 10 boxes
per day, and | = 60 boxes.

q=d(T+L)+z0,, I

0., =+/(T+L)0? = 14+ 3)(10)? = 41.23 boxes
From Standard normal distribution, z = 2.05

q = (5000/ 365)(14+ 3) + 205(4123) — 60 = 257.40—> 257 boxes
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25.

Q. - \/ZDS ~ \/2(500)100
opt — o
H 20500 - 316232 refrigerators

0, = 10 refrigerators

From Standard normal distribution, z = 1.88

R=dL+ zo | = (500/365)(7) + (1.88)10 = 9.59 + 18.8 = 283928 refrigerators

Order 32 refrigerators when the on-hand inventory level reaches 2&rafoic.

26.

o - \/ZDS_ \/2(100020
opt — -
H 2039) = 75.59 76 tires

o, =+Lo? = \/4(3)2 = 6 tires

From Standard normal distribution, z = 2.05

R=dL+ zo = (1000/365)(4) + (2.05)6 = 10.96 + 12.3 = 23 tires
Order 76 tires when the on-hand inventory level reaches 23 tires.

27. Service level P = .99‘,j = 600 hamburgers per day, T = 1 day, L = 1 ddy,= 100
hamburgers per day, and | = 800 hamburgers.

q=d(T+L)+z0,, I

O, = \/(T +L)o? = \/(1+ 1)(100)* = 141.42 hamburgers
From Standard normal distribution, z = 2.326

g=6001+1) + 232614142) —800 = 728.94— 729 hamburgers
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28.

Quantity range Cost (C) EOQ Feasible
Less than 2500 pound $0.82 per pound 4277 pounds No
2500 to 4999 pounds $0.81 per pound 4303 pounds Yes
5,000 or more pounds  $0.80 per pound 4330 pounds No
2DS

Note: EOQ =,|——
Q iC

Therefore, calculate total cost at Q=4303, C=$0.81, and at Q=5000, C=$0.80

D. Q.
TCo._ a0 = DC +68+E|C

50000, 4303
=50000(087) + 30+ .20)(08
(081 + 730+ ==(20)(08)

=%$4119714

D Q.
TCQ:SOOQC:OBO =DC +6S+EIC

~ 50000(080) + 222995, 5990 50)080)
5000 2

=$4070000

The best order size is 5,000 units at a cost of $0.80 per pound.

29.
Item number Average monthly Price per uni Monthly usage  Class
demand

5 4000 21 84000 A
3 2000 12 24000 AorB
4 1100 20 22000 B
7 3000 2 6000 B
9 500 10 5000 B
1 700 6 4200 BorC
8 2500 1 2500 C
10 1000 2 2000 C
6 100 10 1000 C
2 200 4 800 C

20¢€

www.elsolucionario.net




Inventory Control

30.

o - \/2DS= \/2(20)(365)10

a. H S0 = 540.37 540 cans

R=dL = 20(14) = 280 cans

b. 0, =JLo? = \/14(6.15)2 =23.01 cans
From Standard normal distribution, z = 2.57
R=dL+ zo | = 20(14) + (2.57) 23.01 = 280.00 + 59.14 = 339 cans

Order 540 cans when the on-hand inventory level reaches 339 cans.

31.Service level P = .983! = 20 gallons per week, T = 1 week, L = 1 we8k= 5 gallon per
week, and | = 25 gallons.

q=d(T+L)+z0,, I

0y =+/(T+L)0? =@+ )(5)? = 7.07 gallons
From Standard normal distribution, z = 2.05

g=201+1)+ 205707)—25=29.49— 29 gallons

207

www.elsolucionario.net




CHAPTER 16
MATERIAL REQUIREMENTS PLANNING

Review and Discussion Questions

1. Discuss the meaning of MRP terms suchplasned order release and scheduled order
receipts.

A planned order release is an order currently planned to be gkleld$ms not been released.
Consequently, the planned order release can be changed basethapges in demand as
one example.

A scheduled order receipt, on the other hand, reflects an ordérathalready been released.
The scheduled order receipt indicates the anticipated laafivthe released order. Due to
variations in delivery times, it may not arrive exactly at the pldramgval time.

2. Many practitioners currently update MRP weekly or biweeklould it be more valuable if
it were updated daily? Discuss.

The performance of any operation will naturally vary from dagdy. When the observed
time period in which performance is measured is a week or ttveodaily variations are
smoothed; that is, the variations in performance are averdgadexample, below-average
performance in one day may be offset by a higher-than-aveexrfigrmance the next day.
Daily MRP runs monitor performance too closely and may eveate an exception report
calling a normal variation an abnormal deviation from expected output.

3. What is the role of safety stock in an MRP system?

The role of safety stock in an MRP system is to buffer amgertainties in quantities. One
cause of quantity uncertainties is quality. Safety lead shwuld be used to offset any
uncertainties in timing, from such occurrences as production or peraieays. The
addition of safety stock results in extra inventory beingies, thus reducing performance.
If possible, any uncertainties in the quantities should be eliedrst that no safety stock is
needed.

4. How does MRP relate to CIM? (See supplement B)

CIM, or Computer-integrated manufacturing replaces the conventwoeas$ of product and
process design, planning and control, and manufacturing with six new—areaputer-
aided design, group technology, manufacturing planning and contre@nsysautomated
materials handling, computeided manufacturing, and robotics. MRP’s position in the CIM
scheme is primarily in the manufacturing planning and contrsiesys, which plan and
schedule operations, compare alternatives, update data, monitatiaper and project
operating results. This can include (as in MAPICS) order-entrgp dfloor control,
purchasing, cost accounting, etc. Other effects on the MRPrsysteur because of other
parts of CIM, for example, group technology affects the routingsaggiencing for MRP;
aspects of computer-aided manufacturing change MRP, such as Fii8gfleanufacturing
systems) which simplify MRP since an FMS cell can do a variety of pexess
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5. Contrast the significance of the teread time in the traditional EOQ context and in an MRP
system.

In the traditional context, lead time is fixeekither as a discrete time or as a probability
distribution. Such lead time constancy or variation is outside of the inventatglm

Lead time in an MRP system is assumed to be a variablbile \Wpecific lead times are
stated for planning purposes, these times may be speeded up ywddata conditions
warrant. Indeed, it is this ability to detect needed changeleaid times—either by
expediting or de-expeditingthat many users cite as one of the most valuable features of
MRP.

6. Discuss the importance of the master production schedule in an MRP.system

The master production schedule “drives” the system. It states the planned due dates for end
items. Material requirements planning computer runs, howevelyvenan iterative process.
The master production schedule “proposes” or “hypothesizes” a tentative schedule. After the

MRP run with this schedule, the shop scheduler examines the MRP plan fartiogblaads

on the productive systemeither by stating excessive demands on personnel or equipment,
or in excessive idle time. Then the master production schedideised and the program is
run again.

Because the entire MRP system is geared to satisfyinmalster production schedule, it is
critical that the master production schedule be corretteastart of the first MRP run. The
production scheduler then knows what effects any changes he orakke schedule will
have on the original MRP schedule. He can then take appropetade as necessary, such
as requesting that customers be contacted to try to extemiised dates if they are too
close, or to arrange for early delivery or additional steragace if products will be
completed prior to the promised delivery date.

7. “MRP just prepares shopping lists. It does not do the shopping or cook the dinner.”
Comment.

An MRP system generates schedules to meet material needsartét with the master
schedule and develops a time phased schedule which specifiesmlibat and how many
units of each material are required. Whether this schedutihésed to, depends first on the
master scheduler who may change the schedule. Then an inveodryl personnel may
choose to change order quantities or timing. Then the purchasingndepamay make
further modifications to a purchase order, and finally the produsttbeduler may actually
release the work to productier(which may be at some time other than that called for in the
MRP schedule).

8. What are the sources of demand in an MRP system? Aredbpsedent or independent,
and how are they used as inputs to the system?

An MRP system has both dependent and independent item demands. Tiheéemajods on

the system occur through the master production schedule (thessually of independent
origin). From here on throughout the system, the demands are trmmddat on the master
production schedule.
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Orders for spare parts and repair parts normally do not go thrbegmaster production
schedule unless their amounts are large enough to place acsigniad on the productive
system. These demands (which are usually independent) areddtid@rnibventory records
file by-passing the master production schedule. Once thereatbdfien exploded into the
required parts and materials needed during the normal courseMRPeun. The parts and
materials needed to make the spares and repair parts are, thergieneeté demand.

9. State the types of data that would be carried in the bill eémats file and the inventory
record file.

The Bill of Materials file contains information about the prodiratiuding a listing of parts
numbers, quantities needed per unit or product, and the assembly esspilow stipulating
how the unit is structured. Engineering design changes that #ife product structure are
placed into the Bill of Materials file. Also, parts or matékrchanges that occur through a
change of vendors or material composition are also added to update.the fil

The Inventory Record file contains a great deal of informationtadeh inventory item. At

a minimum, the file would contain the number of units on hand and om, dhéenumber
reserved for prior commitments, the cost of the itemntdree and address of the vendor, the
lead time needed to obtain a shipment, and any shipment sizetimwric Additional
information may be added as desired, such as that contained in Exhibit 16.10.

Problems

Problem Type of Problem Difficulty | New Modified | Check
MRP Lot Disaggregation | Bill of Problem| Problem | figure in
schedule | sizing materials Appendix

techniques A

1 Yes Yes Moderate

2 Yes Easy

3 Yes Moderate

4 Yes Moderate Yes

5 Yes Moderate

6 Yes Yes Moderate

7 Yes Moderate

8 Yes Moderate

9 Yes Moderate Yes

10 Yes Moderate

11 Yes Moderate Yes

12 Yes Moderate

13 Yes Moderate

14 Yes Easy Yes

15 Yes Moderate

16 Yes Difficult

17 Yes Yes Moderate

18 Yes Difficult
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MRP schedule worksheet

Period

Iltem | Gross requirements
Scheduled receipts
On hand from prior period

LT=

Q= Net requirements
Planned order receipts
Planned order release

Iltem | Gross requirements
Scheduled receipts
On hand from prior period
Q= Net requirements
Planned order receiptg
Planned order release

LT=

Item | Gross requirements
Scheduled receipts
On hand from prior period
Q= Net requirements
Planned order receiptg
Planned order release

LT=

Item | Gross requirements
Scheduled receipts
On hand from prior period
Q= Net requirements
Planned order receiptg
Planned order release

LT=

Item | Gross requirements
Scheduled receipts
On hand from prior period

LT=

Q= Net requirements
Planned order receiptg
Planned order release

Item | Gross requirements
Scheduled receipts
On hand from prior period
Q= Net requirements
Planned order receiptg
Planned order release

LT=

Item | Gross requirements
Scheduled receipts
On hand from prior period
Q= Net requirements
Planned order receiptg
Planned order release

LT=

Item | Gross requirements
Scheduled receipts
On hand from prior period
Q= Net requirements
Planned order receiptg
Planned order release

LT=
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1.
X
[
[ \ ]
A(4) B(2) C(3)
D(3) E(1) F(4) G(2)
b.
X A B C D E F G
105|404 | 150| 295| 270| -10 | 180 490
2.
Period| 1 2 3 4 5 6 7 10
Item | Gross requirements 75 50 70
J_ Scheduled receipts
LlT_ On hand from prior period 40 40 0 0 0
week | Net requirements 35 50 70
= Planned order receipts 35 50 70
LaL Planned order releasey 35 50 70
212
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3.
Period| 1 2 3 4 5 6 7 8 9 10
Iltem | Gross requirements 100
X_ Scheduled receipts
LI_ On hand from prior period 20 20 20 20 20 20 20 20 20 20
= Net requirements 80
LAL | Planned order receipts 80
Planned order release 80
Iltem | Gross requirements 160
L¥= Scheduled receipts
2 On hand from prior period 40 40 40 40 40 40 40 40 40
= Net requirements 120
LAL | Planned order receipts 120
Planned order release 120
Item | Gross requirements 240
L TZ= Scheduled receipts
3 On hand from prior period. 30 30 30 30 30 30 30 30 30
= Net requirements 210
LAL | Planned order receipts 210
Planned order release! 210
Item | Gross requirements 420 120
A Scheduled receipts
LT= On hand from prior period. 50 50 50 50 50 50 0
2
Q== | Net requirements 370 120
LAL | Planned order receipts 370 | 120
Planned order release! 370 120
Item | Gross requirements 240
L_BI__ Scheduled receipts
1_ On hand from prior period 100 | 100 | 100 | 100 | 100 | 100 | 100
Q== | Net requirements 140
LAL | Planned order receipts 140
Planned order release! 140
Item | Gross requirements 840
L%— Scheduled receipts
3_ On hand from prior period 900 | 900 | 900 | 900 | 900 | 900 60 60 60 60
Q== | Net requirements
LAL | Planned order receipts
Planned order release
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4,
Level
z 0
[ ‘ \
A@2) B(4) 1
[ ‘ \
C(3) D(4) 2
E(2) 3
Period| 1 2 3 4 5 6 7 8 10
Item | Gross requirements 50
z Scheduled receipts
L;—: On hand from prior period
= Net requirements 50
LAL | Planned order receipts 50
Planned order release 50
Item | Gross requirements 100
A Scheduled receipts
L;LI'= On hand from prior period
= Net requirements 100
LAL [ Planned order receipts 100
Planned order release 100
Item | Gross requirements 200
B Scheduled receipts
L;LI'= On hand from prior period
= Net requirements 200
LAL [ Planned order receipts 200
Planned order release 200
Item | Gross requirements 300
c Scheduled receipts
L;LI'= On hand from prior period
= Net requirements 300
LAL [ Planned order receipts 300
Planned order release 300
Item | Gross requirements 400
D Scheduled receipts
L;LI'= On hand from prior period
= Net requirements 400
LAL [ Planned order receipts 400
Planned order release 400
Item | Gross requirements 800
E Scheduled receipts
L;gl'= On hand from prior period
= Net requirements 800
LAL [ Planned order receipts 800
Planned order release 800
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5.
Level
A 0
|
c 1
ﬁl—
B(3) B 2
!—‘—\ !—‘—\
E@2) D E(2) D E@2) D(2) 3
| |
F F F 4
Period| 1 2 3 4 5 6 7 8 9 10
Item | Gross requirements 30
A Scheduled receipts 10
ng On hand from prior period 0 0 10 10 10 10 10 10 0 0
Q= Net requirements 20
LAL [ Planned order receipts 20
Planned order release 20
Item | Gross requirements 50 60
B Scheduled receipts
LT= On hand from prior period 0 0
1
Q= Net requirements 50 60
LAL [ Planned order receipts 50 60
Planned order release 50 60
Item | Gross requirements 20
C_ Scheduled receipts
"I~ [onhandfomprorpeiod 10 | 10 | 10 | 10 | 10 | 10 | 40 | 40 | 40 | 40
Q= Net requirements 10
50 Planned order receipts 50
Planned order release 50
Item | Gross requirements 50 60 40
D Scheduled receipts
LT= On hand from prior period 0 0 40
2
Q= Net requirements 50 60 0
50 Planned order receipts 50 100
Planned order release 50 100
Item | Gross requirements 100 220
L'EI'- Scheduled receipts 50
1 | Onhand from prior period 50 100 | 100 | 100 0 180 | 180 | 180 | 180 | 180
Q= Net requirements 220
200 | Planned order receipts 400
Planned order release 400
Item | Gross requirements 400
F Scheduled receipts 50
L;LI'= On hand from prior period 150 200 200 200
Q= Net requirements 200
LAL | Planned order receipts 200
Planned order release 200

6. Product structure tree
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Level
A 0
\
\ \ \
B(2) C(3) D(2) 1
E F(2) F(2) D 2
D(2) 3
Low-level coded product structure tree
Level
A 0
| |
B(2) @) 1
E F(2) F(2) 2
D(2) D D(2) 3

Indented bill of materials

A A
B(2)
E
.D(2)
FQ) B
.C(3)
FQ)
D c
D(2)
E
21€
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B(2)
C(3)
D(2)

E
F(2)

D
F(2)

D(2)
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Period| 1 2 3 4 5 6 7 8 9 10
Item | Gross requirements 20
A Scheduled receipts
L;LI'= On hand from prior period
= Net requirements 20
LAL [ Planned order receipts 20
Planned order release 20
Item | Gross requirements 40
B Scheduled receipts
ng On hand from prior period
= Net requirements 40
LAL [ Planned order receipts 40
Planned order release 40
Item | Gross requirements 60
c Scheduled receipts
L;LI'= On hand from prior period 15 15 15 15 15 15 15
= Net requirements 45
LAL [ Planned order receipts 45
Planned order release 45
Item | Gross requirements 100 45 40
D Scheduled receipts
LT= On hand from prior period 50 50 50 0 0 0 0
1
= Net requirements 50 45 40
LAL [ Planned order receipts 50 45 40
Planned order release 50 45 40
Item | Gross requirements 40
E_ Scheduled receipts 20
L;_ On hand from prior period 0 20 20 20 30 30 30 30 30
= Net requirements 20
50 Planned order receipts 50
Planned order release 50
Item | Gross requirements 80 90
F Scheduled receipts
L;LI'= On hand from prior period
= Net requirements 80 100 10 10 10 10
180 [ Planned order receipts 180
Planned order release 180
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7.
Level
A 0
[ I
B 1
[
[
C(4) 2
!—I—\ !—l—\
D(2) E E D(2) E 3
F@3) || F(3) F FQ) | 4
Period 1 2 3 4 5 6 7 8 9 10
Item | Gross requirements 50
L"?": Scheduled receipts 10
2 On hand from prior period 20 30 30 30 30 30 30 30 30 30
= Net requirements 20
LAL | Planned order receipts 20
Planned order release 20
Item | Gross requirements 20
B Scheduled receipts
LT= On hand from prior period 0 30 30
2
= Net requirements 20
50 Planned order receipts 50
Planned order release 50
Item | Gross requirements 200 20
L$: Scheduled receipts 100
1 On hand from prior period 50 150 | 150 | 150 | 150 | 150 50 50 30 30
= Net requirements 50
100 | Planned order receipts 100
Planned order release 100
Item | Gross requirements 200
L'?: Scheduled receipts 100
3 On hand from priorperiod 100 | 100 | 200 | 200 | 200 0 0 0 0 0
= Net requirements
LAL | Planned order receipts
Planned order release
Item | Gross requirements 100 50
L'EI': Scheduled receipts
2 On hand from prior period. 10 10 10 10 10 0
= Net requirements 90 50
LAL | Planned order receipts 90 50
Planned order release 90 50
Item | Gross requirements 270 150 50
L'llz': Scheduled receipts
2 On hand from prior period 0 30 30 30 30 30 30 30
= Net requirements 270 120 20
50 Planned order receipts 300 | 150 50
Planned order release 300 150 50
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8.
Level
A 0
1
© 1
\
B(2) B(3) 2
—1— ——
D(3) F D(3) F D 3
| |
E E E E@) 4
Period| 1 2 3 4 5 6 7 8 9 10
Item | Gross requirements 20
L$: Scheduled receipts 10
2 On hand from prior period 5 5 5 15 15 15 15 15 15 15
= Net requirements 5
20 Planned order receipts 20
Planned order release 20
Item | Gross requirements 60 40
L'BI': Scheduled receipts 20
2 On hand from prior period 10 10 10 10 10 10 10 10 10 10
= Net requirements 30 30
40 Planned order receipts 40 40
Planned order release 40 40
Item | Gross requirements 20
L$: Scheduled receipts
1 On hand from prior period
= Net requirements 20
LAL | Planned order receipts 20
Planned order release 20
Item | Gross requirements 120 120 20
L'?: Scheduled receipts
3 On hand from prior period 100 | 100 | 100 | 100 | 100 | 140 20 0 0 0
= Net requirements 20
160 | Planned order receipts 160
Planned order release 160
Item | Gross requirements 160 80
L'EI': Scheduled receipts 60
2 On hand from prior period 100 100 0 0 0 0 0
= Net requirements 80
LAL | Planned order receipts 80
Planned order release 80
Item | Gross requirements 40 40
L'llz': Scheduled receipts 40
2 On hand from prior period 0 0
= Net requirements 40
LAL | Planned order receipts 40
Planned order release 40
9.
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Level
A 0
\ | |
B(2) C(3)
\ |
F D E F(2) 2
Period 1 2 3 4 5 6 7 8 9 10
Item | Gross requirements 20 20 60 50
L$: Scheduled receipts
1 On hand from prior period 20 0 0 0 0 0 0 0
Q= | Netrequirements 20 60 50
LAL | Planned order receipts 20 60 50
Planned order release{ 20 60 50
Item | Gross requirements 40 120 100
L'BI': Scheduled receipts 30
1 On hand from prior period 5 40 40 40 40 0 0
Q= | Netrequirements 80 100
LAL | Planned order receipts 80 100
Planned order release 80 100
ltem | Gross requirements 60 180 150
c Scheduled receipts
LT= On hand from prior period 60 0 0 0 0 0 0
2
Q= | Netrequirements 180 150
LAL | Planned order receipts 180 150
Planned order release 180 150
Item | Gross requirements 180 150
L'I?: Scheduled receipts
1 On hand from prior period 25 25 25 45 45 45 45 45 45 45
Q= Net requirements 155 105
50 Planned order receipts 200 150
Planned order release 200 150
Item | Gross requirements 180 150
L'EI': Scheduled receipts
5 On hand from prior period 0 20 20 70 70 70 70 70
= Net requirements 180 130
100 | Planned order receipts 200 200
Planned order releases 200 200
Item | Gross requirements 360 80 300 100
L'llz': Scheduled receipts
5 On hand from prior period| 0 40 60 60 60 60 60 60
= Net requirements 360 40 240 40
100 | Planned order receipts 400 | 100 | 300 | 100
Planned order release{ 400 100 | 300 100
10.
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Level
A 0
\
B C(2) 1
\ | \
D(2) E(3) D 2
Period 1 2 3 4 5 6 7 8 9 10
Item | Gross requirements 30 30 40
A Scheduled receipts
LT= On hand from prior period] 20 20 0 0 0 0 0 0
1
= Net requirements 10 30 40
LAL | Planned order receipts 10 30 40
Planned order releasey 10 30 40
Item | Gross requirements 10 30 40
B Scheduled receipts 10
LT= On hand from prior period 0 0 0 0 0 0 0
1
= Net requirements 30 40
LAL | Planned order receipts 30 40
Planned order release! 30 40
Item | Gross requirements 20 60 80
c Scheduled receipts 50
LT= On hand from prior period] 10 40 40 40 30 30 30
1
= Net requirements 20 50
>50 | Planned order receipts 50 50
Planned order release 50 50
Item | Gross requirements 10 100 30 100 40
L'I?: Scheduled receipts
2 On hand from prior period 20 10 10 10 80 80 80 40 40 40
= Net requirements 90 20 20
100 | Planned order receipts 100 | 100 100
Planned order releases 100 100 100
Item | Gross requirements 150 150
L'EI': Scheduled receipts
2 On hand from prior period 10 10 10 10 10 10 10 10 10 10
Q= Net requirements 140 140
50 Planned order receipts 150 150
Planned order releasey 150 150
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11.
Least Total Cost
Period 1 2 3 4 5 6 7 8 9 10
Gross Requirements 30 50 10 20 70 80 20 60 200 50
On-hand 90 60 10 0 230 160 80 60 0 50
Net requirements 0 0 0 20 0 0 0 0 200 0
Planned order receipts 250 250
Planned order releases 250 250
Least Unit Cost
Period 1 2 3 4 5 6 7 8 9 10
Gross Requirements 30 50 10 20 70 80 20 60 200 50
On-hand 90 60 10 0 430 360 280 260 200 0
Net requirements 0 0 0 20 0 0 0 0 0 50
Planned order receipts 450 50
Planned order releases 450 50
Calculations
Weeks  Quantity Carrying Order Total costUnit cost
ordered cost cost
4 20 $0.0C $10.0C $10.0C $0.50C

4t05 90 0.70 10.0C 10.70 0.119

4106 170 2.30 10.0C 12.30 0.072

4t07 190 2.90 10.0C 12.90 0.068

4108 250 5.30 10.0C 15.30 0.061

4t09 450 15.3¢ 10.0C 25.30 0.056

410 10 500 18.3C  10.0C 28.30 0.057

9 200 0.00 10.0C 10.00
9to 10 250 2.50 10.0C 12.50

For Least Total Cost, order for periods 4 through 8, since carryingscthe closest to ordering
cost. For Least Unit Cost, order for periods 4 through 9, since this has theuaiwesst.
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12.

Aggregate Plan I Il

WORMs 2,100 2,700

Master Production Schedule

Period 1 2 3 4 5 6
Internal Model 210 210 210 270 270 270
External Model 490 490 490 630 630 630

MRP schedule

Period (month) -4 -3 -2 -1 1 2 3 4 5 6
ltem Gross requirements 210 | 210 | 210 | 270 | 270 | 270
{/r\}t(.)rm Scheduled receipts
LT= On hand from prior period 100 0 0 0 0
o Net requirements 110 [ 210 | 210 | 270 | 270 | 270
LaL Planned order receipts 110 | 210 | 210 | 270 | 270 | 270
Planned order releasef 110 | 210 | 210 | 270 | 270 | 270
ltem Gross requirements 110 | 210 | 210 | 270 | 270 | 270
g:t' Elec. Scheduled receipts
Housing | On hand from prior period 50 0 0 0 0 0
5" [ Netrequirements 60 | 210 | 210 | 270 | 270 | 270
Q= Planned order receipts 60 210 | 210 | 270 | 270 | 270
LaL Planned order releasef 60 210 210 270 270 270
ltem Gross requirements 490 | 490 | 490 | 630 | 630 | 630
mrm Scheduled receipts
LT= On hand from prior period 200 0 0 0 0 0
Ql: Net requirements 290 | 490 | 490 | 630 | 630 | 630
LaL Planned order receipts 290 | 490 | 490 | 630 | 630 | 630
Planned order releasef 290 | 490 | 490 | 630 | 630 | 630
ltem Gross requirements 290 | 490 | 490 | 630 | 630 | 630
Ext. -
Elect. & Scheduled receipts
Housing | On hand from prior period 125 0 0 0 0 0
5" [ Netrequirements 165 | 490 | 490 | 630 | 630 | 630
Q= Planned order receipts 165 | 490 | 490 | 630 | 630 | 630
LaL Planned order releasef 165 | 490 | 490 | 630 | 630 | 630
Item Gross requirements 400 | 700 | 700 | 900 | 900 | 900
Drive -
Assbly Scheduled receipts
LT= On hand from prior period 250 0 0 0 0 0
Q3= Net requirements 150 | 700 | 700 | 900 | 900 | 900
LaL Planned order receiptd 150 | 700 | 700 | 900 | 900 | 900
Planned order release 150 | 700 | 700 | 900 | 900 | 900
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13.
Level
0
\ \
B(2) C(4) 1
\ \
\ \ \ \
D(3) E(2) F(2) E(2) 2
Period 2 4 5 7 8 9 10
Item | Gross requirements 100

A Scheduled receipts
LT= - -

1 On hand from prior period 0
Q= Net requirements 100
LAL | Planned order receipts 100

Planned order release! 100
Item | Gross requirements 200

B Scheduled receipts
LT= - -

2 On hand from prior period 0
Q= Net requirements 200
LAL | Planned order receipts 200

Planned order release! 200
Item | Gross requirements 400

c Scheduled receipts
LT= - -

2 On hand from prior period 0
Q= Net requirements 400
LAL | Planned order receipts 400

Planned order release! 400
Item | Gross requirements 600

D Scheduled receipts
LT= - -

3 On hand from prior period 0
Q= Net requirements 600
LAL | Planned order receipts 600

Planned order release 600
Item | Gross requirements 1200

E Scheduled receipts
LT= - -

2 On hand from prior period 0
Q= Net requirements 1200
LAL | Planned order receipts 1200

Planned order release 1200
Item | Gross requirements 800

F Scheduled receipts
LT= - -

3 On hand from prior period 0
Q= Net requirements 800
LAL | Planned order receipts 800

Planned order release 800
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14. a. Product Structure Tree

A
[ } \
B(2) c(3) D
F“‘i“T [ | \
E(4) F(3) H(2) D(3)
E(5) G(2)
b. Low-level Coded Product Structure Tree
A
| |
B(2) C(3)
““J“ﬁ [ | \
F(3) H(2) D(3) D
E(4) E(5) G(2)
c. Indented Parts List
A
B(2)
E(4)
.F(3)
.C(3)
.D(3)
H(2)
.E(5)
.G(2)
.D(1)
22F
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d. Level O 100 units of A
Level 1 200 units of B

300 units of C

Level 2 600 units of F

600 units of H

1000 units of D (3x3x100 + 1x100)
Level 3 3800 units of E (4x2x100 + 5x2x3x100)

1200 units of G

15.
Period 1 2 3 4 5 6 7 8 9 10
Gross Requirements 20 10 15 45 10 30 100 20 40 150
On-hand 70 50 40 25
Net requirements 20
Planned order receipt 180
Planned order release 180
Weeks Quantity Carrying Order Total Unit cost
ordered cost cost cost
4 20 $0.00 $9.00 $9.00 $0.450
4t05 30 0.20 9.00 9.20 0.307
4t06 60 1.40 9.00 1040 0.173
4t07 160 7.40 9.00 16.40 0.103
4t08 180 9.00 9.00 18.00 0.100
4t09 220 13.00 9.00 22.00 0.100
41010 370 31.00 9.00 40.00 0.108

Least Total Cost method indicates that 180 units should be ordecetdr the needs for periods
4 through 8, since the carrying cost is equal to the order costl(8a%t Unit Cost it tied at $.100
for ordering for periods 4 through 8 and 4 through 9. Therefore, dtter &80 or 220 units in
period 2.
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Material Requirements Planning

16.
Period| 1 2 3 4 5 6 7 8
Standard Mode 300 400
Sports Model 200 100
'th?iol Gross requirements 300 200 500
cD Scheduled receipts
Lg= On hand from prior period 50 50 50 50 0 0 0 0
o Net requirements 250 200 500
LaL Planned order receipts 250 200 500
Planned order release 250 200 500
tem | Gross requirements 300 400
trim Scheduled receipts
LT2= On hand from prior period
o Net requirements 300 400
Planned order receipts 300 400
Planned order release 300 400
tem | Gross requirements 300 400
Hard- | Scheduled receipts
‘ﬁif On hand from prior period
o Net requirements 300 400
LaL Planned order receipts 300 400
Planned order releasey 300 400
ltem | Gross requirements 200 100
Sports
trim Scheduled receipts
L;: On hand from prior period
o Net requirements 200 100
Planned order receipts 200 100
Planned order release 200 100
gf)r;\ns Gross requirements 200 100
Hard- | Scheduled receipts
\lfsz:e On hand from prior period
Q3= Net requirements 200 100
LaL Planned order receipts 200 100
Planned order release 200 100
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17.

L4L
Period 1 2 3 4 5 6 7 8 Total
Gross Requirements 10 30 10 50 20 40 50 30
On-Hand 0 0 0 0 0 0 0 0 0
Orders 10 30 10 50 20 40 50 30
EOQ =
2(240/8)100
050
=109.54 or 110
Period 1 2 3 4 5 6 7 8 Total
Gross Requirements 10 30 10 50 20 40 50 30
On-hand 0 100 70 60 10 100 60 10 410
Orders 110 110 110
Least Total Cost
Period 1 2 3 4 5 6 7 8 Total
Gross Requirements 10 30 10 50 20 40 50 30
On-Hand 0 90 60 50 0 120 80 30 430
Orders 100 140
Calculations
Weeks Quantity  Carrying Order cosTotal cost
ordered  cost
1 10 $0 $100 $100
lto?2 40 15 100 115
1to3 50 25 100 125
lto4 100 100 100 150 Order
5 20 0 100 100
5t06 60 20 100 120
5t07 110 70 100 170
5t08 140 115 100 225 Order
Cost Inventory Number Order Total Costs
Comparison  Costs of order Costs
L4L $0 8 $800 $800
EOQ 205 3 300 505
LTC 215 2 200 415
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Material Requirements Planning

18. Note the correction in the product structure tree.

Level
A B 0
[
c(1) D(2) C(2) E(2) 1
F(2) G(2) F(2) F(2) G(2) 2

1(2) H(1) I2) I2) H(1) 3

Period| 1 2 3 4 5 6 7 8 9 10
Item | Gross requirements 700
A_ Scheduled receipts
"1~ [onhandfompriorperiod 30 | 30 | 30 | 30 | 30 | 30 | 30 | 30 | 30 | 30
= Net requirements 670
LAL [ Planned order receipts 670
Planned order releases 670
Item | Gross requirements 1200
B_ Scheduled receipts
")~ [onhandfompriorperiod 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50
= Net requirements 1150
LAL [ Planned order receipts 1150
Planned order release 1150
Item | Gross requirements 2300 | 670
c Scheduled receipts
L;LI': On hand from prior period| 75 75 75 75 75 75 75 75 0
= | Netrequirements 2225| 670
LAL [ Planned order receipts 2225 | 670
Planned order releases 2225 | 670
Item | Gross requirements 1340
L$= Scheduled receipts
5 On hand from prior period 80 80 80 80 80 80 80 80 80
= | Netrequirements 1260
LAL [ Planned order receipts 1260
Planned order releases 1260
Item | Gross requirements 2300
L'EI'= Scheduled receipts
1 On hand from prior period 100 | 100 | 100 | 100 | 100 | 100 | 100 100
= | Netrequirements 2200
LAL [ Planned order receipts 2200
Planned order releases 2200
22¢
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Item | Gross requirements 6970 | 1340
F_ Scheduled receipts
"1™ | onnand fom prior periodl 150 | 150 | 150 | 150 | 150 | 150 | 150| O
= | Netrequirements 6820 | 1340
LAL [ Planned order receipts 6820 | 1340
Planned order release 6820 | 1340
Item | Gross requirements 4450 | 1340
G Scheduled receipts
L;LI'= On hand from prior period| 40 40 40 40 40 40 40 0
= | Netrequirements 4410| 1340
LAL [ Planned order receipts 4410| 1340
Planned order release 4410 | 1340
Iltem | Gross requirements 4410 | 1340
H_ Scheduled receipts
L;_ On hand from prior period 200 200 200 200 200 200 0
= | Netrequirements 4210 | 1340
LAL [ Planned order receipts 4210 | 1340
Planned order releases 4210 | 1340
ltem | Gross requirements 13640| 2680
I _ | Scheduled receipts
L;_ On hand from prior period 300 300 300 300 300 300 0
= | Netrequirements 13340 2680
LAL [ Planned order receipts 13340| 2680
Planned order release 13340 | 2680
23C
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CHAPTER 17
OPERATIONS SCHEDULING

Review and Discussion Questions

1.

What are the objectives of work-center scheduling?

The objective can vary but include: meeting due dates, mimglead time, minimizing set-
up times and cost, minimizing work-in-process inventory, and makigimachine and/or
worker utilization.

Distinguish between a job shop, a GT cell, and a flow shop.

A job shop may have the flow of products going in any direction between departments.
A GT cell is somewhere in between a job shop and a flow shop in terms of product flow.
A flow shop has the flow of products going in a specific sequence for all psoduct

What practical considerations are deterrents to using the SOT rule?

Perhaps one will encounter a situation whereby those jobs with dntesthoperations times
are least urgent than those with long due-dates. Also long jobalwaélls be preempted in a
dynamic shop so they may never be completed.

A good example would be applying this rule to all student assigsn{emtiuding term
papers) for one semester. At the beginning of the semdsiternvaorks quite well, but it
results in the term papers being postpone until immediatelyebéfeir due-date, typically

resulting in inadequate time to complete the term paper.

What priority rule do you use in scheduling your study time for enidtexaminations? If
you have 5 exams to study for, how many alternative schedules exists?

Most students will probably respond that they use either FCFS tfiirgys first) or SOT.
After understanding thehapter’s material, they should use SOT and have one schedule, but
many will respong-two or more schedules.

The are 5! possible schedules or 5 x4 x 3 x 2 x 1 or 120 schedules.

The SOT rule provides an optimal solution in a number of evatuatiteria. Should the
manager of a bank use the SOT rule as a priority rule? Why?

Even though the SOT rule is optimal, the bank manager may sitisehthe FIFO rule for
customer sequencing in order to keep the sense of “fairness;” whoever comes in first, gets
served first.
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10.

11.

Operations Scheduling

Data integrity is a big deal in industry? Why?

Data inaccuracy coupled with computer usage simply “speeds up the mess” and results in
serious problems, such as excess inventory, stockouts, missed dyeaksttag inaccuracies,
etc.

Why does batching cause so much trouble in job shops?
Batching can appear to improve efficiency and reduce setups. vidgviile some situations
batching can lead to split lots, broken setups, lost parts, deftetsieliveries, large WIPs

and the hockey stick phenomenon.

What job characteristics would lead you to schedule jobs according to “longest processing
time first”?

If the jobs with the longest processing times were also thabehd least slack time or were
critical to downstream operations, LOT might be used in lielSOT. The resultant
minimization of idle time might also be highly important.

Why is managing bottlenecks so important in job-shop scheduling?

The bottlenecks constrain capacity and limit throughput. Poor batklenanagement can
lead to large WIPs. More on this topic in Chapter 18.

Under what conditions is the assignment method appropriate?

The assignment method is appropriate when there are n “things” to be distributed to n
“destinations,” each thing must be assigned to one and only one destination, and only one
evaluation criterion can be used.

How might planning for a special customer affect the personnel sclieduservice?

Since services are often very labor intensive, meeting theapequirements of important

customers can lead to difficulties in scheduling. This cakemt difficult to schedule two
consecutive days off. The Brown and Tivrewala heuristic can aid in remgetiys problem.
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Problems
Problem Type of Problem Difficulty | New Modified | Check
Priority Consecutive | First hour | Assignment | Johnson’s Problem | Problem | figure in
rules days-off principle rule Appendix
A
1 Yes Easy
2 Yes Easy
3 Yes Moderate Yes
4 Yes Easy
5 Yes Moderate
6 Yes Moderate Yes
7 Yes Moderate Yes
8 Yes Easy
9 Yes Easy Yes
10 Yes Moderate Yes
11 Yes Difficult
12 Yes Moderate
13 Yes Moderate
14 Yes Moderate
15 Yes Moderate Yes
16 Yes Moderate
18 Yes Easy
17 Yes Moderate
1.
Car Customer pick-up Remaining Number of Slack Slack per remaining
time overhaul time  remaining operations
operations
A 10 4 1 6 6.0
B 17 5 2 12 6.0
C 15 1 3 14 4.7
Select car C first, then A and B tie for second.
2.
Period
8AM 9AM 10AM 11AM Noon 1PM 2PM 3PM 4PM 5PM 6PM 7PM
Requirement 2 3 5 8 8 6 5 8 8 6 4 3
Assigned 2 1 2 3 2 0 0 6 2 0 0 1
On duty 2 3 5 8 8 7 5 8 8 8 8 3
232




Operations Scheduling

Job Process A Time Process B Time Order of Selection Position in Sequence
1 9 6 6" 5"
2 8 5 5" 6"
3 7 7 ™" 4"
4 6 3 3¢ ™
5 1 8 1% 1%
6 2 6 2 2"
7 4 7 4th 3rd
Time
0 10 20 30 40 50
)
£
=
3]
@©
=
Day M Tu W Th F S Su
Requirements 2 2 1 3 3 4 2
Worker 1 2 2 1 3 3 4 2
Worker 2 12 1 2 2 3
Worker 3 1|1 0 | 1 1 2 1
Worker 4 0 1 0 0] o 1 0

23¢
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5. a. SOT

b Time Flowtime
1

4

8

13

19

26

34

44

[

MmMX>O0OTNOI®I|o

Bo~v~ourwr

Total flow time is 149 days, mean flow time is 149/8 = 18.625 days.

b  Scheduling E and G first, then using SOT, the following schedule results:

b Time Flowtime
10 10

15

16

19

23

29

36

44

[

>OMI®WWOOmM|o

O~NOP~WE O

Total flow time is 192 days, mean flow time is 192/8 = 24.000 d&y&ernate schedules could
be developed, such as a due-date schedule.
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Individuals

Row reduction

Individuals

23¢
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Chapter 17

Column reduction

Jobs

B 0 5 4 3
Individuals
C 2 0 4 0
D 0 1 5 7
Jobs
1 2 3 4
A 5 3 0 2
B 0 4 3 2
Individuals
C 3 0 4 0
D 0 0 4 6
23€
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Optimal solution

A53/C_)\2
B<0\432

Individuals
/>
C 3 0 4 0
N
D 0 /O\ 4 6

Optimal solution

Assign Cost (thousands)
B 1 $3
A 3 3
C 4 2
D 2 9
Total $17

Operations Scheduling

Job Processing time Delay time Total time Due date CR

1 2 12 14 27 1.93

2 5 8 13 18 1.38

3 9 15 24 25 1.04

4 7 9 16 26 1.63

5 4 22 28 24 0.86
Sequences:

Critical ratio would be 5,3,2,4,1
Earliest due date: 2,5,3,4,1

Shortest processing time: 2,1,4,3,5
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8. Answers may vary.

Day M  Tu W Th F S Su
Requirements 3 2 3 5 4 3 4
Auditor 1 3 2 3 5 4 3 4
Auditor 2 3 2 2 4 3 2 3
Auditor 3 2 2 2 3 2
Auditor 4 1 2 1 1 2
Auditor 5 1 1 0 1 0 0 1
9.
Day M  Tu W Th F S Su
Requirements 4 3 2 3 4 5 4
Adams 4 3 2 3 4 5 4
Chang 3 3 2 2 3 4 3
Klein 2 2 2 2 2 3 2
Ramirez 2 1 1 1 1 2 2
Sampson 1 1 1 0 0 1 1
10.
Job Process | Time Process Il Time Order of Selection Position in Sequence
A 4 5 2" 2"
B 16 14 5" 3¢
C 8 7 3¢ 5"
D 12 11 4" 4"
E 3 9 1% 1%
Time

20 30 40 50 60

By}
O

Process

23¢

www.elsolucionario.net




11.

Machinist

Machine

1 2 3 4 5 6
65|50 | 60 | 55 |80 | O
30| 75 125/ 50 | 40 | O
75135185 |95(45 | 0
60 | 40 (115130 110| O
90 | 85|40 | 80|95 | O
145|160 | 55 | 45|85 | O

Operations Scheduling

Row reduction would not change the matrix. Column reduction follows.

Machinist

Machine
1 2 3 4 5 6
3515|120 | 10 | 40 | O
0—40+8515 0 0
45045505110
30| 575|870 0
6015001351550
152515014510

23¢
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Machinist

Machinist

Machine
1 2 3 4 5 6
30 | 10 | 15 5 35 0
0 4085 5 0 5
45 0 45 | 50 5 5
25 0 70 | 80 | 65 0
60—50 0 35—+55 5
+H5 2[5 15 0 45 5
Machine
1 2 3 4 5 6
25 |10 | 10 0 30 0
0 4585 5 0 10
40 0 40 | 45 0 5
20 0 65 | 76 | 60 0
6055 0 35—+55—+16
115| 30 | 15 @ 45 | 10
24C
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12.

Machine
1 2 3 4 5 6
A | 25|10 | 10| 0 | 30 Q)/
A
B Q/ 45 | 85 | 5 /O\ 10
N C |40 | O | 40 | 45 \\O/ 5
Machinist
D | 20 @ 65 | 75 | 60 | O
0
E | 60 | 55 \0/ 35 | 55 | 10
F |115] 30 | 15 @ 45 | 10
Optimal solution
Assign Cost
A dummy 0
B 1 30
C 5 45
D 2 40
E 3 40
F 4 45
Total 200
Area
1 2 3 4
Bob [1400({1800| 700 {1000
Dave| 600 [2200(1500{1300
Associate
Nick | 800 (1100/1200| 500
Dick|1000/1800{2100/1500
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Row reduction

Bob

Dave

Associate
Nick

Dick

Column reduction

Bob

Dave

Associate
Nick

Dick

Area

1100

300

1600

900

700

600

700

800

1100

500

Area

500

300

1000

700

D

D

200

1100

500
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Area
1 2 3 4
Bob | 700300 O |100
Dave, 0 |800|900 |500
Associate
Nick -500—0—9000
Dick| 0 0 (1100|300
Optimal
Area
1 2 3 4
o)
Bob| 700 300{ 0 | 100
< N
Dave<0 800 | 900 | 500
Associate 7
Nick| 500 | 0 |900 \OD
ol o (o)
Dick| O 0 /1100|300
N/
Optimal solution
Assign Cost
Bob 3 $700
Dave 1 600
Nick 4 500
Dick 2 1800
Total $3600
245
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13.
Customizing

Job Time Painting Time  Order of Selection Position in Sequence

1 3.0 1.2 7" 6"

2 2.0 0.9 5" 7"

3 2.5 1.3 ghn 5

4 0.7 0.5 1%t 10"

5 1.6 1.7 10" 3

6 2.1 0.8 4t ghn

7 3.2 1.4 g 4t

8 0.6 1.8 2nd 1%

9 1.1 1.5 6" 2nd

10 1.8 0.7 3¢ g

4 6 8 10 12 14 16 18 20

Process TPttt
Customizing ¢/ s | 5 | 7 s | ERERERD
Paining | | s | e[ s | [ 7] |3
14. a. FCFS

Flow

Job Processing timeDue date time
A 4 20 4
B 12 30 16
C 2 15 18
D 11 16 29
E 10 18 39
F 3 5 42
G 6 9 48
Total flow time 196

Mean flow time 28
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b. SOT

c. STR

d. DD

Flow

Job Processing timeDue date time
C 2 15 2
F 3 5 5
A 4 20 9
G 6 9 15
E 10 18 25
D 11 16 36
B 12 30 48
Total flow time 140

Mean flow time 20

Job Processing timeDue date Slack Flow time

W>>OmMoOOT

3 5
6 9
11 16
10 18
2 15
4 20
12 30

Total flow time
Mean flow time

2
3
5
8
13
16
18

3

9
20
30
32
36
48
178

25.4

Flow

Job Processing timeDue date time
F 3 5 3
G 6 9 9
C 2 15 11
D 11 16 22
E 10 18 32
A 4 20 36
B 12 30 48
Total flow time 161

Mean flow time 23

24¢
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e. Summary
Priority rule  Mean flow time (days)
FCFS 28.0
SOT 20.0
STR 25.4
DD 23.0
15.
Job  Operation time - Operation time - Order of Selection Position in Sequence
1 2
A 5 2 2" 6"
B 16 15 6" 2"
C 1 9 1% 1%
D 13 11 5" 3¢
E 17 3 3¢ 5"
F 18 7 4" 4"
Time
10 20 30 40 50 60 70 80
Process T T T T T T T T T T T T T T T
N R [+ ]
= e ] L= | o ][]
16.
Day M Tu W Th F S Su
Requirements 5 2 3 4 8 9 3
Worker 1 5 2 3 4 8 9 3
Worker 2 4 2 3 3 7 8 2
Worker 3 3 2 3 2 6 7 1
Worker 4 2 |2 3 2 5 &6
Worker 5 2 1 4 5 1
Worker 6 1]0 2 1 3 4/[0]
Worker 7 1]/]0 1]0 2 3 0
Worker8 [0 0 1 0 1 2 [ 0]
Worker 9 0o/ o o|lo o0 1 o0

Answers may vary.

24¢
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17.
Period
11AM Noon 1PM 2PM 3PM 4PM 5PM 6PM 7PM 8PM 9PM
Requirements 4 8 5 3 2 3 5 7 5 4 2
Assigned 4 4 (0] 0 0 3 2 2 0 0 0
On-duty 4 8 8 8 4 3 5 7 7 4 2
18.
Machine

1 2 3 4 5

A 6 11 12 3 10

B 5 12 10 7 9

Jobo 7 413 ] 8 | 12
D 4 15 16 7 9

E 5 13 17 11 12

Row reduction
Machine

1 2 3 4 5

A 3 8 9 0 7

B 0 7 5 2 4

Jobo 6 o | 76 | 1] 5
D 0 11 12 3 5

E 0 8 12 6 7
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Column reduction

Machine
1 2 3 4 5
A 3 4 ( 3
Blogleg o 2 | g
Job sl g | 9 | 1 1
D 0 4 7 K 1
E 0 7 ) 3
Optimal solution
Machine
1 2 3 4 5
A 3 1 3 @ 2
B 1 1 @ 3 0
Job oo @ o | 1] o
D 0 4 6 3 @
E @ 1 6 6 2

Optimal solution

Assign Cost
A 4 $3
B 3 10
C 2 14
D 5 9
E 1 5

Total $41
24¢
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TECHNICAL NOTE 17
SIMULATION

Review and Discussion Questions

1.

Why is simulation often called a technique of last resort?

Simulation is called a technique of last resort because gionulmodels are time consuming
to build (flow charting, coding, etc.) antb not “guarantee” an optimal solution or indeed
any solution. Therefore, it makes sense to investigate ptbblem solving methods such as
linear programming or waiting line theory before embarking on sinoulati

What roles do statistical hypothesis testing play in simulation?
A simulation can be looked upon as a test of a hypothesis.
What determines whether a simulation model is valid?

The only true test of a simulation is how well the real sygierforms after the results of the
simulation have been implemented. The proof of the pudding is ieativey. Prior to this
stage of application, however, the simulation user can certawallpate the general validity
of the model by comparing its results with past data or simply asking the question: “Is the in-
formation I am getting reasonable?”

Must you use a computer to get good information from a simulation? Explain.

A computer is a must for any but the most simple simulation @nodbl Because simulation
is a sampling process, it stands to reason that a large nhumtiesesf/ations is desirable, and
the computer is the only practical way of providing them. Of egussmputerization is no
guarantee of “good” information. Simulating an invalid model on the computer will only
provide a larger volume of questionable data.

What methods are used to increment time in a simulation model? How do thkey wor

Time incrementing methods include fixed time increments and Varighe increments.

With fixed time increments, uniform clock times are specified (minutesshdays, etc.) and
the simulation proceeds by fixed intervals from one time peridketmext. At each point in
clock time, the system is scanned to determine if any evemésdwurred and time is ad-
vanced; if none have, time is still advanced by one unit.

With variable time increments, the clock time is advancedbyatmount required to initiate
the next event. It is interesting to note that variable timaeementing generally is more dif-
ficult to program unless one is using a special simulation language such as GPSS.
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Technical Note 17

6. What are the pros and cons of starting a simulation withytstem empty? With the system
in equilibrium?

The pros of starting a simulation with the system emptyhetethis enables evaluation of the
transient period in terms of time to reach steady-statehendctivities which are peculiar to
the transient period.

One con is that it takes a longer period of time to perform the simulatisecdhd is that the
model will be biased by the set of initial values selbcténce the time to achieve steady-
state and the activities which take place during the transéiod will be affected by the ini-
tial values. Steps must be taken to remove these initiz¢val steady-state results are need-
ed.

The advantages of starting the system in equilibrium arehlbatuin time may be greatly re-
duced, and that the aforementioned bias may be eliminated.

The disadvantage of starting the simulation in equilibriummigsisence, that it assumes that
the analyst has some idea of the range of output he is looking for. Thigrise constitutes
“beating” the model and may lead to incorrect conclusions from the simulation run.

7. Distinguish between known mathematical distributions and empdistibutions. What
information is needed to simulate using a known mathematical distribution?

A “known mathematical distribution” is one that can be generated mathematically and is
amenable to the laws of statistical probability. Examples df distributions are the normal,
binomial, Poisson, Gamma, and hypergeometric.

An empirical distribution is one that is obtained from obsertiregprobability of occurrence
of phenomena relating to a specific situation. While it magdssible to define the moment
generating function for such distributions, their applicability teeosituations is likely to be
small.

The information required to simulate using a know distributioncaafrse, depends on the
known distribution selected. Generally speaking, however, at anomnj the analyst must
be able to estimate the mean and standard deviation of the fpmpitabe sampled since
they are parameters of distributions.

8. What is the importance of run length in simulation? Is a run ofob8@rvations twice as
valid as a run of 50? Explain.

The length of the simulation run generally determines how much confideecmay have in
the results generated by the model. Since simulation iddrga measure a sampling pro-
cess, it stands to reason that the larger the sampletlieelonger the simulation run) the
more representative the findings. One the other hand, the¢iGeletvariables and parame-
ters for a simulation study represent major sources of pdtent@ and simply running a
simulation for a long period of time will not overcome inaccigsamtroduced through these
factors.

A run of 100 may be twice as good as a run of 50, it may be 10 tinggedsor may simply
be no better. It depends on the size of the model, the nattive distributions selected, the
stream of random numbers used, and the objective of the study.
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Technical Note 17

Problems
Type of Problem
Variable
Fixed time| time in- | Simulation New Modified | Check figure

Problem| increment| crement design Difficulty | Problem| Problem | in Appendix A

1 Yes Moderate

2 Yes Easy Yes

3 Yes Moderate

4 Yes Moderate

5 Yes Moderate

6 Yes Moderate

7 Yes Difficult Yes

8 Yes Easy

9 Yes Moderate

10 Yes Difficult

11 Yes Difficult Yes

12 Yes Moderate

1. The following decision rules were used for this simulation. 1.|Dotiers placed is equal to
demand in the past three periods (for periods immediatelyeb#tie start of the game, 800
cases was used. 2. 5% of the total orders placed were fiasi fxcept for the two weeks
before Mardi Gras. Note that solutions will change with diifié decision rules and with dif-
ferent sets of random numbers. It may be interesting to lsaedecision rules students used
as well as they profitability.

To determine the amount received the following random number assignmenvaahlsed:

Change Probability Random number

-10% .30 00-29
0% .50 30-79
+10% .20 80-99

Two digit random numbers are then drawn from a uniformly diggtbuandom number table
such as Appendix B.

For the demand, the equation D = 800 +d.B0used, withs selected from a normally distributed
random digits tables such as Appendix C.
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Simulation

The following table illustrates one set of numbers obtainechochange in orders received and
the demand:

Week Random number Change(%) V4 Demand (D)
1 80 +10 -0.23812 776
2 47 0 0.18124 818
3 59 0 -1.35882 664
4 32 0 -1.45402 655
5 47 0 -0.28185 772
6 11 -10 1.16515 917
7 44 0 -0.28278 772
8 82 +10 1.6441 964
9 88 +10 0.32468 832
10 89 +10 0.34506 835
Available Sales (mini-
Flash Orders placed Orders received (regular Demand mum of Excess
frozen Flash Flash and flash (800 + demand or Regular | Flash
Week | inventory | Regular | frozen | Regular frozen frozen) 1002) available) Shortages
1 0 760 40 836 44 880 776 776 604 | 44 0
2 44 752 40 752 40 836 818 818 0 18 0
3 18 758 40 758 40 816 664 664 94 58 0
4 58 715 38 715 38 811 655 655 60 96 0
5 96 676 36 676 36 808 772 772 0 36 0
6 36 662 35 596 32 664 917 664 0 0 253
7 0 | - -MARDI GRAS--------- 0 772 0 0 0 772
8 0 779 41 857 45 902 964 902 0 0 62
9 0 840 44 924 48 972 832 832 92 48 0
10 48 813 43 894 47 989 835 835 59 95 0
total 300 7108 | 370 6918 365 | 395| 1087
Profits
Revenue from sales ($50 x col. 7) $345,900
Revenue from salvage ($4 x col. 8 reg.) $1,460
Total Revenue $347,360

Cost of regular purchases ($30 x col. 4 reg.) $213,240
Cost of flash-frozen purchases ($34 x col.4 flas  $12,580

Cost of holding flashfrozen ($2 x col.8 flash) $790
Cost of shortages ($20 x col. 9) $21,740
Total cost $248,350
Profit $99,010
25%
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2.
Time between arrivals (minutes) Probability RN assignment

1 .08 00-07

2 .35 08-42

3 .34 43-76

4 A7 77-93

5 .06 94-99

Service Time (minutes) Probability RN assignment

1.0 A2 00-11

15 21 12-32

2.0 .36 33-68

25 .19 69-87

3.0 .07 88-94

3.5 .05 95-99
Customer Interarrival Arrival ~ Service Service Service Waiting Idle
number RN time time begins RN time ends time time
1 08 2 2 2.0 74 25 4.5 0.0 2.0
2 24 2 4 4.5 34 2.0 6.5 0.5 0.0
3 45 3 7 7.0 86 25 9.5 0.0 0.5
4 31 2 9 9.5 32 15 11.0 0.5 0.0
5 45 3 12 12.0 21 15 13.5 0.0 1.0
6 10 2 14 14.0 67 2.0 16.0 0.0 0.5

Average waiting time = 1.0/6 = 1/6 minute, and average tallertime between customers =
4.0/6 = 4/6 minute. Average teller idle time percent = 4.0/16 = .25 or 25%.

3.

Option a:

Time- Time- Pay- Time- Total Total
Simulation RN dist. 1 RN dist. 3 RN distt4 RN dist. 5 time pay

1 7 1.5 3 15 0 $2/crew 4 4.0 7.0 $6.00
2 0 1.0 5 2.0 3 $3/crew 5 4.0 7.0 $9.00
Average 7.0 $7.50
Option b:
Time- Time-
Simulation RN dist.t1 RN dist. 6 Total time

1 6 1.5 1 5.0 6.5

2 6 1.5 6 6.0 7.5

Average 7.0
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Option c:

We need two more distributions and random number assignments:

Simulation

TC at airport? Probability RN
Yes .10 0
No .90 1-9
TC refuses
$107? Probability RN
Yes .30 0-2
No .70 3-9
Time- R TC at Time- TCrefuses R Time- Total
Simulation RN dist.2 N airport? RN dist. 8 RN $10 N dist. 7 Time
1 4 1.0 8 No 4 3.0 9 No 0 1.0 5.0
2 7 1.0 7 No 1 2.0 7 No 0 1.0 4.0
Average 4.5
Summary:
Average trip
Option time
a 7.0
b 7.0
c 4.5
4.
Machine Interarrlval Bregkdown Sgrwce Repairman 1 Repairman 2 D.own
breakdown time time time time
number RN  (hours) (hours) RN  (hours) begin end begin end (hours)
1 30 1.0 1.0 81 3.0 1.0 4.0 3.0
2 02 0.5 15 91 4.0 15 55 4.0
3 51 1.0 25 08 0.5 40 45 2.0
4 28 0.5 3.0 44 1.0 45 55 25
5 86 3.0 6.0 84 3.0 6.0 9.0 3.0
Average down time is 14.5/5 = 2.9 hours
25E
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Technical Note 17

5. Answers will vary based upon the random numbers selected.

Interarrival time (min).

Probability RN

1 .05 00-04

2 10 05-14

3 10 15-24

4 A5 25-39

5 A5 40-54

6 .20 55-74

7 10 75-84

8 .08 85-92

9 .05 93-97

10 .02 98-99

Service time (min). Probability RN

1 10 00-09

2 A5 10-24

3 15 25-39

4 .20 40-59

5 15 60-74

6 10 75-84

7 .08 85-92

8 .04 93-96

9 .02 97-98

10 .01 99

Arrival Service Time in

Customer Interarrival time Service time Service  system
number RN  time (min.) (min.) begins RN (min.) ends (min.)
1 56 6 6 6 95 8 14 8
2 83 7 13 14 95 8 22 9
3 55 6 19 22 66 5 27 8
4 47 5 24 27 17 2 29 5
5 84 7 31 31 03 1 32 1
6 08 2 33 33 21 2 35 2
7 36 4 37 37 57 4 41 4
8 05 2 39 41 31 3 44 5
9 26 4 43 44 69 5 49 6
10 42 5 48 49 90 7 56 8

Average time in system = 56/10 or 5.6 minutes.
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Simulation

6. Answers will vary depending upon whether minor or major injuaiescalculated first, and
the assignment of RN to major injuries.

Number of minor injuries Probability RN
0 .200 000-199
1 .500 200-699
2 .220 700-919
3 .050 920-969
4 .025 970-994
5 .005 995-999
Major injury? Probability RN
Yes .050 000-049
No .950 050-999
Game num- Beginning Major Number of Ending number
ber number of RBs RN  injury? RN  minor injuries of RBs
1 6 044 Yes 392 1 4
2 4 898 No 615 1 3
3 4 986 No 959 3 1
4 2 558 No 353 1 1
5 4 577 No 866 2 2
6 3 305 No 813 2 1
7 3 024 Yes 189 0 2
8 4 878 No 023 0 4
9 4 285 No 442 1 3
10 3 862 No 848 2 1
7.
Time between breakdowns
(minutes) Probability RN assignment
4 .10 00-09
5 .30 10-39
6 .25 40-64
7 .20 65-84
8 .10 85-94
9 .05 95-99
Service Time (minutes) Probability RN assignment
4 .10 00-09
5 .40 10-49
6 .20 50-69
7 .15 70-84
8 .10 85-94
9 .05 95-99
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Condition 1 Condition 2
Break- RN Time Breakdown RN  Service Start end Repair- Machine Down- 1 2 Idle Idle Down-
down between time time man idle wait time time time—  time— time
number break- time repair- repair-
downs Start End Start End Man1 man2
1 8 8 8 68 6 8 14 8 0 6 8 14 8 6
2 16 5 13 26 5 14 19 O 1 6 13 18 13 5
3 65 7 20 8 8 20 28 1 0 8 20 28 6 8
4 76 7 2r 11 5 28 33 O 1 6 27 32 9 5
5 93 8 35 16 5 35 40 2 0 5 35 40 7 5
6 99 9 4 26 5 44 49 4 0 5 44 49 4 5
7 65 7 51 9% 9 51 60 2 0 9 51 60 2 9
8 70 7 58 67 6 60 66 O 2 8 58 64 26 6
9 58 6 64 97 9 66 75 O 2 11 64 73 4 9
10 44 6 70 73 7 75 82 O 5 12 70 77 6 7
11 2 4 74 75 7 8 89 O 8 15 74 81 1 7
12 85 8 82 64 6 89 95 O 7 13 82 88 1 6
13 1 4 86 26 5 95 100 O 9 14 86 91 9 5
14 97 9 95 45 5 100 105 O 5 10 95 100 7 5
15 63 6 100 1 4 105109 O 4 8 101 105 1 4
16 52 6 107 87 8 109 117 O 2 10 107 115 2 8
17 53 6 113 20 5 117 122 O 4 9 113 118 22 5
18 11 5 118 1 4 122 126 O 4 8 118 122 3 4
19 62 6 124 19 5 126 131 O 2 7 124 129 2 5
20 28 5 129 36 5 131136 O 2 7 129 134 0 5
21 84 7 136 69 6 136 142 O 0 6 136 142 2 6
22 82 7 143 89 8 143 151 1 0 8 143 151 1 8
23 27 5 148 81 7 151 158 O 3 10 148 155 30 7
24 20 5 153 81 7 158 165 O 5 12 153 160 2 7
25 39 5 158 2 4 165169 O 7 11 158 162 3 4
26 70 7 165 5 4 169 173 O 4 8 165 169 5 4
27 26 5 170 10 5 173178 O 3 8 170 175 1 5
28 21 5 175 51 6 178 184 O 3 9 175 181 0 6
29 41 6 181 24 5 184 189 O 3 8 181 186 0 5
30 81 7 188 36 5 189 194 O 1 6 188 193 2 31 5
Total 18 87 263 61 149 176
25¢
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Simulation

b.
Condition 1 Condition 2
Repairman idle time 18 minutes 210 minutes
Downtime 263 minutes 176 minutes
Delay time 87 minutes 0 minutes
Cost- downtime (263/60)*$40) = (176/60)*$40 =
$175.33 $117.33
Cost- service (194/60)*$12 = 2*(193/60)*$12 =
$38.80 $77.20
Total cost $214.13 $194.53
8.
Interarrival time (min). Probability RN
10 40 00-39
20 .35 40-74
30 .20 75-94
40 .05 95-99
Interarrival time (min). Probability RN
5 00-44
10 45-74
15 75-94
20 95-99
Arrival Service Time in
Customer Interarrival time Service time Service  system
number RN time (min.) (min.) begins RN (min.) ends (min.)
1 99 40 40 40 00 5 45 5
2 73 20 60 60 09 5 65 5
3 38 10 70 70 53 10 80 10
4 72 20 90 90 91 15 105 15

No cars go to another station. The average time spent at the station is 3%/4mn8tés
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9. (1) Criteria for making recommendation:
a. average line length under different check-out minimums
b. customer comments on different minimums
c. cost of employing different numbers of checkers
d. competitive practices and regional differences in shopper purchases
e. desired holding time in line (to expose customers to impulse items)

f. range of other sizes to be considered (remember, the avecagehas nine stands,
others may have more or less)

(2) Additional data to setup simulation:
a. arrival patterns and rates to counters
b. service patterns and rates
c. seasonal variation in store patronage
d. distribution of individual customer purchases, etc.
(3) Preliminary data gathering:
a. work sampling or estimates by store management
b. model one store for pilot analysis, etc.
(4) Problem setup for simulation:
Basically follow the general procedure listed in the Chaptapikg in mind what type
of output data you are looking for. Here, we might suggest dewgl@tradeoff table
that indicates:
a. the average line lengths for different checkout minimums
b. the service cost and imputed waiting costs for customers associdtébmi in a.
(5) Factors affecting applicability to all stores:
a. stocking and sales patterns
b. cultural differences (Canada vs. U.S., stores in large cities vib.clies, etc.)

c. competition faced by different stores

d. size of stores themselves

26C
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Simulation

10. First begin by using by simulation the process sequence and tebpcaess times. Then
schedule as a static shop using FCFS. Answers will vary basednhgp@mdom numbers se-
lected and the sequence in which process sequence is determined.

Sequence determination:

Starting process Probability RN
Frame 5 0-4
Engine 3 5-7
Painting 2 8-9
From Frame to Probability RN
Engine 4 0-3
Painting 4 4-7
Out 2 8-9
From Engine to Probability RN
Frame 3 0-2
Painting 4 3-6
Out 3 7-9
From Painting to Probability RN
Frame A 0
Engine A 1
Out .8 2-9

Processing times:

Frame- Processing

time (hours) Probability RN
1 2 0-1
2 A4 2-5
3 A4 6-9

Engine- Processing

time (hours) Probability RN
1 .6 0-5
2 A 6
3 3 7-9

Painting— Processing

time (hours) Probability RN
1 3 0-2
2 3 3-5
3 4 6-9
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Cycle Process
Number RN Process RN time
1 5 Engine 8 3
5 Paint 4 2
8 Out
2 0 Frame 3 2
0 Engine 2 1
4 Paint 9 3
9 Out
3 6 Engine 1 1
0 Frame 2 2
5 Paint 3 2
6 Out
4 9 Paint 3 2
1 Engine 6 2
6 Paint 9 3
6 Out
5 3  Frame 5 2
7 Paint 4 2
8 Out
Gantt Load Chart
Time
2 4 6 8 10 12 14 16
Process
Frame 2 5 3
Engine 1 3|2 4
Paint 4 1 5 2 3 4

It appears that the 5 cycles can be completed within the 40 Himitsca However, additional
replications should be conducted to confirm this answer.
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11.
Time between arrivals
(minutes) Probability RN

1 40 00-39

2 .30 40-69

3 A5 70-84

4 .15 85-99

Service time
(minutes) Probability RN

1 .20 00-19

2 40 20-59

3 40 60-99

Time be-
Car num- tween Arrival Enter sys-  Service Service Service

ber RN arrivals time tem? begins RN time ends
1 37 1 1 Yes 1 66 3 4
2 60 2 3 Yes 4 74 3 7
3 79 3 6 Yes 7 90 3 10
4 21 1 7 Yes 10 95 3 13
5 85 4 11 Yes 13 29 2 15
6 71 3 14 Yes 15 72 3 18
7 48 2 16 Yes 18 17 1 19
8 39 1 17 No
9 31 1 18 Yes 19 55* 2 21
10 35 1 19 Yes 21 15 1 22

*One random number could be skipped, using 15 rather than 55.

Answer: one car does not enter system due to two cars already beingystérms.
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12.
Sales per week Probability RN
5 .05 00-04
6 .05 05-09
7 .10 10-19
8 .10 20-29
9 .10 30-39
10 .20 40-59
11 .20 60-79
12 .10 80-89
13 .05 90-94
14 .05 95-99
Beginning Ending in-

Week inventory RN Sales ventory  Order?
1 25 23 8 17 Yes
2 17 59 10 7
3 34 82 12 22
4 22 83 12 10 Yes
5 10 61 11 o*

6 27 00 5 22
7 22 48 10 12 Yes
8 12 33 9 3
9 30 06 6 24
10 24 32 9 15 Yes
11 15 82 12 3
12 30 51 10 20 Yes
13 20 54 10 10
14 37 66 11 26
15 26 55 10 16 Yes

*An assumption must be made in thigistion. The above assumed a “lost sales” approach. In
other words, since the item was not on hand, the customer pedcktsewhere. Another as-
sumption would be a backorder. In that case, the ending inventotgt b®®, with a backorder
of 1. Many times this is represented byla The impact on the simulation is that the beginning
inventory for week 6 would be 26, not 27, and the following inventory heeelld need to be
adjusted.

The inventory policy appears to be acceptable. However, duringigetiere was a shortage of
cars. Different policies (different reorder points and psilees) should be examined. Addition-
ally, longer or multiple simulation runs of each policy shoulccteducted to improve the relia-
bility of the results.
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CHAPTER 18
SYNCHRONOUS MANUFACTURING AND THEORY OF
CONSTRIANTS

Review and Discussion Questions

1. State the global performance measurements and operational padermeasurements and
briefly define each of them. How do these differ from traditional @tog measurements?

Global performance measurement:
* Net profit—measurement in dollars
* Return on investmentgenerally a percent of the investment

» Cash flow—the amount of cash available for day to day operations. Froncaordmg
standpoint, deductions such as for depreciation are added back in sinceatiepricnot
really money spent

Operational measurement:
* Throughput—the actual rate of sales generated by the system

* Inventory—all the money invested in things that are intended to be sold iffdiudes
raw materials, equipment, etc., but at the cost price, legsdapreciation (which is
operating expense).

» Operating expensemoney spent to convert inventory into throughput. This includes
direct and indirect labor, materials, depreciation, administatdsts, etc.

Traditional accounting methods work with such things as standard, cagication of
burdens (which may consist of indirect labor, administrativetscomsurance, taxes,
depreciation, etc.), and gross profits, net profits, cost ceprafit, centers, all of which may
be based on standards and allocations. These may not have any basis in reality.

Many examples can be cited where traditional accounting forceagwdecisions. One
specific example that one of the authors has confronted is oPa &f. manufacturing who is
terminating a very profitable product line, because on papepithitict line is losing money.
Why? Because overhead is allocated based on the amount oflali@cand this product
line is almost all-direct labor, with very little equipmemtolved. His allocation of everyone
else’s burden creates a paper loss. Under these circumstances he would lose his annual bonus
and be rated down in his performance.

Other areas of accounting differences: inventory in traditiao@bunting is carried the same
as cost of goods sold, i.e., with all the labor and burdens included.opdrational
measurement’s terminology, inventory is carried as the cost of the raw materials.
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2. Discuss process batch and transfer batches. How might yermitet what the sizes should

be?

Process batch size is the total number of units that arelideleto be processed within the
same setup. Larger process batches involve fewer setupdaredote, have more output.
The reverse is true for smaller process batches.

Transfer batches refers to the movement of part of the gréwedgsh, rather than waiting for
the entire job to be completed. A process batch of 1000, for exarapl®dectransferred in
ten batches of 100 each.

Process batch and transfer batch sizes can be controlled from endxtktlor capacity
constrained resource.

Compare and contrast JIT, MRP, and synchronized manufacturinghg sthir main

features, such as where each is or might be used, amounts ofatawal® and work-in-
process inventories, production lead times and cycle times, and methods ffol. cont

Synchronized

Question JIT MRP Manufacturing

Where used Continuous flow, Job shop, custom Job shop, custom
make-to-stock shop shop

WIP Very low Very high low

Production cycle time Very short Very long Short

Schedule flexibility

Regard for capacity
limits

Labor skills

Level production for
min. of 30 days

High. Tries to
balance capacity

Multi-skilled to help
out other areas

MRP frozen for 30
days, but variable in
work centers
Terrible. May start
off 0.k., but quickly
becomes inaccurate
Specialized in own
work area

Can be changed dail
as needed

Is founded on
capacity limitations

Same as MRP

4. Compare the importance and relevance of quality control inMRP, and synchronous

manufacturing.

Quality control is extremely important at each workstatiodIiT, JIT cannot tolerate poor
guality since the result is loss of throughput. Thereforeh aearker or workstation is
responsible for ensuring that only high quality work passes through.

Quality control in MRP is somewhat haphazardly applied. Defegtsoccur anywhere and
full responsibility for quality does not lie within each workita. Inspection points are
placed within the system, generally with the placemeniddédy the algorithm “when the
expected cost of bad quality output exceeds the cost of inspection, we will plaspection
point there.”

Quality control in synchronous manufacturing is specifically declifeskd on importance.
First, a bottleneck or CCR is identified as the constraitth@iystem. This critical resource
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will then be guaranteed that it will not waste time workimgbad parts since inspection will
be done on its incoming side. Flow after this bottleneck should nobtbgupted or
scrapped. Therefore, all parts that join into this produet #ie bottleneck will have passed
inspection. Also, all processing after the bottleneck wilbbkigh quality so that scrap will
not be created. In summary, inspect before the BN, and indpgetrta entering the flow
after the BN; also perform high quality work at all stations after the BN

5. Discuss what is meant by forward loading and backward loading.

Forward loading is similar to project scheduling. Tasks eheduled from some pint into
the future. When resources are limited, tasks are assignedaypacity is reached and then
carried forward to the next period.

Backward loading is the MRP type scheduling, where the finiphedlict or required part is
needed. From that future point, a schedule is created back tordékent, allowing for
processing and lead time requirements at each step of the way.

6. Define and explain the cause or causes of a moving bottleneck.

Generally, a moving bottleneck is caused by batch sizes thad@targe. What happens is
that a large batch scheduled on a machine or resource whidteoavérage has excess
capacity-prevents other products from being completed that alsotineexhme resource.

This interrupts the flow and starves downstream resourEesm their perspective looking

upstream, they see that particular resource as the bottlerleslkever, days or weeks later,
because of the product mix, this apparent bottleneck will disappe®ther large batch size

somewhere else in the system will appear which does the same thintarives downstream

operations.

7. Explain how a nonbottleneck can become a bottleneck.

A non-bottleneck can become a bottleneck when it is schedullegveatch size that is too
large. For example, assume that machine 1 provides work tomeaZlsind machine 3. Say
that machine 1 works 7 hours out of each 8 hours and so is notlenécdtt Suppose,
however, that someone decides to save some setup time by schedukranwnachine 1 in
much larger batches-say 20 hours for machine 2 and 15 hours for magbitien8s larger
batch sizes).

Machine 3 will be starved for work since it will be dealing with a 40 houreayther than an
8 hour cycle, and will have to wait until machine 1 producep#nts which it needs. Thus,
from machine 3’s point of view, machine 1 has become a bottleneck.

8. What are the functions of inventory in MRP, JIT, and synchronous ncdumtirfay
scheduling?

MRP assumes WIP inventories and times the production of thesedrigsrtb coincide with

the preplanned delivery dates. The costs of inventories are computed based 009 castgi

Inventories are seen as necessary. MRP systems all@gdoomic order quantities, buffer
stocks, and safety stocks. In MRP systems, inventories aredtistough the productive
processes. Just-in-time, on the other hand, sees inventoriastaslv Means are sought by
which inventories can be reduced or eliminated. Constamtiatids given to the reduction
of unnecessary inventories. This creates a productivensystere stability is important and
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10.

11.

12.

Synchronous Manufacturing and Theory of Constraints

guality must be assured. Synchronous manufacturing treats invastaryoan given to the
manufacturing unit. Inventories are measured by raw matenats Buffer inventories are
utilized to assure throughput. Overall, synchronous manufacturing digesunventory if it
serves no purpose. Inventory is measured in terms of dollar ddwythergoal of minimizing
dollar days.

Define process batch and transfer batch and their meaninghnoéahese applications:
MRP, JIT and bottleneck or constrained resource logic.

In an assembly line, process batch refers to the batch sipeiaed with a production
process. Theoretically, this batch size can be infinite. The transfarreétcs to the number
of parts produced in a sequence. This may be as small asnoé& P, process batch refers
to the overall output of production process while transfer batohldvbe equal to the
calculated requirements for a given time bucket. In JIT{rdvesfer batch size is preferably
one. Process batches are infinite, as flexible production éiresapable of producing an
entire product family with minimal setups. Process batch niighsynonymous with the
daily production quotas. In synchronous manufacturing, a process baith isize large
enough to be processed in a particular length of time. Transfer agtbeto the movement
of part of the process batch. This allows parts to be movadctesding workstations in the
process. A transfer batch can be equal in size to a process batch but not large

Discuss how a production system is scheduled using MRP logimgitT and synchronous
manufacturing logic.

In MRP, production is scheduled based on lead time requirementspfmtieular part of
subassembly. Production dates for components are calculated dmasead times offset
from delivery due dates. In JIT, production is controlled using a kanban or “visual record.”
When work is completed at a downstream station, a move kanbeleased and materials
are transferred from the upstream station. Daily productibadules are determined based
on a daily production quota. Smooth production schedules are sought toiz&inim
disruptions to operations. In synchronous manufacturing, the productes dre controlled
by the drum. The drum regulates the flow of materials throughout the esstieens

Discuss the concept of “drum-buffer+ope.”

The drum is a bottleneck. It is referred to as the drumuseci strikes the beat that the rest
of the system uses to function. The buffer is inventory thabigiged (typically prior to the
drum) to make sure that the drum always has something to déer8Bafe also used to make
sure that throughput is maintained throughout the production systéeirope is upstream
communication from the bottleneck so that prior workstations prigluce the materials
needed by the drum. This keeps WIP inventories from building up.

From the standpoint of the scheduling process, how are resourtegidims treated in an
MRP application and how are they treated in a synchronous manufacturinguammhc

With MRP, requirements are exploded using MRP logic. Planned ordaseetchedules are
calculated by the system. Capacity requirements planning (PR#des feasibility check
of these schedules. CRP matches planned production with actueiltycdpaensure that
schedules can be met, synchronous manufacturing paces the entirgiprogrocess by the
bottlenecks. Therefore, if additional (less) capacity is heeded, taaatded (restricted) at
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13.

14.

15.

the bottlenecks. In this way the flow is controlled at eacHdmeitk or CCR to bring the
capacities in line.

What are operations people’s primary complaints against the accounting procedures used in
most firms? Explain how such procedures can cause poor decisions for thertgiahy.

The primary complaints against accounting departments have toitdothe fact that
accounting systems measure the wrong things, are inflexible waddreounterproductive or
dysfunctional behavior. Accounting systems conform to rigid gimieel established by
GAAP. As such, accounting data are often not useful for acconmglithe superordinate
goals of the firm. An example is machine utilization. Machitiézation measures the
proportion of time that a machine is in use. In an accounting,Sg@gbemachine utilization
is preferable because it means that the investment in the mécphoglucing a return. From
an operations point of view, this behavior results in high Wientary. Another example is
quality. The generally accepted accounting definition of quaditthat of conformance.
However, manufacturing may desire to adopt a definition of tyutlat considers customer
needs. Accounting would be unable to accept the latter defimitionis more difficult to
qguantify. The two alternative definitions of quality will rexd different behavior within the
firm.

Most manufacturing firms try to balance capacity for theidpction sequences. Some
believe that this is an invalid strategy. Explain why balancing capacityndoegork.

In synchronous manufacturing, balancing all capacities is vieaged bad decision. If
capacity is truly balanced, completion deadlines may not bt due to variability in
processing times. A better strategy is to balance the flow of product thraugystem.

Discuss why Transfer batches and process batches masyrtiay not and should not be
equal.

Transfer batches may be equal to or smaller in size than process batchesthRathait for
an entire batch to be finished, it may be preferable to releadeof a batch to the next
downstream workstation so that smooth product flow can be maintalesliwill also result
in lower levels of WIP inventory.
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Problems
T
of buffers, Figure in
Bottleneck | inspections,| Product | Company New Modified | Appendix
Problem | analysis etc. mix type Difficulty | Problem | Problem | A
1 Yes Easy Yes
2 Yes Moderate
3 Yes Moderate
4 Yes Moderate
5 Yes Easy
6 Yes Moderate
7 Yes Moderate
8 Yes Yes Moderate Yes
1. The goal of a firm in operational measurements is to inerdasughput while reducing

inventory and operational expenses. In these cases, the throughplitsitack by the
bottleneck. We should avoid the overuse of nonbottleneck resovesetting in excess
inventories.

Case [:

Market

X: (1400 x40)/60 = 933.33 hours, X used 100%

Y: (1400x30)/60 = 700 hours, Y used 75%

Case Il

Market

Y: (1400x30)/60 = 700 hours, Y used 75% or work in process will build up.

X: (1400 x40)/60 = 933.33 hours, X used 100%
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Case lll:

Market

Assembly

AN

X Y

X =933.33 hour, Y is used 700 hours or 75% or spare parts will accumulate dblgssem

Case |V:

Market Market
X Y

X is used for 933.33 hours, and Y is used for 700 hours or finished goodsonyveill
build up for Y.
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Case Outcome with no restrictions
I No problems

Il Excess WIP for Y

1] Excess of spare parts for Y
\% Excess finished goods for Y

Market

I I I
~_— T

/\ | Buffer | | Bu/ffer | A uffer
Drum X
Drum t t 4 | Buffer | x 3
Buffer X
: ! : f f
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Market

T

Final
Assembly

Buffer

@ Buffer
Buffer
r (=) : — r
X

r [_euter |
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5.
Processing time Setup time Bottleneck
Processing time Setup time Idle time Nonbottleneck
Processing time Setup time Idle time Nonbottleneck
Processing time Setup time Idle time Nonbottleneck
_— . ldle
Processing time Setup time time CCR

6. a. Product C has the highest selling price; therefore, sell only product C

b.
Product Price per unit Cost per unit Gross profit per unit
A $50 $40 $10
B $60 $45 $15
C $70 $60 $10
The answer is to sell only B with the highest gross profit of $15.
C.
Limiting work Processing Output per  Profit per
Product center time (minutes) hour unit Profit per hour
A Y 3 20 $10 $200
B X 6 10 $15 $150
C W 5 12 $10 $120

The answer is to sell only A, with the highest profit per hour.

Note: this can be solved as an LP problem. The best solution emgywell be a
combination of products rather than a single product.
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Synchronous Manufacturing and Theory of Constraints

Because of the arrangement given in the diagram, the Willacd Company plant will
exhibit the following characteristics:

* Two distinctive process and flows (fabrication and assembly).

» Due date performance is very poor; either very early or very late.

* Overtime and expediting in fabrication are random and frequent.

* A very high commonality of parts exists.

* The assignment of parts to orders occurs very late in the production process.

» Fabrication is in huge batches.
The reasons for the problems are probably as follows:

 Improvement in due date performance is attempted through heawpceslion
inventory.

» The drive to attain efficiencies and dollar shipped:

= Undermines assembly activity objectives of due date perfonand assemble
to order.

= Undermines fabrication activity objective of purchase and fabricatedodst.

= Causes intentional misallocation of parts and cannibalizatt assembly and
subassembly areas.

The core problem in the Willard Lock Case is that due daterpeafae is poor and delivery
lead times are quite long.

The following actions are recommended:
» Control the flow of product through the fabrication portion of the process.
* Reduce batch sizes to eliminate wavelike motion.

» Stop the stealing of parts and components at subassembly.
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Chapter

18

8. a. Determine the constraint (bottleneck). The demand on each machine is

Utilization
Calculation of demand (2,400 minutes per
Machine Demand week)
A 100 M units at 20 minutes each = 2,000 minut 2,000 minutes 83%
100 M units at 15 min. each = 1,500 minutes
B 50 N units at 30 min. each = 1,500 minutes 3,000 minutes 125%
100 M units at 15 minutes each = 1,500 minute
C 50 N at 15 minutes each = 750 minutes 2,250 minutes 94%
b. Determine the product mix. This can best be done by calculdn¢hroughput per

minute:

Product M Product N

Selling price $190 $200

Raw material $100 $ 80

Gross profit $ 90 $120
Processing time-machine B 15 minutes 30 minutes
Gross profit per minute $6 per minute  $4 per minute

Therefore, the best product mix is to make all 100 of product M anthayg of product
N as possible. To determine the number of N to produce, examine niaénirey
capacity on Machine B.

Available capacity (week) 2,400 minutes
100 units of M at 15 minutes per unit 1,500 minutes
Remaining capacity 900 minutes

Each N requires 30 minutes per unit of Machine 900 / 30 = 30 units of N

Weekly profit of plant:

Product M  Product N Total

Weekly production 100 30

Gross profit per unit  $90 $120

Gross Profit $9,000 $3,600 $12,600
Operating expenses $12,000
Net Profit $ 600

Note: This problem could also be solved using linear programmiingill produce the
same answer as above. The formulation is as follows:

Let: M = weekly production of product M
N = weekly production of product N

Maximize: 90M + 120N

20M < 2400 Machine A capacity
15M + 30N < 2400 Machine B capacity
15M + 15N < 2400 Machine C capacity
M < 100 M Demand limitation
N < 50 N Demand limitation
M,N>0 Non-negativity
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SUPPLEMENT A
FINANCIAL ANALYSIS

No review and discussion questions or problems in thiglsont.
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SUPPLEMENT B
OPERATIONS TECHNOLOGY

Review and Discussion Questions

1.

Do robots have to be trained? Explain.

As discussed in the Supplement, robots have to be taught a senediais by a human
operator before they start producing.

How does the axiom used in industrial selling, "You don't sellptiogluct, you sell the
company,” pertain to manufacturing technology?

Industrial customers invariably take plant tours to evalwaltether or not a potential
supplier's technology is capable of meeting their product needs.

List three analytical tools (other than financial analysts)ered elsewhere in the book that
can be used to evaluate technological alternatives.

Simulation, statistical process control (e.g., Taguchi methods), and quewng the

The Belleville, Ontario, Canada subsidiary of Atlanta-basedféat Inc., one of the world's
largest makers of commercial flooring, credits much of itefifbility to "green
manufacturing” or "eco-efficiency.”" What do you believe thteseass mean? And how could
such practices lead to cost reductions?

Among many Canadian businesses, green manufacturing is becoming ksonatural
capitalism or eco-efficiency. The idea is that if you mpkeducts with less energy, fewer
materials, and less pollution, you save money. The basic whedsural capitalism include
doing more with fewer raw resources and abolishing industrial waste.

Give two examples each of recent process and product technology inmevatio

Two examples of new process technologies are communicatiolitesatiglr transmission of
information, RISC (Reduced Instruction Set Computation) technologgnimmoprocessors.
Two examples of new product technologies are camcorders dathrcphones. Note how
satellites could be thought of as a new product (technology), bsitalsd a new process
technology that is a wireless alternative to transmitting infoomacross the globe.

What is the difference between a NC machine and a machining center?

Machining Centers represent an increased level of automatidrilexibility relative to NC
machines. They have the ability to carry many tools, which cansbd sequentially to
perform different processes on an item. Also, they may havépteultorktables that help
reduce set-up times by pre-loading jobs and thus provides greater flgxibilit
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Operations Technology

7. The major auto companies are planning to invest millions ofrdolbn developing new
product and process technologies required to make electric cars. Deseffiganty thy are
investing in these technologies. Discuss the potential bergiitsrisks involved in these
investments.

The major reason the auto companies are investing in these tagibaat to meet the threat
of regulation. In California and other states, the auto corapdrave been mandated to sell a
certain minimum percentage of non-polluting cars. They ar@ugly developing the
product and process technologies for electric cars. The pobtbetiafits are not being
penalized by meeting the deadlines. Also, as consumers becomeconsous of the
environment, they may prefer cars that are less polluting akéegtheir loyalty, they have
to make electric cars available. Clearly, this development effguines large investments.

The technology risk is the uncertainty about which particelenriology for making electric
cars will prove to be the most effective. Also, it is pdssibat gasoline-based cars may be
made almost nonpolluting due to technological advances, making thetni@res in electric
car technology a waste. Further, there are considerableoemégntal risks due to
uncertainties about whether the government will indeed enforegulations by a specific
date of relax the regulations. For instance, in the case @fliga cars, the federal
government has often relaxed fuel-emission standards in téfilegtomileage requirements.
Finally, there are operational and organizational risks due tartbertainties about whether
the auto firms will be able to adapt their operations and organizatiorig/tadapt these new
technologies, given the long history of these companies with gadudised technologies for
making cars.
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