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Abstract

Ethicon Endo-Surgery (EES), a Johnson & Johnson company, has experienced consistent
supply problems when introducing new products. On several occasions, demand for a
new endoscopic surgical instrument has outstripped EES's ability to supply the instrument.
(Demand in this sense refers to the volume of product ordered by distributors.) Depleted
finished goods inventories have translated into several months of continuous stockouts. In
response, production has been forced to quickly ramp up its output in an effort to restore
consistent supply to distributors and, consequently, to end-customers (hospitals).

Ethicon Endo-Surgery's strategy of rapidly developing innovative products and of
servicing hospitals through new sales channels has earned it tremendous success in the
market for endoscopic surgical instruments. In keeping with EES's product development
strategy, the original research problem focused on forecasting demand for new products.
Having consistently experienced supply shortages for new products, EES felt that being
able to better predict distributor demand could help alleviate the supply problems. In
other words, EES wanted to understand the extrinsic factors associated with new product
introductions.

Interestingly, the extrinsic factors did not turn out to be nearly as important as the intrinsic
factors. Distributor demand was found to be surprisingly predictable and stable relative to
production. Variations in production rates from week to week and from month to month
often exceeded the corresponding variations in incoming demand. And despite the
relatively stable demand, finished goods inventory levels were found to be well in excess
of corporate objectives (on the order of $10 million). The real issue, therefore, was not in
predicting distributor ordering patterns, but in the way that EES converted the orders into
actual production plans and inventory policies.

In this thesis, I provide the research path that began with an extrinsic view of new product
introductions and ended with a focus on processes within EES. I will demonstrate that
distributor demand patterns are relatively predictable, even during new product
introductions. I will then show how month-to-month changes in production exceeded
month-to-month changes in demand for both new products and stable products. An
analysis of finished goods inventory levels uncovered inventory well in excess of corporate



objectives. Why was the leverage for improving product supply initially believed to exist
in understanding extrinsic factors? [ argue that the organizational structure, incentives,
planning processes, and information systems were largely responsible for the
organization's external focus. No single group or person had the ability or the incentives
to tie together the key pieces of the puzzle. Lack of readily available information made
the task even more difficult. )

Lastly, I present a new production system that, in light of the research findings, should
help improve EES's internal operations. This new system, in contrast to the current
monthly forecasting and planning system, uses simple concepts of "demand-pull" to
schedule production. Simulation modeling efforts demonstrate that, even with the most
extreme demand patterns, variation in demand can actually be reduced in production.
Reduced variation results in reduced inventory with improved delivery service. From an
organizational standpoint, the system naturally emphasizes cycle time reduction, inventory
reduction, and increased flexibility. I will show how these benefits complement, rather
than conflict, with each other, resulting in the ability to align incentives throughout the
manufacturing function.

Thesis Advisors:
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Professor of Electrical Engineering and Computer Science
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Associate Professor of Strategic Management



Acknowledgments

The work presented in this thesis was performed under the auspices of the Leaders
for Manufacturing Program, a partnership between MIT and thirteen major U.S.
manufacturing companies. I am grateful to the Program for its support of my graduate
education and research.

I would like to extend thanks to Dean Francis, one of my two internship
supervisors, for his relentless support of my research and for providing candid feedback
along the way. To Doug Weston, my other supervisor, I extend thanks for always being
there -- whether "being there" meant traveling to Boston for a presentation or just
stopping by my cube for a quick conversation. To the rest of the people in the Worldwide
Customer Service and Planning Department, thank you for making my six month stay truly
memorable. I will never forget all of the celebrations, the lunches, the off-site "meetings,"
and the trip to UPS. To the many others at Ethicon Endo-Surgery who I had the pleasure
of working with, thank you for your hospitality and support.

I would like to thank Professor Steve Graves for often going beyond the call of
duty to help provide analytical support for my findings. This support often came with
awkwardly short notice. Additionally, my thesis supervisors deserve special recognition.
To Al Drake, who helped provide me with the confidence to keep pushing forward; and to
Rebecca Henderson, whose sincere enthusiasm for the project continually inspired my
research, I am extremely grateful.

Finally, I dedicate this thesis to my classmates in the Leaders for Manufacturing
Program. Thank you for making the past two years the some of the most personally
enlightening and influential years of my life.



Table of Contents

EXECUTIVE SUMMARY w9
CHAPTER 1 INTRODUCTION 13
1.1 BACKGROUND.......ccvtetrerreerernesrenneneasesaesessessessessessesessessensenssssessesssssanssansensessessessensensessssense 13
1.2 INTERNSHIP PROJECT BACKGROUND........c.covmmimemcminisinisietensssiessessesssssessuesssessasnesensassnsnsnens 14
1.3 THESIS SUMMARY ......oocuiiiiriiisinicsnisessaiessessiaessisasssssssiscsssssssssissssssssssessssesesssssssssssssssses 15
1.4 LITERATURE REVIEW.......ooociiiiinniiininsinninnncessssissssessessssssesssssesssossssssssassssssesssessasnsessensesssans 18
1.5 THESIS ORGANIZATION........ciuirmimiiitietinsiintisiesiessssesssstssssssssessessessessessessensessentssessassassessanes 20
Part1 -- Thesis Introduction and Background.......................ccoovuvereeureeeerieesiencnnsrenseessonees 20
Part I -- The External Supply CRAIN.................cooooueieievieeeeeerieeeeeeeeeeeeeeeeieneesreenseesseesns 20
Part 1] -- The Internal Supply CRAIR..................o..uueeeeeiiiiiecireierriieeeesesreesenssnesessssrresessneennns 20
Part IV -- Improving the Production SYSI€m ................cccorvevieererinneneinenennsonsssensenesnenns 22
CHAPTER 2 THE SUPPLY AND DISTRIBUTION CHAIN 24
2.1 INTRODUCTION ....ceruirimiirinriscssisnssssesinsssssessssssssssesessesssessssossasssntossassessssssensessassessssencnssnes 24
2.2 THE COMPLETE SUPPLY AND DISTRIBUTION CHAIN......cccecintieirenreennistrenieresesssnesessesseseneseses 24
The MaLeriQl Flow...............cuuoiooeieiieeeinninieeriestiieeesesseesaessentsssessessessasssesssssssnsnssnessesanes 25
2.3 THE INTERNAL SUPPLY CHAIN ......civiinniririinmsisnirnmsiriisisnessemsssssesesssssmsssssssnesssssssasssens 28
INVERLOrY POSItIONING .............co.ueoerveerieneientineeeirenee e este ettt ssee st eeree s et sseseresssessnesseesaeean 29
Finished goods at Johnson & Johnson Hospital Services (JJHS).................coeevveeceveevncrennnen. 29
The Packaging and Sterilization "Demand-Pull” Operation...................c.ccccoevvcvrvvrervencnenns 29
The Assembly "Forecast-Push” Operation .........................ueecerioenieceenserseecrenriesenensesseesens 30
PArIS SUPDLY ..ottt sss sttt e saesae st s e sesanssasbesbesa e sa b e s e s esnesesaassensens 30
2.4 RUNNING THE INTERNAL SUPPLY CHAIN....c.c0coreertinteerensessunenorsossesssssassssssssssssassrsersosasssesssssss 31
The MORLhLY PIARNING PTOCESS ...........ccuovvveevreniveenrenirenssneesssseissesiasssnesssesssnssssssssessassssesssesns 31
The Demand Analysis (DA) SREEIS ..............cuveeveeriieceereerreeniieeienntereeeseessaesesaseseeessesesnesseenns 32
The DA Sheet PIARRING PrOCeSS................eoccveevereeeecrincerieeerenvesicsisessiessssisessssesssesssssseons 33
Converting the Monthly Production Requirements into a Daily Production Schedule ........... 35
Packaging and StETilizalion..................cceeveecvecreerirneeserneneisesniisesistestesie st ssbe oo 36
The Operations DiViSion..................cccovivvininionninenininiisseienonnssssns 36
The IMPOrtQRCe Of FOTECASIS ...........cvovveireecrinenrinrernisssistssiesstsaisitsstssie s sressssssssnssnsssnscans 38
2.5 CONCLUSION......ceeoreerrieriunesrersseersnessuesssessessssesssessasssnsorsassssssssessssssssssssssssssssesssnssssesssssssnssssans 39



CHAPTER 3 SUPPLY CHAIN DEMAND FOR NEW PRODUCTS

Predicting the Demand Peqk ..................ccocuoveveeiueriiiniveeieeeireecreesisenseestsessessseenseesseesesesseenens
3.3 DEALER AND AFFILIATE STOCKING IN NEW PRODUCT INTRODUCTIONS........cc0coreerrermeneereannanns
3.4 MISPERCEPTIONS ABOUT PANIC ORDERING .......cccvvrveeteeirreereenreserseensereseseesessesnssssessesnesneons

Refuting the "Panic Ordering” Perceplions ..................c.ccocevueeeeeeeeeeveieiecieeseeseesecseeseeeennns
3.5 CONCLUSION......cvetrreurueerterereestntssessssssesesassssssssesessssssssssassnsssssesansesesesensesesesessesesensnssesessses

CHAPTER 4 INTERNAL SUPPLY CHAIN REACTIONS

4.1 INTRODUCTION ......oeeieirneieeeieteeeeneeressseereesssssesssssssessssessessnsesesssssssssssssessssssssassssssssessssssssnssnns
4.2 REACTIONS TO NEW PRODUCT INTRODUCTIONS........cccceerrereirueesrnrenssseressnecssesesssnsesssnssssesssseens
4.3 NEW PRODUCT INTRODUCTION EXAMPLE ........ccovureruernnirenisunsussesisseneesessesessssessosessessensssssnes

Importance of Using "Planned Transfers” in Place of Actual Assembly Rates.......................

Changes in Demand versus Changes in Production ......................ccccccoevueeverereeveecrenreeeneenns
4.4 BACK-ORDERED PRODUCT EXAMPLE .........cccoootiiiinieieeneerecesreerecssnnecsesseresssssseessssssnsesssseseses
4.5 CONCLUSION.......corueerrresrerereessresseesssessaesssessnsssessssesssssssesssssssesssesssessssessessssessssessassssossessssessees

CHAPTER 5 PRODUCTION PLANNING AND INTERNAL SUPPLY CHAIN
REACTIONS

The Monthly, Weekly, and Daily Planning Models....................cooovueverouncinininceinienneennnenes
5.3 THE SIMULATION SPREADSHEET eeessesstnestetstnstettranesettratretstaressatanestartrisetarsrsanares
5.4 RESULTS OF THE SIMULATIONS. ......cceeiieuneresussessessessessesuessssssssssissessensessssmsssssesssssessssssssssssansnes
5.5 CONCLUSION.......ccocverueerneersersnsrssnecsassnssssesssssssesssesenessassssaassessssasssesssasnssesessseessessatsssmesssssseesns

CHAPTER 6 INVENTORY AND COST OF REACTIONS

6.1 INTRODUCTION .....ceeerreeerereneeranssnecssssranesasssanesssssssssssesssssnnesssssssssassssesssasssssssassssessssssrnsssnsssnes
6.2 INVENTORY ANALYSIS.....ccorriruerserssessensscrassansossssssssssessassassasssssssssesssesssssssssessesssesssssssssessesses

A Graphical Approach to Understanding the FG Inventory Level............................ccccccucu..

Detailed Analysis of the Inventory Policy ....................cuveoevvuinciiiiiinuiniiiiiniiininninnnessennens
6.3 INVENTORY VALUATION......c.corierinniursnesnesiossssisssssssassesssssssssssssssssesssssssssnssassessessessessessessessas
6.4 COST OF REACTIONS.........cvevirererernrenssssesesssssessssssnsssssssnsssscsssssesssssesmaestssesssesssssssssssessassansanssses
6.5 CONCLUSION....ccecrreteersernessesssnnsssssssssnsosssssssonsosasssssansssssssssessssasssssssesssssssnsesssnessssssssssssassessns

40

40
40
41

46
46
49

50

50
51
52

57
58
61

62

62
63

68
70
70

78



CHAPTER 7 THE EMPHASIS ON BACK ORDER REACTION AND PROTECTION ...94

T 1 INTRODUCTION ......eeeeiiiieeieeeieeeeeeeeeeeeteaeeeeesseeesseeeeesessesassnsaeeeessesssnsasmsaeseeesssessasnnaesessesensnns 94
7.2 MARKETING FOCUS AND DELIVERY RELIABILITY ..eeiouuviiiiettteiiieeeeeeseeeesseestseessaoneesesansaesseaee 94
T.3 CONCLUSION.....cuvttietierieirrrrreeeesssssssrreessessasssasseessssssassasnessssssesssentessessessensssssesnesssssassssnsenres 98

CHAPTER 8 IDENTIFYING AND ADDRESSING BACK ORDER REACTIONS AND

INVENTORY LEVELS 99
8.1 INTRODUCTION ....ccoviriniiniiiiiisienniisisieniisnessesnenseressssmessssnsissnennessensssessessessssssssssens e 99
8.2 RECOGNIZING THE BACK ORDER REACTIONS AND INVENTORY .......ccccoivinininniniennneenseesennans 100

8.3 Developmeni of the Orgamizalion..................c...cveveveieenieeneeeieeaireenieesiresisesnnesireessesnes 110
8.4 CONCLUSION.......coiitiimiiniireeient et ste e e en et e s e et s enssebe e mn e e eenn e et san e e ntesmesenseenenennes 114
CHAPTER 9 IMPROVING MONTHLY FORECASTING 116
9.1 INTRODUCTION ....uteriiuremrercerensenestesessonessnssanessensesssssentesessssssssessessonsssssneesessassassessessensanss 116
9.2 THE CURRENT FORECASTING METHOD.......c.cocertintieimenrersennenreneeteseecssersessesseessosessesssnesanene 116
9.3 IMPROVING FORECASTING .....ccucoiiriuiiutinirieneeeieseeesinstestesaesesssssntsseessesseesessasensesatensasssenesses 118

Low Seasonality, Gradual Demand Changes, and Single-Use.......................cccocovvvvurevuennnnns 118
9.4 PRODUCING THE STATISTICAL FORECASTS......cccorttiinernnnersrerecrseriosersersnesssnserssessssssssnassessns 120

Determination of Test PrOGUCES .............coeecveeriveereiiineereinsisesinnensensesessnsessessessiessesssenses 122
9.5 COMPARISON OF METHODS ........ccvvereerneerrersseresesseessessssnssssessaessassssesssassssssssessassnssssassnnsnns 123

Results 0f the COMPATISON .................ooueeeceieeeeeieeiieteeiiieeieeeeteseestestetes e sae e ssessenseseens 124
9.6 BENEFITS OF USING A LINEAR REGRESSION FOR FORECASTING ......c..ccuevuiurrieinrrennereenecnnenne 125
0.7 CONCLUSION.......ccerermemcncreeseneaestnaeseaeneatsseasasesessesasentsasssseneatsssesereseseneaessesssesreseresessenenenns 125

CHAPTER 10 AN ALTERNATIVE PRODUCTION SYSTEM -- THE "PULL" SYSTEM

126

10.1 INTRODUCTION .......oceeiiiieireeeaeeeniteresseesssressssesssesssntessasassssssssesesssessantessnseesasssssssssessaesanses 126
10.2 THE "PULL" SYSTEM ....coviiininrenuestesseseessssessesssssestosesssssistssssstossssssssssessessessesssssessensosssssoses 127
10.3 BENEFITS OF THE "PULL" SYSTEM......cccciivierreenreeenterseenssesseesssesssessnnesseessasssssassssssssossossassss 129
EmPRasis OR CYCIE TIMES ...........ccuocevoveieeeeenieeieiiinreseensessessasssesiesseessssisssssssssssessasssossessesns 129
Emphasis on Inventory ReAUCHiON....................ccovvevvverveeenieniieniiinniinice et 130
Emphasis on Service Level ....................ovcceeivieieeiininiiniiiniiniiiniiiiencsiiiistie e 130
Pushing Full Responsibility Down 1o Business Unit Managers........................cccvvvennrnnn 131
10.4 MODELING.........ccoevteereeneesensessesesesstensesseseosesestssessmessosssssassssesssssssssnssnssssssssessessensessssens 133
10.5 CONCLUSION.......cccerirurrannenssisesresessssnssiississssssnesssssssssssessensssssssssssnssssssssassssenssnsssasssnesonsss 134



CHAPTER 11 CONCLUSION 138

F1.1 INTRODUCTION ....covienieerinienriteesessessessessessasissessessassessosssssessssessensensossensessesessessassensensonse 138
11.2 THESIS SUMMARY .....uuiiiiiieiierienternenseseessessessessaesessesasssessasssessensesseessesserasessssssesssssesssense 138
11.3 AREAS FOR FUTHER INVESTIGATION.......ccoitteterureneernsieessaeessesssansseessesssessssessassssessssensesnses 139
11.4 FINAL RECOMMENDATIONS TO ETHICON ENDO-SURGERY .......cccrveuiirereinrinieereeseensesareneenees 140

APPENDIX A DETAILS OF THE MONTHLY, WEEKLY, AND DAILY PLANNING

MODELS 142
AL INTRODUCTION. ...cevteiiiiiiretieeeereresesrrrresseeessssssessessessssssesessesssssssssesssosssssssssesessssssenasmsessesssnss 142
A.2 MODEL VARIABLES ..........ovtiiireriirireeeeersreriissssseesssssssssssseossssssssssssessesssssessssssssssssssssssssssnses 142
A.3 SETTING MODEL PARAMETERS........cceeeiiieiviiereereeieissssrereesesssssssssssesesssssssrssssssssssssssssassssesssns 146
BIBLIOGRAPHY 147



Executive Summary

With rapid product development central to Ethicon Endo-Surgery's business
strategy, the ability to introduce new products smoothly into the market has been of
critical importance for success. Introducing products smoothly requires having finished
product consistently available to supply to distributors and hospitals. Unfortunately, the
past several years have brought new product introductions that were not always smooth.
Orders coming into Ethicon Endo-Surgery (EES) often outstripped production capacity,
depleting inventories and sending the product into back order!. This defined the basis of
the research as understanding hospital and distributor? ordering behavior for new
products. The intention was to develop forecasting techniques to predict the incoming
demand and to offer a strategy for planning for introductions based on those predictions.
By understanding the ordering behavior of hospitals and distributors, EES could build up
an appropriate level of finished goods inventory prior to the introduction.

The first several months of the research were spent investigating distributor and
hospital ordering and inventory policies, particularly in relation to new products. Three
important findings emerged (refer to Chapter 3 in the thesis):

1. Distributors typically build inventory during the first few weeks of an
introduction, resulting in an ordering "spike." The spike is immediately
followed by steady demand;

2. The demand "spike" can be easily predicted;

3. No evidence could be found that distributor demand increases due to
"panic ordering" or due to increasing safety stock policies.

The initial spike in demand occurring during the first few weeks of the introduction was
found to be largely responsible for demand outstripping supply and, consequently, for new

1"Back order” in this case refers to the condition when there are more orders for a product than can be
immediately supplied from finishea goods inventory.

2Ethicon Endo-Surgery uses domestic dealers to distribute product within the United States and Johnson
& Johnson affiliates to distribute product internationally. The term "distributor" will be used at this point
to refer to both dealers and affiliates.



products falling into back order. I originally held a belief that distributors would increase
their ordering in response to a product falling into back order. This has since been
disproved. The belief stemmed from various reports that distributors "panic order” (i.e.,
game with the EcS order filling policies in an effort to increase the probability of recciving
product) and, as a result of increased delivery lead times, increase safety stock levels.

Variation in Production Exceeds Variation in Demand

After discovering a consistent, predictable pattern for new product demand, I investigated
how EES reacted internally to the demand (see Chapter 4 of the thesis). All examined
products revealed that the initial "spike" was under-forecast, forcing the production
processes to quickly ramp up to meet the incoming demand. The reaction from a
production standpoint was found to be rather extreme -- production output would literally
double from one month to the next. Even more surprising, the production processes,
designed largely to shield specific operations from variations in demand, were found to
vary significantly more from month to month than the incoming demand. The monthly
changes in production rate often exceeded the monthly changes in demand by a factor of
two.

Products other than new products were also found to demonstrate a similar
pattern. In one particular case, the assembly production rate nearly quadrupled within a
five week period. Changes in demand for the product were not nearly as significant.

As a side but related issue, finished goods inventory levels were found to
significantly exceed the corporate inventory objective (see Chapter 6 of the thesis). The
current inventory policy, stated in terms of weeks of inventory, translated into a higher
service level than the corporate service level objective. Alternatively, the corporate
objective translated into a significantly lower inventory level than the current policy. The
magnitude of the difference has been calculated to be on the order of $10 miilion.

Why Was the Leverage Believed to Exist with Extrinsic Factors?

Given that distributor demand turned out to be predictable for new prc duct introductions;
and given that the demand was relatively stable for all products (see Chapter 9 of the
thesis), the question that should immediately come to mind is, Why was the leverage for
improvement initially believed to exist with extrinsic factors? The ability to recognize the
internal factors of the analysis hinged on combining three critical pieces of data -- demand,
inventory, and production (see Chapter 8). By examining production rates relative to
demand, the fact that demand is relatively stable and that production varies considerably

10



more becomes immediately evident. By adding inventory to the graph, the timing of back
order with production responses becomes clear. Additionally, placing inventory and
demand on the same graph helps demonstrate how high the inventory levels really are.
Finally, a graphical view of the demand data over an extended period of time demonstrates
the steady trends of most of EES's products.

The research found that no one single group or person had immediate incentives to
combine separate pieces of the puzzle. One part of the organizaticn, the central planning
group, was responsible for developing forecasts and monthly production "plans.” The
"plans” were actually the volume of product that needed to be transferred into finished
goods inventory to satisfy the forecast demand. Therefore, they did not provide insight
into the actual production schedules (see Chapter 2 of the thesis for an explanation of the
current monthly planning process). Additionally, the central planning group's "view" of
demand was limited to monthly snapshots taken only over the preceding few months.
With another group, the primary responsibility was in scheduling production and ordering
component parts from suppliers. Creating the schedules based off forecasts from the
central planning group did not require significant knowledge of product demand. With yet
another group, management of inventory was the primary responsibility. This group,
however, did not have responsibility for creating the production schedules or for
interpreting demand data.

The other important factor to consider is that the demand, inventory, and
production data was difficult to obtain. Data concerning the assembly schedules could not
be obtained for most plants. In the case of one particular plant, it had to be pulled from a
local spreadsheet. And once obtained, the information often had to be converted into
comparable units. For example, much of the monthly information was based on quarterly
financial calendar months. The financial quarter is composed of three months of four
weeks, four weeks, and five weeks in length. The five week months had to be converted
into equivalent four week months.

How Can EES's Production System Be Improved?

The fortunate part of demand being relatively stable is that the production system can
potentially be greatly simplified. In particular, a simple Order Point / Order Quantity
(OP/0Q) "Pull" policy can be used to schedule production (see Chapter 10 of the thesis).
This policy simply states that when inventory drops below a certain point, a new batch of
product should be initiated through the production process. No forecasting is necessary,
so inaccurate forecasts can no longer be an excuse for not providing a high level of

11



customer service. Aside from the potential to reduce variation in converting demand into
production, the policy emphasizes cycle time reduction, inventory reduction, and increased
flexibility. It also very simply allows demand, inventory, and production to be controlled
within one manageable group.

Final Remarks Before Proceeding Forward

In summary, this thesis will show that in EES's case the ability to cope with external
complexity depends critically on the ability to reduce complexity intemnally. An important
distinction should be made between the tendency to find ways of accommodating
complexity and the need to find ways of reducing it. This idea is presented clearly in
chapter 7 of Dynamic Manufacturing by Hayes, Clark, and Wheelwright3, and in
Reenginecring the Corporation by Hammer and Champy*. (This will also be discussed
briefly in Chapter 1 of the thesis). As EES moves to improve its product supply to
hospitals, I advccate finding ways of reducing rather than accommodating complexity
throughout its production and business processes. Anyone reading this thesis will find that
this theme consistently arises in several chapters. So that my conclusions will be best
understood, I ask that the reader keep this in mind as he or she proceeds forward.

3Hayes, R., S. Wheelwright, K. Clark, Dynamic Manufacturing: Creating the Leaming Organization,
New York: Free Press, 1988.
4Hammer, M., J. Champy, Reengi

> : jon, New
York: HarperCollins Fublishers, Inc., 1993
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Chapter 1 Introduction

1.1  Background

Johnson & Johnson is the world's largest and most diversified health care company,
boasting revenues of $15.7 billion in 19945. Johnson & Johnson's products range from
consumer goods to professional equipment, and from BAND-AID™ brand adhesive
bandages to surgical instruments. Baby powder, Tylenol™ brand pain relief products,
sutures, contact lenses, scalpels, dialysis machines, CO, surgical laser systems, and
pharmaceuticals are just a sample of offerings. Equally as diverse are Johnson &
Johnson's customers -- an aching high-school student and a highly-specialized surgeon are
equally likely to use its products. Having such a diverse set of products and customers
places unique demands on an organization. To compensate, Johnson & Johiison
approaches these demands with an emphasis on decentralization. Comprised of over 160
individual companies, Johnson & Johnson is actually an established network of
autonomous business units that each determine their own mission and are responsible for
quarterly and annual financial reporting to the parent company®.

The research in this thesis focuses on a recently formed Johnson & Johnson
company, Ethicon Endo-Surgery. Ethicon Endo-Surgery (EES) was spun-off from its
parent, Ethicon Inc., in 1992 to address the unique needs of the endoscopic and
mechanical surgical instrument businesses’. The research itself is a result of my internship
conducted under the auspices of the Leaders for Manufacturing (LFM) program at the
Massachusetts Institute of Technology. The LFM program is sponsored by Johnson &

SJohnson & Johnson 1994 Annual Report

6For further information on Johnson & Johnson's individual companies, refer to: Aguilar, Francis J. and
Arvind Bhambri. Johnson & Johnson (A), Harvard Business School Case Services, Case Study #384-053,
1983.

TEndoscopic surgery is a rapidly emerging surgical technique characterized as minimally invasive. With
this technique, the surgeon essentially performas the surgery on a video screen. Surgical instruments along
with an optical device are inserted into the body through small incisions. The sureon then guides the
instruments’ actions by watching the screeni. Once the necessary actions have been completed, the
instruments and scope are removed from the body and the smiall incisions are closed. The small size of
the incisions often results in a shortened patient recovery time.
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Johnson along with twelve other industrial companies8. Through Johnson & “ohnson's
participation in LFM and as an opportunity presented to LFM Fellows, I conducted the
research efforts at Ethicon Endo-Surgery's main site in Cincinnati, Ohio. The internship
itself ran six-and-a-half months, from June through mid-December of 1994, with two
initial site visits conducted in April and May of the same year. Two company supervisors
and two MLL.T. advisors provided guidance. After returning to M.L.T. in January of the
following year (1995), I proceeded to write up my findings and conclusions in this thesis.

1.2 Internship Project Background

Ethicon Endo-Surgery has grown rapidly during its short existence. Its chief competitor,
U.S. Surgical Corporation, maintained almost complete control of the minimally invasive
surgery market as recently as 1989. Now, as of late-1994, Ethicon Endo-Surgery claims
to have captured the market share lead®. This remendous market success has required a
large emphasis on marketing, sales, and rapid product development. With its main
customers being hospital materials managers and surgeons (as opposed to household
consumers), EES has had to rely on a sales force that could establish important
relationships and reliably deliver quality products. Being a relatively new company, EES
has also had to concentrate on rapidly developing products to fill out product line
offerings. A complete product line increases the company's attractiveness to potential new
hospital customers -- a direct result of hospitals that typically purchase through second-
party vendors (specifically, group purchasing organizations or GPOs!0) and need a
sufficient volume of product to justify a re-writing of purchasing contracts.

Now that Ethicon Endo-Surgery has established itself in the market, it faces the
task of establishing solid business processes and finding ways of reducing operating costs
(i.e., inventory and cost of goods sold). Yet, the ability to rapidly develop new products
continues as part of the company's mission, presenting challenges unique to its parent's 80-
year old suture business. One of these challenges, understanding supply chain reactions
(principally, distributor and hospital reactions) to new product introductions, forms the

8The other sponsoring companies include Alcoa, Boeing, Chrysler, Digital Equipment Corporation
(DEC), Ford, General Motors, Hewlett-Packard, Kodak, Motorola, Polaroid, and United Technologies
Corporation (UTC).

9Smart, T., "Can U.S. Surgical Make a Full Recovery?,” Business Week, Dec. 5, 1994. It should also be
noted that Ethicon Endo-Surgery's market share leadership claim has been disputed by the CEO of U.S.
Surgical. The fact that a controversy even exists provides enough evidence of EES's remarkable growth.
10For a better understanding of group purchasing organizations (GPOs), see for example, Scott, L.,
"Group Purchasing Evolution,” Modern Healthcare, Sept. 27, 1993.
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initial focus of the research. As will be described, the focus shifted slightly as the
internship progressed.

After arriving at the site last June, I worked with several people at Ethicon Endo-
Surgery to create a well-defined project proposal. The drafted proposal described the
need to "find the lever” that would improve EES's supply and distribution process.
Original discussions with EES representatives (back in April and May) hinted at the need
to develop an improved forecasting methodology for new products. The initial direction
to understand distributor and hospital behavior outside of EES, as will be discussed ir the
forthcoming chapters, unexpectedly evolved into an analysis of the planning, inventory,
and forecasting processes within EES. From the research, I found that improvements to
internal processes for all products would have a significantly greater impact than
improvements in predicting external behavior for new products. In other words, the
"lever” turned out to exist within the company. This immediately drew into question, Why
was the problem defined throughcut the organization as a forecasting problem? With the
problem defined as forecasting, I will argue that the organization did not recognize
substantial opportunities to improve internal operations. The internal improvements found
to be possible include reductions in finished goods inventory and reducing large
production swings. (Finished goods inventories were found to be high relative to desired
service levels!!»12, and production rates, following a brief period of unexpectedly high
demand, would at times double or triple from one month to the next.)

1.3  Thesis Summary

Divided into four parts, this thesis presents the findings of my six-and-a-half month
internship at Ethicon Endo-Surgery, offering some explanations of what was observed and
proposing a few fixes and enhancements to the internal operations.

Part I of the thesis provides the background necessary for understanding the
remainder of the thesis. It describes the entire supply chain from raw materials to the
hospitals' shelves. For clarity, I will refer to the portion of the supply chain that moves
finished goods onto hospital shelves as the "external supply chain." This portion includes

11Service level here is defined as the percentage of customer orders arriving at EES that are immediately
filled from finished goods inventory. An order that cannot be immediately filled from finished goods
inventory is commmonly refered to as a "stockout."

12By "high inventory levels" I refer to the fact that the actual inventory levels for most products support a
substantially higher service level than the company's target service level. By "substantially” I mean that
the target probability of a stockout occuring (i.e., 1 / target service level) is two orders of magnitude
greater than the actual probability of a stockout occuring (i.e., 1 / actual service level). This will be
discussed in detail in Chapter 6.
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hospitals, domestic dealers, international Johnson & Johnson affiliate companies, and
Ethicon Endo-Surgery's distribution center. The "internal supply chain" will refer to the
portion that resides entirely within EES. Included in this portion are the main processes
that convert component parts into finished goods. The production planning processes,
inventory policies, and organizational structures also fall under the internal supply chain
topic. It may be noticed that I do not provide a particular name for the portion of the
supply chain that delivers component parts to Ethicon Endo-Surgery. Raw material
providers and component parts suppliers werc not specifically investigated as part of the
internship research.

Part II, in supporting the initial project proposal to model the extermal supply
chain, presents an analysis of distributor and hospital ordering patterns for new products.
I show that hospital orders to distributors build quickly to a steady level, rarely reaching a
peak level within the first few months. Distributors, on the other hand, need to build up
inventories when a product is first released. Distributor orders reach a high peak (or
"spike") during the first two weeks of the introduction as distributors build inventory; the
orders then typically drop off to a steady level. For products that fall into back order!3, I
initially hypothesized an additional event. I believed, based on discussions with EES,
dealer, and affiliate representatives, that increased ordering would result for products that
fell into back order. The increased ordering would result from larger safety stock levels
(due to longer waiting periods for delivery of the product) and/or "panic ordering." The
perceived response is similar to the "production-distribution system" model results
presented by Forrcster!4 and to the "beer game" description presented by Senge!> where
an increased period of ordering within the supply chain is followed by a period of reduced
ordering. The data, however, demonstrates otherwise -- no increases in ordering are
evident even for even the most severe cases of back order. Finally, I will present a simple
technique (actually, more of a heuristic or "rule-of-thumb") for forecasting the initial
distributor ordering peak. Proper preparation for the peak in distributor demand will help
eliminate the occurrence of back order in new product introductions.

In Part II1, I will demonstrate how the organization reacts internally to back order
during new product introductions. This analysis will put together distributor demand data,
finished goods inventory, and assembly rates to show how fluctuations in demand are

13Back order here and throughout this thesis refers to a period of time when a particular product is
"stocked out” (there is not enough product in finished goods to immediately fill all customer orders).
4Forrester, J. W. » Industrial Dynamics, Cambridge: Productivity Press, 1961

15Senge, P. M., The Fi ipline; The Ar i n, New York:
Doubleday/Currency, 1990.

16



followed by amplified internal reactions -- i.e., the magnitude of the production reaction
exceeds the magnitude of any demand fluctuation. It will then be shown that the amplified
reactions occur with any product that falls into back order, independent of new product
introductions. Additionally, I will show that the finished goods inventory levels are
excessive when compared to desired inventory levels when examined using statistical
methods.

After demonstrating the reactions to back order and the high levels of inventory, I
will explain why these findings occur. In particular, the original emphasis on marketing
and sales that led to much of EES's marketplace success resulted in strong incentives to
avoid back order. The back order incentive emphasized the expense of high inventories
over benefits of maintaining low inventories, and emphasized the costs associated with
rapid reactions in production over restoring product supply gradually. Additionally, I will
show how the organizational structure, incentives, information systems, and current
business processes did not allow the organization to perceive the "lever” as residing within
its own operations. The problem was originally believed to be a forecasting issue, but the
research uncovered the larger inventory and back order reaction problems. This will
address why the organization framed the problems as external rather than internal. 1 will
provide an explanation as to how the original business emphasis that made the
organization successful -- marketing, sales, and product development -- resulted in the
organization's own view of its problems.

In Part IV of the thesis, I present a relatively simple production planning,
scheduling, and inventory management system that I believe will resolve many of EES's
operations problems. The system's design takes into account the product demand patterns
and the flexibility of the current production process. I will show how the system provides
the correct incentives, organizational structure, and flexibility to address EES's major
objectives (inventory reduction, cycle time reduction, and improved service levels).
Finally, I will demonstrate a simple statistical forecasting technique that improves EES's
current "annual forecast / market intelligence" methodology. Understanding the nature of
product demand was important in redesigning the planning and inventory management
system.

In the final concluding chapter, I discuss my final recommendations, as presented
to Ethicon Endo-Surgery prior to leaving the internship, and offer some additional issues
not addressed in the thesis but worth pursuing.
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1.4  Literature Review

Several aspects of this thesis have been discussed in other texts. The system dynamics
work of Forrester!¢ demonstrates the effects of delays in a simple production-distribution
model. The model considers a typical supply chain consisting of a retailer, a distributor, a
factory warehouse, and a factory. The retailer receives orders for product from, and ships
product directly to, customers; the distributor receives orders from and ships product to
the retailer; the warehouse receives orders from and ships product to the distributor; and
lastly, the factory orders from and ships to the warehouse. During relatively stable periods
of demand, the ordering and shipping delays do not have much of an influence on
production rates and inventory levels. When the level of customer demand suddenly
increases by 10%, however, the delays have a tremendous impact throughout the chain.
The 10% increase gets amplified from retailer to factory, reaching a peak order at the
factory 51% higher than the original order level.

Although this amplifying effect was not clearly evident in comparing order levels
from hospitals to order levels at EES, it did exist with comparisons of dealer demand
(demand into EES) to EES production levels. Much of the thesis will be devoted to
explaining this finding, both organizationally and from a systemic viewpoint. From the
systemic side, Alonso and Frasier discuss the impact of management delays on the lifetime
profitability of a product!?. They found that delays in planning can have a significant
impact on how well an organization reacts to changing product demand. In particular,
they compare a JIT system (low planning delays) with an MRP-type system. The impact
of altering the planning delay for Ethicon Endo-Surgery's production system will be
discussed later in this thesis. Further discussion of what has been termed the "Bullwhip”
effect (amplified variation in the supply chain) can be found in the paper by Lee,
Padmanabhan, and Whang!8,

From the organizational side, Hayes, Wheelwright, and Clark!? discuss how an
organization's structure can influence its ability to react to change. Many typical and
successful manufacturing organizations have established incentive structures that naturally
resist change. Under steady conditions when changes are incremental, the incentive
structures can gradually give way to new policies and business processes. The structures

16Forrester, J. W., Industrial Dynamics, Cambridge: Productivity Press, 1961.

17Alonso, R. L., and C. W. Frasier, "JIT Hits Home: A Case Study in Reducing Management Delays,"
Sloan Management Review, Summer, 1991.

18] ee, H., P. Padmanabhan, S. Whang, "Information Distortion in a Supply Chain: The Bullwhip Effect,"
Working Paper, Stanford University, 1995.

19Hayes, R. H., S. C. Wheelwright, K. B. Clark, Dynamic Manufacturing: Creating the Leaming
Organization, New York: Free Press, 1988.
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are not as forgiving when the change is dramatic, however. For example, the typical
manufacturing organization contains several product line managers, each having
responsibility for meeting a regular production schedule. The organization may also have
an inventory manager responsible for controlling inventories across the product lines.
Conflict results if an objective is set to drastically reduce inventories. The inventory
manager's job is to reduce inventory, but reducing inventory may result in a stockout of
critical component parts. Without component parts, the product line manager cannot
meet her schedule. The objective of the inventory manager therefore directly clashes with
the objective of the product line manager. A similar conflict was found to exist at Ethicon
Endo-Surgery. This may at least partially explain the difference between current inventory
policy and corporate inventory objectives. (It will be shown that Current policy, stated in
terms of a service level, exceeds the equivalent corporate service level objective.) Other
conflicts will be discussed.

Hayes, Wheelwright, and Clark also discuss how a factory's production system can
influence its performance. Two example factories are discussed. The first factory's
operations are divided up by process, with each process having several specialists. A
sophisticated MRP system controls the daily flow of material. Complaints abound of too
much inventory and inaccurate sales forecasts, and operations are hectic and wrought with
complicated problems. Factory B, on the other hand, uses a simple layout with operations
divided along product lines. A simple order point / order quantity replenishing system is
used to determine production schedules. An MRP system is used, but only to plan longer-
term. The amount of inventory, while considered a problem within the factory, is only a
fraction of what is found in Factory A. Complaints from workers center around the
constant change taking place. The two factories participate in similar industrial markets,
have essentially the same suppliers, and utilize the same processing equipment. So, why
do they differ? One explanation offered by Hayes, Wheelwright, and Clark lies in the way
the two factories deal with complexity. In factory A, complexity is accommodated by
building more sophisticated systems and product flows. Factory B, on the other hand,
seeks to reduce complexity by simplifying systems and product flows. This concept along
with other ideas from Hayes, Wheelwright, and Clark provide much of the inspiration for
the "Pull System" discussed in the second to last chapter. I will argue that this proposed
system simplifies Ethicon Endo-Surgery's production processes and will potentially
produce better operational results than their current system.
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1.5  Thesis Organization
This section outlines the key points presented in each chapter of the thesis.

Part 1 -- Thesis Introduction and Background

Chapter ] Introduction

Chapter2  Overview of the Supply Chain

This chapter briefly describes the supply chain that converts raw materials into finished
goods and delivers finished goods into the hands of surgeons. The various entities
involved with the entire supply chain, including suppliers, Ethicon Endo-Surgery itself,
distributors (dealers), international affiliates, and hospitals, are discussed. Divided into
two major sections, the chapter addresses the external supply chain and the internal supply
chain separately. An explanation of the production planning processes, inventory policies,
and organizational structure within Ethicon Endo-Surgery is provided. Readers already
familiar with the supply chain may skip this chapter and proceed to Chapter 3.

Part II -- The External Supply Chain

Chapter 3 Supply Chain Demand for New Products

This chapter discusses hospital, dealer, and international affiliate ordering patterns for new
products. The initial ordering "spike" resulting from dealer/affiliate stocking is
demonstrated and contrasted with the underlying hospital demand. I demonstrate how to
predict the magnitude of the demand spike with a simple rule-of-thumb. The dealer order
patterns will be overlaid with actual hospital demand. This will demonstrate that, in
contrast to dealer orders, hospital orders don't experience an initial spike. It will be
argued that this difference in ordering patterns demonstrates that the initial dealer demand
is largely a result of building up inventory. Lastly, I show that dealers and affiliates
actually do not increase ordering when a new product falls into back order. On the
contrary, there is no noticeable difference between dealer orders for a new product that
falls deeply into back order and dealer orders for a product that does not.

Part III -- The Internal Supply Chain

Chapter 4 [ | Supply Chain Reacti

This chapter first presents how Ethicon Endo-Surgery's production system responds to the
new product "spike." The spike often forces the company into back order. The back
order condition is often met with a rapid ramp-up of production output. Once product
supply has been restored and finished goods inventory reaches its desired level, production
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levels quickly drop back to steady levels. Interestingly, the magnitude of the production
reaction often exceeds the magnitude of the spike in dealer/affiliate demand. This comes
as a surprise considering that the production system was designed to shield the assembly
process from swings in demand. Further evidence reveals that this reaction occurs not
only for new products but for many products that fall into back order.

r r 1 ] inR
Having demonstrated that the production system tends 10 amplify large swings in demand,
I demonstrate in this chapter the effect of production planning intervals on the production
reactions. Previous literature has discussed the effect that production lead times have on
reactions; therefore, the advantages of shortened lead times will not be addressed here.
Instead, I will present how the reactions change when the production planning interval
decreases from monthly to weekly and from weekly to daily. The results of three
computer simulation models will demonstrate that the large swings are reduced in moving
from monthly planning to weekly, but that the smaller, weekly variations are increased.
The daily production planning system model actually simulates a "demand pull-type"
system. This latter system was found to dampen both the smaller, weekly variations and
the larger demand swings.

Chapter 6 Inventory and Cost of Reactions

The next part of the chapter demonstrates that, based on the organization's customer
service objective, actual finished goods inventory levels far exceed desired levels. The
analysis utilizes both statistics and a simple, graphical argument. The calculated difference
between objective and actual levels is of the magnitude of $10 million??, resulting in
additional inventory carrying costs on the order of over $1 million. Discrepancies between
the statistical models and actual operations are discussed. It will be argued that the
discrepancies do not change the analysis significantly.

The final part of this chapter presents a framework to understand the costs
associated with quick production reactions. The organization has a choice in how to react
to the sudden increases in demand. The framework presented will outline the cost/benefit
tradeoffs associated with the decision.

20Note that I present only the magnitude of the value of the inventory. Precise dollar values are
proprietary in nature and are therefore not presented.
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ter The E is on Back Order Protection and Reaction
In this chapter, I present some rationale behind the back order reactions and the high
levels of inventory (protection from back order). I argue that both the reactions to back
order and the protection from back order are a direct result from EES's original successful
market growth strategy -- a strategy that emphasized always having product available for
sale at all times. Now that the organization has established itself in the marketplace and is
turning its focus on reducing costs, it must consider the tradeoffs between the benefits and
the costs of reacting quickly versus reacting gradually, and between the benefits and costs
of maintaining high levels of inventory versus maintaining low levels.

In this chapter, I discuss why the organization defined its problems as external rather than
internal, failing to fully recognize the back order reactions and the cost of high inventory
levels. Clearly, no one person within the organization is exposed to the same data in the
same format as presented throughout this thesis. Putting the information together and
analyzing it required substantial effort on my part. The key to the entire analysis came
from tying together demand, production, and inventory data. I argue that, due to the
existing organizational structure, incentives, information systems, and business processes,
no part of the organization (1) could readily obtain the necessary information; (2) had
incentives to pursue obtaining the information; and (3) could recognize the issues without
having the same time and resources as available to an M.L.T. intern.

In the final part of the chapter, I propose that the existing organizational structure,
incentives, information systems, and business processes are a direct result of four key
influences:

1. Market growth emphasis

2. Rapid product development

3. The need for consistent supply of product
4. Parent business processes

The discussion centers around the ways in which these influence manifest themselves.

Part IV -- Improving the Production System

r Improving Monthly For
This chapter demonstrates a new monthly forecasting methodology. I show that this
methodology, based only on historical data, produces more accurate forecasts on average
than the current market intelligence-based procedure. The procedure demonstrates that
dealer/affiliate demand generally follows a linear trend that slopes moderately upward.
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This information will prove important in determining the new planning and inventory
management system described in Chapter 10.

r An Alternative Pr 1 -- the "Pull” e
This chapter presents an alternative to the current monthly planning process used by
Ethicon Endo-Surgery to plan production, forecast demand, and manage inventories. The
"Pull" system utilizes a simple order point / order quantity (OP/OQ) methodology to tie
together the production stages. I present the advantages of this system over the current
monthly planning system with respect to EES's key operations objectives (inventory
reduction, cycle time reduction, and delivery service level). The factors that make this
system ideal -- low demand variability and high process flexibility -- are discussed. Finally,
a deterministic model is presented that helps substantiate the claim that the system
functions well. To account for the limits of using a deterministic model, the analysis
utilizes demand data from dozens of different products and tests for parameter sensitivity
(i.e., a sensitivity analysis demonstrates that the results are independent of constant lead
time assumptions).

Chapter 11 Conclusion

In this chapter, I discuss my final recommendations presented to Ethicon Endo-Surgery
prior to my departure in mid-December. I additionally discuss some additional areas of
interest not pursued within the thesis. Lastly, I present a summary of the key points
presented throughout the thesis.
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Chapter 2 The Supply and Distribution Chain

2.1 Introduction

In this chapter, I describe the entire supply and distribution chain?! for endoscopic surgical
instruments -- from raw materials to finished instruments (supply chain) and from finished
instruments into the hands of surgeons (distribution chain). The information presented
here provides the base for the rest of the thesis. Readers already familiar with the supply
chain, the distribution chain, the monthly production planning process, and the Operations
organization may choose to skip this chapter and proceed on to Chapter 3.

The chapter first presents the supply and distribution chain in total. All distribution
chain entities relevant to this thesis are presented -- Ethicon Endo Surgery, domestic
dealers, international Johnson & Johnson affiliates, and hospitals. Secondly, I describe the
"internal supply chain” (i.e., the movement of material within EES beginning with the
assembly of components into instruments and ending with finished goods inventory). As
opposed to treating EES essentially as a "black box" entity as in the preceding section, the
second section describes the process steps and the in-process inventory locations involved
in manufacturing a medical instrument. In the last part of the chapter, I describe how the
supply chain is actually run. The key business processes of planning, production
scheduling, and forecasting are presented, and a brief explanation of the various
organizational roles carried out within the Operations Division is provided.

2.2  The Complete Supply and Distribution Chain

Figure 2.1 displays a simplified version of Ethicon Endo-Surgery's supply and distribution
chain. Beginning with raw material suppliers and ending with the hospital, each entity
receives orders from and delivers product to the "downstream" entity that it immediately
precedes. Raw material suppliers deliver raw materials to, and receive orders from,

2!'Throughout this thesis and contrary to some other definitions, the term "supply chain” here refers to
process of supplying finished goods inventory with product. In other words, it is the entities and policies
involved in converting raw materials into finished instruments. The term "distribution chain" refers to the
entities and policies involved in moving instruments from finished goods inventory and into the final
customer’s hands.



component parts suppliers; component parts suppliers deliver parts to, and receive orders
from, EES; and so on down the chain.

Figure 2.1 demonstrates two types of flows: material flow and order flow.
Material flows move in one direction from raw materials to the surgeon -- raw materials
are shipped to component suppliers; component parts are shipped to EES; and so on until
a completed instrument arrives in a surgeons hands. Orders flow in the exact opposite
direction; hospitals order from dealers; dealers order from EES; and so on down the
line. This section discusses both the material and the order flows as they relate to the
remainder of the thesis. Of particular importance is how orders and delivery of material
are tied together. This involves an understanding of the inventory policies of the various
entities involved with the supply and distribution chain and will be discussed in greater
detail below.

The Material Flow

The formation of tae surgical instruments begins with raw materials such as plastics and
metals. These materials are converted into component parts by suppliers, which are in
turn assembled into surgical instruments by EES. EES packages the instruments, sterilizes
them, and stores them in finished goods inventory at a Johnson & Johnson Hospital
Services (JJHS) distribution center. This portion of the supply chain, the "internal supply
chain," will be discussed in more detail later in this chapter. For now, details of the
processes within Ethicon Endo-Surgery will be withheld.
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Figure 2.1 A simplified version of Ethicon Endo-Surgery's entire Supply and
Distribution Chain demonstrating the direction of material flow versus order flow.

The completed instruments at Ethicon Endo-Surgery can move in one of several
directions depending on whether the product's destination is domestic (within the United
States) or international. Domestically, the products typically ship to dealers (Figure 2.2a)
which then supply product to hospitals. Dealers typically reside a close distance from the
hospitals that they service, allowing them to quickly deliver product when needed. Being
able to deliver product quickly consequently requires inaintaining a certain level of
inventory. Therefore, dealers stock the product received from EES before passing it on to
hospitals.

Internationally, the products are first shipped to a Johnson & Johnson international
affiliate company (Figures 2.2b and 2.2c). The affiliates act as dealers to international
customers, supplying products either to hospitals within their own country, to hospitals in
neighboring countries, or to local dealers. As with domestic dealers, international affiliates
maintain inventories to ensure consistent supply to customers. Product is therefore
stocked at an affiliate before being passed on to either an international hospital or a local
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dealer. Local dealers act similarly to domestic dealers. They exist to provide quick,
reliable service to their iocal hospitals and therefore maintain a stock of the product.

Ethicon Domestic ,
(Endo-SurgeryJ—{ Doaler HHospnaIJ

(a) Delivery of product to a domestic customer.

Ethicon liitarnational
"do-SurgeH Affiliate Hospital ]

(b) Delivery of product to an international customer.

Ethi ) i e ™ )
[End'é‘.'g?,?ge,y {"Rﬁ;{iggonj__iwcal Dealer {Hospltal }
J J

(c) Delivery of product to an international customer through a local dealer.

Figure 2.2 (a), (b), and (c) Flew of product from Ethicon Endo-Surgery to
doraestic and international hospitals.

Whern examining the entire supply and distribution chain diagrams, it is important
to remember, first, that the view is taken from the perspeciive of Ethicon Endo-Surgery as
the primary manufacturer and, secondly, that it does not demonstrate the many raw
material suppliers, component suppliers, dealers. affiliates, and hospitals that exist in the
actual chain. Raw material suppliers typically ship to many customers, some of which may
be EES component supplicrs. EES component suppliers may also supply components to
several manufacturers. Equally as important is the understanding of the distribution chain.
Numerous dealers and international affiliates order product from Ethicon Endo-Surgery
and dealers, and international affiliates may service many hospitals. Alternatively,
hospitals typically purchase products from at least two separate dealers; dealers carry
products from several differeni manufacturers; EES purchases compenents from several
different suppliers; and so on. The understanding that this many-to-many relationship
exists thmughout the chain contrasts with the one-to-one relationships assumed in the
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models described by Forrester?? and in the "beer game" described by Senge?3. This issue
will be addressed further in Chapter 3.

2.3  The Internal Supply Chain

In this section, we open the "black box" around Ethicon Endo Surgery and describe the
flow of material and orders within the organization. The /nternal Supply Chain that will
be discussed throughout this chapter consists of the portion of the chain that resides within
EES -- namely, the bulk instrument assembly process, packaging/sterilization, and
warehousing of finished goods to JJHS. The internal supply chain and its relationship to
the overall chain is depicted in Figure 2.3.
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Figure 2.3 The Internal Supply Chain and its relationship to the entire Supply and
Distribution Chain.
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Inventory Positioning

In order to isolate the two main functions of the chain (instrument assembly and
packaging/sterilization) from differing levels of flexibility and from varying mixtures of
inputs and outputs, three main inventory stocking locations are maintained strategically
within the internal supply chain (see Figure 2.3). The function of each inventory location
is described below:

Finished Goods Inventory at JIHS - isolates shipment of product from the lead

time of the packaging/sterilization operation and allows fulfillment of customer
orders directly from stock.

Bulk Instrument Inventory - isolates the daily "pull” operation of packaging and
sterilization from the less-flexible "push"” operation of assembly. Additionally,
assembled bulk instruments may be packaged into one of several configurations.
The bulk inventory allows the flexibility to determine which packaging
configuration the instrument is packaged into immediately before the configuration
is actually packaged and sterilized.

Parts Inventory - isolates the assembly process from the long lead times of parts
suppliers. Additionally, a single part may be assembled into one of several
instruments. The parts inventory allows the flexibility to determine which
instrument a particular part is assembled into immediately before the instrument is
actually assembled.

Finished goods at Johnson & Johnson Hospital Services (JJHS)

Finished goods are held, along with products from other J&J companies, at JJHS. They
are responsible for receiving orders, picking the appropriate products from the shelves,
packing the products together, and shipping to either domestic dealers, hospitals, or
international affiliates. All systems that track finished goods inventory levels, incoming
orders, and tracking the fulfillment of the orders are handled by JJHS, as are billing
operations.

The Packaging and Sterilization " Demand-Pull" Operation

The packaging / sterilization operation draws assembled instruments from bulk inventory,
configures the instruments into the required package type, sterilizes the configuration, and
delivers the finished product to the JJHS warchouse. Although both the packaging and
sterilization steps require capital-intensive equipment that are inherently subject to
capacity constraints, the entire operation has remained highly flexible with the ability to
react to large daily fluctuations in demands. Even the degree of flexibility between the
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packaging and the sterilization steps remains great enough that batches are considered to
"flow through" without significant in-process stocking.

Batch sizes are predominately determined on a product-by-product basis through
EOQ-type calculations?4 and remain relatively small due to the high degree of flexibility
within the operation (low changeover costs result in small batch sizes). Packaging /
Sterilization orders are initiated based on a "pull"-type system -- when finished goods
inventory for a particular product at JJHS drops below a predetermined order point, a new
batch of that product is initiated through the process. Schedules are determined on a daily
basis, and finished goods inventory levels are monitored with the same high frequency.

The Assembly "Forecast-Push" Operation

Contrary to the capital-intensive operation of packaging/sterilization, the process of
assembling parts into bulk instruments is predominately labor-intensive. Capacities are
limited to the speed at which the workers operate and to the availability of parts. The time
required for scheduling the work force and the supply of incoming parts are the greatest
limiting factors in ter:ns of flexibility. Additionally, several different instruments within a
product family may be assembled on a single production line. This further complicates the
assembly scheduling process due to the need to incorporate line changeovers.

To accommodate the previously mentioned difficulties, weekly assembly schedules
and orders for parts are planned on a monthly basis using monthly forecasts. The
forecasts, which stretch out several periods into the future, are broken down by an MRP-
type system?’ into weekly assembly and parts requirements, resulting in a "push” of
product through assembly. The break down of requirements takes into account parts,
bulk, and finished goods inventory levels as well as assembly and parts-ordering lead
times.

Parts Supply

As discussed in the preceding paragraph, orders for parts are determined based on the
monthly planning process and, consequently, on the monthly forecasts. Lead times are
typically on the order of 4-6 weeks, but lead times longer than 10 weeks are not
uncommon. In general, the order size for major parts equals 3-4 weeks worth of demand.

24for an explanation of basic EOQ models, refer to Chapter 4 of: Nahmias, S., Production and Operations
Analysis, Second Edition, Homewood, IL: Irwin, 1993.
25for a detailed explanation of MRP techniques for production scheduling, refer to Chapter 6 of:

Nahmias, S., Production and Operations Analysis, Second Edition, Homewood, IL: Irwin, 1993.
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2.4  Running the Internal Supply Chain

This section shifts the focus away from the structure of the internal supply chain to
concentrate on how the chain actually operates. The ordering of component parts from
suppliers, the scheduling of assembly, and the scheduling of the packaging/sterilization
operation must somehow be coordinated with each other as well as with demands from
the market. In EES's case, this process takes place once each month for the ordering of
parts and the scheduling of assembly. I have termed this entire process as the "monthly
planning process.” The packaging/sterilization operation operates somewhat differently,
monitoring finished goods inventory on a daily basis and initiating batches of product as
needed. Both of these scheduling processes are discussed below.

In this section, I will also present the market forecasting methodology used to
predict demand for each product. The forecasts from this process are utilized by the
monthly planning process to determine assembly requirements and supplier orders. Lastly,
I conclude with a brief discussion on the organization and the various roles within the
organization responsible for running the supply chain.

The Monthly Planning Process

This section describes the monthly planning process used to convert market forecasts into
weekly production requirements. At the beginning of each month, information is gathered
for each individual product. This information includes the number of orders that were
received in the previous month, inventory levels in finished goods, monthly forecasts, and
desired finished goods safety stock. By combining this information, the monthly planning
process generates two outputs -- the aggregate production requirement for the entire
month and revised extended forecasts (Figure 2.4). This information is further broken
down into orders for parts and weekly assembly schedules, with weekly assembly
schedules being broken down still further into daily assembly schedules.
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Orders Forecasts FG Inventory Levels Target Safety Stock

onthly Planning
Process
D.A. Sheets

Extended Forecasts Production Requirements
Supplier Orders Waeekly Assembly
Schedule

Figure 2.4 The monthly process of converting market forecasts into weekly
production schedules and orders for parts from suppliers.

Central to the monthly planning process is the use of a planning tool called the
"Demand Analysis (DA) sheet." Containing all data necessary to determine production
requirements, the DA sheets (one sheet is generated for each finished product code)
effectively facilitate information exchange between Marketing, the central planning group,
and the production areas. The DA Sheet and the DA Sheet planning process are discussed
in detail below.

The Demand Analysis (DA) Sheets
The DA Sheets are generated as part of the central planning process each month, with one
DA sheet being generated for each product code. They contain information concerning
the aggregate production plan -- extended forecasts, the quantity of finished goods
required to be transferred into the JJHS warehouse to meet the forecast demand, and the
target safety stock in finished goods (determined as a function of the extended forecasts).
They additionally contain results from the past several planning months -- information
such as demand over the previous several months, forecasts for the current month (i.e. the
forecast given for November in November, the forecast given for October in October,
etc.), finished goods inventory at each month's end, and variances from forecast and target
finished goods inventory.

The Demand Analysis (DA) Sheets serve three main functions within the
organization: to communicate, for approval purposes, the extended monthly forecasts to
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the functions with market knowledge (marketing and customer service), to alert plant
management of the production requirements for the month, and to pass forecasts down to
the Buyers/Planners. As discussed previously, the Buyers/Planners use monthly forecasts,
as found on the DA Sheets, to determine parts ordering and assembly schedules. It is
important to note that the DA Sheets are only partially used by Packaging / Sterilization
for which they are only used to ensure that sufficient equipment capacity and packaging
materials are in place. In general, Marketing, Customer Service, Plant Managers, and
Buyers/Planners are the principal areas concerned with DA Sheet information.

The DA Sheet Planning Process

At the beginning of each month, the resulting previous month's demand (Net Orders),
finished goods inventory, and actual finished goods transfers from the previous month .re
input into the appropriate location of each product's DA Sheet. Once the DA Sheets have
been updated, the Master Planners, in conjunction with Marketing, determine whether
modifications need to be made to the next periods' forecasts, inputting any changes
directly onto the sheet?6. Based on target finished goods inventory levels, actual inventory
levels, and the current month's forecast, the quantity of finished goods required (Planned
Transfers) to meet the forecast are calculated and entered into the sheet. A simplified
sample DA Sheet as viewed from the start of the month of October is provided in Figure
2.5. The same DA Sheet as viewed after the forecasts have been modified and the new
Planned Transfers have been recorded is shown in Figure 2.6.

Once completed for a particular month, all of the DA Sheets are routed through
the organization for signatures. Marketing, Master Planning Management, and Customer
Service must all examine the information to ensure validity and recommend modifications
if necessary. Plant Management examines the information to ensure that the assembly
operation can produce enough instruments to meet the DA Sheet's Planned Transfers
number. When all functions are in agreement that the DA Sheet seems reasonable and its
proposed plan (as determined through Planned Transfers) can be met, each area signs-off
and the sheet moves on to the Buying/Planning function, for use in determining assembly

26Note that when forecast changes are input into the DA Sheet, all information concerning the prior
month's forecasts beyond the current-month forecast is lost. As explained earlier in the chapter, the
current-month forecast is simply the forecast provided in the month that the DA Sheet is being evaluated.
In other words, August's current-month forecast is determined in August, September's current-month
forecast is determined in September, etc. In September, any forecast changes on the DA Sheet overwrite
August's forecasts for September, October, November, and December. Only August's forecast for August
is retained. This issue will be addressed again in Chapter 5.
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schedules and parts ordering, and to the Packaging/Sterilization function for determining

capacity requirements.
Product: ABC10
Total July Aug | Sept | Oct | Nov Dec Total
1993 1994
Forecast 2200 100 120 130 130 140 130 1500
Actual Orders | 2300 110 100 135+
Received
Variance 100 10 -20 5e
Planned 2200 120 140 |90
Transfers
Actual 2400 110 160 | 90*
|_Transfers
Variance 200 -10 20 0*
Target FG 200 200 | 200 200 200 200 200
Inventory
Acwmal FG 180 180 240 195*
Inventory
Variance -20 -20 40 -5*

Figure 2.5 Sample DA Sheet for October after the results from September have been
entered but prior to any modifications to the forecast or to Planned Transfers. (* =
information on September's results updated the first day of October).

Product: ABC10
Total July | Aug | Sept | Qct [ Nov | Dec Total
1993 1994
Forecast 2200 100 120 130 120* | 130* | 120* J 1470*
Actual Orders § 2300 110 100 135
Received
Variance 100 10 -20 5
Planned 2200 120 140 90 125+
Transfers
Actual 2400 110 160 90
Transfers
Variance 200 -10 20 0
Target FG 200 200 200 200 200 200 200
Inventory
Actal FG 180 180 240 195
Inventory
Variance -20 -20 40 -5

Figure 2.6 Sample DA Sheet for October after modifications to the forecasts and with
the new Planned Transfers already entered. (* = information updated during the first or
second week of October.)
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The completion of the DA Sheets, including approval by management in all
required areas, usually occurs for all products at the end of the second week of the month.
It is not until after this point that the Buyers/Planners receive the information, update the
MRP system, and determine assembly schedules and supplier orders for the following
month. Occasionally changes will be made after the hand-off to the Buyers/Planners, but
flexibility at this point is limited to parts availability and capacity constraints. Figure 2.7
demonstrates the typical timeline of the DA Sheet process.

fﬁrgr\‘lt!gus Current Month Foll?\mg

2). Forecasts determined
for current month and 5). Numbers from DA
for several months into Sheets passed down
the future to Buyers/Planners

i Week 1 | Week2 | Week 3 | Week4 |

| I | | |

1). Results from

Previous Month load- - APproval Process

ed into DA Sheets  3). Planned transfers
into FG Inventory and
Safety Stock determined

Figure 2.7 Timeline of events required for the DA Sheet Process

Converting the Monthly Production Requirements into a Daily Production Schedule
After the second week of the month, the completed and signed DA Sheet is passed down
to the production area. For each product, a production planner takes the forecast for the
current month, as well as for several months into the future (far enough to cover
procurement of long lead-time parts), and enters them into their systems. Although
several systems are used by planners to determine their weekly production requirements
and parts orders, the process in general breaks down the DA Sheet's monthly forecasts
into weekly forecasts and, consequently, into weekly demands. From these demands, the
number of instruments to assemble each week and when to order new batches of parts are
determined. The exact details of the systems are purposefully omitted here since they vary
somewhat from planner to planner, but it is important to note that the planners do have
considerable flexibility in selecting the methods and systems to use.

To determine the weekly demands from the monthly forecasts, the planner simply
divides each month's forecast by the number of weeks in the month. Weekly production
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schedules are then determined, regardless of the actual system used, based on lead time
offsets from each week's projected demand. The production numbers then typically do not
change until the planning process is completed again for the following month. The long
lead times that are required to procure parts and to assemble ins*ruments disallow much
flexibility for changes?’.

Packaging and Sterilization

As discussed earlier in this chapter, the Packaging / Sterilization process operates
essentially on a pure demand-pull type system that does not rely on forecasts to determine
packaging / sterilization schedules, effectively eliminating the need for DA Sheet
information for daily and weekly scheduling. The results of the DA Sheets are, however,
passed through the Packaging / Sterilization organization for the purposes of recognizing
potential equipment capacity constraints or packaging material procurement constraints.
In the typical case, neither capacity nor packaging materials are an issue.

The Operations Division

The Operations Division contains the principal planning and production functions as
required to manufacture finished products and deliver those products to customers. All
high-level planning, parts procurement, production planning, assembly, packaging, and
sterilization operations, and customer service functions report under the Operations
Division. The particular departments involved include Master Planning, Buying/Planning,
Business Units, Packaging / Sterilization, and Customer Service and Distribution. Along
the process pipeline of turning forecasts into the actual production of instruments, Master
Planning resides on the front-end, generating the monthly forecasts and determining
production plans in aggregate. They are closely linked to the marketing area of the
business and act as the connection between market knowledge and production. Business
Units and Packaging / Sterilization reside on the opposite end of the pipeline converting
raw components into finished goods inventory. A single business unit controls all
activities associated with the assembly process for a particular product line. Packaging /
Sterilization has responsibility for maintaining adequate finished goods inventory for all
products. Fitting somewhere in the middle are Buyers / Planners who determine weekly
assembly plans and generate orders to suppliers for parts. The Customer Service and

27The actual flexibility of the assembly and the parts procurement processes will be challenged later in the
thesis as this issue is important to the determination of alternate, potentially more robust planning

processes.
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Distribution area is concerned primarily with movement of finished goods to domestic
dealers, hospitals, and international affiliates.

The corresponding responsibilities of all areas in the Operations Division are
outlined and summarized in Table 2.1. Their roles in the planning/production pipeline are
diagrammed in Figure 2.8.

Functional Area Primary Responsibilities to the Supply Chain

Master Planning - Link between Marketing and Production
- Monthly requirements for Finished Goods
- Monthly forecasts for each product

Buying/Planning - Orders to suppliers for parts
- Weekly production schedule

Business Units - Assembly of instruments for a single product line
- Daily production schedule

Packaging / Sterilization | - Packaging and sterilization of instruments
- Initiation of Packaging / Sterilization batches

Customer Service and - Product supply-related relationships with hospitals,
Distribution domestic dealers, and international affiliates
- Handling of special instances of supply problems

Table 2.1 Summary and outline of functional areas involved with the
planning/production pipeline.
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Market Knowledge

< Master Plonning>
Buying / Planning

Business Units Packaging /
(Assembly) Sterilization

Production

Raw Parts ) Finished Goods

Figure 2.8 The roles involved with the planning/production pipeline and
their relationships to the internal supply chain.

The Importance of Forecasts

Forecasting plays a critical role in the monthly planning process. Forecasts are produced
each month for anticipated demand one month, two months, three months, and four
months into the future. All assembly scheduling and parts procurement are based on the
forecasts that extend several months into the future. Due to long lead times for procuring
parts, typically on the order of 4-16 weeks, the accuracy of extended forecasts beyond one
month becomes critical. Additionally, the monthly planning process requires time to
complete due to the large number of product codes (over 200 in total). As a result,
functioning forecasts are not delivered to the production area until two weeks into the
current month. The first month's forecast, already two weeks old, is only valid for the last
two weeks of the month. This places further importance on the forecasts beyond a one
month horizon.

The process involved in generating forecasts deserves some mentioning here;
although, the detailed process will not be presented until Chapter 9. The monthly
forecasts are derived from an annual financial forecast, where the annual financial forecast
is determined at the beginning of each year. As the year progresses, monthly forecasts
may be adjusted up or down as dictated by market intelligence. In general, the monthly
forecasts should be thought of as a combination of the annual financial forecasting and
market intelligence.
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2.5 Conclusion

The entire supply and distribution chain for Ethicon Endo-Surgery was discussed in this
chapter. In review, the distribution chain refers to the portion of the overall chain that
moves product from finished goods inventory into a hospital. Domestically, product
passes through a local before being passed on to the hospital. The dealer maintains a
certain level of inventory to ensure consistent supply to its customers, the hospitals.
International Johnson & Johnson affiliates operate in much the same way, but instead of
delivering product to domestic customers, they deliver to international locations.

The "internal” supply chain refers to the portion of the overall chain that resides
entirely within EES. It consists of two major processing steps -- assembly and packaging /
sterilization -- and three major inventory positions -- component parts, bulk instruments,
and finished goods. Scheduling of the packaging / sterilization process is done on a
"pull”-type basis, and scheduling of the assembly process and of component parts orders is
done MRP-style, based on extended monthly forecasts. The generation of the monthly
forecasts and the monthly production plan revolve around the Demand Analysis (D.A.)
sheet analysis. D.A. sheets are completed by the Master Planners for all products 1-2
weeks after the beginning of each month. From the forecasts on the D.A. sheets, Buyers /
Planners determine weekly and daily assembly schedules and component parts orders.

Now that the basic aspects of the supply and distribution chain have been
discussed, we are ready to move on to Chapter 3 to discuss demand for new products.
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Chapter 3 Supply Chain Demand for New Products

3.1 Introduction

This chapter demonstrates how dealers, international affiliates, and hospitals react to the
introduction of a new product. In particular, it examines dealer and affiliate order patterns
to determine the volume of orders that Ethicon Endo-Surgery should expect to see
immediately following the introduction. The research demonstrated that a consistent
pattern emerged with the introductions -- an initial demand "spike" occurring within the
first few weeks. The analysis will demonstrate that the spike is relatively predictable, and
a "rule of thumb" is provided for building inventory in preparation for the spike. By
comparing domestic hospital sales information with domestic dealer orders, I will
demonstrate that this "spike" is attributablc to dealers and affiliates building up inventory.
The final part of the chapter will discuss the issue of "panic ordering” on the pait of
dealers and affiliates. Strong evidence will be provided that panic ordering does not
actually occur, emphasizing the fact that dealers and affiliates behave in rational,
predictable ways.

3.2  The Recurring Demand Pattern

As mentioned in the introduction, the research uncovered a consistent dealer and affiliate
demand pattern associated with new product introductions. Throughout this chapter, new
product introductions refer to the introduction of a new product into the market where the
product is a replacement for a preceding product. In cther words, the market for the
product has already been established and a relatively reliable customer base already exists.
The new product itself replaces an older, potentially outdated product. The demand
pattern that recurs is shown in Figure 3.1 for one sample product. A demand "spike" at
the outset of the introduction is followed by a relatively stable level of demand. The spike
occurs within the first few weeks of the introduction.
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Figure 3.1 Total dealer and affiliate weekly orders for a new product
introduction. The demand spike occurs in Week 5 and Week 6.

Predicting the Demand Peak

We will now attempt to characterize the initial demand peak in a way useful for
forecasting. The measurement that will be nsed is "weeks of additional demand" -- in
other words, the number of weeks worth of demand in excess of average demand,
determined during the first few weeks of the introduction. The equation for this
measurement is:

Additional Demand During Peak | Average Weekly Demand

This equation may seem somewhat vague. The definition of Additional Demand During
Peak has been purposely left unclear. The demand peaks occur for differing lengths of
time depending on each prodyct's particular situation. The determination of when the
peak actually occurs for the purpose of this study is therefore left to the discretion of the
author. Typically, the peak will be the first two weeks of demand immediately following
the introduction. Additional Demand During Peak is determined by taking the total
demand during the peak period and subtracting off the average weekly demand over an
equivalent length of time. If the peak period lasts for 3 weeks, the demand during that
period is 1500 units and the average weekly demand is 250 units, Additional Demand
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During Peak is 1500 - (3 x 250) = 750 units. Weeks of Additional Demand is then
calculated by dividing Additional Demand During Peak by the average demand, 750/ 250
= 3 weeks.

Average weekly demand for the product in steady state can be readily forecast
with reasonable accuracy. Being predominantly single-use disposable, Ethicon Endo-
Surgery's products do not exhibit life cycle effects (i.e., rapid initial growth, market
saturation, and replacement-only sales). Additionally, changes in market share are
gradual?8. As aresult, demand is relatively stable, and demand for the preceding product
can be used to predict steady state demand for the replacement product. It will be
assumed that this prediction is accurate enough that v¢ can simply use the actual average
steady state demand and still obtain useful resuits.

Table 3.1 displays the information and results for the products used in the analysis.
Eight products in all were used, consisting only of eligible products with significant sales
volume. To determine eligible products with significant sales volume, all product codes
released over a or:¢ year time period (the time period over which data was available) were
gathered. Only products with a significant percentage of Ethicon Endo-Surgery's total
sales volume?® were considered further. Of the products with significant salcs volume,
fourteen in total, six outliers were identified and removed. A product would be
considered an outlier if any unique forces were found to influence the demand from
dealers. For example, one particular outlier was part of a family of recently introduced
products that all had problems with back order. The outlier was introduced after the other
products had gone into back order and was therefore well controlled in its release. The
demand from dealers and affiliates, therefore, was influenced heavily by the controls
placed on the release. In another case, significant market dependencies unexpectedly
developed between two products in the sample. One of the products was therefore
declared as an outlier and removed from the analysis.

28More information on the characteristics of the products and the effects that the characteristics have on
demand patterns will be discussed in Chapter 9.

29The cut-off point for considering a product as having significant sales volume has been purposely
omitted due to proprietary concerns.

42



Product Number of Total Average Additional Weeks of
Weeks of Demand Demand Demand Additional
Peak Period | During Peak During Peak | Demand
Period

1 2 522 84 354 4.2
2 1 735 181 554 3.1
3 1 511 134 377 2.8
4 2 814 182 450 2.5
5 1 374 187 187 1.0
6 3 4366 705 2251 3.2
7 7 19,198 1831 6381 3.5
8 2 5163 1269 2271 2.1

Table 3.1 Determining the magnitude in terms of weeks of demand for the initial
demand peak. (Actual values for Total Demand During Peak Period and Average
Demand have been disguised.)

From the organization's standpoint, just knowing how much additional demand to
expect during the first few weeks of introduction will allow it to prepare accordingly by
building up finished goods inventory beforechand. When the product is introduced and the
demand peak hits, Ethicon Endo-Surgery will then be able to avoid back order. To
determine how much additional finished goods inventory to have in place, we can use the
data in Table 3.1 to calculate an average of Weeks of Additional Demand. The calculated
average, with some slight aujustments, may serve as a policy for the additional finished
goods inventory. If we were to just use the average alone as the inventory policy,
approximately one half of future introductions would experience demand peaks above the
average, and one half will experience peaks below. We therefore provide 95% confidence
intervals30 around the average. (For the upper bounds using 90% and other confidence
intervals, see Table 3.2.) By stocking at the upper bound of the 90% confidence interval,
Ethicon Endo-Surgery would expect that in 90% of all introductions, they will have
enough additional inventory to cover the additional dernand during the peak.

30For a description of calculating confidence intervals for means using a Student's t-distribution, see for

example: Hogg, R. V., J. Ledolter, Applied Statistics for Engineers and Physical Scientists, New York:
Macmillan Publishing Company, 1992, chapter 4.
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Average 90% 95% 97.5%
(n=8 Samples) Confidence Confidence Confidence
2.8 weeks 3.3 weeks 6.0 weeks 8.3 weeks

Table 3.2 Upper confidence intervals for Weeks of Additional Demand data.

Of course, the preceding calculations assume that the sample data in Table 3.1 is
representative of the Weeks of Additional Demand that would be determined for all
products. Given the small sample size, this probably is not the case. Therefore, a word of
caution is provided. The numbers in their current state provide a reasonable "rule of
thumb" for determining the quantity of inventory needed to have in place prior to the
introduction. For a more rigorous calculation, more samples would need to be examined.
On the other hand, the 2.8 weeks of inventory required on average and the 90%
confidence value of 3.3 weeks exceeds all other previous forecasts researched. This alone
should provide substantial guidance for future product releases.

3.3  Dealer and Affiliate Stocking in New Product Introductions

This section will compare domestic sales information with domestic dealer orders to show
that the iritial spikes in demand are indeed a result of Gealer and affiliate stocking. Figure
3.2 shows monthly domestic dealer orders for two products. The first product is the same
product displayed in Figure 3.1. The second product is the "extreme back order" case that
will be discussed in Section 3.4. In addition to the dealer orders, domestic hospital orders
are plotted on both graphs. For both products, the introduction occurred during Month 1;
and for both products a demand spike occurred at that time. (Since Product B was
introduced near the middle of Month 1, the peak for Product B does not appear nearly as
significant as for Product A.)

As shown in the figure, the hospital orders do not exhibit a demand spike. Instead,
the hospital orders either start at a level close to the eventual steady state level, as with
Product A, or increase gradually over several months, as with Product B. Additionally,
the area between the dealer and hospital orders represents the approximate volume of
product delivered to dealers that has not yet been ordered by hospitals. In other words,
this volume raust reside at the dealer. To determine the total dealer inventory, we only
need to find the area. Since finding the area gives the number of sales units stocked at the
dealer at the end of the period, we must convert sales units of inventory into weeks of
inventory, where one week of inventory represents the volume of product inventory



expected to be sold each week. To do this, we divide the area between the curves by the

average weekly demand. As a result, the dealer stocking levels turn out to be 4.2 weeks
for Product A and 4.5 weeks for Product B. In conversation with several dealers, these
numbers are indeed consistent with most dealers' policies.
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Figure 3.2 Hospital orders domestic dealer orders for two new product
introductions.
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3.4  Misperceptions About Panic Ordering
In this section, I will refute many of the perceptions throughout the supply chain
concerning "panic ordering” with dealers and affiliates. Panic ordering as used throughout
this section is defined as ordering by dealers and affiliates in excess of what is actually
needed. Dealers and affiliates may panic order when they believe that the products they
need will soon be in short supply. When demand outstrips supply, the manufacturer must
use an allocation system to determine who will receive the product and how much will be
received. The dealers or affiliates may believe that increasing orders influences the
allocation system to send them a greater portion of the available product. Another
perceived cause of panic order is based on dealer and affiliate inventory systems. Safety
stock at dealers and affiliates is typically based on lead time for delivery of a product.
When product falls into back order and delivery time for the product shoots up from 3
days to 3 weeks, the safety stock levels also shoot up. This further increases the orders as
incoming product must be used to increase safety stocks as well as meet hospital demand.
Several people within Ethicon Endo-Surgery had revealed concerns that panic
ordering was artificially driving up demand for back ordered products. This concern had
been made with regard to a few recently introduced products. Surveys and discussions
with several representatives from domestic dealers and international affiliates revealed a
belief that both sources of "panic ordering" could be evident. Several dealers described
their ordering systems as using lead times to determine safety stocks. In many cases the
calculations were completed automatically. Both dealers and affiliates indicated that
increased orders to "game" with Ethicon Endo-Surgery's allocation system were plausible.
No explicit data, however, were provided to validate these statements.

Refuting the " Panic Ordering" Perceptions

To determine the extent of panic ordering, I took three new products from the same
product family that were introduced within a few weeks of each other. One of the
products fell into deep back order, outstanding orders equaling three weeks worth of
demand at the lowest point. Another of the products fell into a moderate back order of
about one week's worth of demand. The final product did not fall into back order at all.
These three products, coming from the same product family and providing similar
functionality, should experience similar patterns of demand throughout the year. By
comparing the dealer and affiliate orders between the products, any pattern of panic
ordering should be evident. If panic ordering is present, we will expect to see that the
product that went into severe back order receives a greater portion of orders while in back
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order. Once out of back order, the product's demand should drop off as dealers and
affiliates receive all of their excess panic-ordered product. Ordering should remain at the
lower state until dealers and affiliates sell all of their excess inventory. In contrast, the
product that did not fall into back order should not experience the same fluctuations in
demand. Supply in that case was never in jeopardy, so dealers and affiliates would not
have a reason to panic order. Somewhere in the middle we would expect to find the
moderate back ordered product.

Sales Units
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Figure 3.3 Dealer and affiliate weekly orders for two products introduced at
about the same time. One product fell into back order, and the other did not.
Order quantities have been normalized based on average demand to facilitate the
comparison. Interestingly, the patterns look almost indistinguishable.

To compare the ordering patterns, we can first examine weekly ordering data
between the No Back Order and the Extreme Back Order cases. This comparison is made
in Figure 3.3. Note that aside from the demand during the introduction of each product,
the patterns look almost identical. The product was in back order between Week 10 and
Week 19. During this time, there appears to be a light increase in demand for the Extreme
Back Order product; however, in the weeks following Week 19, there is no evidence of
demand dropping off relative to the No Back Order product. Instead both seem to drop
slightly, indicating a market-dependent rather than a product-dependent trend.

Figure 3.4 demonstrates the same concepts, adding a third product and using
monthly instead of weekly data. The third product was introduced a few weeks after the
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previous two, explaining the delayed demand peak during Month 2. Back order for both
products began in Month 2 and continued through Month 3. Once again, a slight positive
difference in ordering for the back ordered products is evident at the time of the back
order. After Month 3, the three products follow in lock-step. This seems to negate the
panic order theory, since panic ordering should lead to a decrease in orders after the
products come out of back order. Additionally, aside from differences during the
introduction months, the back ordered products’ demands almost exactly match beginning
with Month 3. This occurred irrespective of the differences in the severity of the back
order.

On a final note and as a point of interest, the cumulative monthly demand for the
three products have been plotted in Figure 3.5. Amazingly, the cumulative results follow
closely for all three. Except at the beginning, the total volumes of the products are almost
identical. This seems to indicate that the slight increase in demand for the back ordered
products is actually a continuation of the peak period described in the previous section.
Instead of ordering all at once in the first few weeks, some dealers may hold off for several
weeks. Consequently, the orders are eventually placed.
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Figure 3.4 Dealer and affiliate monthly orders for three products introduced
within a few weeks of each other. Two of the products, No Back Order and
Extreme Back Order, are also shown with weekly orders in Figure 3.2. The two
back-ordered products fell into back order during Month 2 and Month 3.
Although ordering increased in Month 3, the expected drop-off in ordering with
respect to the No Back Order product did not occur.
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Figure 3.5 Cumulative dealer and affiliate monthly orders. This graph
demonstrates that the total volume ordered for each product moves in lock-step.

3.5 Conclusion
In this chapter, demand for new products was shown to be relatively predictable. In the
first few weeks of the introduction, dealers and affiliates increase ordering in order to
build inventory. The additional demand during that period should be expected to equal
approximately 3 weeks worth of expected average demand. Immediately following the
peak ordering, demand can be expected to follow a relatively stable pattern. This pattern,
as will be shown in Chapter 9, tends to follow a steady trend line. By comparing two
recently introduced products, one that fell deeply into back order and one that did not, I
demonstrated that dealers and affiliates do not increase orders for new products that fall
into back order. This refuted my early research assumptions that dealer and affiliate
demand increases due to panic ordering and increased levels of safety stock.

The next chapter will discuss how EES reacted to the new product demand
patterns.
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Chapter 4 Internal Supply Chain Reactions

4.1 Introduction

The previous chapter identified a consistent demand pattern unique to new product
introductions. The initial surge (or "spike") in orders occurring in the first few weeks of
the introduction often forces Ethicon Endo-Surgery into back order. As discussed in the
preceding chapter, the spike is attributable to dealer and affiliates “stocking up" on new
products to both fill their inventories and meet the incoming hospital demand. But
understanding the cause and the extent of the demand spike is only one part of the puzzle.
The other part is understanding how Ethicon Endo-Surgery, in its efforts to maintain a
consistent supply of product, prepares for, and reacts to, the spike.

In this chapter, I demonstrate the “"internal” reactions to new product
introductions. By "internal," I refer to the production system within Ethicon Endo-
Surgery that allows it to deliver product to dealers, international affiliates, and, ultimately,
to hospitals. I will show that the initial demand spike results in surprisingly dramatic
reactions in production -- surprisingly dramatic in that the production system was
designed largely to "shield" the assembly process from variation in demand; however, the
data will show that demand variation is actually amplified in the assembly process. In one
particular case presented below, production output doubled from one month to the next;
yet, the only large preceding increase in demand occurred during the product's
introduction four months earlier. I continue this chapter by demonstrating that the new-
product-introduction-type reactions occur anytime a product falls into back order. This
finding altered my initial interpretations that new product introductions alone were at the
center of Ethicon Endo-Surgery's supply problems. Instead, it shifted the focus toward
back order as a root cause, with new product introductions being a subset of that root
cause.
' This chapter will present the internal reactions to new product introductions and,
more generally, the reactions to products that fall into back order. I will demonstrate that,
in many cases, any sudden increases in demand are met with at least equally dramatic
reactions from production, suggesting that demand variation is actually amplified by the
production system. The following chapter, Chapter 5, will demonstrate some reasons why
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the reactions occur as a result of the current monthly planning process, and Chapter 7 will

describe how the organizational incentives contribute to the reactions.

4.2  Reactions to New Product Introductions
In many of the new product introductions examined, a consistent reaction was found. The

sequence of events that occur are as follows (sce Figure 4.1)31:

1.

Increased demand causes back order - the unexpectedly high level of demand

depletes inventory, often sending the organization into back order.

Production increases output - the production process must increase its output

to match both the increased orders and the depletion of inventory. This
increase oftentimes is delayed one or more mor.ths due to difficulties in
obtaining adequate parts supply.

EG Inventory levels shoot up - the increase in production output continues to

drive FG inventory levels up above normal stocking levels.

Production decreases output - the increased levels of inventory result in a
reduced need to produce; therefore, production decreases temporarily.

. Production output and FG inventory levels settle at a steady state - the system

finally reaches a steady state several months after the unexpected occurrence.

31 Throughout this chapter, all monthly production, demand, and forecast data has been converted from a
single monthly number into a 4-week monthly rate. In other words, the number of units produced in one
particular month has been converted into an equivalent number units produced had the month been a 4-
week month. This conversion was necessary to maintain consistent comparisons from one month to the
next in light of the company's varying duration of a month.
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(2) Production increases output

7000 1 (1) Increased demand causes back order

(4) Production decreases output

Sales Unis

Mdnth  Month  Month \\ Month  Month /Month  Month  Month  Month
1000 -1 [ 2 3 4 5 6

«o—~Net Orders —+—Planned Transfers -s~-FG Inventory

Figure 4.1 Sample Reaction. A reaction to a new product introduction
demonstrating how production (planned transfers) responds to the initial drop in
FG inventory. This follows the standard sequence of steps outlined in the text: (1)
Increased demand causes back order; (2) Production increases its output; (3)

FG inventory levels shoot up; (4) Production decreases output; and (5)
Production output and inventory levels reach steady state. In this particular case,
the steady state has just been reached in Month 6.

The following section examines two particular examples of the reaction sequence
-- one involved with a new product introduction and the other with an unexpected supply
interruption.

4.3 New Product Introduction Example

This first example demonstrates the supply chain reactions in a new product introduction
as derived from the information on DA Sheets. The key components of understanding the
reactions are examined -- forecast (Current-month Forecast) versus demand (Net Orders),
production (Planned Transfers) versus demand (Net Orders), and production (Planned
Transfers) versus finished goods inventory (FG Inventory). If the meanings of any of
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these components is unclear, it is reccommended that the reader briefly read back through
Chapter 2. An important point unique to the new product introduction demonstrated
below is worth mentioning here. Actual assembly data, either daily, weekly, or monthly,
was not available. Instead, a different representation, Planned Transfers frem the DA
Sheets, had to be used. Although Planned Transfers does not actually represent the
production rates for a particular month, it offers a reasonable approximation in the case of
the following product introduction. This issue is explained further in the following
section. In a later section of this chapter, the example back-ordered product utilizes actual
assembly data. In that case, the use of Planned Transfers therefore will not be an issue.

Importance of Using "Planned Transfers" in Place of Actual Assembly Rates
Although it can be argued that Planned Transfers does not necessarily represent what was
either assembled or packaged /sterilized, it does represent what was believed to be
required in finished goods to meet the month's forecast demand. In the case of this
particular new product introduction, it represents what the plants believed they could
produce given constraints on capacity and parts supply. This number is of value in a
slightly different way. Actual assembly or packaging/sterilization volume represents the
results after the month has ended. These actual volume numbers are subject to parts
availability, quality problems, and other unforeseen issues that were not known at the
beginning of the month when the plan was approved. They therefore represent the actual
outcome rather than what was intended. By providing a number, Planned Transfers, that
is directly calculated from available inventory and forecast demand, the intentions of the
organization are captured.

Bear in mind, though, that this analysis does not apply in the same way with
situations other than the new product introduction presented below. Only in this new
product introduction, and other mor¢ recent introductions, is availability of parts closely
examined prior to determining Planned Transfers. As a result, only in this introduction,
and other more recent introductions, does the Planned Transfers number represent the true
intentions of the organization.
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Figure 4.2 Actual new product introduction. (Actual sales unit values for net
orders, planned transfers, and FG inventory disguised)

Figure 4.2 demonstrates three of four key variables for understanding the internal
reactions -- demand, inventory, and production. The graphs in Figure 4.3 include the
additional variable, current-month forecast??, and demonstrate the relationships of the four
key variables (demand, inventory, production, and forecast) presented two-at-a-time. The
forecasts provided for the first several months of the introduction (Month 0 and Month 1)
were well below the actual product demand. Note that the dealer and affiliate inventory
stocking was not adequately accounted for in the forecast. More important, however, is
the reaction to the missed forecast. As expected, the high levels of ordering immediately
put finished goods inventory into back order. We would expect production to increase
substantially in Month 1 to make up for the back order from the previous month, as well

32Note that this "forecast” represents the forecast produced for the current month. As stated in Chapter 2,
the current month forecast is not delivered to the production area until two weeks into the month. As a
result, forecasts for one month, two months, and three months into the future are of more importance for
assembly and parts orders. The current month forecast is therefore an approximate representation of the
extended forecasts.
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as make up for Month 1's forecast demand, but instead, due to capacity constraints at the
suppliers, the assembly process could not procure sufficient parts to assemble a large
enough quantity of instruments. Since this parts shortage problem was known ahead of
time, a lower quantity of instruments were planned for transfer into finished goods, and
production (Planned Transfers) fell well below the level of demand.

The demand far exceeded the forecast for a second month (Month 1), and the
company plunged further into bacl jrder. When parts supply increased around Month 3,
production consequently increased to levels well above demand, and inventory levels
began to rise. Right about the time that demand started to drop off in Month 4, the
planned production from prior months began to arrive into finished goods inventory
pushing finished goods inventory up to a full months' worth of demand (double the target
inventory level of 1/2 month of demand). Lastly, this jump in inventory triggered a drop
in production during Month 6.
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Figure 4.3 New Product Introduction example outcome showing Net Orders
(demand), Forecast (current-month), Planned Transfers, and Finished Goods
Inventory. This product was released to the open market in Month 0. (Actual
sales unit values for net orders, planned transfers, and FG inventory disguised.)
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Changes in Demand versus Changes in Production

One method to better understand how the variation in demand translates into variation in
production levels is to take a look at how much demand and production change from
month-to-month. If the average change in demand from month-to-month exceeds the
average change in production, it is reasonable to conclude that monthly production varies
more than monthly demand. Table 4.1 presents the average demand and production
changes for the four most recently products that were studied. The results presented in
the table are intended to augment the graphical analysis just presented. The changes in
demand and production were taken for the first six months of the respective introduction.
Five observations, one observation for each change from one month to the next, were
considered in the averages.

Average A in Average A in
Product Monthly Demand | Monthly Production

(std. dev.) (std. dev.)
1 920 (566) 2150 (679)
2 447 (445) 966 (1058)

3 1164 (838) 2395 (1204)
4 977 (1010) 716 (467)
Average of all 4 products 877 (714) 1556 (852)

(Ave. standard dev.)

Table 4.1 Average change in demand and production for four recently introduced
products. Data was taken for the six months following the introduction for a total
of five observations (five "changes" occur between the six months). (Actual
demand and production values are disguised.)

The table demonstrates that for three of the four products studied, the average change in
monthly production exceeded the average change in monthly demand by approximately
100%. In the case that did not experience a greater average change in production, a single
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significant drop in demand drove up the average change in demand. Since the change was
a drop in demand, production was able to maintain a relatively stable level of output and
still meet the demand.

4.4  Back-Ordered Product Example
In this next section, I show that the typical sequence of events found with new product
introductions also occurs for other products that fall into back order. The example below
demonstrates a product that fell into back order due, in part, to a shortage of component
parts and, in part, to an unexpectedly high level of demand (Figure 4.4). In this case, the
unexpected demand was a result of a functionally similar product being temporarily pulled
from the market. Since customers could not order that functionally similar instrument,
they instead ordered the example product. Other sources of unexpected demand might
include short-term incentives provided to the sales force and periodic price increases
announced a short time prior to the date of the increase.
(2) Production increases output
7000 -
6000 - (4) Production decreases
5000 -
4000 ’

------
-
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2000

N -
........

) Steady State
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0 v v ¢ v " v v L)
v th Month onth Month Mod'th onih Month  Month Month
-100
2 P 7 8 9
-2000 FG inventory shoots up
3000
4000

l' =o—Net Orders =+ Actual Assembly -=-FG Inventory

Figure 4.4 Product that fell into back order due to unexpected increase in
demand. (Actual sales unit values for net orders, planned transfers, and FG

inventory are disguised.)

58



Once again taking information directly from the DA Sheets, this next example looks at a
product that first had problems with supply of component parts in Month 1. It was then
under-forecast for three consecutive months -- Month 3, Month 4, and Month 5 -- due to
an unanticipated temporary change in the marketplace. The under-predicted demand
during those months resulted in immediate back order in Month 3. Shortly afterward, in
Month 6, the monthly production rate33? was increased to four times the steady level of
demand. In Months 7, 8, and 9, finished goods inventory rose significantly, almost double
the original steady state level, to around one month's worth of demand. The reaction was
just starting to settle down in Month 12.

33As opposed to the new product introduction example, actual daily, weekly, and monthly assembiy
volumes were available for this product. Therefore, Actual Assembly will be used in place of Planned
Transfers.
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Figure 4.5 Back-Ordered Product example outcome showing Net Orders

(demand), Forecast (current-month), Actual Assembly (production), and Finished
Goods Inventory. The interruption, a sudden increase in dealer demand, occurred

in Month 3, Month 4 and Month 5. (Actual sales unit values for net orders,
planned transfers, and FG inventory disguised.)
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While the preceding example presents the internal reactions to back order for a
certain product under fairly unusual circumstances (a shortage in component parts and an
unexpectedly high level of demand), I want to stress that similar reactions occur for most
products examined that fall into back order for significant periods of time. The level of
back order in this case was severe, three weeks worth of demand at its peak, as was the
three-month duration of the back order. But as a result of the severity, the example
clearly demonstrates the reactions that take place.

4.5  Conclusion

This chapter demonstrated the internal reactions to new product introductions and
unexpectedly high levels of demand. In both cases presented, high levels of demand sent
the product into back order, forcing production to ramp up and restore product supply.
The reactions show how sudden changes in demand are amplified by the production
system. In the next chapter, I will show how one particular attribute, the production
planning interval, influences the timing and extent of the production response. By moving
from a monthly planning system tc a daily, demand-pull system, the magaitude of the
reaction can be reduced. Future chapters will discuss why EES failed to recognize the
extent of the reactions and the potential for improvement.
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Chapter § Production Planning and Internal Supply Chain
Reactions

5.1 Imtroduction

In the upcoming chapters, I will argue that two main categories of factors contribute to
the internal reactions demonstrated in Chapter 4. The two categories are systemic (e.g.,
lead times, inventory policies, planning processes, etc.) and organizational (e.g.,
organizational structure, incentives, information systems, etc.) In this chapter, I will
demonstrate some of the systemic driving forces. Other literature has addressed the effect
that lead time has on supply chain reactions. This topic, therefore, will not be re-
addressed. Rather, I will show that one force, the time interval between each production
planning period, plays a significant role in determining the extent and the timing of the
reactions. The planning time interval for Ethicon Endo-Surgery is essentially one month.
By decreasing the planning interval from one month to one week to one day, the extent of
the production reactions will also be shown to decrease. As a consequence of the
decreased planning intervals, I will show that production must react faster to, and to
smaller changes in, demand.

Three simulation models will be presented in this chapter. The first one will
demonstrate the production system's reaction to monthly planning. In this case, monthly
forecasts are broken down into a monthly assembly schedule. The monthly assembly
schedule is further broken down into a weekly production schedule, such that a constant
volume of product will be scheduled for assembly each week. The second model, planning
on a weekly basis, breaks monthly forecasts into weekly forecasts, and then each week the
model determines a new schedule. As opposed to the first model where production
schedules may not reflect changes in demand or parts supply shortages until the following
month, the second model will adjust its schedules within one week. The final model
presented goes one step further to daily planning. In this case, the model of using
forecasts to determine production schedules will change; the assembly process will be
scheduled only as needed to replenish Bulk Instruments inventory. The scheduling
algorithm that will be used is a simple Order Point / Order Quantity, resulting in a basic
"demand pull-type" system. This daily planning system will be discussed in further detail
in Chapter 10 (An Altemative Production System).

62



5.2  The Spreadsheet Simulation Models

The reactions to forecast error presented in the previous section are attributable to two
broad main causes -- systemic reasons (lead times and intervals between successive
production plans) and organizational reasons (incentives to alleviate to back order as
quickly as possible). The systemic reasons stem from the long lead times associated with
acquiring parts, planning lead times (the delay in getting the plan down to the production
areas), and the planning interval (either monthly, weekly, or daily). Both the effects of
long material lead times and effects of planning/management delays on supply chains are
well documented in the literature34.

The purpose for the three models presented below is to capture the effects of
planning in monthly intervals versus weekly or daily intervals. Through the models it will
be shown that the planning interval has a significant effect on the reactions to back order.
It is important to realize that the interval between planning periods in particular will be
analyzed. Other delays in the production system, such as supplier lead times, assembly
lead times, packaging / sterilization lead times, and planning lead times, will only be
discussed. The reason is that the effects of reducing planning intervals ars almost
immediately realizable. As will be shown with the "demand-pull system" used in the final
model and as will be discussed in Chapter 10, the planning interval can be reduced from
one month to one day without increasing planning effort. While continuous improvements
in production and planning lead times were clearly evident, significant improvements
require a detailed understanding of the underlying processes. This detailed understanding
would have to cut across all of Ethicon Endo-Surgery's product lines to be realized on a
broad scale. Changing the planning process would not require the same detailed
understanding. Changes to planning could therefore be implemented across dozens of
product lines. Benefits could be realized with minimal effort35. Additionally, the benefits
of reducing the lead times were fairly well understood within the organization. At the time
of this writing, several groups were addressing the issue of lead time reduction.
Decreasing the planning interval, however, was not an evident emphasis, most likely
reflecting the fact that the benefits were not well understood.

34Refer to the literature review section of Chapter 1 for further details.

35A word of caution: Ignorance of the underlying production processes when implementing a change in
the planning process could lead to disaster. As will be shown with the simul~tion models, changing the
planning interval also changes the flexibility required of the production processes. If the planning process
is altered and the production processes are not flexible enough to support the change, the benefits of the
new planning process will not be realized.
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The Monthly, Weekly, and Daily Planning Models

To understand the effects of reducing the time interval between planning periods, three
models were created -- one model that simulates a monthly planning process, another that
simulates a weekly planning process, and another that simulates a daily planning process.
The first two models attempt to simulate the same supply chain as described in Chapter 2
(see Figure 5.1 for a diagram of Ethicon Endo-Surgery's internal supply chain).
Component parts and assembly are determined based on future forecasts. Orders for
packaging/sterilization are initiated as needed to replenish finished goods. In other words,
the models simulate a supply chain with component parts "forecast-pushed” into assembly,
instruments "forecast-pushed" through assembly into bulk inventory, and bulk instruments
"demand-pulled" through packaging/sterilization into finished goods inventory. The key
difference between the two is in the way in which the monthly forecasts are used to plan
assembly and order parts. This difference is outlined below and is presented in Table 5.1.

Component Bulk . Finished
Parts Assembly _9 strmnts, Packaging / _9
Sterilization (J

<Monthly Forecast Monthly Forecast Daily Demand-Pull
«<=Weekly Forecast Weekly Forecast Daily Demand-Pull
«Daily Demand-Pull  Daily Demand-Pull Daily Demand-Pull

Figure 5.1. The internal supply chain, showing how each process -- parts
ordering, assembly, and packagin/sterilization -- are scheduled for the Monthly
Planning, Weekly Planning, and Daily Planning models.



Process Model Scheduling Basis Description
Packaging / | Monthly - Daily Order point / Demand-Pull - Order Point
Sterilization Order quantity determined for FG inventory. When
FG inventory drops below the order
point, a new batch of instruments are
initiated through packaging /
sterilization.
Weekly - Same Demand-Pyll - (same as Monthly
Planning).
Daily - Same Demand-Pull - (same as Monthly
Planning).
Assembly Monthly - Monthly forecast Forecast-Push - Monthly forecast and
determines Monthly invel:’t;ry fl?vels determine mr:d b
number of instruments required to
assembly plan assembled for the month. The
monthly assembly requirements are
divided evenly across each week of
the month.
Weekly - Weekly forecasts, Forecast-Push - Weekly forecast is
determined from the determined from the Monthly
forecast. Weekly forecast and
Month!y forecast, inventory levels determine the
determines Weekly number of instruments required to be
assembly plan. assembled for the week.
Daily - Daily Order point / Demand-Pull - Order Point
Order quantity determined for Bulk inventory.
When Bulk inventory drops below
the order point, a new batch of
instruments are initiated through
assembly.
Component | Monthly - Ordered to arrive Forecast-Push - Monthly forecast,
Parts Orders when needed. Order Parts il')‘l‘"“:"’y ‘e"els';l“d weekly
assembly plans are used to project
schedule updated each when the Parts inventory level will
month. drop below the safety stock level.
One lead time prior to that projected
point, an order is sent to the supplier.
Weekly - Ordered to arrive Forecast-Push - Weekly forecasts,
when needed. Order Parts inventory levels, and weekly
assembly plans are used to project
schedule updated each when the Parts inventory level will
week. drop below the safety stock level.
One lead time prior to that projected
point, an order is sent to the supplier.
Daily - Daily Order point / Demand-Pull - Order Point
Order quantity determined for Parts inventory.

When Parts inventory drops below
the order point, an replenishment
order is sent to the supplier.

Table 5.1. Scheduling Summary. Summary of how Packaging / Sterilization,
Assembly, and Component Parts Orders are scheduled for each model.
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The Monthly Planning Model. In the monthly planning model, the weekly production
plans and component parts orders are determined at the beginning of the month and do not

change until the start of the following month. Data concerning actual orders and final
inventory levels are gathered on the first day, Monday, of the new month. By the
following Monday, exactly one week later, the new monthly forecasts have been generated
and a new monthly production plan has been determined. This monthly production plan is
broken down evenly into the weekly assembly plan. The resulting assembly plan schedules
the same volume of instruments to be assembled each week during the month. The
weekly plan does not change until 2 new monthly plan is generated the following month.

Immediately after the weekly assembly plan is determined, the component parts
orders are determined. Based on the weekly assembly plans and the inventory level of
component parts at the beginning of the month, the model determines when the
component parts inventory will drop below a predetermined safety stock level. Exactly
one delivery lead time prior to that point, the model initiates a new order for component
parts. The parts are then expected to arrive exactly in time to prevent the inventory from
dipping below the safety stock level.

The Weekly Planning Model: In the weekly planning model, the weekly production plans
and component parts orders are determined each week. On Monday morning, information

concerning Friday's inventory levels in conjunction ./ith the monthly forecasts determines
that week's plan. As with the monthly planning model, forecasts are generated monthly
and are not available for planning purposes until the second Monday of each month.
Unlike the monthly planning model, the monthly forecasts are broken down into weekly
forecasts rather than into a monthly production schedule. The weekly forecasts are
determined by dividing the monthly forecast by the number of weeks in the month. The
weekly forecasts are then used each week to determine a new assembly schedule.

Component parts orders are determined using the same method as used in the
monthly planning model -- the current component parts inventory level in conjunction with
the weekly assembly plan determines when a new order should be initiated. The weekly
model, however, determines each week whether or not it needs to initiate a new order for
component parts.

The Daily Planning Model: As opposed to the monthly planning and weekly planning
models, the daily planning model utilizes a "demand-pull” policy for scheduling assembly

and for determining orders for parts. An order point / order quantity system is used to
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create a "build-to-stock"” system through assembly. In other words, when the Bulk
Instrument inventory level drops below the predetermined order point, the assembly
process initiates assembly of a new batch, or order quantity, of instruments. As for
component parts, when the inventory level for a particular part drops below the
predetermined order point, an order for more component parts is sent to the supplier.
Order points are determined from a combination of replenishment lead times and
variability in demand3¢. Order quantities depend on the flexibility of either the assembly
process or the supplier's production process. The more flexibility in the process, the
smaller the order quantity. The reader should observe that the order point / crder quantity
system is already in place for scheduling packaging / sterilization.

The reason for switching to a demand-pull system for the daily planning model is
that it provides a simple process for scheduling on a daily basis. It is relatively easy to
understand, relying only on replenishing the appropriate inventory position as necessary.
It is also simple to implement in a simulation model since decisions at each point in time
depend only on the current state of the system; it does not determine current actions by
predicting what the future will look like and then planning according to that prediction.

As mentioned previously, the models assume a deterministic world with no
deviation from the set planning process, no uncertainty in lead times or parts deliveries,
and perfectly flexible resources. They use actual weekly order data and actual monthly
forecasts from prior D.A. sheets as inputs. Outputs from the models include graphs of
parts, bulk, and finished goods inventory, assembly and packaging/sterilization rates, daily
service levels, and inventory investments. The objective of these simulations was not so
much to determine how the system would behave differently had uncertainties not existed,
but to understand how the system would behave differently under a different planning
scenario -- specifically weekly adjustments to production plans instead of monthly.

For the models, three basic assumptions govern the simulations:

Constant Jead times - lead times are constant for parts orders, assembly, and

packaging/sterilization. This assumption holds regardless of the order size and

batch sizes.

Infinite capacity - no capacity restrictions exist within the supply chain including

within suppliers.

36For detailed information on determining order points and order quantities, see for example: Nahmias,

S.. Production and Operations Analysis, Second Edition. Homewood, IL: Irwin, 1993.
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Infinite flexibility - all parts of the supply chain can change their production rates
from week to week to whatever rate is necessary uphold the constant lead time
assumption.

The assumption of infinite capacity deserves further attention. The models will
demonstrate that despite the more favorable assumption that capacity restrictions do not
exist, the amplified reactions still occur. Without the assumption, we would expect the
reactions to be even further amplified. Interestingly, the models will show that the daily
planning system requires the least production capacity (z factor of two less than the
monthly planning model) to keep up with incoming demanc.

§.3  The Simulation Spreadsheet

This section describes the details of the simulation models. The method used to create the
simulation model on spreadsheet software is discussed briefly. The bulk of the section
presents a more detailed discussion of the variables used by the model. Readers not
interested in the technical details should skip this section, as the details are not necessary
for understanding the findings from the models.

Spreadsheet Simulation Modeling: The simulation motiels were implernented on a

Microsoft Excel?? spreadsheet on an IBM PS/238 personal computer. Implementation of a
simulation model on a spreadsheet deserves some more discussion. Each row of the
spreadsheet represents one day of the simulation. The values of the model variables are
held in the spreadsheet columns (see Table 5.2). For each day in the simulation, the
column variables are recalculated based on data from the previous day or row. The values
of all variables for a particular day are represented by a single row in the spreadsheet. The
values of a single variable for all days of the simulation are presented by a single column in
the spreadsheet. As an example, determining what the Buik Inventory level was on July 7
requires finding the row that represents July 7 and then crossing it with the column that
represents Bulk Inventory. To determine the Bulk Inventory level for July 8, simply look
one row down but in the same Bulk Inventory column. An additional section of the
spreadsheet maintains the MRP-style calculations used for breaking the forecasts down
into parts and assembly requirements for each month/week. The monthly forecasts are
converted into weekly forecasts and used to determine finished goods requirements for

37Excel is a registered trademark of Microsoft Corporation, Redmond, WA.
38pS/2 is a registered trademark of IBM Corporation, Armonk, NY.
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each week. Lead time ofrsets for packaging/sterilization, assembly, and parts orders in
conjunction with current inventory levels determine production plans ard orders for parts.
In the monthly planning model, this procedure is completed once per month on the second
Monday of the month. The weekly planning model completes the procedure on Monday

of every week.

Date Bulk Inventory Pack/Ster Pack/Ster WIP | FG Inventory
_ Order
37194 1200 0 500 1000
3/8/94 1200 0 500 800
3/9/94 1200 0 500 600
3/10/94 1100 100 500 400
3/11/94 1100 ¢ 200 700
3/14/94 1C00 100 200 550

Table 5.2 t,ample section from a simulation spreadsheet. Variables are
represented in columns. Dates are represented by rows. The value of any
particular variable at any given time can be determined by aligning the appropriate
variable column with the appropriate date row. In the sample, Bulk Inventory,
Pack/Ste1 WIP, and FG Inventory are state variables. Pack/Ster Order is an event
variatle indiceting the moment that the model initiates a new batch of instrumeuts
through packaging / sterilization.

State V ~rigbles versus Event Variagbles: There are two basic kinds of variables in the
model -- state variables and event variables. State variables track levels of parts,
instruments, and finished product at each point in the system. These variables include
Parts Inventory, Outstanding Part, Orders, Outstanding Assembly Orders, Assembly WIP,
Bulk Inver.tory, Outstanding Pack/Ster Orders, Pack/Ster WIP, and Finished Goods
Inventory. Event variables represent the orders throughout the system that cause state
varicbles to change. Event variables include Parts Order, Assembly Order, Pack/Ster
Order, and Distributor Order. All quantities for the variables are normalized to represent
one sales unit where one sales unit may consist of several instrurents of a given product
code and one instrument may be composed of several different parts. For a discussion of
the variables and how they are determined, the interested reader should refer to Appendix
A at the end of the thesis.
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5.4  Results of the Simulations

In this section, I present results of the simulation of one particular product. This product
happens to be the same product demonstrated in Chapter 4. It was chosen for the
simulations because of its unexpectedly high demand during three consecutive months (see
Figure 5.2). The system's reactions to the three consecutive months of high demand
provide an excellent demonstration of the effects of changing planning intervals.

The results from the models are presented in Figures 5.3a-c and Figures 5.4a-c.
Figures present the resulting finished goods and bulk instrument inventory levels.

The monthly planning model demonstrated the greatest swing in production rate
following the unexpected demand peaks; but it also demonstrated relatively steady
production during the remainder of the simulation. The weekly planning mcdel also
demonstrated a large swing in production, but the swing was not as large as that found
with monthly planning (1emember that the production rates are approximate and would be
smoothed out in a real sense). In contrast, the daily planning model exhibited a relatively
small swing in production in order to meet the increased demand. It additionally
demonstrated a relatively stable production rate taroughout the simulation.

Looking at FG inventory levels, the monthly planning model exhibits considerable
variation while the daily planning model's inventory remains remarkably stable. The
weekly planning model falls somewhere in the middle.

5.5 Conclusion

This chapter presented the effect of changing the planning interval on the production
system. In particular, in moving from a monthly planning model to daily_ pull-type
planning model, unexpectedly high demand is dampened rather than amplified.
Additionally, inventory levels tended to flatten out as the planning interval got smaller.
This has major implications concerning the ability to reduce inventory and still maintain a
high level of delivery service.

The daily, pull-type system will be revisited in Chapter 10 as a potential alternative
to Ethicon Endo-Surgery's existing planning and production process. As will be discussed
in that chapter, the daily system has many organizational advantages in addition to being
able to reduce variation in prodaction and stabilize inventory .cvels.
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Figure 5.2a Inventory (Monthly Planning)
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Figure §.2c Inventory (Demand-Pull, Daily Model)
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Figure 5.3a Assembly Rates (Monthly Planning)

PLTERR
AON-61
Z AON-9
100-92
100-€l
das-og
das-L1
§ das-v

LA A ITR A EE ]

ittt ottt

o
3
<
T
N

Bny-41
Inr-62
Inr-91
Inr-¢
unp-zz2
unr-6
Aew-L2
Aew-vpi
Keyy-i
Jdv-02
idy-2
1eN-S2
Jen-zi
q33-L2
a34-91
gad-¢
uer-1g
uer-g
23Q-92
23Q-64
28Q-2
AON-61
AON-9
PO-¥Z
* PO-E}

Hit i I A

Hit R I S T S

-

$888 %
HAdM / slun sdjes

75

|

Asszfﬁb!y Rate — — — Weekly Average of Customer Orders

=



-

u Alquassy

l SiapJIO JQUJOlSl‘I.:) Jo aééJGAV ANQQM - — — J®

9L

Sales Units / Week

-h -

Qg N
Q (=]
o (=

ry
8

0091

0081

(1apow Ajaapn) satey Alquassy qg s ainbig



Figure 5.3c Assembly Rates (Demand-Pull, Daily Planning)
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Chapter 6 Inventory and Cost of Reactions

6.1 Introduction

Up to this point in the thesis, inventory has remained on the sidelines. Production rates
and demand levels were used to demonstrate how the production system amplifies
unexpected jumps in demand. Inventory levels were only presented to add perspective to
the reactions -- to show when the product fell into back order, when it came out of back
order, and how much time was required to bring inventory levels back to their normal
levels. In this chapter, I turn attention to the levels of inventory throughout the internal
supply chain. As a natural extension of my research on demand and production, I
analyzed the current inventory levels and the current inventory policy. I found that the
current policy, stated as weeks of inventory and relatively consistent across all products,
does not match the corporate service objective. I will show that the inventory levels
dictated by the current policy greatly exceed the inventory levels di~iated by the corporate
service objective. In other words, the current inventory level can be reduced without
jeopardizing the ability to meet the corporate objective. This potential for inventory
reduction has been valued at millions of dollars.

The first part of this chapter is devoted to the inventory analysis, demonstrating
statistically and conceptually why the inventory levels exceed corporate objectives. The
remainder of the chapter will concentrate on costs of the supply chain. In particular, it will
demonstrate the difference in inventory value between the current policy and the corporate
objective. It will also return back to internal supply chain reactions. A model will be
presented for analyzing the costs associated with the reactions.

6.2 Inventory Analysis

In this section, I will demonstrate why the finished goods inventory levels are high in terms
of the corporate service level objectives. The current “inventory policy” for finished goods
is stated in terms of demand-weeks of inventory, where one demand-week of inventory
represents the volume of product expected to be sold in one week. (The reorder point
used to replenish finished goods is the same as the “inventory policy” referred to
throughout this thesis. This definition is used to remain consistent with EES.) On the
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other hand, the corporate objective is stated as a line service level3®. The line service level
represents the number of times a product was available in finished goods when an order
arrived divided by the number of orders for a given product:

# of Order Lines Filled from FG Inventory
Total # of Order Lines

Line Service Level =

If, for example, Ethicon Endo-Surgery's corporate service level objective is 95%40, then
95 out of every 100 orders for a particular product should be filled completely from
finished goods inventory.

Given the current policy and the corporate objective, the inventory levels will be
examined in three different ways. The first analysis examines inventory levels graphically
compared to actual demand data. Using conservative assumptions, this simple, graphical
analysis should demonstrate clearly the potential for inventory reduction. The other two,
more rigorous analyses utilize standard service level models to, first, translate the
corporate service level objective into a weeks of inventory objective and, secondly,
translate the current weeks of inventory policy into a corresponding service level policy.
These translations will allow direct comparison of the demand-weeks policy and the
corporate service level objective.

A Graphical Approach to Understanding the FG Inventory Level

The simple approach demonstrates graphically the relationship between demand and FG
inventory levels. Figure 6.1 shows a product that has a fairly representative variation in
demand (standard deviation equals 25% of average demand) and a fairly representative
inventory policy (3 weeks of demand). In the graph. the jagged line shows the incoming
demand for the product over a four month period. The dashed line drawn through the
middle of the demand lire is the average demand for the period. Note that the highest
peak in demand occurs on July 2 with a demand of about 1750 sales units. Immediately
above the average demand, a line has been constructed to pass just above that demand

39The term "line" refers to the line on an order sheet. Customers iay specify several differert products
on a single order sheet, and each distinct product receives its own line on the sheet. For a discussion on
service level concents, see for example: Nahmias, S., Production and Operations Analysis, Second
Edition, Homewood, IL: Irwin, 1993.

40The actual line service level objective is witheld as proprietary information. The upcoming inventory
level calculations that compare the corporate objective to current policy will utilize the actual service level
objective, but will not disclose the particular number.
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peak. This line, by passing through the peak demand of 1750 sales units, represents the
inventory required to avoid falling into back order. In other words, since demand never
exceeded 1750 sales units, as long as just over 1750 sales units (1 1/3 demand-weeks) of
inventory are present in finished goods at the beginning of each week, the product would
not fall into back order.

4500 - Current Inventory Policy (Reorder Point)
‘ = 3 Demand-weeks
4000
3500 1 Need this much inventory (~1750 Sales Units =
1 1/3 demand-weeks) at the beginning of each
3000 1 week to remain out of back order

Average Woekly
500 1 Weekly Demand Demand

0 e v Y Y Y v T — r — v \
4Jun  18-Jun  2-Jul 16-Jul  30-Ju  13-Aug 27-Aug 10-Sep 24-Sep
Date

Figure 6.1 Weekly demand relative to the finished goods inventory
policy for a representative product. As show in the graph, peak
demand over the four month period occurs on July 2 with a demand
of 1750 sales units. As long as 1750 sales units (about 1 1/3
demand-weeks) of product are present in finished goods inventory
at the beginning of each week, the product would not fall into back
order.

As discussed in Chapter 2, the packaging / sterilization proce:s replenishes FG
inventory on an Order Point / Order Quantity basis. We can assume conservatively that
the packaging / sierilization process examines the FG inventory leve. once per week with a
replenishment lead time of one week. (In actuality, FG inventory is examined every day.)
In this case and under the assumption that FG inventory can be replenished to 1750 sales
units (1 !/; demand-weeks) each week*!42, the absolute maximum inventory level would

41As discussed i in Chapter 2, the packaging / sterilization process is highly flexible. Packaging /
sterilization of /3 higher volume for one particular product that represents less than 5% of the total
volume should conservatively not pose a problem
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be 1750 sales units. This maximum would be present at the beginning of the week and
would be depleted to a lower ievel by the end of the week. This maximum should be
contrasted with the current inventory policy of 3 demand-weeks. In figure 6.1, this policy
is represented by the highest horizontal line drawn through 3900 sales units.

As a final point, it should be noted how the line service level would change had
there been slightly less than 1750 sales units of inventory available for shipment each
week. The graph is composed of one data point for each week of the four-month period.
This results in a :otal of 18 data points. For discussion's sake, suppose that FG inventory
can only be replenished to 1500 sales units. As a result, for every week with a demand
greater than 1500 sales units, some orders will not be filled from FG inventory. During
those weeks, the number of orders filled from FG will simply be 1500. Taking this into
account, we can determine the total number of orders that would be filled from FG
inventory and consequently determine the line service level. The resulting service level,
calculated separately from this discussion, would be 97.4%. In other words, if the
packaging / sterilization operation can only replenish FG inventory up to 1500 sales units
each week, the resulting service level would still be 97.4%.

Detailed Analysis of the Inventory Policy

The service level concept found at EES exactly matches the Type 2 Service model of a (Q,
R) system described in serveral operations management texts*3. For details of the
calculations, I refer the reader to those other texts. The reorder point and the
replenishment batch size found in the model deserve some further discussion. The reorder
point represents the point at which a new replenishment batch is initiated. When the
finished goods inventory level drops below the reorder point, a new batch of product is
initiated through the packaging and sterilization process. The size of this batch will always
be the order quantity. With this in mind, the reorder point is equivalent to EES's concept
of finished goods safety stock. When finished goods inventory drops below the safety

42The inventory replenishment policy may not actually be clear here. In order to replerish up to 1 1/3
weeks physically residing in finished goods at the beginning of each week, the policy would be to order up
to 1 (to account for cycle stock) plus 1 1/3 weeks. This will result in an average inventory level on the
first day of the week of 1 1/3 weeks. Also note that this policy will fail with two or more consecutive
weeks of high demand. To be thorough, we would need to replenish up to 2 x 1 1/3 =2 2/3 weeks. This
will result in an average weekly inventory level of 2 2/3 - 1 = 1 2/3 weeks. 1 2/3 weeks is still far short of
the curreni 3-week policy.

43See for example: Nahmias, S., Production and Operations Analysis, Second Edition, Homewood, IL:
Irwin, 1993,
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stock level, a new batch is initiated through packaging / sterilization. Additionally, the
repienishment batch sizc is equivalent to EES's packaging / sterilization batch size.

This analysis will involve two calcaiations -- one that converts the current
inventory policy into an expected service level and one that converts the service level
objective into a demand-weeks inventory policy.

Converting the Current Inventory Policy into an Expected Service Level

I will first demonstrate the mechanics of the calculation with a sample product. The
product selected is one of EES's high volume 1nstruments, representing approximately 5%
of the total EES sales volume. The policy for this product is to carry three weeks of
safety stock. The average weekly demand over the past six months has been 1450 sales
units with a standard deviation of 346 sales units. Since the replenishment lead time is
approximately one week, the average demand over the replenishment lead time is simply
the average weekly demand. Using the same logic, the standard deviation of demand over
the replenishment lead time is simply the weekly standard deviation. The three week
inventory policy translates into a reorder point of 1450*3 = 435( sales units. As for the
final piece of information, the batch replenishment size is one week's worth of “emand, or
1450 sales units#4.

Given the information for this product, the expected service level comes out to be
greate: than 99.9%. This suggests that a significant investment has bccn made in
inventory to ensure that all but 0.1% of the incoming orders are filled directly from
finished goods inventory.

44 A batch size of 1450 sales units is actually lerger than the batch size actally used. The actual number
is not used here for two reasons. First, the batch size was still being debated ai the time of this writing.
Enough flexibility existed in the process that the ECQ (Economic Order Quantity) was smaller than one
typical week's worth of demand. The question of batch size therefore rested more with what quanitity was
reasonable for operaiors o handle. Secondly, the calcuiations have been completed with batch sizes
ranging from 145 sales units to 29C0 sales units. Even with a batch size of 145 sales units, the resulting
service level was still above 99.98%.
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Service Level
Product Average Weekly | Standard Deviation | (with Current Inventory
Demand of Demand Policy of 3 Demand-
Weeks)
A 1749 541 99.9%
B 1503 264 99.9%
C 440 141 99.9%
D 1275 304 99.9%
E 1600 422 99.9%
E 646 110 99.9%
G 861 141 100.0%
H 615 145 99.9%
1 132 55 99.9%
J 598 105 99.9%
K 598 ‘ 185 100.0%
L 536 110 99.9%
M 1011 207 100.0%

Table 6.1. Converting the Current Inventory Policy into Expected Service
Level. Expectci: Service levels for the top thirteen selling product codes (top 50%
of sales dollar voiume) based on the current inventory policy of 3 demand-weeks.
All thirteen codes have expected service levels greater than 96.9%. When this
analysis is expanded to :he top 80% of sales dollar volume, 43 of the 45 product
codes should expect a service level greater than 99.2%.

Was this chosen product code simply a random exception? Going through the same
calculations with the top thirteen sell‘ng product codes, all thirteen codes should expect a
99.9% service level unde: the \ arent inventory policy (see Table 6.1). Expanding this
analysis further to the top 45 prodr<t codes, 43 of the 45 shculd expect a service level of
99.9% or better4s.

450nce again, the service levsls were calculated assuming a batch size of one week's worth of demand. In
changing the batch size from one week to a balf day, 40 of the 45 product codes have a service of 99.9%

or greater.
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Converting the Corporate Service Level Objective into an Inventory Policy:

For the second calculation, determining the expected inventory level, the process just
described will be reversed. In this case, the service level is already known, so we work
backward to determine the corresponding reorder point. The calculated reorder point will
be compared to the current inventory policy. Once again, the corporate service level
objective will be kept proprietary.

Results: Considering the first code examined (average demand and standard deviation are
1450 and 346 sales units respectively and the batch size is one week's worth of demand,
or1450 sales units) and reversing the calculations, the corporate service level results in a
reorder point of 1790 sales units or 1.2 weeks. This is less than half the current policy of
4350 sales units and 3 weeks*.

Two major issues may be brougcht up in examining the presented analysis. First of all, the
calculations did not take into account variability in supply. Having an unsteady supply of
assembled components into the packaging / sterilization process would necessitate
additional inventory. Several times in the past, supplier disruptions have resulted in
extended periods of back order. When a supply disruption occurs at a stage upstream
frorn packaging / sterilization, the additional inventory allows a certain amount of time to
pass before the finished goods inventory drops to dangerously low levels. The supply
disruption, it would be hoped, could be reso!ved within the given time. However, in
defense of the analysis, supply disruptions are certainly not a consistent occurance across
any narticular product line. So the question is, why shoula high levels of inventory be
maintained with all products wken a problem is not likely to occur with any one product in
particular?

The other major issue involves variation in lead times. In this case, the assumed
lead time was one week. Due to competitive reasons, the accuracy of this lead tirne
cannot be divulged. But this number errs on the conservative side (i.e., less than the lead
time used by the calculaticas); and the lead time used by the calculations accounts for a
significant portion of *he actual lead time range. Variabili.y in l2ad time, therefore, should
not change the results of the analysis significantly.

460nce again, the batch sizes were varied to determine the influence on the calculated reorder point.
Reducing the batch size to 1/2 day's worth of demand, the reorder point only increases from 1.2 weeks to
1.4 weeks. Therefore, the conclusions presented conczming the reorder point are nearly independent of
the batch size.
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6.3 Inventory Valuation

Now that we have determined a significant difference exists between current inventory
policy and the corporate service level objective, we can determine the value of the excess
inventory. After calculating that value, we can determine the additional annual costs
incurred based on Ethicon Endo-Surgery's carrying cost of inventory. The calculated
dollar value will represent the annual additional costs incurred for maintaining excess FG
inventory.

As a word of caution before proceeding forward, the previous section mentioned
that there may be many reasons for the organization to hold onto the excess inventory.
Problems such as uncertain supply or uncertain production processes may necessitate
holding the excess inventory. With this view, however, the annual costs that will be
calculated no longer simply represent the cost associated with holding excess inventory.
Instead, they represent the cost associated with having uncertain supply and uncertain
production processes. After a!!, without the problems that necessitate the excess
inventory, the excess inventory is no longer needed. The costs associated with holding
that excess inventory are no longer incurred.

Carrying Cost of Inventory

Carrying inventory incurs certain costs to the organization. Inventory takes up floor space
for storage, requires labor and equipment for handling, and ties up working capital. The
cost of holding inventory can be broken down into three major categories: carrying cost,
cost of capital, and efficiency costs. Carrying cost refers to the cost of physically storing
and moving the inventory. For example, floor space, material handling equipment and
labor, and information systems for tracking inventory are all examples of carrying costs.
The cost of capital refers to the opportunity cost associated with investing working capital
in inventory. In other words, the money that an organization invests in inventory could
instead be invested somewhere else, such as in a mutual fund or a bond portfolio, that
produces some rate of return on the investment. Finally, the efficiency cost of inventory
refers to the often qualitative impact that inventory has on a production process. The
common analogy used to express this cost is the proverbial "rccks in the stream?’."

41The "rocks in the stream"” analogy goes something like this: The level of water in the siream represents
the level of inventory; rocks represent quality problems, poor process capability, variability in lead times,
or anything else that can negatively impact a production process. When the water level is high, the rocks
are unexposed. Any floating object can move with the current uninhibited by the obstructions below the
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Quantifying these costs can become difficult and cumbersome, particularly when
accounting for all of the carrying costs and quantifying some of the efficiency costs. To
compensate, Ethicon Endo-Surgery and many other organizations approximate all of the
costs into one straight percentage of the inventory's value. Knowing this percentage and
the value of the inventory leads to a close approximation of the cost of holding the
inventory. Both of these numbers are readily available within EES.

r Inv vi
In this section, I provide a rough-cut method for calculating the inventory savings. To
perform this rough-cut calculation, we return to the product used in the previous section.
In that section we specified and/or determined the following information:

. the average weekly dernand for the product is 1450 sales units;

) the current inventory policy (reorder point) is 4350 sales units (3 demand-
weeks);

. the inventory policy (reorder point) using the objective service level is 1790
sales units.

water's surface. But as the water level begins to drop, rocks become exposed and must be removed. If the
water level in the stream is kept at a high level, the rocks are never exposed and removed. If on the other
hand the water level is low, the rocks are not only visible but rayst be remove to avoid obstructing flow.
To complete the analog, production processes that maintain high le zels of inventory are uninhibited by the
underlying production problems. Since the problems do not inhibit the process, they are allowed to persist
unresolved and often undetected.
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Each sales unit of inventory for this product is valued at, say for example, $150. The total
value of the reorder point inventory under the current policy is $652,500 (4350 x $150);
the total value under the corporate service level policy is $268,500 (1790 x $150)48. The
difference between the two is $384,000. We can now get a very rough estimate of the
total potential inventory difference. By using the following equation, we can linearly
extrapolate the savings of $384,000, representing 5% of the sales volume, to the total
savings across all products.

%00% = $384,000/5%

The total value of the inventory difference comes out to $7.68 million:

=y =$7.68million

With a cost of carrying inventory at 15%, the annual cost of the inventory is:

= §7.68million x 15% = $1.15million

How accurate is this rough-cut approach? As part of the research, total potential
inventory savings were calculated using a more exhaustive approach. The exhaustive
approach considered current inventory levels for all products (some products had higher
inventory policies than others). It additionally used a new policy for all products that
could still be considered as conservative. The calculated savings in FG inventory value
was on the same order of magnitude of the above calculations.

6.4  Cost of Reactions

Continuing along the lines of determining costs in the internal supply chain, 1 now
present the costs associated witn reactions to back order. The reactions presented in
Chapter 4 demonstrate that, in response to back order, the organization rapidly ramps up

48The reader may question determining the difference in inventory value by taking the difference in the
reorder points. The (approximate) average inventory in either case is Q/2 + R - |, where Q is the batch
size, R is the reorder point and p is the average demand over the lead-time. The two policies have the
same values for Q and for u. Therefore, taking the difference between the two policies results in an
inventory level of (Q/2 + R, - u) - (Q/2+R; - pu) =R, - R;.

87



production to quickly restore finished goods inventory levels. Alternatively, the
organization could choose to react in a different way -- it could raise its production level
slightly and restore finished goods inventory gradually over time. By restoring inventory
gradually over time, the manufacturing organization may take advantage of any existing
excess capacity. This latter approach represents the lowest-cost alternative. Using
already available excess capacity incurs no additional labor overtime. There is also no
need to incur the cost of expediting orders from suppliers to hasten the delivery of
incoming components. Using overnight and two-day delivery to customers would not be
necessary. On the other hand, the current demonstrated approach, reacting quickly io
restore finished goods inventory levels, may incur significant costs. These costs are in the
form of labor overtime, expediting supplier orders, and using expensive overnight and
two-day delivery.
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~—O——Weekiy Prcduction
Examp le Reaction #1* —3¢—FG Inventory

------ Non-overtime capacity

*Not based on actual data.
Figure 6.1(a). Rapid ramp-up of production in response to back order, restoring
finished goods inventory levels as quickly as possible.

—O—Weekly Production
Example Reaction #2* ~——FG Iinventory

------ Mon-overtime
capacity

*Not based on actual data.
Figure 6.1(b). Gradual reaction to back order that uses readily available excess
capacity to restore finished goods inventory.
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The purpose of the model is not to specifically determine the optimal way for the
organization to react to back order. Instead, the model should provide a framework for
examining the cost/benefit tradeoffs as demanded by each specific case. For products that
have fallen deeply into back order to the point where surgeons may not be receiving
needed product, the decision is most likely c:ear without the aid of the model. The
organization will need to ramp up production as quickly as possible regardless of
expediting and shipping costs. For products that have only slightly fallen behind the
market demand, the slow approach might be best. Again, this decision may not require
use of the model. Use of the model is most appropriate with inbetween cases where the
decision is not clear-cut.

As a final note before continuing, the costs specified by the model have rot
actually been evaluated for any sample products. The numbers were difficult to obtain
post facto and were therefore not pursued. I present this model as a piece of the research
that is complete enough to offer insight. It is open for future refinement, particularly by
those who might need to understand the reaction decision further.

Quick versus Slow Ramp-Up -- Cost Model

Table 6.1(a). presents the costs associated with a fast reaction that are not incurzed with a
slow, steady reaction. Table £.1(b). presents the benefits versus the drawbacks of each
approach. Note that the biggest drawback of the fast approach is cost wk.ile the primary
benefit is a better service level (restoring finished goods inventory as quickly as possible
minimizes impact on service level). Another important consideration is the strain on
suppliers versus the strain on dealers and affiliates. Restoring finished goods inventory as
quickly as possible will minimize impact on dealers and affiliates but strain suppliers.

After all, the suppliers will have to produce the components to correspond with the
increase in production. With a gradual response, the reverse is true -- dealers and affiliates
will be strained while impact on suppliers will be minunized. The delivery deiays resulting
from back order potentially result in ill will on the part of dealers and affiliates.
Additionally, the increases in lead times force dealers and affiliates to carry higher levels of
safety stock. (Safety stock is function of demand variation over lead time. An increase in
delivery lead times requires a corresponding increase in dealer safety stock.)
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Major Costs Incurred with a Quick Reaction
e Labor Overtime
* Expediting Components from Suppliers
¢ Overnight and Two-Day Shipments to
Customers
o Excess Inventory

Table 6.1{a). The major cost drivers associated with rapidly increasing production
outpur in response to a product going into back order.

Increase Production Rapidly via Increase Production via Slowly
Overtime and Expediting Ramping Up Cagpacity
Supplier Orders
Benefits e Maximize service level e Low cost
o 100% product supply ¢ Minimize strain on suppliers
restored as quickly as
possible
e Minimize strain on dealers
and affiliates
Drawbacks |e High cost ¢ Poor service level
o Strained reiationships with e 100% product supply may not be
suppliers restored for several months
¢ Potentially strained relationships
with dealers and affiliates
Unknown o Number and percentage of orders that are delivered after expected
delivery dates
o Dealers' and affiliates' inventory

Table 6.1(b). Tradeoffs of increasing production quickly througn overtime and
expediting supplier orders versus increasing production only through excess
capacity.

Also, note that the impact on other customer-driven measures of delivery service
can not adequately be determined -- for example, delivery within an expected delivery
time. Even though a particular product is in back order, delivery of product to customers
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may still occur within the desired timeframe. To see this, consider twenty customers who
order product on Day One and expect that their orders be delivered within seven days.
Also assume that the manufacturer does not have the product in stock on warehouse
shelves. When the orders arrive at the manufacturer's warehouse, they cannot be
immediately filled; the manufacturer falls into back order. If on the following day, Day
Two, twenty units of the product arrive at the warehouse, the orders from Day One are
immediately filled and delivered within the desired timeframe. Assuming that twenty new
customers order on Day Two, the manufacturer is still in back order. But these new
orders may be met with product arriving at the warehouse on Day Three. Customer
expectations of delivery in seven days are still met, and may continue to be met, even
though the manufacturer remains in back order and the service level is a lousy 0%.
Additionally, no measures are provided of dealer and affiliate inventories. When Ethicon
Endo-Surgery does not have product immediately available for dealers and affiliates, this
does not indicate that dealers and affiliates have no product available for hospitals. After
all, dealers and affiliates also maintain safety stock to avoid going into back order. Only
when their safety stocks are depleted is there a danger that hospitals don't get the product
they need right away. Needless to say, hospitals also carry safety stocks that must be
depleted before the surgeon is actually impacted*®.

One particular case examined during the internship demonstrated this effect. The
particular product had been in back order for several week<, accumulating a total
outstanding demand of over $250,000. Domestic dealers and major international affiliates
were surveyed to determine their inventory positions. The survey revealed that dealers
had, on average, 30 days worth of inventory. International affiliates were even better off,
maintaining between 4-16 weeks of inventory. The resulting conclusion was that the back
order posed little threat to hospitals' orders.

6.5  Conclusion

In this chanter, I showed that the finished goods inventory levels were significantly
higher than the intended level as determined by the corporate service level objective.
Proof was provided in three ways. First, | demonstrated the level of inventory graphically

49This discussion in no way advocates getting rid of service level as a measure of performance to customer
needs. Nor does it advocate only being concemed about supply of produci when dealers and affiliates are
in danger of falling into back order. If it is falsely assumed that dealer inventories will aiways cover
shortages at the manufacturer and the manufacturer chooses not to be concerned about back order, the
dealer will run out of inventory at some point anc service to hospitals will be impacted. The important
point is that several factors should be considered before incurring the costs of rapidly ramping up
production.
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with respect to weekly demand. Assuming weekly replenishment, an appropriate level of
inventory could be determined by constructing a line the peak demand. As long as
finished goods inventory could be replenished each week up to the level of the line, the
product would remain out of back order. This line was found to be substantially lower
than the existing inventory policy. Another of the methods took current information and
converted it into comparable values. The existing inventory policy of three weeks was
converted into a service level number. For most of the products examined, this service
level turned out tc be greater than 99.9%.

In the last part of the chapter, the costs associated with a quick reaction to back
order were examined. This discussion established that reacting as quickly as possible to a
back order situation does indeed incur costs and that an alternative, slower reaction may
be considered.

The next chapter will discuss why the organization has implicitly chosen to react
quickly and to maintain high levels of inventory.
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Chapter 7 The Emphasis on Back Order Reaction and Protection

7.1  Introduction

Prcvious chapters have demonstrated both the orgamzation's reactions when a product
goes into back order and the organization's high levels of inventory. The reaction consists
of production quickly ramping up its output and producing at an increased rate for a
period of several weeks. Once finished goods inventory has been restored, production
slows down to steady levels and resumes normal operations. With each back order
reaction, the organization makes an implicit decision to ramp production up quickly. A
quick response in production incurs additional costs not found with a gradual response.
Due to dealer and affiliate stocking, a gradual response does not necessarily impact
delivery to end-customers. In such an instance, there would be no need to ramp
production up quickly to alleviate the back order.

As opposed to th.e reaction to back order, the high levels of inventory can be
considered as protection from going into back order in the first place. As inventory levels
increase, the likelihood of depleting the inventory and going into back order diminishes. It
was shown in the preceding chapter that FG inventory levels exceed the corporate
inventory objectives. In other words, the organization has made an implicit decision to
incur the costs of additional protection from back order.

This chapter presents some rationale behind these implicit decisions. Given the
original emphasis on market growth, an emphasis that contributed greatly to the
company's overwhelming success, I will argue that the resulting incentives naturally
support the decisions.

7.2  Marketing Focus and Delivery Reliability

Ethicon Endo-Surgery was spun off from its parent company in the suture business,
Ethicon, Inc., to address the specific needs of its own young markets. At the time, few
competitors existed in the market, and one company, U.S. Surgical Corporation, owned
the majority of market share. Ethicon Endo-Surgery surpassed its chief competitor in
1994 to capture a greater portion of the U.S. market0. But this rapid growth did not

50Johnson & Johnson 1994 annual report.
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come without a carefully orchestrated strategy. The successful strategy involved emphasis
on market growth and product development and required that a consistent supply of
product be available to the sales force. The three key components, market growth,
product development, and consistent supply, are discussed further below. Of the three,
product development seemed to hiave only minor impact on the researched portion of the
manufacturing organization (i.e., c. ganizational structure, incentives, and information
systems); therefore product development is not considered beyond this section. Market
growth and consistent product supply, on the other hand, were instrumental in establishing
the importance of back order.

Market Growth and Product Development Emphasis

To save on costs, hospitals typically purchase through contracts with purchasing
organizations. Purchasing organizations typically represent several hospitals in a given
area and therefore have greater purchasing power than a single hospital. Greater
purchasing power translates into lower prices for products. The pur~hasing organizations,
in turn, develop contracts with dealers to supply the product. Dealers, of course, order
and receive product from manufacturers.

This arrangement of contracts and relationships makes life difficult for a new
manufacturer trying to enter the market. When a hospital wants to start purchasing
products from a new manufacturer, it must first assert that it will purchase enough volume
from the manufacturer to warrant supply from the purchasing organization. If the
purchasing organization does not supply the manufacturer's product, the volume must be
significant enough to pursue updating the contract with the corresponding dealer. If the
purchasing organization already supplies the product, the contract with the hospital must
be updated.

Although this process may seem complex, the critical point is that a hospital
typically cannot lock on a dealer's shelves and purchase any product from any
manufacturer. Instead, the Lospital must determine that it has significant need for a
product and then work with the purchasing organization to supply it. Convincing a
hospital that it should purchase a new manufacturer's product requires significant sales
effort. A salesperson must first convince the surgeons in the hospital that they should start
using their company's products; he or she must also convince the hospital materials
manager that there is some advantage or need to bring the product in. To EES sales
people, this process is referred to as "converting" a hospital. Therefore, to get its
instruments into hospitals and accepted by surgeons, Ethicon Endo-Surgery had to
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concentrate heavily on its sales force. Tremendous marketing effort also was required to
direct the sales force and determine the sales strategies.

In order to develop products that surgeons would want to use, Ethicon Endo-
Surgery also concentrated heavily on product development. Upon being spun off from
Ethicon, Inc. in January, 1992, EES was far behind its chief competitor, U.S. Surgical
Corporation, in product offerings. In addition to having great products, having a broad
range of products was critical for converting a hospital; therefore EES had to expand its
existing surgical instrument line rapidly without compromising quality. The success of this
eifort can be gauged by the number of new product offerings introu ‘ced to the market in
each of the following years.

The rapid growth, largely at the expense of the principal competitor, exceeded
expectations within the company itself as well as within the parent corporation. By year-
end, 1994, Ethicon Endo-Surgery became the dominant player in the U.S. endosurgical
instrument market.

Ensuri ] l

Having product available at all times is critical to growing market share in the surgical
instrument business. The reason for this goes beyond simply satisfying customers
(hospitals and surgeons) by delivering products when they're expected. Having product
ready to deliver at all times to an ongoing account is certainly a selling point; but having
product ready to sell immediately to a brand new account is critical. Product must be
available, or new potential customers can not even be approached. As one salesperson put
it, "we can't even walk in the door unless we have product to sell.” Additionally, the
process of converting a hospital is a lengthy process, but the conversion is unlikely to take
place if no product is available for the new customer. Otherwise, why would they
convert?

Having the products available to sell when a new customer wanted to purchase
them was critical to winning the customer over. This emphasis further increased the
already high costs associated with stocking out of a surgical product. The resulting risk
associated with introducing innovations into the production process was weighted toward
the high costs associated with failure (not being able to deliver product and convert the
hospital) rather than the less significant rewards for success (reductions in variable and
fixed costs).

The ability to market and sell products was obviously a tremendous asset in
Ethicon Endo-Surgery's drive to grab market share. This effort required rapid expansion
of the product line and a consistent supply of product to tie sales force. The requirement
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of having consistent supply emphasized the fact that back order could not be tolerated.
Given the already high cost associated with stocking out (i.e., that a surgeon may not get
an instrument when needed for surgery), the need for consistent supply further increased
the costs.

This emphasis helps explain the quick reactions in response to a product in back
order and the willingness to tolerate high inventory levels. The original need -- always
have product available -- was translated into a slightly different operational need -- always
have product available to fill orders from finished goods inventory. If product is not
available in finished goods inventory, the customer and sale are potentially impacted.
Under this view, the organization must fill depleted inventories as quickly as possible. The
sooner inventory is restored to its desired level, the fewer the number of customers that
are potentially impacted. When inventories are not at their desired levels, a danger exists
of not filling an order from finished goods, i.e., going into back order.

At present, the initial market share expansion has largely slowed down and the
product line is essentially complete; the company can now focus its efforts more on
improving operations and reducing costs. Manufacturing process capabilities and
customer behavior are now better known, helping to reduce uncertainty and risks
associated with production process innovations. As mentioned previously, there's much
evidence that the original emphasis on providing product at all times still exists. This is
clearly evident in the reactions associated with back order and with the high levels of
inventory, particularly finished goods inventory.

Additionally, it is important to consider the impact that the strategic emphasis on
market growth and having product available at all times has had on the manufacturing
organization, its incentives, the existing information systems, and important business
processes. While the influences on the overall organization are difficult to discern, many
may be readily implied. Figure 7.1 shows some of the connections that can be implied.
The impact of the original strategic emphases will be addressed further in Chapter 8. At
that point, an additional influence, parent business (Ethicon, Inc.) processes and structure,
will be introduced and explained further.
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7.3 Conclusion

Ethicon Endo-Surgery's original successful emphasis on growth has naturally led to two
key implicit decisions -- reacting quickly rather than gradually and adding additional back
order protection through inventory The sales force had to have a study supply of product
in order to "convert" hospitals. This further increased the already high stockout costs
associated with surgical instruments in general. The high costs of stockout resulted in an
emphasis on back order throughout the organization. The impact that the back order
emphasis has had manifests itself in two ways -- through reactions to being in back order
and through protection from back order using high levels of inventory. The decision to
react quickly to get out of back order does not come without costs, however. Realizing
that there are cost/benefit tradeoffs involved identifies that back order reactions as a
decision that can and should be analyzed. The decision to hold high levels of inventory
incurs reasonably quantifiable costs. The next question, which will be addressed in
Chapter 8, is, why has the organization largely failed to identify the reaction tradeoffs and
the high levels of inventory?
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Chapter 8 Identifying and Addressing Back Order Reactions and
Inventory Levels

8.1 Introduction

The previous chapter described how the emphasis on back order developed -- through the
high cost associated with stocking out and a need to constantly have product available in
order to grow market share. The costs of rapidly increasing production output and
maintaining high levels of inventory were implicitly overshadowed by the benefits of
restoring product supply as quickly as possible and of emphasizing protection against back
order.

Now that the business has reached a maturing stage in its development, pressures
to reduce costs have increased. As a result, the cost/benefit tradeoffs of inventory and
rapid reactions gain added importance. Given that production can ramp up gradually
(rather than rapidly) without impacting end-customer service, and given the magnitude of
potential inventory savings, the organization would undoubtedly benefit from examining
the tradeoffs. On the contrary, no analysis was ever completed to determine the best
approach to recovering from back order. At the time of this writing, a determination had
been made of the appropriate inventory levels, but the determination failed to incorporate
the cost/benefit tradeoffs of holding inventory. Of more importance, evidence suggests
that the organization did not fully recognize the magnitude of the reactions or of the
inventory levels. Two considerations arise from this last statement:

1. Conducting a cost/benefit analysis each time a product falls into back order
would certainly be unnecessary, but the fact that the extent of the reactions
went largely unrecognized is in itself revealing.

2. There seemed to be some internal strife over whether or not the inventory
levels were appropriate at their current state. While several individuals
recognized that inventory levels were high, the organization as a whole had
not come to the same conclusion.

This chapter addresses the issue of why the organization did not fully recognize the extent
of the reactions and the potential for inventory reduction. As an outsider looking in, the
extent of the back order reactions and the high levels of inventory may seem clear,
particularly when presented in the context of this thesis. But an individual working in the
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company is subject to the existing organizational environment and therefore witnesses the
issues in a different light than presented here. Understanding the influence of
organizational structure, incentives, information systems, and business processes within
the company is necessary for understanding how the organization identifies and defines its
problems. A discussion on how these existing influences failed to lead to identification
and definition of the problems is presented in this chapter. Also presented are some
observations on how the organizational structure, incentives, information systems, and
business process might have developed.

8.2 Recognizing the Back Order Reactions and Inventory

Understanding why the organization did not recognize the magnitude of the back order
reactions and the high levels of inventory requires a look inside the organization. In this
particular case, the organizational structure, the incentives, the monthly planning and
forecasting process, and the information systems were found to be predominately
responsible for the view of the organization's problems from within.

Recognizing the extent of the reactions requires three key pieces of information to
come together -- demand, production, and inventory. The previous chapters
demonstrated the reactions clearly by combining all three pieces into one single graph.
When the pieces are viewed in isolation, little information is conveyed; but by placing
even two of the pieces together, the picture becomes clearer. Production output coupled
with demand demonstrates how much the level of production exceeds the level of demand.
Place inventory on the same graph, and the timing of the reaction with the back order
becomes instantly visible. But this information -- demand, production, and inventory --
resides partially with the master planners and partially with the buyer/planners.
Organizational separation, lack of overlapping incentives, and lack of supporting
information systems do not allow the critical information to readily come together. A
major connection between master planners and buyer/planners does exist in the monthly
planning process. But this process, as will be explained shortly, still falls short for putting
together the key pieces of the demand-production-inventory puzzle.

The problem of recognizing the high levels of inventory revolves around the same
situation. Demand coupled with inventory demonstrates the level of inventory versus the
variation in the incoming demand -- a critical connection for determining appropriate
inventory levels5!. But as recently stated, the organizational structure, incentives,

51As demonstrated in Chapter 6 and in: Nahmias, S., Production and Operations Analysis, Second
Edition, Homewood, IL: Irwin, 1993,
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information systems, and monthly planning process do not support the connection well.
The problem, therefore, remains relatively unnoticed to the organization as a whole.

More detail on how the organizational structure, incentives, information systems,
and business processes hinder identification of the problems is presented below. An
additional factor, growing pains, is first considered. This factor validly states that the
organization has been concentrating heavily, and appropriately, on growth. The
organization consequently has not had the opportunity or the resources to address some
important issues that might otherwise have been addressed.

Growing Pains

A valid argument to why the organization has not fully addressed the problems is that it
has only been in existence for a few years, concentrating almost exclusively on growth
during that time. Therefore, it has not yet had the opportunity to identify and resolve
many problems; reactions to back order and high levels of inventory may arguably be such
problems. Under this perception, given enough time and resources, the organization
would have put someone in charge of investigating and resolving the problems; but since
everyone already has their hands full, this has not been practical.

While this view has much validity, it misses the fact that the organization in general
had not clearly understood the reaction problems. It must be said that a group did exist in
part to address the problems -- a group was charged with redeveloping the monthly
planning process and incentives to improve operating efficiency32. Clearly one of the
problems this group has had has been getting the rest of the organization to understand
clearly why a redevelopment need even occur. Much of the research presented here was
utilized by the group in their efforts. Interestingly, the charts presented in Chapter 4 --
demonstrating overreactions to back order and tying together demand, production, and
inventory data -- represented, to the best of anyone's knowledge in the group, the first
analysis clearly tying together all three variables.

In the case of inventory, demands to reduce inventory were clearly mandated.
Approximately one year prior to the time of this writing, two people were positioned
within the central planning group to address inventory reduction full time. Considerable
progress had been made, particularly with the process of getting rid of obsolete inventory.
The general sense of the organization, however, was mixed. Some groups did not
recognize the need to reduce inventory at all. Others felt that inventory was too high, but

52The work of this group coincided closely with my research and was ongoing at the time of this writing.
Much of their effort contributed to the development of the thoughts presented throughout the thesis; and
my research often provided the hard data required for their analysis.
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had no feel for how high. This uncertainty is surprising considering the data presented in
Chapter 6. For the particular product investigated, finished goods inventory could be cut
in half and still support the objective corporate service level. Additionally, the high levels
of inventory are consisient with the current inventory policy. The problem therefore is not
in bringing inventory levels down to their intended level but in recognizing that the
intended level itself is high. With the magnitude of reductions possible, it seems unlikely
that the youth of the company alone would drive the confusion. It is equally unlikely that
maturity alone would lead to the potential inventory reductions.

Organizational Structure

It was explained earlier that the master planners and the buyer/planners have visibility into
separate pieces of the demand-production-inventory puzzle. The particular viewpoints of
each function can be largely attributed to the location of the function within the
organizational structure. Their actions are then directed by formal and informal incentive
structures. Figure 8.1 shows the organization chart of the operations organization. This
particular discussion will focus on the master planning group and the buyers/planners since
their responsibilities have the greatest overlap between market demand, production, and
inventory.
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Figure 8.1. Operations organization chart showing orientation of buyer/planners
versus master planners.

The master planners reside in the central operations group and are chiefly
responsible for interpreting the market demands into monthly production plans. They
must work closely with marketing to produce monthly demand forecasts and translate the
forecasts into finished goods requirements. (A finished goods requirement refers to the
volume of finished goods that must be transferred into finished goods inventory each
month. The volume must mc'ct the forecast demand and maintain a set level of safety
stock. For more detail on this process, refer to the descriptions provided in Chapter 2.)
Once the forecasts have been determined, the finished goods requirements are essentially
locked in as a function of the following equation:

Finished Goods Requirement,
= Forecast, + Target Safety Stock, - FG Inventory,., (Eqn. 8.1)

In other words, since Target Safety Stock and FG Inventory are already determined, the
month's finished goods requirement depends only on the month's forecast. Producing the
monthly forecasts and the plan, therefore, requires a strong understanding of the market.
The finished goods requirement is only changed if review by the plant manager determines
that the plan cannot be met, a fairly rare occurrence.

It should also be noted that the master planners do not deal with the actual
production requirements for the month. The finished goods requirement only loosely
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translates into the month's production level. Since the overall production process consists
of two main steps, assembly and packaging/sterilization, substantial inventory may reside
between the two steps. If enough inventory exists in-between, for example, no assembly
may be necessary. Packaging/sterilization will simply utilize the in-between inventory to
meet the finished goods requirement. If no inventory exists in-between assembly and
packaging/sterilization, assembly needs to build inventory between the two steps and
supply enough product to meet the finished goods requirement. The assembly output
would therefore be greater than the finished goods requirement.

The use of a finished goods requirement therefore clouds the picture even further
for the master planners. It's possible that the master planners provide a steady finished
goods requirement each month, but assembly rates vary substantially. Alternatively, the
master planners may provide highly variable finished goods requirements each month, but
assembly rates remain steady. .

On the opposite side of the organization chart, the buyers/planners must
concentrate on the production process. Their principal responsibilities are to take the
monthly production plans, produce weekly and daily production plans, and schedule
component orders for suppliers. When breaking down the monthly plan, an attempt is
made to smooth (maintain a steady level of) production. In contrast to the market and
finished goods focus required of the master planners, buyer/planners must understand the
production process and the suppliers. Rate (of production) becomes more of an issue than
level (of finished goods inventory). In terms of the reactions to back order,
buyers/planners are impacted directly when the production process must schedule
overtime and orders to suppliers must be expedited. In terms of finished goods inventory,
the level is not of direct concern to the buyer/planner until the product falls into back
order. In this event, the production process must step up production to restore product
flow.

Incentives
Understanding the incentives of the master planners and the buyer/planners also helps
demonstrate why the organization did not identify the tradeoffs. Interestingly, neither
group has a direct incentive to reduce inventory. While arguably both have an interest in
reducing inventory due to the overall operations objectives, only the inventory
management group is directly evaluated on inventory reduction. This will be discussed
further below.

The master planners must produce forecasts and determine monthly plans. Their
incentives are for generating plans that marketing, customer service, and plant
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management agree to. As argued in the previous discussion, this activity naturally tends to
fall toward understanding the market. It should also be noted that the master planners
have incentives to stay out of back order3?, extending from their planning responsibilities
and visibility to finished goods inventory.

The buyer/planners have a slightly different focus. They must ensure consistent
supply of components to the assembly line and schedule production to avoid back order
further downstream in finished goods. The emphasis on their part is heavily weighted
toward keeping the line running and staying out of back order downstream.

The incentives for both groups coincide with their positions within the
organizational structure. Master planners must understand the market and finished goods
inventory levels. Buyer/planners must keep the line going and ensure that production
plans are met. Both are responsible for ensuring a continuous flow of product, and both
are responsible for back order. Lowering inventory levels, however, decreases any
protection from back order. Any reductions in inventory result in an increased probability
of going into back order. The master planners and buyer/planners therefore actually have
underlying disincentives to reduce inventory.

For I I
The information that people use and make decisions with depends on the availability of the
information. In this case, the pieces of information were difficult to put together,
requiring considerable effort in the forms of data entry, finding the right person to talk to,
and translating from one data format to another. The customer demand information
required the least effort to obtain. A customer ordering system kept track of all orders on
a centralized database over the last several years. Obtaining aggregate weekly order
quantities required logging into the mainframe system, running the right database query,
and uploading the information from the mainframe to the desktop computer. Since several
people throughout the organization frequently requested this information, one person took
on the responsibility for running the query and uploadirg the data each week. Obtaining
the information required a phone call to that person. The data could be translated into
almost any format -- spreadsheet, local database, etc.

Finished goods inventory proved a particularly difficult task. No finished goods
inventory tracking systems were in place. The only method of obtaining the information

53Not mentioned previously is the fact that the master planning group was responsible for weekly back
order reports. These reports served to inform the entire organization, including senior level management,
of the products that were in back order. This tended to put the master planners near the center of back
order problems.
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was to either pull the data from a Data Analysis (D.A.) sheet (the sheet used for planning
each month -- see Chapter 2) or to pull the information from the weekly backup files of
the customer order database. The {irst method required obtaining the appropriate D.A.
sheet electronically from the appropriate master planner and reformatting the information
as required. The problem with this method was that only the inventory level at the
beginning of each month was available. Tracking in time increments of one week or
smaller was not possible. The second method, pulling information from backed up
database files, required pulling one file for each week needed. For example, to track
inventory over the course of the past year, data would have to be manually extracted from
fifty-two separate files. Additionally, the database backups were not always completed on
the same day of each week. Data points might be five days apart or eight days apart,
depending on when the database was backed up. Once again, tracking in small time
increments of less than one week was not possible.

As for inventory of components, the difficulty was in separating inventory by final
praduct code. EES maintained supply of hundreds of different components. Some
components were unique to a specific final product code and others were used by several
different final product codes. The data itself, however, was not available throughout the
organization; it resided on an EES local database requiring specific access. More
importantly, this database is separate from the customer order database. Manual
intervention was required to combine information from the two sources.

The final piece of the puzzle, production, was also elusive. Actual daily assembly
volume was summed by product code on one single spreadsheet. This spreadsheet,
generated each new business month, contained information for all product codes produced
in a given plant. The daily information was summed into weekly totals, and the weekly
totals were summed into monthly. Once again, this information resided in a format that
was difficult to manipulate. Getting the data into another spreadsheet or into a database
required significant manual intervention.

The Monthly Planning and Forecasting Process

The monthly planning process is the one business process that ties together marketing,

production, customer service, and master planning. Through one single planning sheet
(Demand Analysis sheet) for each product, demand, finished goods inventory, monthly
forecasts, and production (or, at least, transfers to finished goods) are represented and
visible to all groups. The question is then, why didn't this allow the reactions and
inventory levels to be identified?
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The monthly planning process did shed some light on the reactions, but allowed
limited visibility to whether or not the inventory levels were appropriate. Through the
Demand Analysis (D.A.) sheets and through communication with the buyer/planner,
master planners could determine when production levels were high. Additionally, the
master planners generally know production capacity limits for their products and therefore
know when assembly will be strained. Therefore, the extent of the reactions could be at
least partially understood. However, if master planners only base their perceptions from
the numbers on the D.A. sheets, the picture is not so clear. The limited connection
between Finished Goods Transfers on the D.A. sheets and actual assembly was discussed
earlier in this section. It is conceivable that assembly would be strained for capacity
without the master planners knowing the extent of the strain.

It is also important to remember that the D.A. sheets provide only a monthly
snapshot of the production process; but the ordering of parts, assembly of instruments,
and packaging/sterilization occur on a daily basis. The monthly snapshot, while sufficient
for monthly planning activities, does not provide an accurate view of daily activity. This is
particularly relevant regarding inventory. This can be seen through the following example.
A monthly view of the inventory level for one product may look like the following:
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In this case, it appears that the inventory level has been cut in half in months 3 and 4.
Depending on how the situation's viewed, either the operation is nearing danger of going
into back order and inventory therefore needs to be raised, or the operation is OK and the
inventory can be kept safely at the low level. When the inventory is examined on a daily
basis rather than a monthly basis, it might look like the following:
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Looking at the daily view would indicate that inventory is not too low at all. As a matter
of fact, it may be reduced from its current average of about 15C0 units to about 750 units -
- a reduction of 50%:
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By viewing the inventory on a monthly basis, this reduction in inventory would not have
been as easily recognized. Of course, it may also be the case that inventory is in fact too
low and needs to be raised. Once again, the monthly picture would not provide enough
information to discern this fact.

To understand these effects further, we can examine actual monthly inventory
levels taken from the DA Sheets. Figure 8.2(a) shows sample data extracted from a DA
Sheet. By only examining the data in the figure, we cannot determine whether the
inventory level should be increased or reduced. Even by looking at a plot of the data
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(Figure 8.2(b)), the solution is not obvious. Knowing that the replenishment lead time is
approximately one week and that the batch size is approximately 200 sales units helps
interpret the picture. But once again, a clear determination cannot be made.

August September October November
Demand 2049 2497 2489 7298
FG Inventory 1569 2081 2409 1792

Figure 8.2(a). Sample information from DA Sheet. The product had just
gotten out of back order in June. Judging from the July, August, and September
FG inventcry results, the appropriate inventory levels are difficult to discern.
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Figure 8.2(b). Monthly Demand and FG Inventory plot from the data
presented in Figure 8.2(a).

As far as the reactions to back order go, the monthy snapshots may also obscure
weekly production levels. In the one case from Chapter 4, assembly output nearly
quadrupled within a five week time frame. The monthly information presented in the
chapter demonstrated a tripling of output. While the tripling in monthly output is
undoubtedly quite dramatic, it does not convey the severity that quadrupling weekly
output within a five week time frame conveys.
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As a final note, the forecasting process may also contribute to the high levels of
inventory. Chapter 9 will demonstrate that the forecasting process currently in place is not
as accurate as using a linear regression model based on past data. The inaccuracies of the
current process may even make demand seem quite erratic in some cases®*. In such
instances, the greater uncertainty would help justify the higher levels of finished goods
inventory (i.e. more uncertainty translates into a need for more inventory). A more
accurate forecast could then expose the need for lower inventory levels.

8.3 Development of the Organization

The previous section demonstrated many of the ways that the current organizational
structure, incentives, information systems, and key business processes inhibited the
identification and resolution of the back order reactions and the high levels of inventory.
In particular, the key pieces of information -- demand, production, and inventory -- were
not readily available for any single group to tie together, nor were there incentives for any
group to seek all of the information. This next section presents some ideas on how the
structure, incentives, information systems and business processes themselves developed.
While exact origins are difficult to discern, a look at the early business influences (i.e. how
the business developed and the key strategic emphases in that development) reveals some
insight into the origins (see Figure 8.3).

The dominant early influences -- market growth, product availability, product
development, and parent business structures -- manifest themselves in many ways. For
example, Ethicon Endo-Surgery's manufacturing organization structure seems to follow
closely with what Clark, Hayes, and Wheelwright refer to as a "representative plant
organization’5." This structure, the authors argue, works well with a stable business that
follows a path of incremental, as opposed to radical, improvements. This coincides with
many aspects of Ethicon Endo-Surgery's parent suture business -- a business that has been
in existence for over 100 years6. Alternatively, EES's modifications to the Clark, Hayes,

54For one particular product, the average monthly forecast error under the current process was 28%.
Using the linear regression, a forecast error of only 7% could be achieved. For a product with average
sales of 1000 units per month, this error translates into 280 sales units for the current process (a range of
720-1280) and 70 for the linear regression (a range of 930-1070). This example product represents an
extreme in the data studied. In most cases, the differences between the two forecastiiig procedures was
much less.

55Hayes, R. H., S. C. Wheelwright, K. B. Clark, Dynamic Manufacturing; Creating the Learning
Organization, New York: Free Press, 1988, chapter 4.

56Source: Johnson & Johnson 1994 Annual Report
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and Wheelwright structure appear to support product-focused manufacturing, following
EES's strategic emphasis on product development.

The remainder of this chapter takes a look at each business area -- organizational
structure and incentives, information systems, and monthly planning process -- and
describes how they support the original influences from the parent business, the emphasis
on market growth, the need to have consistent product supply, and rapid product
developmeni.
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Figure 8.3. The observed influences exerted on the development of key pieces of
the business -- the monthly planning process, organizational structure, formal and
informal information systems, and high level incentives (back order / inventory
tradeoffs).
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As already mentioned, Ethicon Endo-Surgery's organizational structure and incentives
closely match what Clark, Hayes, and Wheelwright refer to as a "representative plant
organization." A diagram of their sample organization is presented in Figure 8.4. The
authors argue that this structure works well as long as the organization does not need to
undergo significant change or improvement. When major improvements must take place,
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incentives within the structure start to conflict. For example, the materials management
group may have a requirement to reduce inventory by 50%. The group may find this goal
obtainable only by reducing inventories of parts and partially completed units (i.e., WIP).
The production group, however, might be using those inventories to ensure that
production schedules are met. Without the inventories of parts and partially completed
units, production schedules may not meet the schedule consistently. The objectives of the
two groups, therefore, are in direct conflict.

plant manageq
; materials
purchasing || management/|| production quality maintenance
production engineering
scheduling
. materials inventory meeting reject ;
T e'ffgimance cost levels/cost delivery levels ":i%(\:r?rl\?ﬁne
Measures  availability  stockouts schedules  rowork costs ,
customer cost vanances g costs m%g\;?snance
service labor efficiency
level machi
utilization
Figure 8.4. A representative plant organization as presented in Chapter 4 of
Dynamic Manufacturing by Hayes, Wheelwright, and Clark.

The parent business of Ethicon Endo-Surgery, sutures (produced by Ethicon, Inc.),
is a relatively stable business, particularly when compared to the young, expanding
markets of endoscopic surgery. Sutures have been a staple product in the medical industry
for the past 100 years. Ethicon Inc. has also held a dominant market share for many years
and consequently has reached a mature state in its business lifetime. This helps e<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>