MANUFACTURING

PLANNING & CONTROL
FOR

SUPPLY CHAIN
MANAGEMENT

= RN, Y, 0 2 P P

SEC@INIDEED NG N

F. ROBERT JACOBS | WILLIAM L. BERRY
D. CLAY WHYBARK | THOMAS E. VOLLMANN




Manufacturing Planning
and Control for Supply
Chain Management

The CPIM Reference

F. Robert Jacobs

Indiana University (Emeritus)

William L. Berry
The Ohio State University (Emeritus)

D. Clay Whybark
University of North Carolina (Emeritus)

Thomas E. Vollmann
International Institute for Management Development

Second Edition

Education

New York Chicago San Francisco Athens
London Madrid Mexico City Milan
New Delhi Singapore Sydney Toronto



Copyright © 2018 by McGraw-Hill Education. All rights reserved. Except as permitted under the United States Copyright Act
of 1976, no part of this publication may be reproduced or distributed in any form or by any means, or stored in a database or
retrieval system, without the prior written permission of the publisher.

ISBN: 978-1-26-010839-2
MHID: 1-26-010839-2

The material in this eBook also appears in the print version of this title: ISBN: 978-1-26-010838-5,
MHID: 1-26-010838-4.

eBook conversion by codeMantra
Version 1.0

All trademarks are trademarks of their respective owners. Rather than put a trademark symbol after every occurrence of a trade-
marked name, we use names in an editorial fashion only, and to the benefit of the trademark owner, with no intention of infringe-
ment of the trademark. Where such designations appear in this book, they have been printed with initial caps.

McGraw-Hill Education eBooks are available at special quantity discounts to use as premiums and sales promotions or for use in
corporate training programs. To contact a representative, please visit the Contact Us page at www.mhprofessional.com.

Information contained in this work has been obtained by McGraw-Hill Education from sources believed to be reliable. However,
neither McGraw-Hill Education nor its authors guarantee the accuracy or completeness of any information published herein, and
neither McGraw-Hill Education nor its authors shall be responsible for any errors, omissions, or damages arising out of use of
this information. This work is published with the understanding that McGraw-Hill Education and its authors are supplying infor-
mation but are not attempting to render engineering or other professional services. If such services are required, the assistance of
an appropriate professional should be sought.

TERMS OF USE

This is a copyrighted work and McGraw-Hill Education and its licensors reserve all rights in and to the work. Use of this work
is subject to these terms. Except as permitted under the Copyright Act of 1976 and the right to store and retrieve one copy of the
work, you may not decompile, disassemble, reverse engineer, reproduce, modify, create derivative works based upon, transmit,
distribute, disseminate, sell, publish or sublicense the work or any part of it without McGraw-Hill Education’s prior consent. You
may use the work for your own noncommercial and personal use; any other use of the work is strictly prohibited. Your right to
use the work may be terminated if you fail to comply with these terms.

THE WORK IS PROVIDED “AS IS.” McGRAW-HILL EDUCATION AND ITS LICENSORS MAKE NO GUARANTEES
OR WARRANTIES AS TO THE ACCURACY, ADEQUACY OR COMPLETENESS OF OR RESULTS TO BE OBTAINED
FROM USING THE WORK, INCLUDING ANY INFORMATION THAT CAN BE ACCESSED THROUGH THE WORK
VIA HYPERLINK OR OTHERWISE, AND EXPRESSLY DISCLAIM ANY WARRANTY, EXPRESS OR IMPLIED, IN-
CLUDING BUT NOT LIMITED TO IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICU-
LAR PURPOSE. McGraw-Hill Education and its licensors do not warrant or guarantee that the functions contained in the work
will meet your requirements or that its operation will be uninterrupted or error free. Neither McGraw-Hill Education nor its
licensors shall be liable to you or anyone else for any inaccuracy, error or omission, regardless of cause, in the work or for any
damages resulting therefrom. McGraw-Hill Education has no responsibility for the content of any information accessed through
the work. Under no circumstances shall McGraw-Hill Education and/or its licensors be liable for any indirect, incidental, special,
punitive, consequential or similar damages that result from the use of or inability to use the work, even if any of them has been
advised of the possibility of such damages. This limitation of liability shall apply to any claim or cause whatsoever whether such
claim or cause arises in contract, tort or otherwise.


http://www.mhprofessional.com

We dedicate this book to Professor Thomas E. Vollmann. Tom’s
enthusiasm and brilliance have influenced virtually every page
of this book since the first edition was published in 1984. Tom is
greatly missed by the author team and by the worldwide commu-
nity of Operations Management colleagues of which he was a part.
We are truly indebted to Professor Vollmann.



About the Authors

F. Robert Jacobs is an emeritus professor at the Kelley School of Business, Indiana Uni-
versity. He has served on the APICS board of directors and was a key author of the APICS
“Body of Knowledge Framework.” Mr. Jacobs is coauthor of previous editions of Manu-
facturing Planning and Control for Supply Chain Management and coauthor of Operations
and Supply Chain Management.

William L. Berry is an emeritus professor at The Ohio State University and coauthor of
previous editions of Manufacturing Planning and Control for Supply Chain Management.

D. Clay Whybark is an emeritus professor at the University of North Carolina and co-
author of previous editions of Manufacturing Planning and Control for Supply Chain
Management.

Thomas E. Vollmann was a professor at IMD and coauthor of previous editions of Manu-
facturing Planning and Control for Supply Chain Management.



CHAPTER 1

CHAPTER 2

CONTENTS

Preface ... .. ... i xvii
Acknowledgments ........ ... .. i xxi
Manufacturing Planningand Control ........................ 1
The MPC System Defined ......... ... .. ..., 2
Typical MPC Support Activities. .. ...........ccouuiiiuno .. 2
An MPC System Framework............. ... ... ool 3
MPC System Activities ............ .ot 4
Matching the MPC System with the Needs of the Firm .............. 7
An MPC Classification Schema . ............................ 8
Evolution of the MPC System .. ..., 9
The Changing Competitive World .. ......................... 9
Reacting to the Changes .................c.ccouiiiiiiino .. 10
Concluding Principles ........... ... oo i 11
Discussion QUestions . ..ottt it i 12
APICS/CPIM Certification Questions................cooveeeonn.. 12
Enterprise Resource Planning (ERP) ........................ 15
What Is ERP? . ..o 16
Consistent Numbers. .. ..., 16
Software Imperatives. .............couiiiiiiiiiiiiiaaa.. 17
Routine Decision Making . ... 17
Choosing ERP Software. . ..., 18
How ERP Connects the Functional Units ........................ 19
Finance...... ... ... . . 20
Manufacturing and Supply Chain Management . ............. 20
Supply Chain Management ................c.ccoeeuiineonn.. 20
Sales and Marketing ............. ... it 21
Human Resources .............. . i 21



vi | Contents

CHAPTER 3

Customized Software. ........ .. ... i 21
Data Integration ............ ... i, 22
How Manufacturing Planning and Control (MPC) Fits
within ERP. ... 23
Simplified Example .. ... 23
Performance Metrics to Evaluate Integrated System
Effectiveness. . ........ouiiiiii 24
The “Functional Silo” Approach. ........................... 25
Integrated Supply Chain Metrics ........................... 26
Calculating the Cash-to-Cash Time. . ....................... 29
Concluding Principles . ....... ..o 31
Discussion QUEeStions . .....ovii it 31
Problems. . ... 32
APICS/CPIM Certification Questions . ................ccoueeo... 34
Demand Management ... 39
Demand Management in MPC Systems .......................... 40
Demand Management and the MPC Environment................. 42
The Make-to-Stock (MTS) Environment..................... 43
The Assemble-to-Order (ATO) Environment .. ............... 44
The Make (Engineer)-to-Order (MTO) Environment .. ........ 46
Communicating with Other MPC Modules and Customers . ........ 47
Sales and Operations Planning. .. ............. ... 47
Master Production Scheduling .. ........................... 48
Dealing with Customers on a Day-to-Day Basis. . ............. 49
Information Use in Demand Management........................ 50
Make-to-Knowledge. .. ......... ... ..., 51
Data Capture and Monitoring. . ...........c.c.couuiueeeo .. 51
Customer Relationship Management. . ...................... 52
Outbound Product Flow . ............. ... . ..., 53
Managing Demand ........... ..o i 53
Organizing for Demand Management. ...................... 54
Monitoring the Demand Management Systems . .............. 55
Balancing Supply and Demand .. .......................... 56
Collaborative Planning, Forecasting, and Replenishment (CPFR) ... .. 56
The CPFR PIOCeSS . ..o v ottt 57
Concluding Principles . ....... ..o 58

Discussion QUeStiONS . . ..ottt ittt 59



CHAPTER 4

CHAPTER 5

Contents | vii

Problem...... ... ... 59
APICS/CPIM Certification Questions................ccoveeeonn.. 59
Forecasting ............ ... ... .. .. il 65
Providing Appropriate Forecast Information...................... 65
Forecasting for Strategic Business Planning . ................. 67
Forecasting for Sales and Operations Planning. ............... 67
Forecasting for Master Production Scheduling
and Control ... ... .. ... . . i 68
Regression, Trend, and Seasonal Forecasting...................... 69
Linear Regression Forecasting. ............................. 69
Trend FOrecasting . ............ooeuuiuueeeennniineen.. 71
Seasonal FOrecasting ...............cuuiuiiniiiianineannn. 72
Short-Term Forecasting Techniques ................ ... . ... ... 76
Moving-Average Forecasting ............... .. ... 76
Exponential Smoothing Forecasting. . ....................... 79
Evaluating Forecasts . ............ouuuiiuiiiiennniinne .. 81
Using the Forecasts.............oiiiiiiiiiiiiiiiiii e, 84
Considerations for Aggregating Forecasts .................... 84
Pyramid Forecasting . .............c...oiiiiiiiiniiiieo .. 85
Incorporating External Information ........................ 88
Concluding Principles ........... ... 89
Discussion QUeStions .. ....ooutiii i e 89
Problems. ... ... .. 89
APICS/CPIM Certification Questions. . ........c.covviuieeinnnenn.. 98
Case Study: Forecasting at Rosser Products ...................... 104
Sales and Operations Planning ............................. 109
Sales and Operations Planning inthe Firm. ...................... 109
Sales and Operations Planning Fundamentals. .............. 110
Sales and Operations Planning and Management . ........... 111
Operations Planning and MPC Systems . ................... 113
Payoffs. . ..o 115
The Sales and Operations Planning Process ...................... 116
The Monthly Sales and Operations Planning Process. . ... ..... 116
Sales and Operations Planning Displays.................... 119
The Basic Trade-Offs . .. ... 123



viii | Contents

CHAPTER 6

CHAPTER 7

The New Management Obligations ............................. 130
Top Management Role ...................cccviiiino... 130
Functional Roles. .. .......... ... ... ... ...cooiioa.. 131
Integrating Strategic Planning .. .......................... 135
Controlling the Operations Plan. .. ........................ 136

Concluding Principles ........... .. .. ... oo 136

Discussion QUestions . .......viii i e 137

Problems. ... ... ... 137

APICS/CPIM Certification QUestions. ........ovvvivneennnennn.. 148

Advanced Sales and Operations Planning .................. 155

Mathematical Programming Approaches........................ 155
Linear Programming (LP). ............................... 156
Mixed Integer Programming. .. ..............c.couuuiueeo... 157

Company Example: Lawn King Inc................ ..o 160
Company Background. ............... ... . ... . ... 160
Deciding on a Planning Model . . . ......................... 161
The Linear Programming Model .......................... 162
Developing the Planning Parameters. ...................... 163
Solving the Linear Programming Model and

Understanding the Results . ............................ 167
A Retreat to Discuss the LP Results . ....................... 170

Concluding Principles .......... ... . i 173

Discussion QUEStioNS . . ..ottt e 173

Problems......... ... o 174

APICS/CPIM Certification Questions. .........cooveeiunnenn... 179

Master Production Scheduling ............................. 185

The Master Production Scheduling Activity...................... 185
The MPS Is a Statement of Future Output .................. 186
The Business Environment for the MPS. . ................... 187
Linkages to Other Company Activities. .. ................... 189

Master Production Scheduling Techniques ...................... 191
The Time-Phased Record. . ............................... 191
Rolling through Time. . ............ ..., 192
Order Promising and Available-to-Promise (ATP) ........... 194

Bill of Materials Structuring forthe MPS ..................... ... 198

The Two-Level MPS. ... ... .. 201



CHAPTER 8

Contents | ix

Master Production Schedule Stability ........................... 205
Freezing and Time Fencing. .............................. 205
Managingthe MPS ... .. ... . 206
The Overstated MIPS . ......... ... .. ... i, 206
Concluding Principles ......... ..o 207
Discussion QUEStIONS . . ..ottt e 207
Problems......... ... . 208
APICS/CPIM Certification Questions. .................coooo... 217
Material Requirements Planning ........................ ... 223
Material Requirements Planning in Manufacturing
Planningand Control............ ... .. ... ..o it 223
Record Processing. . .........o.uiiiiiniiiii i 225
The Basic MRP Record ..............ccoiiiiiiiiinonnn.. 225
An Example Bill of Materials (BOM) ...................... 228
Gross to Net EXplosion ..............c.c.ooiiiiiiinnniin.. 231
Lead Time Offsetting........... ... i .. 232
Linking the MRP Records . .................cccoiieoo .. 235
Technical Issues......... ... 237
Processing Frequency............. ... 238
Bucketless Systems .. ... 239
Lot Sizing ... 239
Safety Stock and Safety Lead Time. . ....................... 240
Low-Level Coding ........... ..., 241
Pegging . ... ... 242
Firm Planned Orders. . ............ ... .. ...coiiiiiii... 242
Service Parts. ... 243
Planning HOTizoN . ... ..t 243
Scheduled Receipts versus Planned Order Releases. . .......... 244
Using the MRP System. ..., 244
The MRP Planner. . ............ouoiiiiiiiiiianiineann.. 244
Order Launching ............ .. ... . i, 245
Allocation and Availability Checking . ..................... 246
Exception Codes. . ...... ... 247
Bottom-Up Replanning............ ... .. .ccciiiiiiin... 248
System Dynamics ............. ... . o o il 249
Transactions duringa Period . .. .......................... 249

Rescheduling. ........ ... .. .. .. 250



x | Contents

CHAPTER 9

CHAPTER 10

Complex Transaction Processing . ......................... 251
Procedural Inadequacies. . .................. ... ... ... 251
Concluding Principles ........... .. .. ... oo 253
Discussion QUestions . ......ovtii it 254
Problems. ... ... ... . 254
APICS/CPIM Certification QUestions. ........ovvvivneennnennn.. 265
Advanced MRP ....... ... .. ... 271
Determining Manufacturing Order Quantities ................... 271
Economic Order Quantities (EOQ) . ... .. 273
Periodic Order Quantities (POQ). . .......couiivin. .. 274
Part Period Balancing (PPB) ............. ... ..c.cooou... 275
Wagner-Whitin Algorithm . . ........... ... .. ..., 276
Simulation EXperiments .. ...........c.ueeeuiniieeennnn. 277
Buffering Concepts . ........ooviutiiiiii i 278
Categories of Uncertainty . .............c.ooviuiieennnn.. 278
Safety Stock and Safety Lead Time. . ....................... 280
Scrap Allowances. ......... ..ot 281
Other Buffering Mechanisms ............................. 282
NeIVOUSIIESS . . . oottt 282
Reducing MRP System Nervousness. . ...................... 283
Concluding Principles .......... ... . i 285
Discussion QUEStioNS . . ..ottt e 286
Problems......... ... o 286
APICS/CPIM Certification Questions. ..........oovvveiunnennn.. 294
Capacity Planning and Management ....................... 299
The Role of Capacity Planning in MPC Systems .................. 300
Hierarchy of Capacity Planning Decisions .................. 300
Links to Other MPC System Modules ...................... 301
Capacity Planning and Control Techniques ..................... 303
Capacity Planning Using Overall Factors (CPOF)............ 303
Capacity Bills . . ... 305
Resource Profiles .............cooiiiiiiiiiiiiiiii.. 307
Capacity Requirements Planning (CRP) .. .................. 310
Scheduling Capacity and Materials Simultaneously ............... 312
Finite Capacity Scheduling: Component Parts . .............. 313

Finite Capacity Scheduling: Product Structures .. ............ 315



CHAPTER 11

Contents | xi

Management and Capacity Planning and Utilization .............. 319
Capacity Monitoring with Input/Output Control. . ........... 319
Managing Bottleneck Capacity............................ 322
Capacity Planning in the MPC System . .................... 323
Choosing the Measure of Capacity. ........................ 324
Choice of a Specific Technique . ........................... 326
Using the Capacity Plan . ................. .. .coioo... 327

Concluding Principles ......... ..o 328

Discussion QUEStIONS . . ..ottt e 328

Problems......... ... . 329

APICS/CPIM Certification Questions. .................coooo... 333

Case Study: Capacity Planning at Montell USAInc................ 340

Case Study: Capacity Planning at Applicon ...................... 342

Production Activity Control................................ 345

A Framework for Production Activity Control ................... 345
MPC System Linkages. . ... .. 346
The Linkages between MRP and PAC ...................... 347
Just-in-Time Effect on PAC. . ......... ..., 347
The Company Environment . ...............ccoeuvuuunn... 348

Basic Scheduling Research............. ... ... oo i, 348
The One-Machine Case...................ccoiiiiiin.... 349
The Two-Machine Case. . ............ ..., 350

Production Activity Control Techniques ........................ 351
Basic Shop-Floor Control Concepts . ...............ccoou... 351
Gantt CRArEs. ... 354
Dynamic Environment Scheduling ........................ 354
Dispatching Approaches ................ ... ... ... ... ... 354
Sequencing Rules” Attributes. . ............................ 355
Priority Sequencing Rules . . ............... . ..., 358

Managing Vendor Material Flows .............................. 359
Vendor Scheduling and Follow-Up ........................ 360
The Internet and Vendor Scheduling. ...................... 360

Concluding Principles ............ ... .. ... i 361

Discussion QUeStions .. ....oovtiii it e 362

Problems. ... ... ... . 362

APICS/CPIM Certification QuUestions . . ........oveiuineennneenn.. 372



xii | Contents

CHAPTER 12

CHAPTER 13

Capacity Management. ...........ooiiiiiiiiiennnennnen 375
Capacity Management Issues ............. ... ... ... ... ... 375
Some Finite Scheduling Fundamentals . .................... 377
Theory of Constraints (TOC) ...........c.ccoviiiiienn... 377
Basic Concepts of TOC Systems ... .........ccooviiinnno... 378
TOC Scheduling. . ........ ..., 378
Buffers. ... 382
TOCand Lot Sizing. . .......cooiiniiiiii .. 383
Managing the TOC System. . ..., 383
Exploiting the Drums. . . .........ouiiiiiii .. 387
Material Release—Rope . ............cccciiiiiiiiiiino .. 387
Proactive Management of Buffers ......................... 388
TOC and the MPC Framework . .......................... 388
Implementation Issues. . ... .. 389
TOC Contributions . ............coouiuiiiiieiineennnn.. 389
Supporting Procedures. .......... ... ... i 390
Due Date-Setting Procedures. .. ..................cooo .. 390
Dynamic Due Dates. ............. ..., 392
Lead-Time Management. ...............c.ooueuuiueennn... 393
Labor-Limited Systems .. ........ ... .. 394
Transfer Batches and Group Scheduling . ................... 395
Concluding Principles ........... ... 396
Discussion QUeStions . ......vviiii i e 397
Problems. ... ... ... . 397
APICS/CPIM Certification QUestions. ........ovveiineinnnennn.. 401
Just-in-Time . ... ... . 405
JIT in Manufacturing Planning and Control ..................... 405
Major Elements of Just-in-Time .......................... 406
JIT’s Impact on Manufacturing Planning and Control . .. .. ... 408
The Hidden Factory. ............uueeuuiiiiieeeannnnn.. 409
JIT Building Blocks in MPC ... ...........ccoiuiiiieonn.. 410
A JIT Implementation Example ............. ... .. ... ... ... 412
Leveling the Production. ................ccceiiiiiino... 414
Pull System Introduction. ..................ccccuiieian... 417
Product Design. . ......... ... iuiiiiiiiiiiiniiiinn .. 418
Process Design . ............ i 420

Bill of Materials Implications............................. 422



CHAPTER 14

Contents | xiii

JIT Applications. . ... .oou e 423
Single-Card Kanban . .......... ... .. . i 423
Toyota. ... 424

Nonrepetitive JIT. .. ... 427
A Service-Enhanced View of Manufacturing ................ 427
Flexible Systems .. .........cooiiiiiii i 428
Simplified Systems and Routine Execution .................. 428

Joint-Firm JIT ... e 429
The BAsiCs .. ......oouuiii i 429
Tightly Coupled JIT Supply. ...... ... 430
Less Tightly Coupled JIT Supply. . ... .. 431
JIT Coordination through Hubs. .......................... 431
Lessons ... 432

JIT SOftWare . o oottt e 432
The MRP-JIT Separation. ..................ccoeviuiin... 433
JIT Planning and Execution . .................ccouuuiun... 433

Managerial Implications. . ... 434
Information System Implications. . ........................ 434
Manufacturing Planning and Control. ..................... 434
Scorekeeping. . ... ... 435

Concluding Principles ............ ... .. ... oo 436

Discussion QUeStions .. ....coviii i e 436

Problems. ... ... .. 437

APICS/CPIM Certification Questions. . ........vveiuineennneenn.. 442

Distribution Requirements Planning . ...................... 447

Distribution Requirements Planning in the

SupplyChain....... ..o 447
DRP and the MPC System Linkages. .. ..................... 449
DRP and the Marketplace. . .............................. 450
DRP and Demand Management .......................... 451
DRP and Master Production Scheduling. ................... 453

DRP Techniques . .. ..oovnnn e 453
The Basic DRPRecord. .............. ..., 454
Time-Phased Order Point (TPOP). . ...............ccc.c.... 456
Linking Several Warehouse Records ....................... 457
Managing Day-to-Day Variations from Plan. . .............. 460

Safety Stockin DRP .............. ... ..., 463



xiv | Contents

CHAPTER 15

Management Issueswith DRP........... ... ... oo oL, 466
Data Integrity and Completeness. . ........................ 466
Organizational Support. ........... ... .. 467
Problem Solving. ....... ... ... i 469

Concluding Principles ... 471

Discussion QUEStioNS . . ..ottt 472

Problems. . ... 473

APICS/CPIM Certification Questions. ...............ccouueoo... 484

Case Study: Abbott Laboratories. ............................... 489

Supply Chain Logistics ................. ..., 497

A Framework for Supply Chain Logistics ........................ 497
The Breadth of Supply Chain Logistics. ..................... 498
The Total Cost CONCEPE. .. eentei e 499
Design, Operation, and Control Decisions .................. 500

Supply Chain Logistical Elements. ..................... ... ... 501
Transportation. . ...........ouueuuiinn e 501
Warehouses . ............ .o 504
Inventory ... ... . 504

Warehouse Replenishment Systems. ............... ...t 507
ROP/EOQ Systems. . ......coovviiii .. 507
Base Stock Systems. . ... 509
Distribution Requirements Planning. ...................... 510

Warehouse Location Analysis.................. ... ot 511
Simulation ....... ... . 511
Heuristic Procedures . ...........c.ouuiuieiennniiinn... 513
Programming Procedures . ................cccoiiiiiiii.. 513

Vehicle Scheduling Analysis ............ ... ... oL 514
Traveling Salesperson Problem. . .......................... 515
Solution Methodologies. .......... ... ..., 516

Customer Service Measurement................. ... ..o, 517
Make-to-Stock Companies . .............ccceeiiiiiino... 517
Make-to-Order Companies. . ............c.c.ceeviueenan... 519

Concluding Principles .......... ... i 520

Discussion QUEStioNS . . ..ottt 520

Problems......... ... 520

APICS/CPIM Certification Questions. ..........ooveiinnnennn.. 523



CHAPTER 16

CHAPTER 17

Contents | xv

Order Point Inventory Control Methods. ................... 529
Basic CONCePLS. ..ottt e 530
Independent- versus Dependent-Demand Items. . ............ 530
Functions of Inventory ........... ..., 531
Management Issues......... ... ... i 532
Routine Inventory Decisions. . ............... ... ... 532
Determining Inventory System Performance ................ 533
Implementing Changes in Managing Inventory .............. 534
Inventory-Related Costs. . ... 534
Order Preparation COSES .. ......ouviuii i, 535
Inventory Carrying Costs ...............ooiiiiiiiiiia .. 535
Shortage and Customer Service COStS .. ..........ccoouunnn. 536
Incremental Inventory Costs. . ..........cooieeiiineenn... 536
An Example Cost Trade-Off .. ... ... 537
Economic Order Quantity Model. ............... . ... ... ..., 538
Determiningthe EOQ .. ...........c.oiiiiiiiiiieennn... 539
Order Timing Decisions. . ...........iiiiiiiiiiiiiiiieenn. 541
Using Safety Stock for Uncertainty. . ....................... 541
The Introduction of Safety Stock. .......................... 542
Continuous Distributions . ........... ... ..., 545
Probability of Stocking Out Criterion ...................... 546
Customer Service Criterion. ............. ..., 547
Time Period Correction Factor. . ...............c.c.ouuuu... 549
Forecast Error Distribution. . ...............ccoiiieeo .. 550
Multi-Item Management . ...t 551
Concluding Principles .......... ... oo i 553
Discussion QUEeStionS . .. ...ovti ittt e 553
Problems......... ... .o 554
APICS/CPIM Certification Questions. . .........oovvveiennnenn.. 557
Strategy and MPC System Design........................... 563
MPC Design Options . ...ttt 563
Master Production Scheduling Options. .................... 564
Detailed Material Planning Options ....................... 566
Shop-Floor System Options. ...........c.coeeuuuieninee... 568
Choosing the Options. ..ot 571

Market Requirements . .........c.oouuuuuueeeennnineen... 571



xvi | Contents

APPENDIX A

APPENDIX B

The Manufacturing Task. ................... ... ......... 573
Manufacturing Process Design. . ................cooiueo... 573
MPC System Desighn. . . ..., 574
Integrating MRP and JIT ........ ... . i, 579
The Need to Integrate ..............ouuuuiieeennnnnnen.. 580
Physical Changes That Support Integration ................. 580
Some Techniques for Integrating MRP and JIT .............. 581
Concluding Principles ... 581
Discussion QUeStIONS . ... v vttt ettt e e 582
Problems. . ... 583
APICS/CPIM Certification Questions. ...............ccouueoo... 588
Answers to APICS/CPIM Certification Questions........... 593

Areas of the Standard Normal Distribution and
Service Function Values ............... .. ... ............. 597



PREFACE

Interest in learning about manufacturing planning and control (MPC) is at a very high
level around the world. There are versions of this book in a number of different languages
attesting to its popularity as a standard reference on the topic. APICS—the Association
for Operations Management—has seen growing interest in its Certified in Production
and Inventory Management (CPIM) exam over the past few years. The number of people
taking the exam has grown, particularly in countries outside the United States. Further,
many individuals are developing certification courses designed to efficiently teach the
material to those wanting to take the exam. This APICS/CPIM edition of the book is espe-
cially designed for individuals studying for the exam.

The goal of this book has been to make it the definitive reference for MPC and the rela-
tionship between MPC and supply chain management. Thus, the treatment of the topics
tends to be comprehensive and follows a unique framework. This book provides complete
coverage of the MPC topics and many of the supply chain management topics covered in
the CPIM exam. The exam is divided into two modules and, following this Preface, there
are tables that show how the CPIM modules align with the material in this book.

This book makes a great reference for those studying for the exam by providing prac-
tice questions similar to those used for the exam. These questions are at the end of each
chapter. There are different types of questions, including objective definition questions,
short problems, and more comprehensive sets of questions based on a scenario. They are
intended for practice for the exam.

A real advantage of this book is that it goes well beyond the basics and can be used as
a desk reference long after the CPIM exam has been taken. The book has proven to be a
useful reference for MPC for the past three plus decades. The original authors of the book
were true founding thought leaders in the field. Of course, the book has been significantly
updated over the years as technology has changed and as knowledge about how these
things should be done has increased.

In a sense, this edition is designed to recognize the maturity of much of the material
in this book. Since the first edition, published in 1984, the techniques and concepts in the
book have developed to where most of the ideas are now commonly available in enterprise
resource planning (ERP) systems. So, this edition presents the basic ideas in a significantly
streamlined manner. Many readers of this book are just learning the material, and they will

xvii



xviii | Preface

appreciate the book’s concise presentation with clear examples. In addition, much of the
“research”-oriented material from previous editions has been omitted. Finally, discussions
of outdated ideas have been replaced with coverage of new ideas that are now commonly
implemented in firms.

The first twelve chapters of the book provide a thorough coverage of manufacturing
planning and control. In the spirit of previous editions of the book, the coverage is exten-
sive and complete, yet as concise as is reasonable. In an effort to not confuse the reader,
the use of “lingo” has been minimized, while introducing the vernacular of the operations
and supply chain management professional. Terminology and the organization of the
topics closely follow that used in the APICS Dictionary and in the APICS Body of Knowl-
edge Framework (which was co-authored by an author of this book).

The last five chapters of the book focus on the integration of manufacturing with the
supply chain. In these chapters, the emphasis is on the basic techniques and concepts, and
they are covered in a manner that corresponds to how they are commonly implemented in
ERP systems. Integration of MPC with the logistics and warehousing functions in the firm
can no longer be an “arm’s-length” activity. Speed and efficiency require tight integration
of these activities with minimal inventory buffering. Complicating matters is the often-
common outsourcing of the shipping and warehousing activities, which places complex
supply chain-related demands on the MPC system.

The supply chain professional of the future needs a very strong understanding of
the material in this book. Just as the professional accountant must understand the basics
of assets, liabilities, the balance sheet, and the income and expense statements, together
with the transactions that generate the data in the accounting systems, so too must the
supply chain professional understand a set of basic techniques and concepts. The sales
and operations plan, master schedule, material requirements planning, and distribution
requirements planning records that tie the manufacturing function to the supplier on the
inbound side and the customer on the outbound side in terms of material and inventory.
Logic such as regression analysis, exponential smoothing, available-to-promise, material
planning, and reorder points are the decision support tools that assist the professional in
making rational decisions within the realm of manufacturing and supply chain planning.

This book is designed to be an essential resource for the new student of the field, those
studying for the CPIM exam, and the practicing professional. Mastery of the contents
provides a solid foundation on which comprehensive, firm-specific implementations
can be developed. Even though each firm has unique requirements dependent on special
supplier and market demands, a sustainable competitive advantage comes from taking
an innovative approach to how material and inventory is managed. A comprehensive
understanding of the key concepts and techniques available is essential to structuring and
implementing the supply chain material and inventory planning systems used by the firm.
This book is designed to support this understanding.
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CHAPTER 1

Manufacturing Planning
and Control

Manufacturing planning and control (MPC) is concerned with planning and control-
ling all aspects of manufacturing from managing materials and scheduling machines and
people to coordinating suppliers and planning shipments to customers. Because these
activities must change over time to respond to different markets and new company strate-
gies, this chapter provides a framework for evaluating these responses as the competitive
environment changes.

The development of an effective MPC system is key to the success of any goods-
producing company. Moreover, truly effective MPC systems coordinate supply chains—
joint efforts across company boundaries. Finally, MPC systems design is not a one-time
effort; the systems must continuously adapt to changes in the company environment,
strategy, customer requirements, manufacturing problems, and new supply chain
opportunities.

The critical question is not what one has accomplished; it is “What should the firm,
together with its supply chain partners, do next?” To put these ideas in perspective, this
chapter is organized around the following four managerial concerns:

A The MPC system defined: What are the typical tasks performed by the MPC system
and how do these tasks affect company operations?

A An MPC system framework: What are the key MPC system components and how do
they respond to a company’s needs?

A Matching the MPC system with the needs of the firm: How do supply-chain product
and process issues affect MPC system design?

A Evolution of the MPC system: What forces drive changes in the MPC system and how
do companies respond to the forces?
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The MPC System Defined

This section explains what the MPC system does and some of the costs and benefits
associated with effective MPC systems. The essential task of the MPC system is to man-
age efficiently the flow of material, to utilize effectively people and equipment, and to
respond to customer requirements by using the capacity of the suppliers, that of the
internal facilities, and (in some cases) that of the customers to meet customer demand.
Important ancillary activities involve the acquisition of information from customers on
product needs and providing customers with information on delivery dates and product
status. An important principle here is that the MPC system provides the information
upon which managers make effective decisions. The MPC system does not make decisions
nor manage the operations—managers perform those activities. The MPC system provides
the support for them to do so wisely.

Typical MPC Support Activities

The support activities of the MPC system can be broken roughly into three time horizons:
long term, medium term, and short term. In the long term, the system is responsible
for providing information to make decisions on the appropriate amount of capacity
(including equipment, buildings, suppliers, and so forth) to meet the market demands of
the future. This is particularly important in that these decisions set the parameters within
which the firm responds to current demands and copes with short-term shifts in customer
preferences. Moreover, long-term planning is necessary for the firm to provide the
appropriate mix of human resource capabilities, technology, and geographical locations to
meet the firm’s future needs. In the case of supply chain planning, the long term has to
include the same kind of capacity planning for the key suppliers. For firms that outsource
some of their manufacturing to outside companies, the planning of supplier capacity can
be more critical than internal capacity planning. The best choices for outsourcing partners
are those that demonstrate their capabilities to ramp up and adjust capacities to the actual
dictates of the marketplace.

In the intermediate term, the fundamental issue addressed by the MPC system is
matching supply and demand in terms of both volume and product mix. Although this
is also true in the longer term, in the intermediate term, the focus is more on providing
the exact material and production capacity needed to meet customer needs. This means
planning for the right quantities of material to arrive at the right time and place to sup-
port product production and distribution. It also means maintaining appropriate levels of
raw material, work in process, and finished goods inventories in the correct locations to
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meet market needs. Another aspect of the intermediate-term tasks is providing customers
with information on expected delivery times and communicating to suppliers the cor-
rect quantities and delivery times for the material they supply. Planning of capacity may
require determining employment levels, overtime possibilities, subcontracting needs, and
support requirements. It is often in the intermediate time frame that specific coordinated
plans—including corporate budgets, sales plans and quotas, and output objectives—are
set. The MPC system has an important role in formulating these plans.

In the short term, detailed scheduling of resources is required to meet production
requirements. This involves time, people, material, equipment, and facilities. Key to this
activity is working on the right things. As the day-to-day activities continue, the MPC
system must track the use of resources and execution results to report on material con-
sumption, labor utilization, equipment utilization, completion of customer orders, and
other important measures of manufacturing performance. Moreover, as customers
change their minds, things go wrong, and other changes occur, the MPC system must
provide the information to managers, customers, and suppliers on what happened; pro-
vide problem-solving support; and report on the resolution of the problems. Throughout
this process, communication with customers on production status and changes in expec-
tations must be maintained.

To effectively manage the manufacturing processes, a number of manufacturing
performance indicators need to be compiled; including equipment and labor utilization,
project completions, and the costs associated with departments and products. Also, mea-
sures of customer satisfaction such as late deliveries, product returns, quantity errors, and
other mistakes are needed. The implications physically and financially of the activities
on the manufacturing floor are collected, summarized, and reported through the MPC
system.

The initial costs for an MPC system can be substantial. Moreover, the ongoing oper-
ational costs are also significant. An effective MPC system requires a large number of
professionals and all their supporting resources, including computers, training, mainte-
nance, and space. It is not uncommon to find the largest number of indirect employees at
a manufacturing firm to be involved in using the MPC system.

An MPC System Framework

The MPC system is typically embedded in an enterprise resource planning (ERP) system.
This facilitates meeting the strategic requirements of the firm by helping to coordinate, as
knowledge, technology, and markets change, the MPC activities with those of other areas
of the firm. This section outlines the framework for understanding the MPC system.
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MPC System Activities

Figure 1.1 provides a framework of the general MPC system that would be used within a
firm for planning and controlling its manufacturing operations. In addition, it shows the
linkages required to coordinate the MPC activities with the firms in the supply chain. The
framework shown in Figure 1.1 is essentially what one will find as a key part of any com-
mercial ERP system. The framework is divided into three parts or phases. The top third,
or front end, is the set of activities and systems for overall direction setting. The front end
establishes the overall company direction for MPC. Demand management encompasses
forecasting customer/end-product demand, entering orders, promising orders, accom-
modating interplant and intercompany demand, and understanding spare parts require-
ments. Demand management coordinates all activities of the business that place demands
on manufacturing capacity.

Resource Sales and operations Demand
. — . . S—
planning planning management

[ Master production ]

Front end <«—

planning

Rough-cut capacity
scheduling

[ Detailed capacity ] [ Detailed material ]
planning planning

\ Engine >
Material and
capacity plans

Enterprise resource planning (ERP) system

[ Shop-floor ] [ Purchasing ] [ Quality ] Back end

systems systems systems

Figure 1.1 Manufacturing Planning and Control System (simplified)
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Sales and operations planning (SOP) balances the sales/marketing plans with avail-
able production resources. The result is an agreed-on company game plan that ensures
that manufacturing can support the company’s sales activities and strategy. Increasingly,
SOP is receiving more management attention as the need for coordination is recognized
in progressive firms. The master production schedule (MPS) is the version of the sales and
operations plan that is in manufacturing language. It states which end items or product
options manufacturing will build in the future. The MPS must support both sales and
operations plans. Resource planning determines the capacity necessary to produce the
products required now and in the future. Eventually this means bricks and mortar, while
in the short run it means labor and machine hours. Resource planning provides the basis
for matching manufacturing plans and capacity.

The middle third, or engine, in Figure 1.1 encompasses the set of MPC systems for
detailed material and capacity planning. The MPS feeds directly into the detailed material
planning module. Firms with a limited product complexity or range can simply specify
rates of production for developing these plans. However, firms producing a wide variety
of products with many parts per product require detailed material planning. This can
involve calculating requirements for thousands of parts and components. The formal
logic for this is called material requirements planning (MRP). It determines (explodes)
the period-by-period (time-phased) requirements for all component parts and raw mate-
rials needed to produce all the products in the MPS. This material plan can thereafter be
utilized in the detailed capacity planning systems to compute the labor and/or machine
center capacity required to manufacture all the component parts.

The bottom third, or back end, of Figure 1.1 depicts MPC execution systems. Here,
again, the system configuration depends on the products manufactured and production
processes employed. For example, firms producing a large variety of products using thou-
sands of parts often group all equipment of a similar type into a single work center. Their
shop-floor systems establish priorities for all shop orders at each work center so the orders
can be properly sequenced. Other firms will group mixtures of equipment that produce
a similar set of parts into work centers called production cells. For them, production rates
and just-in-time (JIT) systems for execution are appropriate.

The purchasing systems provide detailed part or subsystem information to the com-
pany suppliers. In the case of arm’s-length relationships with these suppliers, the supplier
systems will produce purchase orders that will be transmitted to the suppliers. Thereafter,
the company MPC systems should provide suppliers with updated priority information,
based on current company conditions—as well as conditions in their customers’
companies. In the case of closer (partnership) relations with suppliers, information can
also include future plans—to help the suppliers understand expected needs. In a general
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sense the receiving end of this information is the demand management module of the
front end in the suppliers” MPC systems.

In firms using MRP systems, execution of the material and capacity plans involves
detailed scheduling of machines and other work centers. This scheduling must reflect
such routine events as starting and completing orders for parts and any problem condi-
tions, such as breakdowns or absenteeism. These schedules are often available on a real-
time basis from the ERP system database. Real-time data are particularly important in
factories with complex manufacturing processes and/or customers demanding respon-
siveness to volume, design, or delivery schedule changes.

Components and materials sourced from outside the organization require an analo-
gous detailed schedule. This schedule is the basis for the procurement of outside work
center capacity. It must also be planned and scheduled well to maximize final customer
satisfaction. Best-practice supplier systems typically separate the procurement or con-
tractual activity from routine order release and follow-up. Procurement, a highly pro-
fessional job, involves contracting for vendor capacity and establishing ground rules for
order release and order follow-up. These tasks take on extra dimensions as procurement
involves global sourcing and multinational coordination of schedules.

The quality assurance systems monitor product quality and manufacturing process
capability. Customer quality requirements are a key input to the quality system. Thus,
there should be feedback to the MPC system from customers who discover a quality
problem. Similarly, there should be communication with the customer when the qual-
ity assurance system uncovers a problem. Monitoring manufacturing process capability
is essential to meet the customer’s current quality requirements and changes that might
be needed in the future. Customer feedback is essential to making changes to the quality
systems to meet customer demand.

Some important activities are not depicted in Figure 1.1. These include the mea-
surement, follow-up, and control of actual results. As products are manufactured, the
rate of production and timing of specific completion can be compared to plans. As
shipments are made to customers, measures of actual customer service can be obtained.
As capacity is used, it too can be compared to plans. If actual results differ from plan,
appropriate actions to bring the results back to plan or modifications of the plan must
be made. These measurements and control actions are part of all three phases of the
MPC system.

The three-phase framework for planning and control of manufacturing is supported
by widely available MPC systems and software, from master production scheduling to
the back-end systems. This software is not only integrated to follow the framework, it is
also linked to other business activities in the ERP systems of many firms. That means that



Matching the MPC System with the Needs of the Firm | 7

the MPC systems provide inputs to the financial, distribution, marketing, and human
resources systems that require the information.

Matching the MPC System with the Needs of the Firm

The specific requirements for the MPC system design depend on the nature of the pro-
duction process, the degree of supply chain integration, customers’ expectations, and the
needs of management. As the MPC system is required to integrate with other company
systems in the supply chain and/or with the ERP system of the firm, additional design
parameters are introduced. Moreover, these MPC system requirements are not static. As
competitive conditions, customer expectations, supplier capabilities, and internal needs
change, the MPC system needs to change.

The MPC system will be changed based on the ongoing goal to meet customer expecta-
tions and maximize value to the customer. Customer expectations relate to such competi-
tive priorities as speed of delivery, delivery reliability, and availability from stock. Other
customer requests might include cost reductions or flexibility to customize a product.
These have a direct impact on how the MPC system is designed and operated.

Internet/cloud based systems are an important way to support intrafirm coordina-
tion efforts. Inventories between partners in the supply chain can be replaced by speedier
information. Technology changes dramatically affect the way users interact with the MPC
system. As information processing capabilities increase, MPC systems evolve to utilize the
latest technologies.

The MPC system must also reflect the physical changes taking place on the factory
floor. Outsourcing, contract manufacturing, and the subcontracting of corporate functions
can all dramatically affect MPC system design. Moves from job shops to flow processes to
cellular manufacturing approaches affect the MPC system design as well. Providing accu-
rate information at the level where decisions are made and in appropriate time frames, is
essential to coordinating the factory floor and support activities.

It is not, however, just on the factory floor that changes dictate the MPC system needs.
As the firm shapes its manufacturing strategy, different modules of the MPC system may
need to be modified to respond. As an example, firms that are increasing product variety
may need to strengthen the master production scheduling and detailed material planning
modules in order to more quickly phase in new products and phase out the old. Firms that
are competing on delivery speed may need to improve shop-floor execution and feedback
systems to more closely monitor the progress of products through the manufacturing
facility. This matching of strategic direction with MPC system design is as dynamic as any
of the other elements that shape the MPC system requirements.
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An MPC Classification Schema

Figure 1.2 shows the relationship between MPC system approaches, the complexity of the
manufactured product as expressed in the number of subparts, and the repetitive nature
of production, expressed as the time between successive units. Figure 1.2 also shows some
example products that fit these time and complexity scales.

Several MPC approaches presented in Figure 1.2 are appropriate for products that fit
in various points in the schema. The figure demonstrates that the MPC emphasis changes
as the nature of the product, process, or both, changes. For example, as a product’s sales
volume grows over time, the MPC emphasis might shift from right to left. Regardless of
where the company is in Figure 1.2, it is necessary to perform all the activities depicted in
Figure 1.1. However, the ways in which the activities are performed can be quite different
for firms at different points in Figure 1.2.

The lower left-hand corner of Figure 1.2 shows a flow-oriented manufacturing pro-
cess typical of many chemical, food, petroleum, and bulk product firms. Because prod-
ucts are produced in streams instead of discrete batches, virtually no time elapses between
successive units. With these processes, the front-end concern of the MPC system is pri-
marily the flow rates that become the MPS. Typically, these products have relatively
few component parts, so management of the engine planning systems is straightforward.
Depending on how components are purchased, the back end may involve some complexity.
Typically, these firms” major cost is for raw materials, although transportation costs can
also be significant.

Repetitive manufacturing activities are found in many plants that assemble
similar products (e.g., automobiles, watches, personal computers, pharmaceuticals, and
televisions). For such products, component-part management is necessary, but every-
thing is coordinated with the flow or assembly rate for the end items.

( Project
MRP

Just-in-time

Repetitive

| | | | |
Seconds Minutes Days Weeks Months

Number of subparts

Time between successive units

Examples:  Oil, food, drugs, watches, TVs, trucks, planes, houses, ships

Figure 1.2 MPC Classification Schema
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The middle of the figure shows a large application area for just-in-time (JIT) systems.
Using lean manufacturing approaches, many firms today try to move their processes from
right to left in the figure. That is, they try to make processes more repetitive as opposed to
unique in order to achieve the operational advantages of repetitive manufacturing (shorter
production cycles, reduced lead times, lower inventories, and the like). JIT is shown as
spanning a wide variety of products and processes. This MPC approach is increasingly
being integrated with more traditional MRP-based systems. The goal is to achieve better
MPC system performance and to reduce costs of maintaining the MPC system.

Figure 1.2 also shows MRP as spanning a wide area. MRP is often the platform for
ERP applications and is key to any MPC system involving management of a complicated
parts situation. The majority of manufacturing firms have this sort of complexity, and
MRP-based systems continue to be widely applied. For many firms, successful use of MRP
is an important step in evolving their approaches to MPC. Once routine MRP operation is
achieved, portions of the product and processes that can be executed with JIT methodolo-
gies can be selected.

The last form of MPC depicted in Figure 1.2, the project type, is applied to unique
long-lead-time products, such as ships and highly customized products. Here, the pri-
mary concern is usually management of the time dimension. Related to time is cost.
Project management attempts to continually assess partially completed projects’ status
in terms of expected completion dates and costs. Some firms have successfully integrated
MRP approaches with the problems of project management. This is particularly effective
in planning and controlling the combined activities of engineering and manufacturing.

Evolution of the MPC System

This chapter covers the dynamism of the MPC system. Because this topic is important, an
entire section is devoted to it. Although the activities shown in Figure 1.1 are performed in
every manufacturing company, whether large or small, MPC system configuration depends
strongly on the company’s attributes at a particular point in time. The key to keeping the
MPC system matched to evolving company needs is to ensure that system activities are
synchronized and focused on the firm’s strategy. This ensures that detailed MPC decision
making is in harmony with the company’s game plan. But the process is not static—the need
for matching is ongoing.

The Changing Competitive World

Figure 1.3 depicts some manufacturing firms’ typical responses to changing market-
place dictates. New technology, products, processes, systems, and techniques permit new
competitive initiatives; global competition intensifies many of these forces. Marketplace
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dictates drive revisions in company strategy, which in turn often call for changes in man-
ufacturing strategy, manufacturing processes, and MPC systems.

Shorter product life cycles come about partly because consumers have access to products
from all over the world. This has spawned the move to “time-based competition.” Who can
get to the market quickest? Similarly, today’s market insists on ever-higher quality, which in
turn has led to many changes in manufacturing practices. Cost pressures have translated into
reductions of all manufacturing cost components from material and labor to overhead and
energy.

But increasingly, cost and quality are essential to successfully playing the game—
winning requires flexibility and responsiveness in dealing with changing customer
demands. Clearly, these pressures and responses require changes in both the MPC system
and the underlying manufacturing process. As Figure 1.3 shows, typical MPC responses
are MRP and JIT. Process responses include automation, simplification, and production
cells for cellular manufacturing.

Reacting to the Changes

If the MPC system has remained unchanged for a significant length of time, it may no
longer be appropriate to the company’s needs. The system, like the strategy and pro-
cesses themselves, must change to meet the dictates of the market. In many instances,

Forces for change Typical responses

3 Shorter product life cycles

Marketplace dictates . s
Time-based competition
> \

Technology Supply chain partnerships

Company strate
Products pany &
Processes l

Systems

Quality requirements

~
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—>[ Manufacturing strategy

Automation
— [Manufacturing processes] Production cells
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[ MPC system ] T
Cross-company linkages

) Reduced overhead costs

Figure 1.3 Evolutionary Responses to Forces for Change
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this may simply imply a different set of evaluative criteria for the MPC system. In other
cases, new modules or information may be required. In yet other cases, entire MPC
activities may need to be eliminated. For example, JIT systems frequently move materi-
als so quickly through the factory that MRP and shop-floor scheduling systems to track
them are not needed. In supply chain management approaches, the emphasis shifts to
the total costs (and values created) in the joint activities of more than one firm. The
typical focus is on the dyad: two firms where time and inventories are substantially
reduced.

The need for evolution in MPC systems implies the need for periodic auditing that
compares system responses to the marketplace’s requirements. The audit must address
not only the system’s focus but also the concomitant training of people and match with
current objectives. Although the MPC framework in Figure 1.1 is general, its application
is specific and evolving. Keeping it on track is an essential feature of MPC itself.

Concluding Principles

This chapter lays the groundwork for the rest of the book. Defining and adjusting the
MPC system to support the manufacturing activity are ongoing challenges. In the rest
of the book, always ask how the general framework applies in specific instances, and
what is happening to ensure a better match between MPC system design and market-
place dictates. Following are the main principles from this chapter:

A The framework for MPC is general, and all three phases must be performed, but spe-
cific applications must reflect particular company conditions and objectives.

A In supply chain environments, the MPC system must coordinate the planning and
control efforts across all companies involved.

A MPC systems should support the strategy and tactics pursued by the firm in which
they are implemented.

A Different manufacturing processes often dictate the need for different designs of the
MPC system.

A The MPC system should evolve to meet changing requirements in the market, tech-
nology, products, and manufacturing processes.

A The MPC system should be comprehensive in supporting the management of all
manufacturing resources.

A An effective MPC system can contribute to competitive performance by lowering
costs and providing greater responsiveness to the market.

A In firms that have an integrated ERP system the MPC system should integrate with
and support cross-functional planning through the ERP system.
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Discussion Questions

1. The discussion of the framework for MPC seems to imply that overall direction set-
ting must be done before detailed material and capacity planning activities can be
accomplished. The latter must be done before executing and controlling the plans is
possible. Do you agree? Give an example supporting your position.

2. Apply the MPC framework to a college setting; your current job, business, or institu-
tion; or one of your friend’s settings. In particular, identify the front end, engine, and
back end.

3. As changes take place in the world, the MPC system would require modifications to
adapt. What changes can you see that will require changes in the MPC system?

4. One of the local company’s production managers asked you to advise her on install-
ing an MPC system. She starts by asking you which particular software brand you
prefer and if you believe in ERP systems. What questions would you ask her?

APICS/CPIM Certification Questions

1. Manufacturing planning and control (MPC) includes which of the following activities?
I. Material management
II. Product marketing
III. Coordinating suppliers

a. Tonly
b. II only
c. Il only
d. TandIII

2. In the MPC process, capacity decisions (equipment, facilities, suppliers, etc.) are most
likely to occur in which time horizon?

a. Short
b. Intermediate
c. Long

d. Immediate

3. In the MPC process, detailed scheduling decisions are most likely to occur in which
time horizon?
a. Short
b. Intermediate
c. Long
d. Immediate
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. Shop-floor systems are a part of which MPC phase?

a. Direction setting
b. Detailed planning

c. Execution

d. All of the above
. Sales and operations planning (SOP) and demand management are a part of which
MPC phase?

a. Direction setting

b. Detailed planning

c. Execution

d. All of the above
. Master production scheduling (MPS) and resource planning are a part of which MPC
phase?

a. Direction setting

b. Detailed planning

c. Execution

d. All of the above
. Measurement and control are a part of which MPC phase?

a. Direction setting
b. Detailed planning

c. Execution

d. All of the above
. Products that are part of a continuous production process (e.g., petroleum products)
would most likely use which form of MPC?

a. MRP

b. Just-in-time
c. Flow

d. Repetitive
e. Project

. Products that are part of a one-time production process (e.g., bridges or aircraft car-
riers) would most likely use which form of MPC?
a. Just-in-time
b. Flow
c. Repetitive
d. Project
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10. Updating an old MPC system can include which of the following?
I. Adding new modules or functionality
I1. Consideration of new decision criteria
III. Removing unneeded/obsolete modules or functionality
a. Tonly
b. II only
c. Il only
d. L II,and III



CHAPTER 2

Enterprise Resource Planning (ERP)

This chapter describes aspects of the integrated enterprise resource planning (ERP) systems
that are now commonly used by large companies to support manufacturing planning and
control (MPC) systems. Major software vendors such as SAP, Oracle, and JDA software
offer state-of-the art software designed to provide real-time data to support better routine
decision making, improve the efficiency of transaction processing, foster cross-functional
integration, and provide improved insights into how the business should be run. This chapter
is organized around four major topics:

A What ERP is: What is the scope of ERP implementations and how are the various
modules of the software organized?

A How ERP connects the organizational units: That is, how does ERP help integrate
overall company operations?

A How MPC decisions are supported by ERP: What are the detailed MPC issues
addressed by ERP and how does an ERP system help address these issues?

A Performance metrics to evaluate integrated system effectiveness: How do overall metrics
put an end to “functional silo” thinking?

In most companies, ERP provides the information backbone needed to manage day-
to-day execution. Many of the standard production planning and control functions are
supported by ERP. For MPC activities, this means supporting activities from the front
end, through the engine, to the back end. In particular, standard applications include
demand management, forecasting sales and operations planning, master production
scheduling, material requirements planning, production activity control, and inventory
control. The ERP software is often extended through either commercial software designed
to work with the ERP system or through custom programmed modules built with spread-
sheets and other general purpose software.

15
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What Is ERP?

The term enterprise resource planning (ERP) can cover different things, depending on
the viewpoint. From the view of managers in a company, the emphasis is on the word
planning; ERP represents a comprehensive software approach to support decisions con-
current with planning and controlling the business. On the other hand, for the informa-
tion technology community, ERP is a term to describe a software system that integrates
application programs in finance, manufacturing, supply chain management, sales and
marketing, human resources, and the other functions in a firm. This integration is accom-
plished through a database shared by all the functions and data-processing applications
in the firm. ERP systems typically are very efficient at handling the many transactions that
document the activities of a company. The chapter begins by describing what ERP should
accomplish for management, with an emphasis on planning. Following this, the chapter
examines the design of ERP software programs and provides points to consider in choos-
ing an ERP system. The chapter focuses on how ERP software supports MPC systems.

ERP systems allow for integrated planning across a firm’s functional areas, such as
finance, marketing, and human resources. Perhaps more importantly, ERP also supports
integrated execution across functional areas. As supply chain management becomes more
important, the focus moves to coordinated planning and execution across companies. In
many cases this work is supported by ERP systems.

Consistent Numbers

ERP requires a company to have consistent definitions across functional areas. Consider
the problem of measuring sales. When is a sale recognized? Is it when the salesperson gets
a “yes” from the customer? When the order arrives at the company? When manufactur-
ing on the order begins? Is it when manufacturing completes an order? When items are
picked from finished goods? When they physically leave the premises? When they are
invoiced? When they arrive at the customer site? What is needed is a set of agreed-on defi-
nitions that are used by all functional units when they are processing their transactions.
Consistent definitions of such measures as demand, stockouts, raw materials inventory,
and finished goods inventory, for example, can then be made. This consistency is a basic
building block for ERP systems.

ERP, with the emphasis on planning, is designed to allow much tighter integration,
thus eliminating the problem of local optimization. Companies implementing ERP also
strive to derive benefits through much greater efficiency gained by an integrated MPC
process. In addition, better responsiveness to the needs of customers is obtained through
the real-time information provided by the ERP system. The next sections describe
elements of ERP software.
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Software Imperatives

Four aspects of ERP software determine the quality of an ERP system:

1. The software should be multifunctional in scope with the ability to track financial
results in monetary terms, procurement activity in units of material, sales in terms
of product units and services, and manufacturing or conversion processes in units of
resources or people. That is, excellent ERP software produces results closely related to
the needs of people for their day-to-day work.

2. The software should be integrated. Thus, when a transaction or data representing an
activity of the business is entered by one of the functions, data regarding the other
related functions are changed as well. This eliminates the need for reposting data to the
system. Integration also ensures a common vision—everyone sings from the same sheet
of music.

3. The software needs to be modular in structure so it can be combined into a single
expansive system, narrowly focused on a single function, or connected with software
from another function or application.

4. The software must facilitate classic MPC activities, including forecasting, produc-
tion planning, shop-floor systems, and inventory management.

An ERP system is most appropriate for a company seeking the benefits of data and
process integration supported by its information system. Benefit is gained from the elimi-
nation of redundant clerical processes, increased accuracy in information, superior com-
putational processes, and improved speed in responding to customer requirements.

An ERP software system can be built with software modules from different vendors,
or it can be purchased from a single vendor. A multivendor approach can provide the
opportunity to purchase “best in class” of each module. But this is usually at the expense
of increased cost and greater resources needed to implement and integrate the functional
modules. On the other hand, a single-vendor approach may be easier to implement, but
the features and functionality may not be the best available.

Routine Decision Making

It is important to make a distinction between the transaction processing capability and the
decision support capability of an ERP system. Transaction processing relates to the post-
ing and tracking of the activities that document the business. When an item is purchased
from a vendor, for example, a specific sequence of activities occurs. The solicitation of the
offer, acceptance of the offer, delivery of goods, storage in inventory, and payment for the
purchase are all activities that occur as a result of the purchase. The efficient handling of
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the transactions as goods move through each step of the production process is the primary
goal of an ERP system.

A second objective of an ERP system is decision support. Decision support relates
to how well the system helps the user make intelligent judgments about how to run the
business. A key point here is that people, not software, make the decisions. The system
supports better decision making. In the case of MPC, for example, decisions must be made
concerning the amount to purchase, the selection of the vendor, and how items should be
delivered. These decisions are made by MPC professionals while ERP systems are oriented
toward transaction processing. But over time, they evolve using decision logic based on
parameters set in the system. For example, for items stored in inventory, the specific reor-
der points, order quantities, vendors, transportation vendors, and storage locations can be
established when the items are initially entered in the system. At a later point, the decision
logic can be revisited to improve the results. A major industry has been built around the
development of supplementary software packages designed to provide more intelligent
decision support to ERP systems.

Choosing ERP Software
Key considerations when evaluating ERP software are:

1. The ability of the software to support the needs of the MPC professionals and all other
functional units’ professionals.

2. The complexity of the business, size of the business, degree of vertical integration, and
level of international operations.

3. The scope of functionality needed—is decision making reasonably routine, or is
complex optimization required?

4. The differences in the conversion processes. Is discrete manufacturing used, or pro-
cess manufacturing, or both? The needs of these entities are different and perhaps
difficult to accommodate with a single system.

5. The degree of sophistication and unique requirements of the firm’s processes. Are there
unique customer information requirements? How much of a custom solution is needed?

6. The alignment of the MPC modules with the needs of the firm. For example, are the
mechanisms for aggregating demand for forecasting purposes adequate? Can the inven-
tory control module accommodate the requirement to uniquely identify production
batches?

7. Will implementing the system be disruptive? Are radical process changes needed?

8. The computer hardware and networking availability. Is the existing infrastructure
compatible? How is this changing in the future? Where is the industry going? Does
the system need to be state of the art?
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How ERP Connects the Functional Units

A typical ERP system is made up of functionally oriented and tightly integrated modules.
All the modules of the system use a common database that is updated in real time. Each
module has the same user interface, similar to that of the familiar Microsoft Office products,
thus making the use of the different modules much easier for users trained on the system.
ERP systems from various vendors are organized in different ways, but typically modules
are focused on at least the following four functional areas: finance, manufacturing and
supply chain management, sales and marketing, and human resources.

Figure 2.1 depicts the scope of ERP applications. The diagram is meant to show how a
comprehensive information system uses ERP as the backbone of the information system.
Many other software-based applications may be integrated with the ERP system but are
not necessarily included in the ERP system. The use of more specialized software such
as decision support systems can often bring significant competitive advantage to a firm.
The following brief descriptions of typical module functionality give an indication of how
comprehensive the applications can be.

Enterprise

Manufacturing resource planning
and supply chain - N
management Enterprise
Manufacturing planning models
planning and control
4 N 4
Sal q " Enterprise Human resource
aies and operations performance measures management
planning (front end) \ / N \
Material and capacity q Data 3y q
lanni : _ .
planning (engine) | warchousing | Finance
Shop-floor and I
purchasing systems 7 R " 3 7
(back end) epor Sales and marketing
generation
N v N
Supply chain
7 N
TGRS Transaction
Logistics, warehousing, L processing )
and transportation

Figure 2.1 The Scope of ERP Applications
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Finance

As a company grows through acquisition, and as business units make more of their own
decisions, many companies find themselves with incompatible and sometimes conflicting
financial data. An ERP system provides a common platform for financial data capture, a
common set of numbers, and processes, facilitating rapid reconciliation of the general ledger.
The real value of an ERP system is in the automatic capture of basic accounting transactions
from the source of the transactions. The actual order from a customer, for example, is used
not only by manufacturing to trigger production requirements, but also becomes the infor-
mation for the update of accounts payable when the order is actually shipped.

Manufacturing and Supply Chain Management

This set of applications is the largest and most complex of the module categories. The
MPC system components discussed in this book (front end, engine, and back end) are
concentrated in this area. Typical components include:

A Sales and operations planning coordinates the various planning efforts including
marketing planning, financial planning, operations planning, and human resource
planning.

A Materials management covers tasks within the supply chain, including purchasing,
vendor evaluation, and invoice management. It also includes inventory and ware-
house management functions to support the efficient control of materials.

A Plant maintenance supports the activities associated with planning and performing
repairs and preventive maintenance.

A Quality system software implements procedures for quality control and assurance.

A Production planning and control supports both discrete and process manufacturing.
Repetitive and configure-to-order approaches are typically provided. Most ERP
systems address all phases of manufacturing, including capacity leveling, material
requirements planning, just-in-time (JIT), product costing, bill of materials processing,
and database maintenance. Orders can be generated from sales orders or from links to
the Internet or the Cloud.

A Project management systems facilitate the setup, management, and evaluation of
large, complex projects.

Supply Chain Management

There are a number of applications that are devoted to supporting supply chain man-
agement. They are found in departments such as manufacturing, logistics, materials
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management, sales and marketing. They are designed to support activities like distribution,
warehousing, shipping, transportation, and coordination of supply chain members. The
increasingly international nature of these activities means that managing them requires
global support. Thus these applications are often configured to handle trans-border trans-
actions. For instance, the warehousing of a shipment of components coming into Germany
from Singapore might require significant labor, transportation, and specialized equipment.
Information on the volume, weight, and other characteristics would be needed to plan for
these resources. Moreover, they would need to be converted into the resources required.

Sales and Marketing

This group of applications supports customer management; sales order management; fore-
casting, delivery management, credit checking, configuration management; export con-
trols, customs management; and billing, invoicing, and rebate processing. These modules,
like the others, are increasingly implemented globally, allowing firms to manage the sales
process worldwide. For example, if an order is received in Hong Kong, but the products are
not available locally, they may be internally procured from warehouses in other parts of the
world and shipped to arrive together at the Hong Kong customer’s site.

Human Resources

This set of applications supports the capabilities needed to manage, schedule, pay, hire,
and train the people who make the organization run. Typical functions include payroll,
benefits administration, applicant data administration, personnel development planning,
workforce planning, schedule and shift planning, time management, and travel expense
accounting.

Customized Software

In addition to the standard application modules, many companies utilize special add-on
modules that link to the standard modules, thus tailoring applications to specific needs.
These modules may be tailored to specific industries such as large-scale assembly, batch
manufacturing, make-to-order, chemical/petrochemical, oil and gas, hospital, and banking.
They may also provide special decision support functions such as optimal scheduling of
critical resources.

Even though the scope of applications included in standard ERP packages is very
large, it is usually the case that additional software will be required because of the unique
characteristics of each company. A company generates its own unique mix of products
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and services that are designed to provide a significant competitive advantage to the firm.
This unique mix of products and services will need to be supported by unique software
capability, some of which may be purchased from vendors and others that will need to
be custom designed. Customized software applications are also widely used to coordinate
the activities of a firm with its supply chain customers and suppliers.

Data Integration

The software modules, as described earlier, form the core of an ERP system. This core
is designed to process the business transactions to support the essential activities of an
enterprise in an efficient manner. Working from a single database, transactions document
the activities of the processes used by the enterprise to conduct business. A major value of
the integrated database is that information is not reentered at each step of a process, thus
reducing errors and reducing work.

Transactions are processed in real time, meaning that as soon as the transaction
is entered into the system, the effect on items such as inventory status, order status, and
accounts receivable is known to all users of the system. There is no delay in the processing of
a transaction in a real-time system. A customer could, for example, call into an order desk
to learn the exact status of an order—or determine the status independently through an
Internet connection. From a decision analysis viewpoint, the amount of detail available in
the system is extremely rich. If, for example, there was a need to determine the typical lead
time for a product produced to order, an analyst could process an information request that
selects all of the orders for the product over the past three months, then calculate the time
between the order date and delivery date for each order, and, finally, average this time for the
whole set of orders. Analyses, such as this lead time example, can be valuable for evaluating
improvements designed to make the process more responsive, for example.

To facilitate queries not built into the standard ERP system software, a separate data
warehouse is commonly employed. A data warehouse is a special program (often running
on a totally separate computer) that is designed to automatically capture and process data
for uses that are outside the basic ERP system applications. For example, the data warehouse
could, on an ongoing basis, capture the data and perform the calculations needed for the
typical lead time. The data warehouse software and database is set up so that users may
access and analyze data without placing a burden on the operational ERP system. This is a
powerful mechanism to support higher-level decision support applications.

A good example of a company making use of a data warehouse is Walmart. Walmart
is now able to put two full years of retail store sales data online. Once the definitions of
data are made common between the companies, the data can be used by both internal
Walmart buyers and outside vendors. The data include sales and current inventory data
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on products sold at Walmart and Sam’s Club stores. Vendors, who are restricted to view-
ing products they supply, use a Web-based extranet site to collaborate with Walmart’s
buyers in managing inventory and making replenishment decisions. Vendors’ store-by-
store sales results for a given day are available to vendors by 4 a.m. the following day.
The database exceeds 130 terabytes in size. Each terabyte is the equivalent of 250 million
pages of text. At an average of 500 pages per book, a terabyte is a half million books. For
Walmart as a whole, that is about 20 major university libraries.

How Manufacturing Planning and Control (MPC)
Fits within ERP

MPC is concerned with planning and controlling all aspects of manufacturing, includ-
ing managing materials, scheduling machines and people, and coordinating suppliers and
key customers. The coordination required for success runs across all functional units in
the firm. Consider the following simple example to illustrate the degree of coordination
required.

Simplified Example

The Ajax Food Services Company has one plant that makes sandwiches. These are sold
in vending machines, cafeterias, and small stores. One of the sandwiches is peanut butter
and jelly (PBJ). It is made from bread, butter, peanut butter, and grape jelly. When com-
plete, it is wrapped in a standard plastic package used for all Ajax sandwiches. One loaf of
bread makes 10 sandwiches, a package of butter makes 50 sandwiches, and containers of
peanut butter and jelly each make 20 sandwiches.

Consider the information needed by Ajax for MPC. First Ajax needs to know what
demand to expect for its PB] sandwich in the future. This might be forecast by analyzing
detailed sales data from each location where the sandwiches are sold. Because sales are all
handled by sales representatives who travel between the various customers, data based
on the actual orders and sales reports provided by the sales representatives can be used to
make this forecast. The same data are used by human resources to calculate commissions
owed to the reps for payroll purposes. Marketing uses the same data to analyze each cur-
rent location and evaluate the attractiveness of new locations.

Freshness is very important to Ajax, so daily demand forecasts are developed to plan
manufacturing. Consider, for example, that Ajax plans to make 300 PBJ sandwiches to
be delivered to the customers this Friday. Ajax will actually assemble the sandwiches on
Thursday. According to the usage data given earlier, this requires 30 loaves of bread,
6 packages of butter, and 15 containers each of peanut butter and jelly. Freshness is largely
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dictated by the age of the bread, so it is important that Ajax works closely with the local
baker because the baker delivers bread each morning on the basis of the day’s assembly
schedule. Similarly, the delivery schedules for the butter, peanut butter, and jelly need to
be coordinated with the vendors of these items.

Ajax uses college students who work on a part-time basis to assemble the sandwiches.
Manufacturing knows that a student can make 60 sandwiches per hour and that sand-
wiches must be ready for loading into the delivery trucks by 4:00 p.m. on the day prior
to delivery. The 300 sandwiches require five hours of work, so the student doing this job
needs to start at or before 11:00 a.m. on Thursday to make the sandwiches on time.

An ERP system is designed to provide the information and decision support needed
to coordinate this type of activity. Of course, with this simplified example, the coordina-
tion is trivial, but consider if the company were making hundreds of different types of
sandwiches in 1,000 cities around the world, and these sandwiches were sold at hundreds
of sites in each of these cities. This is exactly the scale of operations that can be handled
by a modern ERP system.

Precisely how all of these calculations are made is, of course, the main focus of this book.
All of the details for how material requirements are calculated, how capacity is planned,
and how demand forecasts are made, for example, are explained here in great detail.

Performance Metrics to Evaluate Integrated System
Effectiveness

As indicated, one significant advantage that a firm gains from using an integrated ERP
system is the ability to obtain current data on how the firm is performing. An ERP system
can provide the data needed for a comprehensive set of performance measures to evaluate
strategic alignment of the various functions with the firm’s strategy. An example of the
comprehensiveness of the measures is tracking the time from spending cash on purchases
until the cash is received in sales.

The balance sheet and the income and expense statements contain financial measures,
such as net profit, that traditionally have been used to evaluate the success of the firm. A limi-
tation of traditional financial metrics is that they primarily tell the story of past events. They
are less helpful to guide decision makers in creating future value through investments in cus-
tomer and supplier relations, employees, manufacturing processes, and other innovations.

Companies use ERP to achieve an integrated, more holistic approach to management of
the firm. Figure 2.2 depicts four functional areas that make up the internal supply chain of a
manufacturing enterprise: purchasing, manufacturing, sales and distribution, and supply
chain management. Tight cooperation is required among these functions for effective MPC.
Considered independently, purchasing is mainly concerned with minimizing materials
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Supply chain

Purchasing Manufacturing Sales and marketing
management
 Purchase cost of material ¢ Raw inventory * Sales ¢ Transportation
* Accounts payable ¢ Work in process e Accounts receivable « Distribution inventories

¢ Finished goods inventory

Figure 2.2 Operating Cycle for a Manufacturing Firm

cost, manufacturing with minimum production costs, sales with selling the greatest amount,
and supply chain management with minimum distribution and transportation costs.
The next section describes how each independently operating function might seek to opti-
mize its operation.

The “Functional Silo” Approach

The purchasing function is responsible for buying all of the material required to support
manufacturing operations. When operating independently, this function wishes to know
what materials and quantities are going to be needed over the long term. The purchasing
group then solicits bids for the best price for each material. The main criterion is simply
the cost of the material, and the purchasing function is evaluated on this criterion: what
is current actual cost versus standard cost? Of course, quality is always going to be impor-
tant to the group, so typically some type of quality specification will need to be guaranteed
by the supplier. But quality is more of a constraint than a goal; suppliers must achieve
some minimal level of quality specification. Considerations of delivery schedules, quan-
tities, and responsiveness are also important, but again these considerations are often
secondary at best in how the purchasing function is evaluated in a traditional firm.

For manufacturing, making the product at the lowest possible cost is the classic metric.
To do this requires minimum equipment downtime, with high equipment and labor
utilization. Stopping to set up equipment is not the desire of this group. They are focused
on high-volume output, with minimum changeovers. Quality is again “important”—but
as in purchasing it is more of a minimum hurdle. Large batches foster better quality per-
formance, because defects often occur during changeovers. Once production reaches
some steady state, it is easier to maintain a quality standard.

Long production runslead to lower unit costs, but they also generate larger inventories.
For sales, larger inventories appear at first to be desirable, because these should support
customer service. Alas, it is not so; a one-year supply of product A is of no help when
the company is out of product B. In addition, in order to maximize sales or meet quotas,
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sales may promise product variations that can not be made, terms that can not be met, or
quantities that require overtime or special processes. Such demands on the firm can lead
to reduced quality, excessive costs, and internal stress can lead to a degradation in capabil-
ity to compete effectively. Thus, pressure for “sales at any cost” can lead to worse customer
service due to frustrated expectations on the part of the customers.

Supply chain management can be equally focused but suboptimal. In the classic case
its job is moving the product from the manufacturing site to the customer at the lowest
possible cost. Depending on the product, it may need to be stored in one or more distri-
bution centers and be moved via one or more different modes of transportation (truck,
rail, etc.). Evaluation of supply chain management activities tends to focus on the specific
distribution activity involved. For example, many firms focus on the lowest price quota-
tion for moving a product from one stage of the distribution chain to another, rather than
on the fotal costs of moving materials into and out of the overall chain. And even here this
cost focus needs to be integrated with other objectives such as lower inventories, faster
response times, and better customer service.

Consider the implications if all four areas are allowed to work independently. To take
advantage of discounts, purchasing will buy the largest quantities possible. This results in
large amounts of raw material inventory. The manufacturing group desires to maximize
production volumes in order to spread the significant fixed costs of production over as
many units as possible. These large lot sizes result in high amounts of work-in-process
inventory, with large quantities of goods pushed into finished goods whether they are
needed or not. Large lot sizes also mean that the time between batches increases; there-
fore, response times to unexpected demand increase. Given the opportunity, the sales
group might even sell product that cannot possibly be delivered on time. After all, they are
evaluated on sales, not deliveries. Finally, supply chain management will try to fully load
every truck that is used to move material to minimize transportation cost. Of course, this
may result in large amounts of inventory in distribution centers (perhaps the wrong ones)
and might not match well with what customers really need. A more coordinated approach
is facilitated by the use of an ERP system. The following is an example of a consistent set
of metrics useful for managing supply chain activities effectively.

Integrated Supply Chain Metrics

APICS, a professional organization devoted to improving supply chain management,
has developed many metrics to measure the performance of the overall supply chain. It
has used these standardized measures to develop benchmarks for comparisons between
companies. Figure 2.3 contains a list of some of these measures for typical large industrial
products, showing average and best-in-class benchmarks. Similar sets of measures have
been developed for many different categories of companies.
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Figure 2.3 Typical Supply Chain Metrics

Average or

Measure Description Best in Class Medium
Delivery What percentage of orders is 93% 69%
performance shipped according to schedule?
Fill rate by Orders often contain multiple line 97% 88%
line item items. This is the percentage of

the actual line items filled.
Perfect order This measures how many 92.4% 65.7%
fulfillment complete orders were filled

and shipped on time.
Order The time from when 135 days 225 days
fulfillment an order is placed to when it is
lead time received by the customer.
Warranty cost This is the actual warranty 1.2% 2.4%
of % of revenue  expense divided by revenue.
Inventory This is how long the firm 55 days 84 days
days of supply could continue to

operate if all sources of

supply were cut off.
Cash-to-cash Considering accounts payable, 35.6 days 99.4 days
cycle time accounts receivable, and inventory,

this is the amount of time

it takes to turn cash used

to purchase materials into

cash from a customer.
Asset turns This is a measure of how many 4.7 turns 1.7 turns

times the same assets can be used
to generate revenue and profit.

Source: Ad hoc APICS conference presentation.

A particularly useful approach to measuring performance captures more than the
integrated impact that the functions shown in Figure 2.2 have on the entire business sup-
ply chain. The best metrics also integrate the other functions. In finance, for example,
a metric that measures the relative efficiency of the operating cycle is cash-to-cash cycle
time. Cash-to-cash cycle time integrates the purchasing, manufacturing, sales and market-
ing, and supply chain management functions depicted in Figure 2.2. But it also relates well to
the financial maxim: cash is king! Calculating the measure requires the use of accounting data
related to purchasing, manufacturing, sales and marketing, and supply chain management.

Understanding how cash flows through a business is critical to managing the business
effectively. Accountants use the term operating cycle to describe the length of time that
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it takes a business to convert cash outflows for raw materials, labor, and so on, into cash
inflows. This cycle time determines, to a large extent, the amount of capital needed to start
and operate a business. Conceptually, cash-to-cash cycle time is calculated as follows:

Cash-to-cash cycle time = Inventory days of supply + Days of sales outstanding
— Average payment period for material (2.1)

The overall result is the number of days between paying for raw materials and getting
paid for the product. Going through the details of calculating cash-to-cash cycle time
demonstrates the power of integrated information. These calculations are straightforward
in an ERP system. The calculation can be divided into three parts: the accounts receivable
cycle, the inventory cycle, and the accounts payable cycle.

Figure 2.4 shows the data that are used for calculating cash-to-cash cycle time. The
data are controlled by different functions within the company. The current accounts pay-
able amount, an account that is dependent on the credit terms that purchasing negotiates
with suppliers, gives the current money that that firm owes its suppliers. As will be seen in
the calculation, this is a form of credit to the company.

The inventory account gives the value of the entire inventory within the company. This
includes raw materials, work in process, finished goods, and distribution inventory. The
value of inventory depends on the quantities stored and also the cost of the inventory to
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Figure 2.4 Integrated ERP Data for Cash-to-Cash Cycle Time Calculation
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the firm. All four functional areas affect the inventory account. Purchasing has the major
influence on raw materials. Manufacturing largely determines work in process and fin-
ished goods. Sales/distribution influences location of finished goods—as well as amounts
through their forecasts and orders.

Just as inventory is affected by all these functions, the cost of sales is dependent on
costs that are incurred throughout the firm. For the purposes of the cash-to-cash cycle
time calculation, this is expressed as a percentage of total sales. This percentage depends
on such items as material cost, labor cost, and all other direct costs associated with the
procurement of materials, manufacturing process, and distribution of the product.

Sales are the total sales revenue over a given period of time. Finally, accounts receivable is
the amount owed the firm by its customers. The accounts receivable amount will depend on
the firm’s credit policy and its ability to deliver product in a timely manner. Figure 2.4 shows
how the four functional areas influence the cash-to-cash cycle calculation.

Calculating the Cash-to-Cash Time

As noted, the first task in determining the cash-to-cash cycle time is to calculate accounts
receivable cycle time. This measures the length of time it takes a business to convert a
sale into cash. In other words, how long does it take a business to collect the money owed
for goods already sold? One way is to calculate the number of days of sales invested in
accounts receivable:

S
Sd = E (22)
where
Sa4=average daily sales
S = sales over d days

AR
AR, = S (2.3)

d

where
AR, = average days of accounts receivable (the accounts receivable cycle time)

AR = accounts receivable

The next part of the calculation is the inventory cycle time. This is the number of days
of inventory measured relative to the cost of sales:

C,=S,CS (2.4)
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where
C, = average daily cost of sales

CS = cost of sales (percent)

I
I,=—
d Cd
where
I; = average days of inventory (the inventory cycle time)

I = current value of inventory (total)

(2.5)

Next, the accounts payable cycle time measures the level of accounts payable relative

to the cost of sales:

where
AP, = average days of accounts payable (the accounts payable cycle time)
AP = accounts payable

Finally, the cash-to-cash cycle time is calculated from the three cycle times.
Cash-to-cash cycle time = AR; + I; — AP,

Figure 2.5 shows an example of the cash-to-cash cycle time calculation.

Data: Sales over last 30 days = $1,020,000
Accounts receivable at the end of the month = $200,000
Inventory value at the end of the month = $400,000
Cost of sales = 60% of total sales
Accounts payable at the end of the month = $160,000

S 1,020,000 _
Sy —H—T—?A,OOO
AR 200,000 _
ARd = S—d = W =5.88 days
C4 = 54CS =34,000(0.6) = 20,400
I 400,000 _
ly= C, = 720,400 - 19.6 days
AP 160,000
AP, = T, = 720,400 - 7.84 days

Cash-to-cash cycle time = ARy + Ig— AP4=5.88 + 19.6 — 7.84 = 17.64 days

Figure 2.5 Example of Cash-to-Cash Cycle Time Calculation

(2.6)

(2.7)
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The cash-to-cash cycle time is a useful measure for evaluating the relative operating
cycle effectiveness of a firm. Some firms are actually able to run a negative value for the
measure. This implies the ability to invest in the business as needed—with no requirement
for additional funds! Metrics, such as cash-to-cash cycle time, can be efficiently calculated
and reported using ERP data. These metrics can even be reported in real time if needed.

Concluding Principles

The value of ERP to a company depends to a great extent on the potential savings that can
be derived from the ability to develop common definitions and centralize information and
decision making. In terms of supporting the MPC system, it depends on how much value
the ERP system can provide to the MPC professionals. For instance, are the supported
activities and systems in each of the three phases (the front end, engine, and back end)
the ones needed? Can the information be reported in formats useful to the professionals?
It is also important to recognize that the value of the system is derived from the synergies
obtained from quick access to information from multiple functions in the company. ERP
is especially valuable when these functions are located at many different sites within a
country or around the world.

The following principles outline how an ERP system can add value by supporting the
MPC system.

A The ERP system must meet the needs of the MPC professionals.

A The design and performance metrics for the ERP system must reflect the strategy,
processes, and customer needs of the firm.

A All functions that are involved in MPC activities should be part of the ERP system.

To achieve efliciencies, data should be captured at the initial entry.

A There must be a common definition of the data within the company and between
companies for successful integration.

>

Discussion Questions
1. What are the essential attributes of ERP systems?

2. Access the Web sites for the following companies: SAP (www.sap.com), Oracle (www
.oracle.com), and JDA software (jda.com). Compare the product offerings of these
leading ERP software vendors.

3. What questions would you ask a software vendor to learn about the vendor’s system’s
ability to support your MPC system needs?

4. What is the value of real-time data?


http://www.sap.com
http://www.oracle.com
http://www.oracle.com
http://jda.com
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Problems

1. The following data were obtained from a recent quarterly report for an actual company

(in millions):

Net revenue $8,028
Cost of revenue $6,580
Inventories:

Production materials $126
Work-in-process and finished goods $224
Accounts receivable $2,689
Accounts payable $4,326

Calculate the cash-to-cash cycle time for the company.

. Evaluate the effect of the following changes that a company makes on cash-to-cash

cycle time. Indicate simply the direction of movement of the measurement (i.e., up,
down, or no change).

Reduction in cost-of-goods sold

More frequent deliveries from suppliers

Reductions in time customers are allowed to pay for goods

Change from paying suppliers on receipt of goods to waiting 60 days to pay suppliers
Write-oft of obsolete inventory

Reduction in labor content in a production process

Outsourcing the production of a major product

. Return to the Ajax sandwich example on page 23. Suppose that in addition to the

300 peanut butter and jelly sandwiches to be delivered on Friday, Ajax also needs
to make 2,000 sandwiches of other varieties. Assume that the same amount of time
is needed to assemble sandwiches and that each parttime student can work for five
hours. How many students are needed on Thursday?

. If the average selling price per sandwich is $2.00 and the cost of materials and labor

is $1.25, what is the daily profit if Ajax sells 2,100 sandwiches (unsold sandwiches
are discarded at the end of the day)? What if it is a really bad day and Ajax sells only
1,500?

. Suppose a new bread supplier provides bread that increases the shelf life for

sandwiches from one day to two. What does this imply for the calculations in
problem 4? What kind of MPC system linkages would be required from Ajax to
its customers?



