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PREFACE

Interest in learning about manufacturing planning and control (MPC) is at a very high 

level around the world. �ere are versions of this book in a number of di�erent languages 

attesting to its popularity as a standard reference on the topic. APICS—the Association 

for Operations Management—has seen growing interest in its Certi�ed in Production 

and Inventory Management (CPIM) exam over the past few years. �e number of people 

taking the exam has grown, particularly in countries outside the United States. Further, 

many individuals are developing certi�cation courses designed to e�ciently teach the 

material to those wanting to take the exam. �is APICS/CPIM edition of the book is espe-

cially designed for individuals studying for the exam.

�e goal of this book has been to make it the de�nitive reference for MPC and the rela-

tionship between MPC and supply chain management. �us, the treatment of the topics 

tends to be comprehensive and follows a unique framework. �is book provides complete 

coverage of the MPC topics and many of the supply chain management topics covered in 

the CPIM exam. �e 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.

�is book makes a great reference for those studying for the exam by providing prac-

tice questions similar to those used for the exam. �ese questions are at the end of each 

chapter. �ere are di�erent types of questions, including objective de�nition questions, 

short problems, and more comprehensive sets of questions based on a scenario. �ey 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 a�er the CPIM exam has been taken. �e book has proven to be a 

useful reference for MPC for the past three plus decades. �e original authors of the book 

were true founding thought leaders in the �eld. Of course, the book has been signi�cantly 

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 �rst 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 signi�cantly 

streamlined manner. Many readers of this book are just learning the material, and they will 
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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 �rms.

�e �rst 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 e�ort 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).

�e last �ve 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 �rm 

can no longer be an “arm’s-length” activity. Speed and e�ciency require tight integration 

of these activities with minimal inventory bu�ering. Complicating matters is the o�en-

common outsourcing of the shipping and warehousing activities, which places complex 

supply chain-related demands on the MPC system.

�e 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. �e 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.

�is book is designed to be an essential resource for the new student of the �eld, those 

studying for the CPIM exam, and the practicing professional. Mastery of the contents 

provides a solid foundation on which comprehensive, �rm-speci�c implementations 

can be developed. Even though each �rm 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 �rm. 

�is 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 di�erent markets and new company strate-

gies, this chapter provides a framework for evaluating these responses as the competitive 

environment changes.

�e development of an e�ective MPC system is key to the success of any goods-

producing company. Moreover, truly e�ective MPC systems coordinate supply chains—

joint e�orts across company boundaries. Finally, MPC systems design is not a one-time 

e�ort; the systems must continuously adapt to changes in the company environment, 

strategy, customer requirements, manufacturing problems, and new supply chain 

opportunities.

�e critical question is not what one has accomplished; it is “What should the �rm, 

together with its supply chain partners, do next?” To put these ideas in perspective, this 

chapter is organized around the following four managerial concerns:

▲ �e MPC system de�ned: What are the typical tasks performed by the MPC system 

and how do these tasks a�ect company operations?

▲ An MPC system framework: What are the key MPC system components and how do 

they respond to a company’s needs?

▲ Matching the MPC system with the needs of the �rm: How do supply-chain product 

and process issues a�ect MPC system design?

▲ 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

�is section explains what the MPC system does and some of the costs and bene�ts 

 associated with e�ective MPC systems. �e essential task of the MPC system is to man-

age e�ciently the �ow of material, to utilize e�ectively 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 e�ective decisions. �e MPC system does not make decisions 

nor manage the  operations—managers perform those activities. �e MPC system provides 

the support for them to do so wisely.

Typical MPC Support Activities

�e 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. �is is particularly important in that these decisions set the parameters within 

which the �rm responds to current demands and copes with short-term shi�s in customer  

preferences. Moreover, long-term planning is necessary for the �rm to provide the 

appropriate mix of human resource capabilities, technology, and geographical locations to 

meet the �rm’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 �rms that outsource 

some of their manufacturing to outside companies, the planning of supplier capacity can 

be more critical than internal capacity planning. �e 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. �is 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 �nished 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 o�en in the intermediate time frame that speci�c coordinated 

plans—including corporate budgets, sales plans and quotas, and output  objectives—are 

set. �e MPC system has an important role in formulating these plans.

In the short term, detailed scheduling of resources is required to meet production 

requirements. �is 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. �roughout 

this process, communication with customers on production status and changes in expec-

tations must be maintained.

To e�ectively 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. �e implications physically and  �nancially of the activities 

on the manufacturing �oor are collected, summarized, and  reported through the MPC 

system.

�e initial costs for an MPC system can be substantial. Moreover, the ongoing oper-

ational costs are also signi�cant. An e�ective 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 �nd the largest number of indirect employees at 

a manufacturing �rm to be involved in using the MPC system. 

An MPC System Framework

�e MPC system is typically embedded in an enterprise resource planning (ERP) system. 

�is facilitates meeting the strategic requirements of the �rm by helping to coordinate, as 

knowledge, technology, and markets change, the MPC activities with those of other areas 

of the �rm. �is section outlines the framework for understanding the MPC system.
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Figure 1.1  Manufacturing Planning and Control System (simplified)

MPC System Activities

Figure 1.1 provides a framework of the general MPC system that would be used within a 

�rm for planning and controlling its manufacturing operations. In addition, it shows the 

linkages required to coordinate the MPC activities with the �rms in the supply chain. �e 

framework shown in Figure 1.1 is essentially what one will �nd as a key part of any com-

mercial ERP system. �e framework is divided into three parts or phases. �e top third, 

or front end, is the set of activities and systems for overall direction setting. �e 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.
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Sales and operations planning (SOP) balances the sales/marketing plans with avail-

able production resources. �e 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 �rms. �e 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. �e 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.

�e middle third, or engine, in Figure 1.1 encompasses the set of MPC systems for 

detailed material and capacity planning. �e 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, �rms producing a wide variety 

of products with many parts per product require detailed material planning. �is can 

involve calculating requirements for thousands of parts and components. �e 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. �is material plan can therea�er be 

utilized in the detailed capacity planning systems to compute the labor and/or machine 

center capacity required to manufacture all the component parts.

�e bottom third, or back end, of Figure 1.1 depicts MPC execution systems. Here, 

again, the system con�guration depends on the products manufactured and production 

processes employed. For example, �rms producing a large variety of products using thou-

sands of parts o�en group all equipment of a similar type into a single work center. �eir 

shop-�oor systems establish priorities for all shop orders at each work center so the orders 

can be properly sequenced. Other �rms 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.

�e 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. �erea�er, 

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 �rms using MRP systems, execution of the material and capacity plans involves 

detailed scheduling of machines and other work centers. �is scheduling must re�ect 

such routine events as starting and completing orders for parts and any problem condi-

tions, such as breakdowns or absenteeism. �ese schedules are o�en 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. �is schedule is the basis for the procurement of outside work 

center capacity. It must also be planned and scheduled well to maximize �nal 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. �ese tasks take on extra dimensions as procurement 

involves global sourcing and multinational coordination of schedules.

�e quality assurance systems monitor product quality and manufacturing process 

capability. Customer quality requirements are a key input to the quality system. �us, 

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. �ese include the mea-

surement, follow-up, and control of actual results. As products are manufactured, the 

rate of production and timing of speci�c 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 di�er from plan, 

appropriate actions to bring the results back to plan or modi�cations of the plan must 

be made. �ese measurements and control actions are part of all three phases of the 

MPC system.

�e three-phase framework for planning and control of manufacturing is supported 

by widely available MPC systems and so�ware, from master production scheduling to 

the back-end systems. �is so�ware is not only integrated to follow the framework, it is 

also linked to other business activities in the ERP systems of many �rms. �at means that 
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the MPC systems provide inputs to the �nancial, distribution, marketing, and human 

resources systems that require the information.

Matching the MPC System with the Needs of the Firm

�e speci�c 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 �rm, 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.

�e 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 �exibility to customize a product. 

�ese have a direct impact on how the MPC system is designed and operated.

Internet/cloud based systems are an important way to support intra�rm coordina-

tion e�orts. Inventories between partners in the supply chain can be replaced by speedier 

information. Technology changes dramatically a�ect the way users interact with the MPC 

system. As information processing capabilities increase, MPC systems evolve to utilize the 

latest technologies.

�e MPC system must also re�ect the physical changes taking place on the factory 

�oor. Outsourcing, contract manufacturing, and the subcontracting of corporate functions 

can all dramatically a�ect MPC system design. Moves from job shops to �ow processes to 

cellular manufacturing approaches a�ect 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 �oor and support activities.

It is not, however, just on the factory �oor that changes dictate the MPC system needs. 

As the �rm shapes its manufacturing strategy, di�erent modules of the MPC system may 

need to be modi�ed to respond. As an example, �rms 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-�oor execution and feedback 

systems to more closely monitor the progress of products through the manufacturing 

facility. �is 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 �t these time and complexity scales.

Several MPC approaches presented in Figure 1.2 are appropriate for products that �t 

in various points in the schema. �e �gure 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 shi� from right to le�. 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 di�erent 

for �rms at di�erent points in  Figure 1.2.

�e lower le�-hand corner of Figure 1.2 shows a �ow-oriented manufacturing pro-

cess typical of many chemical, food, petroleum, and bulk product �rms. 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 �ow 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 �rms’ major cost is for raw materials, although transportation costs can 

also be signi�cant.

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 �ow or assembly rate for the end items.

Project
MRP

Just-in-time
Repetitive
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Figure 1.2  MPC Classification Schema
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�e middle of the �gure shows a large application area for just-in-time (JIT) systems. 

Using lean manufacturing approaches, many �rms today try to move their processes from 

right to le� in the �gure. �at 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. �is MPC approach is increasingly 

being integrated with more traditional MRP-based systems. �e 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 o�en the platform for 

ERP applications and is key to any MPC system involving management of a complicated 

parts situation. �e majority of manufacturing �rms have this sort of complexity, and 

MRP-based systems continue to be widely applied. For many �rms, 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.

�e 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 �rms have successfully integrated 

MRP  approaches with the problems of project management. �is is particularly e�ective 

in planning and controlling the combined activities of engineering and manufacturing.

Evolution of the MPC System

�is 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 con�guration depends 

strongly on the company’s attributes at a particular point in time. �e key to keeping the 

MPC system matched to evolving company needs is to ensure that system activities are 

synchronized and focused on the �rm’s strategy. �is 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 �rms’ typical responses to changing market-

place dictates. New technology, products, processes, systems, and techniques permit new 

competitive initiatives; global competition intensi�es many of these forces. Marketplace 
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Marketplace dictates

Forces for change Typical responses

Shorter product life cycles

Time-based competition

Supply chain partnerships

Quality requirements

Flexibility/responsiveness

Reduced overhead costs

Automation

Production cells

Simpli�cation

MRP

JIT

Cross-company linkages

Company strategy

Manufacturing strategy

Manufacturing processes

MPC system

Technology

Products

Processes

Systems

Techniques

Figure 1.3  Evolutionary Responses to Forces for Change

 dictates drive revisions in company strategy, which in turn o�en 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. �is 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 �exibility 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, simpli�cation, and production 

cells for cellular  manufacturing.

Reacting to the Changes

If the MPC system has remained unchanged for a signi�cant length of time, it may no 

longer be appropriate to the company’s needs. �e system, like the strategy and pro-

cesses themselves, must change to meet the dictates of the market. In many instances, 
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this may simply imply a di�erent 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-�oor scheduling systems to track 

them are not needed. In supply chain management approaches, the emphasis shi�s to 

the total costs (and values created) in the joint activities of more than one �rm. �e 

typical focus is on the dyad: two �rms where time and inventories are substantially 

reduced.

�e need for evolution in MPC systems implies the need for periodic auditing that 

compares system responses to the marketplace’s requirements. �e 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 speci�c and evolving. Keeping it on track is an essential feature of MPC itself.

Concluding Principles

�is chapter lays the groundwork for the rest of the book. De�ning 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  speci�c 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:

▲ �e framework for MPC is general, and all three phases must be performed, but spe-

ci�c applications must re�ect particular company conditions and objectives.

▲ In supply chain environments, the MPC system must coordinate the planning and 

control e�orts across all companies involved.

▲ MPC systems should support the strategy and tactics pursued by the �rm in which 

they are implemented.

▲ Di�erent manufacturing processes o�en dictate the need for di�erent designs of the 

MPC system.

▲ �e MPC system should evolve to meet changing requirements in the market, tech-

nology, products, and manufacturing processes.

▲ �e MPC system should be comprehensive in supporting the management of all 

manufacturing resources.

▲ An e�ective MPC system can contribute to competitive performance by lowering 

costs and providing greater responsiveness to the market.

▲ In �rms 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. �e 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. �e 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 modi�cations 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 so�ware 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. I only

 b. II only

 c. III only

 d. I and III

 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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 4. Shop-�oor systems are a part of which MPC phase?

 a. Direction setting

 b. Detailed planning

 c. Execution

 d. All of the above

 5. 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

 6. 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

 7. Measurement and control are a part of which MPC phase?

 a. Direction setting

 b. Detailed planning

 c. Execution

 d. All of the above

 8. 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

 9. Products that are part of a one-time production process (e.g., bridges or aircra� 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

 II. Consideration of new decision criteria

 III. Removing unneeded/obsolete modules or functionality

 a. I only

 b. II only

 c. III only

 d. I, II, and III
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CHAPTER 2

Enterprise Resource Planning (ERP)

�is 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 so�ware vendors such as SAP,  Oracle, and JDA so�ware 

o�er state-of-the art so�ware designed to provide real-time data to support better routine 

decision making, improve the e�ciency of transaction processing, foster cross-functional 

integration, and provide improved  insights into how the business should be run. �is chapter 

is organized around four major topics:

▲ What ERP is: What is the scope of ERP implementations and how are the various 

modules of the so�ware organized?

▲ How ERP connects the organizational units: �at is, how does ERP help integrate 

overall company operations?

▲ 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?

▲ Performance metrics to evaluate integrated system e�ectiveness: 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. �e ERP so�ware is o�en extended through either commercial so�ware designed  

to work with the ERP system or through custom programmed modules built with spread-

sheets and other general  purpose so�ware.
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What Is ERP?

�e term enterprise resource planning (ERP) can cover di�erent things, depending on  

the viewpoint. From the view of managers in a company, the emphasis is on the word 

planning; ERP represents a comprehensive so�ware 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 so�ware system that integrates 

application programs in �nance, manufacturing, supply chain management, sales and 

marketing, human resources, and the other functions in a �rm. �is  integration is accom-

plished through a database shared by all the functions and data-processing applications 

in the �rm. ERP systems typically are very e�cient at handling the many transactions that 

document the activities of a company. �e chapter begins by describing what ERP should 

accomplish for management, with an emphasis on planning. Following this, the chapter 

examines the design of ERP so�ware programs and provides points to consider in choos-

ing an ERP system. �e chapter focuses on how ERP so�ware supports MPC systems.

ERP systems allow for integrated planning across a �rm’s functional areas, such as 

�nance, 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 de�nitions 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 �nished 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 de�-

nitions that are used by all functional units when they are processing their transactions. 

Consistent de�nitions of such measures as demand, stockouts, raw materials inventory, 

and �nished goods inventory, for example, can then be made. �is 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 bene�ts through much greater e�ciency 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. �e next sections describe 

elements of ERP so�ware.
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Software Imperatives

Four aspects of ERP so�ware determine the quality of an ERP system:

 1. �e so�ware should be multifunctional in scope with the ability to track �nancial 

 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. �at is, excellent ERP so�ware produces results closely related to 

the needs of people for their day-to-day work.

 2. �e so�ware should be integrated. �us, 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. �is eliminates the need for reposting data to the 

system. Integration also ensures a common vision—everyone sings from the same sheet 

of music.

 3. �e so�ware 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 so�ware 

from another function or application.

 4. �e so�ware must facilitate classic MPC activities, including forecasting, produc-

tion planning, shop-�oor systems, and inventory management.

An ERP system is most appropriate for a company seeking the bene�ts of data and 

process integration supported by its information system. Bene�t 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 so�ware system can be built with so�ware modules from di�erent 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 speci�c sequence of activities occurs. �e solicitation of the 

o�er, acceptance of the o�er, delivery of goods, storage in inventory, and payment for  the 

purchase are all activities that occur as a result of the purchase. �e e�cient 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 so�ware, make the decisions. �e 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. �ese 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 speci�c 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  so�ware packages designed to provide more intelligent 

decision support to ERP systems.

Choosing ERP Software

Key considerations when evaluating ERP so�ware are:

 1. �e ability of the so�ware to support the needs of the MPC professionals and all other 

functional units’ professionals.

 2. �e complexity of the business, size of the business, degree of vertical integration, and 

level of international  operations.

 3. �e scope of functionality needed—is decision making reasonably routine, or is 

 complex optimization required?

 4. �e di�erences in the conversion processes. Is discrete manufacturing used, or pro-

cess manufacturing, or both? �e needs of these entities are di�erent and perhaps 

di�cult to accommodate with a single system.

 5. �e degree of sophistication and unique requirements of the �rm’s processes. Are there 

unique customer information requirements? How much of a custom solution is needed?

 6. �e alignment of the MPC modules with the needs of the �rm. 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. �e 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 Microso� O�ce  products, 

thus making the use of the di�erent modules much easier for users trained on the system. 

ERP systems from various vendors are organized in di�erent ways, but typically modules 

are focused on at least the following four functional areas: �nance, manufacturing and 

supply chain management, sales and marketing, and human resources.

Figure 2.1 depicts the scope of ERP applications. �e diagram is meant to show how a 

comprehensive information system uses ERP as the backbone of the information system. 

Many other so�ware-based applications may be integrated with the ERP system but are 

not necessarily included in the ERP system. �e use of more specialized so�ware such 

as decision support systems can o�en bring signi�cant competitive advantage to a �rm. 

�e following brief descriptions of typical module functionality give an indication of how 

comprehensive the applications can be.

Enterprise
planning models

Enterprise
performance measures

Data
warehousing

Report
generation

Transaction
processing

Enterprise
resource planning

Sales and marketing

Finance

Human resource
management

Manufacturing
and supply chain

management

Manufacturing
planning and control

Sales and operations
planning (front end)

Material and capacity
planning (engine)

Shop-floor and
purchasing systems

(back end)

Supply chain
management

Logistics, warehousing,
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 �nd themselves with incompatible and sometimes con�icting 

 �nancial data. An ERP system provides a common platform for �nancial data capture, a 

common set of numbers, and processes, facilitating rapid reconciliation of the general ledger. 

�e real value of an ERP system is in the automatic capture of basic accounting transactions 

from the source of the transactions. �e 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

�is set of applications is the largest and most complex of the module categories. �e 

MPC system components discussed in this book (front end, engine, and back end) are 

concentrated in this area. Typical  components include:

▲ Sales and operations planning coordinates the various planning e�orts including 

marketing planning, �nancial planning, operations planning, and human resource 

planning.

▲ 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 e�cient control of materials.

▲ Plant maintenance supports the activities associated with planning and performing 

 repairs and preventive maintenance.

▲ Quality system so�ware implements procedures for quality control and assurance.

▲ Production planning and control supports both discrete and process manufacturing. 

Repetitive and con�gure-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.

▲ Project management systems facilitate the setup, management, and evaluation of 

large, complex projects.

Supply Chain Management

�ere are a number of applications that are devoted to supporting supply chain man-

agement. �ey are found in departments such as manufacturing, logistics, materials 
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management, sales and marketing. �ey are designed to support activities like distribution, 

warehousing, shipping, transportation, and coordination of supply chain members. �e 

increasingly international nature of these activities means that managing them requires 

global support. �us these applications are o�en con�gured to handle trans-border trans-

actions. For instance, the warehousing of a shipment of components coming into Germany 

from Singapore might require signi�cant 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

�is group of applications supports customer management; sales order management; fore-

casting, delivery management, credit checking, con�guration management; export con-

trols, customs management; and billing, invoicing, and rebate processing. �ese modules, 

like the others, are increasingly implemented globally, allowing �rms 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

�is 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, 

bene�ts administration, applicant data administration, personnel development planning, 

workforce planning, schedule and shi� 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 speci�c needs. 

�ese modules may be tailored to speci�c industries such as large-scale assembly, batch 

manufacturing, make-to-order, chemical/petrochemical, oil and gas, hospital, and banking. 

�ey 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 so�ware 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 signi�cant competitive advantage to the �rm. 

�is unique mix of products and services will need to be supported by unique so�ware 

capability, some of which may be purchased from vendors and others that will need to 

be custom designed. Customized so�ware applications are also widely used to coordinate 

the activities of a �rm with its supply chain customers and suppliers.

Data Integration

�e so�ware modules, as described earlier, form the core of an ERP system. �is core 

is  designed to process the business transactions to support the essential activities of an 

 enterprise in an e�cient 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 e�ect on items such as inventory status, order status, and 

 accounts receivable is known to all users of the system. �ere 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, �nally, 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 so�ware, a separate data 

warehouse is commonly employed. A data warehouse is a special program (o�en 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. �e data warehouse so�ware and database is set up so that users may 

access and analyze data without placing a burden on the operational ERP system. �is 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 de�nitions of 

data are made common between the companies, the data can be used by both internal 

Walmart buyers and outside vendors. �e 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. 

�e  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. �e coordination required for success runs across all functional units in 

the �rm. Consider the following simple example to illustrate the degree of coordination 

 required.

Simplified Example

�e Ajax Food Services Company has one plant that makes sandwiches. �ese 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 PBJ sandwich in the future. �is 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. �e 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 

�ursday. 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. �e 300 sandwiches require �ve hours of work, so the student doing this job 

needs to start at or before 11:00 a.m. on �ursday to make the sandwiches on time.

An ERP system is designed to provide the information and decision support needed 

to  coor dinate this type of activity. Of course, with this simpli�ed example, the coordina-

tion is trivial, but consider if the company were making hundreds of di�erent types of 

sandwiches in 1,000 cities around the world, and these sandwiches were sold at hundreds 

of sites in each of these cities. �is 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 signi�cant advantage that a �rm gains from using an integrated ERP 

system is the ability to obtain current data on how the �rm 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 �rm’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.

�e balance sheet and the income and expense statements contain �nancial measures, 

such as net pro�t, that traditionally have been used to evaluate the success of the �rm. A limi-

tation of traditional �nancial metrics is that they primarily tell the story of past events. �ey 

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 �rm. 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 e�ective MPC. 

Considered independently, purchasing is mainly concerned with minimizing materials 
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cost, manufacturing with minimum production costs, sales with selling the greatest amount, 

and supply chain management with minimum distribution and transportation costs.  

�e next section describes how each independently operating function might seek to opti-

mize its operation.

The “Functional Silo” Approach

�e 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. �e purchasing 

group then solicits bids for the best price for each material. �e 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 speci�cation 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 speci�cation. Considerations of delivery schedules, quan-

tities, and responsiveness are also important, but again these considerations are o�en 

secondary at best in how the  purchasing function is evaluated in a traditional �rm.

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. �ey 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 o�en occur during changeovers. Once production reaches 

some steady state, it is easier to maintain a quality standard.

Long production runs lead to lower unit costs, but they also generate larger inventories. 

For sales, larger inventories appear at �rst 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, 

•  Raw inventory
•  Work in process
•  Finished goods inventory

•  Purchase cost of material
•  Accounts payable

•  Sales
•  Accounts receivable

Purchasing Manufacturing Sales and marketing Supply chain
management

•  Transportation
•  Distribution inventories

Figure 2.2  Operating Cycle for a Manufacturing Firm
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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 �rm can lead 

to reduced quality, excessive costs, and internal stress can lead to a degradation in capabil-

ity to compete e�ectively. �us, 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 di�erent modes of transportation (truck, 

rail, etc.). Evaluation of supply chain management activities tends to focus on the speci�c 

distribution activity involved. For example, many �rms focus on the lowest price quota-

tion for moving a product from one stage of the distribution chain to another, rather than 

on the total 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. �is  results in 

large amounts of raw material inventory. �e manufacturing group desires to maximize 

production volumes in order to spread the signi�cant �xed costs of production over as 

many units as possible. �ese large lot sizes result in high amounts of work-in-process 

inventory, with large quantities of goods pushed into �nished 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. A�er 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. �e following is an example of a consistent set 

of metrics useful for managing supply chain activities e�ectively.

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 di�erent categories of companies.
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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. �e best metrics also integrate the other functions. In �nance, for example, 

a metric that measures the  relative e�ciency 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 �nancial 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 �ows through a business is critical to managing the  business 

e�ectively. Accountants use the term operating cycle to describe the length of time that 

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.
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it takes a business to convert cash out�ows for raw materials, labor, and so on, into cash 

in�ows. �is 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)

�e 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. �ese calculations are straightforward 

in an ERP system. �e 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. �e 

data are controlled by di�erent functions within the company. �e 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 �rm owes its suppliers. As will be seen in 

the calculation, this is a form of credit to the company.

�e inventory account gives the value of the entire inventory within the company. �is 

 includes raw materials, work in process, �nished goods, and distribution inventory. �e 

value of inventory depends on the quantities stored and also the cost of the inventory to  

Cash-to-cash
cycle time

Accounts
payable

Inventory

Cost of sales

Sales

ERP

database

Manufacturing

Purchasing

Sales and marketing

Supply chain management

Accounts
receivable

Figure 2.4  Integrated ERP Data for Cash-to-Cash Cycle Time Calculation
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the �rm. All four functional areas a�ect the inventory account. Purchasing has the major 

in�uence on raw materials. Manufacturing largely determines work in process and �n-

ished goods. Sales/distribution in�uences location of �nished goods—as well as amounts 

through their forecasts and orders.

Just as inventory is a�ected by all these functions, the cost of sales is dependent on 

costs that are incurred throughout the �rm. For the purposes of the cash-to-cash cycle 

time  calculation, this is expressed as a percentage of total sales. �is 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 �rm by its customers. �e accounts receivable amount will depend on 

the �rm’s credit policy and its ability to deliver product in a timely manner. Figure 2.4 shows 

how the four functional areas in�uence the cash-to-cash cycle  calculation.

Calculating the Cash-to-Cash Time

As noted, the �rst task in determining the cash-to-cash cycle time is to calculate accounts 

receivable cycle time. �is 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
S

d
d

 (2.2)

where

 Sd = average daily sales

 S = sales over d days

 =AR
AR

S
d

d

 (2.3)

where

 ARd = average days of accounts receivable (the accounts receivable cycle time)

 AR = accounts receivable

�e next part of the calculation is the inventory cycle time. �is is the number of days 

of inventory measured relative to the cost of sales:

 =C S
d d

CS  (2.4)
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where

 Cd = average daily cost of sales

 CS = cost of sales (percent)

 =I
I

C
d

d

 (2.5)

where

 Id = average days of inventory (the inventory cycle time)

 I = current value of inventory (total)

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

to the cost of sales:

 =AP
AP

C
d

d

 (2.6)

where

 APd = 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 = ARd + Id − APd (2.7)

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

Figure 2.5  Example of 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
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d
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1,020,000

30
34,000

S
d

d

= = =AR
AR 200,000

34,000
5.88 days

CS 34,000(0.6) 20,400C S
d d

= = =

400,000

20,400
19.6 daysI

I

C
d

d

= = =

C
d

d

= = =AP
AP 160,000

20,400
7.84 days

Cash-to-cash cycle time = ARd + Id − APd = 5.88 + 19.6 − 7.84 = 17.64 days
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�e cash-to-cash cycle time is a useful measure for evaluating the relative operating 

cycle e�ectiveness of a �rm. Some �rms are actually able to run a negative value for the 

measure. �is 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 e�ciently calculated 

and reported using ERP data. �ese metrics can even be reported in real time if needed.

Concluding Principles

�e 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 de�nitions 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 di�erent sites within a 

country or around the world.

�e following principles outline how an ERP system can add value by supporting the 

MPC system.

▲ �e ERP system must meet the needs of the MPC professionals.

▲ �e design and performance metrics for the ERP system must re�ect the strategy, 

processes, and customer needs of the �rm.

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

▲ To achieve e�ciencies, data should be captured at the initial entry.

▲ �ere must be a common de�nition 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 so�ware (jda.com). Compare the product o�erings of these 

leading ERP so�ware vendors.

 3. What questions would you ask a so�ware 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. �e 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 �nished goods $224

 Accounts receivable $2,689

 Accounts payable $4,326

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

 2. Evaluate the e�ect 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-o� of obsolete inventory

 Reduction in labor content in a production process

 Outsourcing the production of a major product

 3. 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 �ve 

hours. How many students are needed on �ursday?

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

is $1.25, what is the daily pro�t 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?

 5. 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?


