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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,
there are many individuals developing certification courses designed to efficiently teach
the material to those wanting to take the exam. This APICS/CPIM special version of the
book is especially designed for individuals studying for the exam.

As you may already know, the CPIM exam is divided into five modules. Although this
book is not organized to directly correspond to these five modules, the book does provide
fairly complete coverage of the topics in the five modules. In the tables following the
Preface, we provide maps that show how the CPIM modules align with material in this
book. Except for coverage of quality control (QC) and project management (PM), the
coverage is very complete. We have not included these topics in this book in order to
maintain our focus on MPC. Our goal has been to make this the definitive reference for
MPC, so our coverage is more comprehensive in this area, and we leave the specialized
topics of QC and PM to other books.

This book makes a great reference for those studying for the exam by providing
practice questions similar to what one might see on 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.
This is similar to what one would see on 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 the
definitive reference for MPC for the past 26 years. 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 we have learned more about how
these things should be done.

In a sense, this edition of the book is designed to recognize the maturity of much of
the material in this book. Since the first edition, published in 1984, the techniques and
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xxii | Preface

concepts in the book have developed to where most of the ideas are now commonly
available in ERP (enterprise resource planning) systems. So, in this edition, we have
significantly streamlined the presentation of the basic ideas. Our idea is that many of the
readers of this book are students just learning the material who will appreciate a concise
presentation with clear examples. We have, therefore, removed much of the “research”-
oriented material that was included in previous editions. We have removed some of the
ideas that are not currently utilized, while adding new ideas that are now commonly used.

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, our coverage is
extensive and complete, yet as concise as we feel is reasonable. We are careful in our use of
terminology so as not to confuse the reader by minimizing the use of “lingo,” while
introducing the vernacular of the operations and supply chain management professional.
Terminology and the organization of the topics closely follow that used by APICS in the
APICS Dictionary and in the APICS Body of Knowledge 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, our emphasis is on the basic techniques and concepts, and
we cover them 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.

[t is our contention that 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 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 making rational decisions within the realm of manufacturing
and supply chain planning.

This book is designed to be an essential resource for both the student of the field and
the practicing professional. Mastery of the contents provides a solid foundation on which
comprehensive, firm-specific implementations can be developed. It is our contention
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that each firm has unique requirements dependent on special supplier and market
requirements. 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

The manufacturing planning and control (MPC) system is concerned with planning and
controlling all aspects of manufacturing, including managing materials, scheduling
machines and people, and coordinating suppliers and key customers. Because these
activities change over time and respond differently to different markets and company
strategies, this chapter provides a model for evaluating responses to changes in the
competitive environment. We believe that the development of an effective manufacturing
planning and control 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; MPC systems
need to continuously adapt and respond to changes in the company environment, strategy,
customer requirements, particular 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

In this section we define 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 manage
efficiently the flow of material, to manage the utilization of people and equipment, and to
respond to customer requirements by utilizing the capacity of our suppliers, that of our
internal facilities, and (in some cases) that of our 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 distinction 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 companies that
outsource their manufacturing to outside companies, the planning of supplier capacity can
be more critical than internal capacity planning. Moreover, the choice of outsourcing
partners has to consider 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 support
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 meet
market needs. Another aspect of the intermediate-term tasks is providing customers with
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information on expected delivery times and communicating to suppliers the correct
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 meeting these objectives.

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 people 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
consumption, 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
expectations must be maintained.

To effectively manage the manufacturing processes, a number of manufacturing
performance indicators need to be compiled. Among these are output results; equipment
utilization; and costs associated with different departments, products, labor utilization,
and project completions. Also, measures 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 a manufacturing planning and control system can be substantial.
Moreover, the ongoing operational costs are also significant. An effective MPC system
requires a large number of professionals and all their supporting resources, including
computers, training, maintenance, and space. It’s not uncommon to find the largest
number of indirect employees at a manufacturing firm to be involved in the MPC area.

An MPC System Framework

It is most typical now to find the MPC system imbedded in an enterprise resource
planning (ERP) system. Many essential activities that need to be performed in the MPC
system have not changed. However, the details have evolved as changes in our knowledge,
technology, and markets have occurred. The MPC activities are now carried out in more
areas of the firm and differ to meet the strategic requirements of the company. In this
section, we’ll provide our framework for understanding the MPC system.
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MPC System Activities

Figure 1.1 is a schematic of the general MPC system that would be used within a firm for
planning and controlling its manufacturing operations. But linking customer and supplier
firms in a supply chain requires coordinating the MPC activities between the firms. The
model shown in Figure 1.1 is essentially what one will find as a key part of any packaged
ERP system. The figure is divided into three parts or phases. The top third, or front end,
is the set of activities and systems for overall direction setting. This phase establishes
the overall company direction for manufacturing planning and control. Demand
management encompasses forecasting customer/end-product demand, order entry,
order promising, accommodating interplant and intercompany demand, and spare parts
requirements. In essence, demand management coordinates all activities of the business
that place demands on manufacturing capacity.

Sales and operations planning balances the sales/marketing plans with available
production resources. The result is an agreed-on company game plan that determines the

Resource Sales and operations Demand
.  —— : -~
planning planning management
Rough-cut capacity Master production

Detailed capacity Detailed material
. R S— .
planning planning

Material and
capacity plans

Engine —<«—

Enterprise resource planning (ERP) system

Shop-floor Supplier

Figure 1.1 Manufacturing Planning and Control System (simplified)
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manufacturing role in meeting company strategy. Increasingly, this activity is receiving
more management attention as the need for coordination is recognized in progressive
firms. The master production schedule (MPS) is the disaggregated version of the sales
and operations plan. That is, it states which end items or product options manufacturing
will build in the future. The MPS must support the sales and operations plan. Resource
planning determines the capacity necessary to produce the required products now and
in the future. In the long run 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 master production schedule feeds directly
into the detailed material planning module. Firms with a limited product range can
specify rates of production for developing these plans. However, for firms producing a
wide variety of products with many parts per product, detailed material planning can
involve calculating requirements for thousands of parts and components, using a formal
logic called material requirements planning (MRP). MRP determines (explodes) the
period-by-period (time-phased) plans for all component parts and raw materials required
to produce all the products in the MPS. This material plan can thereafter be utilized in the
detailed capacity planning systems to compute labor 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 thousands of parts often group all equipment of a similar type into a
single work center. Their shop-floor system establishes priorities for all shop orders at
each work center so the orders can be properly scheduled. 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 supplier systems provide detailed information to the company 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
conditions in the company—as well as 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 sense the receiving end of this
information is the demand management module of the front end in the supplierss MPC
systems.
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In firms using MRP systems, execution of the detailed 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
conditions, 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
responsiveness to volume, design, or delivery schedule changes.

Components and materials sourced from outside the organization require an
analogous detailed schedule. In essence, purchasing is the procurement of outside work
center capacity. It must be planned and scheduled well to maximize final customer
satisfaction. Best-practice purchasing systems typically separate the procurement or
contractual activity from routine order release and follow-up. Procurement, a highly
professional 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.

There are important activities that are not depicted in Figure 1.1. These include the
measurement, 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 of the phases of the
MPC system.

Also not depicted in Figure 1.1 are quality management systems. Depending on the
needs of the firm, these systems monitor details associated with how well processes are
able to meet design specifications for the items being produced. Techniques that involve
sampling—such as statistical process control and acceptance sampling—are tracked
within these systems. Individual item tracking, batch analysis, and the monitoring of
machines, for example, might be the focus of these systems. Due to the number of topics
involved in this area, we have not included these systems within the scope of material
covered by this book. We certainly recognize how important the area is to the success of
the MPC system.

The three-phase framework for manufacturing planning and control 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 the
MPC systems provide inputs to the financial, distribution, marketing, and human
resources systems that require the information.
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Matching the MPC System with the Needs of the Firm

The specific requirements for the MPC system design depend on the nature of the
production 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. In addition, the changes that are
being addressed as we make one set of modifications may well be different when we move
to another change that needs addressing. The result is a different emphasis on various
MPC system modules over time.

The MPC system will be changed based on the ongoing goal to meet customer
expectations and maximize value to the customer. Customer expectations related to such
competitive priorities as speed of delivery; delivery reliability; and availability from stock,
cost, and flexibility to customize a product, for example, are a direct result of how the
MPC system is operated. The value or worth of a good or service to the customer is
directly affected by the system. Customer expectations and the value proposition are key
drivers of changes to the system over time.

MPC technology continues to change over time as well. The present trend is to more
online data access and systems. MPC status is also a product of the increasing speeds,
decreasing costs, and increasing storage capabilities of modern computers. Online
systems provide multiple advantages, particularly between firms. Internet-based
systems are becoming an important way to support intrafirm coordinated efforts. For
these firms the amount of paper moving between departments of a company or between
companies has been greatly reduced. Planning cycles have been speeded up. Inventories
between partners in the supply chain are being replaced by speedier information. All
of these changes dramatically affect the way users interact with the MPC system. As
information-processing capabilities increase, MPC systems have evolved to utilize the
latest technologies.

MPC systems must also reflect the physical changes taking place on the factory floor.
Outsourcing, contract manufacturing, and the hollowing out of the corporation dramatically
affect MPC systems design. Moves from job shops to flow processes to cellular manufacturing
approaches affect the MPC systems design as well. Providing information at the level where
decisions are made in appropriate time frames has greatly augmented the use of computers on
the factory floor and the speed of interaction between planning and execution.

It’s 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
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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 and phase out new products. 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.

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’s necessary to perform all the activities depicted in
Figure 1.1. However, how they are performed can be quite different for firms at different
pointsin Figure 1.2.

The lower left-hand corner of Figure 1.2 shows a flow-oriented manufacturing
process typical of many chemical, food, petroleum, and bulk product firms. Because
products 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 primarily the flow rates that become the master production schedule. Typically, these
products have relatively few component parts, so engine management is straightforward.

( Project
MRP

Just-in-time

Repetitive

Number of subparts

| | | | |
Seconds Minutes Days Weeks Months

Time between successive units

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

Figure 1.2 MPC Classification Schema
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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 everything
is coordinated with the flow or assembly rate for the end items.

In the middle of the figure we show a large application area for just-in-time 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 material requirements planning 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 methodologies 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
primary 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

Throughout this chapter, we have discussed the dynamism of the MPC system. This
notion is so important that we devote an entire section to the topic. 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
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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 marketplace
dictates. New technology, products, processes, systems, and techniques permit new
competitive initiatives; global competition intensifies many of these forces. Marketplace
dictates drive revisions in company strategy, which in turn often call for changes in
manufacturing 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 the ante to play the game—winning requires
flexibility and responsiveness in dealing with even more fickle 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.

Forces for change Typical responses

Shorter product life cycles

Marketplace dictates . s
P Time-based competition

—

Technology * Supply chain partnerships
Products
Processes 1

Systems

C strat
Ompany srareey Quality requirements

Flexibility/responsiveness

Techniques

—>‘ Manufacturing strategy ’

l

—> ‘ Manufacturing processes

l

‘ MPC system

Reduced overhead costs

Automation
Production cells

Simplification

JIT
Cross-company linkages

’ MRP

Figure 1.3 Evolutionary Responses to Forces for Change
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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
processes themselves, must change to meet the dictates of the market. In many
instances, 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 materials 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 an ongoing challenge. We hope
that, as you read the rest of the book, you constantly ask how the general framework
applies in specific instances, and what is happening to ensure a better match between
MPC system design and marketplace dictates. From the chapter we draw the following
principles:

A The framework for MPC is general, and all three phases must be performed, but
specific applications necessarily 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 Manufacturing planning and control 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.
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The MPC system should evolve to meet changing requirements in the market,
technology, products, and manufacturing processes.

The manufacturing planning and control system should be comprehensive in
supporting the management of all manufacturing resources.

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

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

APICS/CPIM Certification Questions

1.

Manufacturing planning and control (MPC) includes which of the following
activities?
I. Material management
I1. Product marketing
III. Coordinating suppliers

a. lonly
b. Il only
c. Il only
d. TandIII

. 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

. In the MPC process, detailed scheduling decisions are most likely to occur in which

time horizon?

a. Short

b. Intermediate
c. Long

d. Immediate

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

a. Direction setting
b. Detailed planning
c. Execution

d. All of the above
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. 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

carriers) would most likely use which form of MPC?
a. Just-in-time

b. Flow
c. Repetitive
d. Project

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. lonly
b. I only
c. Il only
d. L II, and III
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CHAPTER 2

Enterprise Resource Planning (ERP)

This chapter concerns the integrated enterprise resource planning (ERP) systems that are
now commonly used by large companies to support manufacturing planning and control
(MPC) decisions. Major software vendors such as SAP, Oracle, and i2 Technologies offer state-
of-the art systems 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 five 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 functional 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 package help address these issues?

A Performance metrics to evaluate integrated system effectiveness: Why do we need
overall metrics to break out of “functional silo” thinking?

A What the experience with ERP is: How have some example firms gone about
implementation and what have been the results?

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. In particular, standard applications include demand management
covered in Chapter 3, sales and operations planning in Chapter 5, master production
scheduling found in Chapter 7, materials requirements planning in Chapter 8, production
activity control in Chapter 11, inventory control in Chapter 16, and forecasting covered in
Chapter 4. The software is often extended through either commercial software designed
to work with the ERP system or through custom programmed modules built with
spreadsheets and other general purpose software.

15
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What Is ERP?

The term enterprise resource planning (ERP) can mean different things, depending on
one’s 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
concurrent with planning and controlling the business. On the other hand, for the
information technology community, ERP is a term to describe a software system that
integrates application programs in finance, manufacturing, logistics, sales and marketing,
human resources, and the other functions in a firm. This integration is accomplished
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. For our purposes, we begin by describing our view
of what ERP should accomplish for management, with an emphasis on planning.
Following this, we describe how the ERP software programs are designed and provide
points to consider in choosing an ERP system. Our special interest is in how the software
supports MPC systems.

ERP systems allow for integrated planning across the functional areas in a firm.
Perhaps more importantly, ERP also supports integrated execution across functional areas.
Today the focus is moving 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 demand. How is demand measured? 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 definitions 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 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. Tom Wallace and Mike Kremzar,
noted manufacturing industry experts, describe ERP as:

A an enterprisewide set of management tools that helps balance demand and supply;
A containing the ability to link customers and suppliers into a complete supply chain;
A employing proven business processes for decision making; and
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A providing high degrees of cross-functional integration among sales, marketing,
manufacturing, operations, logistics, purchasing, finance, new product development,
and human resources; thereby

A enabling people to run their business with high levels of customer service and
productivity, and simultaneously lower costs and inventories, and providing the
foundation for effective e-commerce.

Companies implementing ERP 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 system.
To better understand how this works, we next describe features of ERP software.

Software Imperatives

There are four aspects of ERP software that 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. When a transaction or piece of 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—we all sing 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 source/application.

4. The software must facilitate classic manufacturing planning and control activities,
including forecasting, production planning, 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
elimination of redundant processes, increased accuracy in information, superior
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
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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 posting
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 handing of 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 manufacturing planning and control, for
example, decisions concerning the amount to purchase, the selection of the vendor, and
how it should be delivered will need to be determined. 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 reorder 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 bolt-on software
packages designed to provide more intelligent decision support to ERP systems.

Choosing ERP Software
Key considerations when evaluating ERP software are:

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

2. The size of the business.

3. The scope of functionality needed—is decision making reasonably routine, or is
complex optimization required?
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4. The differences in the conversion processes. Is discrete manufacturing used or process
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 manufacturing planning and control modules with the needs of
the firm. For example, are the mechanisms for aggregating demand for forecasting
purposes adequate? Can the inventory control module accommodate the requirement
to uniquely identify production batches?

7. The money available for implementing the system. Are radical process changes
needed?

8. The computer hardware and telecommunications availability. Is the existing
infrastructure compatible? Where does the company see the future? Where is the
industry going? Do we need to be state of the art?

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 major areas: finance, manufacturing and
logistics, sales and marketing, and human resources.

One can see the evolution of ERP systems in much the same way as car models evolve
at automobile manufacturers. Automobile manufacturers introduce new models every
year or two and make many minor refinements. Major (platform) changes are made much
less frequently, perhaps every five to eight years. The same is true of ERP software. ERP
vendors are constantly looking for ways to improve the functionality of their software, so
new features are often added. Many of these minor changes are designed to improve the
usability of the software through a better screen interface or added features that
correspond to the “hot” idea of the time. Major software revisions that involve changes to
the structure of the database, changes to the network,and computer hardware technologies,
though, are made only every three to five years. The basic ERP platform cannot be easily
changedbecause of the largeinstalled base of usersand support providers. But these changes
do occur. As an example, SAP has moved from version R/2 to R/3, a major change in the
software.
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Figure 2.1 The Scope of ERP Applications

Figure 2.1 depicts the scope of ERP applications. The diagram is meant to show how
a comprehensive information system uses ERP as the core or backbone of the information
system. Many other software-based functions 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.

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 information
for the update of accounts payable when the order is actually shipped.
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Manufacturing and Logistics

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
warehouse 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 management 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 a World Wide Web site.

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

Sales and Marketing

This group of systems supports customer management; sales order management;
forecasting, order management, credit checking configuration management; distribution,
export controls, shipping, transportation 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 an organization run. Typical functions include payroll,
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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 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
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
each of the activities that compose 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, one wishes to analyze the typical lead time for a
product produced to order, the analyst could process an information request that selects all
of the orders for the product over the past three months, then a calculation of the time
between the order date and delivery date for each order would be done, and finally the
average of this time for the whole set of orders can be calculated. Analyses, such as this lead



How Manufacturing Planning and Control (MPC) Fits within ERP | 23

time, 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 and perform the calculations needed for the average
lead time question. 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. The data are used by both
internal Walmart buyers and outside suppliers—sales and current inventory data on
products sold at Walmart and Sam’s Club stores. Vendors, who are restricted to viewing
products they supply, use a Web-based extranet site to collaborate with Walmart’s buyers
in managing inventory and making replenishment decisions. A vendor’s store-by-store
sales results for a given day are available to vendors by 4 a.m. the following day. The
database is more than 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, including
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 complete, 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.
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Consider the information needed by Ajax for manufacturing planning and control.
First Ajax needs to know what demand to expect for its PBJ 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 sites, data based on the actual orders and sales reports provided by the
reps 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 current 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 sees that it needs to make 300 PBJ
sandwiches to be delivered to the sales sites 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 of peanut butter and jelly. Freshness is
largely 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
sandwiches must be ready for loading into the delivery trucks by 4:00 p.m. on the day prior
to delivery. Our 300 sandwiches require five hours of work, so any one student doing this
work 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 our simplified example, the
coordination is trivial, but consider if our 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 in great detail. To
illustrate the MPC features within ERP systems, the following section describes mySAP
Supply Chain Management (SCM), a software package offered by SAP, a major ERP vendor.

Supply Chain Planning with mySAP SCM

In this section we see how SAP has approached the details of manufacturing planning and
control. Detailed discussions of these applications are the topic of other sections of this
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book. Here, we are using SAP to show how one vendor organizes the functions. Other
major vendors like PeopleSoft, Oracle, and BAAN each have a unique approach to
packaging supply chain software.

SAP labels all MPC applications as part of its supply chain software, divided into four
main functions: supply chain planning, supply chain execution, supply chain
collaboration, and supply chain coordination. Current information about products is on
vendors’ websites, and readers are encouraged to download the white papers that describe
a vendor’s current thinking. These publications are informative and indicate where a
vendor will move in the future. Moreover, comparing/contrasting this information can be
very educational—and help in making key choices as to which business processes can be
supported by standard (plain vanilla) software.

The supply chain design module provides a centralized overview of the entire supply
chain and key performance indicators, which helps identify weak links and potential
improvements. It supports strategic planning by enabling the testing of various scenarios
to determine how changes in the market or customer demand can be addressed by the
supply chain. Here, for our simplified example of Ajax food services, we could evaluate the
relative profitability of particular market channels and locations such as vending
machines versus shops in train stations.

Collaborative demand and supply planning helps match demand to supply. Demand-
planning tools take into account historical demand data, causal factors, marketing events,
market intelligence, and sales objectives and enable the supply chain network to work on
a single forecast. Supply planning tools create an overall supply plan that covers materials
management, production, distribution and transportation requirements, and constraints.
Here Ajax would be able to anticipate the demands for each kind of sandwich in each
location and plan replenishments accordingly.

Supply Chain Execution with mySAP SCM

Materials management shares inventory and procurement order information to ensure that
the materials required for manufacturing are available in the right place and at the right time.
This set of applications supports plan-driven procurement, inventory management, and
invoicing, with a feedback loop between demand and supply to increase responsiveness. In
this set of applications, Ajax would plan for all the sandwich components to be delivered to
the right places at the right times. Inventories might be maintained on some items such as
peanut butter, while others such as bread might be planned on a just-in-time basis.
Collaborative manufacturing shares information with partners to coordinate production
and enable everyone to work together to increase both visibility and responsiveness. These
applications support all types of production processes: engineer-to-order, configure-to-order,
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make-to-order, and make-to-stock. They create a continuous information flow across
engineering, planning, and execution and can optimize production schedules across the
supply chain, taking into account material and capacity constraints. Here Ajax might do
joint planning with key suppliers and perhaps organize the planning of special promotions.

Collaborative fulfillment supports partnerships that can intelligently commit
to delivery dates in real time and fulfill orders from all channels on time. This set of
applications includes a global available-to-promise (ATP) feature that locates finished
products, components, and machine capacities in a matter of seconds. It also manages the
flow of products through sales channels, matching supply to market demand, reassigning
supply and demand to meet shifts in customer demand, and managing transportation and
warehousing. Clearly all these logistics activities are critical to Ajax in order to deliver fresh
sandwiches in the right amounts.

Supply Chain Collaboration with mySAP SCM

The inventory collaboration hub uses the Internet to gain visibility to suppliers and manage
the replenishment process. Suppliers can see the status of their parts at all plants, receive
automatic alerts when inventory levels get low, and respond quickly via the Web. The hub
can also be integrated with back-end transaction and planning systems to update them in
real time. Here Ajax could provide real-time inventory views to its suppliers—not only of
material suppliers, but also of down stream inventories (i.e., sandwiches).

Collaborative replenishment planningis particularly useful in the consumer products and
retail industries. These applications allow manufacturers to collaborate with their strategic
retail customers to increase revenue, improve service, and lower inventory levels and costs.
They enable an exception-based collaborative planning, forecasting, and replenishment
(CPFR) process that allows the firm to add retail partners without a proportional increase in
staff. This set of applications would be particularly useful to Ajax, as it grows its global
business and adds new channels of distribution.

Vendor-managed inventory (VMI) is a set of processes to enable vendor-driven
replenishment and can be implemented over the Web. Now Ajax vendors would no longer
receive “orders.” They would replenish Ajax inventories as they like—but be paid for their
materials only when consumed by Ajax.

Enterprise portal gives users personalized access to a range of information, applications,
and services supported by the system. It uses role-based technology to deliver information to
users according to their individual responsibilities within the supply chain network. It can
also use Web-based tools to integrate third-party systems in the firm’s supply chain network.
Here, for example, marketing people at Ajax might like to examine the detailed sales data
(and perhaps customer questionnaires) in relation to a new product introduction.
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Mobile supply chain management is a set of applications so that people can plan,
execute, and monitor activity using mobile and remote devices. Mobile data entry using
personal data assistant devices and automated data capture using wireless “smart tags,” for
example, are supported. Here Ajax can have marketing and even delivery personnel report
on actual store conditions—not just sales but also category management. For example,
how well does the actual assortment of sandwiches match the standard?

Supply Chain Coordination with mySAP SCM

Supply chain event management monitors the execution of supply chain events, such as the
issue of a pallet or the departure of a truck, and flags any problems that come up. This set
of applications is particularly useful for product tracking/traceability. For Ajax, if there is
a customer complaint about a sandwich, it is critical to quickly determine if this is an
isolated instance or whether there might be a large group of bad quality sandwiches—and
how to find them.

Supply chain performance management allows the firm to define, select, and monitor
key performance indicators, such as costs and assets, and use them to gain an integrated,
comprehensive view of performance across the supply chain. It provides constant
surveillance of key performance measures and generates an alert if there is a deviation from
plan. It can be used with mySAP Business Intelligence and SAP’s data warehousing and data
analysis software. Here Ajax needs to not only assess profit contribution by sandwich type
and location, it also needs to determine which are the best supplier and customer partners.

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
limitation 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 customer infrastructure, suppliers, employees, manufacturing processes, and other
innovations.
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Figure 2.2 Manufacturing Operating Cycle

Our goal is a more holistic approach to management of the firm. Figure 2.2 depicts three
major functional areas that make up the internal supply chain of a manufacturing
enterprise: purchasing, manufacturing, and sales and distribution. Tight cooperation is
required between these three functions for effective manufacturing planning and control.
Considered independently, purchasing is mainly concerned with minimizing materials
cost, manufacturing with minimum production costs, sales that result in selling the
greatest amount, and distribution with minimum distribution and warehousing costs.
Let us consider how each independently operating function might seek to optimize 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
latest actual cost versus standard cost? Of course, quality is always going to be important
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 specification. Consideration of delivery schedules, quantities, 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. This group
is 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 performance, because defects often occur during changeovers. Once
production reaches some steady state, it is easier to maintain a quality standard.



Performance Metrics to Evaluate Integrated System Effectiveness | 29

Long production runs lead to lower unit costs, but they also generate larger cycle stock
inventories. For sales, larger inventories appear at first to be desirable, since these should
support customer service. Alas, it is not so; a one-year supply of product A is of no help
when we are out of product B.

Distribution can be equally narrow-minded and 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 distribution
centers and be moved via one or more different modes of transportation (truck, rail, etc.).
Evaluation of distribution activities tends to focus on the specific distribution activity
involved. For example, many firms focus on the lowest price quotation 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 firm. And even here this cost focus needs
to be integrated with other objectives such as lower inventories, faster response times, and
customer service.

Consider the implications if all three 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; therefore,
response times to unexpected demand increase. Finally, distribution 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. 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. 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 functions effectively.

Integrated Supply Chain Metrics

The Supply Chain Council 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
with average and best-in-class benchmarks. The average and best-in-class measures are
for typical large industrial products. The Supply Chain Council has developed sets of
measures similar to these for many different categories of companies.
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Figure 2.3 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: Supply Chain Council.

A particularly useful approach to measuring performance captures not only the
integrated impact that the three classic functions have on the entire business supply
chain; the best metrics also integrate the finance function. A metric that does so in
measuring the relative efficiency of a supply chain is cash-to-cash cycle time. Cash-to-cash
cycle time integrates the purchasing, manufacturing, and sales/distribution cycles
depicted in Figure 2.2. But it also relates well to the financial maxim: cash is king!
Calculating the measure requires the use of data related to purchasing, accounting,
manufacturing, and sales.

Actually, cash-to-cash cycle time is a measure of cash flow. Cash flow indicates where
cash comes from (its source), where cash is spent (its use), and the net change in cash for
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the year. 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 it takes a business to convert cash outflows for raw materials, labor, etc. 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
payable 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

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

Just as inventory is affected by all three 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 simply 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 three major 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
Sa = — 2.2
a= (2.2)
where
Sa4 = average daily sales
S = sales over d days
AR
AR; = — (2.3)
Sa

where
AR, = average days of accounts receivable

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:

Cd = SdCS (2.4)
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where
C,; = average daily cost of sales

CS = cost of sales (percent)
Id = (25)

where
I; = average days of inventory
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; = — (2.6)
Ca
where
AP, = average days of accounts payable
AP = accounts payable

Finally, the cash-to-cash cycle time is calculated from the three cycle times.
Cash-to-cash cycle time = AR; + I; — APy (2.7)

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

o _ S _ 102000 _
¢4 30 "
AR 200,000
ARy = S—d = 32000 5.88 days
Cy = S4CS = 34,000(0.6) = 20,400
. _ | _40000
d= ¢y 20400 7O
AP 160,000
APy = Cid = 20400 7.84 days

Cash-to-cash cycle time = ARy + Iy — APy = 5.88 + 19.6 — 7.84 = 17.64 days

Figure 2.5 Example of Cash-to-Cash Cycle Time Calculation
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The cash-to-cash cycle time is an interesting measure for evaluating the relative supply
chain effectiveness of a firm. Some firms are actually able to run a negative value for the
measure. Dell Computer, for example, typically runs cash-to-cash cycle times of —10 to
—20 days. 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 reported
using ERP data. These metrics can even be reported in real time if needed.

What Is the Experience with ERP?

In this section we examine the implementation trials and tribulations of several firms.
ERP implementation is not easy, but the results can be dramatic, and there are some key
lessons to be learned.

Eli Lilly and Company—OQOperational Standards
for Manufacturing Excellence

Eli Lilly is a multinational company with 35,000 people, manufacturing plants in
16 countries, and medicine sales in more than 150 different countries. Eli Lilly uses ERP to
manage the coordination of its manufacturing, sales, and research facilities around the globe
as new products are developed and introduced. Developing and deploying a new product is a
complex process that requires extensive research, a complex government approval process,
marketing plans, and manufacturing coordination. The promise of ERP information
integration was compelling for this global company managed from its corporate headquarters
in Indianapolis.

Managing such a large company can be done in one of two ways. One approach is to
essentially decentralize the company around autonomous units located in the United
States, Europe, Japan, and other major world centers. Each entity might operate
independently from a sales and manufacturing standpoint, sharing products developed by
the research centers operated by the company. This is largely the way the company
operated prior to standardizing processes beginning in the 1990s.

The company felt that a single-vendor ERP system would generate the following
benefits:

A Process improvements. Significant reduction in the number of transactions processed
and reconciliations needed.

A Training Simplified employee training and more efficient job rotation because of the
similarity of operations across different functions.

A Information technology. Significantly reduced support and infrastructure costs, since
hundreds of legacy systems could be replaced.
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A Strategic direction. Resources more efficiently allocated because of visibility from all
operating entities.

A Organization flexibility. Changing more quickly with new products more quickly
deployed, quicker response to changing market conditions.

The decision to move to ERP certainly seemed sound to Eli Lilly, but the details have
proved to be difficult. Implementing an ERP system is only part of true enterprise
integration. Reengineering processes to fully utilize the integrated information support is
essential. In practice, process reengineering is more difficult to achieve than the
implementation of ERP computer hardware and software. Moreover, if processes are not
changed, the ERP system will usually create additional work for people rather than less.

At Eli Lilly, a set of global policies was adopted. These policies are documented (and
updated) in a book entitled Operational Standards for Manufacturing Excellence: Materials
Management Policies. The book has been extremely important to integration of
manufacturing processes in the company, defining a common set of measures to guide
the manufacturing management. The book contains a comprehensive set of policies,
activities, measures, and goals that defines how manufacturing activities are evaluated across
Eli Lilly global operations. Figure 2.6 is an example of how customer service level is defined.

Figure 2.6 defines precisely the manufacturing policy related to customer service
satisfaction, integrated with a set of essential activities to support the policy, and a
specific set of measures and goals. In a similar manner, Eli Lilly defines policies for the
following:

>

Independent demand management
Dependent demand management
Sales and operations planning/requirements and operations planning
Master scheduling

Material requirements planning
Shop floor control

Inventory control

Capacity management

Lead time reduction

Data quality

Training

(2 2N N 2N 2 2N 2 o N a4

Evaluation

Deployment of this common set of policies to all manufacturing units set the stage for
a unified vision of manufacturing excellence around the world. Further, processes as well as
measurements and goals are also commonly based on the activities defined in the policies.
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Rationale: Service level is a critical element of customer satisfaction and is defined as
consistently meeting customer needs related to delivery of product.

Policy: Our service level goal to all customers (external and internal) is to fully satisfy valid
orders 100% of the time and to position Lilly as one of the best suppliers in the industry.

Fundamental activities:

1.
2.

3.
4.

5.

Measurements and goals:
1.

. Compare results of the “customer service surveys” with your service level measurement to

. Customer inquiries should receive a response before the end of the next work day.
. When delivery dates change, customers should be notified within two work days after the

. Incompatible orders must be routinely measured and should not exceed 10 percent of the

Develop a site program directing efforts toward attainment of the service level goal.
Establish a monthly measurement system to report the number of “fully satisfied” orders
delivered “on time” versus the total number of orders delivered.

Report the number of lines delivered “on time” versus the total number of lines delivered.
Publish order lead times (at least annually) for make-to-order and make-to-stock products
that meet the customers’ needs and make economic sense.

Document the number of incompatible orders, determine causes, and take corrective
action as necessary.

For both internal and external customers, monthly measure and report the number and
percentage of valid customer orders not fully satisfied. Pareto root causes for not fully
satisfying a customer’s valid order so that appropriate corrective action can be taken.

assure that your perceptions of service match those of your customers.

problem causing the change occurs. This must be measured and documented.

total orders per month.

Figure 2.6 Eli Lilly Definition of Customer Service Level

At Eli Lilly, terms were precisely defined so that the meaning of the measures and

goals is understood. This was facilitated through diagrams such as Figure 2.7, the order

management process. Horizontally across the middle of the diagram is a sequential list of

all the major processes associated with make-to-order and make-to-stock orders.

Vertically, various lead times are defined on the basis of beginning and ending points of

the required processes.

A final feature of Lilly’s book is the precise definition of how measurement

calculations should be done. These calculations are illustrated by examples. Consider the
following calculation of days of stock (DOS). Assume 30 days per month and these data:

March ending inventory (at standard cost) $1,000,000
Forecast demand (at standard cost)
April $400,000
May $300,000

June $500,000
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Figure 2.7 Lilly Order Management Processes and Lead Time Definitions

To calculate DOS, consider how many full months can be covered with inventory on
hand. In this case March inventory will fully cover April and May demand ($1,000,000 —
$400,000 — $300,000 = $300,000), projecting that $300,000 worth of inventory will be left
for June. Sixty percent of June demand can be met ($300,000/$500,000 = 0.6). Sixty
percent of June demand is equivalent to 18 days (0.6 X 30 = 18). The total DOS is 78 days
(30 for April + 30 for May + 18 for June = 78 days).

In the mid-1990s Lilly began implementing an SAP ERP product, R/3. The ideas from
the company’s policy book have been embedded in the ERP system. Processes have been
defined to correspond to those outlined, as have performance measures and reports. In
essence, the ERP system has now replaced the policy book, since the concepts are part of
the logic of the processes used by the company and supported by the ERP system. In the
case of Lilly, developing these common standards began years before the actual
implementation of the ERP system.

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 centralize information and decision making. For example, a
company like Eli Lilly that makes and distributes drugs around the world can derive great
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benefit from an ERP system because of the similarity of manufacturing and distribution
at its sites around the world. It is 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.

We provide the following principles regarding implementation of an ERP system:

A To achieve efficiencies, redundant transactions must be reduced.

A Data accuracy and efficiencies can be realized if information is captured at the initial
entry and the transactions that document a process are preserved.

A Installing the computer hardware and implementing the software is only a part of the
process of implementing ERP. Processes need to be changed in a manner that
efficiently supports the data needs of the ERP system.

A The company must define a comprehensive set of performance measures together
with policies and goals that correspond to these measures.

A Information technology-related economies of scale can be obtained from the need to
support fewer software and hardware platforms with an ERP implementation.

APICS/CPIM Certification Questions

1. Enterprise resource planning (ERP) systems coordinate multiple databases used to
gather and maintain the firm’s essential data.
a. True
b. False
2. Which of the following are aspects of enterprise resource planning (ERP) systems?
I. Multifunctional—able to provide data concerning many parts of the firm
II. Modular—able to combine selected components into a single system
III. Independent—each functional area has its own system and data and maintains
control of that system and data
I only
II only
Iand II only
d. LII,and III
3. Enterprise resource planning (ERP) systems perform which of the following tasks?
I. Support decisions
I1. Make decisions

III. Evaluate decisions

o g

a. lonly
b. I only
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c. Il only
d. LI, and III
4. Which of the following is not a key decision when considering enterprise resource
planning (ERP) system?
I. Business complexity and size
II. System costs and available resources
III. Requirements of the firm’s processes

a. lonly
b. Il only
c. Il only

d. All are key decisions
5. Which of the following is typically not a component of enterprise resource planning
(ERP) systems?
I. E-mail management
I1. Finance module
III. Human resources module

a. lonly
b. Il only
c. 1T only

d. All are typical components
6. Purchasing, vendor evaluation, and invoice management are typically covered in
which module of an enterprise resource planning (ERP) system?
a. Quality management
b. Plant maintenance
c. Materials management
d. Production planning and control
7. Capacity leveling, material requirements planning (MRP), and bill of materials
processing are typically covered in which module of an enterprise resource planning
(ERP) system?
a. Quality management
b. Plant maintenance
c. Materials management
d. Production planning and control
8. To support data analysis without burdening the operational enterprise resource
planning (ERP) system, many firms employ which of the following?
a. Mirror data site
b. Data warehouse
c. Consulting services
d. Legacy systems
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9. The “functional silo” problem refers to
a. The tendency for products to be grouped according to process
b. The tendency for decisions to be made without considering other functional areas
c. The practice of storing materials according to usage area
d. Assigning employees to work in specific areas
10. Which of the following supply chain metrics is most useful for measuring customer
satisfaction in a make-to-stock system?
a. Fill rate by line item
b. Order fulfillment lead time
c. Inventory days of supply
d. Asset turns
11. Which of the following supply chain metrics is most useful for measuring customer
satisfaction in a make-to-order system?
a. Fill rate by line item
b. Order fulfillment lead time
c. Inventory days of supply
d. Asset turns
12. Which of the following supply chain metrics is most useful for measuring the firm’s
management of inventory levels?
a. Fill rate by line item
b. Order fulfillment lead time
c. Inventory days of supply
d. Asset turns

Questions 13—-16 refer to the following information:

Sales over Current accounts Cost of Current value Current accounts
the past receivable sales (%) of inventory payable balance
180 days balance (total)

$1,500,000 $250,000 45% $750,000 $400,000

13. What are the average daily sales (S,) for this data set? (Choose the best answer.)

a. $7,500
b. $8,500
c. $9,000
d. $10,000

14. What is the average days of accounts receivable (AR,) for this data set? (Choose the
best answer.)
a. 10
b. 20



15.

16.

17

18.

19.

20.
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c. 30

d. 40
What is the average days of accounts payable (AP,) for this data set? (Choose the best
answer.)

a. 80

b. 100

c. 120

d. 140

What is the cash-to-cash cycle time for this data set? (Choose the best answer.)
a. 80 days

b. 100 days
c. 120 days
d. 140 days

. Which of the following MPC components is primarily responsible for coordinating

the planning efforts of marketing, finance, operations, and human resources?
a. Sales and operations planning (SOP)

b. Material management

¢. Quality management

d. Production planning and control

Which of the following MPC components is primarily responsible for supporting and
managing manufacturing activities?

a. Sales and operations planning (SOP)

b. Material management

¢. Quality management

d. Production planning and control

Which of the following MPC components is primarily responsible for tasks such as
purchasing, vendor management, and inventory control?

a. Sales and operations planning (SOP)

b. Material management

¢. Quality management

d. Production planning and control

According to the Supply Chain Council, which of the following most accurately
describe delivery performance benchmarks for large industrial products?

a. Average, 75%; best in class, 85%

b. Average, 80%; best in class, 95%

c. Average, 70%; best in class, 95%

d. Average, 65%; best in class, 99%
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21. According to the Supply Chain Council, which of the following most accurately
describe inventory days of supply benchmarks for large industrial products?
a. Average, 85 days; best in class, 55 days
b. Average, 80 days; best in class, 60 days
c. Average, 90 days; best in class, 45 days
d. Average, 55 days; best in class, 85 days

22. Which of the following is the correct formula to calculate days of sales invested in
accounts receivable (AR;)? {AR = accounts receivable, S = sales over d days}

S
AR, = — >
LA R v 4
AR + S
b ARy =
AR + d
C. ARd:?
S+ d
d.ARdZ
AR

23. For a firm with average daily sales (S;) of $200,000, current inventory (I)
of $1,000,000, and cost of sales (CS) of 50 percent, what is the average days of
inventory (I;)?

a. 5days

b. 10 days
c. 15days
d. 20 days

24. What is the cash-to-cycle time for a firm with the following financial parameters?
S =$10,000,000, d = 60, I = $1,000,000, AR = $750,000, CS = 60%, AP = $250,000?

a. 15 days
b. 16 days
c. 17 days
d. 18 days

25. Which of the following actions would be likely to increase the cash-to-cycle time for a firm?
L. Increasing the cost, but not the price, of the product

II. Taking advantage of “early pay” discounts with suppliers

III. Revaluing inventory to reflect reductions in purchasing prices

a. lonly
b. Il only
c. Il only
d. TandII
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26. Which of the following actions would be likely to decrease the cash-to-cycle time for a
firm?
I. Automating a key production process (reducing labor content)
II. Returning excess inventory to the supplier
III. Granting longer payment terms to customers
a. lonly
b. I only
c. 1T only
d. TandII
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CHAPTER 3

Demand Management

This chapter covers issues concerned with how a firm integrates information from and
about its customers, internal and external to the firm, into the manufacturing planning and
control (MPC) system. It is in this module that all potential demands on manufacturing
capacity are collected and coordinated. Demand management includes activities that range
from determining or estimating the demand from customers, through converting specific
customer orders into promised delivery dates, to helping balance demand with supply. A
well-developed demand management system within the MPC system brings significant
benefits to the firm. Proper planning of all externally and internally generated demands
means capacity (ultimately, supply) can be better managed and controlled. Information that
helps to integrate the needs of the customers with the capabilities of the firm can be
developed. Timely and honest customer order promises are possible. Physical distribution
activities can be improved significantly. This chapter shows how to achieve these benefits.
The focus is a combination of management concepts necessary to perform this integrative
activity. This chapter is organized around the following topics:

A Demand management in MPC systems: What role does demand management play in
the manufacturing planning and control system?

A Demand management and the MPC environment: How do the different
manufacturing environments shape the demand management activities?

A Communicating with other MPC modules and customers: What are the
communication linkages between demand management, other MPC modules and
customers?

A Information use in demand management: How can the information collected be used
to enhance the current and future performance of the firm?

A Managing demand: What day-to-day management activities are required to manage
demand?

45
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Demand Management in MPC Systems

Demand management is a gateway module in MPC, providing the link to the marketplace,
sister plants, warehouses, and other important “customers.” As such, it is in demand
management that we gather information from and about the market doing things like
forecasting customer demand, entering orders, and determining specific product
requirements. Moreover, it is through this module that we communicate with our customers
by promising delivery dates, confirming order status, and communicating changes. Demand
management is also concerned with identifying all sources of demand for manufacturing
capacity, including service-part demands, intracompany requirements, and promotional
inventory buildup or other needs for pipeline inventory stocking.

The position of demand management in the MPC system is shown in Figure 3.1. It is
the key connection to the market in the front end of the MPC system. The external aspects
of the demand management module are depicted as the double-ended arrow connected
to the marketplace outside the MPC system. This simply underscores the need to
communicate with the customers as well as to gather information from and about them.
The other linkages are with the sales and operations planning (SOP) module and the
master production scheduling (MPS) module. The information provided to SOP is used to
develop sales and operations (including manufacturing) plans covering a year or more in
duration at a fairly high level of aggregation. Both forecast and actual demand information
is provided to the MPS module. It is in the MPS module that short-term, product-specific
manufacturing plans are developed and controlled as actual demand becomes available and
information is provided to provide delivery promises and order status to customers.

It is through these linkages that quantities and timing for all demands must be collected
and coordinated with the planning and control activities of the company. The planning
part of MPC involves determining the capacity that will be made available to meet actual

MPC boundary
Resource Sales gnd Demand Marketplace
. —_ operations - (customers and other
planning - management
planning demand sources)

Master
production Front end
scheduling

Figure 3.1 Demand Management in the MPC System
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future demands for products. Much of this planning activity occurs in the sales and
operations module. The control part determines how the capacity will be converted into
products as the orders come in. The company executes the plan as actual demand
information becomes available. The control function determines how the company will
modify the plans in light of forecast errors and other changes in assumptions that
inevitably occur. A substantial portion of the control activity is conducted in the master
production scheduling module. Both the SOP and MPS modules require the information
provided through the demand management module.

For many firms, planning the execution and controlling demand quantities and
timings are a day-to-day interactive dialogue with customers. For other firms, particularly
in the process industries, the critical coordination is in scheduling large inter- and
intracompany requirements. For still others, physical distribution is critical, since the
factory must support a warehouse replenishment program, which can differ significantly
from the pattern of final customer demand.

The difference between the pattern of demand and the response by the company
points out the important distinction between forecasts and plans. In demand management,
forecasts of the quantities and timing of customer demand are developed. These are
estimates of what might occur in the marketplace. Manufacturing plans that specify how
the firm will respond are based on these forecasts. The plan for response can look quite
different from the forecasts. Take a highly seasonal product like snowboards as an
example. The actual pattern of customer demand will be high in the fall and winter
months and very low at other times. The manufacturing plan, however, might be constant
throughout the year.

This distinction between forecasts and plans is important for two reasons. First, a
manager cannot be held responsible for not getting a forecast right. We can and should
hold managers responsible for making their plans, however. Much of what the MPC
system is about is providing the means for making as good a set of executable plans as
possible and then providing the information to execute them. When conditions change,
the control function should change the plans and the new plans should be executed
faithfully. As much as we like to hold the weatherman responsible for not forecasting the
rain, the forecast is only a guess, albeit an intelligent one. If the forecast is for rain, an
intelligent plan would be to carry an umbrella. If you don’t, it is hard to feel sorry for you
when you get wet. You have control over the plan and execution, and not the demand.

This brings us to the second reason for making a distinction between the plan and the
forecast. The demands of customers are independent demands. When (and if ) a customer
decides to buy our product, that decision is independent of the actions of the company.
Obviously, we can influence the timing (and quantities) through advertising, pricing,
promotions, and so forth, but the ultimate decision rests with the customer. On the other
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hand, if we have plans for building snowboards at a constant rate throughout the year, the
demand for the decals that are needed can be calculated. The demand for the decals depends
on our plans for producing the snowboards. It is dependent demand. Similarly, the
“demand” from our warehouses for snowboards depends on our plans for replenishing the
warehouses. When conditions change, the plans may need to change and this, in turn, could
change the dependent demands that need to be coordinated in the demand management
module.

It also may be necessary to reconcile different sources of demand information,
provide forecasts for new products, and modify forecasts to meet the requirements of the
users or otherwise adjust the information for use in the company. All these considerations
are taken into account in the demand management process. Techniques for forecasting,
aggregating (pooling) demand, and disaggregating demand can facilitate this process.

The linkage between demand management, sales and operations planning, and master
production scheduling in the front end makes clear the importance of providing complete
forecasts and providing them at the appropriate level of detail. The importance of identifying
all sources of demand is obvious, but sometimes overlooked. If material and capacity
resources are to be planned effectively, we must identify all sources of demand: spare parts,
distribution, inventory changes, demonstration stock, new items, promotions, and so on.
Only when we have accounted for all demand sources can we develop realistic MPC plans.

Demand Management and the MPC Environment

Demand management activities must conform to the strategy of the firm, the capabilities
of manufacturing, and the needs of customers. Different strategies, capabilities, and
customer needs define different MPC environments within which demand management
activities are carried out. In order to understand how the activities might differ from
environment to environment, we first develop a broad classification of manufacturing
environments. Key to this classification is the concept of the customer order decoupling
point or, as it is sometimes called, the order penetration point.

The customer order decoupling point can be looked at as the point at which demand
changes from independent to dependent. It is the point at which the firm—as opposed to
the customer—becomes responsible for determining the timing and quantity of material
to be purchased, made, or finished. Consider for a moment a small tailor shop. If
customers go into the shop and buy suits from the available stock (off the rack), the
customer order decoupling point is the finished suit (the finished goods inventory). In
this case, the customer decides which suit to buy and when to buy it (independent
demand for the suits). The tailor decides what suits to make and when to make them
(dependent demand for the fabric).
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Figure 3.2 Customer Order Decoupling Point in Different Environments

If, on the other hand, customers look over the available inventory of fabrics, make their
choice, and request a specific suit design, the customer order decoupling point is the raw
material inventory of fabric. Similarly, if the customer looks at catalogs of fabrics, chooses
one, and requests the tailor to make a specific design, the customer order decoupling point
is the supplier. In this latter case, both the customer and the supplier are included in the
tailor’s manufacturing decisions. In the examples of buying or making suits, the customer
order decoupling point has moved deeper into the tailor’s organization.

Figure 3.2 provides a means for visualizing the customer order decoupling point as
it might move from finished goods inventory through the company all the way back to
the supplier. The different locations of the customer order decoupling point give rise to
different categories of manufacturing environments. Firms that serve their customers
from finished goods inventory are known as make-to-stock firms. Those that combine a
number of options together to meet a customer’s specifications are called assemble-to-
order firms. Those that make the customer’s product from raw materials, parts, and
components are make-to-order firms. An engineer-to-order firm will work with the
customer to design the product, then make it from purchased materials, parts, and
components. Of course, many firms will serve a combination of these environments, and
a few will have all simultaneously.

For our purposes in describing the role of demand management in different
situations, we will characterize the MPC environments as make-to-stock, assemble-to-
order, or make-to-order (we will consider the engineer-to-order and make-to-order
environment together).

The Make-to-Stock (MTS) Environment

In the make-to-stock (MTS) environment, the key focus of the demand management
activities is on the maintenance of finished goods inventories. In this environment, the
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customers buy directly from the available inventory, so customer service is determined by
whether their item is in stock or not. As we saw with the tailor that sold suits, the customer
order decoupling point is the finished goods inventory. It is at this point that the
independent demand of the customer for suits becomes the dependent demand for fabric
to support the tailor’s plans for making suits. Unlike the tailor, however, inventory of
manufactured goods may be located very far from the manufacturing plant. Moreover,
there may be several locations from which the customers buy their goods. This means that
there is both a geographical and temporal dimension to the maintenance of finished goods
inventory. Thus, tracking of demand by location throughout the supply chain is an
important activity in the MTS environment.

A key aspect of the management of the finished goods inventory is the determination
of when, how much, and how to replenish the stock at a specific location. This is the
physical distribution concern in demand management. This can be an extremely broad
concern, encompassing numerous locations in many countries, and involving several
levels of distribution and storage. Some MTS firms employ plant warehouses, distribution
centers, local warehouses, and even vendor-managed inventory inside their customers’
locations. Management of this supply chain requires information on the status of
inventory in the various locations, relationships with transportation providers, and
estimates of the customers’ demands by location and item. Formal methods of forecasting
customer demand can help in this process.

The essential issue in satisfying customers in the make-to-stock environment is to
balance the level of inventory against the level of service to the customer. If unlimited
inventory were possible and costless, the task would be trivial. Unfortunately, that is not
the case. Providing more inventory increases costs, so a trade-off between the costs of the
inventory and the level of customer service must be made. The trade-off can be improved
by better estimates (or knowledge) of customer demand, by more rapid transportation
alternatives, by speedier production, and by more flexible manufacturing. Many MTS
firms are investing in such lean manufacturing programs in order to shift the trade-off,
that is, to achieve higher service levels for a given inventory investment. Regardless of how
the trade-off comes out, the focus of demand management in the make-to-stock
environment is on providing finished goods where and when the customers want them.

The Assemble-to-Order (ATO) Environment

Returning to our tailor for a moment, imagine that you were interested in buying an
ensemble consisting of a jacket, a matching pair of slacks, a contrasting pair of slacks,
and a vest. You would make your choices from the finished items of each, and the tailor
would then cut and sew them to your size. This is a form of assemble-to-order (ATO)
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business. Many manufacturing examples exist. You may have experienced this yourself
when you ordered a personal computer. You decided what components you wanted,
and the company assembled the components to complete your order. Many people buy
their cars this way, and some industrial products are assembled to meet the users’
specifications.

In the assemble-to-order environment, the primary task of demand management is to
define the customer’s order in terms of alternative components and options, for example,
a two-door versus four-door car, with or without antilock brakes. It is also important to
assure that they can be combined into a viable product in a process known as
configuration management. This is a critical step, because it might not be possible to
assemble certain combinations. In a sports car, for example, mounting the center “boom
box” of a deluxe sound system might fill the cavity in which the convertible top fits. Not
only is that not desirable, it may not be physically possible to assemble that combination.
In addition to combinations that can’t go together, there may be combinations that must
go together. For example, a heavy-duty radiator might be required for certain air
conditioning units in a car. One of the capabilities required for success in the assemble-to-
order environment is engineering design that enables as much flexibility in combining
components, options, and modules into finished products as possible.

The assemble-to-order environment clearly illustrates the two-way nature of the
communication between customers and demand management. Customers need to be
informed of the allowable combinations, and the combinations should support
marketplace desires, such as sports trim for cars. Moreover, customers’ orders must be
configured, and the customers must be informed of the delivery date of the finished
product. In this environment, the independent demand for the assembled items is
transformed into dependent demand for the parts required to produce the components
needed. The inventory that defines customer service is the inventory of components, not
the inventory of finished product.

Some ATO firms have applied lean manufacturing principles to dramatically decrease
the time required to assemble finished goods. By so doing they are delivering customers’
orders so quickly that they appear to be MTS firms from the perspective of the customer.

There are some significant advantages from moving the customer order decoupling
point from finished goods to components. The number of finished products is usually
substantially greater than the number of components that are combined to produce the
finished product. Consider, for example, a computer for which there are four processor
alternatives, three hard disk drive choices, four CD-DVD alternatives, two possible
speaker systems, and four monitors available. If all combinations of these 17 components
are valid, they can be combined into a total of 384 different final computer
configurations. It is much easier to manage and forecast the demand for 17 components
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than for 384 computers. If Nj; is the number of alternatives for component i, the total
number of combinations for # components (given all are viable) is:

Total number of combinations = N;* Ny* - --* N, (3.1)

The Make (Engineer)-to-Order (MTO) Environment

The focus of demand management in the MTS and ATO environments was largely on
satisfying customers from the appropriate inventory—finished goods or components. In the
make-to-order and engineer-to-order environments, there is another resource that needs to
be taken into account—engineering. Moving the customer order decoupling point to raw
materials or even suppliers puts independent demand information further into the firm and
reduces the scope of dependent demand information. Moreover, the nature of the
information needed from customers changes. We knew what the customers could buy in the
MTS and ATO environments, but not if, when, or how many; in the make (engineer)-to-order
environment, on the other hand, we are not sure what they are going to buy. We need,
therefore, to get the product specifications from the customers and translate these into
manufacturing terms in the company. This means that a task of demand management in this
environment is to coordinate information on customers’ product needs with engineering.

The need for engineering resources in the engineer-to-order case is somewhat
different from that in the make-to-order case. In the make-to-order environment,
engineering determines what materials will be required, what steps will be required in
manufacturing, and the costs involved. The materials can come from the company’s
inventory or be purchased from suppliers. In the engineer-to-order environment, more of
this same information is needed from customers, although more of the detail design may
be left to the engineers than the customer. Because of the need for engineering resources
in this environment, demand management’s forecasting task now includes determining
how much engineering capacity will be required to meet future customer needs. This may
be complicated because some orders can be in progress, even though they arent
completely specified and engineered, so material coordination is still important. Although
there is certainly some overlap among them, a summary of the major tasks in demand
management for each of the environments is provided in Figure 3.3.

The customer order decoupling point could actually be with the supplier in the
engineer-to-order case. In all the environments, suppliers’ capabilities may limit what we
are able to do, so coordination with them is essential. This span of involvement from
customer to supplier gives rise to the term supply chain (sometimes called the demand
chain), and the coordination of activities along the supply chain is referred to as supply
chain management. This is a concept that we will see again in our discussion of demand
management.
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Figure 3.3 Key Demand Management Tasks for Each Environment

Tasks MTS ATO MTO
Information  Provide forecast Configuration management  Product specifications
Planning Project inventory levels Determine delivery dates Provide engineering
capacity
Control Assure customer service  Meet delivery dates Adjust capacity to
levels customer needs

Communicating with Other MPC Modules and Customers

Regardless of the environment, demand management has important internal and external
communication tasks. Forecast information must be provided to sales and operations
planning (SOP). Detailed demand information must be communicated to master
production scheduling (MPS), and information on product availability must be made
available to customers both for planning purposes and to manage the day-to-day customer
order activities. Some of the major communication needs are shown in Figure 3.4.

Sales and Operations Planning

A key requirement for demand management communication with sales and operations
planning is to provide demand forecast information. In turn, sales and operations planning
will provide coordinated sales and operations plans. In order for these plans to be
comprehensive, all sources of demand must be accounted for, both in quantity and timing.
It is not sufficient to simply determine the market needs for product. To get a complete
picture of the requirements for manufacturing capacity, engineering resources, and
material needs, we must gather demand information for spare parts, inter- and
intracompany transfers, promotion requirements, pipeline buildups, quality assurance
needs, exhibition or pilot project requirements, and even charitable donations. Sometimes

Figure 3.4 Demand Management Communication Activities for Each Environment

Connection MTS ATO MTO

SOP Demand forecasts Demand forecasts, Demand forecasts,
product family mix engineering detail

MPS Actual demands Mix forecasts, actual demands Final configuration

Customer(s) Next inventory Configuration issues, delivery Design status, delivery

replenishment date date
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this is more difficult than it appears. The difficulty seems to be greatest for companies with
a significant number of interplant transfers. We’ve often heard plant managers complain
that their worst customer is a sister plant or division.

Choosing the appropriate measure for determining capacity needs is important to
effective communication between demand management and SOP. The measure can vary
with the environment. For instance, material capacity may be most important in the
make-to-stock environment, while it may be machine and/or labor hours in the make-
to-order case. Engineering capacity is often most critical in the engineer-to-order
environment. It is essential that the demand management communication with sales and
operations planning bein the proper units for the development of their plans. Moreover,
both internal and external timing issues need to be communicated. For instance, if
changes in the timing of deliveries to a significant customer could affect the plans, this
information must be communicated to sales and operations planning. Similarly, a major
change in distribution inventory policy might influence the plan.

Sales and operations planning may develop plans by product families, geographical
regions, organizational units, or even combinations of these and other categories. This
means the plans may not line up completely with the market. For instance, some
customers may want only some units from each of several families, while others may want
several complete families. Moreover, the sales and operations plans may be stated in
dollars or some other aggregate measure, while the market buys specific products. This
creates the need for demand management to translate and synchronize the
communication of data between market activities and SOP.

Master Production Scheduling

Interactions between demand management and master production scheduling (MPS) are
frequent and detailed. As customer orders are received and entered into the MPS, the
detailed order information must be provided to the master production scheduler as the
orders occur. Similarly, demand management needs information on the status of orders,
capacity consumed, and capacity available so customers can be kept informed. Details
vary significantly between make-to-stock, assemble-to-order, and make-to-order
environments. In all instances, however, the underlying concept is that forecasts are
consumed over time by actual customer orders, as Figure 3.5 shows. In each case, forecast
future orders lie to the right and above the line, while actual customer orders are to the left
and below the line.

Observe in Figure 3.5 that the lines for the three environments are quite different. For
the make-to-stock environment, there are very few actual customer orders, since demand is
generally satisfied from inventory. This reflects the need to manage the finished goods
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Figure 3.5 Forecasts Consumed by Orders

inventory. In the assemble-to-order environment there are customer orders already booked
for several periods into the future, reflecting the need to provide accurate delivery promise
dates to the customers. Still different demand management problems confront the firm with
a make (engineer)-to-order environment, even though there’s a larger backlog of customer
orders. Communication between the firm and the customer first involves engineering, as
orders become completely specified, and then project management status and delivery date
promising.

The types of uncertainty also differ between these environments. In the make-to-
stock case, uncertainty is largely in the demand variations around the forecast at each
of the inventory locations. In this case, additional levels of inventory (safety stock) are
held in order to provide the service levels required. In the assemble-to-order case, the
uncertainty involves not only the quantity and timing of customer orders but product
mix as well. For the make-to-order environment, the uncertainty is often not the
timing or quantity of the customer order but, rather, what level of company resources
will be required to complete the engineering and produce the product once the exact
requirements are determined. One aspect of the communications between master production
scheduling and demand management is to facilitate buffering against the uncertainties
that exist.

Dealing with Customers on a Day-to-Day Basis

A primary function of the demand management module is converting specific day-to-day
customer orders into detailed MPC actions. Through the demand management function,
actual demands consume the planned materials and capacities. Actual customer demands
must be converted into production actions regardless of whether the firm manufactures
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make-to-stock, assemble-to-order, or make-to-order products. Details may vary, depending
on the nature of the company’s manufacturing environment.

In make-to-order environments, the primary activity is controlling the progress of
customer orders in order to meet the promised delivery dates. Any engineering or
manufacturing changes must be related to the master production scheduler to determine
their impact on the final delivery to the customer. While firms often perform this function
the same way for assemble-to-order products, only limited communication with
engineering would be needed to determine promise dates. In both these environments,
there’s communication from the customer (a request for a product) and to the customer
(a delivery date) through the demand management module. Later there may be additional
communication with the customer to respond to order status requests. These aspects of
demand management have such names as order entry, order booking, and customer
order service.

In a make-to-stock environment, demand management doesn’t ordinarily provide
customer promise dates. Because finished goods are stocked, the customer is most often served
from inventory. If there’s insufficient inventory for a specific request, the customer must be told
when more will be available or, if there’s allocation, told what portion of the request can be
satisfied. Conversion of customer orders to MPC actions in the make-to-stock environment
triggers resupply of the inventory from which sales are made. This conversion is largely through
forecasting, since the resupply decision is in anticipation of customer orders.

In all these environments, extraordinary demands often must be accommodated.
Examples include replacement of items after a disaster, advance orders in the make-to-
stock environment, unexpected interplant needs, large spare-part orders, provision of
demonstration units, and increased channel inventories. These all represent “real”
demands on the material system.

Some clear principles emerge from this consideration of the relationship between
demand management and the other modules in the front end of the MPC system. It is
essential that all sources of demand be identified and incorporated in the planning and
control activities of the firm. Demand management is responsible, as well, for
communicating with the customers. Keeping the customer honestly informed of the
status of an order is important to customer satisfaction, even if it is bad news that must be
communicated.

Information Use in Demand Management

The information gathered in demand management can be used to enhance current and
future performance of the firm. Some ways in which this is done are discussed in the
following paragraphs.
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Make-to-Knowledge

As shown in Figure 3.5, a basic concept of demand management is that there is a “pipe” of
capacity, which is filled in the short run with customer orders and the long run with
forecasts; order entry is a process of consuming the forecast with actual orders.
Performance has improved for many state-of-the-art situations, where supply chain
partnerships are created. Between these suppliers and customers the goal is to improve the
competitiveness of the entire chain, not just that of each of the companies independently.
In some cases this allows the two firms to operate with knowledge of the other firm’s
needs. Figure 3.6 depicts this situation where a supplier has a forecast of demand, a set of
actual orders, and also knowledge of the situation in some key customers. Examples of
such knowledge would include the customer’s inventory position (when using vender
managed inventories, for example) and/or production schedule. This information allows
one to know as closely as the customer when an order will be needed. This reduces the
dependency on forecasts.

The knowledge comes from a natural evolution in the use of electronic data
interchange (EDI) and Internet-based systems. The first interfirm applications of these
communication means tends to consist of electronically processing transactions, such as
orders, invoices, and payments. But a logical next step is to use the information channels
to enhance knowledge. This requires determining the key data in the customers’ and
suppliers’ companies that could be accessed by the partnership for better overall
effectiveness. There are important potential implications from using knowledge. One
example is the decreasing number of order transactions. If the goal is to maximize
effectiveness of the overall supply chain, many of these types of transactions can be
eliminated.
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Figure 3.6 Replacing Forecasts with Knowledge
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Data Capture and Monitoring

Data capture and monitoring activities of demand management fall into two broad
categories: the overall market and the detailed product mix. The data most appropriate for
sales and operations planning is overall market trends and patterns for the product
familes. The intent is to determine on an ongoing basis any changes in the general levels of
actual business for input to the sales and operations planning process. The second activity
concerns monitoring the product mix for master production scheduling and customer
order promising. The intent is to quickly determine changes in customer preferences for
adjusting manufacturing and providing delivery information.

For both the overall market and the detailed product mix, it’s important to capture
actual demand data where possible. Many companies use sales instead of demand for
purposes of making demand projections. Unless all demands have been satisfied, sales can
understate actual demand. In other instances we know of firms that use shipments as the
basis for projecting demands. In one such instance, the company concluded its demand was
increasing since its shipments were increasing. Not until they had committed to increased
raw-material purchases did they realize the increased shipments were replacement orders
for two successive overseas shipments lost at sea.

It’s in demand management that we explicitly define service levels and resultant safety
stocks. The requisite degree of production flexibility for responding to mix or engineering
design changes is set here as well. Then, through conversion of day-to-day customer
orders into product shipments, we realize the company’s actual service levels. Careful
capture and management of actual demands can provide the stability needed for efficient
production, and that stability provides the basis for realistic customer promises and
service. Booking actual orders also serves to monitor demand against forecasts. As changes
occur in the marketplace, demand management can and should routinely pick them up,
indicating when managerial attention is required.

Customer Relationship Management

An important tool for gathering information on customers is customer relationship
management (CRM). This is a very broad topic in its own right, so we discuss only a few of
the demand management uses of the tool. In many consumer product companies,
particularly those establishing supply chain relationships over the Internet, individual
customer data is being captured and monitored by using CRM software. Because the data
comes from requests by individual customers, it reflects more closely actual customer
demand. In addition, it can provide closer insights on the real current needs of customers
than historical data or projected trends. For MTS firms, capturing information at this level
of detail can help to discern early demand and mix trends, provide the basis for new
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products and services, and lead to the development of knowledge-gaining activities that
improve efficiency along the supply chain.

In the make- or assemble-to-order environments, CRM can be a useful means for
developing similar insights into the customers. Data from CRM can be used to develop make-
to-knowledge plans on an individual customer basis. Gathering current information on the
customers’ preferences can provide early warnings of shifts in design and mix preferences.
This can be a big advantage to engineering and also provide information that could be useful
in the development of raw material purchasing and manufacturing scheduling. Although not
as explicit as the knowledge available with vendor-managed inventories, it can be useful in
managing mix and service levels.

Outbound Product Flow

Physical distribution (outbound product flow) activities are planned on the basis of the
information developed in the demand management function. Customer delivery promise
dates, inventory resupply shipments, interplant shipments, and other such information
from demand management are used to develop short-term transportation schedules.
Information on the specific timing for resupply shipments can be integrated with
distribution planning as well. For example, the information can be used to schedule
resources at the warehouse and provide for the delivery capacity needed.

The distribution equivalent of the SOP and MPS function is the determination of the
overall plans for moving the product to the customer and scheduling the shipments through
the distribution system. This means determining the transportation and warehouse capacity,
scheduling the movement of product and accounting for product availability so customers
can be kept informed. The management of product distribution requires the same
comprehensiveness of demand determination that the other functions need, since it is
within this capacity derived from that demand that the day-to-day distribution function
operates. Adequate planning of the capacity needs greatly facilitates day-to-day distribution
operations.

Managing Demand

As we said at the start of this chapter, demand management is the gateway module between
the company and marketplace. As such, it is where market intelligence is gathered,
forecasts of demand are developed, and status information on customer orders is
maintained. Much of what is required in managing demand is the discipline to be honest
with both the internal and external customers. This is partly political, partly
organizational, and partly a systems issue. In this section we look at some of the internal
demand management activities that are required to effectively manage demand, including
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organization and systems monitoring. We’ll also look at demand management’s role in
balancing supply and demand.

Organizing for Demand Management

Most companies already perform many, if not all, the activities associated with demand
management. In many instances, organizational responsibility for these activities is widely
scattered throughout the firm. The finance or credit department performs credit checks
and order screening associated with customer orders. Sales, customer service, or supply
chain management departments handle order entry or booking. Outbound product
activities are associated with the distribution, traffic, or logistics departments of firms.

Organizational responsibility for demand management tends to be a function of the
organization’s history and nature. In marketing-oriented firms (where success requires
close contact with demand trends and good customer relations), demand management
might well be performed by the marketing or sales organization. In firms where product
development requires close interaction between engineering and customers, a technical
services department might manage demand. Some companies establish a materials or
supply chain management function to coordinate demand management activities. These
tend to be firms that feel it important to manage the flow of materials from purchasing raw
materials through the production process to the customer. In all instances, we must clearly
assign responsibilities to make sure nothing is left to chance.

If flexibility is a key objective, then management must carefully design and enforce
rules for interacting with the system and customers so the system can provide this
flexibility. By this we mean customer order processing must be established and enforced
through the communication to the master production scheduling module. It involves
carefully establishing rules for serving particular special customers. For example, if an
extraordinarily large order is received at a field warehouse, procedures need to be
established for determining whether that order will be allowed to consume a large portion
of the local inventory or be passed back to the factory. We must define and enforce limits
within which changes can be made. If a manager violates any of these procedures—for
example, by saying, “I don’t care how you do it, but customer X must get the order by time
Y”—demand management is seriously undercut.

A useful technique for defining and managing these areas of responsibility is to require
higher and higher levels of approval the nearer to the current date that a change is
requested. This procedure doesn’t preclude a change but does force a higher level of review
for schedule changes to be made near term. The underlying concept is to take the informal
bargaining out of the system. By establishing and enforcing such procedures for order
entry, customer delivery date promising, changes to the material system, and responses to
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mix changes in the product line, everyone plays by the same rules. Clearly this is more a
matter of management discipline than technique. The ability to respond “What don’t you
want?” to the statement “I have to have it right away” for a particular customer request
helps establish this discipline.

Monitoring the Demand Management Systems

If demand management is to perform its role in the MPC system well, the data that are
produced must be accurate, timely, and appropriate. This goes not only for the information
that is consumed internally but also for information that is provided to customers.
Obviously this means that the data (both input and output) must be monitored, and it also
means that the systems themselves must be monitored. If forecasts for a particular product
line suddenly increase fourfold, there had better be a way that someone can find this out
and start tracking down why. To do this requires data monitoring capability, not only of the
input data but the calculated data as well. The last thing you want is to be communicating
patently wrong information to your customers. Think of the implications of either a too
short or a too long delivery date promise, for example.

Monitoring the input and output of the configuration management system can disclose
product opportunities and provide insights for managing the priorities for producing product
modules and options. If customers are increasingly requesting product combinations that
can’t be built, it might be a signal to engineering to work on making the products feasible.
These combinations could represent new product offerings. If the combinations that are being
correctly configured are changing, it might mean that the demand for specific components is
changing and manufacturing priorities should be adjusted. When manufacturing and/
or engineering starts complaining that too many “bad” combinations are getting through
configuration, it could mean that something has gone awry in the configuration management
system.

Similar opportunities and concerns can arise in the order entry system. At order entry
time there is an opportunity to pick up market intelligence through CRM, cross-sell
complementary products, and further customer relationships. The essence of the
complaints from customers, incorrect orders, missing information, and other such tips
may signal the need for more training. Complaints from manufacturing about insufficient
information from the customer may also mean more training is needed or could disclose a
problem in the system itself. Consistent late or early delivery could signal a problem in the
MPS-demand management communication link or some other aspect of delivery date
promising.

The common theme in all of these examples is that data must be captured and
evaluated to keep the system honest. As a key communication link to the market, it is
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particularly important to monitor the systems in demand management. An effective
demand management module will gather marketing information, generate forecast
information, screen and monitor performance information, and provide detailed action
instructions to the material planning and control system. Only by careful monitoring of
the system can we be assured that this is done effectively.

Balancing Supply and Demand

A key element of the demand management module is providing the information to help
balance the supply of products with the demand. Gathering intelligence on actual
conditions in the marketplace provides the basis for deciding whether to change the
company’s plans. We saw, in the forecasting section, the use of pyramid forecasting to
harmonize various forecasts, other sources of information on the market, and company
goals. At times this process will leave some potential demand unfulfilled. There are a
myriad of legitimate reasons for this. Investments in capacity may not be warranted, some
product lines may not be sufficiently profitable, key materials may be in short supply, and
so forth.

At this time real management discipline is required. Purposely leaving some demand on
the table is extremely difficult. A pleading customer is hard to turn away. Perhaps the most
important activity in demand management is to be honest with customers. In our
experience, customers prefer honest answers (even if they’re unpleasant) to inaccurate
information. A demand management module with discipline in the management and
effective systems provides the basis for honest communication with customers. They can be
told when to expect delivery or when inventory will be replenished—and they can count on
it. Providing the basis for honest communication with customers can pay handsome
dividends in terms of customer loyalty.

Collaborative Planning, Forecasting,
and Replenishment (CPFR)

CPEFR represents a major enhancement of the principles of demand management presented
earlier in this chapter. This approach is a recent innovation for dramatically improving
communications between customers and suppliers in forecasting product demand. It was
developed by the Voluntary Interindustry Commerce Standards Association to help retailers
in fast-paced demand situations improve their competitiveness in both cost and delivery
performance. CPFR focuses on reducing the variance between supply and demand for
individual products. It is based on making organizational changes in both customer and
supplier companies to improve communication and collaboration, developing new business
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processes for creating forecast information, and introducing daily communication between
companies of a shared forecast. CPFR can benefit both the customer and the supplier by
helping increase sales and fill rates while, at the same time, reducing inventories. This
approach is especially powerful when one or a few customers represent a large portion of a
supplier’s business.

The concept of CPFR is to enable customers and suppliers to work together in a close,
collaborative way to improve the understanding and communication of product forecast
information. The mutual objective is to improve business results for each individual
company and for the combined supply chain. Successful adoption of CPFR was reported by
Sears and Michelin in their joint initiation of collaboration involving 220 Michelin stock-
keeping units (SKUs) at all of Sears’s Auto Center and National Tire and Battery locations.
In this case, Sears reduced in-store stock levels by 4.3 percent, increased distribution
centers-to-store fill rates by 10.7 percent, and generated additional margin dollars. The
combined Michelin and Sears inventory levels were reduced by 25 percent.

In another case, CPFR was initiated by a manufacturer to improve its competitiveness.
Motorola reports the implementation of CPFR in its Mobile Device Division, where sales
were both highly variable and not synchronized with actual customer demand.* Motorola
lacked visibility into its retailer’s distribution centers, and as a result, forecast error was
very high, resulting in excessive stockouts. After implementing CPFR Motorola reports
that there were dramatic improvements in forecast accuracy, inventory reserved for
retailers decreased by 30 percent, transportation costs were cut in half, cell phone
promotions improved, and new product launches were better executed. Motorola’s
retailers reported quick reductions in inventory at their distribution centers because of
less need for buffer stock. Stockouts were reduced by one-third.

Nine-Step CPFR Process Model

The Voluntary Interindustry Commerce Standards Association developed a nine-step
CPFR process model to provide a general framework for companies interested in
implementing CPFR (see Figure 3.7). This framework provides retailers and suppliers
with general guidelines for sharing key supply chain information and coordinating their
plans. Under CPFR, supply chain partners develop one consensus forecast. This forecast
can be developed collaboratively, or one of the partners can provide an initial forecast that

! Hank Steermann, The “Sears-Michelin Experience,” Supply Chain Management Review, July/August 2003.
2 Jerold P. Cederlund, Rajiv Kohli, Susan A. Sherer, and Yuliang Yao, “How Motorola Put CPFR into Action,”
Supply Chain Management Review, October 2007.
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Step 1
Establish collaborative relationship
Step 2
Create joint business plan
Step 3
Create sales forecast
Step 4
Identify exceptions to the sales forecast
Step 5
Resolve/collaborate on exception items
Step 6
Create order forecast
Step 7
Identify exceptions to order forecast
Step 8
Resolve/collaborate on exception items
Step 9
Generate order

Source: Voluntary Interindustry Commerce Standards Association.

Figure 3.7 The Nine-Step CPFR Process Model

is then used as the basis for developing a collaborative forecast. Once the collaborative
forecast is developed, then the supply chain partners can go about optimizing the activities
of their companies. As a result, production schedules can then be developed by the
supplier based on the actual demand at the retailer.

Steps 1 and 2 of the CPFR Model

The first two steps in the model, establishing a collaborative relationship and creating a
joint business plan, are critical in ensuring a successful CPFR implementation. In many
companies, this means moving away from a culture of arm’s length transactional
relationships with customers or suppliers. Changing a company’s culture can take many
months to accomplish. CPFR projects can fail because of a lack of executive support, lack
of collaboration rigor, or unclear objectives at the outset.
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It is important to change the firm’s business strategy to one that supports close
collaboration between companies and to share sensitive demand information. Key
activities at both the supplier and the customer include coming to agreement on common
business objectives and strategy, changing the organization structure to facilitate close
collaboration, and redesigning the planning processes so that effective problem
identification and resolution can actually occur. Data sharing and the choice of data-
sharing technology represent critical management issues in developing a solid business
partnership. Deciding what information will be shared with the customers or suppliers,
sharing the business strategy, and getting customers’ or suppliers’ agreement to it are
major issues. If these changes are made, the close collaborative in supply chain
relationships emphasized under CPFR can be achieved, leading to a better forecasting of
demand and product requirements.

Motorola reports that an early step was to convince retailers that a long-term
collaborative relationship would be in the retailer’s best interest and that Motorola’s
organization would support such close collaborative efforts with customers.? For the first
six weeks, the Motorola team focused on existing delivery problems by holding daily
meetings to review every purchase order, demonstrating improved on-time delivery in
order to gain trust. Motorola also pre-built products in anticipation of a stock shortage
well before the customer placed the order. This enabled Motorola to frequently surprise
the customer by calling for the order at the same time that the customer was preparing to
place the order. Motorola changed its organization to form a core business team and the
related customer-focused operations teams. These teams worked with the selected
retailers to agree upon appropriate service levels, metrics, and a plan for continuous
improvement. They focused on common business goals and performance plans that
represented both Motorola and customer metrics, such as inventory and sell-through.

Process Redesign

Process changes are essential in implementing a collaborative relationship and business
strategy. Further, changes in information technology are often required to support the
new process design and to provide more effective information sharing. The Sears-
Michelin implementation experience illustrates the way process redesign and information
technology improvements can be made in implementing CPFR.*

Figure 3.8 shows the Sears-Michelin project teams that were created to implement the
project plan and achieve the activity timetables. These teams were created by the two
companies to be responsible for the individual project activities. They included both

3 Ibid.
4 Steermann. “The Sears-Michelin Experience.”
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business and technical personnel, working on a part-time basis. The teams took between one
and four weeks to complete their assigned task, depending on the complexity of the task.

The initial team’s task was to document the current supply chain business process,
starting with the planning and forecasting activities and culminating with the product
reaching the customer. This task involved understanding how the people in the Sears-
Michelin supply chain interfaced. Individual activities were identified, noting who was
involved, when the activities took place, and what systems were involved. People in
both firms were asked to contribute information on sales forecasting, demand
planning, production, store replenishment, and logistics. Once the process document
was complete, a second team identified and evaluated opportunities for improvement
by following the nine-step CPFR model. This team focused on obtaining improvement
in the areas of inventory reduction and increasing information visibility at the two
companies.

Based on the areas of opportunity, a third team began to map the future business
processes, documenting the improvement decisions and goals in a front-end arrangement.
This work identified the items/SKUs involved, the data to be considered, program
participants, business rules, and project accountability. Three of the teams shown in Fig-
ure 3.8 were involved in the process analysis and redesign. Four other teams were
concerned with the Internet software aspects of this process. These teams are also shown
in Figure 3.8.

Early in the project, Sears and Michelin decided they would share all supply chain
information necessary under CPFR, using the Internet software provided by GNX
(GlobalNetXchange) that provided a business-to-business exchange for the retail industry.
GNX had previously reached an agreement with Manugistics Inc. to make its NetWORKS
Collaboration software available online, enabling collaboration via the Internet. This

Figure 3.8 Project Teams

Business Technical

Current GNX Access/
business process setup

Evaluate Software
opportunities setup

Front-end System testing/
arrangement quality assurance

Future Evaluation and
business process assessment

Source: Hank Steermann, “The Sears-Michelin Experience,” Supply Chain Management Review,
July/August 2003.
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system enables Sears and Michelin users to access CPFR information through a browser
with a user ID and password. The software is flexible and allows views of the data to be
tailored to users’ specific needs. For example, a user can view information at the item level
or aggregate to the desired level of the merchandise or location hierarchy. It allows the
software to meet the needs of users who have different responsibilities while still allowing
for meaningful analysis to be conducted.

The redesigned business process at Sears-Michelin has several important characteristics.
First, all of the CPFR data have been consolidated at a centralized location that is accessible to
both the customer and the supplier. Through the use of the hosted CPFR software, both
companies can send files with the agreed-upon data components to GNX each week. Such
data includes sales forecasts for regular and promotional products, inventory at both the
Sears and Michelin locations, inventory on order for Sears, Michelin production plans,
Sears future inventory demand, and actual sales for both regular and promotional
products.

Although both companies may have had all of the required supply chain information
previously, each company may have had only a portion of the data held by the other
company. Consequently, decisions were often based on incomplete information.

Centralized data to support close collaboration has two advantages. The data are
meaningful and consistent. The data are meaningful because they contain the key
information required to develop good plans and forecasts. The data are consistent because
the user is assured that the same data elements are updated at the same time each week.
Also, because all of the supply chain data are available at a centralized location, it is easy to
develop the key performance metrics into the software. For example, sales forecast
accuracy can be routinely calculated for the two companies.

Second, the centralized data can be used with disciplined business rules to create
meaningful exception reports that are e-mailed weekly to alert Sears and Michelin personnel
to problems that are occurring within the supply chain. Such reports enable Sears and
Michelin personnel to anticipate inventory and ordering problems and to take action to
resolve problems/issues early enough to prevent such problems from affecting supply chain
performance. The automated exception reports provide valuable information that allows
issues to be discussed by users in regularly scheduled conference calls.

Finally, the CPFR process has made meetings between the two companies much more
productive. Instead of having to expend substantial manual effort to create reports for
these meetings, this work has been replaced by the information directly available from the
CPER software. The centralized information has created a new tool to view information
such as an item’s current inventory or the aggregated inventory for an item at different
levels in the supply chain. For example, information enables users to track actual monthly
performance versus planned performance.
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Steps 3 through 9 in the CPFR Model

The organizational changes, adjustments to business strategy, and business process
redesign efforts undertaken jointly by a customer and its supplier (as described in steps 1
and 2 of the model) are essential in achieving a close collaborative relationship. Once these
steps have been taken, improvements in the daily communication of forecast, inventory,
and order information can be made to improve organizational performance.

The daily communication of supply chain information is normally organized as a part
of a regular monthly cycle and includes conference call meetings. Replenishment activities
during the prior and current week as well as the sell-through position at the retailer are
discussed with Motorola and its retailer in these meetings. This cycle represents an
important part of the demand planning activity that occurs within the sales and
operations planning cycle at the supplier firm. (See Chapter 5 of this text for a discussion
of the sales and operations planning cycle.)

The CPFR process at Motorola provides a good example of the individual weekly
activities in this cycle.” The communication process includes regular weekly meetings
involving multiple points along the supply chain. As shown in Figure 3.9, the meeting in
week 1 involves an operations review of the past month’s performance. Early in the
meeting, the teams review the positive and negative events of the past four weeks. The rest
of the meeting is concerned with the strategic implications of what has occurred and the
implications for the future forecast.

Forecasting is the focus of the meeting during week 2 of the cycle. Here, the teams develop
the collaborative forecasts. On Monday the retailer loads its forecast for the next month. On
Tuesday Motorola loads its forecast. On Wednesday, during the weekly call, the two teams
jointly resolve differences line-by-line in the forecasts. The presence of the marketing analyst
ensures that the teams can immediately resolve issues related to the discrepancies.

Process improvement is the primary concern of the meeting during week 3 of the
cycle. The teams examine the issues brought up during the operational review and assign
specific actions. They review what is working correctly in the business process and what is
not working properly. They then focus on improving the forecasting and ordering process.

The financial implications of the process are the subject of the week 4 meeting. The
effect that CPFR can have on a company’s period-end goals is often overlooked. Having
the financial planners attend the meeting with the customer account team helps in
assessing the financial implications of the CPFR process. The participants can carefully
plan the fiscal period ends for more accurate predictions of profit-and-loss and balance
sheet items.

5> Cederlund, Kohli, Sherer, and Yao, “How Motorola Put CPER into Action.”
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Figure 3.9 Monthly Meeting Communication Process

Motorola Retailer
Week Objective Participants Participants Topic for Review
1 Operations Replenishment Purchasing Replenishment review
review analyst Sales Prior/current week
Sales manager operations sell-through
Operations Logistics and Inventory position
manager inventory Open order review
management
2 Forecasting Replenishment Purchasing Above plus the
analyst Sales promotional
Sales manager operations schedule
Business Logistics and
operations inventory
manager management
Marketing Product
analyst marketing
3 Process Replenishment Purchasing Above plus 6-month
improvement analyst Sales forecast
Sales manager operations Forecast accuracy
Business Logistics and metrics
operations inventory Promotional
manager management schedule
Product
operations
4 Financial Replenishment Purchasing Above plus product
implications analyst Sales performance review
Sales manager operations next 6 months
Business Logistics and Pricing
operations inventory Rebates
manager management Competitive
Financial Finance information
analyst

Source: Jerold P. Cederlund, Rajiv Kohli, Susan A. Sherer, and Yuliang Yao, “How Motorola Put CPFR into Action,”
Supply Chain Management Review, October 2008.

Concluding Principles

In this chapter we have reviewed the pivotal role of demand management in communicating
with the market. Through the demand management module, information on the market is
gathered, orders are entered, products are configured, manufacturing specifications are
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developed, and customers are informed of product availability and delivery times. The
following principles will help managers to effectively carry out these tasks.

A Demand management systems and procedures must be aligned with the market
environment of the firm.

A All demands on product resources must be identified and accounted for in providing
forecast information to sales and operations planning and master production
scheduling.

A Data capture must not be limited to sales (demand) but should include knowledge,
trends, systems performance, and demand management performance.

A Implementing CPFR can lead to important organizational and business process
improvements for the customer and the supplier.

A The CPFR process can improve customer service, sales, inventory, and margin
performance for customers and suppliers in a supply chain.

APICS/CPIM Certification Questions

1. Demand management (DM) includes which of the following activities?
I. Forecasting
II. Product shipping
III. Entering customer orders

a. lonly
b. Il only
c. Il only
d. TandIII

2. Demand management is the firm’s connection to which of the following entities?
(Choose the best answer.)
a. Suppliers
b. Employees
c. Marketplace
d. Sales and operations planning
3. Sources of demand that are part of demand management include all of the following
except
a. Customer orders
Service parts
Scrap products
Promotional inventory

o T
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. Which of the following are examples of independent demand?
I. Customer orders

II. Shipping samples to the sales team

II1. Use of raw materials in production

a. lonly
b. Il only
c. I only
d. TandII

. Which of the following are examples of dependent demand?

I. Customer orders
II. Using finished goods stock to build preloaded store displays
III. Raw material usage

a. lonly

b. Il only

c. Il only
d. IT'andIII

. The customer order decoupling point is best defined as
a. The point where the customer takes responsibility for shipping costs
b. The point in the supply chain where the customer’s order is received
¢. The pointin the supply chain where demand changes from dependent to independent
d. The point where customer payments are received
. In an engineer-to-order environment, the most likely point where customer order
decoupling would take place is
a. Raw materials
b. Finished goods
c. Suppliers
d. Work-in-process parts and components
. In an assemble-to-order environment, the most likely point where customer order
decoupling would take place is
a. Raw materials
b. Finished goods
c. Suppliers
d. Work-in-process parts and components
. In an make-to-stock environment, the most likely point where customer order
decoupling would take place is
a. Raw materials
b. Finished goods



72

10.

11.

12.

13.

14.

15.

| Chapter 3 Demand Management

c. Suppliers

d. Work-in-process parts and components

In which environment is defining the customer order in terms of components and
options the key focus of demand management?

a. Make-to-order

b. Assemble-to-order

c. Engineer-to-order

d. Make-to-stock

Which of the following lists properly ranks the different environments from lowest to
highest need to communicate with the customer?

a. Make-to-order, assemble-to-order, engineer-to-order

b. Engineer-to-order, make-to-order, assemble-to-order

c. Assemble-to-order, make-to-order, engineer-to-order

d. Assemble-to-order, engineer-to-order, make-to-order

In an assemble-to-order environment, how many different product combinations are
possible if the product is made from 12 components, each of which has three different

options?

a. 36

b. 1,728

c. 531,441
d. 36

In a make-to-stock environment, what is the key problem? (choose the best answer)
a. Determining accurate customer forecasts

b. Maintaining sufficient stock of raw materials

c. Physically shipping products

d. Balancing inventory levels with customer service requirements
In an engineer-to-order environment, the forecasting process is not necessary.

a. True

b. False
Sales and operations planning can be completed at which of the following levels?

I. Product family

II. Region

III. Organizational unit
a. lonly

b. Il only

c. ITand III only

d. LII, and III
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The lifetime of a customer order (the time from receiving the order until order
fulfillment) is longest in which environment?

a. Make-to-order

b. Assemble-to-order

c. Engineer-to-order

d. Make-to-stock

The lifetime of a customer order (the time from receiving the order until order
fulfillment) is shortest in which environment?

a. Make-to-order

b. Assemble-to-order

c. Engineer-to-order

d. Make-to-stock

In which environment is the demand management function least likely to provide
customers with promise dates?

a. Make-to-order

b. Assemble-to-order

c. Engineer-to-order

d. Make-to-stock

Which types of data are captured and monitored by the demand management
function?

I. Detailed product mix

II. Product pricing

III. Overall market trends

a. lonly

b. Il only

c. TandIII only

d. L II, and III

Collaborative planning, forecasting, and replenishment (CPFR) has been defined by
the Voluntary Interindustry Commerce Standards Association as a process involving
how many steps?

a. 5
b. 7
c. 9
d. 11

The first step in the collaborative planning, forecasting, and replenishment (CPFR)
process is to

a. Create a sales forecast

b. Create an order forecast
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c. Establish a collaborative relationship

d. Create a joint business plan

The main goal of a collaborative planning, forecasting, and replenishment (CPFR)
process is to

a. Increase retail margins

b. Increase product stock at retail outlets

c. Reduce the variance between supply and demand

d. Increase manufacturer margins

A manufacturer of printer paper would most likely be what type of firm?
a. Make-to-order

b. Assemble-to-order

c. Engineer-to-order

d. Make-to-stock

A manufacturer of jet airplanes would most likely be what type of firm?
a. Make-to-order

b. Assemble-to-order

c. Engineer-to-order

d. Make-to-stock

A local coffee house restaurant would most likely be what type of firm?
Make-to-order

Assemble-to-order

o

Engineer-to-order
Make-to-stock

o T



CHAPTER 4

Forecasting

In this chapter, we deal primarily with preparing forecast information for the MPC
linkages within the MPC front end (e.g., those between SOP and MPS and demand
management). Forecasting information can come from a variety of sources, have different
levels of aggregation, incorporate different assumptions about the market, and manifest
other differences that need reconciliation before it can be used for planning and control.
Here we look at some of the bases upon which forecasting methods are determined, some
of the reasoning behind aggregating forecasts, and some of the means by which forecasts
are reconciled for planning purposes.
This chapter is organized around the following topics:

A Providing appropriate forecast information: What are the needs for forecast information
within the firm?

A Regression Analysis and Cyclic Decomposition Techniques: What are the most used
techniques for intermediate-term forecasts? How is seasonality considered in the
forecasting model?

A Short-term forecasting techniques: What techniques are useful for short-term individual
item forecasts and what are the metrics of forecast quality?

A Using the forecasts: What techniques are useful in keeping the detailed forecasts and
aggregate management plans synchronized?

Providing Appropriate Forecast Information

Managers need forecasts for a variety of decisions. Among these are strategic decisions
involving such things as constructing a new plant, developing more supplier capacity,
expanding internationally, and other long-run companywide considerations. Forecasts for
this type of decision are highly aggregated estimates of general business trends over the long
term. These broadly based forecasts are much too general for sales and operations planning
(SOP), even though some aggregation is necessary for SOP. The forecast needs for both these

75
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Figure 4.1 A Framework for Forecasting

Sales and
Nature of Strategic Business Operations Master Production
the Decision Planning Planning Scheduling and Control
Level of aggregation  Total sales or output Product family Individual finished goods
volume units or components
Top management Intensive When reconciling ~ Very little
involvement functional plans
Forecast frequency Annual or less Monthly or Constantly
quarterly
Length of forecast Years by years or Several months A few days to weeks
quarters to a year by
months
Management Very large Moderate Very little
investment in the
forecast(s)
Cost of data High Moderate Minimal
processing
and acquisition
Useful techniques Management Aggregation Projection techniques
judgment, economic  of detailed (moving averages,
growth models, forecasts, customer exponential smoothing)
regression plans, regression

applications (strategic considerations and sales and operations planning) are different, as
well, from the forecasts that are needed for short-term scheduling and execution decision
making in master production scheduling. Not only is the basis of the forecast different for
each of these applications, but the investment in forecasting, the nature of the techniques
used, and the frequency varies as well. A framework for some of the differences is provided
in Figure 4.1.

The general principle indicated here is that the nature of the forecast must be matched
with the nature of the decision. The level of aggregation, the amount of management
review, the cost, and the time frame of the forecast needed really depends on the nature of
the decision being made. Moreover, the source of the forecast can vary by need as well, as
indicated by the useful techniques line in Figure 4.1. The frequency and number of
forecasts needed for most short-term operating decisions don’t warrant extensive
management involvement, so computer-generated forecasts are utilized. Strategic
decisions, on the other hand, are less frequent and involve more risk, thus justifying use of
more expensive procedures and management involvement.
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Forecasting for Strategic Business Planning

Among the decisions that require long-term, broadly based forecasts are those involving
capital expansion projects, proposals to develop a new product line, and merger or
acquisition opportunities. The forecasts are usually stated in very general terms such as
total sales dollars or some output measure such as total tons, board feet, or engineering
hours. This level of aggregation can be related to economic and business indicators such as
the gross national product, net disposable income, or market share of a particular industry.
In turn, it is related to measures of capacity that may be required to meet the future
demands. Substantial managerial judgment is required in preparing and reviewing these
forecasts since the risk from making (or not making) an investment can be very large.
Causal models and the statistical tools of regression and correlation analysis can be
used to augment the managerial insight and judgment needed for making these forecasts.
Such models relate the firm’s business to indicators that are more easily forecast or are
available as general information. For example, household fixtures and furniture sales are
closely related to housing starts. Housing starts and building permits in an area are usually
public information, readily available to the firm. The relationship between housing starts
and furniture sales may be statistically modeled to provide another forecast of demand. In
addition, there are accuracy measures available with the statistical techniques to help
determine the usefulness of the forecast. Moreover, using these models can lead to
improved forecasting results and can help neutralize any emotion involved in the decision.

Forecasting for Sales and Operations Planning

The forecasts needed for sales and operations planning ultimately provide the basis for
plans that are usually stated in terms of planned sales and output of product families in
dollars or some other aggregate measure. The plans extend for a few months up to a year
into the future for each of the product lines they cover. The forecasts, then, must also be
aggregated to the product family level and cover the same (or a greater) number of
periods.

One important input into the forecasts for SOP is information on customer plans and
current demand information. Insights into the customers’ future plans are gained
through discussions with marketing and communication with customers through demand
management. This information can be augmented with current data on inventory
balances, demand levels, and product mix preferences through programs like CRM and
vendor-managed inventory (VMI). These are important sources of information for the
development of the sales and operations plans.

A common means for producing an aggregated forecast for SOP is to sum the
forecasts for the individual products in each product line. These totals can then be
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adjusted by incorporating knowledge of customers’ plans, current trends, and any
marketing plans that would influence demand. However, the forecasts are developed, and
managerial insight and judgment are important in using them to develop the plans.
Developing the forecast is not the same as developing the plan.

Forecasting for Master Production Scheduling and Control

Demand management supports the decisions made in the master production scheduling
module by providing detailed forecasts on a nearly continuous basis. The result of the
MPS decisions is a statement of how many of a finished product or component to make
and when to do so. These decisions occur constantly as conditions change in the market
and in manufacturing. Consequently, the flow of forecast information to the MPS is
frequent and detailed.

Also occurring constantly are control decisions that change priorities for production,
allocation of inventory, and destinations of shipments. As products move from purchasing
of raw material to distribution of finished goods, changes that require adjustments occur
in all areas of the process. To compensate for these changes, control decisions must be
made quickly and efficiently to keep the product moving to the customer. If the demand
for the product is dependent, then the timing and quantities can be calculated from the
plans for their parents (the products that they are used on); if the demand is independent,
then it must be forecast. Forecasting to support these day-to-day control decisions must be
frequent, detailed, and timely.

To produce these detailed forecasts, it is most common to use mechanical
procedures, procedures that can be incorporated into the demand management
software. Most often, these are models for “casting forward” historical information to
make the “fore cast.” Implicit in this process is a belief that the past conditions that
produced the historical demand won’t change. However, we shouldn’t draw from this
the impression that managers can always rely on past information to estimate future
activity. In the first place, in certain instances, we simply have no past data. This occurs,
for example, when a new product is introduced, a future sales promotion is planned, a
new competitor appears, or new legislation affects our business. These circumstances
all illustrate the need for managerial review and modification of the forecast where
special knowledge should be taken into account.

These different approaches simply underscore the variety of sources, aggregation,
and purposes of forecasts. In the next two sections, we illustrate techniques that are
appropriate for two different forecasting purposes. In the first, we address the issue of
forecasting demand for the next 6 to 18 months in the future. This would be appropriate
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for making plans that relate to staffing sales teams, production capacity planning,
estimating aggregate inventory levels, and cash flow analysis. Here, we introduce linear
regression analysis and show how to augment the approach with adjustments for
seasonal and other cyclical factors. After this, we discuss techniques appropriate for
forecasts that extend out for 2 to 8 weeks in the future. These short-term forecasting
techniques are commonly used in inventory control systems to trigger replenishment
orders for items that are being actively controlled (we discuss these types of systems in
Chapter 16).

Regression Analysis and Cyclic Decomposition Techniques

Regression can be defined as a functional relationship berween two or more correlated
variables. It is used to predict one variable given the other. The relationship is usually
developed from observed data. The data should be plotted first to see if they appear linear
or if at least parts of the data are linear. Linear regression refers to the special class of
regression where the relationship between variables forms a straight line.

The linear regression line is of the form Y = a + bX, where Y is the value of the
dependent variable that we are solving for, a is the Y-intercept, b is the slope, and X is the
independent variable. (In time series analysis, X is units of time.)

Linear regression is useful for long-term forecasting of major occurrences and
aggregate planning. For example, linear regression would be very useful to forecast
demands for product families. Even though demand for individual products within a
family may vary widely during a time period, demand for the total product family is
surprisingly smooth.

The major restriction in using linear regression forecasting is, as the name implies,
that past data and future projections are assumed to fall about a straight line. Although
this does limit its application, sometimes, if we use a shorter period of time, linear
regression analysis can still be used. For example, there may be short segments of the
longer period that are approximately linear.

Linear regression is used both for time series forecasting and for causal
relationship forecasting. When the dependent variable (usually the vertical axis on a
graph) changes as a result of time (plotted as the horizontal axis), it is time series
analysis. If one variable changes because of the change in another variable, this is a
causal relationship (such as the number of deaths from lung cancer increasing with the
number of people who smoke).

We use the following example to demonstrate linear least squares regression analysis.
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Example

Least Squares Method

A firm’s sales for a product line during the 12 quarters of the past three years were as
follows:

Quarter Sales Quarter Sales
1 600 7 2,600
2 1,550 8 2,900
3 1,500 9 3,800
4 1,500 10 4,500
5 2,400 11 4,000
6 3,100 12 4,900

The firm wants to forecast each quarter of the fourth year—that is, quarters 13, 14, 15,
and 16.

Solution
The least squares equation for linear regression is

Y=ua+ bx (4.1)
where

Y = dependent variable computed by the equation

y = the actual dependent variable data point (used below)
a= Y-intercept

b = slope of the line

X = time period

The least squares method tries to fit the line to the data that minimizes the sum of the
squares of the vertical distance between each data point and its corresponding point on the
line. If a straight line is drawn through the general area of the points, the difference between
the point and the line is y — Y. Figure 4.2 shows these differences. The sum of the squares
of the differences between the plotted data points and the line points is

1 — YD+ (0 — V)2 + -+ (p — Yio)?

The best line to use is the one that minimizes this total.
As before, the straight line equation is

Y=a+ bx
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Figure 4.2 Least Squares Regression Line

Previously we determined a and b from the graph. In the least squares method, the
equations for a and b are

a=y— bx (4.2)

WDUERD, (4.3)

Exz — nx?

where
a = Y-intercept
b = slope of the line
y = average of all y’s
X = average of all x’s
x = xvalue at each data point
y = yvalue at each data point
n = number of data points
Y = value of the dependent variable computed with the regression equation

Figure 4.3 shows these computations carried out for the 12 data points in the problem.
Note that the final equation for Y shows an intercept of 441.6 and a slope of 359.6. The
slope shows that for every unit change in X, Y changes by 359.6.
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Figure 4.3 Least Squares Regression Analysis

M ) @3) (4) ) (6)

X y Xy x2 y? Y
1 600 600 1 360,000 801.3
2 1,550 3,100 4 2,402,500 1,160.9
3 1,500 4,500 9 2,250,000 1,520.5
4 1,500 6,000 16 2,250,000 1,880.1
5 2,400 12,000 25 5,760,000 2,239.7
6 3,100 18,600 36 9,610,000 2,599.4
7 2,600 18,200 49 6,760,000 2,959.0
8 2,900 23,200 64 8,410,000 3,318.6
9 3,800 34,200 81 14,440,000 3,678.2

10 4,500 45,000 100 20,250,000 4,037.8

11 4,000 44,000 121 16,000,000 4,397.4

12 4,900 58,800 144 24,010,000 4,757 1

78 33,350 268,200 650 112,502,500

X =6.5 b =359.6153

y =2,77917 a = 441.6666

Therefore, Y = 441.66 + 359.6x
Syx = 363.9

Strictly based on the equation, forecasts for periods 13 through 16 would be
Yy = 441.6 + 359.6 (13) = 5,116.4
Y14 = 441.6 + 359.6 (14) = 5,476.0
Yis= 441.6 + 359.6 (15) = 5,835.6
Yi6 = 441.6 + 359.6 (16) = 6,195.2

The standard error of estimate, or how well the line fits the data, is

(4.4)

The standard error of estimate is computed from the second and last columns of Figure 4.3:

s - \/(600 — 801.3)% + (1,550 — 1,160.9)> + (1,500 — 1,520.5)> + --- + (4,900 — 4,757.1)*
X
’ 10
=363.9
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Figure 4.4 Excel Regression Tool

Microsoft” Excel has a very powerful regression tool designed to perform these calculations.
To use the tool, a table is needed that contains data relevant to the problem (see Figure 4.4).
The tool is part of the Data Analysis ToolPak that is accessed from the Tools menu (or Data
tab in Excel 2007). You may need to add this by using the Add-In option under Tools.

To use the tool, first input the data in two columns in your spreadsheet, then access the
Regression option from the Tools — Data Analysis menu. Next, specify the Y Range, which
is B2:B13, and the X Range, which is A2:A13 in our example. Finally, an Output Range is
specified. This is where you would like the results of the regression analysis placed in your
spreadsheet. In the example, A16 is entered. There is some information provided that goes
beyond what we have covered, but what you are looking for is the Intercept and X Variable
coefficients that correspond to the intercept and slope values in the linear equation. These
are in rows 32 and 33 in Figure 4.4.

We discuss the possible existence of seasonal components in the next section on
decomposition of a time series.

Decomposition of a Time Series

A time series can be defined as chronologically ordered data that may contain one or more
components of demand: trend, seasonal, cyclical, autocorrelation, and random. Decomposition
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of a time series means identifying and separating the time series data into these components.
In practice, it is relatively easy to identify the trend (even without mathematical analysis, it
is usually easy to plot and see the direction of movement) and the seasonal component (by
comparing the same period year to year). It is considerably more difficult to identify the
cycles (these may be many months or years long), autocorrelation, and random components.
(The forecaster usually calls random anything left over that cannot be identified as another
component.)

When demand contains both seasonal and trend effects at the same time, the question
is how they relate to each other. In this description, we examine two types of seasonal
variation: additive and multiplicative.

Additive Seasonal Variation

Additive seasonal variation simply assumes that the seasonal amount is a constant no
matter what the trend or average amount is.

Forecast including trend and seasonal = Trend + Seasonal

Figure 4.5A shows an example of increasing trend with constant seasonal amounts.

Multiplicative Seasonal Variation
In multiplicative seasonal variation, the trend is multiplied by the seasonal factors.
Forecast including trend and seasonal = Trend X Seasonal factor

Figure 4.5B shows the seasonal variation increasing as the trend increases because its size
depends on the trend.

A. Additive seasonal B. Multiplicative seasonal

Amount
Amount

L L L L L L L L ] L L L L L L L
January January January January January January January January January January
July July July July July July July July

Figure 4.5 Additive and Multiplicative Seasonal Variation Superimposed on Changing Trend
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The multiplicative seasonal variation is the usual experience. Essentially, this says that
the larger the basic amount projected, the larger the variation around this that we can
expect.

Seasonal Factor (or Index)

A seasonal factor is the amount of correction needed in a time series to adjust for the
season of the year.

We usually associate seasonal with a period of the year characterized by some particular
activity. We use the word cyclicalto indicate other than annual recurrent periods of repetitive
activity.

The following examples show how seasonal indexes are determined and used to
forecast (1) a simple calculation based on past seasonal data and (2) the trend and seasonal
index from a hand-fit regression line. We follow this with a more formal procedure for the
decomposition of data and forecasting using least squares regression.

Example

Simple Proportion

Assume that in past years, a firm sold an average of 1,000 units of a particular product line
each year. On the average, 200 units were sold in the spring, 350 in the summer, 300 in the
fall, and 150 in the winter. The seasonal factor (or index) is the ratio of the amount sold
during each season divided by the average for all seasons.

Solution

In this example, the yearly amount divided equally over all seasons is 1,000 + 4 = 250. The
seasonal factors therefore are

Average Sales

Past for Each Season Seasonal
Sales (1,000/4) Factor
Spring 200 250 200/250 = 0.8
Summer 350 250 350/250 = 1.4
Fall 300 250 300/250 = 1.2
Winter 150 250 150/250 = 0.6
Total 1,000

Using these factors, if we expect demand for next year to be 1,100 units, we would
forecast the demand to occur as



86 | Chapter4 Forecasting

Expected Average Sales Next Year's
Demand for  for Each Season Seasonal Seasonal
Next Year (1,100/4) Factor Forecast
Spring 275 X 0.8 = 220
Summer 275 X 1.4 = 385
Fall 275 X 1.2 = 330
Winter 275 X 0.6 = 165
Total 1,100

The seasonal factor may be periodically updated as new data are available. The following
example shows the seasonal factor and multiplicative seasonal variation.

Example

Computing Trend and Seasonal Factor from a Hand-Fit Straight Line

Here we must compute the trend as well as the seasonal factors.

Solution

We solve this problem by simply hand fitting a straight line through the data points and
measuring the trend and intercept from the graph. Assume the history of data is

Quarter Amount Quarter Amount
|[—2008 300 [—2009 520
[l—2008 200 [I—2009 420
[11—2008 220 [11—2009 400
IV—2008 530 IV—2009 700

First, we plot as in Figure 4.6 and then visually fit a straight line through the data. (Naturally,
this line and the resulting equation are subject to variation.) The equation for the line is
Trend, = 170 + 55¢
Our equation was derived from the intercept 170 plus a rise of (610 — 170) + 8
periods. Next we can derive a seasonal index by comparing the actual data with the
trend line as in Figure 4.7. The seasonal factor was developed by averaging the same
quarters in each year.
We can compute the 2010 forecast including trend and seasonal factors (FITS) as follows:
FITS; = Trend X Seasonal
[—2008 FITSy = [170 + 55(9)]1.25 = 831
IT—2008 FITS;o = [170 + 55(10)]0.78 = 562
III—2008 FITS;; = [170 + 55(11)]0.69 = 535
IV—2008 FITS,, = [170 + 55(12)]1.25 = 1,038
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Figure 4.6 Computing a Seasonal Factor from the Actual Data and Trend Line

700 — .

600

500

400

300

200

100 | | | | | | |
I 1T 1II v I II 1II v

[ 2008 f 2009 |

From Trend Seasonal Factor
Actual Equation Ratio of (Average of Same
Quarter Amount T:=170 + 55t  Actual + Trend Quarters in Both Years)

2008

| 300 225 1.33
Il 200 280 0.71
0l 220 335 0.66 1—1.25
v 530 390 1.36 1—0.78
2009 [11—0.69
| 520 445 1.17 V—1.25
Il 420 500 0.84
0l 400 555 0.72
v 700 610 1.15

Decomposition Using Least Squares Regression

Decomposition of a time series means finding the series’ basic components of trend,
seasonal, and cyclical. Indexes are calculated for seasons and cycles. The forecasting
procedure then reverses the process by projecting the trend and adjusting it by the seasonal
and cyclical indexes, which were determined in the decomposition process. More formally,
the process is

1. Decompose the time series into its components.
a. Find seasonal component.
b. Deseasonalize the demand.
¢. Find trend component.
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Figure 4.7 Deseasonalized Demand

M e (3) (4) (5) (6 @) (8)

Actual Deseasonalized X X yq
Period Demand Average of the Same  Seasonal Demand (yq) X2 Col. (1) x
(x) Quarter (y) Quarters of Each Year Factor Col. (3) = Col. (5) (Col. 12 Col. (6)
1 | 600 (600 + 2,400 + 3,800)/3 0.82 735.7 1 735.7
=2,266.7
2 Il 1,550 (1,550 + 3,100 + 4,500)/3 1.10 1,412.4 4 2,824.7
= 3,050
3 1l 1,500 (1,500 + 2,600 + 4,000/3  0.97 1,544.0 9 4,631.9
= 2,700
4 \% 1,500 (1,500 + 2,900 + 4,900)/3 1.12 1,344.8 16 5,379.0
= 3,100
5 | 2,400 0.82 2,942.6 25 14,713.2
6 I 3,100 1.10 2,824.7 36 16,948.4
7 1 2,600 0.97 2,676.2 49 18,733.6
8 \Y 2,900 1.12 2,599.9 64 20,798.9
9 | 3,800 0.82 4,659.2 81 41,932.7
10 1l 4,500 1.10 4,100.4 100 41,004.1
1" 1l 4,000 0.97 4,117.3 121 45,290.1
12 \Y 4,900 1.12 4,392.9 144 52,7145
78 33,350 12.03 33,350.1* 650 265,706.9
SXyq — nxy, 265,706.9 — 12(6.5)2,779.2
=8 _ g5 po T VE ) = 3422
12 3% — nx? 650 — 12(6.5)

yd4 = 33,350/12 = 2,779.2 a=Yyq — bx =2779.2 — 342.2(6.5) = 554.9
Therefore, Y = a + bx = 554.9 + 342.2x

*Column 3 and column é totals should be equal at 33,350. Differences are due to rounding. Column 5 was rounded to two decimal places.

2. Forecast future values of each component.
a. Project trend component into the future.
b. Multiply trend component by seasonal component.

Note that the random component is not included in this list. We implicitly remove the
random component from the time series when we average as in step 1. It is pointless to
attempt a projection of the random component in step 2 unless we have information
about some unusual event, such as a major labor dispute, that could adversely affect
product demand (and this would not really be random).

Figure 4.7 shows the decomposition of a time series using least squares regression and
the same basic data we used in our earlier examples. Each data point corresponds to using
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a single three-month quarter of the three-year (12-quarter) period. Our objective is to
forecast demand for the four quarters of the fourth year.

Step 1. Determine the seasonal factor (or index). Figure 4.7 summarizes the
calculations needed. Column 4 develops an average for the same quarters in the three-
year period. For example, the first quarters of the three years are added together and
divided by three. A seasonal factor is then derived by dividing that average by the general

b

average for all 12 quarters ,or 2,779 |. These are entered in column 5. Note

that the seasonal factors are identical for similar quarters in each year.

Step 2. Deseasonalize the original data. To remove the seasonal effect on the data,
we divide the original data by the seasonal factor. This step is called the deseasonalization
of demand and is shown in column 6 of Figure 4.7.

Step 3. Develop a least squares regression line for the deseasonalized data. The
purpose here is to develop an equation for the trend line Y, which we then modify
with the seasonal factor. The procedure is the same as we used before:

Y=a+ bx

where

y4 = deseasonalized demand (see Figure 4.8)

X = quarter

Y = demand computed using the regression equation Y = a + bx
a = Y-intercept

b = slope of the line

5,000 -
4,500

4,000 - Deseasonalized equation
Y = 5549 + 342.2x 2
3,500 |-

3,000 |-
Sales 2,500
2,000 |
1,500 [

1,000 = O Original data
500 | + Deseasonalized data

Lo
56 7 8 9 1011 12

Quarters

._.
o -
w
~

Figure 4.8 Straight Line Graph of Deseasonalized Equation
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The least squares calculations using columns 1, 7, and 8 of Figure 4.7 are shown
in the lower section of the exhibit. The final deseasonalized equation for our data is
Y = 554.9 + 342.2x. This straight line is shown in Figure 4.8.

Step 4. Project the regression line through the period to be forecast. Our purpose
is to forecast periods 13 through 16. We start by solving the equation for Y at each of
these periods (shown in step 5, column 3).

Step 5. Create the final forecast by adjusting the regression line by the seasonal
factor. Recall that the Y equation has been deseasonalized. We now reverse the
procedure by multiplying the quarterly data we derived by the seasonal factor for that

quarter:
Y from Seasonal Forecast
Period Quarter Regression Line Factor (Y x Seasonal Factor)
13 1 5,003.5 0.82 4,102.87
14 2 5,345.7 1.10 5,880.27
15 3 5,687.9 0.97 5,517.26
16 4 6,030.1 1.12 6,753.71

Our forecast is now complete. The procedure is generally the same as what we did in
the hand-fit previous example. In the present example, however, we followed a more
formal procedure and computed the least squares regression line as well.

Error Range

When a straight line is fitted through data points and then used for forecasting, errors can
come from two sources. First, there are the usual errors similar to the standard deviation
of any set of data. Second, there are errors that arise because the line is wrong. Figure 4.9
shows this error range. We develop the statistic later in the chapter; here, we will briefly
show why the range broadens. First, visualize that one line is drawn that has some error
such that it slants too steeply upward. Standard errors are then calculated for this line.
Now visualize another line that slants too steeply downward. It also has a standard error.
The total error range, for this analysis, consists of errors resulting from both lines as well
as all other possible lines. We included this exhibit to show how the error range widens as
we go further into the future.
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Figure 4.9 Prediction Intervals for Linear Trend

Short-Term Forecasting Techniques

In this section, we’ll introduce two very common short-term forecasting techniques:
moving averages and exponential smoothing. We choose these procedures since they are
commonly available in commercial software and meet the criteria of low cost and little
management involvement. The techniques are simple mathematical means for converting
past information into forecasts. The procedures, often called statistical forecasting models,
can easily be automated and incorporated into demand management activities.

There are a number of more complicated forecasting procedures that have been
developed and we contemplated including some of them in this book, but research has
shown the simple procedures to be at least as effective, especially for detailed, frequent
forecasts. For example, Bernard Smith developed a novel approach to short-term
forecasting called focus forecasting. It involves evaluating several simple forecasting
models and choosing the one that performed best in the past to make the current
forecast. Flores and Whybark compared focus forecasting and an average of all the
forecasts produced with simple exponential smoothing. Simple exponential smoothing
performed the best.

In another study, Spyros Makridakis and his colleagues challenged experts to a
forecasting competition. A total of 21 forecasting models were tested on 1,001 actual data
sets. Forecasting accuracy was determined with five different measures. There was no one
model that consistently outperformed all the others for all series, but one conclusion was
very clear. Simple methods do better than the more sophisticated models for detailed
forecasts, especially over short periods. Another conclusion was that any special
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Figure 4.10 Demand for Household Cleaning Liquid (Past Nine Weeks)

Week Number
24 25 26 27 28 29 30 31 32
Cases shipped 1,600 1,500 1,700 900 1,100 1,500 1,400 1,700 1,200

knowledge about demand patterns should be used to develop the forecast. If you ignore
the seasonal sales pattern of swimsuits, you do so at your peril.

Moving-Average Forecasting

Moving-average and exponential smoothing forecasting are both concerned with averaging
past demand to project a forecast for future demand. This implies that the underlying
demand pattern, at least for the next few days or weeks, is constant with random fluctuations
about the average. Thus the objective is to smooth out the random fluctuations while being
sensitive to any possible changes that may be taking place with the underlying average.
Figure 4.10 shows the number of cases of a household cleaning liquid shipped to retail
stores from an East Coast distribution center in each of the last nine weeks. If there were
requests for shipments that couldn’t be fulfilled, it would be desirable to capture that
information to get better estimates of the actual demand. For our examples, though, we will
consider the shipments to represent the demand. The past demand is plotted in Figure 4.11.

2,400

2,000
1,600 / >\< /
1,200 \\/ //

800

Cases of liquid cleaner shipped

400

0
24 25 26 27 28 29 30 31 32
Week number

Figure 4.11 Plot of the Past Demand for Household Cleaning Liquid
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A tempting procedure would be to simply draw a line through the data points and use
that line as our estimate for week 33 and subsequent weeks. This would require constant
management involvement in making the forecasts, however. Rather than draw a line
through the points in Figure 4.11 to find the average, we could simply calculate the
arithmetic average of the nine historical observations. Since we’re interested in averaged
past data to project into the future, we could even use an average of all past demand data
available for forecasting purposes. There are several reasons, however, why this may not be
a desirable way of smoothing. In the first place, there may be so many periods of past data
that storing them all is an issue. Second, often the most recent history is most relevant in
forecasting short-term demand in the near future. Recent data may reveal current conditions
better than data several months or years old. For these reasons, the moving-average procedure
uses only a few of the most recent demand observations.

The moving-average model for smoothing historical demand proceeds, as the name
implies, by averaging a selected number of past periods of data. The average moves
because a new average can be calculated whenever a new period’s demand is determined.
Whenever a forecast is needed, the most recent past history of demand is used to do the
averaging.

Equation (4.5) shows the model for finding the moving average. The equation shows
the moving-average forecast always uses the most recent # periods of historical information
available for developing the forecast. Notice the moving average is the forecast of demand
for the next and subsequent periods. This timing convention needs to be clearly understood.
We are at the end of period # we know the demand in period ¢ and forecasts are made for
periods ¢ + 1, or t + X periods into the future. Forecasts are not made for period ¢ since
that period’s demand is known. Figure 4.12 shows sample calculations for the number of
cases shipped.

Moving-average forecast (MAF) _ i Actual demand; /1 @5)
at the end of period t: MAF, =5 ! '

where:

i = period number
t = current period (the period for which the most recent actual demand is known)
n = number of periods in the moving average

You'll note the moving-average model does smooth the historical data, but it does so
with an equal weight on each piece of historical information. We could adjust this, of
course, by incorporating different weights on past periods. In fact the weighted-moving-
average model does exactly that, but at the cost of complexity and more data storage. In
addition, some data play no part in making a moving-average forecast. For example, the
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Figure 4.12 Example Moving-Average Calculations

Period
27 28 29 30 31 32
Actual demand 900 1,100 1,500 1,400 1,700 1,200

32
6-period MAF made at the end of period 32 = > actual demand/é
27

= (900 + 1,100 + 1,500 + 1,400
+ 1,700 + 1,200)/6 = 1,300

32
3-period MAF made at the end of period 32 = > actual demand/3
30

= (1,400 + 1,700 + 1,200)/3 = 1,433

demand of 900 in week 27 has no weight in the three-period moving-average forecast for
period 33. Exponential smoothing addresses both of these considerations in making
forecasts.

Exponential Smoothing Forecasting

The exponential smoothing model for forecasting doesn’t eliminate any past information,
but so adjusts the weights given to past data that older data get increasingly less weight
(hence the name exponential smoothing). The basic idea is a fairly simple one and has a
great deal of intuitive appeal. Each new forecast is based on an average that’s adjusted each
time there’s a new forecast error. For example, if we forecast 90 units of demand for an item
in a particular period and that item’s actual demand turns out to be 100 units, an appealing
idea would be to increase our forecast by some portion of the 10-unit error in making the
next period’s forecast. In this way, if the error indicated demand was changing, we would
begin to change the forecast. We may not want to incorporate the entire error (i.e., add
10 units), since the error may have just been due to random variations around the mean.

The proportion of the error that will be incorporated into the forecast is called the
exponential smoothing constant and is identified as a. The model for computing
the new average appears in Equation (4.6) as we’ve just described it. Equation (4.7) gives
the most common computational form of the exponentially smoothed average. The new
exponentially smoothed average is again the forecast for the next and subsequent
periods. The same timing convention is used; that is, the forecast is made at the end of
period f for period ¢t + X in the future. Figure 4.13 shows example calculations for the
number of cases shipped.
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Figure 4.13 Example Exponential Smoothing Calculations

Period
27 28
Actual demand 900 1,100

Assume:
ESF,¢ = exponential smoothing forecast made at the end of period 26 = 1,000, « = 0.1

ESF,7 (made at the end of period 27 when actual demand for period 27 is known but actual
demand in period 28 is not known) =
1,000 + 0.1(900 — 1,000) = 990

0.1(900) + (1 — 0.1)1,000 = 990
ESFys = 0.1(1,100) + (1 — 0.1)990 = 1001

Exponential smoothing forecast (ESF) at the end of period ¢:

ESF; = ESF,_; + a(Actual demand; — ESF,_;) (4.6)
= wa(Actual demand,) + (1 — «)ESF,_; (4.7)

where:
a = the smoothing constant (0 = a = 1)
t = current period (the period for which the most recent actual demand is
known)
ESF,—; = exponential smoothing forecast made one period previously (at the end
of period t — 1)

Let’s compare exponential smoothing and moving-average forecasting procedures.
Figure 4.14 compares a five-period MAF with an ESF using a = 0.3. In preparing the
forecast for period 28, the five-period MAF would apply a 20 percent weight to each of the
five most recent actual demands. The ESF model (with o = 0.3) would apply a 30 percent
weight to the actual demand in period 27 as seen here:

ESF,; = Period 28 forecast = 0.3 (Period 27 actual demand) + 0.7 (ESFy)

Figure 4.14 Relative Weights Given to Past Demand by a Moving-Average
and Exponential Smoothing Model

Period

20 21 22 23 24 25 26 27 28
5-period MAF weights 0% 0% 0% 20% 20% 20% 20% 20% —
ESF weights (@ = 0.3) 2% 4% 5% 7% 10% 15% 21%  30% —

*Forecast made at the end of period 27.
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By looking at the ESF for period 27, made at the end of period 26 (i.e., ESFy), we see
it was determined as

ESF,s = 0.3 (Period 26 actual demand) + 0.7 (ESF,s)
By substitution, ESF,; can be shown to be
ESF,7 = 0.3 (Period 27 actual demand)
+ 0.7 [0.3 (Period 26 actual demand) + 0.7 (ESF,s)]

The result of this calculation is a weight of 0.21 (0.7 X 0.3) being applied to the actual
demand in period 26 when the forecast for periods 28 and beyond is made at the end of period
27.By similar substitution, we can derive the entire line for the ESF weights in Figure 4.14.

Figure 4.14 shows, for the forecast made at the end of period 27, 30 percent of the weight
is attached to the actual demand in period 27, 21 percent for period 26, and 15 percent for
period 25. The sum of these weights, 66 percent, is the weight placed on the last three periods
of demand. The sum of all the weights given for the ESF model in Figure 4.14 is 94 percent.
If we continue to find the weights for periods 19, 18, and so on, the sum for all weights is 1.0,
as intuition would tell us. If the smoothing constant were 0.1 instead of 0.3, a table like
Figure 4.14 would have values of 0.1, 0.09, and 0.081 for the weights of periods 27, 26, and
25, respectively. The sum of these three (27 percent) is the weight placed on the last three
periods. Moreover, (1 — 27% = 73%) is the weight given to all actual data more than three
periods old.

This result shows larger values of & give more weight to recent demands and utilize older
demand data less than is the case for smaller values of «; that is, larger values of « provide
more responsive forecasts, and smaller values produce more stable forecasts. The same
argument can be made for the number of periods in an MAF model. This is the basic trade-
off in determining what smoothing constant (or length of moving average) to use in
a forecasting procedure. The higher the smoothing constant or the shorter the moving
average, the more responsive forecasts are to changes in underlying demand, but the more
“nervous” they are in the presence of randomness. Similarly, smaller smoothing constants or
longer moving averages provide stability in the face of randomness but slower reactions to
changes in the underlying demand. Ultimately, however, the trade-off between stability and
responsiveness is reflected in the quality of the forecasts, a subject to which we now turn.

Evaluating Forecasts

Ultimately, of course, the quality of any forecast is reflected in the quality of the decisions
based on the forecast. This leads to suggesting the ideal comparison of forecasting
procedures would be based on the costs of producing the forecast and the value of the
forecast for the decision. From these data, the appropriate trade-off between the cost of
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developingand the cost of making decisions with forecasts of varying quality could be made.
Unfortunately, neither cost is easily measured. In addition, such a scheme suggests that a
different forecasting procedure might be required for each decision, an undesirably complex
possibility. As a result of these complications, we rely on some direct measures of forecast
quality.

For any forecasting procedure we develop, an important criterion is honesty, or lack of
bias; that is, the procedure should produce forecasts that are neither consistently high nor
consistently low. Forecasts shouldn’t be overly optimistic or pessimistic, but rather should
“tell it like it is.” Because we’re dealing with projecting past data, lack of bias means smoothing
out past data’s randomness so that forecasts that are too high are offset by forecasts thatare too
low. To measure bias, we'll use the mean error as defined by Equation (4.8). In this equation,
the forecast error in each period is actual demand in each period minus forecast demand
for that period. Figure 4.15 shows an example calculation of bias.

E '—1(Actual demand; — Forecast demand,)

Mean error (bias) = " (4.8)

where:

i = period number
n = number of periods of data

As Figure 4.15 shows, when forecast errors tend to cancel one another out, the
measure of bias tends to be low. Positive errors in some periods are offset by negative
errors in others, which tends to produce an average error, or bias near zero. In Figure 4.15,
there’s a bias and the demand was over forecast by an average of 25 units per period for
the four periods.

Figure 4.15 Example Bias Calculation

Period (i)
1 2 3 4
(1) Actual demand 1,500 1,400 1,700 1,200
(2) Forecast demand 1,600 1,600 1,400 1,300
Error (1) — (2) —100 —200 300 —100

4
Bias Eerror /4 = (=100 — 200 + 300 — 100)/4

—100/4 = =25




98 | Chapter4 Forecasting

Figure 4.16 Sample MAD Calculations

Period (i)
1 2 3 4
(1) Actual demand 1,500 1,400 1,700 1,200
(2) Forecast demand 1,600 1,600 1,400 1,300
Error (1) — (2) —-100 —200 300 —-100
MAD :Elerrori|/4
i=1
= (|—100] + |—200| + |300| + |—-100))/4 = 175
Period (i)
1 2 3 4
(1) Actual demand 100 100 5,500 100
(2) Forecast demand 1,600 1,600 1,400 1,300
Error (1) — (2) —1,500 —1,500 4,100 —1,200

4

Bias = > lerror;|/4 = (—1,500 — 1,500 + 4,100 — 1,200)/4

i=1
= —100/4 = =25

4
MAD = E lerror; |/4
i=1

= (|—1,500] + [—1,500] + [4,100| + |—1,200))/4
= 8,300/4 = 2,075

Having an unbiased forecast is important in manufacturing planning and control,
since the unbiased estimates, on average, are about right. But that’s not enough. We still
need to be concerned with the errors’ magnitude. Note, for the example in Figure 4.15, we
obtain the identical measure of bias if actual demand for the four periods had been 100,
100, 5,500, and 100, respectively. (This is shown as part of the calculations in Figure 4.16.)
However, the individual errors are much larger, and this difference would have to be
reflected in extra inventory if we were to maintain a consistent level of customer service.
Let’s now turn to a widely used measure of forecast error magnitude, the mean absolute
deviation (MAD). The equation for calculating MAD is provided in Equation (4.9), while

Figure 4.16 shows example calculations.

Mean absolute deviation (MAD) =

2?:1IActual demand; — Forecast demand,;l

n
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The mean absolute deviation expresses the size of the average error irrespective of
whether it’s positive or negative. It’s the combination of bias and MAD that allows us to
evaluate forecasting results. Bias is perhaps the most critical, since we can compensate for
forecast errors through inventory, expediting, faster delivery means, and other kinds of
responses. MAD indicates the expected compensation’s size (e.g., required speed). How-
ever, if a forecast is consistently lower than demand, the entire material-flow pipeline will
run dry; it will be necessary to start over again with raw materials. Inventory buildups can
arise with a consistently high forecast.

Before turning to some managerial issues concerning forecasting, we would like to
provide one other relationship that is quite useful. The most widely used measure of
deviation or dispersion in statistics is the standard deviation. MAD also measures
deviation (error) from an expected result (the forecast). When the forecast errors are
distributed normally, there is a direct relationship between the two measures that can be
used to develop statistical insights and conclusions. The standard deviation of the errors
is arithmetically related to MAD by Equation (4.10):

Standard deviation of forecast errors = 1.25 MAD (4.10)

In the demand management module we are interested in providing the appropriate
level of detail and frequency of the forecast to the other modules in the front end of the
MPC system. This may require modification of the forecasts or reconciliation with other
forecast sources before they can be used for decision making.

Using the Forecasts

Using the forecasts requires a heavy dose of common sense, as well as application of
techniques. In this section, we’ll look at some technical reasons for aggregating forecasts
and some of the methods for readying the forecasts for use in sales and operations
planning. We’ll also review some means for incorporating management information into
the forecasts.

Considerations for Aggregating Forecasts

In Figure 4.1 we pointed out different means of developing forecasts for different uses in
the company. For sales and operations planning, one source of forecast might be the
aggregation by product family of the detailed forecasts for individual products. Other
inputs might come from marketing and our knowledge of customers. The result of
reconciling all these sources is an aggregate demand forecast that is used for developing
the sales and operations plans.
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Monthly sales distribution Yearly sales distribution
Average = 20 units Average = 240 units
Standard deviation = 2 units Standard deviation = 6.9 units
95% range = 16—24 units 95% range = 226—254 units
Deviation = £20% Deviation = =5.8%

Figure 4.17 Effect of Aggregating on Forecast Accuracy

There are several reasons for aggregating product items in both time and level of detail
for forecasting purposes. We must do it with caution, however. Aggregating individual
products into product lines, geographical areas, or customer types, for example, must be
done in ways that are compatible with the planning systems. Product groupings must also
be developed, so that the forecast unit is sensible to forecasters. Provided we follow these
guidelines, we can use product groupings to facilitate the forecasting task.

It’s a well-known phenomenon that long-term or product-line forecasts are more
accurate than short-term and/or detailed forecasts. This merely verbalizes a statistical verity.
Consider the example in Figure 4.17. Monthly sales average 20 units but vary randomly
with a standard deviation of two units. This means 95 percent of the monthly demands lie
between 16 and 24 units when demand is normally distributed. This corresponds to a
forecast error of plus or minus 20 percent around the forecast of 20 units per month.

Now suppose, instead of forecasting demand on a monthly basis, we prepare an
annual forecast of demand—in this case, 240 (12 months X 20 units/month) units for the
year. If monthly sales are independent, the resulting standard deviation is 6.9 units. This is
found by noting that the variance of the monthly distribution is 4 units (2%). The variance
of the yearly distribution is 48 (12 months X 4), so the standard deviation is 6.9 (\/48).
This corresponds to a 95 percent range of 226 to 254 units or a £5.8 percent deviation.
The reduction from +20 percent to £5.8 percent is due to using a much longer time
period. The same effect can be seen in forecasting demand for product lines instead of for
individual items.

In the assemble-to-order environment, Equation (3.1) shows the number of items
that need to be forecast when finished products are used instead of the components. This is
often a substantial increase in the number and, because of the detail, often results in very poor
forecasting performance. For example, what is the forecast for red, two-door, small engine,
antilock-brake cars with sport stripes. It is much easier to forecast demand for the
components than the detailed component combinations. Many of the same advantages of
error reduction that accrue to aggregating are possible here as well.
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An issue arises whenever aggregations of products, regions, or time periods are used
to develop strategic or sales and operations plans. The total forecast must be consistent
with the individual product forecasts. The whole must be equal to the sum of the parts.
Very often an individual product’s share of the aggregate product line totals remains fairly
constant. That is, there is more uncertainty in the day-to-day demand for the item than for
its share in the demand for the total line. We can use this knowledge to disaggregate the
aggregate forecasts and thereby maintain the consistency between the detail and the totals.
We may even be able to show improvements in the accuracy of the detail forecasts by
doing it this way. One formal method for achieving consistency is described next.

Pyramid Forecasting

When the basis of the aggregated forecast for sales and operations planning is the sum of
product level forecasts produced by, say, exponential smoothing, it is unlikely that this sum
would match the aggregate forecasts developed by other sources. Yet, for example,
knowledge of customers’ and marketing plans need to be taken into account at the
individual item level. In addition, there may be budget restrictions, income goals, or other
company considerations that shape the aggregate forecasts that need to be taken into
account in developing the final forecasts at the item level. One procedure for doing this is
pyramid forecasting. It provides a means of coordinating, integrating, and assuring
consistency between the various sources of forecasts and any company constraints or goals.

Figure 4.18 provides the basic framework for pyramid forecasting. The procedure used
in implementing the approach often begins with individual product item forecasts at level 3,

$
total

business

level 1

X Z

Roll up Force down

Product lines
level 2

Xl XZ Zl o Z9

Individual items
level 3

Figure 4.18 Pyramid Forecasting Example
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Business forecast ($) $950,000

Roll-up forecast ($) $778,460
Z
Line forecasts (units) 15,000 25,000
Roll-up forecast (units) 13,045 28,050
Average price $16.67 $20
Roll
P X X Z, Zy

8,200 4,845
$20.61 $10

Initial forecast (units)
Unit price

Figure 4.19 |Initial and Roll-Up Forecasts

which are rolled up into forecasts for product lines shown as level 2. We then aggregate
forecasts for product lines into a total business forecast (in dollars) at level 1 in Figure 4.18.
Once the individual item and product line forecasts have been rolled up and considered in
finalizing the top management forecast (plan), the next step is to force down (constrain)
the product line and individual item forecasts, so they’re consistent with the plan.

In the example shown in Figure 4.19, the 11 individual product items are divided into
two product lines. Two of these items, X; and X,, form product line X (which we’ll study
in detail), while the remaining products, Z; through Zy, are included in product line Z.
These two product lines, X and Z, represent the firm’s entire range of products. Figure 4.19
shows unit prices and initial forecasts for each level.

The roll-up process starts by summing the individual item forecasts (level 3) to provide a
total for each line (level 2). For the Xline, the roll-up forecast is 13,045 units (8,200 + 4,845).
The sum of the individual Zline items gives a forecast of 28,050 units. Note that the Xline roll-
up doesn’t correspond to the forecast of 15,000 units for the line. If there’s substantial
disagreement at this stage, reconciliation could occur or an error might be discovered. If there’s
to be no reconciliation at this level, we needn’t prepare independent forecasts for the lines. If
dollar forecasts are required at level 2, prices at level 3 can be used to calculate an average price.

To roll up to the level 1 dollar forecasts, the average prices at the line level are
combined with the line roll-up forecasts. The total of $778,460:

$778,460 = (13,045 X 16.67) + (28,050 X 20.00)

is less than the independent business forecast of $950,000. For illustrative purposes,
we’ll assume management has evaluated the business forecast and the roll-up forecast
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Force

$900,000 down

Management forecast ($)

X %
Forced forecast* (units) 15,082 32,429
Force
down
Xy X5 Z,
Forced forecast’ (units) 9,480 5,602

*Forced forecast (X) = 2’9/%% X (13,045) = 15,082 units
*Forced forecast (Z) = igggﬁgg X (28,050) = 32,429 units
"Forced forecast (X) = }g:gfé X (8,200) = 9,480 units
"Forced forecast (X,) = }g:% X (4,845) = 5,602 units

Figure 4.20 Forcing down the Management Forecast of Total Sales

and has decided to use $900,000 as the forecast at level 1. The next task is to make the
line and individual item forecasts consistent with this amount. To bring about the
consistencies, we use the forcing-down process. The ratio between the roll-up forecast at
level 1 ($778,460) and the management total ($900,000) is used to make the adjustment.

The forecasts at all levels appear in Figure 4.20. The results are consistent forecasts
throughout the organization, and the sum of the parts is forced to equal the whole. Note,
however, the process of forcing the consistency needs to be approached with caution. In
the example, forecasts at the lower level are now higher than they were originally and
incorporate the plans at the higher levels. Even though the sum of the parts equals the
whole, it’s possible the people responsible for the forecast won’t “own” the number. They
mustn’t be made to feel they’re simply being given an allocation of someone else’s wish list.

Incorporating External Information

Many kinds of information can and should be used to make good forecasts. For example,
in a college town on the day of a football game, traffic around the stadium is a mess. An
intelligent forecaster adjusts travel plans on game days to avoid the stadium traffic, if
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possible. He or she modifies the forecast, knowing the game’s impact on traffic. A
mechanical procedure based on observations during the week would probably forecast
very little traffic around the stadium. We certainly wouldn’t use such a forecast without
adjusting it for game day. That simple principle is applicable to business forecasting as
well, but it’s surprising how often people fail to make these adjustments.

Examples of activities that will influence demand and perhaps invalidate the use of a
routine exponential forecasting model are special promotions, product changes, competitors’
actions, and economic changes. One of the primary ways to incorporate information
about such future activities into the forecast is to change the forecast directly. We might do
this if we knew, for example, there was to be a promotion of a product in the future, or we
were going to open more retail outlets, or we were going to introduce a new product that
would cannibalize the sales of an existing product. In these instances, we could adjust the
forecast directly to account for the activities, just as we do for the game day. By recognizing
explicitly that future conditions won'’t reflect past conditions, we can modify the forecast
directly to reflect our assessment of the future.

We may need to change the forecasting method as well. If technology has prolonged
the life of our products, we may need to change the parameters in the model that relates
replacement sales to the average life of our products in the field. If, for example, we know
one of our competitors is going to introduce a new product, we suspect the market will
change, but we may not be sure of the change’s direction or magnitude. In this case, we
may want to do frequent forecasting and model testing to assess the effect of the new
product. We could also make the smoothing constant larger in an exponential smoothing
model and be more responsive to any changes. There may be circumstances where our
knowledge would lead us to change both the forecast and the forecasting parameters.

Key in all of these adjustments is that intelligence must be included in the forecasts, and
the forecasts must be readied for use in preparing and controlling the plans of the firm.
Determining the appropriate level of aggregation and reconciling various forecasting
approaches (perhaps with pyramid forecasting) are important steps in making the
modifications.

Concluding Principles

In this chapter, we have reviewed a few of the most basic forecasting techniques. We have
also covered the reasoning behind aggregating forecasts and how forecasts are reconciled
for planning purposes.

A The forecasting models should not be any more complicated than necessary. Simple
models often work better than more complicated ones.
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A Input data and output forecasts should be routinely monitored for quality and
appropriateness.

A Information on the sources of variation in sales, such as seasonality, market trends,
and company policies, should be incorporated into the forecasting system.

A Forecasts from different sources must be reconciled and made consistent with
company plans and constraints.

APICS/CPIM Certification Questions

1. Which of the following decisions would be most likely to be made using a highly
aggregated estimate of general business trends?
I. Individual product plans
II. Product line development
IT1. Constructing a new plant

a. lonly

b. Il only

c. 1l only

d. TandIII only

2. Which of the following lists the planning decisions in order from highest to lowest
aggregation level?
a. Strategic business unit—master production scheduling—sales and operations
planning
b. Sales and operations planning—strategic business unit—master production
scheduling
c. Strategic business unit—sales and operations planning—master production
scheduling
d. Master production scheduling—strategic business unit—sales and operations
planning
3. Which of the following lists the planning decisions in order from lowest to highest
data processing cost?
a. Strategic business unit—master production scheduling—sales and operations

planning

b. Sales and operations planning—strategic business unit—master production
scheduling

c. Strategic business unit—sales and operations planning—master production
scheduling

d. Master production scheduling—sales and operations planning—strategic
business unit
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. Which of the following is an example of a causal model?

I. Product sales increasing over time
II. Lawn mower sales decreasing in the winter
III. Increasing appliance sales when housing construction increases

a. lonly
b. III only
c. TandII

d. L 1II,and III

. A forecast used for sales and operations planning is likely to cover a period of

a. Several days to a few weeks
b. Several weeks to a month
c. Several months to a year
d. Several years

. A forecast used for master production scheduling and control is likely to cover a

period of

a. Several days to a few weeks
b. Several weeks to a month
c. Several months to a year
d. Several years

. Regression analysis where the relationship between variables is a straight line is

called

a. Linear modeling

b. Linear programming
c. Linear regression

d. Regression modeling

. In regression analysis, the dependent variable could be time.

a. True
b. False

. In a time series analysis, time is the

a. Dependent variable

b. Independent variable

c. Either dependent or independent

d. Neither dependent nor independent

The least squares method of linear regression minimizes
I. The error of the slope

I1. The squared distance between each point and the line

III. The error of the intercept

a. lonly
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b. Il only

c. I only

d. L II, and III

In a least squares regression analysis, if the value of a has been calculated as 10 and b
has been found to be 100, what is the equation of the line?

a. Y=100+ 10X

b. Y=100 — 10X

c. Y=10+ 100X

d. X=10+ 100

Given the following values, what is the equation of the best-fit line?

(x = 125,57 = 15325, 3xy = 51.265, 3% = 4,900, n = 24)

Y=4.6+95.75X

Y=95.75+ 4.6X

Y=283.25+ 64X

Y=6.4+ 83.25

Given the following values for the past 12 months of sales, determine a best-fit line
using linear regression.

o T

Month 1 2 3 4 5 6 7 8 9 10 11 12
Sales 96 103 109 112 123 119 135 136 141 147 145 153

a. Y=5.14 + 93.15X

b. Y=514 —93.15X

c. Y=093.15+5.14X

d. Y=093.15—- 514X
Which of the following are possible components of time series demand?

I. Seasonal variation

I1. Cyclical variation

1. Trend

a. I

b. 1I

c. TandIII

d. L II, and III
With additive seasonal variation, the seasonal change is constant regardless of trends.
a. True

b. False
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16. Seasonal variations are generally associated with the seasons of the year (summer, fall,
winter, and spring), while cyclical variations refer to other annual patterns.
a. True
b. False

17. If average demand for a quarter is 1,000 and demand in the fourth quarter is 750, what
is the seasonal factor for quarter IV?

a. 1.00
b. 1.25
c. 0.75
d. 0.5

18. Given the following quarterly demand values and trend, what is the seasonal factor for
quarter II?

Quarter Yrr1Q1 Yr1Q2 Yr-1Q3 Yrr1Q4 Yr2Q1 Yrr2Q2 Yrr2Q3 Yr2Q4
Actual 525 605 755 675 580 675 850 740
Trend 628.2 641.8 655.4 668.9 682.5 696.1 709.7 723.3

a. 0.95
b. 1.05
c. 0.9
d. 1.1

19. Using the following quarterly demand data, what would be the forecast for quarter I
of Year-4? (Select the best answer.)

Period 1 2 3 4 5 6 7 8 9 10 1 12

Quarter Yr-1 Y1 Yr-1 Y1 Yr-2 Yr2 Y2 Y2 Y3 Y3 Y3 Y3
| Il 1 \ | Il 1 v | Il 1 v

Actual 760 1137 1565 1240 1034 1529 1824 1567 1342 2071 2414 2207

a. 1,400
b. 1,450
c. 1,500
d. 1,550
20. As forecasts are extended further into the future, the prediction interval is most
likely to

a. Increase

b. Decrease

c. Stay the same

d. All possibilities (a—c) are equally likely



21.

22.

23.

24.

25.

26.

APICS/CPIM Certification Questions | 109

A moving-average forecast is often superior to a simple average because it considers
only recent data.

a. True
b. False
Given the following data, what is the four-period moving-average forecast for

period 92

Period 1 2 3 4 5 6 7 8
Actual 11 20 12 21 24 16 22 24

a. 20

b. 20.5

c. 21

d. 215

An exponential smoothing forecast considers all past data.

a. True

b. False

In an exponential smoothing forecast, a higher level of alpha () will place more em-

phasis on recent history.

a. True
b. False
Given the following data, calculate the exponential smoothing forecast for period

10 (ESF,p)

ESF, Alpha Actualy
100 0.6 90

a. 92

b. 93

c. 94

d. 95

Compared to a moving-average forecast, an exponential smoothing forecast places

more emphasis on recent history.

a. True

b. False

c.  Both methods place the same emphasis on recent history
d. Can’t determine without more information
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To make an exponential smoothing forecast more reactive to trends, a lower value of
alpha (@) should be used.

a. True

b. False
Mean error of a forecast provides information concerning the forecast’s
a. Trend

b. Bias

c. Accuracy

d. Average
Which value indicates the better forecast?

a. Mean error of 10%

b. Forecast error of 100 units

c. Both are equal

d. Cannot be determined
Mean absolute deviation (MAD) measures

a. Forecast trend

b. Magnitude of forecast errors

c. Bias of forecast errors

d. Forecast accuracy
Evaluating forecast accuracy requires an understanding of

I. Mean absolute deviation (MAD)

II. Mean error (bias)
III. Forecast costs

a. lonly
b. Il only
c. TandII
d. TandIII

Assuming that forecast errors are normally distributed, what is the relationship
between mean absolute deviation (MAD) and standard deviation (SD)?

a. MAD > SD

b. SD > MAD

c¢. MAD =SD

d. Cannot be determined

In pyramid forecasting, the “roll-up” process involves

a. Adding together family forecasts to establish the significance of each family
b. Adding together family forecasts to determine the aggregate forecast

c. Allocating aggregate forecast changes to individual products

d. Allocating aggregate forecast changes to product families
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34. In pyramid forecasting, the “force-down” process involves
a. Adding together family forecasts to establish the significance of each family
b. Adding together family forecasts to determine the aggregate forecast
c. Allocating aggregate forecast changes to individual products
d. Allocating aggregate forecast changes to product families
35. One of the most important ways to reflect special events (promotions, product
changes, etc.) is to directly modify the product forecast.
a. True
b. False

CASE STUDY

Forecasting at Ross Products

Ross Products Division of Abbott Laboratories is headquartered in Columbus,
Ohio. The company produces a variety of nutritional products, including adult
medical nutrition supplements and pediatric infant formulas, as well as ancillary
equipment. An example of this equipment is a pump that supplies nutritional
liquids to the stomach and that can also monitor the rate of flow. There are four
manufacturing facilities in the United States, and Ross markets its products in the
United States and overseas. Managers use a program entitled Log*Plus to perform
demand management activities.

The firm uses a comprehensive approach to assure that all demands on capacity are
included in the forecast. Figure 4.21 illustrates the system’s key features. The demand
management aspects of Log*Plus produces forecasts from national inputs and
monitors actual demand against these forecasts. The process of producing the forecast
used for planning starts with forecasts from marketing and sales in dollars by product
groups. These are broken out by region in Log*Plus to provide plant-level forecasts of
national demand. These data are consolidated with the forecast for international sales
and the total is converted to an item level forecast by plant. The process is not finished,
however, until marketing, the product manager, and the production and inventory
manager review the forecasts. Three times a year, meetings are held to review forecasts
for all products in conjunction with budget meetings. These meetings can be held
monthly for products that are experiencing changes, promotions, or other factors that
could change demand.

(Continued)
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Ross manages product inventory in some of its customers’ facilities using VMI.
Information on the use of these products is transmitted to Ross by electronic data
interchange (EDI). These data are combined with the forecasts to produce reports
such as the one shown in Figure 4.22 for SKU XYZ, a medical nutrition product in 8-
ounce cans. The top of the figure shows several years’ actual sales with two years and
three months of forecast sales. (The current month is shown with an asterisk in year 0.)
To facilitate any review of the forecasts, the data are plotted in the bottom half of the
report. Here the seasonality is quite evident as is a sales peak about a year and a half
ago (because of a promotion). These forecasts are a basic input to the master

Vendor-managed
inventory

EDI

Other customer
orders
International
forecast

f Marketing and sales forecasts )
by product groups (in dollars)

l

Demand management
(Log*Plus)

{ N
Breakout of national forecast
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Figure 4.21

Abbott Laboratories

production scheduling module of the firm.

Forecasting Procedure for Ross Products Division,

To provide a service to customers and directly capture information on the market,




€Ll

Figure 4.22 Example Forecast for Ross Products Division, Abbott Laboratories

FCST:  8/31 ROSS LABORATORIES PAGE: 1
PLAN: 9/20 PLOT DEMAND REPORT RUN: 9/27 13:04
STOCK: 9/20
MPS OPERATIONS DATA BASE
INDEX D 150
LEVEL 0 HIST LENGTH 104 REPLN DB FRC FORCE PLT LEAD TIME 0.00
TREND 0.0000 HIST USED 0 DATE TO MPS 61396 STK ON HAND 19313
MSE 0.00 OUTLRS FND 0 PLANNER 67 KNO/BE INTRANSIT 430
MODEL TERMS 1 OUTLIER THR 0.00 SRC NAME DEFAULT SCHEDULED IN 8100
MODLFT EXPT 1 SMOOTH CONST 0.0000 LEADTIME DEFAULT CURR PR FCST 58,971
MODLFT DATE 6/19 PER FAST SMT 0 PWD LBS CONV 1.6552 EST. MONTH 53,491
TRND DISCNT 0.00 MAX SS/LT 409681 UNITS/CASE 24 MTD USAGE 48,142
DEMAND DEMAND DETAIL
PERIOD STAT MKT SCHED DEP DIST
year =3 year —2 year —1 year0 year +1 year +2 ENDING MODEL INTEL PROMO BACKLOG DEMAND DEMAND TOTAL

JAN 43344 63774 69839 64317 58507 54903 9/30 58971 58971
FEB 43492 61651 70819 60291 55323 57160 10/31 66375 66375
MAR 57933 56175 75732 57044 55528 54626 11/30 59910 59910
APR 54347 57004 61323 56381 55863 52434 12/31 63417 63417
MAY 50963 69295 72861 58564 57226 56359 1/31 58507 58507
JUN 59525 75039 81655 51098 60778 61925 2/27 55323 55323
JUL 58633 65850 70063 66546 61189 62623 3/31 55528 55528
AUG 61982 89558 81310 60501 60610 60790 4/30 55863 55863
SEP 63433 69850 69198  *58971 61638 60834 5/31 57226 57226
OCT 57188 62077 73592 66375 62563 59988 6/30 60778 60778
NOV 62559 58514 62432 59910 58150 55395 7/31 61189 61189
DEC 71563 67954 55607 63417 55834 8/31 60610 60610
TOT 684962 796741 844431 723415 703209 637037 TOTAL 713697 713697
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CHAPTER 5

Sales and Operations Planning

Sales and operations planning (SOP) is probably the least understood aspect of manufacturing
planning and control. However, the payoffs from a well-designed and -executed sales and
operations plan are large. Here we discuss the process for determining aggregate levels of
production. The managerial objective is to develop an overall business plan, which
integrates the various functional planning efforts in a company whose manufacturing
portion is embodied in the operations plan. The sales and operations plan links strategic
goals to production and coordinates the various planning efforts in a business, including
marketing planning, financial planning, operations planning, human resource planning,
and so on. If the sales and operations plan does not represent an integrated, cross-
functional plan, the business can fail to succeed in its markets.
Our discussion of sales and operations planning is organized around four topics:

A Sales and operations planning in the firm: What is sales and operations planning? How
does it link with strategic planning and other MPC functions?

A The sales and operations planning process: What are the fundamental activities in sales
and operations planning and what techniques can be used?

A The new management obligations: What are the critical issues in developing an
effective sales and operations planning function?

A Operating with sales and operations planning: What is the state of the art in practice?

Sales and Operations Planning in the Firm

Sales and operations planning provides the key communication links for top management
to coordinate the various planning activities in a business. These linkages are shown in
Figure 5.1. For example, marketing initiatives dealing with the entry of a new product in
the market can be coordinated with an increase in manufacturing capacity to support the
marketing promotional plans at the same time financial resources are coordinated to
support the working capital for the buildup of pipeline inventories.

115
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Figure 5.1 Key Linkages in Sales and Operations Planning

From a manufacturing perspective, sales and operations planning provides the basis to
focus the detailed production resources to achieve the firm’s strategic objectives. The sales
and operations plans provide the framework within which the master production schedule
is developed, subsequent MPS decisions can be planned and controlled, and material
resources and plant capacities can be coordinated in ways that are consistent with strategic
business objectives. We now describe the sales and operations planning function in terms
of its role in top management, necessary conditions for effective planning, linkages to other
MPC system functions, and the payoffs from effective sales and operations planning.

Sales and Operations Planning Fundamentals

There are four fundamentals in sales and operations planning: demand, supply, volume,
and mix. First, let’s consider the balance between demand and supply. When demand
exceeds supply, customer service suffers because manufacturing cannot provide the volume
of products required by the customer. Costs increase because of overtime and premium
freight rates, and quality suffers because of the rush to ship products, all of which are
unfavorable to the business. Likewise, when supply exceeds demand, the effect on the
business is unfavorable. Inventories increase because of the imbalance between demand
and manufacturing capacity; layoffs result from production rate cuts, causing plant
efficiency and morale to decline; and profit margins are squeezed because of price cuts and
discounting. Therefore, the key to good business performance is to maintain a proper
balance between demand and supply. It is important to have business processes in place to
maintain a proper balance between demand and supply, and to provide early warning
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signals when they are becoming unbalanced. This is the role of sales and operations
planning, and it can be accomplished through the effective coordination of the plans of the
different functional areas in a business with the active involvement of top management.

Two other fundamentals are volume and mix. These need to be treated separately in
managing the manufacturing planning and control function. Volume concerns big-
picture decisions about how much to make and the production rates for product families,
while mix concerns detailed decisions about which individual products to make, in what
sequence, and for which customer orders. What happens in many companies is that the
focus is on mix decisions because these are urgent as a result of customer pressures.
Volumes are only considered once a year when the business plan is developed and
production rates must be fixed to establish overhead absorption. These companies don’t
spend enough time forecasting and planning their volumes. Instead of focusing on the big
picture, they focus on the details in trying to predict mix. Smart companies carefully plan
their volumes first and then focus on mix decisions. This is done because if volumes are
planned effectively, mix decisions become much easier to cope with. These companies find
that imbalances in demand and supply occur frequently over the course of a year, and as a
result volume decisions need to be reviewed and adjusted on a monthly basis.

Sales and operations planning is concerned with getting the big picture right and then
attending to the details of manufacturing planning and control. The role of sales and
operations planning is to balance demand and supply at the volume level. Volume
concerns rates: overall sales rates, production rates, aggregate inventories, and order
backlogs. Once volume (rates and levels) is effectively planned, the problems of mix
(individual products and orders) become easier to cope with. Understanding the
fundamentals of sales and operations planning makes this function easier to understand
as a part of a company’s manufacturing planning and control system.

Sales and Operations Planning and Management

Sales and operations planning provides a direct and consistent dialogue between
manufacturing and top management as well as between manufacturing and the other
business functions. As Figure 5.1 shows, many key linkages of sales and operations planning
are outside the manufacturing planning and control (MPC) system. Therefore the plan
necessarily must be in terms that are meaningful to the firm’s nonmanufacturing executives.
Only in this way can the sales and operations planning function noted in Figure 5.1 become
consistent for each basic functional area in the business. Likewise, the operations portion of
the overall plan must be stated in terms that the MPC functions can use, so detailed
manufacturing decisions are kept in concert with the overall strategic objectives reflected in
the sales and operations plan.
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The basis for consistency of the functional plans in a business is the resolution of broad
trade-offs at the top management level. Suppose, for example, there’s an opportunity to
expand into a new market, and marketing requests additional production to do so. When a
given operations plan has been authorized, this could be accomplished only by decreasing
the currently authorized production for some other product group. If this is seen as
undesirable—that is, the new market is to be a direct add-on—>by definition a new sales and
operations plan is required, with an updated and consistent set of plans in marketing,
finance, and production. The feasibility of the added volume must be determined and agreed
on before detailed execution steps are taken. This debate is of the type typically discussed
in regular sales and operations planning meetings, and illustrates why top management
involvement in sales and operations planning is critical.

The operations portion of the sales and operations plan states the mission manufacturing
must accomplish if the firm’s strategic objectives are to be met. How to accomplish the
operations plan in terms of detailed manufacturing and procurement decisions is a problem
for manufacturing management. Within an agreed-on operations plan, the job in
manufacturing is to “hit the operations plan.” Similar job definitions hold for sales,
marketing, and finance.

Figure 5.1 also indicates that the planning in other MPC system functions is
necessarily detailed, and the language is quite different from that required for the
operations plan. The operations plan is normally stated in terms of aggregate units of
output per month, while the master production schedule (MPS) is stated in terms
of end product units per week. The MPS might be stated in units that use special bills of
materials to manage complicated options and do not correspond to the units used to
communicate with top management.

To perform the necessary communication role, the operations plan must be stated in
commonly understood, aggregated terms. In many companies the operations plan is
stated in total units for each product line (or major product family groupings). In other
companies the operations plan is stated as the dollar value of total monthly output. Still
other firms need to break the total output down by individual factories. Some firms also
use measures that relate to capacity, such as direct labor hours and tons of product. The
key requirement is that the operations plan be stated in some commonly understood
homogenous unit that thereafter can be kept in concert with other functional plans.

The operations plan needs to be expressed in meaningful units, but it also needs to be
expressed in a manageable number of units. Experience indicates that 6 to 12 family
groups seem to be about right for a top management group to handle. Each family
grouping has to be considered in terms of expectations on sales, manufacturing, and the
resultant inventories and backlogs. The cumulative result, expressed in monetary units,
also has to be examined and weighed against overarching business plans.
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The operations plan is not a forecast of demand! It’s the planned production, stated on
an aggregate basis, for which manufacturing management is to be held responsible. The
operations plan is not necessarily equal to a forecast of aggregate demand. For example, it
may not be profitable to satisfy all of the demand in a peak monthly period, but the
production would be leveled over the course of a seasonal cycle. Likewise, a strategic
objective of improved customer service could result in aggregate production in excess of
aggregate demand. These are important management trade-offs to be debated in the
context of the sales and operations plan.

The operations plan is a result of the sales and operations planning process. Inputs to
the process include sales forecasts, but these need to be stated on the basis of shipments
(not bookings) so that the inventory projections match physical inventories and so that
manufacturing goals are expressed correctly with respect to time.

Operations Planning and MPC Systems

So far we have emphasized sales and operations planning linkages to activities outside MPC
system boundaries. Because of these linkages, the sales and operations plan is often called “top
management’s handle on the business.” To provide execution support for the operations plan,
we need linkages to the MPC systems. The most fundamental linkage is that to the master
production schedule, which is a disaggregation of the operations plan. The result drives the
detailed scheduling through detailed material planning and other MPC functions.

The MPS must be kept in concert with the operations plan. As the individual daily
scheduling decisions to produce specific mixes of actual end items and/or options are
made, we must maintain parity between the sum of the MPS quantities and the operations
plan. If the relationship is maintained, then “hitting the schedule” (MPS) means the
agreed-on operations plan will be met as well.

Another critical linkage shown in Figure 5.1 is the link with demand management.
Demand management encompasses order entry, order promising, and physical
distribution coordination as well as forecasting. This function must capture every source
of demand against manufacturing capacity, such as interplant transfers, international
requirements, and service parts. In some form, one or more of these demand sources may
be of more consequence than others. For the firm with distribution warehouses, for
example, replenishing those warehouses may create quite a different set of demands on
manufacturing than is true for other firms. The contribution of demand management,
insofar as operations planning is concerned, is to ensure that the influence of all aspects of
demand is included and properly coordinated.

As a tangential activity, the match between actual and forecast demand is monitored
in the demand management function. As actual demand conditions depart from forecast,
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the necessity for revising the operations plan increases. Thus, the assessment of changes’
impact on the operations plan and the desirability of making a change depend on this
linkage. It’s critical for top management to change the plans, rather than to let the forecast
errors in themselves change the aggregate production output level.

The other direct MPC linkage to sales and operations planning shown in Figure 5.1
is that with resource planning. This activity encompasses long-range planning of
facilities. Involved is the translation of extended operations plans into capacity
requirements, usually on a gross or aggregate basis. In some firms the unit of measure
might be constant dollar output rates; in others, it might be labor-hours, head counts,
machine-hours, key-facility—hours, tons of output, or some other output measure. The
need is to plan capacity, at least in aggregate terms, for a horizon at least as long as it
takes to make major changes.

Resource planning is directly related to operations planning, since, in the short term, the
resources available provide a set of constraints to operations planning. In the longer run, to the
extent that operations plans call for more resources than available, financial appropriations are
indicated. A key goal of the linkage between operations planning and resource planning is to
answer what-if questions. Maintaining current resource planning factors related to the product
groupings used for planning is the basis for performing this analysis.

Much of the very near term operations plan is constrained by available material supplies.
Current levels of raw material, parts, and subassemblies limit what can be produced in the
short run, even if other resources are available. This is often hard to assess unless information
links from the detailed material planning and shop status databases are effective.

Links through the MPS to material planning and other MPC functions provide the
basic data to perform what-if simulations of alternative plans. Being able to quickly
evaluate alternatives can facilitate the sales and operations planning process. This is not an
argument to always change the operations plan. On the contrary, having the ability to
demonstrate the impact of proposed changes may reduce the number of instances in
which production “loses” in these negotiations.

The value of the sales and operations planning function is certainly questionable if
there’s no monitoring of performance. This requires linkages to the data on shipment/
sales, aggregated into the sales and operations planning groupings. Measuring performance
is an important input to the planning process itself. Insofar as deviations in output are
occurring, they must be taken into account. If the plan can’t be realized, the entire value of
the sales and operations planning process is called into question.

One final performance aspect where effort must be expended is in the reconciliation of
the MPS with the operations plan. As day-to-day MPS decisions are made, it’s possible to
move away from the operations plan unless constant vigilance is applied. Like other
performance monitoring, it requires a frequent evaluation of status and comparison to plan.
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Payoffs

Sales and operations planningis top management’s handle on the business. It provides important
visibility of the critical interactions between sales, marketing, production, and finance. If sales
and marketing wants higher inventories, but top management decides there’s not sufficient
capital to support the inventories, the operations plan will be so designed. Once such critical
trade-off decisions are made, the operations plan provides the basis for monitoring and
controlling manufacturing performance in a way that provides a much more clear division of
responsibilities than is true under conventional budgetary controls.

Under sales and operations planning, manufacturing’s job is to hit the schedule. This
can eliminate the battle over “ownership” of finished-goods inventory. If actual inventory
levels don’t agree with planned inventory levels, it’s basically not a manufacturing
problem, if they hit the schedule. It’s either a sales and marketing problem (the products
didn’t sell according to plan) or a problem of product mix management in the demand
management activity (the wrong individual items were made).

The operations plan provides the basis for day-to-day, tough-minded trade-off
decisions as well. If sales and marketing want more of some items, it must be asked, “Of
what do you want less?” There’s no other response, because additional production without
a corresponding reduction would violate the agreed-on operations plan. In the absence of
a new, expanded operations plan, manufacturing, sales, and marketing must work to
allocate the scarce capacity of the completing needs (via the master production schedule).

The reverse situation is also true. If the operations plan calls for more than sales and
marketing currently needs, detailed decisions should be reached about which items will go into
inventory. Manufacturing commits people, capacities, and materials to reach company
objectives. The issue is only how best to convert these resources into particular end products.

Better integration between functional areas in a business is one of the major payoffs
from sales and operations planning. Once a consistent sales and operations plan between
top levels of the functional areas is developed, it can be translated into detailed plans that
are in concert with top-level agreements. This results in a set of common goals, improved
communication, and transparent systems.

Without a sales and operations plan, the expectation is that somehow the job will get
done—and in fact, it does get done, but at a price. The price is organizational slack: extra
inventories, poor customer service, excess capacity, long lead times, panic operations, and
poor response to new opportunities. Informal systems will, of necessity, come into being.
Detailed decisions will be made by clerical-level personnel with no guiding policy except
“get it out the door as best we can.” The annual budget cycle won’t be tied in with the
detailed plans and will probably be inconsistent and out of date before it’s one month old.
Sales and marketing requests for products won’t be made so as to keep the sum of the
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detailed end products in line with the budget. In many cases detailed requests for the first
month are double the average monthly volume. Only at the end of the year does the
reconciliation between requests and budget take place, but in the meantime it has been up
to manufacturing to decide what’s really needed.

We’ve seen many companies with these symptoms. Where are these costs reflected?
There’s no special place in the chart of accounts for them, but they affect the bottom-line
profit results. More and more firms are finding that a well-structured monthly sales and
operations planning meeting allows the various functional areas to operate in a more
coordinated fashion and to better respond to the marketplace. The result is a dynamic
overall plan for the company, one that changes as needed and fosters the necessary
adaptation in each function.

The Sales and Operations Planning Process

This section views aids to managing the sales and operations planning process.
Specifically, we’ll be concerned with the monthly sales and operations planning process,
the tabular spreadsheet display, and the basic operations planning trade-offs. We will
examine these techniques with an example.

The Monthly Sales and Operations Planning Process

Sales and operations planning involves making decisions on each product family concerning
changes to the sales plan, the operations plan, and the inventory/backlog. These decisions are
made on the basis of recent history, forecasts, and the recommendations of middle
management and top management’s knowledge of business conditions. A formal process
for accomplishing sales and operations planning developed by Tom Wallace is shown in
Figure 5.2 (see Wallace reference for additional details). This process begins shortly after a
month’s end and continues for some days. These steps involve middle management and
others throughout the company as well as top management, and include

A Updating the sales forecast.

A Reviewing the impact of changes to the operations plan and determining whether
adequate capacity and material will be available to support them.

A Identifying alternatives where problems exist.

A Formulating agreed-on recommendations for top management regarding overall
changes to the plans and identifying areas of disagreement where consensus is not
possible.

A Communicating this information to top management with sufficient time for them to
review it prior to the executive SOP meeting.
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Figure 5.2 The Monthly Sales and Operations Planning Process

Having accomplished this work with the appropriate staff personnel during the month

means that a productive two-hour executive SOP meeting can be held each month to

make the appropriate decisions regarding changes to the sales and operations plan.

1.

N

Five steps form the basis for the monthly planning cycle:

Run the sales forecasting reports. This step occurs shortly after the month end and
involves the information systems department updating the files with data from the
month just ended—actual sales, production, inventories, and so on. This information
is disseminated to the appropriate people, and forms the basis for sales and marketing
people to use in developing sales analysis reports, and changes to sales forecasts.

The demand planning phase. The information received in step 1 for new and existing
products is reviewed by sales and marketing and discussed with the view of generating
a new management forecast covering the next 12 or more months. For example, in the
case of consumer make-to-stock products, price changes, competitive activity,
economic conditions, and field sales input regarding large customers are considered in
revising the sales forecast. The task here is to override the statistical forecasts when
appropriate, and to bring senior marketing and sales management into the loop. It is
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also necessary to consider the new forecast along with the actual sales, production,
and inventory data from the past month. Once the new forecast has been authorized
by sales and marketing, it is applied to last month’s operations plan. Once this is done
it is easy for the operations people to see where the operations plan needs to be
changed, and where it is acceptable. The necessary changes are then made that
produce the new operations plan.

. The supply (capacity) planning phase. Here is where the capacity planning activity

(resource planning) takes place. The new operations plan for each product family
grouping is compared with any changes made in the sales forecast or changes that have
occurred in inventory or customer order backlog levels. It may be necessary to modify
the operations plan if, for example, demand exceeds supply by a margin that is too large
to reach with the current plant, or vendor, capacity. In cases where a change in the
operations plan is necessary, spending authorization by top management may be
required. These are the types of issues that are carried into the pre-SOP meeting.

. The pre-SOP meeting. The purpose of this meeting involving representatives from

the various business functions is to (a) make decisions regarding the balance of
demand and supply, (b) resolve problems where differences in recommendations
exist, (c) identify areas that cannot be resolved to be discussed in the executive SOP
meeting, (d) develop alternative courses of action, and (e) set the agenda for the
executive SOP meeting. This meeting includes a review of the plans for each product
family grouping, the development of an updated financial view of the business,
recommendations for each product family grouping, recommendations for changes
in resource requirements, and recommendations regarding alternatives to be
discussed in the executive SOP meeting.

. The executive SOP meeting. The culminating meeting each month is one that includes

the senior executives in the business. Its purpose is to (a) make decisions on the sales
and operations plans for each product family, (b) authorize spending for changes in
production/procurement rate changes, (c) relate the collective impact of the
dollarized version of the product grouping sales and operations plans to the overall
business plan, (d) break ties in areas where the pre-SOP team was unable to reach
consensus, and (e) to review customer service and business performance.

The discipline required in routinizing the sales and operations planning process is to

replan when conditions indicate it’s necessary. If information from the demand

management function indicates differences between the forecast and actual have exceeded

reasonable error limits, replanning may be necessary. Similarly, if conditions change in

manufacturing, a new market opportunity arises, or the capital market shifts, replanning

may be needed.
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Since the purpose of the planning process is to arrive at a coordinated set of plans for
each function, mechanisms for getting support for the plans are important. Clearly, a
minimum step here is to involve the senior executive team in the business in the process.
This does more than legitimize the plan; it involves the people who can resolve issues in
the trade-off stage. A second step used by some firms is to virtually write contracts
between functions on what the agreements are. The contracts serve to underscore the
importance of each function performing to plan, rather than return to informal practices.

To illustrate the nature of the sales and operations planning decisions, we now turn to
an example based on a firm with a seasonal sales pattern on its make-to-stock products.
We raise the issues in the context of a single product family produced in a dedicated
production facility. In this context, there are two issues for discussion:

1. The sales and operations plan must be adjusted frequently to bring sales and
production into a proper balance.

2. Tt is important to find a low cost operations plan when the cost of inventories,
overtime, changes in the work force levels, and other capacity variations that meet the
company’s sales and operations requirements are considered.

This example presents both a cumulative charting and a tabular representation of
alternative strategies to resolve these issues.

Sales and Operations Planning Displays

Figure 5.3 shows the aggregate sales forecasts for our example, the AA product family at our
mythical XYZ Company, for the year. Monthly totals vary from a high of $15.8 million to a
low of $7 million. Figure 5.4 shows these monthly sales data in the form of a camulative chart
display (see the solid line). In addition, the dashed straight line represents the cumulative
production if we chose to produce a constant amount each month and that amount was
calculated so that we would produce exactly what we needed over the next year.

The cumulative chart shows clearly the implications of alternative plans. For example,
the vertical distance between the dashed line and the solid line represents the expected
inventory at each point in time. If we elected to produce exactly the same amount as what
we expect demand to be each month, we would not expect to carry any inventory. This
unique policy is called a chase strategy, where production output is changed to chase
sales. The opposite extreme is the level strategy, where production is at a constant
uniform rate of output with inventory buildups and depletions over the planning horizon
(and as shown by the dashed line in the graph). Changing production output incurs the
costs of changing the workforce level, hours worked, and potentially subcontracting, if
subcontracting is being used as an option. Keeping production at a constant rate incurs
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inventory holding, when cumulative production is greater than cumulative demand and
backorder costs when the opposite is true.

The more typical way of displaying the sales and operations planning information is
to use time-phased planning and a tabular display. The advantage of this approach is
that it is easily captured and communicated using an electronic spreadsheet. This
information can be used for two important management purposes: evaluating current
performance against the sales and operations plan and modifying the future sales and
operations plan. An example of this display is shown in Figure 5.5. This display requires
several important information inputs each month: the sales forecast, the operations and
inventory plans, and the actual operating results for the past three months. The
information used for assessing current performance is shown in the “history” portion of
the report, and the plan for the future is shown in the “plan” portion.

In the Sales section of the report shown in Figure 5.5, a planning factor of $30 per unit
is used to convert sales dollar to units of sales. This statistic would be obtained from
accounting records and represents the average value of a unit sold. Similarly, in the
Operations portion of the report, an employee productivity factor is used to estimate the
required number of employees needed to produce planned production. In our example it
is assumed that eight units can be produced by each employee. In the Inventory section, we
see a days of supply figure. This is calculated by finding the expected sales per day for the
next period and dividing that number into the expected end of month inventory. In the
history part of the report actual sales and inventory level are used, whereas in the plan
portion expected values are used. In the case of December, actual ending inventory is used
(215,000 units), and planned sales are used (253,000 units divided by 20 days = 12,650
units/day). So the days of supply at the end of December is 215,000/12,650 = 16.99 days.
Note that we have rounded the numbers in our report. Finally, the customer service
numbers shown in the history portion are reported from an external source and not a
calculation from report data.

The actual plan shown in Figure 5.5 depicts a chase strategy, where we plan to make
the forecast demand for each month. Note how much the planned production changes
each month and how the number of needed employees varies. The reason that there are
only 10 working days in July is due to a planned two-week summer shutdown that occurs
every year at our example plant. Whether this plan is feasible or not would depend greatly
on the availability of workers that could be shuttled in and out to meet the widely varying
production requirements. We discuss this plan relative to cost later in the section, but note
how hires and layoffs are calculated based on the changing number of workers from one
month to the next.

In revising a plan from month to month, the recent history shown in the report can
be quite valuable. Figure 5.5 shows the recent history covering the last three months of



Figure 5.5 Chase Demand Operating Plan

History Plan Future
October| November| December January| February| March| April| May| June| July| August|September| October| November| December January
Sales
Forecast (in million $) 10 131 6.9 7.6 8.4 10.2 9 11.8 7 8.6 12.6 14.4 12.8 15.8 11.8 8
(in 1,000 units) 333 437 230 253 280 340 300 393 233 287 420 480 427 527 393 267
Actual  (in 1,000 units) 300 400 200
Difference month -33 =37 -30
Difference cumulative =70 —100
Operations
Plan (in 1,000 units) 333 437 230 253 280 340 300 393 233 287 420 480 427 527 393
(in employees) 1,892 2,731 1,437 1,581 1,667 1,848 1,875 2,235 1,326 3,583 2,283 3,000 2,424 3,292 2,458
Number working days/month 22 20 20 20 21 23 20 22 22 10 23 20 22 20 20 20
Actual (in 1,000 units) 360 455 300
Difference month 27 18 70
Difference cumulative 45 115
Inventory
Plan (in 1,000 units) 100 100 100 215 215 215 215 215 215 215 215 215 215 215 215
(in 1,000 $) 3,000 3,000 3,000 6,440 6,440 6,440 6,440 6,440 6,440 6,440 6,440 6,440 6,440 6,440 6,440
Actual (in 1,000 units) 60 115 215
Days of supply 3.0 115 17.0 16.1 14.5 14.3 12.0 20.2 7.5 1.8 8.9 1.1 8.2 10.9 16.1
Customer service (%) 98 100 100
Employee productivity 8 units/day
Hiring cost $200 per employee Hires 1443 85.4 181.2 27.2 359.8 0.0  2257.6 0.0 717.4 0.0 867.4 0.0
Layoff cost $500 per employee | Layoffs 0.0 0.0 0.0 0.0 0 909.1 0.0  1300.7 0.0 575.8 0.0 833.3
Inventory carrying cost 2% per month (applied to the monthly ending inventory)
Minimum inventory level 5 days of supply
Beginning labor force 1,437 employees
Cost of: January  February March April May June July August  September  October November  December Totals
Hiring $28,850  $17,083  $36,232 $5,435  $71,970 $0  $451,515 $0 $143,478 $0  $173,485 $0 $928,048
Layoffs $0 $0 $0 $0 $0  $454,545 $0  $650,362 $0  $287,879 $0 $416,667 $1,809,453
Inventory | $128,800 $128,800 $128,800 $128,800 $128,800 $128,800 $128,800 $128,800 $128,800 $128,800  $128,800 $128,800 $1,545,600

Total cost ~ $4,283,101
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sales, production, and inventory levels for this product line. Note that in this case, the
actual sales have fallen short of the forecast sales each month during the past quarter.
This is indicated as a negative difference in the fourth and fifth row of Figure 5.5
(difference month and difference cumulative) and amounts to a cumulative difference
of —100,000 units (or about 40 percent of the January sales forecast) as of the end of the
last quarter as shown in the table. This trend in sales indicates the need to focus on
reforecasting to better estimate sales during the demand planning phase of the sales and
operations planning cycle.

Furthermore, the actual production has exceeded the operations plan every month
during the past quarter, and the cumulative difference equals +115,000 units. The fact
that actual sales are less than the sales plan, and that production has exceeded the
operations plan in each month, has produced a major increase in finished goods
inventory. As shown in Figure 5.5, the number of days of supply has increased from
3 to 17 over this period.

These results signal a need to adjust the operations plan to bring sales and production
into balance. There are many ways in which this could be accomplished. One way would
be to reduce the January production plan in order to bring the inventory level back to a
reasonable level. It does not appear that our current plan does this. In the next section, we
consider the basic trade-offs involved in developing the sales and operations plan and
evaluate these trade-offs based on cost.

The Basic Trade-Offs

The trick to a good sales and operations plan is to find a low-cost operations plan. Later in
the section, we show a plan that has been “optimized.” An optimized plan is interesting,
but it may not be valuable because so many of the nonquantitative issues associated with
a plan are not captured in the costs. In this section, we again look at the two most basic
strategies, a chase strategy and a level strategy. In the chase strategy, just as the name
implies we just chase demand. In the level strategy, we keep a constant production rate
each month. These are usually good starting points for developing a practical strategy.

In Figure 5.6 we depict a chase strategy that is a little more intelligent than the one
shown in Figure 5.5. Here, rather than just producing expected demand each period, we
produce at a level that allows us to maintain a target days of supply inventory level at the
end of each month. This can be useful because the days of supply inventory level target can
ensure that we have enough to cope with uncertainty in demand, but not produce an
excessive amount. How these targets can be set using statistics is covered in Chapter 11,
but for our purposes here, assume that we would like to target five days of supply at the
end of each month.



Figure 5.6 Chase Demand Operating Plan—Target Days of Supply—5 days

History Plan Future
October| November| December |January| February| March April May June July [ August [September | October | November | December January
Sales
Forecast (in million $) 10 13.1 6.9 7.6 8.4 10.2 9 1.8 7 8.6 12.6 14.4 12.8 15.8 11.8 8.0
(in 1,000 units) 333 437 230 253 280 340 300 393 233 287 420 480 427 527 393 267
Actual  (in 1,000 units) 300 400 200
Difference month -33 -37 -30
Difference cumulative =70 —100
Operations
Plan (in 1,000 units) 333 437 230 105 287 341 314 357 324 235 449 457 461 493 362
(in employees) 1,892 2,731 1,437 656 1,710 1,854 1,965 2,028 1,839 2,933 2,439 2,856 2,621 3,083 2,260
Number working days/month 22 20 20 20 21 23 20 22 22 10 23 20 22 20 20 20
Actual (in 1,000 units) 360 455 300
Difference month 27 18 70
Difference cumulative 45 115
Inventory
Plan (in 1,000 units) 100 100 100 67 74 75 89 53 143 91 120 97 132 98 67
(in 1,000 $) 3,000 3,000 3,000 2,000 2,217 2,250 2,682 1,591 4,300 2,739 3,600 2,909 3,950 2,950 2,000
Actual (in 1,000 units) 60 115 215
Days of supply 3.0 1.5 17.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Customer service (%) 98 100 100
Employee productivity 8 units/day
Hiring cost $200 per employee Hires 0.0 | 10535 143.9 11.2 63.3 0.0 | 1094.1 0.0 417.5 0.0 461.9 0.0
Layoff cost $500 per employee | Layoffs 780.8 0.0 0.0 0.0 0 189.4 0.0 494.4 0.0 234.7 0.0 822.9
Inventory carrying cost 2% per month (applied to the monthly ending inventory)
Minimum inventory level 5 days of supply
Beginning labor force 1,437 employees
Cost of: January  February March April May June July August  September  October November  December Totals
Hiring $0 $210,710 $28,787  $22,246  $12,655 $0 $218,826 $0 $83,499 $0 $92,390 $0 $669,112
Layoffs | $390,375 $0 $0 $0 $0 $94,697 $0  $247,204 $0  $117,338 $0 $411,458 $1,261,072
Inventory $40,000  $44,348  $45,000 $53,636  $31,818 $86,000  $54,783  $72,000 $58,182 $79,000 $59,000 $40,000 $663,767

Total cost  $2,593,951
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In Figure 5.6, we show a plan that maintains five days of supply at the end of each
month. The trick to calculating this plan is to first calculate the required ending inventory
balances for each month that represent five days of future supply. For example, in
February we expect demand to be 280,000 units or 13,333 units per day (280,000/21).
Five-days supply would be 66,666.67 units, which is our inventory target for the end of
January. The operations plan for January is then calculated by taking the expected
demand, subtracting beginning inventory (actual in this case), and then adding the
needed ending inventory (253,000 — 216,000 + 67,000 = 105,000). Doing this for each
month allows us to find a “chase” type operating plan that results in a five-week supply of
inventory at the end of each month.

Summarizing, a chase strategy with a five days of supply target can be found as
follows:

Step 1. Calculate end of month inventory target values.

Inventory, = Target days X Expected demand,;;/Working days, (5.1)

Step 2. Calculate the operations plan in units.

Planned production; = Forecast sales, — Inventory,—; + Inventory;, (5.2)

Step 3. Calculate the number of employees required.

Employees, = Planned production,/Employee productivity (5.3)

Step 4. Calculate hires and fires each period.

If Employees, > Employees,—; then Hires,
= Employees; — Employees,—;
else Fires; = Employees,—; — Employees, (5.4)

Note that a spreadsheet with these calculations can be found at http://www.pom.
edu/mpcée.

The next basic strategy that we will develop is the level strategy. Here, we are looking at the
exact opposite extreme, where we keep a constant workforce for the entire planning horizon.
The plan shown in Figure 5.7 shows this type of plan. In this case, the labor force is kept at a
constant 2,153 employees. Of course, the trick in this case is to figure out where the 2,153
employees came from. We do this by figuring out exactly how much we expect to need to
produce over the planning horizon and then divide this by how much one employee can
produce over that same period of time. For our example, forecast demand over the 12 months
is 4,333,333 units. We can subtract out our beginning inventory of 215,000 units, but we need
to add back the inventory needed for our days of supply target at the end of the planning
horizon (we refer to this as period T in the equations below). From our analysis in Figure 5.6,
we know we need 66,667 units at the end of December. So in total we need to produce


http://www.pom.edu/mpc6e
http://www.pom.edu/mpc6e

Figure 5.7 Level Operating Plan—Constant Number of Employees

Number of employees required 2,152.8
History Plan Future
October| November| December January| February| March| Apri|| May| June| Ju|y| August| September| October| November| December January
Sales
Forecast (in million $) 10 13.1 6.9 7.6 8.4 10.2 9 11.8 7 8.6 12.6 14.4 12.8 15.8 11.8 8.0
(in 1,000 units) 333 437 230 253 280 340 300 393 233 287 420 480 427 527 393 267
Actual  (in 1,000 units) 300 400 200
Difference month -33 =37 -30
Difference cumulative -70 -100
Operations
Plan (in 1,000 units) 333 437 230 344 362 396 344 379 379 172 396 344 379 344 344
(in employees) 1,892 2,731 1,437 2,153 2,153 2,153 2,153 2,153 2,153 2,153 2,153 2,153 2,153 2,153 2,153
Number working days/month 22 20 20 20 21 23 20 22 22 10 23 20 22 20 20 20
Actual (in 1,000 units) 360 455 300
Difference month 27 18 70
Difference cumulative 45 115
Inventory
Plan (in 1,000 units) 100 100 100 306 388 444 488 474 619 505 481 346 298 116 67
(in 1,000 $) 3,000 3,000 3,000 9,183 11,633 13,317 14,650 14,217 18,583 15,150 14,433 10,367 8,933 3,467 2,000
Actual (in 1,000 units) 60 115 215
Days of supply 4.4 5.8 17.0 23.0 26.2 29.6 27.3 44.7 21.6 27.7 20.0 17.8 1.3 5.9 5.0
Customer service (%) 98 100 100
Employee productivity 8 units/day
Hiring cost $200 per employee Hires 715.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Layoff cost $500 per employee | Layoffs 0.0 0.0 0.0 0.0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Inventory carrying cost 2% per month (applied to the monthly ending inventory)
Minimum inventory level 5 days of supply
Beginning labor force 1,437 employees
Cost of: January| February March April May June July August | September| October| November| December Totals
Hiring [ $143,156 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $143,156
Layoffs $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Inventory | $183,667| $232,667 | $266,333 | $293,000 | $284,333 | $371,667 | $303,000 | $288,667 $207,333| $178,667 $69,333 $40,000 $2,718,667

Total cost  $2,861,823




The Sales and Operations Planning Process | 133

4,333,333 — 215,000 + 66,667 = 4,185,000 units. An employee can produce eight units/day
and will work for 243 days over the 12 months (this is the sum of the working days from
January through December), and an employee can produce 8 X 243 = 1,944 units. From this
we can calculate that we need 4,185,000/1,944 = 2,152.8 employees. We could round this to
2,153 employees if we like, but for our calculations in Figure 5.7 we used the fraction.

After calculating the number of employees needed, we can then fill in the rest of our
table by calculating planned produ