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Preface

My intention in this book is to speak to a wide audience of
business, technical, and professional people and others looking
to understand this increasingly important area of activity. I
provide a clear framework for understanding supply chain
theory, operations, and opportunities. I then build on that
framework and show ways to create supply chains with the
performance levels needed for success in this real-time global
economy we live in.

I know you are busy and your time is valuable. So I've worked
hard to get to the point quickly and explain things clearly and
concisely. This book provides a framework to understand the
structure and operation of any supply chain. It also provides
guidance and insights for how to make good use of the flood of
new supply chain technologies. Ideas are provided for
combining technology, people, and business processes to deliver
greater levels of supply chain performance.

Chapters 1, 2, and 3 provide an introduction to the basic
principles and practices that drive supply chain operations.
Chapters 4, 5, and 6 discuss technologies, metrics, and



techniques that are making significant impacts on the way
supply chains are designed, monitored, and managed.

Chapter 7 is an exploration of how new technology can be
combined with supply chain best practices such as sales and
operations planning (S&OP) to deliver a new level of supply
chain performance through effective collaboration between
companies working together in supply chains. The chapter also
presents the potential for using cloud computing and presently
available software applications to build real-time supply chain
collaboration platforms.

Chapters 8 and 9 provide a pragmatic approach based on
personal experience for defining supply chain opportunities
and designing and building systems to effectively respond to
those opportunities. I present several case studies and show
how companies can develop supply chain capabilities to
support their evolving business goals.

The last chapter, Chapter 10, outlines opportunities for
individual companies and alliances of companies to work
together and employ the power of the self-adjusting feedback
loop to drive real-time operations and increase supply chain
resiliency. Real-time and collaborative supply chains are the
next step in the evolution of supply chain management. Self-



adjusting supply chains and the resiliency and sustainability
they make possible will be central to the creation and
preservation of wealth in this century.

What I say in this book is based on decades of personal
experience in designing, building and operating supply chains,
plus many conversations with fellow practitioners and
researchers. I am also much influenced by reading the works of
other authors whom I quote and acknowledge in these
chapters.

MICHAEL H. HUGOS

Chicago, IL USA

www.scmglobe.com

mhugos@scmglobe.com

http://www.scmglobe.com/
mailto:mhugos@scmglobe.com


CHAPTER 1 
Key Concepts of Supply Chain
Management

AFTER READING THIS CHAPTER YOU WILL BE ABLE TO:

Appreciate what a supply chain is and what it does;
Understand where your company fits in the supply chains
it participates in and the role it plays in those supply
chains;
Discuss ways to align your supply chain with your
business strategy;
Start an intelligent conversation about the supply chain
management issues in your company.

This book is organized to give you a solid grounding in the nuts
and bolts of supply chain management. The book explains the
essential concepts and practices and then shows examples of



how to put them to use. When you finish, you will have a solid
foundation in supply chain management to work from.

The first three chapters give you a working understanding of
the key principles and business operations that drive any
supply chain. The next three chapters present the techniques,
technologies, and metrics to use to improve your internal
operations and coordinate more effectively with your
customers and suppliers in the supply chains your company is a
part of.

The last three chapters show you how to find supply chain
opportunities and respond effectively to best capitalize on these
opportunities. Case studies are used to illustrate supply chain
challenges and to present solutions for those challenges. These
case studies and their solutions bring together the material
presented in the rest of the book and show how it applies to
real-world business situations.

Supply chains encompass the companies and the business
activities needed to design, make, deliver, and use a product or
service. Businesses depend on their supply chains to provide
them with what they need to survive and thrive. Every business
fits into one or more supply chains and has a role to play in
each of them.



The pace of change and the uncertainty about how markets will
evolve has made it increasingly important for companies to be
aware of the supply chains they participate in and to
understand the roles that they play. Those companies that learn
how to build and participate in strong supply chains will have a
substantial competitive advantage in their markets.

Nothing Entirely New—Just a Significant
Evolution

The practice of supply chain management is guided by some
basic underlying concepts that have not changed much over the
centuries. Several hundred years ago, Napoleon made the
remark, “An army marches on its stomach.” Napoleon was a
master strategist and a skillful general, and this remark shows
that he clearly understood the importance of what we would
now call an efficient supply chain. Unless the soldiers are fed,
the army cannot move.

Along these same lines, there is another saying that goes,
“Amateurs talk strategy, and professionals talk logistics.” People
can discuss all sorts of grand strategies and dashing maneuvers,
but none of that will be possible without first figuring out how
to meet the day-to-day demands of providing an army with fuel,



spare parts, food, shelter, and ammunition. It is the seemingly
mundane activities of the quartermaster and the supply
sergeants that often determine an army's success. This has
many analogies in business.

The term “supply chain management” arose in the late 1980s
and came into widespread use in the 1990s. Before that time,
businesses used terms such as “logistics” and “operations
management” instead. Here are some definitions of a supply
chain:

“A supply chain is the alignment of firms that bring products
or services to market.”—from Lambert, Stock, and Ellram.
(Lambert, Douglas M., James R. Stock, and Lisa M. Ellram,
1998, Fundamentals of Logistics Management, Boston, MA:
Irwin/McGraw-Hill, Chapter 14).
“A supply chain consists of all stages involved, directly or
indirectly, in fulfilling a customer request. The supply chain
not only includes the manufacturer and suppliers, but also
transporters, warehouses, retailers, and customers
themselves.”—from Chopra and Meindl (Chopra, Sunil, and
Peter Meindl, 2003, Supply Chain, Second Edition, Upper
Saddle River, NJ: Prentice-Hall, Inc., Chapter 1).
“A supply chain is a network of facilities and distribution
options that performs the functions of procurement of



materials, transformation of these materials into
intermediate and finished products, and the distribution of
these finished products to customers.”—from Ganeshan and
Harrison (Ganeshan, Ram, and Terry P. Harrison, 1995, “An
Introduction to Supply Chain Management,” Department of
Management Sciences and Information Systems, 303 Beam
Business Building, Penn State University, University Park,
Pennsylvania).

If this is what a supply chain is, then we can define supply
chain management as the things we do to influence the
behavior of the supply chain and get the results we want. Some
definitions of supply chain management are:

“The systemic, strategic coordination of the traditional
business functions and the tactics across these business
functions within a particular company and across businesses
within the supply chain, for the purposes of improving the
long-term performance of the individual companies and the
supply chain as a whole.”—from Mentzer, DeWitt, Keebler,
Min, Nix, Smith, and Zacharia (Mentzer, John T., William
DeWitt, James S. Keebler, Soonhong Min, Nancy W. Nix, Carlo
D. Smith, and Zach G. Zacharia, 2001, “Defining Supply Chain
Management,” Journal of Business Logistics, Vol. 22, No. 2, p.
18).



“Supply chain management is the coordination of
production, inventory, location, and transportation among
the participants in a supply chain to achieve the best mix of
responsiveness and efficiency for the market being
served.”—my own words.

There is a difference between the concept of supply chain
management and the traditional concept of logistics. Logistics
typically refers to activities that occur within the boundaries of
a single organization, and supply chains refer to networks of
companies that work together and coordinate their actions to
deliver a product to market. Also, traditional logistics focuses its
attention on activities such as procurement, distribution,
maintenance, and inventory management. Supply chain
management acknowledges all of traditional logistics and also
includes activities such as marketing, new product
development, finance, and customer service.

In the wider view of supply chain thinking, these additional
activities are now seen as part of the work needed to fulfill
customer requests. Supply chain management views the supply
chain and the organizations in it as a single entity. It brings a
systems approach to understanding and managing the different
activities needed to coordinate the flow of products and
services to best serve the ultimate customer. This systems



approach provides the framework in which to best respond to
business requirements that otherwise would seem to be in
conflict with each other.

Taken individually, different supply chain requirements often
have conflicting needs. For instance, the requirement of
maintaining high levels of customer service calls for
maintaining high levels of inventory, but then the requirement
to operate efficiently calls for reducing inventory levels. It is
only when these requirements are seen together as parts of a
larger picture that ways can be found to effectively balance
their different demands.

Effective supply chain management requires simultaneous
improvements in both customer service levels and the internal
operating efficiencies of the companies in the supply chain.
Customer service at its most basic level means consistently high
order-fill rates, high on-time delivery rates, and a very low rate
of products returned by customers for whatever reason.
Internal efficiency for organizations in a supply chain means
that these organizations get an attractive rate of return on their
investments in inventory and other assets and that they find
ways to lower their operating and sales expenses.



There is a basic pattern to the practice of supply chain
management. Each supply chain has its own unique set of
market demands and operating challenges, and yet the issues
remain essentially the same in every case. Companies in any
supply chain must make decisions individually and collectively
regarding their actions in five areas:

1. Production—What products does the market want? How
much of which products should be produced and by when?
This activity includes the creation of master production
schedules that take into account plant capacities, workload
balancing, quality control, and equipment maintenance.

2. Inventory—What inventory should be stocked at each stage
in a supply chain? How much inventory should be held as
raw materials, semifinished, or finished goods? The primary
purpose of inventory is to act as a buffer against uncertainty
in the supply chain. However, holding inventory can be
expensive, so what are the optimal inventory levels and
reorder points?

3. Location—Where should facilities for production and
inventory storage be located? Where are the most cost-
efficient locations for production and for storage of
inventory? Should existing facilities be used or new ones
built? Once these decisions are made, they determine the



possible paths available for product to flow through for
delivery to the final consumer.

4. Transportation—How should inventory be moved from one
supply chain location to another? Air-freight and truck
delivery are generally fast and reliable, but they are
expensive. Shipping by sea or rail is much less expensive but
usually involves longer transit times and more uncertainty.
This uncertainty must be compensated for by stocking higher
levels of inventory. When is it better to use which mode of
transportation?

5. Information—How much data should be collected, and how
much information should be shared? Timely and accurate
information holds the promise of better coordination and
better decision-making. With good information, people can
make effective decisions about what to produce and how
much, about where to locate inventory, and how best to
transport it.

The sum of these decisions will define the capabilities and
effectiveness of a company's supply chain. The things a
company can do and the ways that it can compete in its markets
are all very much dependent on the effectiveness of its supply
chain. If a company's strategy is to serve a mass market and
compete on the basis of price, it had better have a supply chain
that is optimized for low cost. If a company's strategy is to serve



a market segment and compete on the basis of customer service
and convenience, it had better have a supply chain optimized
for responsiveness. Who a company is and what it can do is
shaped by its supply chain and by the markets it serves.

How the Supply Chain Works

Two influential source books that define principles and
practices of supply chain management are The Goal (Goldratt,
Eliyahu M., 1984, Great Barrington, MA: The North River Press
Publishing Corporation); and Supply Chain Management, Second
Edition by Sunil Chopra and Peter Meindl. The Goal explores the
issues and provides answers to the problem of optimizing
operations in any business system, whether it be
manufacturing, mortgage loan processing, or supply chain
management. Supply Chain Management, Second Edition is an
in-depth presentation of the concepts and techniques of the
profession. Much of the material presented in this chapter and
in the next two chapters can be found in greater detail in these
two books.

The goal or mission of supply chain management can be
defined using Eli Goldratt's words as “Increase throughput
while simultaneously reducing both inventory and operating
expense.” In this definition, throughput refers to the rate at



which sales to the end customer occur. Depending on the
market being served, sales or throughput occur for different
reasons. In some markets, customers value and will pay for
high levels of service. In other markets, customers seek simply
the lowest price for an item.

As we saw in the previous section, there are five areas where
companies can make decisions that will define their supply
chain capabilities: production, inventory, location,
transportation, and information. Chopra and Meindl define
these areas as performance drivers that can be managed to
produce the capabilities needed for a given supply chain.



 

IN THE REAL WORLD

Alexander the Great based his strategies and campaigns
on his army's unique capabilities, and these were made
possible by effective supply chain management.

In the spirit of the saying, “Amateurs talk strategy, and
professionals talk logistics,” let's look at the campaigns of
Alexander the Great. For those who think that his greatness
was only due to his ability to dream up bold moves and cut a
dashing figure in the saddle, think again. Alexander was a
master of supply chain management, and he could not have
succeeded otherwise. The authors from Greek and Roman
times who recorded his deeds had little to say about
something so apparently unglamorous as how he secured
supplies for his army. Yet, from these same sources, many
small details can be pieced together to show the overall
supply chain picture and how Alexander managed it. A
modern historian, Donald Engels, has investigated this topic
in his book Alexander the Great and the Logistics of the
Macedonian Army (Engles, Donald W., 1978, Alexander the



Great and the Logistics of the Macedonian Army, Los Angeles,
CA: University of California Press).

He begins by pointing out that given the conditions and the
technology that existed in Alexander's time, his strategy and
tactics had to be very closely tied to his ability to get supplies
and to run a lean, efficient organization. The only way to
transport large amounts of material over long distances was
by oceangoing ships or by barges on rivers and canals. Once
away from rivers and seacoasts, an army had to be able to
live off the land over which it traveled. Diminishing returns
set in quickly when using pack animals and carts to haul
supplies, because the animals themselves had to eat and
would soon consume all the food and water they were
hauling unless they could graze along the way.

Alexander's army was able to achieve its brilliant successes
because it managed its supply chain so well. The army had a
logistics structure that was fundamentally different from
other armies of the time. In other armies the number of
support people and camp followers was often as large as the
number of actual fighting soldiers because armies traveled
with huge numbers of carts and pack animals to carry their
equipment and provisions, as well as the people needed to
tend them. In the Macedonian army the use of carts was



severely restricted. Soldiers were trained to carry their own
equipment and provisions. Other contemporary armies did
not require their soldiers to carry such heavy burdens, but
they paid for this because the resulting baggage trains
reduced their speed and mobility. The result of the
Macedonian army's logistics structure was that it became
the fastest, lightest, and most mobile army of its time. It was
capable of making lightning strikes against an opponent,
often before they were even aware of what was happening.
Because the army was able to move quickly and suddenly,
Alexander could use this capability to devise strategies and
employ tactics that allowed him to surprise and overwhelm
enemies that were numerically much larger.

The picture that emerges of how Alexander managed his
supply chain is an interesting one. For instance, time and
again the historical sources mention that before he entered
a new territory, he would receive the surrender of its ruler
and arrange in advance with local officials for the supplies
his army would need. If a region did not surrender to him in
advance, Alexander would not commit his entire army to a
campaign in that land. He would not risk putting his army in
a situation where it could be crippled or destroyed by a lack
of provisions. Instead, he would gather intelligence about
the routes, the resources, and the climate of the region and



then set off with a small, light force to surprise his opponent.
The main army would remain behind at a well-stocked base
until Alexander secured adequate supplies for it to follow.

Whenever the army set up a new base it looked for an area
that provided easy access to a navigable river or a seaport.
Then ships would arrive from other parts of Alexander's
empire, bringing in large amounts of supplies. The army
always stayed in its winter camp until the first spring
harvest of the new year so that food supplies would be
available. When it marched, it avoided dry or uninhabited
areas and moved through river valleys and populated
regions whenever possible so the horses could graze and the
army could requisition supplies along the route.

Alexander had a deep understanding of the capabilities and
limitations of his supply chain. He learned well how to
formulate strategies and use tactics that built upon the
unique strengths that his logistics and supply chain
capabilities gave him, and he wisely took measures to
compensate for the limitations of his supply chain. His
opponents often outnumbered him and were usually
fighting on their own home territory. Yet their advantages
were undermined by clumsy and inefficient supply chains



that restricted their ability to act and limited their options
for opposing Alexander's moves.

(A case study and simulation providing further insight into
the supply chain that supported Alexander's campaign in
Afghanistan can be found here -
https://www.scmglobe.com/alexander-thegreat-needed-
great-supply-chains/.)

Effective supply chain management calls first for an
understanding of each driver and how it operates. Each driver
has the ability to directly affect the supply chain and enable
certain capabilities. The next step is to develop an appreciation
for the results that can be obtained by mixing different
combinations of these drivers. Let's start by looking at the
drivers individually.

Production

Production refers to the capacity of a supply chain to make and
store products. The facilities of production are factories and
warehouses. The fundamental decision that managers face
when making production decisions is how to resolve the trade-
off between responsiveness and efficiency. If factories and

https://www.scmglobe.com/alexander-thegreat-needed-great-supply-chains/


warehouses are built with a lot of excess capacity, they can be
very flexible and respond quickly to wide swings in product
demand. Facilities where all or almost all capacity is being used
are not capable of responding easily to increases in demand. On
the other hand, capacity costs money, and excess capacity is idle
capacity not in use and not generating revenue. So the more
excess capacity that exists, the less efficient the operation
becomes.

Factories can be built to accommodate one of two approaches to
manufacturing:

1. Product Focus—A factory that takes a product focus performs
the range of different operations required to make a given
product line from fabrication of different product parts to
assembly of these parts.

2. Functional Focus—A functional approach concentrates on
performing just a few operations such as only making a
select group of parts or only doing assembly. These functions
can be applied to making many different kinds of products.

A product approach tends to result in developing expertise
about a given set of products at the expense of expertise about
any particular function. A functional approach results in
expertise about particular functions instead of expertise in a



given product. Companies need to decide which approach or
what mix of these two approaches will give them the capability
and expertise they need to best respond to customer demands.

As with factories, warehouses too can be built to accommodate
different approaches. There are three main approaches to use
in warehousing:

1. Stock Keeping Unit (SKU) Storage—In this traditional
approach, all of a given type of product is stored together.
This is an efficient and easy to understand way to store
products.

2. Job Lot Storage—In this approach, all the different products
related to the needs of a certain type of customer or related
to the needs of a particular job are stored together. This
allows for an efficient picking and packing operation but
usually requires more storage space than the traditional SKU
storage approach.

3. Crossdocking—An approach that was pioneered by Walmart
in its drive to increase efficiencies in its supply chain. In this
approach, product is not actually warehoused in the facility.
Instead, the facility is used to house a process where trucks
from suppliers arrive and unload large quantities of different
products. These large lots are then broken down into smaller
lots. Smaller lots of different products are recombined



according to the needs of the day and quickly loaded onto
outbound trucks that deliver the products to their final
destinations.

Inventory

Inventory is spread throughout the supply chain and includes
everything from raw material to work in process to finished
goods that are held by the manufacturers, distributors, and
retailers in a supply chain. Again, managers must decide where
they want to position themselves in the trade-off between
responsiveness and efficiency. Holding large amounts of
inventory allows a company or an entire supply chain to be
very responsive to fluctuations in customer demand. However,
the creation and storage of inventory is a cost, and to achieve
high levels of efficiency, the cost of inventory should be kept as
low as possible.

There are three basic decisions to make regarding the creation
and holding of inventory:

1. Cycle Inventory—This is the amount of inventory needed to
satisfy demand for the product in the period between
purchases of the product. Companies tend to produce and to
purchase in large lots in order to gain the advantages that



economies of scale can bring. However, with large lots also
come increased carrying costs. Carrying costs come from the
cost to store, handle, and insure the inventory. Managers face
the trade-off between the reduced cost of ordering and better
prices offered by purchasing products in large lots and the
increased carrying cost of the cycle inventory that comes
with purchasing in large lots.

2. Safety Inventory—Inventory that is held as a buffer against
uncertainty. If demand forecasting could be done with
perfect accuracy, then the only inventory that would be
needed would be cycle inventory. But since every forecast
has some degree of uncertainty in it, we cover that
uncertainty to a greater or lesser degree by holding
additional inventory in case demand is suddenly greater
than anticipated. The trade-off here is to weigh the costs of
carrying extra inventory against the costs of losing sales due
to insufficient inventory.

3. Seasonal Inventory—This is inventory that is built up in
anticipation of predictable increases in demand that occur at
certain times of the year. For example, it is predictable that
demand for antifreeze will increase in the winter. If a
company that makes antifreeze has a fixed production rate
that is expensive to change, then it will try to manufacture
product at a steady rate all year long and build up inventory



during periods of low demand to cover for periods of high
demand that will exceed its production rate. The alternative
to building up seasonal inventory is to invest in flexible
manufacturing facilities that can quickly change their rates
of production of different products to respond to increases in
demand. In this case, the trade-off is between the cost of
carrying seasonal inventory and the cost of having more
flexible production capabilities.

Location

Location refers to the geographical site of supply chain
facilities. It also includes the decisions related to which
activities should be performed in each facility. The
responsiveness versus efficiency trade-off here is the decision
whether to centralize activities in fewer locations to gain
economies of scale and efficiency or to decentralize activities in
many locations close to customers and suppliers in order for
operations to be more responsive.

When making location decisions, managers need to consider a
range of factors that relate to a given location including the cost
of facilities, the cost of labor, skills available in the workforce,
infrastructure conditions, taxes and tariffs, and proximity to
suppliers and customers. Location decisions tend to be very



strategic decisions because they commit large amounts of
money to long-term plans.

Location decisions have strong impacts on the cost and
performance characteristics of a supply chain. Once the size,
number, and location of facilities are determined, that also
defines the number of possible paths through which products
can flow on the way to the final customer. Location decisions
reflect a company's basic strategy for building and delivering its
products to market.

Transportation

This refers to the movement of everything from raw material to
finished goods between different facilities in a supply chain. In
transportation the trade-off between responsiveness and
efficiency is manifested in the choice of transport mode. Fast
modes of transport such as airplanes are very responsive but
also more costly. Slower modes such as ship and rail are very
cost efficient but not as responsive. Since transportation costs
can be as much as a third of the operating cost of a supply
chain, decisions made here are very important.

There are six basic modes of transport that a company can
choose from:



1. Ship—which is very cost efficient but also the slowest mode
of transport. It is limited to use between locations that are
situated next to navigable waterways and facilities such as
harbors and canals.

2. Rail—which is also very cost efficient but can be slow. This
mode is also restricted to use between locations that are
served by rail lines.

3. Pipelines—which can be very efficient but are restricted to
commodities that are liquids or gases such as water, oil, and
natural gas.

4. Trucks—which are a relatively quick and very flexible mode
of transport. Trucks can go almost anywhere. The cost of this
mode is prone to fluctuations, though, as the cost of fuel
fluctuates and the condition of roads varies.

5. Airplanes—which are a very fast mode of transport and are
very responsive. This is also the most expensive mode, and it
is somewhat limited by the availability of appropriate airport
facilities.

6. Electronic Transport—which is the fastest mode of transport
and is very flexible and cost efficient. However, it can only be
used for movement of certain types of products such as
electric energy, data, and products composed of data such as
music, pictures, and text. Someday, technology that allows us
to convert matter to energy and back to matter again may



completely rewrite the theory and practice of supply chain
management (“beam me up, Scotty…”).

Given these different modes of transportation and the location
of the facilities in a supply chain, managers need to design
routes and networks for moving products. A route is the path
through which products move, and networks are composed of
the collection of the paths and facilities connected by those
paths. As a general rule, the higher the value of a product (such
as electronic components or pharmaceuticals), the more its
transport network should emphasize responsiveness, and the
lower the value of a product (such as bulk commodities like
grain or lumber), the more its network should emphasize
efficiency.

Information

Information is the basis upon which to make decisions
regarding the other four supply chain drivers. It is the
connection between all of the activities and operations in a
supply chain. To the extent that this connection is a strong one
(i.e. the data is accurate, timely, and complete), the companies
in a supply chain will each be able to make good decisions for
their own operations. This will also tend to maximize the
profitability of the supply chain as a whole. That is the way that



stock markets or other free markets work, and supply chains
have many of the same dynamics as markets.

Information is used for two purposes in any supply chain:

1. Coordinating daily activities related to the functioning of the
other four supply chain drivers: production, inventory,
location, and transportation. The companies in a supply
chain use available data on product supply and demand to
decide on weekly production schedules, inventory levels,
transportation routes, and stocking locations.

2. Forecasting and planning to anticipate and meet future
demands. Available information is used to make tactical
forecasts to guide the setting of monthly and quarterly
production schedules and timetables. Information is also
used for strategic forecasts to guide decisions about whether
to build new facilities, enter a new market, or exit an existing
market.



 

TIPS & TECHNIQUES



Each market or group of customers has a specific set of
needs. The supply chains that serve different markets need
to respond effectively to these needs. Some markets demand
and will pay for high levels of responsiveness. Other
markets require their supply chains to focus more on
efficiency. The overall effect of the decisions made
concerning each driver will determine how well the supply
chain serves its market and how profitable it is for the
participants in that supply chain.



 

EXECUTIVE INSIGHT

Walmart is a company shaped by its supply chain, and
the efficiency of its supply chain has made it a leader in
the markets it serves.

Sam Walton decided to build a company that would serve a
mass market and compete on the basis of price. He did this
by creating one of the world's most efficient supply chains.
The structure and operations of this company have been
defined by the need to lower its costs and increase its
productivity so that it could pass these savings on to its
customers in the form of lower prices. The techniques that
Walmart pioneered are now being widely adopted by its
competitors and by other companies serving entirely
different markets.

Walmart introduced concepts that are now industry
standards. Many of these concepts come directly from the
way the company builds and operates its supply chain. Let's
look at four such concepts:



1. The strategy of expanding around distribution centers
(DCs);

1. Using electronic data interchange (EDI) with suppliers;

1. The big-box store format; and

1. “Everyday low prices.”

The strategy of expanding around DCs is central to the way
Walmart enters a new geographical market. The company
looks for areas that can support a group of new stores, not
just a single new store. It then builds a new DC at a central
location in the area and opens its first store at the same time.
The DC is the supply chain bridgehead into the new
territory. It supports the opening of more new stores in the
area at a very low additional cost. Those savings are passed
along to the customers.

The use of EDI with suppliers provides the company two
substantial benefits. First of all this cuts the transaction costs
associated with the ordering of products and the paying of
invoices. Ordering products and paying invoices are, for the
most part, well-defined and routine processes that can be
made very productive and efficient through EDI. The second
benefit is that these electronic links with suppliers allow



Walmart a high degree of control and coordination in the
scheduling and receiving of product deliveries. This helps to
ensure a steady flow of the right products at the right time,
delivered to the right DCs, by all Walmart suppliers.

The big-box store format allows Walmart to, in effect,
combine a store and a warehouse in a single facility and get
great operating efficiencies from doing so. The big box is big
enough to hold large amounts of inventory like a warehouse.
And since this inventory is being held at the same location
where the customer buys it, there is no delay or cost that
would otherwise be associated with moving products from
warehouse to store. Again, these savings are passed along to
the customer.

“Everyday low prices” are a way of doing two things. The
first thing is to tell its price-conscious customers that they
will always get the best price. They need not look elsewhere
or wait for special sales. The effect of this message to
customers helps Walmart do the second thing, which is to
accurately forecast product sales. By eliminating special
sales and assuring customers of low prices, it smooths out
demand swings, making demand steadier and more
predictable. This way stores are more likely to have what
customers want when they want it.



Taken individually, these four concepts are each useful, but
their real power comes from being used in connection with
each other. They combine to form a supply chain that drives
a self-reinforcing business process. Each concept builds on
the strengths of the others to create a powerful business
model for a company that has grown to become a dominant
player in its markets.

There seem to be some similarities between Walmart and
Alexander the Great. Both developed very effective supply
chains that were central to their success.

Within an individual company the trade-off between
responsiveness and efficiency involves weighing the benefits
that good information can provide against the cost of acquiring
that information. Abundant, accurate information can enable
very efficient operating decisions and better forecasts, but the
cost of building and installing systems to deliver this
information can be very high.

Within the supply chain as a whole, the responsiveness versus
efficiency trade-off that companies make is one of deciding how
much information to share with the other companies and how
much information to keep private. The more information about



product supply, customer demand, market forecasts, and
production schedules that companies share with each other, the
more responsive everyone can be. Balancing this openness,
however, are the concerns that each company has about
revealing information that could be used against it by a
competitor. The potential costs associated with increased
competition can hurt the profitability of a company.

The Evolving Structure of Supply Chains

The participants in a supply chain are continuously making
decisions that affect how they manage the five supply chain
drivers. Each organization tries to maximize its performance in
dealing with these drivers through a combination of
outsourcing, partnering, and in-house expertise. In the fast-
moving markets of our present economy, a company usually
will focus on what it considers to be its core competencies in
supply chain management and outsource the rest.

This was not always the case, though. In the slower-moving
mass markets of the industrial age it was common for
successful companies to attempt to own much of their supply
chain. That was known as vertical integration. The aim of
vertical integration was to gain maximum efficiency through
economies of scale (see Exhibit 1.1).



EXHIBIT 1.1



In the first half of the 1900s, Ford Motor Company owned much
of what it needed to feed its car factories. It owned and
operated iron mines that extracted iron ore, steel mills that
turned the ore into steel products, plants that made component
car parts, and assembly plants that turned out finished cars. In
addition, they owned farms where they grew flax to make into
linen car tops and forests that they logged and sawmills where
they cut the timber into lumber for making wooden car parts.
Ford's famous River Rouge Plant was a monument to vertical
integration—iron ore went in at one end and cars came out at
the other end. Henry Ford in his 1926 autobiography, Today and
Tomorrow, boasted that his company could take in iron ore
from the mine and put out a car 81 hours later (Ford, Henry,
1926, Today and Tomorrow, Portland, Oregon: Productivity
Press, Inc.).

This was a profitable way of doing business in the more
predictable, one-size-fits-all industrial economy that existed in
the early 1900s. Ford and other businesses churned out mass
amounts of basic products. But as the markets grew and
customers became more particular about the kind of products
they wanted, this model began to break down. It could not be
responsive enough or produce the variety of products that were
being demanded. For instance, when Henry Ford was asked
about the number of different colors a customer could request,



he said, “They can have any color they want as long as it's
black.” In the 1920s Ford's market share was more than 50
percent, but by the 1940s it had fallen to below 20 percent.
Focusing on efficiency at the expense of being responsive to
customer desires was no longer a successful business model.

Globalization, highly competitive markets, and the rapid pace of
technological change are now driving the development of
supply chains where multiple companies work together, each
company focusing on the activities that it does best. Mining
companies focus on mining, timber companies focus on logging
and making lumber, and manufacturing companies focus on
different types of manufacturing from making component parts
to doing final assembly. This way people in each company can
keep up with rapid rates of change and keep learning the new
skills needed to compete in their particular businesses.

Where companies once routinely ran their own warehouses or
operated their own fleets of trucks, they now have to consider
whether those operations are really a core competency or
whether it is more cost effective to outsource those operations
to other companies that make logistics the center of their
business. To achieve high levels of operating efficiency and to
keep up with continuing changes in technology, companies



need to focus on their core competencies. It requires this kind
of focus to stay competitive.

Instead of vertical integration, companies now practice “virtual
integration.” Companies find other companies whom they can
work with to perform the activities called for in their supply
chains. How a company defines its core competencies and how
it positions itself in the supply chains it serves is one of the most
important decisions it can make.

Participants in the Supply Chain

In its simplest form, a supply chain is composed of a company
and the suppliers and customers of that company. This is the
basic group of participants who create a simple supply chain.
Extended supply chains contain three additional types of
participants. First there is the supplier's supplier or the ultimate
supplier at the beginning of an extended supply chain. Then
there is the customer's customer or ultimate customer at the
end of an extended supply chain. Finally there is a whole
category of companies who are service providers to other
companies in the supply chain. These are companies who
supply services in logistics, finance, marketing, and information
technology.



In any given supply chain there is some combination of
companies who perform different functions. There are
companies who are producers, distributors or wholesalers,
retailers, and companies or individuals who are the customers,
the final consumers of a product. Supporting these companies
there will be other companies that are service providers that
provide a range of needed services.

Producers

Producers or manufacturers are organizations that make a
product. This includes companies that are producers of raw
materials and companies that are producers of finished goods.
Producers of raw materials are organizations that mine for
minerals, drill for oil and gas, and cut timber. It also includes
organizations that farm the land, raise animals, or catch
seafood. Producers of finished goods use the raw materials and
sub-assemblies made by other producers to create their
products.

Producers can create products that are intangible items such as
music, entertainment, software, or designs. A product can also
be a service such as mowing a lawn, cleaning an office,
performing surgery, or teaching a skill. In many instances the
producers of tangible, industrial products are moving to areas



of the world where labor is less costly. Producers in the
developed world of North America, Europe, and parts of Asia
are increasingly producers of intangible items and services.

Distributors

Distributors are companies that take inventory in bulk from
producers and deliver a bundle of related product lines to
customers. Distributors are also known as wholesalers. They
typically sell to other businesses, and they sell products in
larger quantities than an individual consumer would usually
buy. Distributors buffer the producers from fluctuations in
product demand by stocking inventory and doing much of the
sales work to find and service customers. For the customer,
distributors fulfill the “time and place” function—they deliver
products when and where the customer wants them.

A distributor is typically an organization that takes ownership
of significant inventories of products that they buy from
producers and sell to consumers. In addition to product
promotion and sales, other functions the distributor performs
are inventory management, warehouse operations, and product
transportation, as well as customer support and post-sales
service. A distributor can also be an organization that only
brokers a product between the producer and the customer and



never takes ownership of that product. This kind of distributor
performs mainly the functions of product promotion and sales.
In both of these cases, as the needs of customers evolve and the
range of available products changes, the distributor is the agent
that continually tracks customer needs and matches them with
products available.

Retailers

Retailers stock inventory and sell in smaller quantities to the
general public. This organization also closely tracks the
preferences and demands of the customers that it sells to. It
advertises to its customers and often uses some combination of
price, product selection, service, and convenience as the
primary draw to attract customers for the products it sells.
Discount department stores attract customers using price and
wide product selection. Upscale specialty stores offer a unique
line of products and high levels of service. Fast food restaurants
use convenience and low prices as their draw.

Customers

Customers or consumers are any organization or individual
that purchases and uses a product. A customer organization
may purchase a product in order to incorporate it into another



product that they in turn sell to other customers. Or a customer
may be the final end user of a product who buys the product in
order to consume it.

Service Providers

These are organizations that provide services to producers,
distributors, retailers, and customers. Service providers have
developed special expertise and skills that focus on a particular
activity needed by a supply chain. Because of this, they are able
to perform these services more effectively and at a better price
than producers, distributors, retailers, or consumers could do
on their own.

Some common service providers in any supply chain are
providers of transportation services and warehousing services.
These are trucking companies and public warehouse
companies, and they are known as logistics providers. Financial
service providers deliver services such as making loans, doing
credit analysis, and collecting on past due invoices. These are
banks, credit rating companies, and collection agencies. Some
service providers deliver market research and advertising
while others provide product design, engineering services, legal
services, and management advice. Still other service providers
offer information technology and data collection services. All of



these service providers are integrated to a greater or lesser
degree into the ongoing operations of the producers,
distributors, retailers, and consumers in the supply chain.

Supply chains are composed of repeating sets of participants
that fall into one or more of these categories. Over time, the
needs of the supply chain as a whole remain fairly stable. What
changes is the mix of participants in the supply chain and the
roles that each participant plays. In some supply chains, there
are few service providers because the other participants
perform these services on their own. In other supply chains
very efficient providers of specialized services have evolved,
and the other participants outsource work to these service
providers instead of doing it themselves. Examples of supply
chain structure are shown in Exhibit 1.2.



EXHIBIT 1.2

Aligning the Supply Chain with Business
Strategy



A company's supply chain is an integral part of its approach to
the markets it serves. The supply chain needs to respond to
market requirements and do so in a way that supports the
company's business strategy. The business strategy a company
employs starts with the needs of the customers that the
company serves or will serve. Depending on the needs of its
customers, a company's supply chain must deliver the
appropriate mix of responsiveness and efficiency. A company
whose supply chain allows it to more efficiently meet the needs
of its customers will gain market share at the expense of other
companies in that market and also will be more profitable.

For example, let's consider two companies and the needs that
their supply chains must respond to. The two companies are 7-
Eleven and Sam's Club, which is a part of Walmart. The
customers who shop at convenience stores such as 7-Eleven
have a different set of needs and preferences from those who
shop at a discount warehouse such as Sam's Club. The 7-Eleven
customer is looking for convenience and not the lowest price.
That customer is often in a hurry, and prefers that the store be
nearby and have enough variety of products so that they can
pick up small amounts of common household or food items that
they need immediately. Sam's Club customers are looking for
the lowest price. They are not in a hurry and are willing to



drive some distance and buy large quantities of limited
numbers of items in order to get the lowest price possible.

Clearly the supply chain for 7-Eleven needs to emphasize
responsiveness. That group of customers expects convenience
and will pay for it. On the other hand, the Sam's Club supply
chain needs to focus tightly on efficiency. The Sam's Club
customer is very price conscious, and the supply chain needs to
find every opportunity to reduce costs so that these savings can
be passed on to the customers. Both of these companies' supply
chains are well aligned with their business strategies, and
because of this, they are each successful in their markets.

There are three steps to use in aligning your supply chain with
your business strategy. The first step is to understand the
markets that your company serves. The second step is to define
the strengths or core competencies of your company and the
role the company can or could play in serving its markets. The
last step is to develop the needed supply chain capabilities to
support the roles your company has chosen.

Understand the Markets Your Company Serves

Begin by asking questions about your customers. What kind of
customer does your company serve? What kind of customer



does your customer sell to? What kind of supply chain is your
company a part of? The answers to these questions will tell you
what supply chains your company serves and whether your
supply chain needs to emphasize responsiveness or efficiency.
Chopra and Meindl have defined the following attributes that
help to clarify requirements for the customers you serve. These
attributes are:

The quantity of the product needed in each lot—Do your
customers want small amounts of products or will they buy
large quantities? A customer at a convenience store or a
drugstore buys in small quantities. A customer of a discount
warehouse club, such as Sam's Club, buys in large quantities.
The response time that customers are willing to tolerate—Do
your customers buy on short notice and expect quick service,
or is a longer lead time acceptable? Customers of a fast food
restaurant certainly buy on short notice and expect quick
service. Customers buying custom machinery would plan the
purchase in advance and expect some lead time before the
product could be delivered.
The variety of products needed—Are customers looking for a
narrow and well-defined bundle of products, or are they
looking for a wide selection of different kinds of products?
Customers of a fashion boutique expect a narrowly defined



group of products. Customers of a big-box discount store like
Walmart expect a wide variety of products to be available.
The service level required—Do customers expect all products
to be available for immediate delivery, or will they accept
partial deliveries of products and longer lead times?
Customers of a music store expect to get the CD they are
looking for immediately, or they will go elsewhere.
Customers who order a custom-built new machine tool
expect to wait a while before delivery.
The price of the product—How much are customers willing to
pay? Some customers will pay more for convenience or high
levels of service, and other customers look to buy based on
the lowest price they can get.
The desired rate of innovation in the product—How fast are
new products introduced, and how long before existing
products become obsolete? In products such as electronics
and computers, customers expect a high rate of innovation.
In other products, such as house paint, customers do not
desire such a high rate of innovation.

Define Core Competencies of Your Company

The next step is to define the role that your company plays or
wants to play in these supply chains. What kind of supply chain
participant is your company? Is your company a producer, a



distributor, a retailer, or a service provider? What does your
company do to enable the supply chains that it is part of? What
are the core competencies of your company? How does your
company make money? The answers to these questions tell you
what roles in a supply chain will be the best fit for your
company.

Be aware that your company can serve multiple markets and
participate in multiple supply chains. A company such as W.W.
Grainger serves several different markets. It sells maintenance,
repair, and operating (MRO) supplies to large national account
customers such as Ford and Boeing, and it also sells these
supplies to small businesses and building contractors. These
two different markets have different requirements as measured
by the above customer attributes.

When you are serving multiple market segments, your
company will need to look for ways to leverage its core
competencies. Parts of these supply chains may be unique to
the market segment they serve, while other parts can be
combined to achieve economies of scale. For example, if
manufacturing is a core competency for a company, it can build
a range of different products in common production facilities.
Then different inventory and transportation options can be



used to deliver the products to customers in different market
segments.

Develop Needed Supply Chain Capabilities

Once you know what kind of markets your company serves and
the role your company does or will play in the supply chains of
these markets, then you can take this last step, which is to
develop the supply chain capabilities needed to support the
roles your company plays. This development is guided by the
decisions made about the five supply chain drivers. Each of
these drivers can be developed and managed to emphasize
responsiveness or efficiency, depending on the business
requirements.

1. Production—This driver can be made very responsive by
building factories that have a lot of excess capacity and that
use flexible manufacturing techniques to produce a wide
range of items. To be even more responsive, a company could
do their production in many smaller plants that are close to
major groups of customers so that delivery times would be
shorter. If efficiency is desirable, then a company can build
factories with very little excess capacity and have the
factories optimized for producing a limited range of items.



Further efficiency could be gained by centralizing production
in large central plants to get better economies of scale.

2. Inventory—Responsiveness here can be had by stocking high
levels of inventory for a wide range of products. Additional
responsiveness can be gained by stocking products at many
locations so as to have the inventory close to customers and
available to them immediately. Efficiency in inventory
management would call for reducing inventory levels of all
items and especially of items that do not sell as frequently.
Also, economies of scale and cost savings could be obtained
by stocking inventory in only a few central locations.

3. Location—A location approach that emphasizes
responsiveness would be one where a company opens up
many locations to be physically close to its customer base.
For example, McDonald's has used location to be very
responsive to its customers by opening up lots of stores in its
high-volume markets. Efficiency can be achieved by
operating from only a few locations and centralizing
activities in common locations. An example of this is the way
Dell Computers serves large geographical markets from only
a few central locations that perform a wide range of
activities.

4. Transportation—Responsiveness can be achieved by a
transportation mode that is fast and flexible. Many



companies that sell products through catalogs or over the
Internet are able to provide high levels of responsiveness by
using transportation to deliver their products, often within
24 hours. FedEx and UPS are two companies that can provide
very responsive transportation services. Efficiency can be
emphasized by transporting products in larger batches and
doing it less often. The use of transportation modes such as
ship, rail, and pipelines can be very efficient. Transportation
can be made more efficient if it is originated out of a central
hub facility instead of from many branch locations.

5. Information—The power of this driver grows stronger each
year as the technology for collecting and sharing information
becomes more widespread, easier to use, and less expensive.
Information, much like money, is a very useful commodity
because it can be applied directly to enhance the
performance of the other four supply chain drivers. High
levels of responsiveness can be achieved when companies
collect and share accurate and timely data generated by the
operations of the other four drivers. The supply chains that
serve the electronics markets are some of the most
responsive in the world. Companies in these supply chains,
from manufacturers to distributors to the big retail stores,
collect and share data about customer demand, production
schedules, and inventory levels.



 

TIPS & TECHNIQUES



 

EXECUTIVE INSIGHT: THE RISE OF PRODUCTS-AS-A-SERVICE

What is a product, and what is a service? Historically,
products and services have been easily distinguishable.
A passenger vehicle is a product, while getting the oil
changed for that vehicle is a service. However, the line
between products and services is blurring with recent
technological advancements and business models.
Professor Ben Hazen has been studying this trend in
collaboration with several professors in China. Professor
Hazen has coined the term “servitization” to describe
one of the main findings of his research. He explains it
and related concepts in this executive insight.

Is a smartphone a product or a service? We pay hundreds of
dollars for a physical product, but what we are really buying
is access to services. Do ride-sharing platforms offer access
to products (vehicles and a driver) or a service (a ride to
your destination)? This merging of product and service, or
“servitization,” is playing an outsized role in the march
toward more sustainable business practices, and it has
sparked new sharing economy and Product-as-a-Service



business models, such as those employed by ride-sharing
company Uber or movie-sharing company Netflix.

Another popular example of servitization in the quest for
sustainability is shared bicycle programs such as Shanghai-
based Hello Inc. (https://hello-bike.net/), which operates and
supports bicycle-sharing programs around the world. Both
public and private organizations (often in partnership) offer
municipal bicycle-sharing programs that allow people to
rent bicycles (a product) on a short-term basis to meet their
local transportation needs (a service). When managed
properly, bicycle-sharing programs can be a convenient and
sustainable mode of travel for urban populations, both
reducing pollution and increasing public health.

The concept of shared public bicycles can be traced back to
1960s Amsterdam, where used bicycles were collected,
painted white, and left on the street for public use. Today,
there are an estimated one million bicycles being shared
across the globe, and the majority of them are in more than
200 municipalities across China. The Chinese people and
their government are highly motivated to reduce levels of
pollution created in the wake of China's rapid
industrialization and growth, especially the air pollution
that plagues air quality in major cities such as Beijing.

https://hello-bike.net/


However, there are problems with public adoption that
threaten the viability of these programs. And China sponsors
research figuring out how to improve these programs and
scale adoption via programs such as the Key Project of
National Natural Science Foundation of China.

The first several years of research centered on how to
promote more use of bicycle-sharing programs, which at the
time were dominated by companies Ofo and Mobike. In this
fast-moving market segment, neither company exists today.
As these and other early movers found, managing profitable
bicycle-sharing programs is an unprecedented and risky
endeavor. Providers need to remain agile while continuously
improving their core competencies.

In surveys, those seeking urban transportation cited many
(perceived) barriers to using shared bicycles. This included
long or complex travel routes, safety, air quality, topography
(hills), weather, costs, knowledge of how to use the system,
and inconvenient locations for renting and parking bicycles.
These problems are specific to bicycle-sharing programs, yet
similar problems can be found when servitizing any
product. Some of these common problems involve the
propensity to want to own versus rent, lack of availability
(not getting the product in the right place at the right time),



and lack of trust in the service provider or their employees
(such as an Uber driver and their personal vehicle).

The benefits of servitization and its implications across
supply chains, however, usually outweigh the downsides,
which is why these business models are proliferating
quickly across a variety of industries. Organizations of all
types are finding ways to develop and support sharing
economy business processes. In the example of bicycle-
sharing programs, municipalities are moving toward
addressing some of the major barriers to public adoption
such as getting rid of dedicated parking systems and using
“dockless” systems, where bicycles can be dropped off and
picked up nearly anywhere.

Of course, this has presented its own set of challenges, as
anyone walking in the downtown of a major city will notice.
There are many shared bicycles and scooters parked
haphazardly on streets and sidewalks. However,
organizations such as Hello Inc. that manage these systems
are using data generated from the bicycles and their
customers to optimize parking locations and guide
operations to recover and redistribute bicycles back to high-
traffic areas where they are needed most.



In addition to technological innovation, research sponsored
by the Research Center for Beijing Transportation
Development shows that marketing the social and
environmental sustainability benefits can motivate
ridership. Any new product or service needs to be properly
introduced to the target market. Motivating change in
human behavior is difficult, and this is precisely what these
programs are trying to do (motivate use of bicycles and
scooters instead of carbon-generating vehicles).

The best bicycle-sharing programs are familiar with and
cater to customers via their user interfaces. User interfaces
include: human-to-computer interfaces such as using a
mobile phone app to unlock a bicycle, human-to-machine
interfaces such as how the bike meets user needs
(comfortable to ride, easy to maneuver, etc.), and human-to-
human interfaces such as customer service (timely help
when things go wrong). The same is true for any
servitization effort.

Servitization is business sustainability in action, and it
supports efforts toward creating a more “circular economy.”
Historically, businesses and their supply chains use raw
material resources to make a product or support a service
that gets purchased by a customer. Although there are



sometimes options for recycling raw materials or making
repairs to extend product life cycles, the customer typically
throws away the residual product after it is no longer of use.
This “take-make-sell-throw away” cycle is known as a linear
supply chain.

Conversely, a circular supply chain is one where actors
across the supply chain work together to literally close, slow,
intensify, narrow, and dematerialize these linear cycles,
reducing both raw material and landfill use. Servitization
closes loops by focusing on used product returns, extended
producer responsibility, remanufacturing, recycling, used
market development, and otherwise diverting waste from
landfills for the purpose of recapturing value.

Slowing loops entails prolonging the use and reuse of goods
and material resources, emphasizing maintainability,
repairability, and upgradability to extend product life cycles;
intensifying loops centers on using products in a way that
they retire based on their usage and not their age.

For instance, taxis or ride-share vehicles are driven for
several more hours per day than a typical privately owned
vehicle, intensifying the use of the vehicle resource.
Organizations narrow loops when they achieve efficiencies



via using fewer resources to deliver a product or service
than their rivals. And finally, dematerializing loops reduces
material consumption by substituting products for services
in a way that increases resource longevity.

A primary example of dematerializing loops is found in the
concept of servitization. In summary, organizations are
using circular supply chain practices such as servitization to
increase social, environmental, and financial sustainability.
There are many options for closing, slowing, intensifying,
narrowing, and dematerializing these circular loops, and
these trends will continue as governments drive
sustainability regulations and businesses seek to outperform
their rivals in measures of sustainability and performance.

Ben Hazen, PhD, is an assistant professor of operations and
supply chain management at the University of Dayton.
While serving in the US Air Force, Ben oversaw maintenance
and sustainment for cargo and air refueling aircraft. His
research centers on sustainability/sustainment and supply
chain management and has been cited more than 10,000
times. He can be reached at: bhazen1@udayton.edu.
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Where efficiency is more the focus, less information about
fewer activities can be collected. Companies may also elect to
share less information among themselves so as not to risk
having that information used against them. Please note,
however, that these information efficiencies are only
efficiencies in the short term and they become less efficient
over time because the cost of information continues to drop
and the cost of the other four drivers usually continues to rise.
Over the longer term, those companies and supply chains that
learn how to maximize the use of information to get optimal
performance from the other drivers will gain the most market
share and be the most profitable.



Chapter Summary

A supply chain is composed of all the companies involved in the
design, production, and delivery of a product to market. Supply
chain management is the coordination of production, inventory,
location, and transportation among the participants in a supply
chain to achieve the best mix of responsiveness and efficiency
for the market being served. The goal of supply chain
management is to increase sales of goods and services to the
final, end-use customer while at the same time reducing both
inventory and operating expenses.

The business model of vertical integration that came out of the
industrial economy has given way to “virtual integration” of
companies in a supply chain. Each company now focuses on its
core competencies and partners with other companies that
have complementary capabilities for the design and delivery of
products to market. Companies must focus on improvements in
their core competencies in order to keep up with the fast pace
of market and technological change in today's economy.

To succeed in the competitive markets that make up today's
economy, companies must learn to align their supply chains
with the demands of the markets they serve. Supply chain
performance is now a distinct competitive advantage for



companies who excel in this area. One of the largest companies
in North America is a testament to the power of effective supply
chain management. Walmart has grown steadily over the last
25 years and much, if not most, of its success is directly related
to its evolving capabilities to continually improve its supply
chain.



CHAPTER 2 
Supply Chain Operations: Planning
and Sourcing

AFTER READING THIS CHAPTER YOU WILL BE ABLE TO:

Gain a conceptual appreciation of the business operations
in any supply chain;
Exercise an executive-level understanding of operations
involved in supply chain planning and sourcing;
Start to assess how well these operations are working
within your own company.

As the saying goes, “It's not what you know but what you can
remember when you need it.” Since there is an infinite amount
of detail in any situation, the trick is to find useful models that
capture the salient facts and provide a framework to organize
the rest of the relevant details. The purpose of this chapter is to



provide some useful models of the business operations that
make up the supply chain.

A Model of Supply Chain Operations

In the first chapter we saw that there are five drivers of supply
chain performance. These drivers can be thought of as the
design parameters or policy decisions that define the shape and
capabilities of any supply chain. Within the context created by
these policy decisions, a supply chain goes about doing its job
by performing regular, ongoing operations. These are the nuts-
and-bolts operations at the core of every supply chain.

The supply-chain operations reference (SCOR) model was
introduced in 1996 as a way to analyze a supply chain and
provide a basis for evaluating the effectiveness and efficiency of
a company's supply chain operations. The SCOR model provides
a common framework and common language to describe
supply chain operations. The original version of the SCOR
model identified four high-level supply chain operating
procedures, or steps: plan, source, make, and deliver. Over the
years, two additional high-level steps have been added: return;
and enable. These steps and repetitions of these steps are
illustrated in the six-step SCOR model shown in Figure 2.1.



In 2022 the new supply-chain operations reference digital
standard (SCOR DS) model was introduced by the Association
for Supply Chain Management (ASCM). This new model is
aimed at extending the model framework to include attributes
such as supply chain resilience, sustainability, and integrated
digital processes. This latest model update and the evolution of
the SCOR model is covered in more detail in the Executive
Insight section starting on page 46.

FIGURE 2.1 Six-Step SCOR Model: Plan, Source, Make, Deliver, Return, Enable

(Courtesy of Association for Supply Chain Management, ASCM,
https://www.ascm.org/.)

Advantages of the SCOR model are that it is a unified
framework that applies to the entire supply chain, and it

https://www.ascm.org/


provides for benchmarking of performance and operating
practices using a standard set of metrics. In this way, it
establishes a common repository of terms and a common tool
set for measuring performance and comparing a company's
performance against other companies in its industry. This
allows people to set performance standards and identify areas
for improvement.

Disadvantages of the SCOR model come from its increasing
complexity. In 2022 a new model called SCOR digital standard
(SCOR DS) was introduced that subdivides the existing high-
level steps and introduces new process changes to support
retail, omnichannel, strategic sourcing, and overall
orchestration of supply chain strategy (see more about this in
the executive insight article on page 46). The more new steps
that are added and the more existing steps are subdivided into
smaller steps, the harder the model is to understand. The model
loses its ability to communicate quickly and clearly to a wide
audience and becomes the domain of small groups of experts.
Increasing complexity also makes the model harder to adapt to
specific requirements of individual companies and requires the
collection of more and more data. This in turn calls for ever
more training, technology, and operating expenses in order to
use the model effectively.



To provide an easy-to-understand, high-level overview of key
supply chain operations and how they interact with each other,
we will use a simplified version of the SCOR model. The model
presented here focuses on the four steps identified in the
original SCOR model. These four steps define the essential
operations of any supply chain. Those steps are:

1. Plan
2. Source
3. Make
4. Deliver

Plan

This refers to all the operations needed to plan and organize the
operations in the other three categories. We will investigate
three operations in this category in some detail: demand
forecasting, product pricing, and inventory management.

Source

Operations in this category include the activities necessary to
acquire the inputs to create products or services. We look at two
operations here. The first, procurement, is the acquisition of
materials and services. The second operation, credit and
collections, is not traditionally seen as a sourcing activity, but it



can be thought of as, literally, the acquisition of cash. Both these
operations have a big impact on the efficiency of a supply chain.

Make

This category includes the operations required to develop and
build the products and services that a supply chain provides.
Operations that we discuss in this category are product design,
production management, and facility and management. The
SCOR model does not specifically include the product design
and development process, but it is included here because it is
integral to the production process.

Deliver

These operations encompass the activities that are part of
receiving customer orders and delivering products to
customers. The three operations we review are management,
product delivery, and return processing. These are the
operations that constitute the core connections between
companies in a supply chain.



 

TIPS & TECHNIQUES

The rest of this chapter presents further detail in the categories
of plan and source. There is an executive-level overview of the



three main operations that constitute the planning process and
two operations that constitute the sourcing process. Chapter 3
presents an executive overview of the key operations in making
and delivering.



 

EXECUTIVE INSIGHT

Executive Insight: Supply Chain Operation Reference
(SCOR) Model

The SCOR model is the only comprehensive supply chain
model that is recognized worldwide. It has been used to
understand and improve supply chain performance by
both large and small companies as well as government
agencies and global organizations.

The SCOR model was created in 1996 through the
collaborative efforts of a leading consulting firm, AMR
Research, and corporations such as Bayer, Compac, Procter &
Gamble, Lockheed Martin, and IBM (Bolstorff, Peter, and
Robert Rosenbaum, Supply Chain Excellence: A Handbook for
Dramatic Improvement Using the SCOR Model, third edition,
American Management Association 2002).

The original model was designed to provide a deeper
understanding of the mechanics underlying supply chains
and as a useful tool for improving supply chain
performance. The model was successful because it offered



supply chain professionals a common framework of
processes, metrics, and best practices developed by
experienced practitioners and researchers. It was designed
for practical, real-world supply chain problems. In addition,
the SCOR model has been used by many supply chain
academics for research projects.

SCOR has evolved over the years to reflect the current
understanding of supply chains and best practices. The
earlier versions of SCOR had only four processes at level
one: plan, source, make, and deliver. It provided standard
language designed to improve operating efficiency and
understanding as well as a common set of metrics for
analyzing and improving supply chains.

Later versions of SCOR saw an expansion of the model's
scope using metrics and performance attributes. In addition,
the model added a set of return processes (return from
customer and return to the supplier). This expanded the
model to five level-one processes as well as the
incorporation of supply chain risk processes.

SCOR continued to evolve and improve as a better
understanding of supply chains grew. For example,
supportive functions became freestanding instead of



residing within each of the level-one processes. The other
major change was the addition of a section on skills and
training recommended for various processes and
technologies.

Throughout the 25-plus years of SCOR's existence, the model
has undergone refinements and adjustments to keep the
model current and relevant. The model continues to be
updated and used by academics as well as supply chain
practitioners worldwide. The latest version of the model has
been revised and updated to reflect the technological
changes enabling digital supply chains.

The SCOR model is different from many other process
models in that it integrates processes, metrics, practices, and
skills into a single framework. The processes are organized
in a hierarchy of six level-one processes: plan, source, make,
deliver, return, and enable.

These processes are then broken down into level-two
configuration processes such as make to stock, make to
order, and engineer to order for the execution processes of
source, make, and deliver. Systematic processes have been
established that detail the steps needed to execute level-two
configuration processes.



For example, the process type plan is composed of five
configuration-level processes for plan supply chain, plan
source, plan make, plan deliver, and plan return. Each of
these level-two processes are further broken down into
level-three processes.

Each level-three planning process follows a standard
configuration, which involves identifying and matching the
demand/requirement and current resources. The process
definitions and the inputs/outputs link the processes
together and link to process improvements, and skill sets
recommended to do the respective process. The level-four
processes are the firms' processes that link to the SCOR level-
three processes. This enables any supply chain to be mapped
to SCOR processes and understood in more generic terms.

The process breakdown structure must not be confused with
the metrics level structure. For example, level-one metrics
are not designed to measure level-one processes or level-
three metrics that are linked exclusively to level-three
processes. Level-one metrics are key performance indicators
(KPIs), while level-two and level-three metrics are designed
to break the KPI into parts and aid in conducting root cause
analysis.



The KPIs measure the attributes of reliability,
responsiveness, and agility and how well the supply chain
supports the customers. The attributes of cost and asset
management consider the supply chains' organizational
execution and efficiency. SCOR v12.0 updates aligned terms
and definitions with the APICS dictionary and standards
with the Global Reporting Initiative. Other updates include
corrected modeling issues, revised best practices, updated
metrics, and added enabling processes for procurement and
for managing supply chain technology.

At the end of 2022 the SCOR Digital Standard (DS) model was
released and reflects the latest representation of a digital
supply chain. The press release from Association of Supply
Chain Management (ASCM) describes the digital standard
model.



As the most significant update since the inception of
SCOR in 1996, the new SCOR DS modernizes the open
access framework to include resilience, economic, and
sustainability metrics and benchmarks; process changes
supporting retail, omnichannel, strategic sourcing; and
overall orchestration of supply chain strategy. In
addition, the new SCOR DS moves end-to-end supply
chain thinking from a linear, trading partner orientation
to a dynamic, asynchronous supply network that focuses
on market drivers, visibility, and collaboration.



(SCOR Digital Standard diagram courtesy of Association for
Supply Chain Management – ASCM.)

Linking all these processes is the “orchestrate” set of
processes. These are like the enablers of previous SCOR
models. With digital supply chain, however, these represent
the digital core providing one source of data for supply
chain processes. Numerous metrics were also added to the
model such as revenue and profit, sustainment metrics, and
throughput metrics.



Both SCOR v12.0 and SCOR DS are open standards that
anyone can use. This allows SCOR to be used as a “common
processes architecture allowing it to support greater
synchronization between supply chain partners. This
returns the model to its original purpose: to provide a
common language for supply chains, which are complex and
ever-changing, and to use assets more efficiently.

Dr. David Morrow is a program manager for the US Air Force
supporting Foreign Military Sales. He is Certified Fellow in
Production and Inventory Management (CFPIM) as well as a
SCOR Master Instructor. He has taught SCOR both
domestically and internationally as well as leading updates
to the model. He has over 30 years’ experience in supply
chain management in customer service, transportation,
production, returns, and warehousing. He also led a team in
the development of a supply chain risk management process
that was later used to develop the ISO Standards for SCM
risk. His research efforts are focused on refining supply
chain ontology and linking performance metrics to financial
improvements. Finally, he is an adjunct professor at the
University of Dayton, where he teaches statistics and
procurement management. He can be reached at
david.morrow.11@outlook.com.
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Demand Forecasting and Planning (Plan)

Supply chain management decisions are based on forecasts that
define which products will be required, what amount of these
products will be called for, and when they will be needed. The
demand forecast becomes the basis for companies to plan their
internal operations and to cooperate among each other to meet
market demand.

All forecasts deal with four major variables that combine to
determine what market conditions will be like. Those variables
are:

1. Supply
2. Demand
3. Product characteristics
4. Competitive environment

Supply is determined by the number of producers of a product
and by the lead times that are associated with a product. The
more producers there are of a product and the shorter the lead
times, the more predictable this variable is. When there are
only a few suppliers or when lead times are longer, then there is
more potential uncertainty in a market. Like variability in



demand, uncertainty in supply makes forecasting more
difficult. Also, longer lead times associated with a product
require a longer time horizon over which forecasts must be
made. Supply chain forecasts must cover a time period that
encompasses the combined lead times of all the components
that go into the creation of a final product.

Demand refers to the overall market demand for a group of
related products or services. Is the market growing or
declining? If so, what is the yearly or quarterly rate of growth
or decline? Or maybe the market is relatively mature, and
demand is steady at a level that has been predictable for some
period of years. Also, many products have a seasonal demand
pattern. For example, snow skis and heating oil are more in
demand in the winter, and tennis rackets and sun screen are
more in demand in the summer. Perhaps the market is a
developing market—the products or services are new, and there
is not much historical data on demand, or the demand varies
widely because new customers are just being introduced to the
products. Markets where there is little historical data and lots of
variability are the most difficult when it comes to demand
forecasting.

Product characteristics include the features of a product that
influence customer demand for the product. Is the product new



and developing quickly like many electronic products, or is the
product mature and changing slowly or not at all, as is the case
with many commodity products? Forecasts for mature products
can cover longer timeframes than forecasts for products that
are developing quickly. It is also important to know whether a
product will steal demand away from another product. Can it
be substituted for another product? Or will the use of one
product drive the complementary use of a related product?
Products that either compete with or complement each other
should be forecasted together.

Competitive environment refers to the actions of a company
and its competitors. What is the market share of a company?
Regardless of whether the total size of a market is growing or
shrinking, what is the trend in an individual company's market
share? Is it growing or declining? What is the market share
trend of competitors? Market share trends can be influenced by
product promotions and price wars, so forecasts should take
into account such events that are planned for the upcoming
period. Forecasts should also account for anticipated
promotions and price wars that will be initiated by competitors.

Forecasting Methods



There are four basic methods to use when doing forecasts. Most
forecasts are done using various combinations of these four
methods. Chopra and Meindl define these methods as:

1. Qualitative
2. Causal
3. Time series
4. Simulation

Qualitative methods rely on a person's intuition or subjective
opinions about a market. These methods are most appropriate
when there is little historical data to work with. When a new
line of products is introduced, people can make forecasts based
on comparisons with other products or situations that they
consider similar. People can forecast using production adoption
curves that they feel reflect what will happen in the market.

Causal methods of forecasting assume that demand is strongly
related to particular environmental or market factors. For
instance, demand for commercial loans is often closely
correlated to interest rates. So if interest rate cuts are expected
in the next period of time, then loan forecasts can be derived
using a causal relationship with interest rates. Another strong
causal relationship exists between price and demand. If prices



are lowered, demand can be expected to increase, and if prices
are raised, demand can be expected to fall.

Time series methods are the most common form of forecasting.
They are based on the assumption that historical patterns of
demand are a good indicator of future demand. These methods
are best when there is a reliable body of historical data and the
markets being forecast are stable and have demand patterns
that do not vary much from one year to the next. Mathematical
techniques such as moving averages and exponential
smoothing are used to create forecasts based on time series
data. These techniques are employed by most forecasting
software packages.

Simulation methods use combinations of causal and time series
methods to imitate the behavior of consumers under different
circumstances. This method can be used to answer questions
such as what will happen to revenue if prices on a line of
products are lowered or what will happen to market share if a
competitor introduces a competing product or opens a store
nearby.

Few companies use only one of these methods to produce
forecasts. Most companies do several forecasts using several
methods and then combine the results of these different



forecasts into the actual forecast that they use to plan their
businesses. Studies have shown that this process of creating
forecasts using different methods and then combining the
results into a final forecast usually produces better accuracy
than the output of any one method alone.

Regardless of the forecasting methods used, when doing
forecasts and evaluating their results it is important to keep
several things in mind. First of all, short-term forecasts are
inherently more accurate than long-term forecasts. The effect of
business trends and conditions can be much more accurately
calculated over short periods than over longer periods. When
Walmart began restocking its stores twice a week instead of
twice a month, the store managers were able to significantly
increase the accuracy of their forecasts because the time
periods involved dropped from two or three weeks to three or
four days. Most long-range, multi-year forecasts are highly
speculative.

Aggregate forecasts are more accurate than forecasts for
individual products or for small market segments. For example,
annual forecasts for soft drink sales in a given metropolitan
area are fairly accurate, but when these forecasts are broken
down to sales by districts within the metropolitan area, they
become less accurate. Aggregate forecasts are made using a



broad base of data that provides good forecasting accuracy. As a
rule, the more narrowly focused or specific a forecast is, the less
data is available and the more variability there is in the data, so
the accuracy is diminished.

Finally, forecasts are always wrong to a greater or lesser degree.
There are no perfect forecasts, and so businesses need to assign
some expected degree of error to every forecast. An accurate
forecast may have a degree of error that is plus or minus 5
percent. A more speculative forecast may have a plus or minus
20 percent degree of error. It is important to know the degree of
error because a business must have contingency plans to cover
those outcomes. What would a company do if raw material
prices were 5 percent higher than expected? What would it do
if demand was 20 percent higher than expected?

Aggregate Planning

Once demand forecasts have been created, the next step is to
create a plan for the company to meet the expected demand.
This is called aggregate planning, and its purpose is to satisfy
demand in a way that maximizes profit for the company. The
planning is done at the aggregate level and not at the level of
individual stock keeping units (SKUs). It sets the optimal levels



of production and inventory that will be followed over the next
3 to 18 months.

 

TIPS & TECHNIQUES



The aggregate plan becomes the framework within which short-
term decisions are made about production, inventory, and
distribution. Production decisions involve setting parameters
such as the rate of production and the amount of production
capacity to use, the size of the workforce, and how much
overtime and subcontracting to use. Inventory decisions
include how much demand will be met immediately by
inventory on hand and how much demand can be satisfied later
and turned into backlogged orders. Distribution decisions
define how and when product will be moved from the place of
production to the place where it will be used or purchased by
customers.

There are three basic approaches to take in creating the
aggregate plan. They involve trade-offs among three variables.
Those variables are: (1) amount of production capacity, (2) the
level of utilization of the production capacity, and (3) the
amount of inventory to carry. We look briefly at each of these
three approaches. In actual practice, most companies create
aggregate plans that are a combination of these three
approaches.

1. Use Production Capacity to Match Demand. In this approach
the total amount of production capacity is matched to the
level of demand. The objective here is to use 100 percent of



capacity at all times. This is achieved by adding or
eliminating plant capacity as needed and hiring and laying
off employees as needed. This approach results in low levels
of inventory, but it can be very expensive to implement if the
cost of adding or reducing plant capacity is high. It is also
often disruptive and demoralizing to the workforce if people
are constantly being hired or fired as demand rises and falls.
This approach works best when the cost of carrying
inventory is high and the cost of changing capacity—of plant
and workforce—is low.

2. Utilize Varying Levels of Total Capacity to Match Demand. This
approach can be used if there is excess production capacity
available. If existing plants are not used 24 hours a day and 7
days a week, then there is an opportunity to meet changing
demand by increasing or decreasing utilization of production
capacity. The size of the workforce can be maintained at a
steady rate and overtime and flexible work scheduling used
to match production rates. The result is low levels of
inventory and also lower average levels of capacity
utilization. The approach makes sense when the cost of
carrying inventory is high and the cost of excess capacity is
relatively low.

3. Use Inventory and Backlogs to Match Demand. Using this
approach provides for stability in the plant capacity and



workforce and enables a constant rate of output. Production
is not matched with demand. Instead, either inventory is
built up during periods of low demand in anticipation of
future demand or inventory is allowed to run low and
backlogs are built up in one period to be filled in a following
period. This approach results in higher capacity utilization
and lower costs of changing capacity, but it does generate
large inventories and backlogs over time as demand
fluctuates. It should be used when the cost of capacity and
changing capacity is high and the cost of carrying inventory
and backlogs is relatively low.

Product Pricing (Plan)

Companies and entire supply chains can influence demand
over time by using price. Depending how price is used, it will
tend to maximize either revenue or gross profit. Typically,
marketing and salespeople want to make pricing decisions that
will stimulate demand during peak seasons. The aim here is to
maximize total revenue. Often, financial or production people
want to make pricing decisions that stimulate demand during
low periods. Their aim is to maximize gross profit in peak
demand periods and generate revenue to cover costs during
low demand periods.



Relationship of Cost Structure to Pricing

The question for each company to ask is, “Is it better to do price
promotion during peak periods to increase revenue or during
low periods to cover costs?” The answer depends on the
company's cost structure. If a company has flexibility to vary
the size of its workforce and productive capacity and the cost of
carrying inventory is high, then it is best to create more
demand in peak seasons. If there is less flexibility to vary
workforce and capacity and if cost to carry inventory is low, it
is best to create demand in low periods.

An example of a company that can quickly ramp up production
would be an electronics component manufacturer. Such
companies have invested in plant and equipment that can be
quickly reconfigured to produce different final products from
an inventory of standard component parts. The finished goods
inventory is expensive to carry because it soon becomes
obsolete and must be written off.

These companies are generally motivated to run promotions in
peak periods to stimulate demand even further. Since they can
quickly increase production levels, a reduction in the profit
margin can be made up for by an increase in total sales if they
are able to sell all the product that they manufacture.



A company that cannot quickly ramp up production levels is a
paper mill. The plant and equipment involved in making paper
is very expensive and requires a long lead time to build. Once
in place, a paper mill operates most efficiently if it is able to run
at a steady rate all year long. The cost of carrying an inventory
of paper products is less expensive than carrying an inventory
of electronic components because paper products are
commodity items that will not become obsolete. These products
also can be stored in less expensive warehouse facilities and
are less likely to be stolen.

A paper mill is motivated to do price promotions in periods of
low demand. In periods of high demand the focus is on
maintaining a good profit margin. Since production levels
cannot be increased anyway, there is no way to respond to or
profit from an increase in demand. In periods where demand is
below the available production level, then there is value in
increased demand. The fixed cost of the plant and equipment is
constant, so it is best to try to balance demand with available
production capacity. This way the plant can be run steadily at
full capacity.
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Inventory Management (Plan)



Inventory management is a set of techniques that are used to
manage the inventory levels within different companies in a
supply chain. The aim is to reduce the cost of inventory as
much as possible while still maintaining the service levels that
customers require. Inventory management takes its major
inputs from the demand forecasts for products and the prices of
products. With these two inputs, inventory management is an
ongoing process of balancing product inventory levels to meet
demand and exploiting economies of scale to get the best
product prices.

As we discussed in Chapter 1, there are three kinds of
inventory: (1) cycle inventory, (2) seasonal inventory, and (3)
safety inventory. Cycle inventory and seasonal inventory are
both influenced by economies of scale considerations. The cost
structure of the companies in any supply chain will suggest
certain levels of inventory based on production costs and
inventory carrying cost. Safety inventory is influenced by the
predictability of product demand. The less predictable product
demand is, the higher the level of safety inventory is required
to cover unexpected swings in demand.

The inventory management operation in a company or an
entire supply chain is composed of a blend of activities related
to managing the three different types of inventory. Each type of



inventory has its own specific challenges, and the mix of these
challenges will vary from one company to another and from
one supply chain to another.

Cycle Inventory

Cycle inventory is the inventory required to meet product
demand over the time period between placing orders for the
product. Cycle inventory exists because economies of scale
make it desirable to make fewer orders of large quantities of a
product rather than continuous orders of small product
quantity. The end-use customer of a product may actually use a
product in continuous small amounts throughout the year. But
the distributor and the manufacturer of that product may find
it more cost efficient to produce and stock the product in large
batches that do not match the usage pattern.

Cycle inventory is the buildup of inventory in the supply chain
due to the fact that production and stocking of inventory is
done in lot sizes that are larger than the ongoing demand for
the product. For example, a distributor may experience an
ongoing demand for item A that is 100 units per week. The
distributor finds, however, that it is most cost effective to order
in batches of 650 units. Every six weeks or so the distributor
places an order, causing cycle inventory to build up in the



distributor's warehouse at the beginning of the ordering period.
The manufacturer of item A that all the distributors order from
may find that it is most efficient for them to manufacture in
batches of 14,000 units at a time. This also results in the buildup
of cycle inventory at the manufacturer's location.

Economic Order Quantity

Given the cost structure of a company, there is an order
quantity that is the most cost-effective amount to purchase at a
time. This is called the economic order quantity (EOQ), and it is
calculated as:

where:

U = annual usage rate

O = ordering cost

C = cost per unit

h = holding cost per year as a percentage of unit cost



For instance, let's say that item Z has an annual usage rate (U) of
240, a fixed cost per order (O) of $5.00, a unit cost (C) of $7.00,
and an annual holding cost (h) of 30 percent per unit. If we do
the math, it works out as:

, which rounded to the nearest whole unit is 34.

If the annual usage rate for item Z is 240, then the monthly
usage rate is 20. An EOQ of 34 represents about seven weeks'
supply. This may not be a convenient order size. Small changes
in the EOQ do not have a big impact on total ordering and
holding costs, so it is best to round off the EOQ quantity to the
nearest standard ordering size. In the case of item Z, there may
be 30 units in a case. So it would make sense to adjust the EOQ
for item Z to 30.

The EOQ formula works to calculate an order quantity that
results in the most efficient investment of money in inventory.
Efficiency here is defined as the lowest total unit cost for each
inventory item. If a certain inventory item has a high usage rate



and is expensive, the EOQ formula recommends a low order
quantity, which results in more orders per year but less money
invested in each order. If another inventory item has a low
usage rate and it is inexpensive, the EOQ formula recommends
a high order quantity. This means fewer orders per year, but
since the unit cost is low, it still results in the most efficient
amount of money to invest in that item.

Seasonal Inventory

Seasonal inventory happens when a company or a supply chain
with a fixed amount of productive capacity decides to produce
and stockpile products in anticipation of future demand. If
future demand is going to exceed productive capacity, then the
answer is to produce product in times of low demand that can
be put into inventory to meet the high demand in the future.

Decisions about seasonal inventory are driven by a desire to get
the best economies of scale given the capacity and cost
structure of each company in the supply chain. If it is expensive
for a manufacturer to increase productive capacity, then
capacity can be considered as fixed. Once the annual demand
for the manufacturer's products is determined, the most
efficient schedule to utilize that fixed capacity can be
calculated.



This schedule will call for seasonal inventory. Managing
seasonal inventory calls for demand forecasts to be accurate
since large amounts of inventory can be built up this way and it
can become obsolete, or holding costs can mount if the
inventory is not sold off as anticipated. Managing seasonal
inventory also calls for manufacturers to offer price incentives
to persuade distributors to purchase the product and put it in
their warehouses well before demand for it occurs.
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Good inventory management requires a company to know
the EOQ for all the products it buys. The EOQ for different
products changes over time, so a company needs an ongoing
measurement process to keep the numbers accurate and up
to date.

Safety Inventory

Safety inventory is necessary to compensate for the uncertainty
that exists in a supply chain. Retailers and distributors do not
want to run out of inventory in the face of unexpected
customer demand or unexpected delay in receiving
replenishment orders, so they keep safety stock on hand. As a
rule, the higher the level of uncertainty, the higher the level of
safety stock that is required.

Safety inventory for an item can be defined as the amount of
inventory on hand for an item when the next replenishment
EOQ lot arrives. This means that the safety stock is inventory
that does not turn over. In effect, it becomes a fixed asset and it
drives up the cost of carrying inventory. Companies need to find
a balance between their desire to carry a wide range of
products and offer high availability on all of them, and their
conflicting desire to keep the cost of inventory as low as



possible. That balance is reflected quite literally in the amount
of safety stock that a company carries.

Procurement (Source)

Traditionally, the main activities of a purchasing manager were
to beat up potential suppliers on price and then buy products
from the lowest-cost supplier that could be found. That is still
an important activity, but there are other activities that are
becoming equally important. Because of this, the purchasing
activity is now seen as part of a broader function called
procurement. The procurement function can be broken into
five main activity categories:

1. Purchasing
2. Consumption management
3. Vendor selection
4. Contract negotiation
5. Contract management
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EXECUTIVE INSIGHT

With the spread of our global, interconnected economy,
there also comes the need to understand cultural and
behavioral drivers that influence the procurement
process. Huseyin Eskici was head of the Procurement
Department of the Istanbul Stock Exchange, and he
negotiated contracts with suppliers from all over the
world. In an interview, I posed three questions and asked
him to share his insights on this topic.

1. In your experience negotiating purchasing contracts with
suppliers from different countries, what differences do
you see in the negotiating process? For instance, what are
the negotiating differences you see between a British
company or a Turkish company or a Chinese or an
American company?
In my experience, negotiating purchasing contracts with
suppliers from different countries has to do with their
cultures. When negotiating purchasing contracts with
suppliers from different countries, world-class purchasing
specialists should know that they have different cultural



backgrounds. What I mean by culture is “the system of
values and norms that are shared among a group of people
and [that] taken together constitute a design for living and
negotiating.”
When I compare and contrast the Western or English
negotiation culture with Turkish negotiation culture, it is
possible to list several differences. To begin with, Turkish
suppliers generally give more importance and allocate
more time to personal relations before and during the
process of contract negotiation, whereas English suppliers
prefer to start contract negotiations after completing
generally accepted business protocols, such as meeting,
exchanging business cards, and drinking traditional
Turkish black tea or Turkish coffee. For example, when
you are negotiating a contract with a Turkish supplier,
you may find yourself chatting about economic and
political problems of the country or complaining about
your organizational problems. You may even be talking
about which soccer team is going to be champion this
year. Almost 80 percent of the time is allocated to
establishing trust and a good personal relationship and 20
percent is allocated to contract negotiation.
Turkish negotiation culture is based on verbal
communication rather than on numbers, financial



information, and analysis relating to the contract and the
companies involved, whereas Western or English
negotiation culture is mainly based on numerical
communication such as facts, figures, numbers, and
process analysis relating to the supply contract and the
supplier firm.
Turkish culture is collectivist in nature, that is, individuals
rarely prefer to take personal initiative or responsibility
in making a final decision unless his or her authority is
clearly defined. They prefer collective decision-making
when faced with critical and risky cases, whereas Western
culture is individualistic in nature, that is, individuals are
prone to make final decisions within their jurisdiction
since they regard the success or failure as their personal
responsibility. In critical cases, Turkish suppliers and
negotiators like the boss or general manager to make final
decisions because of our risk-averse culture.
English or US suppliers do not hesitate to make decisions
and conclude contracts because their limits of authority
are usually clearly defined by their organizations. This
relates to their individualistic cultural background. But, I
have to admit, there are now many younger well-
educated and -trained business professionals in Turkey,



and they know how to start, manage, and close a contract-
negotiation process based on the Western model.

1. You observe that negotiating behaviors are based on the
culture and social structure of the country where a
company is based. Can you describe some common
patterns that you see when negotiating with companies
from different countries?
I have observed that the socioeconomic structure and
economic and political power of countries where
companies are based shape both organizational and
personal negotiation styles. If we keep aside global and
multinational companies, I can describe some common
patterns regarding negotiating behaviors that I have seen
when negotiating a purchasing contract with companies
from the United States:
Negotiators of the US companies are self-confident in
general because their country is almost as large as a
continent and they believe that their country is the most
powerful one in the world. Their body language reflects
that they are free and self-confident. They ideologically
believe strongly in individual rights and freedoms and the
superiority of private business. They are prone to use
personal initiative and take risks, if necessary, to conclude
a purchasing contract because their common national



ideology is based on the virtues of individualism and
capitalism. They generally act aggressively in the process
of negotiations, since capitalist ideology supports and
reproduces the belief that “competition is good, and the
best one will be the winner.” If a Turkish negotiator is not
aware of fundamentals of American culture, she or he
may interpret their negotiating style as rude, arrogant,
opportunistic, and unethical.
Americans, when they like and respect the people they
meet, call them by first names. This represents their
sincerity and real friendship. In contrast, a real Londoner
usually prefers to call people by their surnames. In
Turkish business etiquette, when you call someone by
first name immediately after you meet, if she or he does
not know much about American culture, [she or he] may
interpret this behavior as impolite and disrespectful. In
the Turkish business culture during negotiations, it is
better and safer for foreigners to use formal surnames.
My name is Huseyin Eskici, so it is best to start by
addressing me as “Mr. Eskici.” Later on, if things go well,
then one could shift and call me “Mr. Huseyin.” If a Turk
has academic or professional titles such as “Doctor” or
“Professor.” it is usually best to say “Mr. Doctor” or “Mr.
Professor” instead of using their first names or surnames.



Americans value time and like to start negotiations as
soon as possible. They express themselves frankly and use
a straightforward get-to-the-point business style. This
manner may be interpreted as arrogant or disrespectful
in Asiatic cultures or collectivist cultures like the Chinese
and the Turks. Americans prefer to know and follow laws,
rules, and regulations when they are negotiating
purchasing contracts because they are living in a strictly
regulated society and they are well aware of the cost of
breaching laws and regulations. Whereas tax evasion is a
big crime for American citizens, in developing countries
like Turkey, it may be tolerated and regarded as normal or
ordinary.

1. Describe an experience in your career that has taught you
an important lesson in purchasing and describe the lesson
you learned and how you have used that lesson since
then.
In 2007, I negotiated a supplier contract with a marketing
manager who represents one of the prominent computer
system companies in the world. I had to purchase
additional servers and software for the system used by
the Istanbul Stock Exchange to run its stock-trading
operations. We had to purchase the servers from this
particular company because we already were using their



hardware and software to run our trading operations.
They quoted us an initial purchase price of almost a
million US dollars.
Before the negotiation, I read all their technical
documents about the system and asked our IT specialists
about technical matters that I could not understand. I also
asked why we had to buy the system and what were the
components (hardware, software, UPS, etc.). Moreover, I
learned that the marketing manager from England would
personally come and negotiate the contract. After that, I
did research about negotiating culture and business
etiquette in England. Also, I read all the purchasing and
other contracts that were signed between that company
and the Istanbul Stock Exchange in order to estimate my
desired target price and estimate his desired target price.
From this I discovered that the discount rate from initially
quoted prices with this company was typically 45 percent
and the ratio of maintenance costs to purchase price was
around 20 percent.
When the English marketing manager and the Turkish
partner came to my office, I was ready to negotiate based
on my research. After a short initial meeting, as we were
drinking Turkish coffee, I told the marketing manager
that I knew exactly what we needed to buy, and that I



never engaged in “horse-trading” but instead worked
from principles based on signed contracts already in place
with his company. I told him they had to give us a larger
discount on the purchase price than they had before
because we would be working with them for at least 10
years, and his firm would be making more profit from the
maintenance service than on the one-time sale of the
system.
He told me that in order to receive a higher discount than
before, his company wanted prepayment of 80 percent of
the contract. I told him that we had to follow strict rules
and regulations, so if they could give us a guarantee letter
from an English bank, our financial department would
allow us to make that prepayment. He told me that his
firm could get the guarantee letter and on this basis we
could negotiate the price. He told me there was no need
for him to refer this issue to headquarters, because he
was sure about the guarantee letter and had the authority
to make a final price offer for the contract. At the end of
the day we concluded the contract at a discount of slightly
more than 60 percent off their initially quoted price, and
the ratio of maintenance service costs to the purchase
price was about 24 percent.



The contract was officially ratified by the supplier and the
Stock Exchange, and we sent the purchase order to their
sales office in England and awaited the delivery of a bank
guarantee letter in order to make our prepayment. Two
weeks later the marketing manager wrote me a letter
stating their finance department could not get a guarantee
letter from their bank and even though they could not
collect 80 percent of the total contracted price before
delivery of the hardware and software, they would still
keep their promises about the price, discount rates, and
delivery terms. They said they did not want to lose a
prominent customer in Turkey and in the Mediterranean
and Eurasian Zones.
What I have learned from this experience is that, if you
study and prepare your negotiation strategy by taking
into account a supplier's business etiquette and
negotiating culture, you can make effective and efficient
purchasing contracts even if the supplier has a monopoly
in the business and is the exclusive seller of the product.
Since then, I have continued to learn more about
intercultural negotiation strategies. I am now writing a
book in English for executive MBA students in my
country. I would like to name the book Negotiation
Strategies for Purchasing Specialists.



Huseyin Eskici is the Secretary General of the Association of
Listed Companies Executives (ALCE), a freelance financial
and management consultant, and a university lecturer. He
served as chief procurement officer and facility manager for
the Istanbul Stock Exchange. He is a CPA and has an MBA
(https://www.linkedin.com/in/h%C3%BCseyin-eskici-mba-
cpa-59629827/).

Purchasing

These activities are the routine activities related to issuing
purchase orders for needed products. There are two types of
products that a company buys: (1) direct or strategic materials
that are needed to produce the products that the company sells
to its customers; and (2) indirect or maintenance, repair, and
operations (MRO) products that a company consumes as part of
daily operations.

The mechanics of purchasing both types of products are largely
the same. Purchasing decisions are made, purchase orders are
issued, vendors are contacted, and orders are placed. There is a
lot of data communicated in this process between the buyer
and the supplier—items and quantities ordered, prices, delivery
dates, delivery addresses, billing addresses, and payment terms.

https://www.linkedin.com/in/h%C3%BCseyin-eskici-mba-cpa-59629827/


One of the greatest challenges of the purchasing activity is to
see to it that this data communication happens in a timely
manner and without error. Much of this activity is very
predictable and follows well-defined routines.

Consumption Management

Effective procurement begins with an understanding of how
much of what categories of products are being bought across
the entire company as well as by each operating unit. There
must be an understanding of how much of what kinds of
products are bought from whom and at what prices.

Expected levels of consumption for different products at the
various locations of a company should be set and then
compared against actual consumption on a regular basis. When
consumption is significantly above or below expectations, this
should be brought to the attention of the appropriate parties so
possible causes can be investigated and appropriate actions
taken. Consumption above expectations is either a problem to
be corrected or it reflects inaccurate expectations that need to
be reset. Consumption below expectations may point to an
opportunity that should be exploited or it also may simply
reflect inaccurate expectations to begin with.



Vendor Selection

There must be an ongoing process to define the procurement
capabilities needed to support the company's business plan and
its operating model. This definition will provide insight into the
relative importance of vendor capabilities. The value of these
capabilities has to be considered in addition to simply the price
of a vendor's product. The value of product quality, service
levels, just-in-time delivery, and technical support can only be
estimated in light of what is called for by the business plan and
the company's operating model.

Once there is an understanding of the current purchasing
situation and an appreciation of what a company needs to
support its business plan and operating model, a search can be
made for suppliers who have both the products and the service
capabilities needed. As a general rule, a company seeks to
narrow down the number of suppliers it does business with.
This way it can leverage its purchasing power with a few
suppliers and get better prices in return for purchasing higher
volumes of product.

Contract Negotiation



As particular business needs arise, contracts must be negotiated
with individual vendors on the preferred vendor list. This is
where the specific items, prices, and service levels are worked
out. The simplest negotiations are for contracts to purchase
indirect products where suppliers are selected on the basis of
lowest price. The most complex negotiations are for contracts to
purchase direct materials that must meet exacting quality
requirements and where high service levels and technical
support are needed.

Increasingly, though, even negotiations for the purchase of
indirect items such as office supplies and janitorial products are
becoming more complicated because they fall within a
company's overall business plan to gain greater efficiencies in
purchasing and inventory management. Suppliers of both
direct and indirect products need a common set of capabilities.
Gaining greater purchasing efficiencies requires that suppliers
of these products have the capabilities to set up electronic
connections for purposes of receiving orders, sending delivery
notifications, sending invoices, and receiving payments. Better
inventory management requires that inventory levels be
reduced, which often means suppliers need to make more
frequent and smaller deliveries and orders must be filled
accurately and completely.



All these requirements need to be negotiated in addition to the
basic issues of products and prices. The negotiations must make
trade-offs between the unit price of a product and all the other
value-added services that are required. These other services
can be paid for either by a higher margin in the unit price, by
separate payments, or by some combination of the two.
Performance targets must be specified and penalties and other
fees defined when performance targets are not met.

Contract Management

Once contracts are in place, vendor performance against these
contracts must be measured and managed. Because companies
are narrowing their base of suppliers, the performance of each
supplier that is chosen becomes more important. A particular
supplier may be the only source of a whole category of products
that a company needs, and if it is not meeting its contractual
obligations, the activities that depend on those products will
suffer.

A company needs the ability to track the performance of its
suppliers and hold them accountable to meet the service levels
they agreed to in their contracts. Just as with consumption
management, people in a company need to routinely collect
data about the performance of suppliers. Any supplier that



consistently falls below requirements should be made aware of
its shortcomings and asked to correct them.

Often the suppliers themselves should be given responsibility
for tracking their own performance. They should be able to
proactively take action to keep their performance up to
contracted levels. An example of this is the concept of vendor-
managed inventory (VMI). VMI calls for the vendor to monitor
the inventory levels of its product within a customer's business.
The vendor is responsible for watching usage rates and
calculating EOQs. The vendor proactively ships products to the
customer locations that need them and invoices the customer
for those shipments under terms defined in the contract.

Credit and Collections (Source)

Procurement is the sourcing process a company uses to get the
goods and services it needs. Credit and collections is the
sourcing process that a company uses to get its money. The
credit operation screens potential customers to make sure the
company only does business with customers who will be able to
pay their bills. The collections operation is what actually brings
in the money that the company has earned.



Approving a sale is like making a loan for the sale amount for a
length of time defined by the payment terms. Good credit
management tries to fulfill customer demand for products and
also minimize the amount of money tied up in receivables. This
is analogous to the way good inventory management strives to
meet customer demand and also minimize the amount of
money tied up in inventory.

The supply chains that a company participates in are often
selected on the basis of credit decisions. Much of the trust and
cooperation that is possible between companies who do
business together is based on good credit ratings and timely
payments of invoices. Credit decisions affect who a company
will sell to and also the terms of the sale. The credit and
collections function can be broken into three main categories of
activity:

1. Set credit policy
2. Implement credit and collections practices
3. Manage credit risk

Set Credit Policy

Credit policy is set by senior managers in a company such as
the controller, chief financial officer, treasurer, and chief



executive officer. The first step in this process is to review the
performance of the company's receivables. Every company has
defined a set of measurements that they use to analyze their
receivables, such as days sales outstanding (DSO), percent of
receivables past customer payment terms, and bad debt write-
off amount as percent of sales. What are the trends? Where are
the problems?

Once management has an understanding of the company's
receivables situation and the trends affecting that situation,
they can take the next step, which is to set or change risk-
acceptance criteria to respond to the state of the company's
receivables. These criteria should change over time as
economic and market conditions evolve. These criteria define
the kinds of credit risks that the company will take with
different kinds of customers and the payment terms that will be
offered.

Implement Credit and Collections Practices

These activities involve putting in place and operating the
procedures that will carry out and enforce the credit policies of
the company. The first major activity in this category is to work
with the company salespeople to approve sales to specific
customers. As noted earlier, making a sale is like making a loan



for the amount of the sale. Customers often buy from a
company because that company extends them larger lines of
credit and longer payment terms than its competitors. Credit
analysis goes a long way to assure that this loan is only made to
customers who will pay it off promptly as called for by the
terms of the sale.

After a sale is made, people in the credit area work with
customers to provide various kinds of service. They work with
customers to process product returns and issue credit memos
for returned products. They work with customers to resolve
disputes and clear up questions by providing copies of
contracts, purchase orders, and invoices.

The third major activity that is performed is collections. This is
a process that starts with the ongoing maintenance of each
customer's accounts payable status. Customers that have past-
due accounts are contacted, and payments are requested.
Sometimes new payment terms and schedules are negotiated.

The collections activity also includes the work necessary to
receive and process customer payments that can come in a
variety of different forms. Some customers will wish to pay by
electronic funds transfer (EFT). Others will use bank drafts and
revolving lines of credit or purchasing cards. If customers are



in other countries, there are still other ways that payment can
be made, such as international letters of credit.

Manage Credit Risk

The credit function works to help the company take intelligent
risks that support its business plan. What may be a bad credit
decision from one perspective may be a good business decision
from another perspective. If a company wants to gain market
share in a certain area, it may make credit decisions that help it
to do so. Credit people work with other people in the business
to find innovative ways to lower the risk of selling to new kinds
of customers.

Managing risk can be accomplished by creating credit programs
that are tailored to the needs of customers in certain market
segments such as high-technology companies, start-up
companies, construction contractors, or customers in foreign
countries. Payment terms that are attractive to customers in
these market segments can be devised. Credit risks can be
lowered by the use of credit insurance, liens on customer assets,
and government loan guarantees for exports.

For important customers and particularly large individual
sales, people in the credit area work with others in the



company to structure special deals just for a single customer.
This increases the value that the company can provide to such a
customer and can be a significant part of securing important
new business.



 

EXECUTIVE INSIGHT

Increasing emphasis on total cost of ownership (TCO) is
bringing higher-cost suppliers back to the request-for-
proposal (RFP) table once again. Suppliers in the United
States and other developed nations have lost business
over the last two decades to lower-cost suppliers in the
developing world, but now factors other than price alone
are important, as companies reconsider what support
they need from their supply chains. Sean Correll, Vice
President of Professional Services at VisualVault
(https://www.visualvault.com/), explores the trend in this
executive insight.

It's no secret that the desire to acquire goods and services
cheaply has led US companies to begin sourcing products
from countries that are considered “low cost.” Traditionally,
such decisions have been made based on the monetary cost
of an item or service. Not surprisingly, this left suppliers in
North America, Western Europe, and other developed
nations at a disadvantage, as labor costs of domestically

https://www.visualvault.com/


produced goods and services could be undercut by those
coming from low-cost markets.

However, during the past decade companies have begun to
take advantage of the ability to make much more
sophisticated decisions when it comes to sourcing the items
and services they require. Strategic sourcing technology now
makes it possible to analyze numerous factors
simultaneously (this analysis is difficult to perform using
traditional sourcing technology). This has led to a
fundamental shift in the “analyzed cost” of contracting
suppliers, from that of monetary cost to total cost of
ownership (TCO).

TCO takes into account numerous factors beyond pure price
in analyzing the cost associated with engaging a given
supplier. Often, these factors are qualitative as well as
quantitative, and they measure factors that are critical to the
bottom-line cost of doing business.

For example, in addition to price, companies may be
concerned with lead or delivery times. Additionally,
companies are concerned with quality, which can be
measured in units such as defects per million. In fact, a
recent survey sponsored by Emptoris and CFO Research



Services found that companies are now more concerned
with timeliness and quality than pure price. According to the
survey, senior financial executives at Fortune 1000
companies rated the two top factors with the greatest impact
on their companies' business performance as the ability of
suppliers to meet commitments (58 percent) and the quality
of products from suppliers (54 percent). Price of products
was the third factor (51 percent).

Additionally, companies tend to value the ease of doing
business with a given supplier, which can be measured in
factors such as the number of rejected purchase orders. All
of this represents a shift in supply chain thinking with
special significance for companies in the developed world
that can now compete using these additional criteria.

The following example illustrates how qualitative factors are
now weighed along with price in supply chain decision-
making:



In this sourcing event, in addition to using the monetary
cost (product cost plus all logistics cost) in the analysis,
we used scores based on answers to qualitative
questions. One such question on a sourcing analysis
performed for a Global 1000 Pharmaceutical customer
was, “What percent of your warehouse facilities have
been validated as being monitored for proper
temperature and humidity?”

The answer could be given as any whole number from 0
to 100 (i.e. 0 percent garnered a score of 0, 1 percent
garnered a score of 1, etc.).

The following formula was used to convert the score to a
quantitative dollar amount:

Total Unit Cost = Price Weight × Unit Bid Cost + RFP
Question Scores Weight × Unit Bid Cost × (100 − RFP
Question Scores Rating)/100

For our example, assume the following for a U.S.
supplier:

Total Dollar Cost of the Item = $10
Score for question = 50



For the analysis, 75 percent of the “analyzed cost” is
obtained using the Total Dollar Cost and 25 percent is
obtained using the score converted to a quantitative
dollar amount using the formula above (this can be
modified to any 100 percent mix, for example 80/20 or
90/10 depending on how much importance is to be placed
on the Total Dollar Cost and how much importance is
placed on the question score). For this item:



Total Cost = 75% × $10 + 25% × $10 × (100 − 50)/100 =
$8.75

In theory, because of process controls (temperature
and humidity) on 50 percent of the warehouse
facilities, you are saving $1.25 per item ($10 −
8.75).

While US manufacturers may not be able to compete on
“unit bid cost,” oftentimes they can provide other
qualitative advantages that make them more
competitive.

By contrast, let's assume that a supplier from a low-cost
country was able to deliver a unit price of $9, yet a
Question score of 10 (i.e. 10 percent of the supplier's
warehouse facilities have the required temperature and
humidity controls). Using the same formula for
comparison:

Total Cost = 75% × $9 + 25% × $9 × (100 − 10)/100 =
$8.78

As you can see, in this case, the US supplier is able to provide
a lower cost by offering a superior “qualitative” score,
despite a unit bid cost that is 10 percent higher.



Because the “Price Weight/RFP Question Scores Weight” ratio
will be determined at the discretion of the commodity
purchasing expert or other decision-maker based on the
importance they place on it, the impact of a qualitative
criterion can be diminished or expanded depending on the
needs of individual purchasing companies. In this example,
a 70/30 split would have yielded an even more favorable
total cost for the US supplier—likewise, an 80/20 split would
have tipped the scales in favor of the low-cost country
supplier.

Similarly, just as temperature and humidity controls were a
factor in this example, companies may take into account
factors such as percentage of on-time deliveries, number of
defects per million, and number of rejected purchase orders.

The answer to the question of whether or not to use a
higher-cost supplier or a supplier in a low-cost country will
vary from case to case—there is no standard answer to such
a question. However, manufacturers in developed countries
can, in many cases, offer such advantages as more optimized
supply chains (which means shorter transit time and smaller
warehouse space), low political and operational risk, and the
ability to quickly innovate. This means that in instances
where the decision-maker is using advanced strategic



sourcing technology, manufacturers in first-world developed
nations are being considered for bids where they might not
otherwise have been considered.

Sean Correll has worked directly with hundreds of clients
to deliver solutions to their supply management
organizations. He provides guidance during all phases of the
sourcing lifecycle and manages the strategic direction of
projects. Before joining VisualVault, Sean worked as an
executive at both Accenture and IBM, where he led large
teams to deliver complex solutions. He has advised C-level
executives in industry verticals such as financial services,
technology, manufacturing, retail, government, and
nonprofits. (https://www.linkedin.com/in/sean-correll-
438a7a1/).
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Chapter Summary

The business operations that drive the supply chain can be
grouped into four major categories: (1) plan, (2) source, (3)
make, and (4) deliver. The business operations that constitute
these categories are the day-to-day operations that determine
how well the supply chain works. Companies must continually
make improvements in these areas.

Planning refers to all the operations needed to plan and
organize the operations in the other three categories. This
includes operations such as demand forecasting, product
pricing, and inventory management. Increasingly, it is these
planning operations that determine the potential efficiency of
the supply chain.

Sourcing includes the activities necessary to acquire the inputs
to create products or services. This includes operations such as
procurement and credit and collections. Both these operations
have a big impact on the efficiency of a supply chain.



CHAPTER 3 
Supply Chain Operations: Making
and Delivering

AFTER READING THIS CHAPTER YOU WILL BE ABLE TO:

Exercise an executive-level understanding of operations
involved in the categories of making products and
delivering products;
Assess supply operations in your company that may be
candidates for outsourcing.

Many companies and the supply chains they participate in
serve customers who are growing more sophisticated every
year and demanding higher levels of service. Continuous
improvements to the operations described in this chapter are
needed to deliver the efficiency and responsiveness that
evolving supply chains require.



Product Design (Make)

Product designs and selections of the components needed to
build these products are based on the technology available and
product performance requirements. Until recently, little
thought was given to how the design of a product and the
selection of its components affect the supply chain required to
make the product. Yet these costs can become 50 percent or
more of the product's cost.

When considering product design from a supply chain
perspective the aim is to design products with fewer parts,
simple designs, and modular construction from generic sub-
assemblies. This way the parts can be obtained from a small
group of preferred suppliers. Inventory can be kept in the form
of generic sub-assemblies at appropriate locations in the supply
chain. There will not be the need to hold large finished-goods
inventories because customer demand can be met quickly by
assembling final products from generic sub-assemblies as
customer orders arrive.

The supply chain required to support a product is molded by
the product's design. The more flexible, responsive, and cost
efficient the supply chain is, the more likely the product will



succeed in its market. To illustrate this point, consider the
following scenario.

Fantastic Company designs a fantastic new home entertainment
system with wide-screen TV and surround sound. It performs to
demanding specifications and delivers impressive results. But
the electronics that power the entertainment center are built
with components from 12 different suppliers.

Demand takes off, and the company ramps up production.
Managing quality control and delivery schedules for 12
suppliers is a challenge. More procurement managers and staff
are hired. Assembly of the components is complex, and delays
in the delivery of components from any of the suppliers can
slow down production rates. So buffer stocks of finished goods
are kept to compensate for this.

Several new suppliers were required to provide the specified
product components. One of them has quality control problems
and has to be replaced, and another supplier decides after
several months to cease production of the component it
supplies to Fantastic Company. They bring out a new
component with similar features but not an exact replacement.



Fantastic Company has to suspend production of the home
entertainment system while a team of engineers redesigns the
part of the system that used the discontinued component so
that it can use the new component. During this time, buffer
stocks run out in some locations, and sales are lost when
customers go elsewhere.

A competitor called Nimble Company is attracted by the success
of Fantastic Company and comes out with a competing product.
Nimble Company designed a product with fewer parts and uses
components from only four suppliers. The cost of procurement
is much lower since they only have to coordinate four suppliers
instead of 12. There are no production delays due to lack of
component parts, and product assembly is easier.

While Fantastic Company, who pioneered the market, struggles
with a balky supply chain, Nimble Company provides the
market with lower cost and a more reliable supply of the
product. Nimble Company with its responsive and less costly
supply chain takes market share away from Fantastic Company.

What can be learned here? Product design defines the shape of
the supply chain, and this has a great impact on the cost and
availability of the product. If product design, procurement, and
manufacturing people can work together in the design of a



product, there is a tremendous opportunity to create products
that will be successful and profitable.

There is a natural tendency for design, procurement, and
manufacturing people to have different agendas unless their
actions are coordinated. Design people are concerned with
meeting the customer requirements. Procurement people are
interested in getting the best prices from a group of pre-
screened preferred suppliers. Folks in manufacturing are
looking for simple fabrication and assembly methods and long
production runs.

Cross-functional product design teams with representatives
from these three groups have the opportunity to blend the best
insights from each group. Cross-functional teams can review
the new product design and discuss the relevant issues. Can
existing preferred suppliers provide the components needed?
How many new suppliers are needed? What opportunities are
there to simplify the design and reduce the number of
suppliers? What happens if a supplier stops producing a certain
component? How can the assembly of the product be made
easier?

At the same time they are reviewing product designs, a cross-
functional team can evaluate existing preferred suppliers and



manufacturing facilities. What components can existing
suppliers provide? What are their service levels and technical
support capabilities? How large a workforce and what kind of
skills are needed to make the product? How much capacity is
needed, and which facilities should be used?

A product design that does a good job of coordinating the three
perspectives—design, procurement, and manufacturing—will
result in a product that can be supported by an efficient supply
chain. This will give the product a fast time to market and a
competitive cost.

Production Scheduling (Make)

Production scheduling allocates available capacity (equipment,
labor, and facilities) to the work that needs to be done. The goal
is to use available capacity in the most efficient and profitable
manner. The production scheduling operation is a process of
finding the right balance between several competing objectives:

High Utilization Rates—This often means long production
runs and centralized manufacturing and distribution centers.
The idea is to generate and benefit from economies of scale.
Low Inventory Levels—This usually means short production
runs and just-in-time delivery of raw materials. The idea is to



minimize the assets and cash tied up in inventory.
High Levels of Customer Service—Often requires high levels
of inventory or many short production runs. The aim is to
provide the customer with quick delivery of products and not
to run out of stock in any product.

When a single product is to be made in a dedicated facility,
scheduling means organizing operations as efficiently as
possible and running the facility at the level required to meet
demand for the product. When several different products are to
be made in a single facility or on a single assembly line, this is
more complex. Each product will need to be produced for some
period of time, and then time will be needed to switch over to
production of the next product.

The first step in scheduling a multi-product production facility
is to determine the economic lot size for the production runs of
each product. This is a calculation much like the economic
order quantity (EOQ) calculation used in the inventory control
process. The calculation of economic lot size involves balancing
the production setup costs for a product with the cost of
carrying that product in inventory. If setups are done
frequently and production runs are done in small batches, the
result will be low levels of inventory, but the production costs
will be higher due to increased setup activity. If production



costs are minimized by doing long production runs, then
inventory levels will be higher and product inventory carrying
costs will be higher.

Once production quantities have been determined, the second
step is to set the right sequence of production runs for each
product. The basic rule is that if inventory for a certain product
is low relative to its expected demand, then production of this
product should be scheduled ahead of other products that have
higher levels of inventory relative to their expected demand. A
common technique is to schedule production runs based on the
concept of a product's “run-out time.” The run-out time is the
number of days or weeks it would take to deplete the product
inventory on hand given its expected demand. The run-out time
calculation for a product is expressed as

where:

R = run-out time

P = number of units of product on hand

D = product demand in units for a day or week



The scheduling process is a repetitive process that begins with a
calculation of the run-out times for all products—their R-values.
The first production run is then scheduled for the product with
the lowest R-value. Assume that the economic lot size for that
product has been produced, and then recalculate all product R-
values. Again, select the product with the lowest R-value and
schedule its production run next. Assume the economic lot size
is produced for this product, and again recalculate all product
R-values. This scheduling process can be repeated as often as
necessary to create a production schedule going as far into the
future as needed.



 

TIPS & TECHNIQUES



Production scheduling is a constant balancing act between
utilization rates, inventory levels, and customer service



levels.

After scheduling is done, the resulting inventory should be
continuously checked against actual demand. Is inventory
building up too fast? Should the demand number be changed in
the calculation of run-out time? Reality rarely happens as
planned, so production schedules need to be constantly
adjusted.

Facility Management (Make)

All facility-management decisions happen within the
constraints set by decisions about facility locations. Location is
one of the five supply chain drivers discussed in Chapter 1. It is
usually quite expensive to shut down a facility or to build a new
one, so companies live with the consequences of decisions they
make about where to locate their facilities. Ongoing facility
management takes location as a given and focuses on how best
to use the capacity available. This involves making decisions in
three areas:

1. The role each facility will play
2. How capacity is allocated in each facility
3. The allocation of suppliers and markets to each facility



The role each facility will play involves decisions that
determine what activities will be performed in which facilities.
These decisions have a big impact on the flexibility of the
supply chain. They largely define the ways that the supply
chain can change its operations to meet changing market
demand. If a facility is designated to perform only a single
function or serve only a single market, it usually cannot be
easily shifted to perform a different function or serve a
different market if supply chain needs change.

How capacity is allocated in each facility is dictated by the role
the facility plays. Capacity allocation decisions result in the
equipment and labor that is employed at the facility. It is easier
to change capacity allocation decisions than to change location
decisions, but still it is not cost effective to make frequent
changes in allocation. So, once decided, capacity allocation
strongly influences supply chain performance and profitability.
Allocating too little capacity to a facility creates inability to
meet demand and loss of sales. Too much capacity in a facility
results in low utilization rates and higher supply chain costs.

The allocation of suppliers and markets to each facility is
influenced by the first two decisions. Depending on the role that
a facility plays and the capacity allocated to it, the facility will
require certain kinds of suppliers, and the products and



volumes that it can handle mean that it can support certain
types of markets. Decisions about the suppliers and markets to
allocate to a facility will affect the costs for transporting
supplies to the facility and transporting finished products from
the facility to customers. These decisions also affect the overall
supply chain's ability to meet market demands.

Order Management (Deliver)

Order management is the process of passing order information
from customers back through the supply chain from retailers to
distributors to service providers and producers. This process
also includes passing information about order delivery dates,
product substitutions, and back orders forward through the
supply chain to customers. This process has long relied on the
use of the telephone and paper documents such as purchase
orders, sales orders, change orders, pick tickets, packing lists,
and invoices.

A company generates a purchase order and calls a supplier to
fill the order. The supplier who gets the call either fills the order
from its own inventory or sources required products from
other suppliers. If the supplier fills the order from its inventory,
it turns the customer purchase order into a pick ticket, a
packing list, and an invoice. If products are sourced from other



suppliers, the original customer purchase order is turned into a
purchase order from the first supplier to the next supplier. That
supplier in turn will either fill the order from its inventory or
source products from other suppliers. The purchase order it
receives is again turned into documents such as pick tickets,
packing lists, and invoices. This process is repeated through the
length of the supply chain.



 

EXECUTIVE INSIGHT

A CIRCULAR AND SUSTAINABLE BIOFUEL SUPPLY CHAIN

The United Arab Emirates (UAE) presently has a
significant reliance on the oil and gas industries, which
generate sizable amounts of carbon dioxide and other
greenhouse gas emissions. However, the UAE is also
dedicated to the goal of being a global leader in
sustainable development, and promoting eco-friendly
products and technologies while protecting the
environment. Professor Yousef Abu Nahleh and a team
of students under his guidance at Higher Colleges of
Technology (https://hct.ac.ae/en/) are designing circular
and sustainable supply chains in support of these goals.

Dr. Yousef Abu Nahleh and a group of his students (Mouza
Alketbi, Nada Bushlaibi, Safeya Saeed, Afra Safar, and Fatima
Alshamsi) are focused on raising awareness among
individuals and organizations about the consequences of
transportation-related air pollution. The UAE Vision 2021
National Goal emphasizes the need for improving air quality
as part of the country's environmental program. A biodiesel

https://hct.ac.ae/en/


supply chain represents a significant opportunity to reduce
transportation-related air pollution.

To explore this idea, they built a supply chain model and
simulation to demonstrate how a biodiesel supply chain can
be created in the UAE. It will reinforce biodiesel production
in the UAE and reduce greenhouse gas emissions in the
transportation sector. They propose the biodiesel fuel
produced by this supply should be used to power the school
buses used by students in the UAE. This use of biofuel to
power school buses creates a circular supply chain starting
with household cooking oil used by families to cook their
meals and ending with fuel to transport the children of these
families to school.

The UAE's goal of sustainable economic development is
promoted by building a well-designed reverse logistics
supply chain that includes households and restaurants as
sources for obtaining used cooking oil (UCO) and designating
school buses as the end users of the biodiesel fuel produced.
This approach to recycling UCO not only addresses waste
management concerns; it also promotes the use of
renewable energy sources, reduces environmental impact,
and fosters a sense of environmental responsibility within
UAE society.



Moreover, this supply chain creates economic opportunities
and local employment through the establishment of
collection networks, transportation routes, and biodiesel
production facilities. By embracing the circular economy
principles, this approach minimizes waste generation,
maximizes resource efficiency, and fosters a sustainable and
resilient economy.

The proposed supply chain network consists of collection
bins for collecting used cooking oil (UCO), hub warehouses
for storing and managing UCO inventories, and a biodiesel
factory for converting UCO into biodiesel fuel. This
comprehensive approach promotes the use of biodiesel,
reduces greenhouse gas emissions, and emphasizes its
affordability and positive environmental impact.

UCO COLLECTION NETWORK

To develop an effective UCO collection network, the first step
is to find a cost-effective and sustainable approach. Based on
their studies, a centralized collection system, which requires
little management and has low operations and
transportation costs, was determined to be the best
approach. Another advantage of this approach is that
residents become more knowledgeable and motivated to



recycle. For these reasons, we decided to choose a
centralized approach.

An efficient network was designed for collecting UCO from
households using public UCO recycling bins placed
throughout the Dubai Emirate. The number and locations of
the bins are based on information shown in the table in
Figure 3.1 below. Data was used such as cooking oil
consumption rates per person, leftover oil, population
density, and the capacity of recycling containers. From
analysis, they estimated the total number of bins needed in
the Dubai Emirate to be about 2,960 containers in order to
satisfy the needs of a population estimated to be 3,355,900
people.

Due to Dubai consisting of nine districts, the decision was
made to create a hub for each district. Each hub has its own
network, and the hubs are connected into one network to
transport UCO easily from the district hubs to the biodiesel
producers.

The center-of-gravity method was used to locate the bins in
each district. Based on the locations of existing facilities and
the distribution of population density, this method uses a
mathematical model to determine the best site for a facility.



The coordinates (x, y) were based on the population density
and the concentration of population in each district. The W
variable was determined as the weight of the amount of
cooking oil consumed in each district.

x, y = coordinates of the bins

 = coordinates of the existing facilities (household

area)

 = weight of cooking oil consumed in each district

(population density)



FIGURE 3.1 UAE population density and cooking oil consumption data.

After calculation, we found the location of the new facility
(hub) of section one, where the UCO amount will be
collected to deliver to the producer location. After that, we
check the effectiveness of the location to become a place to
collect huge amounts of UCO.

MODELING THE UCO COLLECTION NETWORK

We created a model of the supply chain that supports the
collection of UCO. This model is composed of four different
supply chain entities: products, facilities, vehicles, and
routes. The four entities are described using a small number
of attributes that define their features.



Products: Used cooking oil (UCO) is the primary product in
our supply chain. All forms of cooking oils that have been
gathered for recycling fall under this category. The product
attributes contain details about this product such as name,
cost, weight, and size.

Facilities: The biodiesel supply chain includes several
different types of facilities. First, there are collection bins for
collecting UCO in every neighborhood in Dubai. The
households and restaurants in each neighborhood will
dispose of their UCO in the bin nearest to them. The bins
produce different amounts of UCO daily based on the
population density in their neighborhoods. Figure 3.2 shows
the locations of bins in one of the neighborhoods.

The neighborhoods correspond to the nine districts of the
Emirate of Dubai, and there is one hub warehouse in each
district where UCO is delivered from the bins and stored for
delivery to the biofuels factory. In the supply chain model,
there is only one container in the ninth district, the district
of Hatta, because there is very low population density in this
district. This is shown in Figure 3.3.

The UCO is collected weekly from the hub warehouses and
delivered to the biofuel factory, where the UCO undergoes a



series of treatments and conversion processes to transform
it into biodiesel fuel for use in vehicles with diesel engines.
This is shown in Figure 3.4.

FIGURE 3.2 Locations of UCO recycling containers and attribute values for a UCO
container.



FIGURE 3.3 Location of the district hubs that deliver UCO to the biofuel factory.

FIGURE 3.4 Attribute values for two of the UCO collection hubs.

Vehicles: There are 18 medium-sized trucks based at the
district hubs that collect the UCO product from



neighborhood bins and deliver it to the hubs. There are two
large trucks at the biodiesel factory that collect UCO from
the hubs and deliver it to the biofuel factory, which is
located in the Dubai Investment Park (DIP). This is shown in
Figure 3.5.

Routes: Each vehicle is assigned one delivery route that it
follows in order to move products between facilities from
bins to hubs and from hubs to biofuel factory. Vehicles that
collect UCO from bins are based at the hubs, and they have a
stop on their routes for each bin where they pick up UCO.
When these vehicles return to their hubs after traveling
their routes, the amount of UCO each one picks up is added
to the UCO amount on-hand at the hub where it is based.

Figure 3.6 shows an example of the truck from hub 3, which
collects the UCO from collection bins every few days and
brings it back to be stored in the warehouse of hub 3. Also
shown is information about the collection route the truck
follows and the amounts of UCO it picks up at each collection
bin.

SIMULATING THE UCO COLLECTION NETWORK

We created supply chain models that depict the UCO
collection networks related to hub 2, hub 3, and all hubs.



These models simulate operations by running for 14+ days.
The simulations for each model display the daily production
quantity, quantity on hand, carbon generated, and operation
cost of each bin in the networks for hub 2 and hub 3.
Similarly, the same details are provided for the all-hubs
network that delivers UCO to the biofuels factory. Figure 3.7
shows simulation results for hub 3, and Figure 3.8 shows
simulation results for the network of all hubs.

Simulation Results: The model of the UCO collection network
was run in simulations under different conditions and
assumptions about supply, demand, and prices for UCO. The
amount of UCO collected at each collection bin was
calculated each day. And the amounts of UCO collected from
the bins and transported to the hub warehouses was
calculated, along with the UCO amounts delivered from the
hubs to the biofuel factory. In addition, operating expenses
and performance statistics were calculated each day.



FIGURE 3.5 Attribute values and location of the biofuel factory.

FIGURE 3.6 Attributes for a medium truck and the route it travels to collect UCO
from bins.



FIGURE 3.7 Simulation results for hub 3.

FIGURE 3.8 Simulation results for the network of all hubs that deliver UCO to the
bio factory.

Figure 3.9 shows an example of this information. It shows
the amount of UCO on hand each day at one of the collection
bins and the daily amount delivered to the hub 3 warehouse.
Additionally, there is information about the hub 3 vehicles
and the bio factory vehicle associated with hub 3. It displays



the running cost of the vehicles, the total carbon generated,
and their destination.

Create Performance Reports from Simulation Data: We made
our simulations run for 14+ days, and the simulations
generated financial and performance data that were used to
create a simple profit & loss report plus KPIs (key
performance indicators). The reports measure the profit and
operating efficiency of the UCO collection network. This
provides an objective basis to compare different biodiesel
supply chain designs. The P&L report and KPIs help you
analyze supply chain performance and spot improvement
areas. Figure 3.10 shows a P&L report and KPIs for one of
the simulations.

AREAS FOR FURTHER INVESTIGATION

To further explore the design and operations scheduling of
this UCO collection network, the supply chain model can be
used to run simulations to find the most efficient types of
vehicles, the best route schedules, and product pickup
quantities. Different operating scenarios can be defined by
using different assumptions about UCO supply and demand
and the related operating costs and product prices.



Different assumptions can be made about the amounts of
UCO that are supplied by households and restaurants to the
collection bins and then delivered to the hubs and the
biofuel factory. Different assumptions can also be made
about the costs of operating the trucks and facilities in this
supply chain and about the selling price for UCO that is
delivered to the biofuel factory. Simulations using these
different assumptions will show the best supply chain
designs in order to minimize costs and determine if the UCO
recycling operation can make a profit, or at least cover its
costs.

FIGURE 3.9 Operating data generated by supply chain simulations.



FIGURE 3.10 All hubs monthly profit & loss report and KPIs.

CONCLUSION

The United Arab Emirates (UAE) aims to become a global
sustainability leader by prioritizing long-term economic
growth while protecting the environment. The creation of a
biodiesel supply chain that collects used cooking oil from
households and restaurants will support this goal. By
focusing on the collection and recycling of used cooking oil
from households and restaurants, the project addresses the
substantial role that they play in generating this waste and
shows how they can be part of solving this problem.
Improper disposal of used cooking oil can lead to
environmental pollution and clogged drainage systems,
causing detrimental impacts on both the local ecosystem and
public health. By developing an easy-to-use system for



collecting and recycling used cooking oils, the project aims
to mitigate these negative effects while raising awareness
about the importance and benefits of proper waste disposal.

One of the significant benefits of the biodiesel supply chain
project is the production of biodiesel itself. Biodiesel is a
renewable and cleaner-burning alternative to conventional
diesel fuel, contributing to reduced greenhouse gas
emissions and improved air quality. By utilizing used
cooking oil as a feedstock for biodiesel production, the
project helps in reducing the country's reliance on fossil
fuels and promotes the adoption of sustainable energy
sources. This not only aligns with global efforts to combat
climate change but also positions the UAE as an innovative
player in the renewable energy sector.

Furthermore, the project's emphasis on education and
awareness serves as a catalyst for behavior change among
UAE society. By educating individuals about the significance
of proper waste management and recycling, the project can
foster a culture of environmental responsibility within
communities. This in turn can lead to long-term sustainable
practices beyond the scope of the biodiesel supply chain,
impacting various aspects of waste management and
environmental conservation.



Dr. Yousef Abu Nahleh is an accomplished industrial
engineer with a PhD from Royal Melbourne Institute of
Technology (RMIT) University in Australia. He is currently
working at Higher Colleges of Technology (HCT) in the
United Arab Emirates. Yousef’s research interests include
operations management, quality control, and supply chain
management. During his PhD studies, he conducted research
in industrial engineering, making significant contributions
to the knowledge base of the field. (LinkedIn Profile:
https://www.linkedin.com/in/yousef-abu-nahleh-ph-d-
a119206b/)

In the last 20 years or so, supply chains have become noticeably
more complex than they previously were. Companies now deal
with multiple tiers of suppliers, outsourced service providers,
and distribution-channel partners. This complexity has evolved
in response to changes in the way products are sold, increased
customer service expectations, and the need to respond quickly
to new market demands.

The traditional order-management process has longer lead and
lag times built into it due to the slow movement of data back
and forth in the supply chain. This slow movement of data

https://www.linkedin.com/in/yousef-abu-nahleh-ph-d-a119206b/


works well enough in some simple supply chains, but in
complex supply chains, faster and more accurate movement of
data is necessary to achieve the responsiveness and efficiency
that is needed. Modern order management focuses on
techniques to enable faster and more accurate movement of
order-related data.

In addition, the order-management process needs to do
exception handling and provide people with ways to quickly
spot problems and give them the information they need to take
corrective action. This means the processing of routine orders
should be automated, and orders that require special handling
because of issues such as insufficient inventory, missed delivery
dates, or customer change requests need to be brought to the
attention of people who can handle these issues. Because of
these requirements, order management is beginning to overlap
and merge with a function called customer relationship
management (CRM) that is often thought of as a marketing and
sales function.

Because of supply chain complexity and changing market
demands, order management is a process that is evolving
rapidly. However, a handful of basic principles can be listed that
guide this operation:



Enter the Order Data Once and Only Once—Capture the data
electronically as close to its original source as possible and do
not manually reenter the data as it moves through the supply
chain. It is usually best if the customers themselves enter
their orders into an order-entry system. This system should
then transfer the relevant order data to other systems and
supply chain participants as needed for creation of purchase
orders, pick tickets, invoices, and so on.
Automate the Order Handling—Manual intervention should
be minimized for the routing and filling of routine orders.
Computer systems should send needed data to the
appropriate locations to fulfill routine orders. Exception
handling should identify orders with problems that require
people to get involved to fix them.
Make Order Status Visible to Customers and Service Agents—
Let customers track their orders through all the stages, from
entry of the order to delivery of the products. Customers
should be able to see order status on demand without having
to enlist the assistance of other people. When an order runs
into problems, bring the order to the attention of service
agents who can resolve the problems.
Integrate Order Management Systems with Other Related
Systems to Maintain Data Integrity—Order-entry systems
need product descriptive data and product prices to guide



the customer in making their choices. The systems that
maintain this product data should communicate with order-
management systems. Order data is needed by other systems
to update inventory status, calculate delivery schedules, and
generate invoices. Order data should automatically flow into
these systems in an accurate and timely manner.



 

TIPS & TECHNIQUES

Four Rules for Efficient Order Management



Delivery Scheduling (Deliver)



The delivery scheduling operation is of course strongly affected
by the decisions made concerning the modes of transportation
that will be used. The delivery-scheduling process works within
the constraints set by transportation decisions. For most modes
of transportation there are two types of delivery methods:
direct deliveries and milk run deliveries.

Direct Deliveries

Direct deliveries are deliveries made from one originating
location to one receiving location. With this method of delivery
the routing is simply a matter of selecting the shortest path
between the two locations. Scheduling this type of delivery
involves decisions about the quantity to deliver and the
frequency of deliveries to each location. The advantages of this
delivery method are found in the simplicity of operations and
delivery coordination. Since this method moves products
directly from the location where they are made or stored in
inventory to a location where the products will be used, it
eliminates any intermediate operations that combine different
smaller shipments into a single, combined larger shipment.

Direct deliveries are efficient if the receiving location generates
EOQs that are the same size as the shipment quantities needed
to make best use of the transportation mode being used. For



instance, if a receiving location gets deliveries by truck and its
EOQ is the same size as a truck load (TL), then the direct-
delivery method makes sense. If the EOQ does not equal TL
quantities, then this delivery method becomes less efficient.
Receiving expenses incurred at the receiving location are high
because this location must handle separate deliveries from the
different suppliers of all the products it needs.

Milk Run Deliveries

Milk run deliveries are either deliveries that are routed to bring
products from a single originating location to multiple receiving
locations or deliveries that bring products from multiple
originating locations to a single receiving location. Scheduling
milk run deliveries is a much more complex task than
scheduling direct deliveries. Decisions must be made about
delivery quantities of different products, about the frequency of
deliveries, and most importantly about the routing and
sequencing of pickups and deliveries.

The advantages of this method of delivery are in the fact that
more efficient use can be made of the mode of transportation
used and the cost of receiving deliveries is lower because
receiving locations get fewer and larger deliveries. If the EOQs
of different products needed by a receiving location are less



than truck load (LTL) amounts, milk run deliveries allow orders
for different products to be combined until the resulting
quantity equals a TL amount. If there are many receiving
locations that each need smaller amounts of products, they can
all be served by a single truck that starts its delivery route with
a TL amount of products.

There are two main techniques for routing milk run deliveries.
Each routing technique has its strengths and weaknesses, and
each technique is more or less effective depending on the
situation in which it is used and the accuracy of the data that is
available. Both of these techniques are supported by software
packages. The two techniques are:

1. The savings matrix technique
2. The generalized assignment technique

The savings matrix technique is the simpler of the two
techniques and can be used to assign customers to vehicles and
to design routes where there are delivery-time windows at
receiving locations and other constraints. The technique is
robust and can be modified to take into account many different
constraints. It provides a reasonably good routing solution that
can be put to practical use. Its weakness lies in the fact that it is
often possible to find more cost-effective solutions using the



generalized assignment technique. This technique is best used
when there are many different constraints that need to be
satisfied by the delivery schedule.

The generalized assignment technique is more sophisticated
and usually gives a better solution than the savings matrix
technique when there are no constraints on the delivery
schedule other than the carrying capacity of the delivery
vehicle. The disadvantage of this technique is that it has a
harder time generating good delivery schedules as more and
more constraints are included. This technique is best used
when the delivery constraints are limited to vehicle capacity or
to total travel time.

Delivery Sources

Deliveries can be made to customers from two sources:

1. Single-product locations
2. Distribution centers

Single-product locations are facilities such as factories or
warehouses where a single product or a narrow range of
related items are available for shipment. These facilities are
appropriate when there is a predictable and high level of
demand for the products they offer and where shipments will



be made only to customer locations that can receive the
products in large, bulk amounts. They offer great economies of
scale when used effectively.

Distribution centers are facilities where bulk shipments of
products arrive from single-product locations. When suppliers
are located a long distance away from customers, the use of a
distribution center provides for economies of scale in long-
distance transportation to bring large amounts of products to a
location close to the final customers.

The distribution center may warehouse inventory for future
shipment, or it may be used primarily for crossdocking.
Crossdocking is a technique pioneered by Walmart where
truckload shipments of single products arrive and are
unloaded. At the same time these trucks are being unloaded,
their bulk shipments are being broken down into smaller lots
and combined with small lots of other products and loaded
right back onto other trucks. These trucks then deliver the
products to their final locations.

Distribution centers that use crossdocking provide several
benefits. The first is that product flows faster in the supply
chain since little inventory is held in storage. The second is that
there is less handling expense since product does not have to be



put away and then retrieved later from storage. The benefits of
crossdocking can be realized when there are large predictable
product volumes and when economies of scale can be had on
both the inbound and outbound transportation. However,
crossdocking is a demanding technique and it requires a
considerable degree of coordination between inbound and
outbound shipments.

Transporting and delivering goods is expensive, so capabilities
in this area are closely aligned with the actual needs of the
market that the supply chain serves. Highly responsive supply
chains usually have high transport and delivery costs because
their customers expect quick delivery. This results in many
small shipments of product. Less-responsive supply chains can
aggregate orders over a period of time and make fewer and
larger shipments. This results in more economies of scale and
lower transport costs.

Return Processing (Deliver)

This process is also known as “reverse logistics.” All supply
chains have to deal with returns. This is often a difficult and
inefficient process and in the Supply-Chain Council's supply
chain operations reference (SCOR) model a whole category of
activities has been devoted to this process. End customers,



retailers, distributors, and manufacturers all return products
under certain circumstances. The most common circumstances
are: the wrong products were delivered; the products that were
delivered were damaged in transit or were defective from the
factory; and more product was delivered than was needed by
the customer. All of these circumstances arise from supply
chain inefficiencies that created the need to return products.

Companies and supply chains as a whole need to keep track of
the kinds of returns that happen, their frequency, and if the
return rates are rising or falling. Return processing should be
efficient, yet at the same time remember that if other supply
chain activities are managed effectively, there will not be the
need for a lot of return processing. Optimizing the return
process can become an exercise in improving the efficiency of a
process that should not be happening in the first place. If return
rates are increasing, it is far more effective to find and fix the
sources of the problems that make returns necessary.

One area where returns are a value-added activity for the
entire supply chain is where product recycling comes into play.
In this area returns happen at the end of the product life cycle
as the end user sends the product back to the manufacturer or
some other organization that will either reuse or safely dispose
of the product. As environmental awareness spreads and



companies and governments adopt green policies and
regulations, there will be a steadily growing volume of
recycling activity. And recycling companies will emerge to
handle this activity not as return processing but instead as a
sourcing activity. This will be the way they acquire their raw
materials.



 

EXECUTIVE INSIGHT

Disaster Response Supply Chains Face Unique Challenges

Disaster response supply chains face most of the same
challenges as commercial supply chains, and they also face
two additional challenges:

1. High levels of unpredictability: Commercial supply chains
are based on planning and predictability, but because
disasters are not planned, disaster response supply chains
must operate in highly unpredictable environments.

1. Ad hoc organization: Disaster response supply chains do
not exist before a disaster occurs, so they are assembled
quickly when needed, and ways must be found to
coordinate these supply chains where there are often no
clear lines of authority among the many different
participants involved.

High levels of unpredictability require disaster response
(DR) supply chains to be able to handle much higher levels
of uncertainty than what is encountered in commercial



supply chains. DR supply chains must operate efficiently, yet
inventory and transportation management cannot be
handled the same way it is in commercial supply chains. DR
supply chains must keep higher on-hand inventory levels
than a commercial supply chain in order to ensure supplies
are ready on short notice. And DR supply chains must
suddenly transport large amounts of products to locations
that cannot be determined beforehand, so transport
operations and procedures will be different from those in
commercial supply chains.

The ad hoc organization of DR supply chains is one of their
defining characteristics. In commercial supply chains the
various parties have time to select whom they will partner
with, negotiate their issues, and define service-level
agreements and prices. This is not possible in DR supply
chains. DR supply chains form up in response to specific
disasters and configure themselves to meet the unique needs
of that disaster. DR supply chains are assembled from
different government agencies, nongovernmental
organizations (NGOs), military organizations, and
commercial businesses. Effective coordination among these
different organizations under conditions of stress and
uncertainty combined with time pressure to act quickly in
disaster situations is a challenge.



SUPPLY CHAINS FOR UNPREDICTABLE ENVIRONMENTS

We can think of the disaster response life-cycle as having
three phases: pre-disaster, disaster response, and recovery
and reconstruction. Improved performance in the pre-
disaster phase will produce better results in the response
and reconstruction phases. And since one of the few
predictable things about disasters is that they will happen,
there is value to be found in work done in the pre-disaster
phase. That work is largely related to activities in the areas
of planning and sourcing (as described in Chapter 2).

Simplified demand forecasting can be employed to identify
areas of the world where certain kinds of disasters are most
likely to occur (earthquakes, fires, floods, hurricanes, etc.).
We can use population numbers in those areas to estimate
demand for disaster response supplies such as food,
medicine, and shelter. But it is not possible to do the kind of
detailed and accurate demand forecasting and inventory
planning done in more predictable commercial supply
chains.

Based on forecasts for different parts of the world, it is
possible to prevent and mitigate some of the effects of a
disaster. Facilities can be designated where disaster supplies
are stockpiled in anticipation of future use, and sourcing



decisions can be made for selecting suppliers to deliver the
products to these locations. In this way the DR supply chain
is provided with “surge capacity”—the ability to respond
quickly to unplanned events with enough supplies to meet
the demand.

Yet inventory management practices will be different from
commercial supply chains. Inventory will not turn as
quickly. It will hardly move at all, and then suddenly it will
move in a rush. Purchases from suppliers will not be steady
and predictable, so previously selected suppliers may not
always be able to deliver more of their products in the large
quantities that can suddenly be requested. And the need to
find many new suppliers often complicates sourcing
procedures in a DR supply chain.

Hand in hand with this type of planning there should also be
training exercises where staff from different organizations
learn to work together in ad hoc supply chains. Based on
forecasts and planning, training can take the form of highly
realistic and interactive exercises that are done in person
and online. People can learn to collaborate under tight time
constraints and reach consensus and take action to solve
problems as they arise. Then when real disasters happen,
people collaborate just as they did in their training exercises.



TRAINING AND COORDINATION IN AD HOC SUPPLY CHAINS

Participants in DR supply chains need training in how to
operate in environments where authority is decentralized.
Attempts to apply traditional methods of centralized
command and control in DR supply chains often break down
because different organizations in the supply chain often
have different understandings of the disaster situation, so
they have different ideas about what should be done. And
since these organizations are not bound by previously
negotiated contracts or service-level agreements, as would
be the case in commercial supply chains, they resist being
ordered about by others.

The problem is compounded by the fact that different
organizations also use different technologies ranging from
sophisticated, custom-built hardware and software to simple
off-the-shelf technology such as mobile phones and laptops
running email and spreadsheets, so information sharing
between organizations is difficult, and communication is
slow. And when unexpected events happen during disaster
response missions (as they always do) that creates further
strains on the ability of DR supply chains to respond
effectively and keep up with rapidly changing situations.



What is needed is a way for all participants in a DR supply
chain to have a common big-picture understanding of the
disaster situation as events unfold. This means all
participants need to easily share and view relevant data,
and that data has to be combined and presented in a
coherent and quickly understandable manner. If data is
presented as columns of numbers and jumbles of words and
charts, it will not be useful.

These needs can be met with a cloud-based training and
collaboration platform that supports thousands of
simultaneous users and is accessible over the Internet using
common consumer technology (PCs, laptops, smartphones).
Such a platform could support the mass collaboration
between participants in DR supply chains. This platform can
use application program interfaces (APIs) to connect to and
exchange data with the different ERP and logistics systems
used by supply chain participants. It would be a central
point for information displays and data interchange. It
would use constantly updated map displays to organize the
data so people could clearly see what is happening as it
happens (see more about this in Chapter 7). This is
illustrated in Exhibit 3.1.



Maps provide an easy-to-understand context within which
to organize many different streams of data and enable
people to get a coherent big-picture view of events without
being overwhelmed by a flood of details. People can zoom in
on particular points of interest in the supply chain and
switch to satellite photos or topographical maps to learn
more about areas of interest. They can call up greater levels
of detailed information for those particular points of
interest.

Commercial off-the-shelf technology can be used to create an
online training and collaboration platform like this. Major
components of this platform already exist. Mapping
applications such as Apple Maps, Google Maps, or
OpenStreetMaps can be combined with other useful
applications such as inventory management, GPS tracking,
instant messaging, and videoconferencing. All these
applications are cloud-based and they have APIs already
built in to facilitate linking them together.



EXHIBIT 3.1

CLOUD-BASED TRAINING AND COLLABORATION PLATFORM

Such a platform would enable people to use accurate and
timely data to create models of DR supply chains and run
simulations to explore how different courses of action would
play out. These simulations can train people in what works
best for given situations and also drive supply chain
operating decisions by showing what supply chain designs
work best and identifying areas for improvement.

Supply chain simulations also provide engaging and realistic
training for a wide audience of people. They learn to work
collaboratively to design and operate effective supply chains
and respond in a coordinated manner when unexpected



events happen. This training promotes development of
situational awareness for people and organizations working
in real-world DR supply chains. (See Exhibit 3.2.)

EXHIBIT 3.2

MAPS AND SATELLITE PICTURES PROVIDE ORGANIZING CONTEXT

FOR REAL-TIME DATA

When supply chain plans are put into operation, this
platform becomes the place where daily operating data is
collected and displayed for all to see. As the DR mission
progresses, supply chain plans are continually simulated



and updated as called for to respond to new developments
and get the operating results needed.

MISSION AND OPERATIONS PLANNING (M&OP)

This ongoing process of monitoring situations and updating
supply chain plans needs a guiding framework. A concise
and easily understandable framework can guide
collaboration between supply chain participants by giving it
a structure and sequence that keeps people focused on
important tasks and timely action.

To provide this framework, there is an opportunity to adopt
and modify a best practice widely used in commercial
supply chains. In commercial supply chains this process
facilitates ongoing collaboration between people in different
areas of a company such as sales, marketing, finance,
procurement, and logistics. It is known as sales and
operations planning (S&OP), and companies use this process
to produce rolling 30-day supply chain operating plans (see
more about S&OP in Chapter 6). A streamlined version of
this process can guide mass collaboration between
participants in disaster response supply chains. It is called
mission and operations planning (M&OP) and is illustrated
in Exhibit 3.3.



For disaster response missions there is some central person
or authority who is (at least theoretically) responsible for
overall success of the mission. But that person cannot simply
issue orders and expect to be obeyed because ad hoc supply
chains do not work that way. So M&OP guides a
collaborative process involving all the participants in the
supply chain. In the first step the central authority puts forth
the mission orders, also known as the concept of operations
(CONOPS). The CONOPS defines where supplies for the
mission will come from, what facilities will be set up in the
disaster area, and what kinds of people and products will be
needed at each facility.



EXHIBIT 3.3

FIVE-STEP MISSION AND OPERATIONS PLANNING PROCESS

Then demand planning can be done for each facility based
on the numbers of people affected in a disaster and the
resulting demand for products at each facility. Next, plans
can be made for how to use available vehicles to transport
products from stockpiling locations to meet demand at
facilities in the disaster area. These demand plans and
supply plans provide information about products, facilities,
vehicles, and delivery routes needed to create accurate
models of proposed supply chains. Running those models in
simulations shows where problems will occur and provides



information to fix those problems and improve operating
efficiency. It is far better to find and fix problems in
simulations before they occur in the real world.

At the end of this five-step M&OP process, the supply chain
models (plans) that work best in the simulations are the
ones to put into action because they are also the ones most
likely to work well in the real world. When everyone can see
what works best, consensus emerges quickly, and actions
taken are more effective.

This is how ad hoc supply chains achieve and sustain high
levels of performance in unpredictable environments
without needing centralized command and control.

This executive insight article is based on research by Dr.
Dennis Duke on the use of supply chain simulations for
training, and on work by Michael Hugos with the Global
Logistics Cluster of the World Food Program. The World
Food Program provided historical data to model and
simulate the supply chain they created to respond to the
Nepal earthquake in the spring of 2015. An online case study
was created to be used for individual training or
collaborative online training exercises among multiple
organizations (see more at the SCM Globe website, “Nepal



Earthquake Disaster Response Supply Chain,”
https://www.scmglobe.com/nepal-earthquake-disaster-
response-supply-chain-2015/).

Dr. Dennis Duke (dduke@fit.edu) is an adjunct professor at
the Florida Institute of Technology’s Graduate School of
Business. He consults on military and disaster response
supply chains and was a senior defense logistics analyst for
27 years with the US Navy.

Michael Hugos (mhugos@scmglobe.com) is a cofounder of
SCM Globe and author of Essentials of Supply Chain
Management. He speaks, writes and consults on supply
chains and was chief information officer for six years at a
global distribution and supply chain services company.

Supply Chain Operations Can Be
Outsourced

After reading about the 11 basic supply chain operations in this
chapter and the previous one, which of these operations are
done by in-house staff in your company? How many of these
operations are core competencies? How many of these

https://www.scmglobe.com/nepal-earthquake-disaster-response-supply-chain-2015/
mailto:dduke@fit.edu
mailto:mhugos@scmglobe.com


operations bring money into your company, and how many of
them consume money?

The relentless pressure on profit margins that free markets
create is a driving force behind the growth of outsourcing.
What may be considered as overhead for company A may be a
service that company B can offer and make a profit doing so.
Company B may be able to offer this service for a price lower
than it costs company A to do it in house. Company A is going to
consider outsourcing.

The traditional participants in supply chains are producers,
logistics providers, distributors, and retailers. How many of the
10 supply chain operations can be called core competencies of
any of these organizations? There are some operations such as
credit and collections, product design, and order management
that may not be a core competency of any of the traditional
participants. This creates opportunities for new service
providers to take on these operations and offer them to the
other supply chain participants. All 10 of these operations need
to be done for the supply chain as a whole, but they do not all
need to be done by any single company, and indeed they cannot
all be done well by any single company.



The other force that drives outsourcing is the growing
sophistication of the markets that supply chains serve. Gone are
the days when Ford Motor Company could run a vertically
integrated company that did everything from mine iron ore to
produce steel to design and build automobiles. That structure
was only possible because the markets it served were content to
buy mass quantities of standard products. As Henry Ford said
when asked about what colors his customers could choose
from, “They can have any color they want as long as it's black.”
Markets today demand and pay for all sorts of innovations,
customized features, and services. This creates complexity in
the supply chain, and participants who specialize in certain
areas bring the expertise and efficiencies that are required to
manage this complexity.



 

EXECUTIVE INSIGHT

A collaborative supply chain can enable a group of
smaller companies to better compete with their larger
industry rivals. There are tangible benefits generated by
collaboration and also obstacles to overcome before the
benefits can be achieved. Joel Sutherland, when he was
managing director at the Center for Value Chain
Research at Lehigh University
(http://www.lehigh.edu/cvcr), led a supply chain
collaboration project called “The Confection
Connection.” Here are the results they achieved.

Candymaker Just Born, Inc. may not be a household name,
but their products are known around the world. Located in
Bethlehem, Pennsylvania, Just Born was founded in 1923
and is now the eighth-largest confectioner in the United
States. The company's most famous brands include
marshmallow Peeps, Mike and Ike, Hot Tamales, and Peanut
Chews.

http://www.lehigh.edu/cvcr


The candy is manufactured in Bethlehem and then is
shipped from there to a nearby distribution center (DC) run
by OHL, a global 3PL (third-party logistics) services provider.
From the DC, product ships out to customers nationwide, in
either less-than-truckload (LTL) or truckload (TL) shipments.
Just Born serves LTL customers via distribution centers
known as “pool points.” There, 3PL providers break down
truckloads into smaller shipments for delivery. Full
truckloads, meanwhile, move directly from the DC to
customers' facilities.

In 2007, Just Born began a major reengineering of its supply
chain network. To design the optimal network Just Born
decided to seek help from outside the company, and they
opted to work with researchers at the Center for Value Chain
Research (CVCR) at Lehigh University, also located in
Bethlehem. The researchers at CVCR built a mathematical
model for optimizing the company's distribution network.

PROJECT RESULTS

The model's objective is to minimize the manufacturer's
average transportation cost. This includes line-haul costs for
truckloads to pool points and direct customers as well as the
per-pound cost to ship to LTL customers. The model is
capable of deciding, for a representative period of time,



which of the 28 available pool points should be used and
how much volume each pool point should handle. The
model also indicates which customers should be served by
direct truckload and which by LTL and how truckload
shipments should be scheduled throughout the network. The
researchers aggregated Just Born's customers to the three-
digit ZIP (postal code) level and excluded customers that
typically receive small or infrequent shipments. The
resulting dataset modeled roughly 85 percent of the
manufacturer's average weekly volume.

The model revealed that Just Born's existing network was
too costly and not as efficient as it could be. For example,
there were too many pool points—the optimal number
turned out to be 22, rather than 28, locations. But the
researchers found that the shipper had some leeway in that
regard; it could still achieve near-optimal results with
anywhere from 20 to 24 pool points (Exhibit 3.4).



EXHIBIT 3.4

COST VS. NUMBER OF POOL POINTS USED

NEXT STEP—COLLABORATION

Just Born is now increasing the amount of freight shipped
out of this DC by including other confectionery shippers to
form a collaboration of like shippers delivering product to
like customers. This collaborative arrangement is known as
the “Confection Connection.” It is estimated that this new
solution will save the collaborating companies
approximately 25 percent of their total transportation costs
per year, as shown in Exhibit 3.5.

The concept of freight consolidation is not new, but it is
tricky for companies to grasp when they are being asked to
partner with competitors in a collaborative way. Yet for



smaller confectioneries such as Just Born, which are
competing with giants such as Mars, Nestle, and Hershey,
collaborating is a way to achieve the critical mass to
compete more effectively with these larger companies.
Working with competitors makes sense, especially when
their deliveries are going to the same retailers that prefer to
have fewer trucks pulling in and out of their own
distribution centers.

EXHIBIT 3.5

ESTIMATED COMBINED FREIGHT SPEND SAVINGS IS 25 PERCENT

And partnering helps candymakers create ideal truckloads.
For instance, Just Born makes huge shipments of
marshmallow Peeps around holiday periods, but they are so
light it is better to package them in trucks with heavier



freight, achieving an optimal weight-to-cube ratio. Shipping
heavy products alone may cause a shipment to hit limits on
shipping weight before the entire shipping volume of a truck
has been filled. By mixing heavier products with lighter
products, the entire shipping volume of a truck or any
vehicle can be used and filled with products.

COLLABORATION VALUE ADD

Collaborative transportation management (CTM)
demonstrates that opportunities to add value increase as
multiple shipper networks are integrated, connecting a
broader sphere of shippers, receivers, and carriers and
enabling enhanced opportunities for communication and
improved execution. Central to the effort to connect a
network of collaborating parties is the development of a
common information hub. In general, the level of
information sharing increases with the level of
collaboration. Exhibit 3.6 portrays the extension of value
contribution as the collaborative network expands and
information sharing increases.

KEY ENABLERS AND ROADBLOCKS TO COLLABORATION

In order for collaborative initiatives to succeed, key enablers
must be in place. These enablers support best practices in



critical activity areas and help overcome the roadblocks to
success that inevitably surround collaboration.

There are a number of key enablers that are equally
important. Successful collaboration is a function of how well
people work together both internally and with collaboration
partners. The following enablers are related to the human
side of CTM:

EXHIBIT 3.6

VALUE CONTRIBUTION AS THE COLLABORATIVE NETWORK

EXPANDS



1. Common interest: All parties need to have a stake in the
collaboration's outcome to ensure their ongoing
commitment.

1. Openness: For a relationship to work, the partners must
openly discuss their practices and processes. Sometimes
this means sharing information traditionally considered
proprietary (though adherence to antitrust guidelines
remains prerequisite).

1. Recognizing who and what is important: Not all
prospective collaborators and supply chain activities are
created equal. Choose those that will deliver the greatest
benefits.

1. Clear expectations: All parties need to understand what
is expected of them and others in the relationship.

1. Leadership: Without a champion to move collaboration
forward, nothing significant will ever be accomplished.

1. Cooperation, not punishment: When things go wrong in
a relationship, punitive actions seldom make them better.
The right approach is to solve the problem jointly.



1. Trust: This basic human quality must be evident
throughout the organization—at every management level
and functional area.

1. Benefit sharing: In a true relationship, the partners need
to share both the pain and the gain. Use of a shared
modular supply chain scorecard can help.

1. Advanced IT: IT is essential to enabling collaborative
relations across the supply chain. Communication and
process automation achieved through IT enables CTM by
facilitating real-time, accurate data transfer.

In addition to enablers, firms seeking to implement CTM
should recognize and avoid roadblocks to CTM success.
Many of these roadblocks stem from behaviors, attitudes,
and practices associated with traditional business
operations. The following list summarizes primary potential
roadblocks to successful collaboration, as identified at
Lehigh University's Center for Value Chain Research.

1. Control and trust: How is knowledge shared in such
relationships? Who owns and controls the intellectual
property gained in such relationships and how is this
shared?



1. Sharing of proprietary information: How is information
protected from getting into the hands of competitors?

1. Ethical issues: The very nature of collaborative
relationships has not yet been clearly ironed out.

1. Integration of systems and technology: When sharing
information and integrating systems, each company
within the relationship must have accurate data to share.

1. Going global: Due to the size and scope of many
businesses today, the complexity of global collaboration is
something that has not yet been fully understood.

1. Measuring and documenting benefits: While there are a
number of different metrics in use today, there is no easy
way to document total CTM benefits.

1. Structure: Establishing effective and implementable
standards will be needed before such relationships can be
successful and sustainable.

SUMMARY

Collaboration is not meant for every situation. That is,
collaborative efforts must result in gains for everyone
involved. If outcomes involve only one party gaining and the



winner's gains are not shared to offset the losses of others,
the collaboration should not be pursued. Therefore, no
single party can merely consider what it stands to gain from
the effort. The initiative must represent a collective win.

The final requirement is ability. Having good opportunities
and good intentions will get you only so far. The partners
must individually and collectively have the skills and
information capabilities to seize the opportunities.
Management and analytical skills are necessary for finding
the value and selling the prospects with internal and
external parties.

While outside parties such as 3PL providers are not required
of CTM, they can serve as facilitators of communication or
execution. This is particularly true when potential for gains
is found among trading partners, but capabilities are
lacking. The presence of an unbiased, capable intermediary
can sometimes make collaboration possible when it might
not exist otherwise.

Joel Sutherland is professor of practice—supply chain
management at the University of San Diego (San Diego,
California). He is also president at Envoy, Inc., a supply chain
consulting company he founded in 1994. He has more than



30 years’ experience as a supply chain professional working
for manufacturers, wholesale distributors, and third-party
service providers and is a frequent speaker at supply chain
conferences (https://www.linkedin.com/in/joellsutherland/).

https://www.linkedin.com/in/joellsutherland/


Chapter Summary

The make category includes the operations required to develop
and build the products and services that a supply chain
provides. Operations that are in this category are product
design, production management, and facility and management.
The deliver category of operations encompasses the activities
that are part of receiving customer orders and delivering
products to customers. The two main operations are order
entry/fulfillment and product delivery. These two operations
constitute the core connections between companies in a supply
chain. The third operation in this category is return processing.
This activity happens when customers need to return a product
for any reason.

The relentless pressure on profit margins that free markets
create is a driving force behind the growth of outsourcing.
What may be considered as overhead for company A may be a
service that company B can offer and make a profit doing so.
Company B may be able to offer this service for a price lower
than it costs company A to do it in house. In that case, company
A is going to consider outsourcing.



CHAPTER 4 
New Technology Changes How
Work Is Done

AFTER READING THIS CHAPTER YOU WILL BE ABLE TO:

Assess the technology that is available to support and
enable effective supply chain operations;
Appreciate new technology trends and the business
capabilities that they will enable;
Better understand how to apply this technology to your
own supply chain operations.

New Technology Is Changing Supply Chain
Operations

Information technology is merging with traditional
technologies used to run supply chains. Traditional



technologies such as machines that make products in factories,
forklift trucks that move products within warehouses, and
vehicles that deliver products to customers are all taking on
new capabilities as they are enhanced with information
technology. Many of the tasks involved in moving products
from one location to another remain the same, but the ways in
which these tasks are performed and managed are changing in
a big way.

Robots and smart machines are changing the way factories and
warehouses operate. Factories once needed people standing
alongside assembly lines to perform work such as welding,
cutting, fastening, and parts assembly. Programmable robots
can now do those jobs. Warehouses once needed people to put
away products and to pick, pack, and ship products. Those jobs
can increasingly be done by robots and driverless vehicles.

Routine and repetitive tasks involved in the making, storing,
and moving of products are rapidly being automated. And that
is making supply chains capable of performance levels that
were once impossible. Logistics and supply chain operations
are becoming competitive advantages for companies that figure
out how to employ new technology to give themselves
capabilities to deliver services that customers value and will
pay for. Amazon.com is an example of a company using its

http://amazon.com/


supply chain services as a way to compete with and
differentiate itself from other retailers. And in doing so, it is
changing the way retailing is done.

Most readers of this book do not need to understand the details
and inner workings of the technologies that drive robots,
drones, and automated factories. But every reader does need to
understand some basic concepts that apply to using this
technology effectively. Let's start with a few definitions. First
we'll look at four key components of information technology.
Then we'll identify some new technologies that are emerging as
information technology blends with traditional supply chain
technology. And finally we'll look at some organizing principles
to help us gain perspective on this technology and see how it
can be used.

Key Components of Information
Technology

Basic familiarity with key components of information
technology is needed in order to function in business and
understand how we can use this technology in supply chains.
We will look at four key components:

1. Cloud computing



2. Data transmission (EDI and XML)
3. Databases and business analytics
4. Application systems

Cloud Computing

A combination of technologies creates cloud computing. Since
the turn of this century, several different but related kinds of
information technology have been evolving rapidly, and they
are now combining to make it possible to deliver computing
resources on demand to companies and individuals almost
anywhere in the world. The combination of technologies, such
as the Internet, web browsers, server virtualization, and open
source software, produces a whole new set of possibilities for
delivering computing resources.

The term “cloud computing” is now used to describe the result
of combining these technologies. IT vendors are offering
combinations of these technologies to companies that want to
outsource some or all of their traditional IT operations such as
running data centers and operating traditional application
packages, such as ERP, CRM, and other business applications.

The exact definition of cloud computing is still evolving. Cloud
computing is both a model for delivery of business-computing



services and a method for managing and operating computing
hardware and software infrastructure. Different IT vendors put
their own spin on their definitions, but they share more
commonality in their definitions than differences. A search on
Google and the Oxford Languages dictionary provides a
definition of cloud computing as “the practice of using a
network of remote servers hosted on the internet to store,
manage, and process data, rather than a local server or a
personal computer.”

There are three characteristics that everyone accepts when it
comes to describing cloud computing. Everyone agrees that
cloud computing has the characteristics of:

1. Practically unlimited computing resources—Resources such as
computing power, data storage space, and additional user
sign-on IDs for applications are available on demand, and
this enables a high degree of agility and scalability in
meeting evolving business needs.

2. No long-term commitments—Computing resources are
immediately available, and they may be used as long as
needed and then retired because they are acquired on a
month-to-month or even a minute-to-minute basis.

3. Pay-as-you-go cost structure—Because there are no long-term
commitments, the cost of cloud computing resources is a



variable cost, not a fixed cost; cost fluctuates depending on
the amount of usage.

Cloud computing providers utilize rapidly evolving technologies
to deliver computing power to their customers at lower and
lower price points. As they serve larger and larger numbers of
online customers, cloud computing providers reap the rewards
of larger and larger economies of scale and can continue to
lower their prices to attract even more customers. Individuals
and whole companies now need to own little more than laptops
and smartphones since the rest of the information technology
they need can be rented from cloud service and software
application providers on a pay-as-you-go basis. Cloud
computing is the key component that is driving the
development of all the other information technology
components because it is the medium that makes the other
components accessible and affordable to customers.

Data Transmission (EDI and XML)

Electronic data interchange (EDI) is a technology that was
developed to transmit common types of data between
companies that do business with each other. Large companies
in the manufacturing, automobile, and transportation
industries first deployed it in the 1980s. It was built to automate



back-office transactions such as the sending and receiving of
purchase orders (known as an “850” transaction), invoices (an
“810”), advance shipment notices (an “856”), and backorder
status (an “855”), to name just a few. It originally was built to
run on big mainframe computers using value-added networks
(VANs) to connect with other trading partners. That technology
was expensive.

Many companies have large existing investments in EDI
systems and find that it is very cost effective to continue using
these systems to communicate with other businesses. Standard
EDI datasets have been defined for a large number of business
transactions, and companies can decide which datasets they
will use and which parts of those datasets they will use. EDI
systems can now run on any type of computer from mainframe
to PC and can use the Internet for data communications as well
as VANs. Costs for EDI technology have come down
considerably.

XML (eXtensible Markup Language) is a technology that is
being developed to transmit data in flexible formats between
computers and between computers and humans. Where EDI
uses rigid, predefined datasets to send data back and forth, XML
is extensible and, once certain standards have been agreed
upon, XML can also be used to communicate a wide range of



different kinds of data and related processing instructions
between different computer systems. XML can also be used to
communicate between computers and humans because it can
drive user interfaces such as web browsers and respond to
human input. Unlike EDI, the exact data transactions and
processing sequences do not have to be previously defined
when using XML. There are many evolving XML standards in
different industries.

In the near term, XML and EDI are merging into hybrid systems
that are evolving to meet the needs of companies in different
supply chains. It is not cost effective for companies with
existing EDI systems that are working well enough to replace
them with newer XML systems all at once. So XML extensions
are being grafted onto EDI systems. Software is available to
quickly translate EDI data to XML and then back to EDI. Service
providers are now offering Internet-based EDI to smaller
suppliers that do business with large EDI-using customers.

In the longer term, EDI will be wholly consumed by XML as
XML standards are agreed upon and continue to spread. As
these standards spread, they will enable very flexible
communications between companies in a supply chain. XML
will allow communication that is more spontaneous and free
form, like any human language. This kind of communication



will drive networks of computers and people interacting with
other computers and other people. The purpose of these
networks will be to coordinate supply operations between
companies on a daily basis.

Databases and Business Analytics

A database is an organized grouping of data that is stored in an
electronic format. There are many ways to store and organize
data in a database, and the most common method uses what is
called relational database technology. Relational databases store
related groups of data in individual tables and provide for
retrieval of data with the use of a standard language called
Structured Query Language (SQL).

A database is a model of the business processes for which it
collects and stores data. The model is defined by the level of
detail in the data it collects. The design of every database has to
strike a balance between highly aggregate data at one extreme
and highly detailed data at the other extreme. This balance is
arrived at by weighing the needs and budget of a business
against the increasing cost associated with collecting more and
more detailed data. The balance is reflected in what is called
the data model of the database.



As events occur in a business process, there are database
transactions. The data model of the database determines which
transactions can be recorded since the database cannot record
transactions that are either more detailed or more aggregated
than what is provided for in the data model. These transactions
can be recorded as soon as they happen. That is called real-time
updating. Or transactions may be captured and recorded in
batches that happen on a periodic basis. That is called batch
updating.

Databases with business analytics and reporting capabilities
provide for the different data retrieval needs of the people who
use them. People doing different jobs will want different
combinations of data from the databases they use. These
different combinations are called views. Views can be created
and made available to people who need them to do their jobs.
For instance, consider a database that contains sales history for
a range of different products sold to a range of different
customers. A customer view of this data might show a customer
the different products and quantities she purchased over a
period of time and show detail of the purchases at each
customer location. A manufacturer view of this data might
show all the customers who bought the manufacturer's
products over a given period of time and show detail for the
products that each customer bought.



Application Systems

Different supply chain application systems are created by
combining processing logic to manipulate and display data with
the technology required to capture, communicate, store, and
retrieve that data. The way an application system manipulates
and displays the data that flows through it is determined by the
specific business operations that the application is designed to
support. Chopra and Meindl (Chopra, Sunil, and Peter Meindl,
2015, Supply Chain, 6th edition, Upper Saddle River, NJ:
Prentice-Hall, Inc.) define several kinds of systems that support
supply chain operations:

Enterprise resource planning (ERP);
Procurement systems;
Advanced planning and scheduling;
Transportation planning and content systems;
Demand planning;
Customer relation management (CRM) and sales force
automation (SFA);
Supply chain management (SCM);
Inventory management;
Manufacturing execution system (MES);
Transportation scheduling system; and
Warehouse management system (WMS).



Enterprise Resource Planning (ERP)

Enterprise resource planning (ERP) systems gather data from
across multiple functions in a company. ERP systems monitor
orders, production schedules, raw material purchases, and
finished goods inventory. They support a process-oriented view
of business that cuts across different functional departments.
For instance, an ERP system can view the entire order
fulfillment process and track an order from the procurement of
material to fill the order to delivery of the finished product to
the customer.

ERP systems come in modules that can be installed on their
own or in combination with other modules. There are usually
modules for finance, procurement, manufacturing, order
fulfillment, human resources, and logistics. The focus of these
modules is primarily on carrying out and monitoring daily
transactions. ERP systems often lack the analytical capabilities
needed to investigate and optimize the efficiency of the
transactions they handle.

Procurement Systems

Procurement systems focus on the procurement activities that
take place between a company and its suppliers. The purpose of



these systems is to streamline the procurement process and
make it more efficient. Such systems typically replace supplier
catalogs with a product database that contains all the needed
information about the products a company buys. These systems
also keep track of part numbers, prices, purchasing histories,
and supplier performance.

Procurement systems allow people to compare the price and
performance capabilities of different suppliers. This way the
best suppliers are identified so that relationships can be
established with these suppliers and prices negotiated. Then the
routine transactions that occur in the purchasing process can
be largely automated.

Advanced Planning and Scheduling

Advanced planning and scheduling (APS) systems are highly
analytical applications whose purpose is to assess plant
capacity, material availability, and customer demand. These
systems then produce schedules for what to make in which
plant and at what time. APS systems base their calculations on
the input of transaction-level data that is extracted from ERP or
legacy transaction processing systems. They use linear
programming techniques and other sophisticated algorithms to
create their recommended schedules.



Transportation Planning Systems

Transportation planning systems are systems that calculate
what quantity of materials should be brought to what locations
at what times. The systems enable people to compare different
modes of transportation, different routes, and different
carriers. Transportation plans are then created using these
systems. The software for these systems is sold by system
vendors. Other providers known as content vendors provide
the data that is needed by these systems, such as mileage, fuel
costs, and shipping tariffs.

Demand Planning

These systems use special techniques and algorithms to help a
company forecast their demand. These systems take historical
sales data and information about planned promotions and
other events that can affect customer demand such as
seasonality and market trends. They use this data to create
models that help predict future sales.

Another feature that is often associated with demand planning
systems is revenue management. This feature lets a company
experiment with different price mixes for its different products
in light of the predicted demand. The idea is to find a mix of



products and prices that maximizes total revenue to the
company. Companies in the travel industry such as airlines,
rental car agencies, and hotels are already using revenue
management techniques. These techniques will spread to other
industries in the form of surge pricing and other techniques to
determine prices on a moment-by-moment basis.

Customer Relationship Management (CRM) and Sales
Force Automation (SFA)

Systems of this type automate many of the tasks related to
servicing existing customers and finding new customers. CRM
systems track buying patterns and histories of customers. They
consolidate a company's customer-related data in a single place
where it is quickly accessible by customer service and
salespeople who use the data to better respond to customer
requests.

SFA systems allow a company to better coordinate and monitor
the activities of its sales force. These systems automate many of
the tasks related to scheduling sales calls and follow-up visits
and preparing quotes and proposals for customers and
prospects.

Supply Chain Management (SCM)



SCM systems are suites of different supply chain applications
such as those described here that are tightly integrated with
each other. An SCM system could be an integrated suite that
contains advanced planning and scheduling, transportation
planning, demand planning, and inventory planning
applications. SCM systems rely on ERP or other relevant
systems to provide them with data to support the analysis and
planning that they do. These systems have analytical
capabilities to support strategic and tactical decision-making.

Inventory Management Systems

These systems support the activities described in Chapter 2 that
are part of inventory management. These are activities such as
tracking historical demand patterns for products, monitoring
inventory levels for different products, and calculating
economic order quantities and the levels of safety inventory
that should be held for each product. Companies use these
systems to find the right balance between the cost of carrying
lots of inventory and the cost of running out of inventory and
losing sales revenue because of that.

Manufacturing Execution Systems (MES)



The MES focus is on carrying out the production activities in a
factory. This kind of system is less analytical than an advanced
planning and scheduling system. It produces short-term
production schedules and allocates raw materials and
production resources within a single factory. MES is similar in
its operational focus to an ERP system, and frequently MES
software is produced by ERP software vendors.

Transportation Scheduling Systems

Systems in this category are similar to ERP and MES
applications in that they are less analytical and more focused
on daily operational issues. A transportation scheduling system
produces short-term transportation and delivery schedules that
are used by a company.

Warehouse Management Systems (WMS)

These systems support daily warehouse operations. They
provide capabilities to efficiently run the ongoing operations of
a warehouse. These systems keep track of inventory levels and
stocking locations within a warehouse. They support the
activities needed to pick, pack, and ship products to fill
customer orders.



New Supply Chain Technology

The demands of our global economy are forcing companies and
entire supply chains to adopt more flexible and responsive
modes of operation. The interdependence of companies and
economies and the rapid and often unexpected pace of events
in business call for responses from companies that need to be
faster and more well-thought-out than what was required in the
past.

In order to rise to this challenge, companies must find ways to
leverage the supply chain systems described earlier that they
already have or are currently installing. And they need to find
ways to combine these systems with new technologies that
emerge when information technology merges with traditional
technology.

There are six technologies in particular being used to
complement traditional supply chain systems. These
technologies do not replace traditional systems. In fact they
require that there be an existing infrastructure of systems to
provide the foundation on which they can be installed.

The combination of existing information technology and new
supply chain technology results in companies acquiring



capabilities to increase the speed and accuracy of their supply
chain operations. Companies can now handle increased
volumes of products in their supply chains, and they can do so
while moving those products more quickly and with lower
error rates. Companies have greater ability to manage daily
operations and respond faster to changes. Seven technologies
driving new changes in supply chains are:

1. Industrial robots;
2. Drones and driverless vehicles;
3. Artificial intelligence (AI);
4. Internet of Things (IoT) and big data;
5. Real-time product information;
6. 3D printing and additive manufacturing; and
7. Simulation modeling.

Industrial Robots



An industrial robot is a manipulator designed to move
materials, parts, and tools and perform a variety of
programmed tasks in manufacturing and production
settings. Industrial robots are reshaping the manufacturing
industry. They are often used to perform duties that are
dangerous or unsuitable for human workers. (RobotWorx,
“What Is an Industrial Robot?,” 
https://www.robots.com/faq/show/what-is-an-industrial-
robot.)

Robots in industry have been around since the 1960s. But now
they are reaching a level of sophistication and affordability that
causes their use to spread quickly. It is not just large companies
using robots anymore. Companies of all sizes are or soon will be
using robots in their manufacturing and warehousing
operations.

Robots can be connected together in cells to complete complex
manufacturing tasks, and they can be used in warehouses to
travel back and forth to storage racks to put away products and
pick products for shipping. Robots within a facility all
communicate with a central system that programs them and
schedules their activities. And most robots also have their own
local intelligence so they can manage their activities as they do
the tasks scheduled for them. For instance, robots assembling

https://www.robots.com/faq/show/what-is-an-industrial-robot


parts in a factory have sensors to detect the different parts they
need and guide their actions. Robots putting away or retrieving
products in a warehouse have sensors to alert them of people
or obstacles in their path so they do not crash into them.

Drones and Driverless Vehicles

Essentially, a drone is a flying robot. The aircrafts may be
remotely controlled or can fly autonomously through
software-controlled flight plans in their embedded systems
working in conjunction with onboard sensors and GPS.
(TechTarget, “IoT Agenda, Drone,”
http://internetofthingsagenda.techtarget.com/definition/dron
e.)

The flying robots often get lots of attention, but a drone is a
drone whether it flies, walks, drives, floats, or swims. A drone is
essentially any driverless vehicle that is remotely controlled or
can operate autonomously.

Different kinds of drones can be assigned to move products in
different parts of a supply chain. For instance, factories can
send large driverless trucks loaded with products to
warehouses, and warehouses can send aerial drones or small
driverless vans to deliver products to individual customer

http://internetofthingsagenda.techtarget.com/definition/drone


offices or houses. And these drones can all be connected to
central systems that program them and schedule their
activities.

Artificial Intelligence (AI)

In general use, the term “artificial intelligence” means a
program that mimics human cognition. At least some of the
things we associate with other minds, such as learning and
problem solving, can be done by computers, though not in
the same way as we do. Andreas Kaplan and Michael
Haenlein define AI as a system's ability to correctly interpret
external data, to learn from such data, and to use those
learnings to achieve specific goals and tasks through flexible
adaptation. (Wikipedia, 2023,
https://simple.wikipedia.org/wiki/Artificial_intelligence.)

AI is also referred to as machine learning. With the advent of
large language models (LLMs), AI capabilities have become
significantly more powerful. AI can do things such as find
patterns in masses of data, understand and mimic human
speech to converse with humans, write reports, generate
pictures and videos, and recommend courses of action to deal
with specific situations. As AI technology merges with
mechanical technology, the result is driverless vehicles that can

https://simple.wikipedia.org/wiki/Artificial_intelligence


steer themselves from one destination to another, robots that
can do complex tasks once only possible for humans to do, and
machines that learn from experience and keep improving their
own performance.



 

EXECUTIVE INSIGHT

THE TRANSFORMATIVE POWER OF AI IN SUPPLY CHAIN

MANAGEMENT

Artificial Intelligence (AI) in supply chain management
builds on a rich history, dating back to the 1950s when
the idea of AI started taking shape, and Alan Turing
introduced the Turing Test as a way to measure machine
intelligence. Today, with the advent of powerful large
language models (LLMs) such as Chat-GPT, AI has gained
even more attention.

The modern supply chain is a complex system influenced by
numerous internal and external factors, generating vast
amounts of data that continue to grow exponentially.
However, human capabilities to analyze and process this
data quickly and effectively are limited, creating an
opportunity for AI to intervene and optimize supply chain
operations. Most commercial supply chain management
application vendors will soon deliver integrated artificial
intelligence (AI) as part of their application.

AI IN SUPPLY CHAIN: FROM DATA TO ACTION



Three areas of supply chain management are presently
undergoing changes driven by the introduction of AI:

1. Demand forecasting and inventory management;

1. Route optimization; and

1. Warehouse operations.

Demand forecasting: AI has revolutionized product
demand forecasting and inventory management, addressing
the challenges organizations face in predicting future
demand accurately. Traditional forecasting methods rely on
limited data sources, such as sales history, which often fail to
reflect actual demand accurately. AI algorithms, on the other
hand, can analyze vast amounts of data, whether structured
or unstructured, including complex historical patterns,
market trends, and external factors such as weather,
political and military events, and social media sentiments.
This comprehensive analysis enables more accurate demand
forecasts, which helps protect companies against
unexpected spikes or drops in demand.

Such scalability of AI proves particularly powerful for large-
scale supply chains, as evidenced by a case study from Remi
AI, where one of the world's largest beverage manufacturers



achieved an average forecast accuracy improvement of 9%.
For billion-dollar companies, such an increase in accuracy
translates into substantial savings worth millions of dollars.

Route optimization: In today's climate-conscious and fast-
paced delivery landscape, route optimization is vital for
transportation and logistics. AI revolutionizes route
optimization by dynamically determining the most efficient
delivery routes, considering real-time traffic data, weather
conditions, and road incidents. Machine learning algorithms
use historical delivery data to learn and predict optimal
routes, continually adapting to changing conditions and
improving efficiency. AI also optimizes vehicle load,
considering package sizes, weight restrictions, and delivery
priorities, maximizing resource utilization. Furthermore, AI
enables dynamic routing and rescheduling, adapting to
unforeseen delays in real-time, and ensuring efficient
allocation of resources. Notable examples include the Google
Cloud Fleet Routing API, which utilizes AI to solve routing
problems, predict ETAs (estimated times of arrival)
accurately, and reoptimize plans adapting to changes.

Warehouse operations: The integration of AI and robotics
has transformed traditional warehouses into highly efficient
operations. Undoubtedly, you've come across captivating



videos on the Internet showcasing near-autonomous
warehouses with agile robots moving seamlessly and
computer vision systems accurately and rapidly scanning
and then categorizing cases or parcels moving in different
lines to fulfill specific orders.

Consider the Sparrow intelligent arm robot by Amazon. This
robot can handle items with millions of different sizes and
shapes before they are packaged. This would not be possible
without AI and deep learning for computer vision
particularly. Through sophisticated analysis, the robot can
meticulously examine each item, allowing it to adjust
pressure and maintain precise control, ensuring successful
manipulation.

AI's influence on supply chain management is ever-
expanding. AI will play key roles in quality management,
predictive maintenance, risk management, supplier
relationship management, sustainability, and the list goes
on. As we explore the impact of AI on supply chain
management, it's essential to understand the challenges that
come with its implementation. Successfully adopting AI-
driven solutions and unlocking its full potential requires
addressing many issues; we will delve into some of them in
the next section.



CHALLENGES TO AI IMPLEMENTATION

Data quality: The pillar of AI success is the quality of the
data it uses. Have you heard of “garbage in, garbage out”?
Inaccurate or outdated data can lead to flawed predictions
and decision-making, squandering the true potential of AI.
Unfortunately, according to a recent IBM survey, 73 percent
of business executives are unhappy with data quality. To
mitigate this challenge, companies need to invest in robust
data governance practices, data validation, and regular
audits to ensure accurate, secure, and relevant data. Also,
specialized teams have to work closely with AI systems in
the first stage of their deployments to measure their
performance and adjust what's wrong with the inputs
accordingly.

Trust issue: While AI displays an impressive ability to
analyze huge amounts of data, companies often hesitate to
grant AI full decision-making authority. This reluctance is
understandable, as sophisticated AI models utilizing deep
learning and neural networks often operate as black boxes.
As a result, stakeholders are unable to fully comprehend the
decision-making process behind the AI system, which raises
concerns about transparency and interpretability. AI can
also exhibit behavior where it quotes nonexistent sources of
information that it has simply made up or makes



recommendations that are absurd or even dangerous. This
AI behavior is known as “hallucinating.”

The lack of transparency and concern about hallucinations
becomes especially important as companies push to
integrate multiple independent AI solutions and benefit
from the efficiencies and cost savings AI can provide. To
reap the full benefits of AI, companies must grant AI a large
amount of autonomy throughout the supply chain. Breaking
down barriers between departments and companies within
the supply chain will allow for the creation of a
comprehensive AI system that can access a wealth of real-
time data.

This holistic approach ensures that decisions are made
based on information beyond what traditional operations
and management teams can observe or consider. This use of
enormous amounts of real-time data enables supply chains
to become more resilient because AI can respond quickly,
taking decisions in real time, and only escalating the most
critical decisions to human managers. To help human
managers take these kinds of decisions, companies can then
use explainable AI models that prioritize explainability
during the AI model's development phase. However, a trade-
off has to be made between explainability and performance,



and how companies make that trade-off will have important
consequences.

FUTURE OF AI IN SUPPLY CHAINS

AI's transformative impact on supply chain management is
self-evident; it will enable optimizing operations and
decision-making in unprecedented ways. From demand
forecasting to warehouse automation, AI-driven solutions
will revolutionize the logistics and supply chain industry.

Embracing AI's potential while maintaining effective human
involvement will be the key to success, enabling
organizations to navigate challenges and seize opportunities
in the ever-evolving landscape of supply chain management.
Challenges such as data quality and trust in AI decision-
making must be addressed to fully unlock its benefits. There
are many who talk about job replacement caused by AI, but
the future of AI in supply chain management is distinctly
focused on fostering collaboration and generating new job
opportunities, rather than displacing human workers. For
instance, in demand and inventory planning, AI systems can
autonomously forecast demand and process orders, but
human intervention is crucial when an exceptional context
shift happens (i.e. something unexpected happens).



This collaborative human-machine approach enables teams
of people to leverage AI's capabilities and real-time decision
making while still applying their human expertise to address
unique scenarios and unexpected circumstances (and the
unexpected is becoming more common, so human judgment
is more important than ever).

Mohammed Boualam, an industrial engineer, embarked on
his supply chain journey in 2020, earning his undergraduate
degree from the Ecole Nationale Supérieure des Mines de
Rabat in Morocco. Since then, he has worked in supply chain
analysis, planning, forecasting, and logistics project
management. His current focus is on integrating IT into the
supply chain. Beyond his work, Mohammed passionately
writes about supply chain innovation, sustainability, and
technology, dedicated to driving positive industry change
(https://www.linkedin.com/in/mohammed-boualam/).

Internet of Things (IoT) and Big Data

The interconnection via the Internet of computing devices
embedded in everyday objects, enabling them to send and
receive data. (Google online dictionary definition from
Google search on “Internet of Things”)

https://www.linkedin.com/in/mohammed-boualam/


The IoT is all about the sending and receiving of data to support
the relentlessly growing need for accurate, real-time
information to improve supply chain operations. Supply chains
are under a lot of pressure to get better, faster, and more
efficient, and all of that requires more data.

Extremely large datasets that may be analyzed
computationally to reveal patterns, trends, and associations,
especially relating to human behavior and interactions.
(Google online dictionary definition from Google search on
“big data”)

Concurrent with the spread of IoT is the enormous rise in the
volume of data being generated and transmitted by supply
chain operations. This data can be captured and stored in
central databases that enable AI applications to analyze the
data, looking for patterns and trends and ways to improve
supply chain operations (see the case study at the end of this
chapter titled “Harnessing Supply Chain Big Data”).

The trend toward tagging and tracking products as they travel
through a supply chain started in the 1960s when companies
began using printed bar codes and bar code scanners. Then
around the turn of this century, radio frequency identification
(RFID) tags were introduced because they could contain and



transmit more information than bar codes. And now
miniaturization of computer technology makes it possible to
put powerful computers and transmitters and receivers on
microchips and embed those chips in just about any product
you can think of. So this IoT enables an exponential increase in
the amount of data available (“big data”) to support supply
chain operations.

Real-Time Product Information

IoT generates a massive amount of real-time big data, and the
volume will continue to grow. But in order to be useful, this
data must be organized in a way that makes it understandable.
Information about products needs to be organized so that
billions of customers and companies around the world can do
business with each other. And this data organization starts at
the most basic level with an identification protocol to label each
individual product that flows through any supply chain.
Product information is composed of descriptive data about the
product itself plus tracking data that traces the movement of a
product through the supply chain.

It makes sense for there to be a single worldwide standard for
this information so people all over the world in different
companies and countries can read the data easily and not have



to translate it from one standard to another. At present there is
one global organization that is setting standards for product
information. This organization is called GS1 (www.gs1.org) and
it is a combination of two previous organizations, the Uniform
Code Council and EAN International. The Uniform Code Council
was the originator of the Universal Product Code (UPC) number.
EAN International created the European Article Number (EAN).

The two item-numbering schemes—UPC and EAN—were
combined in 1997, and from 2005 onward all participants in a
supply chain should be able to handle product identification
data that is in the combined format. This is referred to as the
“14-digit UPC” in North America or the “13-digit EAN plus check
digit” in Europe. The GS1 organization also introduced a new
term for these item-numbering schemes, Global Trade Item
Number (GTIN), which refers to the fact that there is now just
one unified 14-digit numbering scheme.

The GTIN is a part of a global item-numbering scheme called
the Electronic Product Code (EPC) that GS1 has introduced. The
EPC consists of four components or data fields. Those
components are: (1) a version code that tells what version of
EPC is being used, (2) a manager code that tells what
organization created the EPC number, (3) an object class that
defines the type of item or service that makes up the product,

http://www.gs1.org/


and (4) a serial number that identifies a specific individual
instance of the item or service. The GTIN already contains data
for the manager code and the object class so you can think of
EPC as a GTIN (a UPC or EAN) with a serial number attached.
Companies can register with GS1 and they will be assigned a
manager code for their organization. Then they can begin using
the EPC standards to label their products.

The EPCglobal Network is a system designed by GS1 that
enables companies to find out what kind of item an EPC
number refers to and get more information about that specific
item such as its manufacture date and its movement history
through a supply chain. This is a real-time data exchange
process enabled by IoT technology and organized by use of EPC
numbers and standards. Exhibit 4.1 shows how this process
works.



EXHIBIT 4.1

EPCGLOBAL NETWORK

The EPCglobal Network and its various subsystems are still
works in progress. The ultimate goal is that any company
anywhere in the world can read an EPC number and instantly



access information describing the specific item and its supply
chain movement history. This is not yet a reality. It will take a
lot of work for manufacturers to register their EPC numbers
with the EPCglobal Network and keep them constantly up to
date. And it will take work for logistics and distribution
companies to register with GS1 and record their data that tracks
product movements. Also, EPC standards must keep pace with
global developments and changing needs in different regions of
the world and in different industries.

3D Printing and Additive Manufacturing

3D printing, also known as additive manufacturing (AM),
refers to processes used to create a three-dimensional object
in which layers of material are formed under computer
control to create an object. (Wikipedia, “3D Printing,”
https://en.wikipedia.org/wiki/3D_printing . )

It is now possible to manufacture some products on demand by
creating them from simple feedstock such as plastic pellets or
powdered metal. Inventory managers do not have to try to
predict demand and carry stock for a bunch of different
products if all of them can be created on demand by machines
using a common feedstock.

https://en.wikipedia.org/wiki/3D_printing


Additive manufacturing technology is able to make products
ranging from parts for cars and jet airplanes to furniture and
household utensils. Supply chains that can employ additive
manufacturing have the opportunity to generate significant
improvements in inventory management and reduce their costs
of moving and carrying inventory. They can also increase their
customer service levels because they are less likely to run out of
the products that customers want when they can manufacture
those products on demand from a common bulk commodity
that is more easily kept in stock.

Simulation Modeling

Simulation modeling is the process of creating and
analyzing a digital prototype of a physical model to predict
its performance in the real world. Simulation modeling is
used to help designers and engineers understand whether,
under what conditions, and in which ways a part could fail
and what loads it can withstand. (Wikipedia, “Simulation
Modeling,”
https://en.wikipedia.org/wiki/Simulation_modeling . )

Because of the fast pace of change in supply chains, companies
are faced with the need to make important decisions more
often, and these decisions have significant consequences for

https://en.wikipedia.org/wiki/Simulation_modeling


company operations and profitability. Companies are faced
with decisions such as where to build a new factory or
distribution center and what is the best way to lay out and
equip a new facility. Simulation modeling software allows
people to create models of things such as a factory or a delivery
vehicle or a whole supply chain network.

Then people can subject their models to different inputs and
different situations to observe what happens. A design that may
seem good on paper could very well turn out to have problems
that are not apparent until the design is modeled and its
performance is simulated under a range of different conditions.
It is much faster and cheaper to find this out through
simulations than to find out the hard way by experience in the
real world.

Companies can use data from databases attached to their ERP
or SCM or other applications to create models of their supply
chains. Then they can simulate operations of existing or
proposed new supply chains under different business
conditions. They can experiment with new ways to design or
reorganize their supply chains as business conditions evolve. By
using simulations, companies can make better decisions more
quickly. And when new supply chains are put in place there is
much less risk because the designs that are selected are already



tested and shown to be the ones that offer the best performance
and are least likely to have serious problems.



 

EXECUTIVE INSIGHT

Supply chain decisions are more vital than ever before
and also more complex than ever before. How will
companies address these challenges? One way is through
the use of software and techniques for supply network
design and simulation modeling. Tolga Yanasik and
Thibault Quiviger specialize in the use of these tools, and
they describe some situations and the benefits they were
able to deliver.

Consider the task faced by a large steelmaker that is creating
its five-year investment plan. It must decide where to invest,
which factories to revamp, and what production capacity to
reduce in its 27 plants in Europe. Its product portfolio is
made of 16,000 different products, and many of them are
processed on different production lines in different
countries. The team in charge of this process is also
concerned with the effect of different price policies
contemplated for the different product and how this could
modify their investment plan.



Or consider a carmaker that is going to reengineer its global
supply chain operations to build a competitive advantage
against its competitors. The questions that both of these
companies must answer are similar, such as:

Which product must be built on demand, and which must
be built on stock?

Where to locate the different distribution centers?

How much stock will be necessary to guarantee 95
percent service level to every customer with a delivery
lead time of X days?

Out of the total supply chain inventory, how much will be
safety stock?

In another case, a company or port authority is planning to
build a new container terminal. And it must decide about
the new layout of the terminal, the number of cranes, the
size of the parking lot for the waiting trucks, the number
and location of weigh bridges, and, most important, the
number and layout of the customs gates it must negotiate
with the country's government.



Simulation modeling can be used to answer the questions in
all three of these situations. We will illustrate some tools and
methodologies that can be used by companies to make
rational decisions about their production and distribution
strategies. We will address three different levels of planning:
strategic, tactical, and operational. The difference between
each level is the time horizon that drives different decision
processes. For our discussion we will define these time
horizons as follows:

Strategic: 1 to 5 years, depending on the industry
dynamics
Tactical: 1 month to 1 year
Operational: 1 day to 1 month

STRATEGIC SUPPLY CHAIN DESIGN

The purpose of strategic design is to minimize the total cost
of the supply chain under capacity constraints. Using
network design tools and quantitative methodologies,
people can answer the following questions:

Which product must be produced in which unit?
Where should I build a new DC?
Where to locate the inventories and how much to
guarantee a certain service level?



What is the most carbon-efficient network?
Is it better to build on demand or to build on stock?
What is the impact of adding a new product in my supply
chain?
What if I reduce my product portfolio complexity in terms
of total cost, customer service, and inventory level across
the supply chain?
At which stage of the supply chain should I hold safety
stock? What about sharing this cost with my suppliers and
customers and optimizing the overall inventory level?

Simulation software packages allow people to build a
mathematical model representing the current and potential
supply chain with all its products, production sites, and
distribution sites that are relevant for the decision-making
process. People can define the constraints on the supply
chain (target service levels, maximum capacity of each
plant, transport options, etc.) and quantify these constraints.
Costs can then be entered into the model and used to help
answer design questions. Exhibit 4.2 shows the
interrelationships between the physical and operating policy
variables that must be modeled.



EXHIBIT 4.2

PHYSICAL AND BEHAVIORAL POLICIES

In this model, physical facilities and operating policies are
put in place to tackle different problems such as:

Factory production scheduling in the face of shifting
product demand;
Managing production lead times that are longer than
committed product delivery lead times to end customers;
and
Coping with supply uncertainty and demand uncertainty.



For example, management of inventories to cope with
demand uncertainty (also known as safety stocks) is
complex because every stage in the supply chain usually
builds up its own safety stock to guarantee a given service
level. It can be mathematically demonstrated that this
approach is not optimal and tends to build up too much
inventory in the supply chain. One can show in simulations
that it is possible to reduce the overall value of safety stock
in the chain while increasing the service level to the supply
chain end customers.

The further downstream in a supply chain, the higher is the
value of the inventory and safety stock. And the more
upstream safety stock is accumulated, the lower the value of
these stocks. Yet safety stock held closer to the end customer
guarantees a higher service level. The challenge is to find the
optimal locations and quantities of different products and
components to hold in the supply chain so as to guarantee
target service level for the end customer and also minimize
value of safety stocks. In many cases, simulations show how
to reduce safety stocks by 30 percent or more while
increasing service levels by 10 to 20 percent. Simulation
shows this performance is achieved by reducing the safety
stocks in the intermediate stages of the supply chain while



increasing them in the final stage of the supply chain so as to
increase service levels for the end customer.

USE OF SIMULATION FOR TACTICAL PLANNING

In tactical supply chain planning, uncertainty is mainly
driven by demand uncertainty, but there may be other
sources of uncertainty—process times, availability of
equipment, complex interactions between workflows
sharing limited resources (people, equipment, loading docks,
etc.)—making it hard to precisely know the overall system
capacity. In these conditions, simulation can be of great help.

Simulators help managers to measure the consequences of
these different sources of uncertainty in the supply chain
operation. Let's consider here the example of a container
terminal in Turkey. Container shipping business is booming
in Turkey; a company is expanding its container terminal
close to Istanbul in order to follow up the container market
demand. This company is already running another car
export business, cars from the Renault Plant located close to
the port, and an import of steel slab for a neighboring plant.
Exhibit 4.3 shows a proposed layout for the facility. The
proposed layout is overlaid on a Google Earth picture of the
existing facility.



EXHIBIT 4.3

PROPOSED FACILITY LAYOUT

Simulation is a powerful tool to study facility operations and
workflows in scenarios of high variability. Logistics is very
much subject to this variability because of the interactions
between these workflows, which often cannot be controlled.
When considering the different product flows, capacity
computation is not simple because different product flows
share some common resources (roads, custom tolls, weigh
bridges); arrival of trucks is not constant, neither during the



day nor during the week; weighing time and custom control
times vary greatly; and boat arrival times are unstable
because of the crossing of the Bosporus, where many boats
are lined up and waiting.

Using simulation, it was possible to verify:

The current layout proposed was not optimal and could
not absorb peak traffic.
No new investment was required; changing the layout to
make it more flexible was enough to absorb the different
traffic peaks.
Investment saved versus contemplated countermeasures:
$4M.

USE OF SIMULATION IN WAREHOUSE OPERATIONS

Very similar to manufacturing plants, simulation offers
many benefits to warehouses. With the aid of simulation,
logistics engineers can calculate how a new picking or
replenishment strategy will affect the service levels or the
utilization of lift trucks. Since logistics operations are
exposed to more variation than factory production
operations, it's crucial to monitor the behavior of these
operations during extreme situations.



Simulation is a highly useful tool for calculating the effect of
possible variations. It enables engineers to pinpoint zones of
congestion and improve the layout of warehouses to
respond to this congestion. Three-dimensional (3D)
simulation is especially important when designing and
installing automation systems such as conveyors, sorters, or
palletizers in a warehouse. (See Exhibit 4.4.)

EXHIBIT 4.4

THREE-DIMENSIONAL WAREHOUSE SIMULATION

CONCLUSION



We have shown different techniques and uses of simulation
to optimize supply chain investments and operations. We
looked first at the strategic level because that's where the big
money and big savings are to be found. Often, supply chain
managers are stuck in day-to-day operations and tend to
start from their daily experiences and try to extrapolate
supply chain strategies. The difficulty of this approach lies in
managers becoming focused on incremental changes to
existing ways of working and failing to see the larger picture
and failing to try new ideas. Supply chains must be tailored
to fit business strategy, not the other way around.
Simulations of supply chain design and operations enable
people to break out of preconceived ideas and try new
approaches. Continuous simulation to find new ways to
structure and operate supply chains is vital for companies
that wish to keep up with the rapid rates of change in the
global economy.

Tolga Yanasik is a principal in the supply chain engineering
firm of Dijitalis in Istanbul, Turkey. He specializes in the
creation of simulation models for analysis of supply chain
operations and optimization tools for efficient planning on
projects such as the ones shown in this article
(https://www.linkedin.com/in/tolgayanasik/).

https://www.linkedin.com/in/tolgayanasik/


Thibault Quiviger is an assistant professor at Université de
Technologie de Compiègne, where he teaches the use of
mathematical methods for simulation modeling and analysis
of supply chain networks
(https://www.linkedin.com/in/thibaultquiviger/).

Impact on Supply Chain Operations

Although each of these new technologies is interesting and
useful all by themselves, their true potential is realized when
they are used in conjunction with each other. Just as Walmart
designed its supply chain based on the combination of four
complementary logistics practices (see Chapter 1, Executive
Insight, on page 18), companies once again have an opportunity
to design extraordinary supply chains based on combinations
of these new technologies.

Combinations of industrial robots are being used to create
highly automated factories. Such factories can quickly speed up
and slow down their production rates depending on customer
demand, and they can also switch from making one kind of
product to a different kind of product very quickly. Combine
industrial robots and additive manufacturing technology, and

https://www.linkedin.com/in/thibaultquiviger/


you have factories with a flexibility and productive capacity
that was not possible until now.

Different kinds of driverless vehicles and robots can be used to
create highly automated warehouses and distribution centers.
Large driverless trucks can move products in bulk from
automated factories to the warehouses. Then smaller vehicles
such as aerial drones and driverless vans can deliver products
from the warehouses to individual customer offices or homes.

IoT technology provides a constant flow of real-time product
data, and companies can use EPC protocols to organize this data
and make sense of it. Companies can quickly detect changing
demand for different products, and using automated factories
and additive manufacturing technology, they can increase or
decrease production to match customer demands. They can
continuously reconfigure their supply chains as needed by
running simulations of different supply chain designs and
selecting the ones that work best.

Just as Walmart once rose to dominate its markets through the
development of a new kind of highly efficient supply chain,
there are opportunities again for companies and alliances of
companies to collaborate and create a new breed of supply
chains that will be a key factor in achieving new levels of



supply chain productivity. Companies such as Amazon.com are
delivering new levels of supply chain performance that are
once again changing how supply chains and the industries they
support can operate. The potential of these new supply chains is
further explored in Chapters 7 and 10 of this book.

Combining New Technologies for Agile
Supply Chains

Information technology is merging with traditional
technologies used in manufacturing and supply chain
operations. Traditional technologies such as machines that
make products in factories, forklift trucks that move products
within warehouses, and vehicles that deliver products to
customers are all taking on new capabilities as they merge with
information technology. Activities involved in moving physical
products from one location to another remain the same, but the
ways in which these activities can be planned and carried out
are changing in a big way.

To create a big-picture context for thinking about this, let's
revisit our previous example of Fantastic Corporation. They
make a fantastic home entertainment system, and sales are
growing nicely. They import component parts from suppliers in

http://amazon.com/


Asia and do assembly and distribution in the United States and
Canada. The company's supply chain in North America is
shown below (Figure 4.5). In Tacoma (1) there is some light
assembly work, and in Los Angeles (2) further manufacturing
and final assembly is done to create finished products. Products
are then delivered to stores on the West Coast from their
distribution center, which is attached to the factory in Los
Angeles. They also ship finished products to another
distribution center in Chicago (3), where products are delivered
to stores in the central and eastern parts of North America.

As they grow their business they are looking for ways to
improve productivity in their supply chain and handle
increasing volumes of products. Supply chains are about
managing the flow of products to meet demand and respond to
changing market conditions. Fantastic Corporation is looking
for ways to use new technologies in their supply chain to
increase product flow and improve timeliness and accuracy of
product deliveries to customers.



FIGURE 4.5 Fantastic Corporation facilities.

Putting New Technologies to Work

Fantastic Assembly Plant, Tacoma, Washington—At the port of
Tacoma, Washington, they are using driverless delivery trucks
to bring container loads of component parts from cargo storage
yards at the port to the Fantastic Company assembly plant. The
assembly plant uses industrial robots to assemble the
component parts into larger sub-assemblies that are then
shipped on to Los Angeles for final assembly into finished
products. The robots speed up the assembly process and enable
increased product flow while just-in-time delivery of
component parts by driverless trucks makes it possible to keep
less on-hand inventory in the assembly plant.



Fantastic Warehouse and Factory, Los Angeles, California—
Driverless trucks based at the Long Beach warehouse move
cargo unloaded from arriving ships to the factory. Industrial
robots are used for the loading of those driverless delivery
vehicles that bring products to the new Los Angeles plant.

Fantastic Corp built their new plant in a large Southern
California transportation hub. Robotic manufacturing systems
in the plant increase production, and these productions are fed
by a just-in-time flow of products delivered by driverless trucks
that bring component parts from the port of Long Beach. And
they are using 3D printing machines to make several
components on demand at the factory as they are needed.
These components are all made from a common powdered
metal feedstock that is easy to manage and keep on hand at the
factory. And they are starting to use driverless trucks to bring
finished products directly to two nearby stores. There are also
automated conveyor belts and loading systems that fill freight
containers with products and load those containers onto freight
trains at the transportation hub for delivery to the Chicago DC.

The Chicago DC receives shipments from Los Angeles by rail
and uses robots and automated conveyors to handle higher
volumes of products flowing through the DC. This enables them
to avoid the cost of renting a larger facility so they can continue



using their existing facility in Chicago as sales increase. They
want to remain in their existing facility because it is close to an
airport where they can start using air freight to deliver their
products to new markets opening up in Europe and South
America.

Fantastic uses AI and IoT capabilities to track products and
detect supply chain delays and problems in product operation
at customer locations. Big data collected from IoT goes into
predictive analytics software driven by AI for creating product
demand forecasts. Based on these demand forecasts, AI
software drives the changing factory production schedules so
Fantastic Corp can respond to changes in product demand and
adjust warehouse and factory operations as needed.

Increasing Productivity and Customer Service

Fantastic can quickly adjust its manufacturing schedules
because of heavy use of industrial robots in their factories. AI-
created production schedules transmit the appropriate orders
to industrial robots, and production volumes and product
mixes are quickly changed. In this way the company increases
productivity and serves more customers without expanding the
size of their facilities because they make better use of existing
facilities.



With drones and driverless vehicles Fantastic can quickly
adjust its transportation activities to move inventory as needed
to respond to changing demand. Transportation costs can be
carefully managed, and AI is used to continuously update
delivery schedules to ensure that customers receive their
orders as quickly as possible.

Once customers install their Fantastic Home Entertainment
Systems, they connect to the Internet and send real-time data
on customer usage and the operation of critical component
parts. This information is used to improve product design and
alert customer service when a part needs servicing. Marketing
staff also use this data to find out about customer habits and
preferences to use in improving product design and increasing
customer loyalty.

This is how successful companies use new technologies to
create supply chains that become powerful competitive
advantages.



 

IN THE REAL WORLD

HARNESSING SUPPLY CHAIN BIG DATA—A CASE STUDY

Microsoft, like other technology companies, faces a
rapidly evolving and challenging business environment
that puts its supply chain on the front lines in the battle
to deliver new products to market and provide high
levels of customer service all while maintaining
corporate profitability. Robert Meshew, chief technical
officer (CTO) of Microsoft's supply chain, describes how
Microsoft is managing and delivering timely information
to its supply chain operators and decision-makers.

Microsoft's supply chain (MSC) is responsible for the
manufacturing, delivery, and after-sales service for all of
Microsoft's physical hardware, including Xbox, Surface lines
(Pro, Book, Studio, Hub), and accessories shipped into 191
countries. Key to responsive and efficient operations is
having complete and timely information across the supply
chain so people can make appropriate trade-offs and reduce
the time it takes to make good decisions.

CONNECT THE DATA AND ALIGN THE ORGANIZATION



The first phase of harnessing the data generated by our
supply chain was to leverage cloud infrastructure to collect,
connect, and visualize this data from end to end. Because of
already completed digitization and automation projects,
Microsoft's manufacturing and supply chain operations
currently produce 250+ GB of data every single day, which is
akin to producing 40,000 350-page books. This doesn't
include feedback data we receive from external sources
such as Twitter, Facebook, and Amazon reviews and
industry.

The sheer volume of this big data is an avalanche for
individuals and teams who need to analyze the data and
take appropriate actions. MSC created a cloud-based big-data
infrastructure to manage and enrich these real-time data
flows and enable people and machines to use big data to
monitor and manage our supply chain operations.

There are three main building blocks that create our cloud
Infrastructure:

1. Information management and storage—All transactional
data is centrally stored in the cloud (Microsoft supply
chain uses Azure). Specific supply chain events (e.g. order
shipment confirmation) are captured in real time and



ingested into our data lake. The data catalog then ensures
a standard information taxonomy, making it easy to
connect the different datasets.

1. Machine learning and advanced analytics—MSC utilizes
the analytics workbench and R-Server in Azure for
evaluating datasets and building models.

1. Dashboards and visualizations—MSC uses PowerBI as
their primary visualization tool, though self-serve cubes
and standard reports are also accessed through a single
portal.

MOVE FROM REACTIVE TO PREDICTIVE: GETTING SMARTER, FASTER

Because of the digitization and automation of core supply
chain processes, we can capture and store the resulting real-
time data flows. Now we can use this data to drive machine
learning for a multitude of supply chain scenarios from
demand forecasting and inventory optimization to supplier
quality improvement. It also helps us in predicting when
and why a customer might return a product.

The goal of our machine learning (artificial intelligence)
initiative is to optimize future outcomes based on learning
from past data. Unlike human analysts, the machine
learning algorithm never sleeps or forgets. Over time our



machine learning algorithms pick up on patterns and
anomalies and continue to refine and improve their own
output without human intervention. For example, we can
now connect data from ERP transactions, consumer
activations, and data from IoT sensors on the factory floor
that monitor the components used to build our devices. Our
machine learning model can detect anomalies and correlate
fault patterns across a population of returned devices and
quickly spot potential product quality issues. Without
harnessing big data this way, it might take weeks to correlate
consumer returns spikes with specific component or product
defects. Our manufacturing and supply chain operations can
now be smarter and faster.

We also put dashboards in place that curate the information
into visual and drillable metrics aligned with the
organization's common goals. We equipped executive
conference rooms with live TV monitors displaying the Tier
1 dashboard views showing key performance indicators to
provide a visible reminder to our ongoing commitment to
becoming a data-driven, learning organization.

SUPPLY CHAIN PREDICTIVE ANALYTICS APPLICATIONS

Senior management at Microsoft had lots of questions about
whether the investments in data storage and data



integration would yield benefits. To provide answers, we
explored a series of big-data applications to unlock potential
value and provide the return on investment that
management wanted. To showcase what was now possible
with big data and digitization, MSC identified several key
applications. Three of those applications are shown below.

1. CONNECTED CUSTOMER CARE

Goal: Proactive management of consumer returns—
increasing customer satisfaction

Approach: Predict and manage the care of devices that are
likely to have maintenance issues by connecting data from
manufacturing, parts genealogy, device telemetry, and
historical returns data (Exhibit 4.6).



EXHIBIT 4.6

CONNECTED DATA DRIVES MACHINE LEARNING AND IMPROVES

CUSTOMER SERVICE

Impact: Using machine learning, MSC is building models that
will predict the expected population of devices that are
likely to be returned along with a risk profiling and potential
return drivers, combined with potentially impacted
customer details. Identifying this population gives MSC the
ability to proactively exchange or fix customer devices
before the issues occur and provide a connected support
experience, thereby increasing customer satisfaction and
reducing productivity loss to the customers.



2. SMART FACTORIES

Goal: Efficient operations optimization, process
improvement, and predictive maintenance within the
factory by tracking real-time fault patterns and taking
proactive actions due to intelligence provided by machine
learning models.

Approach: Connected factories with fully digitized
production processes and IoT sensors to capture and
transmit information with product component genealogy
will power machine learning models to discover patterns
empowering factory operators and an executive sitting in a
corner office at the same time to take appropriate tactical
and strategic actions to maximize yield throughput.

Impact: The Internet of Things (IoT—sensors, digitized tools,
cloud, and machine intelligence) will empower factories to
remotely track, monitor, and adjust machinery based on
sensor data flowing from the factory. Predictive
maintenance will avoid breakdowns and help in scheduling
maintenance proactively (i.e. tooling and machines will only
be taken offline when data shows that a drift will occur
versus regularly scheduled maintenance). Unknown
patterns hidden in parametric data and component



genealogy would help detect anomalies in manufacturing
processes.

3. SUPPLY CHAIN RESPONSIVENESS (FULFILLMENT AND LOGISTICS

NERVE CENTER)

Goal: Build a more responsive supply chain by managing
external and internal risks and disruptions, ensuring higher
customer service levels at lower cost.

Approach: Combine external and social data (weather,
industry indicators, social media) with supplier information
and internal supply chain data (materials, financials, and
information) to predict demand, inventory patterns, and
potential disruptions while also making decisions and
autonomously executing on them to optimize the supply
chain.

Impact: Through the fulfillment and logistics nerve center,
MSC is building advanced analytics and machine learning
models to identify order patterns and disruptions in the
supply chain network. The envisioned automation will
identify the risk-impacted order and shipments,
automatically reroute the shipments, and fulfill alternative
inventory in accordance with the customer-requested lead
times by integrating across systems, ensuring we fulfill
customer promises (Exhibit 4.7).



IMPLICATIONS FOR SUPPLY CHAIN ORGANIZATION

While digitally transforming Microsoft's supply chain and
harnessing big data, we simultaneously adopted a LiveSite
culture. LiveSite is the concept that it's everyone's job to
ensure systems and relevant business data are available and
accurate at all times. If an issue occurs with MSC
infrastructure, then addressing it becomes top priority.
Meetings are canceled and senior leaders prioritize getting
the data and systems back online. Simply put, data quality
and system availability have become everyone's primary
job. This requires a cultural shift in most organizations that
tag any data issue as an IT problem. Data is a business asset
and needs to be managed as such.

With all the data comes the challenge of managing and
drawing insights from it. Our supply chain is experienced at
making decisions based on human judgment with support
from business analytics. It is making the transition into
more automated decision-making and execution through the
power of big data and machine learning. For supply chain
professionals who have been rewarded for their experience
and their gut intuition, learning to trust the machine can be
difficult as it can be seen to lessen the value of their hard-
won expertise.



EXHIBIT 4.7

SUPPLY CHAIN EVENT HUB

With our data centralized, the next hurdle our supply chain
faces is how to draw deeper, more connected insights and
get more value out of the data. To accelerate data insights,
MSC started a dedicated supply chain data science team. A
handful of data scientists partner with the specific
functional supply chain areas (sourcing, manufacturing,
fulfillment, customer care, etc.) to drive breakthroughs in
supply chain operational processes. Data scientists are
uniquely positioned to look across functional boundaries,
bringing their expertise to specific problems and in
designing new machine learning algorithms.



The Microsoft supply chain remains in many ways a
traditional supply chain organization. Roles are specialized
in a particular supply chain functional area, with many roles
having a planning and operational focus, with little
emphasis on analytics. Less than 2 percent of the MSC
workforce today has hands-on experience with big data,
predictive analytics, or machine learning. That percentage
will grow quickly over the coming years.

Usable datasets and data science skills are critical
ingredients for building and applying advanced analytics,
and MSC now has that. However, deep domain expertise is
also critical to increase the chances of a meaningful
breakthrough or innovation. Data scientists and our supply
chain experts will continue to work side by side to optimize
our supply chain.

Data scientists will also expand in more specialized supply
chain roles. Some will continue to partner with functional
area owners to launch new predictive analytics
implementations. Others will double-down on refining
existing algorithms, testing the various optimizations
through experimentation.

ENABLING A DATA-DRIVEN GROWTH MINDSET ACROSS THE

ORGANIZATION



Over time the supply chain organization will settle into a
new mode of operation where machine learning algorithms
make key decisions and monitor the effectiveness of human
activities throughout the supply chain. As data becomes
highly available and algorithms become ubiquitous and well
trained, the workforce will shift to concentrate on judgment-
based work while the administrative work is automated.

Many decisions and strategies require insights beyond what
data and machine learning alone can provide. People use
their knowledge of organizational history, culture, values,
and ethics in their judgment and decisions. These are the
areas where employees must concentrate and add value.

Innovation and high performance are built through
experimentation and continual feedback loops (Exhibit 4.8).
The data and measurements required to advance learning
across the supply chain organization will be enabled
through the marriage of big data, predictive analytics, and
supply chain professionals who have the skills to work side
by side with machines to collectively build an intelligent
digital supply chain.

As outlined previously, the skill makeup of MSC will change
from being a heavily manual and operational skill set to an



analytical one where the workforce monitors the results of
algorithmic decisions and focuses on refining those models
with their judgment-based inputs. This will mean bridging a
skills gap that exists in MSC. Bridging this gap will involve
each person dealing with his or her individual resistance
and anxiety about acquiring new skills.

This anxiety can be managed and converted into productive
energy by building a data-driven culture following a
multipronged approach involving:

Culture shift from “know it all” to “learn it all” backed by
data and experimentation. 



EXHIBIT 4.8

BIG-DATA LEARNING FEEDBACK LOOP

Clarity reinforcing team purpose and setting the right
goals.
Participation, bringing people along and involving
everyone and upskilling them so they feel ownership and
that they are part of the change.



Information transparency by sharing openly what is
important and measuring it.
Rewards that recognize the right behaviors and attitude.
Make the hard calls on old-school individuals who aren't
embracing change.

Future supply chain organizations will require new skills
and capabilities, and they will thrive if big data is embraced
and harnessed to guide their operations.

Robert Meshew led technology transformations across
physical and digital businesses during his career at
Microsoft. He was involved in the design and building of the
technology platform that powered the end-to-end supply
chain, including sourcing, manufacturing, fulfillment,
customer care, and analytics for all Microsoft products. His
responsibilities included running Microsoft Americas supply
chain, building Microsoft's e-commerce supply chain
solution for Microsoftstore.com, and designing and building
the digital supply chain and fulfillment services for
Microsoft Office, Xbox, and Windows to sell digital products
through brick-and-mortar and online retailers around the
world. He is now chief information officer at Murdoch’s
Ranch & Home Supply in Bozeman, Montana, and is
spending more trail time with his wife and daughter in the

http://microsoftstore.com/


high country of the great American West
(https://www.linkedin.com/in/robert-meshew-741ba0/).

https://www.linkedin.com/in/robert-meshew-741ba0/


Chapter Summary

Information technology is blending with traditional technology,
and the result is the emergence of hybrid technologies that are
changing how supply chains operate. The basic tasks involved
in moving physical products from one location to another
remain the same. But technologies such as robots, drones, IoT,
real-time data, and simulation modeling are making it possible
for companies to build supply chains now that deliver levels of
efficiency and responsiveness that were not previously
possible. These new technologies build on foundations provided
by information technology components such as cloud
computing, data transmission protocols, databases, and the
application systems already installed to run a company's
business.

Cloud computing is the key component that drives evolution of
the other technology components. Cloud computing delivers on-
demand computing resources and data to companies and
individuals almost anywhere in the world. Companies are able
to send and receive product data in real time and use that data
to manage their daily operations as well as model and simulate
their supply chains to explore different options and find what
works best as they reconfigure their supply chains to meet
changing business needs.



Just as Walmart once redefined supply chain practices and
pioneered new supply chain operations, Amazon.com is now
doing it again with big data and technologies such as automated
warehouses, AI, and delivery drones. Individual companies and
entire supply chains are being forced by market competition to
become more flexible and responsive. Supply chains such as
those developed by Amazon.com and Microsoft are making
supply chains into instruments of competitive business
advantage. Companies need to find ways to leverage new
supply chain technology and combine it with technology they
already have in place to deliver supply chain services that
customers value and will pay for.

http://amazon.com/
http://amazon.com/


CHAPTER 5 
Metrics for Measuring Supply
Chain Performance

AFTER READING THIS CHAPTER YOU WILL BE ABLE TO:

Employ a useful model for assessing markets and the
supply chains that support them;
Define a concise set of metrics for measuring the
performance of a company's supply chain operations;
Discuss ways to collect and display supply chain
performance data; and
Use performance data to spotlight problems and
opportunities.

Supply chains are fluid and are continuously adjusting to
changes in supply and demand for the products they handle. To
get the performance desired from supply chains requires a



company to monitor and control its operations on a daily basis.
This chapter introduces four performance categories that each
supply chain participant should measure. It then discusses the
performance metrics that can be used in each of these
performance categories. The chapter also explores some of the
technology that can be used to collect, store, and present
performance data.

Useful Model of Markets and Their Supply
Chains

A supply chain exists to support the market that it serves. To
identify the performance that a supply chain should deliver, we
need to evaluate the market being served. In support of this
analysis we will employ a simple model. The model allows us to
categorize a market and identify the requirements and
opportunities that each kind of market presents to its supply
chains. Reality is, of course, subtler and more complex than any
model can represent, but this model can point you in the right
direction and guide you through an investigation of the markets
your company serves.

Let us start by defining a market using its two most basic
components—supply and demand. A market is characterized by



its combination of supply and demand. This model defines four
basic kinds of markets, or market quadrants. In the first
quadrant is a market where both supply and demand for its
products are low and unpredictable. Let's call this a developing
market. In the second quadrant is a market where supply is low
and demand is high. This is a growth market. The third
quadrant contains a market where both supply and demand are
high. There is a lot of predictability in this market so call this a
steady market. In the fourth quadrant, supply is higher than
demand. This is a mature market.

In a developing market, both supply and demand are low and
also uncertain. These are usually new markets that are just
emerging. These markets are created by new technology
becoming available or by social and economic trends that cause
a group of customers to perceive some new set of needs.
Opportunities in a developing market are in the areas of
partnering with other players in the supply chain to gather
intelligence about what the market wants. Cost of sales is high
in this market, and inventories are low.

Growth markets are markets where demand is higher than
supply, and so supply is often uncertain. If a developing market
solidifies and builds up momentum, it can suddenly take off,
and for a time, there is a surge in demand that suppliers cannot



keep up with. Opportunities in a growth market are in
providing a high level of customer service as measured by
order fill rates and on-time deliveries. Customers in a market
like this value a reliable source of supply and will pay premium
prices for reliability. Cost of sales should be low since customers
are easy to find, and inventories can be higher because they are
increasing in value.

In a steady market both supply and demand are high and thus
relatively predictable. This is an established market where
market forces have been at work for a while and have pretty
well-balanced supply and demand. Opportunities here lie in
fine-tuning and optimizing internal company operations.
Companies should focus on minimizing inventory and cost of
sales while maintaining high levels of customer service.

In a mature market, supply has overtaken demand, and excess
supply capacity exists. Demand is reasonably stable or slowly
falling, but because of the fierce competition due to oversupply,
demand seems uncertain from the point of view of any one
supplier in this market. Opportunities in this market are in the
area of flexibility as measured by an ability to respond quickly
to changes in product demand while maintaining high levels of
customer service. Customers in a market like this value the
convenience of one-stop shopping where they can purchase a



wide variety of related products at low prices. Inventories
should be minimized, and the cost of sales is somewhat higher
due to the expense of attracting customers in a crowded
market.

Market Performance Categories

Markets in each quadrant have their own mix of opportunities
for the supply chains that support them. A different mix of
performance characteristics is required of companies in the
supply chains of each kind of market. In order to thrive, the
companies in a supply chain must be able to work together to
exploit the opportunities available in their markets. The highest
profits go to the companies that can successfully respond to the
opportunities their markets offer. Companies that are unable to
respond to opportunities as effectively will fall behind.



 

TIPS & TECHNIQUES



What are the markets your company serves? What
quadrants are they in? How can your company respond to
the opportunities in these markets?



In Chapter 1 we introduced two characteristics that describe
supply chain performance—responsiveness and efficiency. We
all intuitively know what these two characteristics imply, but
now we need to define them in more precise terms so that they
can be measured objectively. We will use four measurement
categories:

1. Customer service
2. Internal efficiency
3. Product demand flexibility
4. Product development

Customer Service

Customer service measures the ability of the supply chain to
meet the expectations of its customers. Depending on the type
of market being served, the customers in that market will have
different expectations for customer service. Customers in some
markets both expect and will pay for high levels of product
availability and quick delivery of small purchase quantities.
Customers in other markets will accept longer waits for
products and will purchase in large quantities. Whatever the



market being served, the supply chain must meet the customer
service expectations of the people in that market.

Internal Efficiency

Internal efficiency refers to the ability of a company or a supply
chain to operate in such a way as to generate an appropriate
level of profitability. As with customer service, market
conditions vary, and what is an appropriate level of profit
varies from one market to another. In a risky developing
market, the profit margins need to be higher in order to justify
the investment of time and money. In a mature market where
there is little uncertainty or risk, profit margins can be
somewhat lower. These markets offer the opportunity to do
large volumes of business and to make up in gross profit what
is given up in gross margin.

Product Demand Flexibility

This category measures the ability to respond to uncertainty in
levels of product demand. It shows how much of an increase
over current levels of demand can be handled by a company or
a supply chain. It also includes the ability to respond to
uncertainty in the range of products that may be demanded.
This ability is often needed in mature markets.



Product Development

This encompasses a company's supply chain's ability to
continue to evolve along with the markets they serve. It
measures the ability to develop and deliver new products in a
timely manner. This ability is necessary when serving
developing markets.

A Framework for Performance
Measurement

There are other demands that real-world markets place on their
supply chains; however, by using these four performance
categories we can create a useful framework. This framework
describes the mix of performance required from companies
and supply chains that serve the four different market
quadrants. When a company identifies the markets it serves, it
can then define the performance mix required by those
markets in order to best respond to the opportunities they
provide.

Markets in the first quadrant, developing markets, require their
supply chains to excel in product development and customer
service. Growth markets require very high levels of customer
service, particularly as measured by order fill rates and on-time



delivery. Steady markets require internal efficiency as well as
an even broader scope of customer service. Mature markets
require all the internal efficiency and customer service called
for by steady markets. They also require the highest levels of
demand flexibility.

The most profitable companies and supply chains are those that
deliver the performance called for by their markets. These
organizations are the most profitable because they are the ones
most able to respond effectively to the opportunities offered by
their markets. Companies should collect and track a handful of
performance measures that cover these four areas. This will
give them valuable information about how well they are
responding to their markets.



 

TIPS & TECHNIQUES

Does your company excel in the performance categories that
relate to the markets you serve? Profit opportunities lie in



being a leader in the mix of performance categories that
your markets call for.

The metrics that measure performance in the four areas are
applicable to individual companies and also to entire supply
chains. It is harder to gather these metrics for entire supply
chains because companies are reluctant to share data that may
be used against them by their competitors or by their customers
or suppliers. There are issues of trust and incentive to work out
before these metrics can readily be collected for an entire
supply chain. Nonetheless, when these issues are worked out,
these metrics will help to guide the behavior of the entire
supply chain and should benefit all the participants in that
chain over the long term.

Customer Service Metrics

In the words of Warren Hausman, a professor at Stanford
University, “Service relates to the ability to anticipate, capture,
and fulfill customer demand with personalized products and
on-time delivery” (Hausman, Warren H., 2000, “Supply Chain
Performance Metrics,” Management Science & Engineering
Department, Stanford University). The reason that any



company exists is to be of service to its customers. The reason
that any supply chain exists is to serve the market it is attached
to. These measures indicate how well a company serves its
customers and how well a supply chain supports its market.

There are two sets of customer service metrics, depending on
whether the company or supply chain is in a build-to-stock
(BTS) or build-to-order (BTO) situation. Popular metrics for a
build-to-stock situation are:

Complete order fill rate and order line item fill rate;
On-time delivery rate;
Value of total back orders and number of back orders;
Frequency and duration of back orders; and
Line item return rate.

Popular metrics for a build-to-order situation are:

Quoted customer response time and on-time completion rate;
On-time delivery rate;
Value of late orders and number of late orders;
Frequency and duration of late orders; and
Number of warranty returns and repairs.

Build to Stock



A build-to-stock (BTS) situation is one where common
commodity products are supplied to a large market or customer
base. These are products such as office supplies, cleaning
supplies, and building supplies. Customers expect to get these
products right away any time they need them. Supply chains for
these products must meet this demand by stocking them in
inventory so they are always available.

In a BTS environment, a customer wants their complete order
to be filled immediately. This may be expensive to provide if
customer orders contain a wide range and number of items. It
is costly for companies to carry all those items in stock, so they
may have backup plans to provide expedited delivery of items
not in stock or substitution of upgraded items for those not in
stock. The order-fill rate measures the percentage of total
orders where all items on the order are filled immediately from
stock. The line-item fill rate is the percentage of total line items
on all orders that are filled immediately from stock. Used
together, these two measures track customer service from two
important perspectives.

Build to Order

A build-to-order (BTO) situation is one where a customized
product is ordered by a customer. This is any situation where a



product is built based on a specific customer order and is
configured to meet a unique set of requirements defined by the
customer. An example of this is the way Boeing builds airplanes
for specific customers and their requirements or the way Dell
Computer assembles PCs to fit individual customer orders and
specifications.

In a BTO environment it is important to track both the quoted
customer response time and the on-time completion rate. It is
easier for a company to achieve a high on-time completion rate
if it quotes longer customer response times. The question is
whether the customer really wants a short response time or
will accept a longer response time. The quoted response time
needs to be aligned with the company's value proposition and
competitive strategy.

Internal Efficiency Metrics

Internal efficiency refers to the ability of a company or a supply
chain to use its assets as profitably as possible. Assets include
anything of tangible value such as plant, equipment, inventory,
and cash. Some popular measures of internal efficiency are:

Inventory value;
Inventory turns;



Return on sales; and
Cash-to-cash cycle time.

Inventory Value

This should be measured both at a point in time and also as an
average over time. The major asset involved in a supply chain is
the inventory contained throughout the length of the chain.
Supply chains and the companies that make them up are
always looking for ways to reduce inventory while still
delivering high levels of customer service. This means trying to
match inventory availability (supply) with sales (demand) and
not have excess inventory left over. The only time a company
would want to let inventory exceed sales is in a growth market,
where the value of the inventory will increase. However,
markets change, and as a rule, it is best to avoid excess
inventory.

Inventory Turns

This is a way to measure the profitability of inventory by
tracking the speed with which it is sold or turned over during
the course of a year. This measure is often referred to as “turn
and earn” (T&E). It is calculated by the equation:

Turns = Annual cost of sales / Annual average inventory value.



Generally, the higher the turn rate, the better, although some
lower-turning inventory needs to be available in order to meet
customer service and demand flexibility.

Return on Sales

Return on sales is a broad measure of how well an operation is
being run. It measures how well fixed and variable costs are
managed and also the gross profit generated on sales:

Return on sales = Earnings before interest and tax / Sales

Again, as a rule, the higher the return on sales, the better. There
are times, though, when a company may deliberately reduce
this number in order to gain or defend market share or to incur
expenses that are necessary to achieve some other business
objective.

Cash-to-Cash Cycle Time

This is the time it takes from when a company pays its suppliers
for materials to when it gets paid by its customers. This time
can be estimated with the following formula:

Cash-to-cash cycle time = Inventory days of supply + Days sales
outstanding – Ave. pmt. period on purchases



The shorter this cycle time, the better. A company can often
make more improvements in its accounts payable and
receivable areas than it can in its inventory levels. Accounts
receivable may be large due to late payments caused by billing
errors or selling to customers who are bad credit risks. These
are things a company can manage as well as inventory.

Demand Flexibility Metrics

Demand flexibility describes a company's ability to be
responsive to new demands in the quantity and range of
products and to act quickly. A company or supply chain needs
capabilities in this area in order to cope with uncertainty in the
markets it serves. Some measures of flexibility are:

Activity cycle time;
Upside flexibility; and
Outside flexibility.

Activity Cycle Time

The cycle time measures the amount of time it takes to perform
a supply chain activity such as order fulfillment, product
design, product assembly, or any other activity that supports
the supply chain. This cycle time can be measured within an



individual company or across an entire supply chain. Order
fulfillment within a single company may be fast, but that
company may only be filling an order from another company in
the supply chain. What is important is the cycle time for order
fulfillment to the ultimate end-use customer that the entire
supply chain is there to serve.

Upside Flexibility

This is the ability of a company or supply chain to respond
quickly to additional order volume for the products it carries.
Normal order volume may be 100 units per week for a product.
Can an order be accommodated that is 25 percent greater one
week, or will the extra product demand wind up as a back
order? Upside flexibility can be measured as the percentage
increase over the expected demand for a product that can be
accommodated.

Outside Flexibility

This is the ability to quickly provide the customer with
additional products outside the bundle of products normally
provided. As markets mature and technologies blend, products
that were once considered outside of the range of a company's
offerings can become a logical extension of its offerings. There



is danger in trying to provide customers with a new and
unrelated set of products that has little in common with the
existing product bundle. However, there is opportunity to
acquire new customers and sell more to existing customers
when outside flexibility is managed skillfully.

Product Development Metrics

Product development measures a company or a supply chain's
ability to design, build, and deliver new products to serve its
markets as those markets evolve over time. Technical
innovations, social change, and economic developments cause a
market to change over time. Measurements in this performance
category are often overlooked, but companies do so at their
own peril. A supply chain must keep pace with the market it
serves, or it will be replaced. The ability to keep pace with an
evolving market can be measured by metrics such as:



 

TIPS & TECHNIQUES



Percentage of total products sold that were introduced in the
last year;
Percentage of total sales from products introduced in the last
year; and
Cycle time to develop and deliver a new product.

Operations that Enable Supply Chain
Performance

In order for an organization to meet the performance
requirements of the markets it serves, it must look to measure
and improve its capabilities in the four categories of supply
chain operations:

1. Plan
2. Source
3. Make
4. Deliver



 

EXECUTIVE INSIGHT

Supply chains created in the last several decades often
focused on producing and delivering products at the
lowest price. That worked best when product life cycles
were longer and sales forecasts were more accurate. But
now, due to the rate of technical and economic change in
our global economy, product life cycles are measured in
months; prices of component parts, fuel, and labor
fluctuate constantly, and sales forecasting is much
harder. Supply chains need to focus on responding to
constant change. Shoshanah Cohen, Director Emeritus of
PRTM Management Consulting, explains why supply
chains must balance needs for efficiency and low cost
with needs for responsiveness and high customer
service.

Traditional supply chain metrics focus on efficiency and
productivity, whereas financial metrics focus on cost,
revenue, and profitability. While it's not uncommon to find
supply chain performance management programs that use



both operational and financial metrics, many companies
don't do this particularly well.

As an example, a leading manufacturer of personal
computer peripherals relied on a business strategy based on
ongoing innovation and frequent new product
introductions. Product managers were measured on their
ability to design, develop, and release a constant stream of
profitable new products while growing market share for
their particular categories. A make-to-stock supply chain
supported this strategy so that customers could order and
receive products immediately after they were released.
Supply chain metrics tracked on a regular basis included
material and product costs, delivery performance, fill rate,
and transportation costs.

Because the company expected every product to maximize
its potential margin, the supply chain was optimized to
manufacture at the lowest possible unit cost. That meant
developing low-cost material suppliers and setting up
production in low-cost countries, including several
relationships with large original design manufacturers
(ODMs) in Asia and a large company-owned plant in China.
Standard product costs were established based on
anticipated material prices, planned production schedules,



and ocean shipment for virtually all products. Standard
product margins, therefore, reflected best-case scenarios for
procurement, production, and distribution, and variances
were due to fluctuations in selling price.

Although most manufacturing sites were in Asia, most of the
company's business was in North America and Europe.
Standard ocean shipment meant that products took up to
five weeks to reach regional distribution centers, making the
strategic objective of fast order fulfillment a major
challenge. “We're very dependent on an accurate forecast,”
explains the company's vice president of Global Supply
Chain, “but the peripherals market is pretty volatile. Plus we
have constant product introductions and phase-outs and a
lot of slips in the product development schedule, even
though product release dates rarely shift to accommodate
them.”

Expediting was one of the few levers available to increase
flexibility amid the combination of complexity and forecast
inaccuracy—and was used frequently. Shipping raw
materials and finished goods by air rather than sea nearly
tripled transportation costs but was necessary to maintain
targeted customer-service levels. When necessary, the
company also reworked products at regional distribution



centers to align availability with current demand. “We
recognize that this is also a very expensive option,” notes the
supply chain VP, “especially since our whole cost model is
based on producing in locations with low labor rates. But
this is the only way we can meet our fill-rate and on-time
delivery objectives.”

The resulting costs were charged to the supply chain group,
appearing in quarterly financial reports as
unplanned/incremental expenses. While this had a
significant impact on the perceived performance of the
supply chain organization, product management didn't see
these added costs as an issue. Because they were not added
to the product standard cost, they were virtually invisible to
product managers.

Of course, the total cost of managing the supply chain
increased significantly as the organization struggled to
provide the required flexibility. “We got pummeled every
time the quarterly financial reports came out,” the supply
chain VP explains. “It looked like our spending was out of
control. We needed to find a way to get the rest of the
company to understand that it wasn't just a supply chain
issue, even though the way we were measuring performance



made it look that way. We needed a better balance of
financial and operation metrics.”

To address this problem, the company modified its
enterprise resource planning (ERP) cost module so that
expedite and rework costs could be allocated to each major
product group and their impact analyzed. “We would have
liked to have been able to do this on a product-by-product
basis,” notes a financial analyst, “but the cost of putting that
level of granularity in place was prohibitive.” But even at a
product-group level, the impact was clear: for many
products, the costs of accommodating development delays
and forecast inaccuracy through air shipment and local
reconfiguration was enough to wipe out profitability for
some products.

Product managers were not happy with the new means of
measurement. “We hadn't changed anything we were
doing,” explains one product manager, “but suddenly it
looked like our margins were degrading.” The executive
management team stood firm despite numerous complaints
from the product groups and directed them to focus more
attention on forecasting and compliance with established
product-development schedules. The new metrics became
the catalyst needed to move forward with several major



initiatives: improving the forecasting process, increasing
product modularity and configurability, and updating
systems and processes to enable increased parts
commonality.

Of course changing the way costs are allocated does nothing
in and of itself to reduce costs or optimize a supply chain.
But simply increasing visibility can drive changes in
behavior that can lower the overall cost of managing a
supply chain.

This example is not unusual. As this company found,
measuring operational metrics in isolation can be a
counterproductive way to use performance-related data. A
more effective approach is to start with the company's
strategic goals, identify the supply chain configuration
necessary to support the strategy, and then derive
operational and financial performance metrics that support
those goals.

Shoshanah Cohen is a supply chain strategist with over 25
years’ experience helping companies structure and
implement global operational strategies, grow revenues, and
increase shareholder value. She is counselor to C-level
executives on broad performance transformation efforts,



leading work on organization design, operational efficiency,
product lifecycle management, and merger integration. She
is author of two books and numerous articles and a frequent
speaker at corporate and industry events. Developer of the
industry-standard Supply Chain Operations Reference-
model® (SCOR®) (https://www.linkedin.com/in/shoshanah-
cohen/).

The efficiency with which these activities are carried out will
ultimately determine how well a company performs as
measured by things such as order and line-item fill rate, on-
time delivery, inventory turns, and cash-to-cash cycle time.
Certain activities are directly related to certain performance
categories. For instance, inventory management will directly
affect a company's order and line-item fill rate and its inventory
turns. Its procurement activity will directly affect its return on
sales and upside ability. A company needs to collect data about
its activities in these four operational areas and monitor results.

The Supply-Chain Council's supply-chain operations reference
(SCOR) model suggests the kind of operational data that should
be collected. This data is referred to as “level 2 performance
metrics.” In the plan operation, useful measures are the cost of

https://www.linkedin.com/in/shoshanah-cohen/


planning activities, inventory financing costs, inventory days of
supply on hand, and forecast accuracy. In the sourcing
operation, it is useful to have data on material acquisition costs,
sourcing cycle times, and raw material days of supply. Useful
measures in the make operation are the number of product
defects/complaints, make cycle times, build-order attainment
rates, and product quality. Suggested delivery operation
measures are fill rates, order-management costs, order lead
times, and item-return rates.

This data should be collected regularly, and trends should be
watched. When performance targets start to be missed, the next
step is to investigate the business operations that support that
performance. Again, the SCOR model suggests more detailed
data that can be collected and analyzed in each of the four
supply chain operating areas. This more detailed data is
referred to as “level 3 diagnostic metrics.”
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Every business operation indirectly affects overall supply
chain performance, but certain operations have a strong
effect on specific categories of performance. This table



shows the performance categories that are most strongly
affected by each business operation.

Diagnostic metrics can be used to analyze the complexity and
configuration of the supply chain and also to study specific
practices. In the plan operation, complexity measures are the
number and percentage of order changes, number of stock
keeping units (SKUs) carried, production volumes, and
inventory carrying costs. Configuration measures track things
such as product volume by channel, number of channels, and
number of supply chain locations. Measures of management
practices in the plan operation are such things as planning cycle
time, forecast accuracy, and obsolete inventory on hand.

In the source operation, measures of complexity and
configuration are number of suppliers, percentage of
purchasing spending by distance, and purchased material by
geography. Some practice measurements are supplier delivery
performance, payment period, and percentage of items
purchased by their associated lead time.

The make operation has measures of complexity and
configuration such as number of SKUs, upside production
flexibility, manufacturing process steps by geographical



location, and capacity utilization. Management practice
measurements are value-added percentage, BTO percentage,
BTS percentage, percentage of manufacturing order changes
due to internal issues, and work in process inventory.

In the fourth supply chain operation, deliver, there are
complexity measures that include number of orders by
channel, number of line items and shipments by channel, and
percentage of line items returned. Configuration measures are
delivery locations by geography and number of channels.
Practice measures cover things such as published delivery lead
times, percentage of invoices that contain billing errors, and
order entry methods.

Collecting and Displaying Performance
Data

Historically, companies based their management decisions on
periodic standard reports that showed what happened during
some period in the past. In stable and slow-moving business
environments this worked well enough. However, there are not
many companies that work in stable and slow-moving
environments anymore. Working from traditional periodic



accounting-oriented reports in a fast-paced world is somewhat
like trying to drive a car by looking into the rearview mirror.
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The business environments we live in are characterized by
shorter product life cycles, mass markets dissolving into smaller
niche markets, and new technology and distribution channels
constantly opening up new opportunities. The pace of change is
both exhilarating and relentless. A company must keep up. To
do this, a company needs to build a business intelligence (BI)
system that presents data at three levels of detail:

Strategic—to help top management decide what to do;
Operational—to help middle management decide how to do
it; and
Tactical—to help people actually do it.

Three Levels of Detail

In a supply chain management context, strategic data consists
of current actual as well as plan and historical numbers that
show the company's standing in the four performance
categories: customer service, internal efficiency, demand
flexibility, and product development. In the Supply-Chain
Council SCOR model, data of this type is referred to as “level 1”
data. This data is summarized by major business units and for
the company as a whole. Strategic data also consists of data
from outside the company such as market sizes and growth
rates, demographics, and economic indicators such as GNP,



inflation rates, and interest rates. There should also be
benchmark data from industry trade associations and studies
that show the operating standards and financial performance
levels that are standard for companies in the markets being
served.

Operational data consists of actual, plan, and historical
numbers in the four performance categories displayed at the
branch office level of detail. This data also includes the
performance metrics labeled “level 2” in the SCOR model. These
metrics monitor the plan, source, make, and deliver operations
that every company in a supply chain must perform.

Tactical data consists of the measures labeled “level 3” in the
SCOR model. These measurements help people who are charged
with getting a job done to understand what is happening and to
find ways to make improvements where needed to meet the
performance targets that have been set. The SCOR model refers
to these measurements as diagnostic measures.

We are awash in data. It is important to present it in such a way
that it is useful. If people are overwhelmed with data, they
cannot use it. By organizing data into these three levels, people
can quickly access what they need to do their jobs. Upper
management uses strategic-level data to assess market



conditions and set business-performance objectives. They can
drill down to the operational level or even the tactical levels
when necessary. Middle managers use operational data to do
planning and resource allocation to achieve the performance
objectives set by upper management. Line managers and their
staffs use tactical data to solve problems and get things done.

The Data Warehouse

To collect this data requires the creation of a data warehouse.
This data warehouse is a central repository of data that is
drawn from a variety of operating systems and accounting
systems in a company. It is important to collect the needed data
at its source. Tap into relevant systems within a company and
capture needed data automatically as a by-product of daily
operations. Avoid having people do manual entry to get data
into the data warehouse.

A data warehouse is composed of a database software package
and the automated connections to other systems needed to
collect the relevant data on a regular and timely schedule.
Working in conjunction with the database software is software
that allows for the creation of standard predefined reports and
graphic displays that people can use to monitor operations. In
addition to predefined reports and displays, the software must



also allow people to do ad-hoc queries of the data in the data
warehouse, permitting detailed investigations when necessary.

EXHIBIT 5.1

DISPLAYING DIFFERENT VIEWS OF DATATO DIFFERENT AUDIENCES



When designing and building a data warehouse, it is best to
start quickly with something that is simple and on a smaller
scale. This way, people can get experience in using data more
actively to do their jobs. As they gain experience and can
clearly describe the additional features they would like, larger
and more complex data warehouses can be built. Remember,
the most important component in any data warehouse system
is not the technology, or even the data, but the people who use
the system and their ability to use the system effectively to
learn from the data and become more efficient at their jobs.
Chapter 7 goes into further detail about the design and building
of these kinds of systems.

In addition to helping people inside a company become more
efficient in performing their supply chain management jobs, a
data warehouse can also be the foundation for collaboration
with other companies in the supply chain. Whatever
information is shared between companies in a supply chain
should be made available to those other companies
electronically. This often takes the form of reports that can be
retrieved on demand by other companies, which access a
company's data warehouse over the Internet using features of
the same data-reporting software that people inside the
company use (see Exhibit 5.1).



Spotlighting Problems and Finding
Opportunities

Depending on the type of markets a company serves, senior
management needs to define a handful of key performance
targets in the areas of customer service, internal efficiency,
demand flexibility, and product development. The task then
becomes one of figuring out how to manage operations to
achieve the target numbers. The point of collecting
performance data is to help monitor and control daily, weekly,
and monthly operations.

People in a company need access to a one-page display of the
key operating or financial measures that they are responsible
for achieving. These one-page displays are known as
dashboards because they show a person at a glance the data
that is most important to them. The data that is displayed on a
senior management dashboard is different from that on an
operating manager's dashboard, and the data on the dashboard
of a staff person in one department is different from a staff
person's in another department.

Senior management sets company performance targets, and
they need access to a dashboard report that shows them the
company's current performance against these targets. If things



are going well and performance is meeting expectations, then
no further attention is called for, but if performance is falling
short against one or more of the performance targets, then the
senior manager knows right away where more attention is
needed.

Middle managers are responsible for managing their operations
to achieve one or more of the company's performance targets.
Their dashboards need to show them the plan and actual data
on company performance targets they are responsible for. They
need to see quickly whether operations are on target and direct
their attention accordingly. Once alerted by their dashboard
that there is a problem in a particular operation, the manager
can then drill down into further tactical detail in that area.

Staff people in various departments need dashboards that track
and illuminate the specific tasks and activities they are
responsible for in business operations such as purchasing,
credit, inventory management, and so on. These displays should
highlight problems or issues needing their attention.

For the most part, people run their businesses or do their jobs
by keeping track of a handful of key indicators. These indicators
tell them where to direct their attention and help them steer
through a complex and changing world. When a data



warehouse and software reporting tools are in place in a
company, people need to experiment with the design of their
dashboard displays or reports. As they get better at using their
dashboards to guide their actions, the overall effect will be for
the company as a whole to become more efficient and more
responsive to its markets.

Since few companies work in stable and slow-moving markets
anymore, there is a great need to learn to use data effectively to
make decisions and act. Speed is a major competitive
advantage. The faster a company can spot problems and fix
them or see opportunities and respond to them, the more
profitable the company will be. It will also have a much better
chance of survival over the long term. Companies that can see
their markets change and adjust and follow those markets most
efficiently are the ones that will stay in business. Companies
that do not notice problems soon enough or that do not see how
their markets change are the ones that will get into trouble (see
Exhibit 5.2).



EXHIBIT 5.2

DASHBOARD DESIGNS ARE DIFFERENT AT EACH LEVEL



Markets Migrate from One Quadrant to
Another

Markets migrate from one quadrant to another during the
course of their life cycle. Over time, market forces are always
pushing a market toward an equilibrium where supply meets
demand. At the same time, other forces also influence a market,
so it fluctuates back and forth around the equilibrium point. At
times, demand outstrips supply, and at other times, there is
more supply than there is demand.

Companies in the supply chains that supply a market must be
able to adjust their operations over time as their markets
migrate from one quadrant to another in order to remain
competitive. For instance, in growth markets, supply chains that
do the best are the ones that have the highest levels of customer
service as measured by order-fill rate and on-time delivery. All
the companies in the supply chain must focus on delivering this
performance in order to succeed.

As a growth market moves on to a steady market, the most
profitable companies will be those that are able to maintain
high levels of existing customer service and also broaden the
scope of their customer services. In addition, profitable
companies will be the ones that achieve the best levels of



internal efficiency. They can no longer focus only on customer
service.

As steady markets become mature markets, the supply chains
that serve them must again develop their performance in
another category. Mature markets require companies to
develop the capabilities needed to accommodate high levels of
demand flexibility. Then in the midst of mature markets, new
developing markets can appear, and the ability to create new
products and bring them to market becomes critical.

Adaptability itself is now as important to survival and success
as the four performance categories. Market evolution is now
often measured in years and sometimes in months. Gone are
the days when markets changed more slowly over decades. No
company has the luxury of being able to focus on optimizing
any single mix of performance capabilities over the long term.

A company may become very skilled at internal efficiency and
customer service as called for in a steady market. The company
needs to remember, though, that its markets will change. The
company will have to add skills in the area of demand
flexibility as some of its markets mature. The company may
even need to deemphasize some of its internal efficiency
policies in order to emphasize its performance in product



development so that it can participate in a promising
developing market. The key here is that a company needs to
know when to shift its emphasis from one mix of performance
categories to another.



EXHIBIT 5.3

MARKET CONDITIONS SHIFT OVER TIME



A ship at sea needs to watch the wind and the waves and
respond appropriately when the weather changes. So, too, must
a company watch the supply-and-demand situation in its
markets and respond appropriately when one of its markets
enters a new quadrant. If the collection and display of market
and company performance data alert a company to respond
sooner to a market change than its competitors, then the
company has indeed developed an important tool for its success
and survival (see Exhibit 5.3).

Sharing Data across the Supply Chain

As markets migrate from one quadrant to another, there are
great demands placed on the supply chains that support them.
In fact, it is sometimes the operation of the supply chain itself
that can push a market from one quadrant to another. A case in
point is illustrated by the beer game simulation described in
Chapter 6. This simulation shows how a slight change in
demand by the end customer or the market can cause wildly
escalating product demand forecasts to be sent to companies
further down the supply chain. This bullwhip effect results in
the production of large quantities of inventory that can then
outstrip the real demand in the market. This event becomes the
event that pushes a market out of the steady quadrant and into



the mature quadrant. As excess inventory gets used up, it
gradually brings the market back into the steady quadrant.

The cure for the bullwhip effect is better sharing of data among
all the companies in a supply chain. Companies need to work
through their concerns about sharing data that many of them
might consider confidential. There are serious questions to be
answered: What data is it reasonable to share? How can
privacy of critical data be maintained? What are the benefits of
sharing data, and how can they be quantified?

Hau Lee is a professor at Stanford University's business school
and director of the Stanford Global Supply Chain Management
Forum. He envisions the supply chain as an “intricate network
of suppliers, distributors, and customers who share carefully
managed information about demand, decisions, and
performance, and who recognize that success for one part of
the supply chain means success for all.”

If each company had demand information from the other
companies in its supply chain, it would help everyone to make
the best decisions about how much manufacturing capacity to
build and how much inventory to hold. Companies need to see
demand information from their immediate customers and also



from the end customers that the supply chain ultimately
supports.

In addition to sharing demand data across the supply chain,
companies need to share decisions they make that have supply
chain implications. A company could be unaware of decisions
made by one of its customers or one of its customer's customers
that will have a big impact on product demand. For instance, a
chain of retail stores may decide to run a special promotion on
a certain group of products. An analysis of past seasonal sales
data would not predict the spike in demand that will result
from running this promotion. So if the retail store chain does
not share this decision with its suppliers, there is a very good
chance it will be caught short and not be able to deliver enough
product to support the promotion.

It is also important for companies to let each other know how
well they are doing in the performance of their supply chain
activities. These metrics can then be combined to provide a
holistic picture of the performance of the entire supply chain.
When each company in a supply chain sees how the supply
chain is working overall, then each company can make better
individual decisions about where performance improvements
are needed.



EXHIBIT 5.4

BENEFITS OF DATA SHARING ACROSS THE ENTIRE SUPPLY CHAIN



At present, companies are most likely to share demand
information with each other. There is already a lot of precedent
for doing this. However, companies are much less likely to
share their decisions or performance metrics because they are
afraid that if this information gets out, it could wind up in the
hands of their competitors and be used against them. The need
for sharing this information continues to grow, though.
Customers continue to demand more and more from their
supply chains. In an interview with CIO magazine for an article
titled “The Cost of Secrecy” (CIO, July 15, 2001, p. Vol. 14, No. 19,
Google Books Result, https://books.google.com/books?
id=4AwAAAAAMBAJ, p. 54), Professor Hau Lee said, “If you are
late because your distributor is late, your customers will go to a
competitor whose distributor isn't late. That is more than a
company-to-company competition. We're going to see more
supply-chain-to-supply-chain competition.”

Companies that can work together to create efficient supply
chains are going to be the ones that do the best over the long
term. Companies that can figure out how to share data
effectively will be the ones to create the most competitive
supply chains. Customers are attracted to efficient supply
chains, and so efficient supply chains gain market share at the
expense of less efficient supply chains (see Exhibit 5.4).

https://books.google.com/books?id=4AwAAAAAMBAJ


Chapter Summary

A useful model of markets can be constructed using the basic
components of supply and demand. Using these two
components results in a model that defines four market
quadrants:

1. Developing: New markets and new products where both
supply and demand are low and uncertain

2. Growth: Markets where demand is higher than supply and
supply is uncertain

3. Steady: Established markets where supply is high and
demand is high and both are stable and predictable

4. Mature: Markets where supply exceeds demand and where
demand can be unpredictable

The markets in each quadrant have a unique set of
performance requirements that they place on their supply
chains. Developing markets require performance in the areas of
customer service and product development. Growth markets
demand customer service above all else. Steady markets call for
customer service and for internal efficiency, and mature
markets require customer service, internal efficiency, and
demand flexibility. In order to succeed, companies and supply



chains must excel in the performance areas that are required
by the markets they serve.

Customer service performance is measured by metrics such as
order- and line-item fill rate, on-time delivery, and item-return
rates. Internal efficiency refers to the ability of a company or
supply chain to use its assets as profitably as possible. Popular
measures of internal efficiency are metrics such as inventory
value, inventory turns, and return on sales.

Demand flexibility describes the ability of a company or supply
chain to be responsive to sudden market demands for greatly
increased quantities of product or for additional products
outside the normal bundle of products provided.

Product development measures an organization's ability to
design, build, and deliver new products to serve its markets as
those markets evolve over time. Performance in this area is
most important in developing markets.



CHAPTER 6 
Supply Chain Coordination and
Risk Management

AFTER READING THIS CHAPTER YOU WILL BE ABLE TO:

Understand a common supply chain dynamic that is a
major contributor to the “boom-to-bust” business cycle;
Gain an overview of the Global Data Synchronization
Network (GDSN) and see how it can help improve supply
chain coordination;
Evaluate methods such as Sales & Operations Planning
(S&OP) to improve coordination and combat the bullwhip
effect; and
Appreciate basic concepts of supply chain risk
management and how to use cross-functional teams to
monitor risk exposure and update contingency plans.



The spread of high-speed data communication networks and
computer technology has made it possible to manage supply
chains with a level of precision just not feasible even as
recently as the 1990s. Those organizations that learn to use the
techniques and technologies that are now available can build
supply chains that have a competitive advantage in their
markets.

Because the capability exists to react much more quickly to
changes in market demand, this capability is now a point of
competition. Business competition based on supply chain
efficiency is becoming a central fact in many markets. To
develop this capability, individual companies and entire supply
chains need to learn new behaviors, and they need to enable
these new behaviors with the use of appropriate technology.

The Bullwhip Effect

One of the most common dynamics in supply chains is a
phenomenon that has been dubbed the bullwhip effect. What
happens is that small changes in product demand by the
consumer at the front of the supply chain translate into wider
and wider swings in demand experienced by companies further
back in the supply chain. Companies at different stages in the
supply chain come to have very different pictures of market



demand, and the result is a breakdown in supply chain
coordination. Companies behave in ways that at first create
product shortages and then lead to an excess supply of
products.

This dynamic plays out on a larger scale in certain industries in
what is called a boom-to-bust business cycle. In particular, this
affects industries that serve developing and growth markets
where demand can suddenly grow. Good examples of this can
be found in the industries that serve the telecommunications
equipment or computer components markets. The cycle starts
when strong market demand creates a shortage of product.
Distributors and manufacturers steadily increase their
inventories and production rates in response to the demand. At
some point, either demand changes or the supply of product
exceeds the demand level. Distributors and manufacturers do
not at first realize that supply exceeds demand, and they
continue building the supply. Finally the glut of product is so
large that everyone realizes there is too much. Manufacturers
shut down plants and lay off workers. Distributors are stuck
with inventories that decrease in value and can take years to
work down.

This dynamic can be modeled in a simple supply chain that
contains a retailer, a distributor, and a manufacturer. In the



1960s a simulation game was developed by the Massachusetts
Institute of Technology's Sloan School of Management that
illustrates how the bullwhip effect develops. The simulation
game they developed is called the “beer game.” It shows what
happens in a hypothetical supply chain that supports a group of
retail stores that sell beer, snacks, and other convenience items.
The results of the beer game simulation teach a lot about how
to coordinate the actions of different companies in a supply
chain.

Peter Senge, in his book The Fifth Discipline (Senge, Peter M.,
1990, The Fifth Discipline: The Art and Practice of the Learning
Organization, New York: Doubleday/Currency, chapter 3),
devotes a chapter to exploring how the bullwhip effect gathers
momentum and what can be done to avoid it. The beer game
starts with retailers experiencing a sudden but small increase
in customer demand for a certain brand of beer called Lover's
Beer. Orders are batched up by retailers and passed on to the
distributors who deliver the beer. Initially, these orders exceed
the inventory that distributors have on hand so they ration out
their supplies of Lover's Beer to the retailers and place even
larger orders for the beer with the brewery that makes Lover's
Beer. The brewery cannot instantly increase production of the
beer so it rations out the beer it can produce to the distributors
and begins building additional production capacity.



At first the scarcity of the beer prompts panic buying and
hoarding behavior. Then as the brewery ramps up its
production rate and begins shipping the product in large
quantities, the orders that had been steadily increasing due to
panic buying suddenly decline. The glut of product fills up the
distributors' warehouses, fills all the retailers' unfilled back
orders, and exceeds the actual consumer demand. The brewery
is left with excess production capacity, the distributors are
stuck with excess inventory, and the retailers either cancel their
beer orders or run discount promotions to move the product.
Everybody loses money. Exhibit 6.1 illustrates how each
company sees product demand and the distortion that causes
such havoc.



EXHIBIT 6.1

PRODUCT DEMAND DISTORTION



The costs of the bullwhip effect are felt by all members of the
supply chain. Manufacturers add extra production capacity to
satisfy an order stream that is much more volatile than actual
demand. Distributors carry extra inventory to cover the
variability in order levels. Transportation costs increase
because excess transportation capacity has to be added to cover
the periods of high demand. Along with transportation costs,
labor costs also go up in order to respond to the high demand
periods. Retailers experience problems with product
availability and extended replenishment lead times. During
periods of high demand, there are times when the available
capacity and inventory in the supply chain cannot cover the
orders being placed. This results in product rationing, longer
order replenishment cycles, and lost sales due to lack of
inventory.

Coordination in the Supply Chain

Research into the bullwhip effect has identified five major
factors that cause the effect. These factors interact with each
other in different combinations in different supply chains, but
the net effect is that they generate the wild demand swings that
make it so hard to run an efficient supply chain. These factors



must be understood and addressed in order to coordinate the
actions of any supply chain. They are:

1. Demand forecasting;
2. Order batching;
3. Product rationing;
4. Product pricing; and
5. Performance incentives.

Demand Forecasting

Demand forecasting, based on orders received instead of end-
user demand data, will inherently become more and more
inaccurate as it moves up the supply chain. Companies that are
removed from contact with the end user can lose touch with
actual market demand if they view their role as simply filling
the orders placed with them by their immediate customers.
Each company in a supply chain sees fluctuations in the orders
that come to them that are caused by the bullwhip effect. When
they use this order data to do their demand forecasts, they just
add further distortion to the demand picture and pass this
distortion along in the form of orders that they place with their
suppliers.



Clearly, one way to counteract this distortion in demand
forecasts is for all companies in a supply chain to share a
common set of demand data from which to do their forecasting.
The most accurate source of this demand data is the supply
chain member closest to the end-use customer (if not the end-
use customers themselves). Sharing point-of-sales (POS) data
among all the companies in a supply chain goes a long way
toward taming the bullwhip effect because it lets everyone
respond to actual market demand instead of supply chain
distortions.

Order Batching

Order batching occurs because companies place orders
periodically for amounts of product that will minimize their
order-processing and transportation costs. As discussed in the
section on inventory control in Chapter 2, companies tend to
order in lot sizes determined by the economic order quantity
(EOQ). Because of order batching, these orders vary from the
level of actual demand, and this variance is magnified as it
moves up the supply chain.

The way to address demand distortion caused by order
batching is to find ways to reduce the cost of order-processing
and transportation. This will cause EOQ lot sizes to get smaller



and orders to be placed more frequently. The result will be a
smoother flow of orders that distributors and manufacturers
will be able to handle more efficiently. Ordering costs can be
reduced by using electronic ordering technology.
Transportation costs can be reduced by using third-party
logistics suppliers (3PLs) to cost-effectively pick up many small
shipments from suppliers and deliver small orders to many
customers.

Product Rationing

This is the response that manufacturers take when they are
faced with more demand than they can meet. One common
rationing approach is for a manufacturer to allocate the
available supply of product based on the number of orders
received. Thus if the available supply equals 70 percent of the
orders received, the manufacturer will fill 70 percent of the
amount of each order and back-order the rest. This leads
distributors and retailers in the supply chain to raise their
order quantities artificially in order to increase the amount of
product that gets rationed to them. This behavior greatly
overstates product demand, and it is called “shortage gaming.”

There are several ways to respond to this. Manufacturers can
base their rationing decisions on the historical ordering



patterns of a given distributor or retailer and not on their
present order sizes. This eliminates much of the motivation for
the shortage gaming that otherwise occurs. Manufacturers and
distributors can also alert their customers in advance if they see
demand outstripping supply. This way product shortages will
not take buyers by surprise, and there will be less panic buying.

Product Pricing

Product pricing causes product prices to fluctuate, resulting in
distortions of product demand. If special sales are offered and
product prices are lowered, it will induce customers to buy
more product or to buy product sooner than they otherwise
would (forward buying). Then prices return to normal levels,
and demand falls off. Instead of a smooth flow of products
through the supply chain, price fluctuations can create waves of
demand and surges of product flow that are hard to handle
efficiently.

Answers to this problem generally revolve around the concept
of “everyday low prices.” If the end customers for a product
believe that they will get a good price whenever they purchase
the product, they will make purchases based on real need and
not on other considerations. This in turn makes demand easier



to forecast and companies in the supply chain can respond
more efficiently.

Performance Incentives

These are often different for different companies and
individuals in a supply chain. Each company can see its job as
managing its position in isolation from the rest of the supply
chain. Within companies, individuals can also see their jobs in
isolation from the rest of the company. It is common for
companies to structure incentives that reward a company's
sales force on sales made each month or each quarter.
Therefore, as the end of a month or a quarter approaches, the
sales force offers discounts and takes other measures to move
product in order to meet quotas. This results in product for
which there is no real demand being pushed into the supply
chain. It is also common for managers within a company to be
motivated by incentives that conflict with other company
objectives. For instance, a transportation manager may take
actions that minimize transportation costs at the expense of
customer service or inventory carrying costs.

Alignment of performance incentives with supply chain
efficiencies is a real challenge. It begins with the use of accurate
activity-based costing (ABC) data that can highlight the



associated costs. Companies need to quantify the expenses
incurred by forward buying due to month-end or quarter-end
sales incentives. Companies also need to identify the effect of
conflicting internal performance incentives. The next step is to
experiment with new incentive plans that support efficient
supply chain operation. This is a process that each company
needs to work through in its own way.



 

EXECUTIVE INSIGHT

Eliyahu Goldratt wrote a book, titled The Goal, about a
factory manager's quest to save his factory from being
closed down for lack of profitability. It chronicles the
process that the manager and his staff go through as they
learn how to save their factory. What they learn is how
to apply the principles of what Mr. Goldratt calls the
“Theory of Constraints.”

Mr. Goldratt and others have realized that the theory of
constraints applies equally well to the operation of a whole
supply chain as to the operation of a single factory within a
supply chain. Lawrence Fredendall and Ed Hill, in their
book Basics of Supply Chain Management (2001, Boca Raton,
Florida: St. Lucie Press), have put forth a clear explanation
for how to apply the theory of constraints to synchronize the
operations of a supply chain.

The theory of constraints provides a useful model to
conceptualize and manage the supply chain within a single
company or across a collection of companies. The theory of



constraints is based on the idea that all systems have at least
one constraint and that it is better to manage constraints
than to try to eliminate them. This is because when one part
of a system ceases to be a constraint, a different constraint
will occur in another part of the system. This is inevitable
because the capacities of each part of a system are not all the
same. So instead of forever reacting to new constraints or
bottlenecks as they appear, why not choose a small group of
constraints and manage them deliberately and efficiently?

To apply this model, the first step is to define the goal and
decide what measurements will be used to measure
progress toward the goal. Mr. Goldratt's definition of the goal
for a manufacturing company also works for a supply chain.
The goal is defined as “Increase throughput while
simultaneously reducing both inventory and operating
expense.” Throughput is the rate at which sales to end
customers occur.

Once a goal has been defined and there is agreement on how
to measure progress toward the goal, it is possible to apply
the five focusing steps. These steps help clarify the situation
being investigated and lead to the decisions necessary to
reach the goal. The five steps are:



1. Identify the system's bottlenecks or constraints: Trace out
the workflows and the paths that materials travel in a
factory or a supply chain. Find out where slowdowns and
backups occur.

1. Decide how to exploit these bottlenecks: Figure out how to
maximize the operation of those activities that are
bottlenecks. The rate of throughput for the entire system
is set by the rate of throughput achieved by the
bottlenecks. Ensure the bottlenecks operate at maximum
capacity by providing them with enough inventory so that
they can continue to operate even if there are occasional
slowdowns elsewhere in the system.

1. Subordinate everything else to the above decision: Do not
try to maximize the operation of a non-bottleneck
operation. Additional productivity achieved by non-
bottleneck operations that exceeds the capacity of the
bottlenecks to process will be neutralized anyway by the
slowdowns and backups caused at the bottlenecks.
Synchronize all system operations to the rates that can be
efficiently processed by the bottleneck operations.

1. Elevate the system's bottlenecks: Add additional processing
capacity to the bottleneck activities. Since the rate of



throughput of the entire system is set by the throughput
of the bottlenecks, improvements in the bottlenecks will
increase the efficiency of the entire system and provide
the best return on investment.

1. If, in a previous step, a bottleneck has been broken, go back
to Step 1: As the capacity of one system bottleneck is
elevated, it may cease to be a bottleneck. The bottleneck
may transfer to another operation that could keep up
before but now cannot keep up with the new increase in
capacity. Watch the entire system to see where slowdowns
and backups occur; they may shift from one area to
another. If this occurs, start again at Step 1.

The theory of constraints says that the throughput of the
whole system is set by the capacity of the bottlenecks.
Exhibit 6.2 shows a sample diagram of workflows and
bottlenecks in a factory. This model of workflows in a
factory can be applied to the workflows in a supply chain.
One constraint or bottleneck in every supply chain is the
demand that is generated by the market that the supply
chain serves. In many cases, market demand is the only
constraint because supply of products equals or exceeds
demand. In cases where demand exceeds supply, there will
be some other constraints elsewhere in the supply chain. If



we apply this model to a supply chain, we get a powerful
method to organize and manage supply chain operations.

The bottlenecks or constraints in the flow of work through
this factory are operations C and E. The productivity set by
these two operations sets the pace for the entire factory.
Productivity improvements in the other operations will not
result in any improvement in the productivity of the factory
as a whole. Apply the five focusing steps to manage this
system and move it toward the goal defined for it.

EXHIBIT 6.2

FLOW OF WORK AND INVENTORY THROUGH A FACTORY

A very effective response to the bullwhip effect is to manage
the entire supply chain as a single entity and to synchronize
it to the timing of actual market demand. Exhibit 6.3
illustrates this idea. This can happen if the supply chain



participants closest to the end-use customers share their
sales numbers and their sales forecasts with the other
companies in the supply chain. Each company can then
manage its actions based on the most accurate data about
market demand.

Buffers in the supply chain are determined by the degree of
uncertainty about future market demand and the service
levels required by the market. The lower the uncertainty
about demand, the smaller the buffers can be and still
maintain high service levels. Companies can manage their
buffers by using either productive capacity or inventory,
whichever is most cost effective for them.

Synchronized supply chains avoid the volatile waves of
demand that are generated by the bullwhip effect. And
increased predictability makes the productivity of each
company easier to manage, and the supply chain as a whole
becomes more efficient and profitable.



EXHIBIT 6.3

FLOW OF INVENTORY THROUGH A SYNCHRONIZED SUPPLY CHAIN

The model in Exhibit 6.3 is called “drum-buffer-rope.”
Market demand is the constraint on the system, and it sets
the drumbeat or pace of the supply chain. Individual
companies manage uncertainty in their stage of the supply
chain by using a buffer of either inventory or productive
capacity. Buffers are kept low because uncertainty is
minimized by sharing market demand data. This data is the
rope that ties the participants together and allows them to
synchronize their actions.

Supply Chain Product Data Standards



Historically, companies have assigned their own part numbers
to the items that they buy and sell. This worked well enough in
a slower time when supply chains were less complex and when
products themselves were less complex. Those were times we
now refer to as the “good old days.” Increasing competition and
demands from customers to deliver products faster and
cheaper shape the world we live in today. At the same time, the
array and complexity of products in our economy have
increased dramatically, and that trend will clearly continue and
even accelerate.

In order to be competitive and also profitable, companies need
to find ways to reduce or eliminate costs associated with
routine and repetitive business transactions. Those transactions
often fall in the areas of purchasing, billing, accounts
receivable, and accounts payable. It is in these areas that the
confusion caused by translating part numbers is most
noticeable. Time spent translating one part number to another
part number for the same item adds very little, if any, value to
the transaction. The errors that result from errors in translation
are the cause of many problems in invoicing and making
payments. These problems consume people's time and slow
down cash flow. All these expenses simply eat away at profit
margins that are already thin enough.



In addition to the operating problems caused by using different
part numbers for the same item, another consequence is a lack
of accuracy and clarity in sales history data. Part number
translation errors result in sales of some items being
undercounted and sales of other items being overcounted. And
sales of many items are simply not counted at all or they are
lumped under a miscellaneous part number such as the famous
“9999” part number. Sales history data is usually the basis for
forecasting future demand, and this fuzziness in the data
hampers efforts to improve demand forecasts, production
scheduling, and inventory management.

In order for companies to coordinate effectively, they need to
have a single part number that stays with a part as it makes its
way through the supply chain. That number is the electronic
product code (EPC) number. Companies that do business
together need to be able to tag every item that they buy and sell
with an EPC number. They can still use their internal part
numbers for internal operations if they wish. But when they
communicate with each other they need to use EPC numbers so
as to eliminate the need to do part-number translations. There
are more valuable and profitable things that can be done with
the time and money that now goes into translating part
numbers and dealing with translation-related problems.



Global Data Synchronization Network

The Global Data Synchronization Network (GDSN) is a network
of independently owned and operated databases that can
exchange data with each other and the GS1 Global Registry. The
GS1 Global Registry acts as a central coordinator between all
the other databases to provide for timely and traceable
distribution of verified product descriptive information
between all the databases. It is the locator and routing
mechanism for finding source data and sending requested data
between databases.

GS1 is a global, not-for-profit organization of member
organizations, including GS1 US, representing more than 100
countries around the world. GS1 is based in Brussels, Belgium.
GS1 US is the former Uniform Code Council and consists of the
EAN UCC System, UCCnet, EPCglobal US, RosettaNet, and
UNSPSC. GS1 US is based in New Jersey. Companies join the GS1
Global Registry to keep connected to their trading partners that
also join the Global Registry. Parties in a supply chain—
manufacturers, logistics providers, distributors, retailers—then
subscribe to the database of their choice, and through these
databases they can both publish data about their products to
other parties as well as request and receive data from other



companies about their products. This is illustrated in Exhibit
6.4.

The GDSN is being administered by GS1 and increasingly is
being used by companies in consumer goods retail and related
areas. It allows data about products to be continuously updated
as new products are released, existing products evolve, and
obsolete products are discontinued. The benefits are significant,
beginning with the fact that each company needs only to make
a single connection to their selected database, or “data pool,” as
GDSN calls them. Once they do this they can send and receive
data to and from any other company that is connected to any
other data pool that is part of the GDSN.

Other benefits include things such as elimination of the need
for companies to maintain massive cross-reference tables to
translate between the different part numbers for the same
product that are used by different supply chain partners. This
reduces many ordering and billing errors that consume
people's time and result in delays in product deliveries and cash
flows between companies. It also simplifies order tracking and
tracing individual items as they move through a supply chain.



EXHIBIT 6.4

GLOBAL DATA SYNCHRONIZATION NETWORK (GDSN)



Product Classification

Products that move through a supply chain need to be
identified and traced so that people know how many products
are moving through their supply chains. Products also need to
be classified so that people know what types of products they
are handling. All supply chains handle a mix of different
product types, and that mix changes over time. As the product
mix changes, the supply chain itself must change.

There are two major standards presently in use for product
classification. The first one is the United Nations Standard
Products and Services Code (UNSPSC). The United Nations
Development Program (UNDP) and Dun & Bradstreet
Corporation (D&B) jointly developed the UNSPSC in 1998. The
UNSPSC is a hierarchical classification with five levels. These
levels allow analysis by drilling down or rolling up to analyze
expenditures and product usage at each level. Each level in the
hierarchy has its own unique number. Starting with the highest
level, the five levels are segment, family, class, commodity, and
business function.

The second major product classification standard presently in
use is the GS1 Global Product Code (GPC). The GPC was



developed by GS1 and is used in the GDSN to identify different
types of products. The GPC is also a hierarchical classification
scheme and it has four levels: segment, family, class, and brick.
These two product-classification schemes are not mutually
exclusive, so they can be used together. It does require all
parties to agree on the rules they will use to translate product
codes between UNSPSC numbers and GPC numbers.

Sales and Operations Planning

Sales and operations planning (S&OP) is, to a large degree, a
further elaboration of the planning process described in
Chapter 2 (p. 50). As companies develop effective S&OP
processes internally and collaboratively with their supply chain
partners, they will see significant improvements in their supply
chain management capabilities.

ASCM (the Association for Supply Chain Management) endorses
a definition of sales and operations planning provided by Tom
Wallace in his book Sales & Operations Planning:



Sales & Operations Planning (S&OP) is a business process
that helps companies keep demand and supply in balance. It
does that by focusing on aggregate volumes—product
families and groups—so that mix issues—individual
products and customer orders—can be handled more
readily. It occurs on a monthly cycle and displays
information in both units and dollars. S&OP is cross
functional, involving General Management, Sales,
Operations, Finance, and Product Development. It occurs at
multiple levels within the company, up to and including the
executive in charge of the business unit, that is, division
president, business unit general manager, or CEO of a
smaller corporation. S&OP links the company's Strategic
Plans and Business Plan to its detailed processes—the order
entry, master scheduling, and purchasing tools it uses to run
the business on a week-to-week, day-to-day, and hour-to-
hour basis. Used properly, S&OP enables the company's
managers to view the business holistically and gives them a
window into the future. (Tom Wallace, Sales & Operations
Planning, 2000, Cincinnati, Ohio: T.F. Wallace & Co.)

The purpose of S&OP is to routinely review customer demand
for different products and the sources of supply for those
products, and then replan or adjust existing plans to best match
supply with demand. The process focuses on changes to earlier



supply and demand forecasts and helps managers understand
how well the company is doing in the process of balancing
supply and demand. The primary aim is to continuously adjust
company operating procedures so as to accomplish its strategic
goals and annual sales targets in light of expected future
conditions.

The continuous adjustment of sales and operations plans as
forecasts change is the method by which a company takes steps
each month to best meet its annual sales targets. The S&OP
process can be thought of as having five main steps, as shown
in Exhibit 6.5.

S&OP takes a phased and iterative approach to the planning
and operations in a company. Instead of attempting to do one
master plan each year and then spend the rest of the year
following that one plan, S&OP takes the approach of
continuously reevaluating demand and supply conditions and
continuously adjusting plans in light of changing conditions. It
is a process of constantly responding to change. Fixed annual
plans worked better in the slower and more predictable
industrial economy of the previous century. The real-time
unpredictable nature of the economy of this century makes it
critical for companies to constantly respond to changing
conditions.



EXHIBIT 6.5

SALES AND OPERATIONS PLANNING (S&OP)

Companies are encouraged to take an outside-in approach to
their S&OP planning. People should begin their forecasting and
planning by considering the effect of events that are largely
outside of their control, such as the actions of customers,
partners, and competitors. These actions typically have the
greatest impact, either positive or negative, on a company's
ability to meet its sales and operating targets. Collaboration
with customers and partners (if not with competitors) provides



for more accurate information about these possible actions and
thus makes the S&OP process more effective.

In a world now awash in data thanks to computers, the
Internet, and the global reach of telecommunication networks,
it is important for people in the S&OP process to know the data
they need and find ways to get that data quickly and accurately.
The collection of massive amounts of unnecessary data or
inaccurate data will slow down the planning process and
prevent people from making effective decisions in a timely
manner. Good S&OP practice defines the minimum amount of
data needed to make certain decisions and focuses on getting
that data quickly and guaranteeing its accuracy.

Those companies that effectively employ S&OP to create
collaborative supply chains will have a significant competitive
advantage. Collaboration is not easy to implement, and it will
take time to become more common in business. However,
prominent companies are already beginning to lead the way.
Companies such as Walmart, Dell, and Procter & Gamble share
POS data with all the other companies in their respective supply
chains. The companies in these supply chains are also starting
to share inventory data with each other. Sharing this kind of
information provides a basis for each company to make
decisions about its own activities that will yield better



efficiencies and profits for itself and for the supply chain as a
whole.

How to Start Supply Chain Collaboration

The best place to start in any effort to promote collaboration is
to measure the bullwhip effect within your company. Over a
period of time such as a quarter or a year, compare the volume
and frequency of orders you receive from your customers with
the volume and frequency of orders you place with your
suppliers. Plot them out on a graph so everyone can see the
divergence between incoming customer orders and your
outgoing supplier orders. What is the extent of this divergence?
Where is your company located in the supply chain—is it
toward the front of the chain close to the end customer, or is it
further toward the back of the chain? Remember, the distortion
caused by divergence of incoming orders with outgoing orders
increases as it moves back through the supply chain.

Many companies are not aware of the cost of the bullwhip
effect on their supply chains. Traditionally, demand variability
caused by the bullwhip effect was taken as a given, and
companies worked on their own to develop better capabilities
to respond to fluctuations in demand. It may instead be far
more efficient for companies to work together to actually



reduce the fluctuations in demand. A company can either try to
optimize its individual response to fluctuating demand, or it
can collaborate with other companies to reduce the fluctuations
themselves.



 

EXECUTIVE INSIGHT

THE TAO OF SUPPLY CHAINS

Effective supply chain collaboration requires that the
people involved be able to see accurate and timely data
showing inventory levels at different stages in the supply
chain. What follows is a story about creating a simple
supply chain visibility system that enabled very effective
collaboration.

Sun Tzu was a Taoist philosopher who lived in China about
2,500 years ago. He wrote a book called The Art of War. It
isn't so much a book about war as it is a book about the art
of competition and collaboration—whether in business,
politics, the military, or even sports. I've puzzled through
this book several times, and the concepts that I've taken
away have helped me develop and preserve a reputation for
IT agility.

For six years I was the chief information officer (CIO) of
Network Distribution, a distribution cooperative that
provides food service items, janitorial supplies, and printing



paper. It is wholly owned by its member companies. They
each have their own facilities and internal IT systems, and
they have their own local customers. They also work
together to serve national account customers. The members'
collective revenue was then more than $7 billion, and
Network's total national account revenue, at more than $500
million, was growing by double-digit percentages every year.
We provided customers with a tailored package of products
and supply chain services to lower their overall operating
costs.

One of our biggest national account customers was a chain
of stores that each holiday season used specially printed
paper items to promote its holiday theme. Those items were
used in the customer's 4,500 stores during November and
December, and when January arrived any remaining
inventory had to be written off. The same holiday print
designs were never used two years in a row. In years past,
there had been excess inventory of around 4 percent,
amounting to almost $600,000 in costs that had to be written
off by the customer.

This retail chain hired a new purchasing manager who
decided we could all do better than in prior holiday seasons.
He called us out to the company's headquarters that summer



for a meeting. There he announced his intention to reduce
excess inventory of the specially printed holiday items by 50
percent or more. We still had to maintain 100 percent
product availability for all of its stores and minimize
expensive movements of inventory from one region to
another to meet unexpected demand. He asked us how we
were going to work with him to make that happen. I told
him we understood what he wanted and that we'd be back
in touch with the specifics in a few weeks.

As we flew home, our sales director on the account told me
this was a high-visibility project with the customer, and we
had to figure out how to do it. He reminded me that it was
already halfway through the summer, so we had to be ready
to go in 90 days because we would begin stocking inventory
in our distribution centers by October. And, of course, we
couldn't spend lots of money on this because margins were
tight. In addition, all the parties in this supply chain used
different enterprise resource planning (ERP) systems. And
even within Network Services, the 26 member companies
that served the account used different ERP systems. Several
times on that flight, I experienced a sudden falling sensation
in my stomach, and it wasn't due to air turbulence.



At times like these my identity as “IT Agility Man” hangs in
the balance. Can I rise to the challenge, or will I flee in
panic? Agility means doing three things: first, taking a deep
breath; second, taking another deep breath; and then,
remembering The Art of War and asking, “What would
Master Sun Tzu do?”

The concepts that I've been able to absorb from Master Sun
tell me that apparent complexity is really composed of
simple underlying patterns. If I can discern those underlying
patterns, then I can devise simple and effective responses. So
what was the pattern here? As I saw it, the need was to track
daily product usage, constantly update demand forecasts,
move inventory so as to cover demand, and use it all up by
the end of the season.

That meant effective collaboration among all parties in the
supply chain to respond as actual demand unfolded. If our
initial assumptions about demand were not entirely
accurate (and they never are), we needed to be able to
reposition inventory among distribution centers earlier and
more efficiently. No sudden air freighting of paper goods to
stores across the country. So I asked myself, “What can IT
provide that will enable this collaboration?” Obviously, what
was needed was a continually updated end-to-end view of



product in the supply chain that was visible at all times to
people at my company, the manufacturers, and the
customer. That would be the basis for our collaboration and
decision-making.

I knew of several fine software vendors' products that could
do that, but they cost more money than I had to spend and
took more time to install than I had available. So much for
the orthodox ideas. What else could I do? Master Sun says,
“Therefore, those skilled at the unorthodox are infinite as
heaven and earth, inexhaustible as the great rivers.” Wow.
What unorthodox ideas could I come up with?

Master Sun says, “There are only five notes in the musical
scale, but their variations are so many that they cannot all
be heard. There are only five basic colors, but their
variations are so many that they cannot all be seen.” Does
this mean that there is a combination of basic IT
components that I could use to quickly create my end-to-end
supply chain picture and keep it constantly updated?

What basic IT components do all parties in this supply chain
have easy access to, and how could I combine them into the
system I needed? I'm not going to give you the whole answer
because then you wouldn't get to practice your own agility



and figure it out for yourself. But I will give you some hints.
The components are spreadsheets, text files, e-mail, a few
web pages, a relational database, and some Java programs
that took about three weeks to write and test.

We assembled these components into a system that collected
data from all members of the supply chain. The data
consisted of inventory amounts that were in production, in
warehouses, and on order. It also included invoice data that
showed our deliveries to the customer's stores, which
allowed us to track actual demand at the store levels and
regional levels.

The system was up and running by October. It was
extremely cost effective to build. We used it to facilitate
conference calls that increased in frequency as the season
progressed. On those calls, we all reviewed the numbers and
projected runout dates. We made decisions and continued to
tweak the system to incorporate new views of the data and
new calculations.

We reduced excess inventory from 4 percent in prior years
to 1.3 percent that year on increased total sales, and the
dollar value of the excess inventory dropped to less than
$200,000. As we reviewed the holiday season results in



January, the new purchasing manager said he was quite
pleased with our performance. We worked with him and the
manufacturers to document what we learned, make further
improvements, and extend the system to cover the rollout of
other new products—not just holiday items. Thank you,
Master Sun.

If you want to know more about how I designed and built
this supply chain visibility system, you can contact me by e-
mail at mhugos@scmglobe.com, and I’ll be glad to share the
details with you.

Once you have established the magnitude of the bullwhip effect
in your company, then get some estimates of the cost
consequences in different areas of the company. What is the
effect of this demand variability on production costs and
scheduling? What is the effect on transportation costs and
shipping and receiving costs? What inventory levels are needed
to maintain service levels in such a volatile situation, and what
is the associated carrying cost? What is the effect on product
availability and order lead times—are sales lost because of lack
of inventory? These estimates show the cost to the company of

mailto:mhugos@scmglobe.com


dealing with demand fluctuations. This is the basis on which to
discuss what it might be worth to fix the bullwhip effect.

Supply Chain Risk Management

Coordination on a daily basis between the different parties in a
supply chain (suppliers, manufacturers, distributors,
customers) is what enables supply chains to operate. And the
more effective the coordination is, the more productive and
profitable the supply chain will be. Supply chain risk arises
from the likelihood of events that could reduce or destroy
coordination between the parties in a supply chain.

Supply chain risk management is a continuous balancing act
between trying to achieve high levels of performance at the
lowest cost and taking the precautions needed to respond to the
most likely or most disruptive events that might occur. Striving
for high performance at the lowest operating costs and lowest
inventory levels means eliminating duplication of facilities,
vehicles, and delivery routes. It means reducing the number of
suppliers and reducing levels of safety stock and work-in-
process inventory at facilities in the supply chain.

However, the elimination of duplicate facilities, vehicles, and
delivery routes plus reducing safety stocks and on-hand



inventory also means an increase in risk. This is because
elimination of duplication to create cost-efficient supply chains
also increases the severity of disruptive events and limits the
options for responding to these events. If there is only one
supplier for a critical part and that supplier is disrupted by a
hurricane or social unrest, there is no other supplier for that
part available. If you reduce safety stock levels across your
supply chain, then you have fewer days after a supply
disruption before the lack of parts causes a halt to operations.

To the extent that you do have duplicate suppliers, facilities,
and vehicles as well as higher safety stocks, your supply chain
will be better able to respond to disruptive events and keep on
running. But this responsiveness will increase operating costs
and reduce efficiency and profitability.

Efficiency versus Responsiveness

Supply chains cannot maximize both efficiency and
responsiveness at the same time. Instead, supply chains must
find a blend of efficiency and responsiveness that is best for the
customers they serve and the environments they operate in.
Supply chains must continually assess and adjust their blend of
efficiency and responsiveness as their environments change.
The more stable and predictable an environment is, the more a



supply chain can focus on efficiency and low cost. And the more
volatile and uncertain an environment becomes, the more a
supply chain needs to focus on responsiveness and risk
reduction.

Supply chains need to monitor and respond to factors such as
product demand, product prices, production rates, and delivery
frequencies. What are the present and forecasted numbers for
demand and prices? Can production rates be quickly increased
or decreased to meet demand? How reliable are product
delivery schedules? How reliable are the forecast numbers? The
less reliable this data is, the more risky is the supply chain
environment.

Many supply chains now operate in volatile, uncertain,
complex, and ambiguous (VUCA) environments. In such
environments forecasts are less reliable because changes can
occur suddenly and unexpectedly. So risk assessment and
creation of appropriate supply chain contingency plans is an
ongoing process in VUCA environments, not just a one-time or
annual event. This risk assessment and planning process is
illustrated in the four steps shown in Figure 6.1 below.

The best risk assessment and contingency planning comes from
cross-functional teams who look at supply chains from different



perspectives such as operations, finance, procurement, and
technology. The work of these risk management teams is based
on a continuously updated model of a company's supply chains
that all members of the team can understand, regardless of
their background. That common model is a map. The map can
be a paper map on a wall with company facilities marked on it
and lines drawn on the map to show how products are moved
between facilities. Or it can be a digital map with icons showing
company facilities and lines between the facilities showing
product delivery routes.

A map is an easily understood organizing context that can be
used to present further levels of detail. If supply chain details
are presented simply as columns of numbers, line graphs, bar
charts, and operating reports, it often overwhelms people.
People each focus on different pieces of information and form
different pictures of what is happening. Without a common
organizing context, it is hard to find consensus and hard to
leverage the collective knowledge and experience of cross-
functional teams.



FIGURE 6.1 Risk assessment and contingency planning.

However, when lower-level details are presented in the context
of a map, people can see the big picture and then drill down to
see more details about specific facilities and operations in a
supply chain. They can see the overall impact certain facilities
and operations have on a supply chain. Some facilities are more
important than others. People need to see those key facilities
and focus their efforts on making sure those facilities and their
operations are working well before worrying about other
facilities.

For instance, if you run a simulation of your supply chain in a
scenario where demand for products is high, and an event such
as a hurricane causes longer than expected delivery times for



products, will this supply chain still be able to meet customer
demand? Where are the facilities in the supply chain that are
most likely to experience problems in that scenario? What is the
best way to hedge against such a risk during times when
hurricanes are more probable?

There are many possible answers. Extra inventories of critical
parts and finished products can be stockpiled at certain
facilities. Or critical activities can be moved from facilities
likely to be impacted by hurricanes and set up in other facilities
not so likely to be affected. Extra vehicles can be assigned to
delivery routes that move critical supplies between facilities, or
different types of vehicles can be used. Transportation can be
switched from trucks on highways to airplanes or ships. Each
answer has its costs and its strengths and weaknesses.

Explore multiple options over 15 days, 30 days, or 90 days and
see which combination of countries, facilities, and delivery
routes provides the best solution that also fits within a
company's risk tolerance. Based on simulation results, create
contingency plans and new supply chain designs to be used in
the event of likely supply chain disruptions. Supply chain risk
managers can then give accurate assessments of costs and risks
so senior executives can make good decisions.



There is always pressure on senior executives to focus on
efficiency so that companies can reduce costs and increase
profits. Senior executives need to see and understand the most
important risks and the damages those risks could cause before
they will incur the additional operating costs associated with
having multiple suppliers and delivery routes for critical
products, using duplicate facilities, and carrying larger safety
stocks.

Determine the current level of risk appetite and risk tolerance a
company has. Then determine the level of natural risk and
operating risk for different supply chain options related to
product sourcing, manufacturing, and distribution. This will
enable people to compare both the costs and risks of different
options.

From a natural risk perspective, the risks in a country should
be quantified for earthquakes, tsunamis, volcanoes, hurricanes,
drought, etc. That defines a country's natural risk profile. Then
assess a country's operating risks due to factors such as:

Local quality control for products and services;
Labor unrest, child labor, and potential unsafe working
conditions;
Foreign exchange (Forex) rates for a country's currency;



Potential tax issues in a country;
Infrastructure capacity and transportation costs;
Theft rates for different products; and
Terrorism and outbreaks of infectious diseases.

Some countries will have lower labor and operating costs but
may have higher risk levels due to poor infrastructure, social
and political unrest, or natural disasters. So if you use facilities
in those countries, you would need to carry larger safety stocks
to buffer those risks. And larger safety stocks increase the need
for working capital.

Determine the level of stock needed by the company, its
suppliers, and its customers based on company risk appetite
and level of country risks. Then determine the extra costs
required to create the right risk solution for operating in that
country. This is the basis for comparing different supply chain
options and choosing ones that make the best fit for the needs
of the company.



Chapter Summary

One of the most common dynamics in supply chains is a
phenomenon that has been dubbed the bullwhip effect. What
happens is that small changes in product demand by the
consumer at the front of the supply chain translate into wider
and wider swings in demand, as experienced by companies
further back in the supply chain. Companies at different stages
in the supply chain come to have very different pictures of
market demand, and the result is a breakdown in supply chain
coordination. Companies behave in ways that at first create
product shortages and then lead to an excess supply of
products.

Many companies are not aware of the cost of the bullwhip
effect on their supply chains. Traditionally, difficulties in
predicting demand caused by the bullwhip effect were taken as
a given, and companies worked on their own to develop better
capabilities to respond to these hard-to-predict fluctuations in
demand. It may instead be far more efficient for companies to
work together to actually reduce the fluctuations in demand or
more accurately predict those changes in demand. And
individual companies can use S&OP to optimize their individual
responses to fluctuating demand and supply conditions.



The GDSN is a network of interoperable databases that allow all
parties in a supply chain to continuously update and request
data about different products. The GDSN is administered by the
GS1 organization. GS1 is a global not-for-profit organization
devoted to setting standards and providing for efficient data
transfer between all parties in global and regional supply
chains. Efficient transfer of up-to-date and accurate information
is a basic requirement for supply chain coordination.

Supply chain risk management grows in importance as we
move into a world where unexpected events happen more
frequently. Severe weather events due to climate change and
shortages of critical products due to geopolitical tensions and
great power rivalries all combine to make it much harder to
plan and operate supply chains. The best way to respond to
these challenges is for companies to create cross-functional
teams of people from finance, sales, information technology,
facility operations, and purchasing who review the company's
supply chain status in an ongoing process to sense emerging
risks and respond appropriately. The task of risk management
is larger than what a single person can do, and it is a task that is
never finished because the world and its related risks continue
to change.



CHAPTER 7 
Supply Chain Innovation for the
Real-Time Economy

AFTER READING THIS CHAPTER YOU WILL BE ABLE TO:

Understand the need for sharing timely and accurate data
among all parties in a supply chain to improve supply
chain performance and profitability;
Appreciate the forces that make coordination and
collaboration key requirements for success in 21st-
century supply chains;
Discuss the use of simulations to explore different ideas
and promote effective collaboration; and
See the potential for combining existing technology and
software applications to create online collaboration
platforms that can enable daily collaboration among
thousands of companies and millions of people every day.



Supply Chain Performance Depends on
Timely Data

As discussed in the Chapter 1, there are five supply chain
drivers that determine the performance of any supply chain:
production, inventory, location, transportation, and
information. And the goal of most supply chains is to manage
them so as to “increase throughput while simultaneously
reducing inventory and operating expense” as Eliyahu Goldratt
so clearly and simply stated in his book, The Goal (2014, 30th
Anniversary Edition, Great Barrington, MA: North River Press).

Accomplishing this goal requires constant adjusting of the first
four drivers to get the right balance of efficiency and
responsiveness as the world changes. And the key to finding
this balance is to have timely and accurate information and the
ability to act quickly based on what it tells you. Information is a
central leverage point for running any supply chain.

Because accurate and timely information is such an important
supply chain driver, good strategy starts with improving the
accuracy and flow of data between and among companies
working together in a supply chain. All other strategic decisions
and tactical actions depend on this. Effective collaboration
strategies support creation of a virtuous cycle of continuous



improvement, and good information is what makes that
possible. Exhibit 7.1 shows how this virtuous cycle comes into
being; it starts with electronic data connections between all
parties in a supply chain.

EXHIBIT 7.1

VIRTUOUS CYCLE STARTS WITH ELECTRONIC CONNECTIONS

Once those electronic data connections are in place, then the
continuous flow of data between parties will provide accurate
and meaningful statistics and information to guide the
conversation about all the other questions that companies in



any retail supply chain must address. These questions are listed
underneath the four activities that retail supply chains typically
deal with. The answers to these questions are different for
different supply chains, and even for a given supply chain the
answers change over time. Without a continuous flow of data
that all parties agree is an accurate reflection of their supply
chain operations, it becomes much harder to answer these
questions.

Urgent Need for Simple and Robust Data Connections

Most supply chains still do not have the accurate and timely
data they need because they lack effective electronic data
connections between companies. Electronic data interchange
(EDI) systems are used by many large companies, but those
systems are expensive and complicated. In some instances EDI
has been replaced by XML, yet those systems too are often
expensive and complicated. The cost and complexity involved
in implementing electronic data connections become barriers
that prevent significant supply chain operating improvements.

In most supply chains the large “tier 1” brand-name companies
have implemented expensive and complex data connections
with other companies their size, but tier 1 companies are a
minority; most of the companies in a given supply chain are



smaller tier 2 and tier 3 companies. And those companies often
still use email, faxes, and spreadsheets to move data between
each other because they can't use the complex and expensive
systems used by tier 1 companies. Until simple real-time data
connection solutions are found, getting timely and accurate
information to manage supply chains will continue to be a
problem.

This end-to-end supply chain visibility created by universal
data connections is the basis for all effective supply chain
strategy and management. Simple data connectivity solutions
and the systems they support are better than complex solutions
because simple systems using good data always deliver better
results than complex systems using bad data (it bears repeating
the old saying in the computer world: garbage in, garbage out).

A huge opportunity exists right now in global and local supply
chains to electronically connect companies from the largest to
the smallest. And since simple solutions are the only ones that
will work for the small and medium companies that constitute
the largest portions of most supply chains, they are the only
ones that will work at all.

End-to-End Supply Chain Visibility Improves
Forecasting and Efficiency



Demand forecasting and the related sales and operations
planning tasks in the S&OP process form the basis for running
efficient supply chains. But in high change and unpredictable
times like these, it's hard to do accurate demand forecasts. So all
other steps that depend on demand forecasts are also impaired.
One of the biggest problems in accurate demand forecasting is
caused by the effects of a supply chain dynamic called the
bullwhip effect, which we described in Chapter 6. This is
illustrated in Exhibit 7.2.

As explained in the previous chapter, small changes in demand
for products at the front of a supply chain create increasing
distortion in the perceived demand for those products as you
move toward the back of the supply chain. The only way to
dampen the effects of the bullwhip and improve demand
forecasting is for each party in the supply chain to get accurate
data from those closest to actual customer demand. Then all
can participate in creating more accurate demand plans and
supply plans. And operating activities can be more closely
adjusted to meeting actual supply chain needs.



EXHIBIT 7.2

SUPPLY CHAINS NEED TO RESPOND TO CONTINUOUS CHANGES IN

DEMAND

Power of the Self-Correcting Feedback Loop

The use of APIs (application programming interfaces) on new
cloud-based software-as-a-service (SaaS) applications is making
electronic data connections easier. As more companies use this
software and employ APIs for data connectivity, it will
introduce a transformative force into supply chain operations.
It will introduce what is known as a self-correcting feedback
loop.



As data begins to flow continuously between companies in a
supply chain, it becomes possible to do comparisons between
different datasets and display continuously updated scorecards
that show performance of the supply chain overall and
performance of each of the companies in that supply chain. A
sample scorecard is shown in Exhibit 7.3. Scorecards like this
provide the feedback people need to continuously correct their
actions and performance. When everybody can see those
scorecards every day, they have the information they need to
start and maintain a virtuous cycle of continuous improvement.
When people can see their own performance slipping below
agreed standards and they also know everybody else in the
supply chain can see their performance, they fix their problems
quickly. They do not wait to be told what to do. They know what
to do and do it. This is the self-correcting feedback loop in
action. When everyone does this, the whole supply chain
continuously adjusts its operations in response to changing
conditions, and each company strives to improve its own
performance, which results in the whole supply chain
operating at a higher level than would otherwise be possible.



EXHIBIT 7.3

SUPPLY CHAIN PERFORMANCE SCORECARD PROVIDES REAL-TIME

TRANSPARENCY

Coordination and Collaboration in Supply
Chains

In complex and high-change environments like our real-time
global economy, it is hard for a single company to forecast
demand and act effectively in isolation. In this environment,
coordination is more powerful than control. Profits come from



being able to plug into supply chain networks and then develop
a reputation in those networks for having great service and
great products at good prices. With great service and great
products you do not need to have the lowest prices; they just
need to be in the ballpark or within a few percentage points of
the market average. Most customers really are looking for
something in addition to low prices.

The relentless price-driven pursuit of cost savings alone doesn't
produce the profits it once did because this focus causes
companies to optimize efficient production of existing products
at the expense of their ability to deliver good service and create
new products as customers and markets evolve. Companies
optimized for efficiency alone are like cars optimized for speed.
They go fast and win races as long as the road is straight and
flat, but when the road twists and turns, they cannot handle the
corners and go flying off the road and crash. Winding roads
need cars that are responsive, not just fast. And that is why
coordination and collaboration are so important in modern
supply chains.

As previously explained, there is an inescapable tension
between efficiency and responsiveness. They're at opposite
ends of a spectrum; companies need to position themselves at a
point on the continuum between those two that best meets their



present circumstances. And as circumstances change, they need
to keep repositioning themselves. Failure to do this has been the
downfall of many fine industrial-age companies in this modern
economy; they stayed focused on the efficiency end of the
continuum for too long while their markets evolved and
customers went elsewhere.

Excessive Focus on Efficiency Can Cause Problems

Listen carefully when senior executives and their advisors
begin saying things such as, “Our new system will eliminate
cost and increase efficiency in our supply chain.” They often
announce they are employing a system described as “an
integrated extension of our multichannel, global supply chains
aimed at improving global operating efficiency and time to
market while reducing cost through rigorous review and
increases in productivity.”

These phrases are code words for a system designed to assist
big companies in implementing traditional efficiency-oriented
low-cost strategies as a way to increase sales and profits. Big
companies attempt to implement systems like this to give
themselves greater control over their suppliers all in the name
of achieving greater efficiency. And what happens is these
systems shift profits from suppliers to the big companies. Big



companies then become complacent with their profits, and
suppliers lose their motivation to do anything new because they
aren't making any money, anyway. So then when the market
changes, everybody (the whole supply chain) flies off the road
and crashes as demand for existing products drops and no new
products have been developed to take their place.

Wealth is now created by supply chains that enable companies
to better collaborate and coordinate their activities so as to keep
up with changing markets and keep delivering new products
that customers want and will pay profitable prices to acquire.
Successful and profitable companies understand that customers
want a good price, but that doesn't mean they want the lowest
price as long as they get other features they want. People want
products that keep responding to their changing desires and
circumstances.

As a case in point, consider what happened to that once-simple
product called the mobile phone. In the late 1990s Motorola
owned the market and their StarTac phone was a popular low-
cost and high-quality product. But Motorola focused too much
on a low-cost approach and optimized itself and its supply
chain to make low-cost, high-quality mobile phones that, after a
while, nobody wanted to buy anymore even if they were low
cost. Customers moved on to other mobile phones that



responded to their changing desires. First Nokia came out with
colorful and stylish phones, and customers bought them even
though they cost more and had some quality problems. Then
BlackBerry came along and combined email with a mobile
phone, and every business executive wanted one even though
they cost more and had some quality problems. And now
everybody wants a smartphone such as an iPhone or a
Samsung, and BlackBerry is forgotten. Customers are paying
more and even accepting some quality problems in order to get
what they want when they want it. Low price is not always the
deciding factor in how customers select products.

A smartphone such as the iPhone is a rapidly changing mix of
tangible and intangible values and features delivered via a mix
of hardware and software that is responsive to evolving desires
of its growing customer base. There are profits to be made by
everybody in the iPhone supply chain because customers will
pay more for the product. The iPhone is like a symphony
orchestra; Apple is the conductor of the orchestra, but it's only
one party in the process that creates the popularity and success
the product is enjoying. Companies in the iPhone orchestra pay
attention to Apple and coordinate their actions with each other
to keep up with the fast pace of change because they are all
making money (or at least believe they soon will be).



Apple isn't trying to create all the innovation by itself;
everybody in the supply chain is innovating and coordinating
with each other to keep the ball rolling because iPhone is more
than a mobile phone; it's a growing ecosystem of products and
services that is taking on a life of its own. The phone is actually
just one of many applications that run on the iPhone platform.

Use Collaboration to Reinvent Supply
Chain Operations

Continuous volatility and uncertainty in global markets plus
rapid rates of technology innovation call for better ways to
manage supply chains. As more and more products follow a
trajectory similar to the mobile phone, there's a need for online
collaboration platforms where all parties in a supply chain
come together and get better and better at doing what they do
to create and deliver new products. There's an opportunity to
reinvent supply chains by supplementing traditional supply
chain practices with collaboration and coordination practices.

The smartphone and mobile technology and the software and
cloud-computing platforms that make social media possible can
also be used to promote collaboration and coordination
between participants in any supply chain. This collaboration



makes those supply chains more responsive to changing
situations and more profitable.

The same technology that brings us online video games can also
bring us online supply chain modeling and simulation
capabilities. Individuals, companies, and other organizations
can collaborate in a gamelike online setting to discuss problems
and opportunities and explore ways to create supply chains for
mutual benefit.

Using supply chain models built from real-time data and run in
simulations to show everyone how those supply chains will
operate is a powerful way to spark discussion, generate creative
problem-solving ideas, and bring about group consensus.
Instead of only using online technology to deliver
entertainment, the same technology can deliver real-time
collaboration and coordination services between different
members of a supply chain.

What would happen if traditional supply chain operations were
combined with practices from collaborative sales and
operations planning (S&OP), as discussed in Chapter 6? What
would happen if we looked at supply chains as responsive and
agile collections of collaborative projects instead of continuing



to try to manage them as centrally controlled assembly-line-
style operations optimized for efficiency?

These ideas build on experience I've gained using collaborative
supply chain practices over the last decade. I first employed
collaborative practices as described in the Executive Insight
case study titled “The Tao of Supply Chains” in the previous
chapter. That experience showed how we could create a simple
collaboration platform that enabled people from many
companies to collaborate with each other and increase service
levels to a large retail customer we all had in common. I've used
variations of this approach in projects since then. Every time,
they produced surprisingly good results very quickly.

On each project, the customer had raised their requirements for
service levels, and we had to try something different if we were
going to keep up. Each time, the key to better performance was
better collaboration. And better collaboration came from
building an online platform that provided near-real-time
visibility to everyone from one end of the supply chain to the
other. Our collaboration was built on that visibility and the
common understanding that it enabled. Once we could all see
what was happening, then we could all figure out what to do
pretty quickly, and we no longer had to wait to be told what to



do by some central authority. We responded much faster and
more effectively than we had before.

Let's discuss what an effective supply chain collaboration
platform could look like. First we'll take a quick look at a simple
and accurate way to model and simulate supply chains. Then
we'll see an example of how companies can use simulations to
collaborate on supply chain projects that support business
growth.

Collaboration Depends on Common Understanding

Military organizations around the world use war games and
simulations to explore different strategies and develop
consensus on what strategies and tactics work best. They do this
by including many different people in gaming and simulation
exercises and letting everyone see for themselves what works
best. In war games, the entities, or game pieces, are various
types of military units defined as having different capabilities,
and the game board is a map. To model a strategy or a battle,
the entities are placed in actual locations on a map, and then
the outcomes of the interactions among the pieces are
simulated to see what would happen. Could a supply chain
simulation game show the best supply chain designs the same



way war games can show the best strategies? If so, what would
that simulation look like?

Let's extend the war-gaming analogy of placing game pieces on
a map. One can accurately model any supply chain by defining
four types of game pieces or supply chain entities and placing
these entities on a map. This is illustrated in Exhibit 7.4. The
four types of entities and the data needed to define them are:

1. Products: name, cost, weight, and volume at pallet or
shipping container level;

2. Facilities: location, size, operating costs, product production,
and demand rates;

3. Vehicles: speed, cargo size, operating costs, and routes; and
4. Routes: destinations, distances, and delivery and pickup

amounts and frequencies.



EXHIBIT 7.4

PRODUCTS, FACILITIES, VEHICLES, ROUTES

Only a small amount of data is required to define any of the
four entities, and this data can easily be obtained from
company ERP or other systems. Cloud-based mapping
applications such as Google Maps, Apple Maps, Bing Maps, or
OpenStreetMap can be used to create the game board on which
to place these entities. People can zoom in on any of these maps
and place products and facilities in very specific and accurate
locations. Vehicles and routes can also be carefully placed on



the map so as to follow actual roads, railways, or shipping
routes.

By using the four entities we have an effective way to organize
essential information about supply chains, and it also helps us
avoid being overwhelmed by a mass of other details. This
makes the model useful because it is understandable by a large
audience of business and technical people while still being
quite accurate and mathematically rigorous.

Simulations Build Common Understanding

Once products, facilities, vehicles, and routes are defined and
placed on the map, simulations can be run to assess the
capabilities and operating costs of that supply chain. People can
experiment with different designs and run more simulations to
see how well they work. Simulations will show which ones are
the best, and those designs can then be put into action in the
real world.

The screen in Exhibit 7.5 shows a company's supply chain.
Imagine this is the global supply chain for the Fantastic
Corporation introduced in Chapter 3. The facilities and the
routes that move inventory between facilities in the supply
chain are shown on the map. This company sources



components for its home entertainment systems in several
countries in Asia and imports them into two cities on the West
Coast of the United States, where product assembly is done. Its
home entertainment systems are then distributed to West Coast
stores from a distribution center on the West Coast. And
products are shipped to a distribution center further east to
support distribution to stores in the middle and eastern part of
the country. (Disclosure: screenshots in this chapter are from a
supply chain planning and simulation application called SCM
Globe, and I am a cofounder of this company. Courtesy of SCM
Globe, http:.//www.scmglobe.com, and Google Maps,
http://maps.google.com . )

http://www.scmglobe.com/
http://maps.google.com/


EXHIBIT 7.5

FANTASTIC CORPORATION GLOBAL SUPPLY CHAIN

The screen shown in Exhibit 7.6 illustrates a simulation of the
operation of this supply chain. Shown here are the supply chain
facilities and routes in the United States. A data display on the
right part of the screen provides a readout of relevant metrics
that measure the operation of this particular supply chain. The
data display shows daily values for on-hand inventory and costs
of operation at different facilities. People can see what works
best and modify facilities, routes, and vehicles until an optimal
design is achieved. The supply chain model contains all the
logistics information needed to operate the supply chain, and
the simulations check the math—the production and delivery



schedules and the vehicle capacities—and find the problems.
When people get a design that works well, then it literally
becomes the operating plan for the supply chain.

Once a supply chain is put into operation, simple data
interfaces with facilities, and vehicles in the supply chain
enable collection of relevant operating data on a continuous
basis. This actual operating data is then displayed online in the
same manner as the simulation data. In this way, the same
platform that people use to do simulations is also used to
monitor and manage real operations for the supply chain.

The simulation results provide a baseline for expected
performance levels, and actual results are tracked against that
baseline. People are alerted if performance levels go below
baseline, and they work together to bring performance back up
to or above the baseline. I saw this happen on the project
described in the “Tao of Supply Chains” case study in the
previous chapter and on other projects since then.
Collaboration is powerful when people have common goals and
can see what is happening as it happens.



EXHIBIT 7.6

SUPPLY CHAIN SIMULATION RESULTS

Process for Collaborative Supply Chain
Operations

Collaboration can produce major increases in supply chain
performance as I saw in the “Tao of Supply Chains” project. I
also saw effective collaboration requires a clear and simple
framework to guide the work; otherwise, people become
confused and lose their way. A streamlined version of the five-
step S&OP process provides an effective guiding framework to
drive ongoing collaboration. This is illustrated in Exhibit 7.7.
This streamlined S&OP process is driven by supply chain



simulations and comes from research by Dr. Dennis Duke at
Florida Institute of Technology (dduke@fit.edu) and Michael
Hugos at SCM Globe Corporation (mhugos@scmglobe.com).
SCM Globe and this streamlined S&OP process is used in
universities, training programs, and companies to simulate
actual and proposed supply chains and explore new options.

The S&OP process is usually focused on rolling 30-day time
periods. Every 30 days (if not sooner) most companies develop
and deliver new supply chain operating plans and put them
into operation. In step 1, forecasts are made of anticipated
demand for the products the supply chain handles. Aggregate
product demand numbers are forecast for the different markets
served by a supply chain, and prices for those products and the
raw materials to make those products are also forecast (see
section on aggregate planning in Chapter 2 for more detail
about forecasting).

Based on forecast product sales and prices, step 2 creates a
demand plan. Market sales forecasts are turned into product
demand estimates for each of the facilities in the supply chain.
Demand is calculated for raw materials and finished goods at
each facility. This information is summarized in a demand plan.
Then, based on the demand plan, step 3 creates a supply plan
that shows product production / procurement rates, and how

mailto:dduke@fit.edu
mailto:mhugos@scmglobe.com


vehicles will move products on delivery routes from one facility
to another to meet forecast demand.

EXHIBIT 7.7

COLLABORATIVE S&OP WITH SUPPLY CHAIN SIMULATIONS

In step 4 data from the two plans is used to create a model of
the proposed supply chain. Data from the demand plan defines
the products and facilities in the supply chain, and data from
the supply plan defines the vehicles and routes. Once these
entities are placed on the map, simulations can be run to



identify where there are mismatches between the demand plan
and the supply plan.

Simulations find out at what facility and on what day the
mismatches between demand and supply will occur. And the
simulations provide operating data needed to analyze the
mismatches and make adjustments to one or the other of the
plans in order to fix those problems and reconcile the two
plans. Plans can be fine-tuned so as to lower operating costs and
amounts of inventory on-hand at different facilities while still
meeting product demand across the supply chain. The supply
chain model that shows the best results in simulations becomes
the operating plan for the next 30 days or whatever planning
period the S&OP process is focused on.

Simulations provide a clear and understandable framework to
support collaboration between people and companies working
in high-change supply chains. When people can try out
different ideas and see for themselves what works best, it
drives consensus within the group. People do not then need to
be told what to do; they do it on their own because it is in their
own best interests. This is a powerful self-correcting feedback
loop in action.

The Right Combination of People and Technology



In my experience, I find that effective collaboration happens
between people and also between people and computers.
People cannot do all the calculations on their own; they need
computers to do the massive amounts of calculating, and they
need computers to display the resulting simulations and
performance data. At the same time, computers cannot do the
planning and running of supply chains all on their own. The
notion that computerized technology and powerful AI software
can operate supply chains in the real world without human
participation is a naive and misplaced idea that works better in
science fiction novels than in real life.

In their book Race Against the Machine (2012, MIT Digital
Frontier), MIT professors Erik Brynjolfsson and Andrew McAfee
define how work has changed from the industrial economy of
the last century, and they explore how to best combine people
and machines to organize work in the real-time information
economy of this century. One of their explorations was to
research outcomes at international chess tournaments. They
explain there are three kinds of competition at chess
tournaments. One is where chess grand masters play other
chess grand masters. A second kind is where AI machines such
as IBM's Big Blue play other AI machines. And the third kind is
a free-form competition where any combination of people and
AI machines can play against other combinations of people and



machines. The authors felt the free-form competitions offered
relevant insights about how to effectively combine people and
computers for work in our economy. What they discovered was
that teams of talented amateurs making good use of simple AI
algorithms and chess simulations consistently beat chess grand
masters who did not use AI algorithms and also other teams
using more complicated and expensive technology.

They attributed these outcomes to the power of finding the
right combination of people and computers for the task at hand.
Good combinations of people and technology let people do the
creative thinking and problem solving and let computers do the
intensive calculations to see where their ideas could lead.
Brynjolfsson and McAfee observed that in situations where
time pressure to act quickly limited the opportunity for
extensive analysis, those who triumphed were those who could
think creatively and make good use of simple technology to
validate their ideas. People using complex technology that was
theoretically more powerful did not win because the very
complexity of their technology slowed them down, so they
failed to benefit from the powerful capabilities their technology
might have possessed. And people not using technology at all,
even though they were highly skilled and experienced, did not
win, either. They quoted the chess grand master Gary Kasparov



as saying, “Human strategic guidance combined with the
tactical acuity of a computer was overwhelming.”

They concluded that the best prospects of success in our
economy are not in turning over business decisions and
operations to be run by highly complex and hard-to-understand
artificial intelligence technology. Instead, they make the case
that the best approach is to “combine the swelling numbers of
mid-skilled workers with ever-cheaper technology to create
value.”

The cost of technology continues to drop, and cloud computing
software applications are available to do all sorts of useful tasks
on a pay-as-you-go basis. As discussed in Chapter 4, these
applications are designed to be linked together using
application programming interfaces (APIs), and by linking
together selected applications, it is possible to create systems
tailored for the specific needs of companies as they evolve over
time. In high-change and unpredictable economies, it is a
winning approach to use combinations of people and
technology where the strengths of each can be brought to bear
to address problems as they emerge.

Simulations Support Collaboration by Driving
Consensus



Simulations let people do the thinking and creative problem
solving and use computers to do the calculations to show where
their ideas can lead. This effectively combines the strengths of
people and computers. This platform supports the practices of
collaborative S&OP as described in Chapter 6. An intuitive, map-
based user interface and the ease of use makes it possible for a
wide audience of people from different companies and from
different areas within a company (finance, sales, operations,
procurement) to actively participate in supply chain
collaboration projects.

This application is delivered via cloud-based software-as-a-
service so people only need a laptop, Internet connection, and a
password to log on. And once simulations are turned into actual
operating plans, it also enables ongoing collaboration activities.
By displaying real-time operations data and using simulation
results as a baseline for comparison, people can monitor and
manage their common supply chains so as to quickly and
effectively respond to changing business conditions and
customer demands. This is illustrated in Exhibit 7.8.



EXHIBIT 7.8

CLOUD-BASED COLLABORATION PLATFORM

As demand for products fluctuates, and as operating costs for
factories, warehouses, and transportation modes change,
companies and their supply chain partners can constantly test
out different ways to meet demand while minimizing cost. If
inventory planners and supply chain operations people can
literally draw supply chain designs on an electronic map and
then run simulations of those designs over some time period,
they quickly learn what designs produce the best results. The
map provides a clear organizing context for the entire supply
chain, and visual data displays provide readouts of key supply
chain performance indicators. This environment enables
people to quickly understand what is happening and become



deeply involved in monitoring operations and exploring
different supply chain options.

People develop accurate intuitions about how best to respond to
changing business conditions. They are able to constantly
adjust their supply chain operations to maintain the highest
service levels at the lowest costs. Companies using supply chain
simulations continuously learn and adjust their supply chains
as the world unfolds. And they do so while incurring less risk
and less cost than companies that learn in the real world by
trial and error alone. Mistakes discovered in simulations cost
much less to fix than mistakes discovered in the real world.

Example of Collaborative Supply Chain Planning

Let's look at an example of how an online collaboration
platform could work to coordinate a network of separate
companies that do business together in a supply chain. The
companies in this example are manufacturers, logistics
providers, distributors, and retailers, and they work in the fast-
paced world of designing, making, distributing, and selling
consumer electronic devices.

Imagine a company called Fantastic Corporation (introduced in
Chapter 3). They make a fantastic home entertainment system.



It's got a wide-screen HD TV with surround sound, broadband
Internet connection, and a high-performance PC with enhanced
graphics capabilities built in. There are modular plug-ins for
other devices such as DVD players, video cameras, and even
turntables to play vinyl records. It's a great piece of gear for a
great price, and everybody wants one. Sales have been ramping
up nicely.

This product and its success has also attracted the attention of
competitors. If Fantastic Corporation can't keep up with
customer demand, then competitors will lure customers away
with similar products to meet their demand. The mission right
now for Fantastic is to coordinate with its chain of suppliers
and retailers to increase production to meet demand at existing
stores and introduce the product into new stores to expand its
market share.

The consumer electronics industry is one where product life
cycles are measured in months (not years) and where prices
and demand forecasts fluctuate from week to week. Nobody
wants to get locked into long-term contracts because of the risks
involved with this market uncertainty. Most products use
similar combinations of electrical components so component
manufacturers can sell their output to whichever product
company shows the greatest demand and best prices. Nobody



anywhere in the supply chain from manufacturers to
distributors and retailers wants to get stuck with excess
inventory because the short product life cycles cause excess
inventory to rapidly lose its value. This means close cooperation
between all parties in the supply chain to accurately forecast
demand and make and move products effectively to meet
demand.

Fantastic needs active cooperation with the players in its supply
chain (as shown in the screenshot in Exhibit 7.9, ahead) if it is
going to increase its sales and expand market share. If Fantastic
can bring these manufacturers and distributors and retailers
into a collaborative process, then it has a chance to move a lot
of product and make a lot of money. And that chance is what
the other parties are looking for as well.

The folks at Fantastic organize an event to kick off their
campaign. People attend online or in person at Fantastic's
corporate office. As the meeting starts, everyone logs onto the
Internet and accesses a collaboration system. It provides a map
of the world that is projected on the large screen at the front of
the conference room for those present at Fantastic, and people
online see this on their screens. All participants can follow
along and talk to each other using voice, video, and chat links.
The map starts out showing the global reach of the Fantastic



supply chain. The facilities of all the companies and routes
between them are shown. By clicking on facilities, people can
see relevant information. Clicking on routes shows the vehicles
that travel on those routes and other relevant information
(Exhibit 7.9). People see a global view of Fantastic's supply
chain.

Participants at the Fantastic office can see a big screen at the
front of the conference room, and they have tablet computers
or laptops that show a smaller version of the same display on
the big screen in front of the room. Changes people make on
their displays at Fantastic or online elsewhere are seen by
everyone. People use touchscreen controls and call up
information or draw in new facilities or routes. By tapping on
countries or cities, they can access specific market data.
Displays of current sales by product category and sales trend
lines over the last several years can also be shown with a
further tap of the finger. The screenshot shown in Exhibit 7.9
shows a portion of the Fantastic Company supply chain and
proposed new facilities displayed on the map.

As the session progresses, participants wear headphones and
are able to communicate with each other via voice over the
Internet (VoIP) or chat and texting, and they can direct their
communications to other individual participants or the whole



group or some subgroup. There is a session moderator from
Fantastic, who is acting as the leader but that mostly means
facilitating free flow of ideas and keeping people focused on
tasks at hand.

Three of the manufacturers draw in additional factories their
companies are building that can deliver components for the
Fantastic home entertainment product. Then a guy from the
logistics company that supports stores on the East Coast adds in
a new distribution center they are opening up and shows on the
map how they could support additional store deliveries of the
Fantastic product (this is illustrated in Exhibit 7.9). Then some
retailers said they were opening some more stores and if they
started stocking the Fantastic product, then their demand
forecasts would go up, and they entered higher demand
numbers at a bunch of their stores. As the meeting progresses,
the visibility and interaction makes it possible to get a good
consensus on amounts of product that can be sold and the
amounts of component parts and distribution services needed
to support this sales growth.



EXHIBIT 7.9

PROPOSED NEW FACILITIES FOR SUPPLY CHAIN

Then people run simulations on the supply chain configuration
they have designed to see if it can handle the volumes required
to meet sales forecasts. The system runs the simulation before
everyone's eyes and shows where problems will crop up. The
screenshot in Exhibit 7.10 shows results from one of the
simulation runs. It shows the inventory on-hand at the Chicago
DC. People can see that over the 30-day S&OP cycle inventory is
higher than needed and there is an opportunity to improve
supply chain operations by reducing shipments from the
factory and DC in Los Angeles.



People respond as these problems crop up in the simulation
and make changes to the design and rerun the simulation. After
several iterations and some spirited discussions, a supply chain
configuration is arrived at that delivers needed performance
levels at an operating cost that is acceptable.

This session harnessed a notion called crowdsourcing to arrive
at the supply chain design. Fantastic Company invited its supply
chain partners to an open exchange of ideas and simulations to
test the goodness of ideas and designs. The group arrived at a
good solution, and that solution also has the active support of
the relevant parties. So it is likely to be successful.

Everyone participated in setting the goals that need to be met,
and the roles and rules for each company are set forth in their
contracts with Fantastic. People at each company feel good
about what they accomplished, and each party in this planning
and brainstorming exercise sees how they can make money and
even have some fun doing so. As people go back to their offices,
they are all committed to accomplishing the goals that were
agreed on. This is business; people are in business to make a
profit, and they understand how much money their companies
can make if they accomplish their goals.



EXHIBIT 7.10

OPERATIONS AT CHICAGO DISTRIBUTION CENTER

This conference lasted for a day. There were two sessions of two
hours each, one in the morning and one in the early afternoon,
and in between was a break of several hours where people
worked in small groups or on their own to investigate
particular issues. During the conference the feedback people
got from the simulations and from interacting with each other
drew them in and focused their attention on the challenges at
hand. It brought out their collective creativity, and they worked
out a good solution for a range of complex issues. They
experienced that state of mind called flow. We all know what
flow is; it's what happens when you lose your self-



consciousness, and time gets distorted, and you are engrossed
in an experience that provides pleasure and satisfaction in its
own right. Good work is produced when flow happens.

Everything people need to continue working together is there
online in the collaboration platform, and information will be
updated in real time or near real time as people start carrying
out the activities they agreed to. This collaboration system is an
upgraded version of the supply chain visibility system
presented in the “Tao of Supply Chains” case study. And it is not
just for planning; it will be used every day by all parties in the
supply chain to monitor operations and resolve issues as they
arise.

This event would never be confused with that bane of corporate
existence known as a “meeting.” This event is what you could
call “massive collaboration.” It is an example of how a
geographically dispersed group of people from different
organizations can come together online and get substantial
amounts of work done in relatively short periods of time.

Creation of collaboration platforms like what is described here
can be readily done without having to write enormous amounts
of new software or purchase enormous amounts of computing
power and data storage. This kind of technology used to be the



exclusive domain of governments, the military, and large
corporations. Now it is available to almost any company or
group of companies that want to improve their supply chain
operating capabilities.

Modular and Flexible Technical Architecture Makes
It Possible

Many successful new businesses create the systems they need
to support their operations by combining already-available
cloud computing services and software applications and only
writing new software for their own unique functions that make
their business valuable to customers. For instance, Uber uses
the cloud computing services of Amazon Web Services to host
its applications. It uses Google Maps to provide the mapping
functions for its application. It connects to Braintree to handle
mobile customer payments and uses Twillo to provide the
mobile communications capability it needs to connect
customers and drivers with its own customer service staff
(Patel, Jeetu, 2016, “Software Is Still Eating the World,”
TechCrunch, https://techcrunch.com/2016/06/07/software-is-
eating-the-world-5-years-later/).

Their systems architecture is cloud-based, and they use APIs to
connect with other software-as-a-service providers as needed.

https://techcrunch.com/2016/06/07/software-is-eating-the-world-5-years-later/


Uber connects with other providers to get the hardware and
software capabilities they need to support their main effort,
which is to become a collaboration and coordination platform
for transportation providers and customers. Uber is a mass
collaboration platform that enables riders and drivers to
interact. People needing transportation can quickly find people
who provide transportation, and the platform enables them to
contact each other through a common data connection and do
business.



EXHIBIT 7.11

MODULAR TECHNICAL ARCHITECTURE

What Uber has done is just one example of the opportunity that
now exists for companies to build powerful collaboration
platforms by assembling existing software components. We
have only begun to see the power of this approach for creating
effective collaboration platforms to plan and operate global and
local supply chains. Exhibit 7.11 shows a conceptual design for



creating powerful collaboration and simulation platforms that
can support thousands of different companies that can come
together as needed to create and re-create global and regional
supply chains as markets and customer desires evolve.



Chapter Summary

Supply chain performance depends on timely and accurate data
continuously shared among the participants in a supply chain.
Big companies (tier 1 companies) have implemented electronic
data connections with other big companies, but these
connections are often complicated and expensive and out of the
reach and the budget of smaller companies. But in most supply
chains the big companies are only a minority of the
participants. There is an urgent need for simple, robust, and
affordable electronic data connections that can be used by all
companies, big and small, in supply chains.

Once electronic connections are in place and data starts flowing
between all companies in a supply chain, then cloud-based
supply chain collaboration platforms can enable effective
collaboration between companies at all tiers in a supply chain.
Because all can see what is happening as it happens, self-
correcting feedback loops come into play. Companies and entire
supply chains can make continuous responses and adjustments
to their operations to respond to changing conditions.

This self-correcting feedback loop comes about through
effective combinations of people, process, and technology.
Complex technology and rigid procedures can cripple people.



Relatively simple technology and more decentralized and
flexible procedures can deliver effective means of managing
supply chain operations in the high-change and hard-to-predict
environments that supply chains operate in today.

When single large companies exercise too much control, they
tend to shift profits in the supply chain to themselves. This
makes them complacent in their existing business models and
robs the smaller companies of their initiative to do anything
other than what they are told to do by larger companies. And
this tends to blind all companies to changes taking place in
their markets. This blindness leaves companies unable to
respond to new customer demands, and their collective supply
chains suffer when the products they make and deliver are no
longer desired by customers. An example of this can be seen
over the years in supply chains that supply products to the
mobile-phone market. Once, large companies such Motorola
focused almost exclusively on efficiency and productivity in the
production of existing products such as the flip phone. They
organized their supply chains to efficiently produce products
that customers no longer wanted even if they were high quality
and low priced.

Supply chains can be reinvented by employing collaboration
techniques to involve all participants in developing innovative



new products and supply chain operations. Effective
collaboration is dependent on common understanding among
participating companies. Supply chain simulations can provide
that common understanding because they enable all companies
to see what works best to respond to new supply chain
demands. So all companies can come to consensus faster, and
their collective actions become more effective.

A streamlined five-step S&OP process provides an effective
framework to guide collaboration and help companies work
through the continuous process of responding to change.
Collaboration is also enhanced by the right combination of
people and computers. Instead of attempting to automate all
supply chain activities and turn over the operation of supply
chains to complex computer systems and AI machines, it is best
to employ people and computers so that each are used for what
they do best. People are better than AI machines at creative
thinking and problem solving; computers are best at
performing the mass of calculations needed to monitor
operations and to simulate different possible responses to new
challenges. Powerful online collaboration platforms can be
created by use of cloud computing and combinations of existing
software applications. These collaboration platforms are then
readily available for use by all companies in a supply chain.



CHAPTER 8 
Defining Supply Chain
Opportunities

AFTER READING THIS CHAPTER YOU WILL BE ABLE TO:

Apply the market analysis framework to define the type of
markets your company serves and identify the
performance capabilities most valuable to those markets;
Define performance targets for your company to succeed
in the markets you serve—the goal;
Create a strategy and define the objectives needed to
reach the goal;
Estimate the budget needed for this effort and calculate
the return on investment (ROI); and
Create a high-level project plan that will guide the effort.



Now that conscious design and real-time management of a
company's supply chain is possible, how does a company use
this ability to its competitive advantage? A well-designed and -
managed supply chain will enable a company to offer high
levels of customer service and at the same time hold its
inventories and cost of sales to lower levels than its
competitors. This chapter will lay out a process to use for
defining the supply chain management opportunities available
to a company.

The Supply Chain as a Competitive
Advantage

As companies such as Walmart and Amazon.com have so
clearly shown, if a company can design and build a supply
chain that is responsive to market demands, it can grow from a
small company to become a major player. Efficient supply chain
operations are central to being able to satisfy market demands
and to do so in a way that is profitable. Where once markets
were shaped by the availability of product, now they are
shaped by the evolving demands (some might say whims) of the
end-use customers. Availability of most products is now taken
for granted. So in addition to the product itself, the market has a
host of other requirements in the areas of customer service,

http://amazon.com/


demand flexibility, and product development. A company needs
to understand where it fits in the supply chains of the markets
it serves. Then it needs to decide which activities it will focus on
to deliver value.

Supply chains that deliver the best value to their end-use
customers generate a strong demand for products and services.
They are good places for producers, logistics providers,
distributors, and retailers to do business. The efficiency of the
entire supply chain greatly affects each company's ability to
prosper, so standards of performance evolve in these supply
chains over time. New companies cannot enter unless they can
meet these standards. What this means is that companies that
are good at their core supply chain operations work together in
self-selecting supply chains to deliver the greatest value to the
end-use customer.

It also means that there is great profit potential to be had for
companies in a supply chain that learn to cooperate to generate
efficiencies and cost savings for all. Skilled companies in
specific markets that learn to work together to achieve new
levels of efficiency and cost savings will create supply chains
that grow faster than other supply chains in their markets.



We may even begin to look at a market in terms of the
competing supply chains that support it instead of just the
competing supplier companies within the market. Just as we
now rate individual companies by their profitability and
customer-service levels, we may begin to measure entire supply
chains on their overall performance in these areas.

Identify the Business Opportunity and
Define the Goal

Supply chain opportunities generally come in one of two
categories. The first category is to fix or improve something
already in place. The second category is to build something
new. In both categories you have to first define the goal and
then set about accomplishing that goal. Depending on which
type of opportunity you are pursuing, the way to accomplish
the goal will be different.

If you are pursuing an opportunity that is in the category of “fix
or improve something already existing,” then use Mr. Goldratt's
theory of constraints as your guidelines for taking action. These
guidelines are summarized in an Executive Insight section in
Chapter 6 (see p. 229). If you are going after an opportunity in



the “build something new” category, then use the process
outlined in this chapter.

New markets emerge, existing markets evolve, and mature
markets fade away. A market creates a demand for a bundle of
products and services to support it. Over the lifespan of a
market, its supply chain evolves in response to the forces of
supply and demand. Companies that supply a market must
evolve along with the demands of that market. What are the
markets your company serves, and who are the end-use
customers in these markets? Who are the producers in these
markets? Who are the distributors, the logistics providers, and
the retailers? What are the products and services demanded by
this market?

What is the supply-and-demand situation in the markets you
serve? The supply chain opportunities available to a company
depend on which quadrants the markets it serves are in. Use
the market-analysis framework to determine which market
quadrants your company deals with. Which quadrants are your
markets in today? Which quadrants do you think they will be in
two years from now? Compare your organization against
competing organizations in your markets. Identify whether you
lead, equal, or lag your competitors in the areas of:



1. Customer service;
2. Internal efficiency;
3. Demand flexibility; and
4. Product development.

Each market is best served by some combination of
performance in these four areas. Define whether your company
needs to lead, equal, or even excel in each of these areas.
Identify the position your company needs to take in the four
areas to best align itself with the demands of the markets it
serves.

As discussed in Chapter 5, a company must lead in demand
flexibility if its customers are in a mature market, and it must
lead in internal efficiency if its customers are in steady markets.
A company must excel in product development if it serves
developing markets, and companies must meet high customer
service standards in all of the markets they serve. Set the
performance targets your organization needs to achieve
alignment with the markets it participates in. These
performance targets influence the goals a company selects, and
they become the measures of its success.

Create the Strategy



Once a business goal is defined and the related performance
targets are set, the next step is to create a strategy to accomplish
this. Strategy can be defined as simply “the use of means to
achieve ends.” In other words, a strategy uses the business
operations (means) of an organization to achieve its goals
(ends). To define the strategy, begin by looking at the supply
chain operations that are performed in your company.
Achieving the performance targets that have been set will
require improvements in one or more of the four categories of
business operations that are used to manage the supply chain:

1. Plan
2. Source
3. Make
4. Deliver

Use Brainstorming to Generate Ideas

Brainstorm a large list of improvement ideas for the operations
under each of the four categories. Ask the question, “What
seems impossible to do, but if it could be done, would
dramatically change the way we do business?” Look for ways to
change the business landscape—ways to give your organization
a significant competitive advantage by doing something new
and different. Where no new ideas are found, look for ways to



significantly improve existing operations to get greater
performance and increased cost savings. Better efficiencies in
existing operations will rarely provide huge business wins, but
they help ensure the company's survival.

Take the time to work up a large list of ideas. These ideas are
the raw material from which the business strategy will emerge.
When a sufficiently large body of ideas has been generated,
review the lists and select three to six or so of the ideas that
seem to have the most impact. These are ideas that will deliver
improvements in multiple operations or performance
categories. They are also ideas that promise the greatest
payback and have the highest likelihood of success. These are
the ideas that now need to get further attention. They will be
the foundation on which the strategy is based (see Exhibit 8.1).



EXHIBIT 8.1

IMPROVE SELECTED BUSINESS OPERATIONS TO MEET

PERFORMANCE TARGETS



Examine this handful of most promising ideas that have been
selected. How will these ideas play out over the next few years?
How do these ideas work together to form a big-picture
sequence of events that will take the organization from where it
presently is to where it wants to go—the accomplishment of its
business goals? What things have to be done, what new
operating procedures and information systems need to be
created in order to carry out these ideas? What are the best
guesses as to the time it will take to create these new operating
procedures and systems?



EXHIBIT 8.2

NETWORK INFRASTRUCTURE DEVELOPMENT



Look to see how these ideas relate to each other. Does the
implementation of one idea build on the implementation of a
previous idea? What sequence should be followed in the
implementation of these ideas? What kind of changes in
operations, technology, and staffing are called for to implement
each idea, and how can these changes be done in a manageable
way? How can the implementation of these ideas be broken up
into phases that can each be completed in three to nine
months? A phase needs to create deliverables that provide
value in their own right and that can be put to use as soon as
the phase is completed (see Exhibit 8.2).

It is important both to see the big picture that stretches over a
period of several years and also to segment this big picture into
smaller phases. This way, the company is able to begin
receiving tangible benefits from its work in a relatively short
period of time. It can also respond to new developments in the
business environment in a timely manner by adjusting its
strategy as necessary as it completes each phase. There is a
saying that sums up this approach very nicely: “Think big, start
small, and deliver quickly.”

Create a Conceptual System Design



The strategy to achieve the business goals is expressed in the
conceptual design. The conceptual design is the high-level
outline of a system or a set of systems. Generate several
different conceptual designs for systems that will meet the
desired performance criteria. Approach the conceptual design
first from the perspective of the business processes that are
supported. Sketch out the different operations that are
performed, and note the kind of information that is required
and created by each operation.

Then add further definition to these process flows by specifying
the data flows into and out of each operation. For each
operation, estimate the volume and frequency of the data flows
and also the source and destination of each data flow. In
addition, for each operation, define the types of people (if any)
who will perform this work. How many people will there be?
What are the skill levels of the different types of people? This
kind of business process diagram is illustrated in Exhibit 8.3.



EXHIBIT 8.3

DIAGRAM OF THE BUSINESS PROCESS FLOWS



Next, decide which operation will be automated, which will be
manual, and which will be part automated and part manual. As
a rule, people will like systems that automate the rote and
repetitive tasks and empower them to do the problem-solving
and decision-making tasks more effectively. People really are
the most valuable resource of any company, so design systems
that make maximum use of their skills. Technology's role is to
support the people who use it, not the other way around.

Evaluate the existing computer system's infrastructure in your
organization. Look for ways to build on that infrastructure. The
most cost-effective systems are those that deliver valuable new
capabilities to an organization quickly and with a minimum of
effort.

Select the simplest combinations of technology and business
processes that will meet the specified performance criteria.
Balance the need for simplicity with the ability to increase the
capacity of the system to handle greater volumes of data and to
add new functionality as the business operations grow in
volume. And remember that markets move over time from one
quadrant to another, so build a supply chain infrastructure that
is flexible enough to change with the needs of the markets your
company serves. Do not design a system that locks the company



into one way of operating and that is not capable of evolving to
support new operations.

Create high-level schematic diagrams to illustrate each
conceptual system design. In these diagrams use simple shapes
such as cubes and cylinders and spheres to represent different
components of the design. Connect these shapes with lines and
arrows to show the direction of data flow and activity. Do not
get too technical or detailed in these diagrams. Their purpose is
to quickly communicate the basic structure of the proposed
designs. (See Exhibit 8.4 on page 300 for an example of a
conceptual system design.)

These schematic diagrams are invaluable in communicating the
features of the different designs to a wide audience of people.
Reviews and comments should be sought from people who will
use the new system, people who will pay for it, and people who
will build it. Thoughtful input from a wide audience of people is
very helpful in selecting the best design and then in adjusting
that design to increase the likelihood that it will succeed.

Strategic Guidelines for Designing
Systems



Designing supply chain systems or any other kind of system can
quickly become a very complex undertaking. The business
manager can come to feel overwhelmed by the possible choices
and be tempted to leave this activity to the technical experts. Do
not give in to this temptation. Business management must
remain actively involved with the technical people in creating
the conceptual design for the system. It is in this activity that
the business manager can exercise very effective control over
the strategy that the company will take to accomplish its goal.
This activity cannot be left entirely to technical people because
they usually do not have the depth of business knowledge that
is needed to make the best decisions.

The best approach is for business and technical people to work
together and generate a number of possible conceptual designs.
Evaluate the goodness of each conceptual design by applying
the seven guidelines for the design of new systems. These
guidelines provide a basis to compare different designs and to
select the conceptual design that has the best chance of success.
A design that respects all seven of these guidelines is the best. It
may still be a workable design if one or two of these guidelines
are violated (as long as it is not the first of the seven guidelines
shown). If guidelines are violated, there need to be very good
reasons for doing so and specific compensations made to cover
those violations. If three or more guidelines are broken, then



the conceptual design is seriously flawed, and it is very unlikely
that the design can be successfully built.

The seven system design guidelines are:

1. Closely align system designs with the business goals and
performance targets they are intended to accomplish: For any
systems development project to be a success, it must directly
support the organization to achieve one or more of its goals.
No new system can be effective until you have first identified
or created the business opportunity that will make the
system worth building, and no new system will bring any
sustained benefit to your company unless it supports the
efficient exploitation of the business opportunity it was built
to address.

2. Use systems to change the competitive landscape: Ask yourself
what seems impossible to do today, but if it could be done,
would fundamentally change what your company does in a
positive way. Put yourself in your customers' shoes. In the
words of Nordstrom's motto, think of what would “surprise
and delight” your customers. Look for opportunities to create
a transformation or value shift in your market. Find ways to
do things that provide dramatic cost savings or productivity
increases. Place yourself in your competitors' shoes and
think of what course you could take that would be the least



likely to be foreseen or quickly countered or copied. As long
as you are able to do something of value that your
competitors cannot, you have an advantage. If you are going
to take bigger risks and incur larger costs to develop a
system, then make sure it is a system that will change the
competitive landscape. This is the kind of system that can
deliver benefits that might justify bigger risks and costs.

3. Leverage the strengths of existing systems infrastructure:
When existing systems have proven over time to be stable
and responsive, find ways to incorporate them into the
design of new systems. The purpose of strategy is to best use
the means available to the organization to accomplish its
goal. The design of a system is the embodiment of the
strategy being used. Build new systems on the strengths of
older systems. That is what nature does in the evolutionary
process. New systems provide value only insofar as they
provide new business capabilities. Time spent replacing old
systems with new systems that do essentially the same things
will not, as a general rule, provide enough value to justify the
cost.

4. Use the simplest possible combination of technology and
business procedures to achieve the maximum number of
performance targets: A simple mix of technology and process
that can achieve several different performance targets



increases the probability that at least some performance
targets can actually be achieved. This is because simple
combinations of technology and business processes reduce
the complexity and the risk associated with the systems.
Using a different combination of technology and business
process to achieve each different performance target
multiplies the cost and the complexity of the entire
undertaking and reduces the overall probability of success.

5. Structure the design so as to provide flexibility in the
development sequence used to create the system: Break the
system design into separate components or objectives and, as
much as possible, run the work on individual objectives in
parallel. Try not to make the achievement of one objective
dependent on the prior achievement of another objective. In
this way, delays in the work toward one objective will not
affect the progress toward other objectives. Use people on the
project who have skills that can be used to achieve a variety
of different objectives. If you use the same technology to
achieve several different objectives, it is much easier to shift
people from one objective to another as needed because the
skill sets used are the same. Your project plan should foresee
and provide for an alternative plan in case of failure or
delays in achieving objectives as scheduled. The design of the
system you are building should allow you to cut some system



features if needed and yet still be able to deliver solid value
to the business.

6. Do not try to build a system whose complexity exceeds the
organization's capabilities: The beginning of wisdom is a
sense of what is possible, so don't bite off more than you can
chew. When defining business goals and the systems to reach
those goals, aim for things that are within your reach. Set
challenging goals but not hopeless goals. The people in your
organization need to have confidence in themselves in order
to rise to a challenge. Avoid exhausting their confidence in
vain efforts to reach unrealistic goals.

7. Do not renew a project using the same project organization or
the same system design after it has failed once: A mere
reinforcement of effort or just trying harder is not a
sufficient change to ensure the success of a project after it
has failed once. People are probably demoralized after the
first failure and will not rise to the challenge of doing the
work again unless there are meaningful changes in the
project approach. The new approach must clearly reflect
what was learned from the previous failure and offer a
better way to achieve the business goal and performance
targets.



 

TIPS & TECHNIQUES

STRATEGIC SYSTEM GUIDELINES

The seven system design guidelines are:

1. Closely align systems with the business goals and
performance targets they are intended to accomplish.

1. Use systems to change the competitive landscape.

1. Leverage the strengths of existing systems infrastructure.

1. Use the simplest possible combination of technology and
business procedures to achieve the maximum number of
performance targets.

1. Structure the design so as to provide flexibility in the
development sequence used to create the system.

1. Do not try to build a system whose complexity exceeds the
organization's capabilities.

1. Do not renew a project using the same project
organization or the same system design after it has failed
once.





 

IN THE REAL WORLD

As chief information officer (CIO) of Network
Distribution (https://us.networkdistribution.com/), I
applied the strategic guidelines for designing systems to
create the design for its e-business systems
infrastructure. Because of my adherence to these
strategic guidelines, this system was built in a shorter
time and for considerably less money than similar
systems built by our competitors. This system continues
to be used and enhanced as necessary to meet the
evolving business needs of the company.

Network Distribution selected a conceptual design for its e-
business systems infrastructure that would best enable it to
meet its performance targets. This design was presented to
an audience that ranged from the board of directors to
senior management to the people who would build the
systems infrastructure and the people who would use the
systems. Feedback from all these people helped to finalize
the design. The schematic diagram for this conceptual
design is shown in Exhibit 8.4.

https://us.networkdistribution.com/


EXHIBIT 8.4

A WEB-ENABLED SUPPLY CHAIN

The system's infrastructure is composed of four main
components that work together to provide a flexible and
cost-effective infrastructure that can change as business
conditions evolve and can handle greater and greater
volumes of data as business operations grow. The four main
components are:



1. The virtual private network (VPN): A high-speed, Internet-
based network to provide all member companies with a
secure environment in which to exchange information
and work together to serve national accounts.

1. Web-based e-commerce systems: A suite of systems
accessed via the Network Distribution website. A
packaged system from a software-as-a-service provider
named Tibersoft was used to provide order entry,
inventory, and order status. Network Distribution
developed the sales history reporting system. This suite of
e-commerce systems was also made available to member
companies to serve their local customers.

1. NSC data warehouse: A collection of databases to support
the web-based e-commerce operations and internal NSC
operations such as proposal development, price file
maintenance, account book creation, and sales reporting.

1. Data delivery system (NetLink): A two-way, Internet-based
data-transfer system to allow each member company's
internal systems to read and write data in a common
format to support delivery of seamless and consistent
national account service. This component incorporated
and reused software from an earlier system that provided



for receipt and error checking of invoice data from
member companies.

The greatest value for the company lay in the construction of
the data warehouse to house the databases and in building
the data delivery system called NetLink. Those components
working together would best meet the performance criteria
defined by the company. In order to meet the financial
performance criteria and reduce project risk, Network
Distribution decided to lease the use of an existing web-
based product catalog and order-entry system instead of
building its own.

Define Project Objectives

When you look at a schematic diagram that illustrates a
conceptual design, the system is shown as a set of high-level
components. Defining these high-level components is a
somewhat subjective process since there is a range of possible
ways to design a system—some better than others. The better
designs will define high-level components that are highly
cohesive in the functions they perform. This means that each
component performs a set of tasks that are all closely related to
a single and well-defined activity. For instance, a highly



cohesive component in a conceptual design could be an order-
entry system. This component does all the things that need to be
done for a customer to enter an order, and that is all it does.

A component that is not cohesive would be a component that
did order entry and also managed a database of sales
information and also routed orders to different business
locations. Showing all those activities as one component in a
schematic design does not provide enough definition of the
design to enable people to evaluate it effectively. This
component should be broken down into three separate
components—one for order entry, one for database
management, and one for data transmission.

The building of each of these high-level components defines a
set of specific, measurable activities or objectives that need to
be achieved in order to create the system. There will tend to be
somewhere between three and nine high-level components,
and all other components will resolve into subcomponents of
these high-level components. Why are there only three to nine
high-level components? Because most of us are just regular
folks, and we cannot comprehend at a glance or remember
more than seven (plus or minus two) things at a time. A clear
and simple system design goes a long way toward ensuring the



success of the project because the people involved with it can
understand it.

If a conceptual design is produced that is so complex only a
genius can understand it, then the conceptual design is useless.
People will not be able to use it to effectively guide their work
in the detailed design and building of the system. Without a
clear conceptual design, the people involved with building,
using, and paying for the system will all have different ideas
about what the company is trying to accomplish. People
working on the different parts of the system will find it
increasingly difficult to coordinate their actions with each other.
The level of tension and misunderstanding and arguing will
rise higher and higher as the work continues.

The development of each component in the conceptual system
design becomes an objective in the project to build the system.
Similar to the way that a long-term strategy is broken down into
self-sufficient phases that each provide value in their own right,
the building of a new system should be broken down into a set
of objectives that each provide value in their own right. An
objective should not be just an intermediate step along the way
that depends on the completion of some future step to be of
value. Objectives should each be achievable in three to nine
months (or less). Look for objectives that can be achieved



quickly. These will begin providing value and repaying the cost
of the project before it is even entirely finished. Once achieved,
an objective should become a base from which other objectives
can be achieved.

Also be careful not to define objectives that lock the project into
some rigid sequence of development activities. The world rarely
goes according to plan, so the plan must be flexible in order to
adapt as reality unfolds. Begin work on as many objectives as
possible at the same time (in parallel). As much as possible,
make the tasks needed to achieve each objective independent of
the tasks needed to achieve the other objectives. This provides
maximum flexibility, so that if one objective is delayed, it will
not also delay the completion of other objectives being done in
parallel. Resources can then be shifted from one objective to
another as needed to respond to situations that arise.

Create an Initial Project Plan and Budget

It is always a challenge to create a project plan early in the
project when there are so many things that are not entirely
known. There will be much agonizing and grumbling about the
plan. People will feel that they are being asked to commit to
something that they know very little about and that whatever
they say will come back to haunt them. In an attempt to give



themselves as much wiggle room as possible, some people will
create plans that are so high level and vague that they are little
more than smoke screens. Other people will plunge into the
task with determination and produce a plan showing minute
detail about things that can hardly be defined yet. These plans
are little more than wishful thinking about a future that will
probably be nothing like what is shown.

So what is to be done? Let's start with a definition. Simply
stated, a plan is a sequence of non-repetitive tasks that lead to
the achievement of one or more objectives that have not yet
been achieved. A plan should not be confused with an operating
schedule, which is a repetitive sequence of tasks that
perpetuate an already-existing state of affairs. This means that
the plan should focus on laying out the tasks that need to be
performed to achieve each objective that was identified in the
conceptual system design. Do not clutter up the project plan
with repetitive tasks that are related to ongoing administrative
or business operations.

Create a section of the overall project plan for each objective. In
the section of the plan for each objective, list the major tasks
needed to achieve that objective. There will be tasks related to
designing and then building the deliverables necessary for each
objective. Show the dependencies between the tasks related to



an objective, and show the dependencies between the
objectives.

When estimating how long each task will take, remember the
old saying that “any job will expand to fill the time available”
(known as Parkinson's law). Use a technique called time boxing
to define the time limits for each task. This technique calls for a
trade-off between the work involved in carrying out a task and
the time that is available. Realistic and adequate time periods
must be assigned to each task, but then it is up to the people
doing the work to tailor the job to fit the time that is allocated.
When setting these time boxes, get input from the people who
will be asked to do the work. In a good plan, the time boxes for
each task are aggressive, and they require people to work hard
and stay focused, but they should not be so aggressive as to
make people feel they have no chance of getting the work done.

A useful way to think about the work on a project and the
corresponding time boxes is to divide time spent on a project
into three main steps and assign an overall time box to each of
the main steps. Then within each step, subdivide the time
available to accommodate the tasks that are involved. The three
steps and their durations are:



EXHIBIT 8.5

BUILD INTEGRATED INFORMATION INFRASTRUCTURE



1. Define what is going to be done: the goal and the objectives
(2–6 weeks);

2. Design how that will be done: the detailed specifications (1–3
months); and

3. Build what is specified (2–6 months).

For each objective, set a time box for the design step and the
build step. Don't worry about the define step—that is what you
are doing right now, and showing it on the plan is not
necessary. Look at the tasks that are required to achieve each
objective. For example, let's say that objective A has a one-
month time box for design and a two-month time box for build.
Decide which tasks fall into the design step and which tasks are
in the build step. Allocate the time available in design among
the tasks involved, and do the same for the tasks in the build
step. You have now subdivided the larger design and built time
boxes for objective A into smaller time boxes for the tasks that
are involved.

Assigning time boxes is an iterative process. It involves
adjusting both the time allocations and the scope of the work
that will be done. It will probably take several passes through
the plan before you have something that seems reasonable—
something that is both aggressive and yet still doable. See
Exhibit 8.5 for an example of an initial project plan.



Estimate the Project Budget and ROI

This is the step where you answer one of the most fundamental
questions about the project: “Is this project worth doing?” Once
a plan has been constructed, the budget can be created. Project
plans and budgets are just two sides of the same coin. Plans
show the time, people, and material needed to get things done,
and budgets show the cost of the people and material over the
time frames involved. Although in many cases the cost and
benefits related to a project cannot be defined with absolute
certainty, it is still a valuable exercise to get as accurate an
estimate as possible.

The value comes in two areas. The first is that this is an
opportunity to create a consensus among the people who have
to pay for the system. Everyone whose budget will be affected
by the project should have an opportunity to review the costs
and the benefits of the project. It is often hard to assign specific
values to the benefits, but it must be done. When in doubt,
understate the benefits—just make sure that the benefit
numbers are ones that people can understand and support.



 

TIPS & TECHNIQUES



These three steps provide a useful way to think about the
work that has to be done to create a new system. Under each
step are shown the deliverables that need to be produced,
estimating guidelines for how long each step should take to
complete and how much of the total project budget should
be spent on that step.

For those of you who will go on to run projects to develop
supply chain systems, you can find a more in-depth
discussion of the three-step define-design-build process in
my book Business Agility: Sustainable Prosperity in a
Relentlessly Competitive World (Hugos, Michael, 2009,
Hoboken, New Jersey: Wiley). In particular see Chapter 5,
“Strategically Focused, Tactically Responsive,” pages 82–85,
and Appendix A, “Executive Checklist for Monitoring
Development Projects.”

The sum of these benefit numbers is the value of the project,
and it is very important to have agreement on the value of a
project.

The value of the project is the main reference point to keep in
mind when evaluating the rest of the project. The value of the
system is what tells you how much can be spent to build the



system. If the costs to develop a system add up to more than the
benefits that will be produced, then there are two choices.
Either find a less expensive way to produce those benefits or
simply do not do the project. Businesses exist to make a profit,
and that is a discipline that all businesspeople must live with.

Define the Specific Costs and Benefits

From a financial perspective, a system generates a stream of
costs and benefits over the length of time in which it is built and
used. As a rule, a system should pay for itself and return an
appropriate profit within one to three years because after that
time, the system will usually need major enhancements or a
complete reworking. Specific benefits need to be identified and
estimates made of their dollar value. Measure system costs and
benefits on a quarterly basis. Subtract costs from benefits to
arrive at the quarterly cash flow generated by the system.
Calculate the value of that cash flow using whatever method the
financial decision makers would like (net present value,
internal rate of return, etc.). The higher the risk involved in
building and operating the system, the higher the profit that the
system should generate.

System Costs



In a system development project, there are three types of costs:

1. Hardware and software: Costs for the hardware, software,
and communication network components that need to be
purchased from vendors for the new system design.

2. Development: Costs as estimated by the time and cost needed
to achieve each project objective. Each task that is part of the
work plan for an objective will require some number of
people with certain skills for some period of time. Each task
will also require certain technology and perhaps other
expenses, such as travel, hotel rooms, and meals. Set a
standard cost for each kind of person, and estimate the labor
expenses for each kind of person for each step in the system
development life cycle: the define step, the design step, and
the build step.

3. Operations: Operations costs have a number of components.
Estimate labor expenses for the kinds of people that will be
needed for ongoing operation and support of the new system.
Estimate the line charges and usage fees for the
communication network and technical architecture used by
the system. Obtain yearly licensing and technical support
costs from vendors of the hardware and software
components used by the new system.

System Benefits



There are four types of benefits provided by a new system:

1. Direct benefits: Productivity increases and cost savings due to
the capacity increases brought about by a new system. Define
the new functions the system provides that the company
does not now have. Estimate the productivity increases and
labor savings that these new features provide.

2. Incremental benefits: Monetary benefits that may not be
solely a result of the new system but are measurable and due
in some significant degree to the capabilities of the new
system. This may be an increased ability to attract and retain
new customers and the extra revenue generated. It may be
the new system's ability to help the company avoid bad
decisions or manage and plan for certain business expenses
and the reduced costs that result.

3. Cost-avoidance benefits: Savings related to the increased
capacity provided by the new system and the company's
ability to grow the business without having to hire new staff
or hire as many new staff as would otherwise be the case.

4. Intangible benefits: Hard to quantify into a monetary amount
but should be identified and listed. These benefits include
such things as maintaining a competitive advantage through
better intelligence and adaptability, superior service levels
that solidify customer relationships, and leveraging the



abilities of talented employees and increasing their job
satisfaction.



 

TIPS & TECHNIQUES

SAMPLE COST/BENEFIT ANALYSIS

ITEM PRICING SYSTEM—TOTAL ESTIMATED COSTS AND BENEFITS

PROJECT DESCRIPTION

Build system to assist staff of account development group to
more quickly create contract proposals and explore impact
of different product costs and pricing structures. Monitor
status of existing contracts and provide notice before cost
supports expire.

Project Cost & Benefits (Dollars in thousands)

  Qtr 1 Qtr 2
Qtr
3

Qtr
4

Qtr

Hardware &
Software

(7.0)      

Development
Costs

(68.5)



  Qtr 1 Qtr 2
Qtr
3

Qtr
4

Qtr

Operating
Costs

0.0 (1.2) (1.2) (1.2) (1

Total Costs (75.5) (1.2) (1.2) (1.2) (1

Direct
Benefits

0.0 8.4 8.4 8.4

Incremental
Benefits

0.0 30.0 30.0 30.0 3

Cost
Avoidance
Benefits

0.0 18.2 18.2 18.2 1

Total
Benefits

0.0 56.6 56.6 56.6 5

Net Benefits ($75.5) $55.4 $55.4 $55.4 $5



  Qtr 1 Qtr 2
Qtr
3

Qtr
4

Qtr

Cumulative
Benefits

($75.5) ($20.1) $35.3 $90.7 $14

Discount
Rate

5%   (5% per qtr. = 20% annual dis

Net Present
Value

115.2      

DETAILED SCHEDULE OF COSTS

Cost of Hardware & Software (Dollars in thousands)

Item Description Cost

Application
Server

Server to run the system –
allocate 1/3 of server cost

3.0

Personal
Computers

PCs for use by staff – allocate
1/3 of cost

3.0



Item Description Cost

Programming
language

Allocated cost of programming
language and tools

0.5

SQL Server
database

Allocated cost of SQL Server
and tools

0.5

Total   $7.0

Cost of Development (Dollars in thousands)

Task Description Cost

Define Phase 5 days at average cost of
$900 per day

4.5

Design Phase 15 days at average cost of
$900 per day

13.5

Build Phase –
Coding

30 days at average cost of
$900 per day

27.0



Task Description Cost

Build Phase –
Test & Train

30 days at average cost of
$650 per day

19.5

Build Phase –
Roll Out

5 days at average cost of
$800 per day

4.0

Total   $68.5

Cost of Operation (Dollars in thousands)

Activity Description Cost

Qtr 1    

Qtr 2 Incremental costs of operating the
system

1.2

Qtr 3 Incremental costs of operating the
system

1.2



Activity Description Cost

Qtr 4 Incremental costs of operating the
system

1.2

Qtr 5 Incremental costs of operating the
system

1.2

Total   $4.8

DETAILED SCHEDULE OF BENEFITS

DIRECT BENEFITS (revenue and cost savings due to
productivity improvements)

Direct
Benefit 1

Save staff time on proposal creation: 10
proposals per qtr.;

20 Hrs. per proposal; $35/Hr.

Direct
Benefit 2

Do 2 additional proposals per qtr.; 20
Hrs./proposal; 
$35/Hr.



Value of Productivity Improvement (Dollars in thousands)

  Qtr
1

Qtr
2

Qtr
3

Qtr
4

Qtr
5

Save time on
proposals

  7.0 7.0 7.0 7.0

Do 2 additional
proposals

  1.4 1.4 1.4 1.4

Total Direct
Benefit

$0.0 $8.4 $8.4 $8.4 $8.4

INCREMENTAL BENEFITS (benefits due in part to new
system, e.g. attract new customers, make better
decisions)

Incremental
Benefit 1

Win more proposals due to better
pricing decisions: $30,000 per qtr. in
additional revenue

Incremental
Benefit 2

---



Value of incremental benefit (Dollars in thousands)

  Qtr
1

Qtr
2

Qtr
3

Qtr
4

Qtr
5

Win more
proposals

  30.0 30.0 30.0 30.0

Incremental
Benefit 2

   --- --- --- ---

Total Incr
Benefit

$0.0 $30.0 $30.0 $30.0 $30.0

COST AVOIDANCE BENEFITS (savings related to growing
business without needing to add new staff or incurring
other expenses)

Cost
Avoidance
1

Avoid hiring more staff as business grows:
half a person per year; $35/Hr.

Cost ---



Avoidance
2

Value of cost avoidance (Dollars in thousands)

  Qtr
1

Qtr
2

Qtr
3

Qtr
4

Qtr
5

Cost
Avoidance 1

  18.2 18.2 18.2 18.2

Cost
Avoidance 2

  --- --- --- ---

Total CA
Benefit

$0.0 $18.2 $18.2 $18.2 $18.2

INTANGIBLE BENEFITS (benefits that are hard to
quantify in dollar amounts but which should be
identified and listed)

Maintain Competitive Advantages



Item pricing system should be a competitive benefit for
next 2 yrs.
After that, it will simply become a necessary tool to do
business.

Provide Superior Service Levels

Provide customers and prospects with timely and
accurate proposals.

Increase Job Satisfaction

Release staff from tedious and time-consuming pricing
calculations.
Allow staff to focus on more valuable and interesting
work.



Chapter Summary

The work of defining supply chain opportunities will be
complete when the following five deliverables are produced:

1. A clear statement of the business goal to be accomplished.
2. The performance criteria required from the system. These

are the conditions of success that the system must meet.
These criteria fall into four measurement categories:
1. internal efficiency;
2. customer service;
3. demand flexibility; or
4. product development.

3. A conceptual design for a system to accomplish the business
goal and meet the performance criteria. The system design is
composed of people, process, and technology. The conceptual
design is the embodiment of the strategy being used to attain
the goal.

4. A definition of the project objectives that are needed to build
the system. The objectives are the things that must be built to
create the system outlined in the conceptual design.

5. A cost/benefit analysis that verifies that the project is worth
carrying out. The senior business executive or management
group who is responsible for accomplishing the business goal



that the system will address must confirm that this analysis is
valid.

In formulating supply chain improvement projects, it is a far
better approach to successfully carry out a sequence of small
steps than to attempt to make a great leap forward and risk
falling short. In an approach that involves taking a sequence of
smaller steps, the stakes at each step are modest and the work
is more manageable, so success is easier to achieve. In the
approach of taking a great leap forward, the stakes are high—
the work is enormous, success is harder to achieve, and the cost
of failure is high.



CHAPTER 9 
Creating Supply Chains for
CompetitiveAdvantage

AFTER READING THIS CHAPTER YOU WILL BE ABLE TO:

Understand how one company created customized supply
chains for its customers and in doing so created a strong
competitive advantage for itself;
See how to apply concepts and techniques presented in
this book to respond to real-world supply chain
challenges and opportunities; and
Gain some insight into how to leverage supply chain
capabilities into longer-term alliances with the customers
and suppliers with whom you do business.

In many organizations, supply chain management has gone
from poor cousin to high strategy over the last several years.



We have seen how companies such as Walmart and
Amazon.com have risen to market prominence through their
development and use of highly efficient supply chains. What
can we learn from their success and the successes of other
companies about creating supply chains that become major
competitive advantages?

In this chapter we will use a case study of a fictitious company
named Charlie Supply, Inc. to present ways in which a company
can create supply chains that deliver key competitive
advantages. We start with a description of Charlie Supply and
its business goal. Then we discuss an initial business situation
and a follow-on situation. For each situation there are exercises
to work through that explore ways the company can recognize
supply chain opportunities and respond effectively to capitalize
on them.

Assessing Technology Needs

When evaluating different technologies to support your supply
chain, it is important to keep in mind the reason for using any
of these technologies. What customers desire is good service
and good prices. That is what guides them when they select
companies to work with. Technology is not an end in itself. It is
only a means to enable a company to be of service to its

http://amazon.com/


customers. People and organizations that keep this clearly in
mind will do well.

Technology can be impressive, but in business, technology is
only important insofar as it enables a company or an entire
supply chain to profitably deliver valuable products and
services to its customers. Do not let the complexity or the
interesting features of any technology or application system be
a distraction from this basic truth. Indeed, any technology that
is highly complex or that is touted as being state-of-the-art or
leading-edge is probably more suited for a research laboratory
than it is for a business operation.

Success in supply chain management comes from delivering the
highest levels of service at the lowest cost. Technology is
expensive and can quickly add a lot of cost to business
operations. The challenge is to make sure those investments pay
off. Over the years many executives say their supply chain
technology investments have not fully delivered expected
results. Tech investments have good intentions, but results
often come up short.

Successful transitions almost always involve a series of
incremental steps starting with repurposing of existing
equipment. A series of smaller incremental steps is easier to



manage because each step gets done faster, and you learn more
and more with each step. It often takes less time, and you get a
much higher probability of success when using a well-managed
sequence of incremental steps to transition to a more efficient
and resilient supply chain.

It is a mistake to be lured into a seemingly more glamorous yet
much more risky “big-bang” transition project where
companies pour tens of millions of dollars and multiple years
into one huge effort that will supposedly catapult them into a
successful future. Those projects always end in tears. Many
managers instinctively sense the risk in big-bang projects, and
their resistance becomes the headwinds against change.

Companies may well spend the same amount of time and
money in a sequence of repurposing and incremental steps, but
the probability of success with each incremental step is high,
and it keeps rising with the completion of each step. And as the
world changes in unexpected ways, you also have opportunities
to fine-tune and adjust your project approach with the
completion of each step. So a series of incremental steps is the
best way to manage risk and get the return on investments that
businesses are looking for.



Let's take a closer look at what it means to put these ideas to
work. Use of these ideas and other ideas discussed in earlier
chapters are illustrated in the “Charlie Supply, Inc.” case study
presented below.

Charlie Supply, Inc.—Initial Business
Situation

Charlie Supply, Inc. is a $2.8 billion company that distributes
food service disposables (paper cups, napkins, straws, plastic
utensils, food containers, etc.) and janitorial and sanitary
supplies and equipment (known in the business as “jan/san”
products). The company has grown rapidly over the last five
years. It has acquired 13 separate companies during that time.
Eight of these companies were major regional distributors of
janitorial and/or food service supplies, and five recent
acquisitions were smaller distributors who specialized in one
or the other of these product lines. Each had good reputations
with their local customers, and Charlie Supply acquired them in
order to round out its geographical coverage in areas where it
needed a stronger local presence.

Charlie Supply has followed a policy of decentralized
management and left the companies it acquired largely free to



run their own operations as they see fit. Each company, or
“business unit” as they are called, has certain sales targets and
profitability levels that they need to meet. They are also
required to buy 80 percent of their inventory from an approved
list of manufacturers where the company has negotiated special
purchasing and support contracts.

The business units serve their own local customers, and
increasingly, they work together to win contracts from large
national account customers. Local customers often pay a higher
price for their products, but they also buy smaller amounts.
National accounts negotiate lower prices, but they buy much
more. National account business is growing because more big
customers want a single supplier who can service all their
facilities across the country and also deliver a range of products
and customized supply chain services to help them manage
their business and lower their operating costs.

The information technology (IT) infrastructure of each of the
business units varies widely. Some of the bigger business units
that have multiple branch locations now run a single, full-
featured enterprise resource planning (ERP) system provided
by a leading software vendor. Other business units still use
custom-built suites of systems developed when they were
independent companies. The smaller business units run several



different ERP packages designed for smaller companies. These
systems have been adequate to support operations up to this
point. They run on a range of different computer hardware and
operating systems. In two cases IT vendors have informed a
smaller business unit that they must upgrade or else lose
technical support on their hardware and software in the next
24 months.

All of the business units have interfaced their individual ERP
systems to a system that Charlie Supply developed to enable the
business units to exchange key data files with systems at
corporate headquarters. That system is called the Inter-
Company Communications Link (ICCL). All of the business units
and company headquarters can electronically exchange six
documents between their internal ERP systems and the ICCL
system. Those documents are: (1) purchase orders, (2) invoices,
(3) advance ship notices, (4) customer price books, (5) product
masters, and (6) inventory stock status. There is a transaction-
processing database built into ICCL that stores these documents
and provides for some limited usage reporting.

The ICCL system also has connections to many of the company's
customers and with the manufacturers whose products the
company sells. It can send and receive purchase orders and
invoices between the business units and these customers and



manufacturers. The system does have some drawbacks in the
way that it does error checking, so errors in orders, invoices,
and product data can take longer to detect and correct than
would be the case if every business unit was using the same
ERP system.

The Business Goal

Charlie Supply just finished its four-year strategic plan. Among
other things, this plan calls for the company to grow its total
sales to $5 billion over the next four years. Management has
decided that this growth should come from increasing sales to
local customers by 50 percent and by growing national account
sales by an additional $1 billion. To support this growth the
company realizes it will need to review and reengineer selected
business processes and the information systems that support
those processes.

Senior management spent a lot of time defining the company's
mission or goal for the next four years. There were some who
felt the goal should be a specific revenue target. Others felt this
was too limiting and should instead be more of a statement of
the company's intention. The board of directors decided that
the goal would be a statement of senior management's intent
and that there would be a short list of performance



requirements such as the $5 billion sales target and others that
would be the tangible measures of success that the company
will use. The company's goal is stated as follows:

Create the low-cost and highly responsive supply chain
needed to be the distributor of choice in the markets we
serve.

Business Strategy

Charlie Supply is a distributor, and distribution is a tough
business. Gross margins are under more pressure than ever,
and national account customers especially are continuously
squeezing them. Charlie Supply needs to differentiate itself in
some significant way or else engage in a “grim race to the
bottom” with its competitors as gross margins get squeezed to
small single-digit percentages.

Results of some of the analysis done during the strategic
planning process are shown in Exhibit 9.1. Based on the
markets being served and the strengths of the company, senior
management has decided on a strategy it will use to accomplish
the company's goal. The strategy is to develop a suite of supply
chain service offerings that can be mixed and matched to meet
unique customer needs. The company will find customers who



need these services in addition to the products themselves and
who will pay a few additional percentage points on the item
prices in order to get them. It may not be possible to charge
individually for specific supply chain services, but management
believes that the services can be bundled with the company's
products and sold as a total package.



EXHIBIT 9.1

RESULTS OF BUSINESS ANALYSIS FOR STRATEGIC PLAN



The business plan calls for the company to place its main focus
on selling to new national accounts. Management feels the need
to stabilize company growth and market share by acquiring a
portfolio of multiyear contracts with big customers that each
generate annual revenues of $10 million or more. Charlie
Supply already has a group of national accounts, and it is
starting to see a good deal of similarity in the requests from
these companies.

These big customers are consolidating their procurement
activities and looking for single suppliers that can support them
nationwide. It is also most likely that these big customers are
the ones that value the supply chain services Charlie Supply can
offer. This is especially true if these customers are in certain
vertical markets where the products that Charlie Supply
provides are central to the customer's daily operations. Given
Charlie Supply's product offerings, that means customers such
as national restaurant and grocery store chains, big property
management companies, and building maintenance companies,
to name a few.

One national account in particular is growing fast. This
customer is a national restaurant chain named Green Planet.
These cozy neighborhood restaurants serve prepared organic
foods from brownies and chicken salad sandwiches on whole



grain bread to full frozen dinners that can be heated and served
to patrons at the restaurants or sold to customers who take
them home to eat. In addition to providing great food, Green
Planet is committed to promoting sound environmental
practices and prides itself on its use of products that are
environmentally friendly and recyclable.

Because of its great food and the growing public awareness and
demand for organic food, the company's growth has been
tremendous, and it is opening up more and more restaurants
every month. The company is continuously challenging Charlie
Supply with new requests and requirements. It needs both
products and supply chain services to support its growth and
manage its operating costs.

Exercise #1: Supply Chain Strategy and Projects

Imagine that you are the Charlie Supply executive in charge of
delivering the supply chain capabilities the company's strategy
calls for. Take some time to consider how you would go about
doing this. What kind of projects would you start? What would
you do about the various different ERP systems used by the
business units? How would you schedule the work to be done
over the next 12 months?



Go back to Chapter 8 and look at the table in Exhibit 8.1. Which
of these business operations would you improve and why?
Then look at Exhibit 8.5. What would your initial project plans
to improve these business operations look like? When you make
your plans, follow the time boxes suggested in the define-
design-build system development sequence (see p. 307). See the
sample cost/benefit analysis on pages 311–314, and use that
template to do a cost/benefit and return on investment (ROI)
calculation for your proposed projects.

Take some time now to write up your solution. State the
business operations you will improve and why. Sketch out the
initial plans for the projects to improve these operations, and
do quick ROI calculations for these projects. When you are
finished, compare your ideas to the solution set I offer in the
following section. My solution is not meant to be the definitive
answer. It is based on my experience and on discussions with
others who have thought about this. Use it as a point of
reference to evaluate your own ideas.

Solution to Exercise #1

Since Charlie Supply serves steady and mature markets,
competitive opportunities lie in improving the capabilities of
customer service, demand flexibility, and internal efficiency.



Given that the company already has a lead in the customer-
service category, the company will get the best results by
building on that strength and improving its customer-service
capabilities to make them even more valuable to its customers.
There is also an opportunity to pull ahead of its competitors in
the area of demand flexibility. Improvements in these
capabilities can be used to differentiate the company in the eyes
of its customers and to provide value that its competitors
cannot provide. Exhibit 9.2 shows where the company will
make its improvements.



EXHIBIT 9.2

CHARLIE SUPPLY DECIDES TO BUILD ON ITS STRENGTHS TO

DIFFERENTIATE ITSELF

If you elected to make improvements in the company's internal
efficiency so that it would equal or even lead its competitors in
this area, then I believe you have made a mistake. See the seven
strategic design guidelines for designing systems presented in
the last chapter on pages 298–299. The second guideline says to
use systems to change the competitive landscape, and the third
guideline says to leverage the strengths of existing systems. If
you elected to improve internal efficiency by doing something



such as putting all the business units on the same ERP system,
you are merely making a “me too” move to try to catch up with
your competitors. It will be a very expensive move as well.

By improving internal efficiency, you are not changing the
competitive landscape because it is unlikely that you will
actually exceed the internal efficiency of your competitors
anytime soon. And by focusing on trying to improve a weakness
you are also missing the opportunity to leverage existing
systems where you are already strong and could quickly get
even stronger. Internal efficiency lags the competition, but it is
not so bad as to endanger the company as long as it avoids
engaging in a price war with its competitors. And the company
has no intention of getting into a price war, anyway.

Charlie Supply defined six performance targets that it would
strive to achieve in the areas of customer service and flexibility.
These performance targets are:

1. Take orders any way the customer wants (customer service):
As measured by ability to take customer orders through its
own web order entry system, by electronic data interchange
(EDI), by extensible markup language (XML), or by direct,
computer-to-computer file transfer protocol (FTP) with
customer systems.



2. Deliver uniform quality of service to all customer locations
(customer service): As measured by order-fill rate, on-time
delivery rate, and item-return rates.

3. Support customer accounting (customer service): As measured
by ability to submit customized, accurate, and timely invoices
and statement bills via whatever medium the customer
requests, whether it be EDI, XML, FTP, or email attachments.

4. Support customer purchasing and budgeting (customer
service): By providing them with data for planning and
managing their purchasing budgets through online reports
showing product purchases by customer location, by item,
supplier, and volume over any period from one day to two
years.

5. Be a valuable partner in the supply chain (demand flexibility):
As measured by order-fill rate and back order frequency and
quantities.

6. Participate in markets as they evolve (demand flexibility): As
measured by ability to anticipate and stock additional
products outside of the company's present bundle of
products as demand for them emerges.

Twelve-Month Project Objectives

To meet these performance targets, I would make
improvements in four business operations that support supply



chain performance. As shown in Exhibit 9.3, those operations
are: (1) demand forecasting, (2) inventory management, (3)
order management, and (4) delivery scheduling. The main
thrust of these improvements is to deliver improved customer
service and demand flexibility. However, since all four of these
business operations also affect internal efficiency,
improvements here will result in some increase in the
company's internal efficiency as well. This is also shown in
Exhibit 9.3.

When I look at the four business operations that are to be
improved, it is clear that all four of them will benefit from the
creation of an enterprise data warehouse. This will be my first
project. The data warehouse will provide data to enable better
demand forecasting, better inventory management, better
order management, and better delivery scheduling.

There is already a transaction-processing database that is part
of the ICCL system. This database is the data source that can be
tapped to populate the enterprise data warehouse. The daily
transaction documents (purchase orders, invoices, advance ship
notices, product masters, price books, and inventory status) that
ICCL handles form the foundation from which a very clear and
detailed supply chain operations picture can emerge. This



picture can be updated on a daily or even hourly basis as
transactions flow through ICCL.

My second project happens once the first version of the
enterprise data warehouse is in place. Software packages can
be interfaced to the data warehouse. I would interface two
packages and make both packages accessible over the Internet.
The first package is demand forecasting, and the second one is
delivery scheduling. This will enable people in the business to
do more frequent 30- to 90-day forecasts as market conditions
change from month to month. These more frequent short-term
forecasts will tend to be more accurate and will provide the
input needed for better inventory management. Using the
delivery-scheduling package, people in the individual business
units will be able to continuously monitor and optimize their
delivery routes as the business grows.



EXHIBIT 9.3

CHARLIE SUPPLY STRENGTHENS PERFORMANCE BY IMPROVING

FOUR BUSINESS OPERATIONS



My third project would improve inventory management
through the combination of better product demand forecast
data and also better training in the use of the existing inventory
management systems already in place at the business units. The
best practices for effective inventory management have been
widely understood since the late 1980s. Most inventory-
management systems developed since the mid-1990s have
incorporated the functionality needed to implement these best
practices. No new systems are needed. What is needed is a
renewed commitment to rigorous staff training and increased
levels of proficiency in using the full functionality provided by
existing inventory-management systems.

The increased training and the more accurate forecasting data
will enable product managers to do a much better job of
inventory management. New product demand can be better
anticipated, and inventory turns can also be increased. Once
people have been trained, they should also have quarterly (not
yearly) bonus incentives that keep them focused on delivering
high levels of performance month after month.

The fourth project I would do is a project to improve how the
ICCL system handles errors and status reporting. This will
improve order management because problems and delays that
affect customer deliveries, payments, and so on will be spotted



much sooner. This will enable customer-service representatives
to be much more proactive problem solvers with their
customers. They will be able to coordinate with customers and
manufacturers more effectively to resolve issues as they arise.

These error-handling improvements can be delivered very cost
effectively by using business process management (BPM)
software and interfacing it to the ICCL system and its
transaction-processing database. The BPM software will
provide a user-friendly web browser–based interface and
enable businesspeople in customer service, credit, billing, and
so on to define the set of rules they want to apply to each of the
company's customers and manufacturers. Then the BPM system
will monitor the data flowing through the ICCL system and send
email alerts to appropriate people when it detects exceptions to
these predefined rules.

The time boxes and the scheduling of these four projects are
shown in Exhibit 9.4. Notice how they are run in parallel as
much as possible. Only project 2 depends on the prior
completion of an earlier project. The other projects all run
independently, so a slowdown in one does not affect completion
of the others.



EXHIBIT 9.4

EXERCISE #1: PROJECT COMPLETION SCHEDULE

It is also important to notice the time boxes allocated to the
design and build steps in each project. These time boxes must



be strictly adhered to, and that means tailoring the work in
each step to the time available. Remember, each of these
projects will produce just the first version of a system. Every
feature does not need to be designed and built in this first
version, just the most immediately useful features. Then further
features can be added to these systems in following years as
needed. This is agile systems development.

The projects are almost all scheduled for completion by the end
of the third quarter. It is good to do most project work in the
first three quarters of the year. Use the fourth quarter for
finishing things up that got delayed earlier in the year and for
planning the following year's projects. The fourth quarter also
has the year-end holidays, and for many businesses this is a
very busy period. Development projects in the fourth quarter
can hamper a company's ability to handle year-end business.

Integrated Supply Chain Knowledge Manager

Charlie Supply's strategy is to differentiate itself by excelling at
customer service and leading in demand flexibility. Both of
these capabilities are directly empowered by the data that these
projects will enable the company to collect. The company's
customers and its manufacturers will come to realize the value



of the data Charlie Supply can provide them, and this will
enhance the company's image and business relationships.

These projects combine to put Charlie Supply in a position to
become the organization that knows the most about the supply
chains it participates in. This leverages Charlie Supply's position
as the distributor (the humble middleman) and enables the
company to use its position to collect more information about
daily supply chain operations than either its customers or the
manufacturers whose products it sells. Supply chain
coordination and efficiency will become increasingly important
in the markets Charlie Supply serves. And since coordination
and efficiency require lots of accurate and timely data, Charlie
Supply will be the company people turn to for the data they
need.

New Opportunities Emerge—Follow-on
Situation

The successful completion of the projects just discussed has
enabled Charlie Supply to grow steadily. It is becoming well-
known to the customers and the manufacturers in the vertical
markets it serves. Its ability to maintain consistently high levels



of customer service is indeed making the company the
“distributor of choice” as stated in the company's business goal.

Big customers realize that by doing business with Charlie
Supply, their total cost of use for the products they use is
actually lower than would be the case if they merely bought
from the supplier with the lowest prices. Charlie Supply's
systems allow it to tailor a customized package of products and
supply chain services that meet each customer's unique needs.
Customers also benefit from getting access to usage reports
showing the items purchased every day at every one of their
locations. This data is very useful in monitoring and managing
current operating expenses. It is also valuable in planning
operating budgets for the coming year.

Manufacturers who sell to markets served by Charlie Supply
are also coming to realize that Charlie Supply is a very efficient
channel to market for their products. Charlie Supply's systems
enable it to exchange electronic purchase orders and invoices
with suppliers using any format (from ASCII to XML) and any
medium (from EDI to FTP) that is most convenient to each
supplier. This lowers transaction costs, reduces error rates, and
speeds up cash flow. And with select manufacturers, Charlie
Supply also shares daily customer usage data. This enables
better demand forecasting and production scheduling.



Charlie Supply Identifies a New Growth Market

The markets served by Charlie Supply are mature markets for
the most part, and they have been so for some time. The
products sold to these markets are mostly commodities, and
supply almost always meets or exceeds customer demand.
Under conditions like this, you might assume that there is
nothing new and exciting going on. That is exactly the
assumption that Charlie Supply's competitors made. They
continued to focus on improving their internal operating
efficiencies. While they were occupied with these activities,
Charlie Supply was paying attention to some emerging sales
trends and some interesting developments in its markets.

Charlie Supply has just signed up a large new customer that
shares a number of similarities with another important
customer—Green Planet. These customers are very interested
in purchasing environmentally friendly green products. Both
customers are willing to pay a higher price for green products
as long as they can be shown to work effectively and meet
expectations.

The director of marketing at Charlie Supply has done some
research and believes the developing market of green products
is just about to go into a very strong growth phase.



Manufacturers' research and development efforts are starting
to yield products from green cleaning chemicals to
biodegradable plastics for use in making disposable cups,
plates, and eating utensils. Combined with this is the growing
trend for certain influential companies and state and city
governments to specify the use of green products whenever
possible.

Based on this market research and the company's own recent
sales experience, the senior management of Charlie Supply has
entered into strategic alliances with some manufacturers of
green products. To demonstrate its commitment, the company
has made major stock purchases of inventory from these
manufacturers. The company's entire sales force is now being
educated about these products, and new bonus plans give big
incentives to sell green products to customers.

In return for this early support, the manufacturers of these
green products have guaranteed that they will always provide
the company with as much product as they can sell. Even if
customer demand exceeds supply, these manufacturers will
make sure that Charlie Supply will receive as much of their
products as it needs. What this means is that if the green
market takes off, the company will have a secure supply of
highly sought-after (and thus very profitable) products. While



other distributors may not be able to get as much inventory as
they need, Charlie Supply will, so customers will come to
Charlie Supply when they need a guaranteed source of supply
for these products.

Exercise #2: Participating in a Growth Market

You have just been promoted to vice president of supply chain
operations for Charlie Supply. As a sign of how important this
position has become, you now report directly to the CEO. The
CEO has asked you to prepare a supply chain strategy that you
will present to the board of directors.

What will your strategy be and why? What projects will you
propose to support this strategy, and how will you schedule
them over the next 12 months? How will you support the
company's new strategic alliances with the manufacturers of
green products? Which of the four market capabilities will you
improve, and what business operations will you use to bring
about these improvements? Take some time now to think about
these things, and draw up your plans. When you are finished,
compare your plans with the solutions I offer in the following
section.

Solution to Exercise #2



In a growth market, the single most important market
capability is customer service. Even though the company
already excels in customer service, the company will still get
the best results by further improving its customer service
capabilities. The company's brand image will be shaped by its
abilities in this area. This will make it even more attractive to
its important customers.

There is also an opportunity for the company to pull ahead of
its competitors in the area of product development.
Improvements in this area can be used to support and
strengthen strategic alliances with selected manufacturers. In
the eyes of these manufacturers, the company will be seen as a
desirable supply chain partner for identifying market needs
and bringing out new products. Exhibit 9.5 shows where the
company will make its improvements.

Once again, if you decided to make investments in improving
the company's internal efficiency, then you have made a
mistake. You got some improvements in internal efficiency from
the first round of projects completed earlier, but at the same
time, your competitors continued to focus on improving their
internal efficiency. You still lag them in this area. You are not
going to change the competitive landscape by improvements
there because you cannot be better than your competition.



EXHIBIT 9.5

CHARLIE SUPPLY CONTINUES TO BUILD ON ITS STRENGTHS FOR

COMPETITIVE ADVANTAGE

Internal efficiency is important in mature and steady markets
where customers are very price sensitive and companies need
to lower their operating costs so they can compete for business
by offering lower prices. However, it is not a decisive capability
in developing or growth markets. Focus instead on reinforcing
the strengths the company already has in customer service
because they are what you need to succeed in the growth
market the company wants to enter.



Improvements in capabilities related to product development
will also yield a competitive advantage for the company. As a
distributor, Charlie Supply does not actually design or make
new products. But it can be very much involved in identifying
emerging market demands and introducing customers to new
products that meet those demands. To the extent that Charlie
Supply is seen by manufacturers to have superior capabilities
in this area, it will strengthen the company's ability to attract
and provide value to key strategic alliance partners. These
decisions are shown in Exhibit 9.6.

The company identified five performance requirements that it
would strive to achieve in the areas of customer service and
product development. These requirements are:

1. Effectively employ S&OP procedures with key customers and
manufacturers (customer service)—as measured by the ability
to accurately forecast product demand and manage
inventory to cover actual demand.

2. Track product movement through the supply chain from
manufacturers to end-use customers (customer service)—as
measured by the ability to provide accurate end-to-end
supply chain inventory visibility, which is updated on a near
real-time basis.



EXHIBIT 9.6

CHARLIE SUPPLY FURTHER STRENGTHENS CUSTOMER SERVICE

AND IMPROVES PRODUCT DEVELOPMENT CAPABILITIES

3. Design responsive supply chain networks (customer service)—
as measured by the ability to optimize ongoing supply chain



performance for high levels of product availability at the
lowest operating costs.

4. Track product sales and usage to more quickly spot market
trends (product development)—as measured by the ability to
plot trends based on near-real-time data updates and quickly
spot developments of interest.

5. Provide efficient pickup and return processing of recyclable
products (product development)—as measured by the ability
to optimize retrieval of recyclable material from end-use
customer locations.

Twelve-Month Project Objectives

To meet these performance targets, I would make
improvements in five business operations. As shown in Exhibit
9.3, those operations are: (1) demand forecasting, (2) inventory
management, (3) order management, (4) delivery scheduling,
and (5) return processing. The main thrust of these
improvements will be to deliver improved customer service.
And to a lesser extent, these improvements will also strengthen
the company's capabilities in product development. This is
illustrated in Exhibit 9.3.

The first project I will start is a project to train selected staff at
headquarters and the business units in the techniques and



process of S&OP (see Chapter 6, page 237). As people learn how
to best use the systems already available to enable better supply
chain collaboration, they will see improvements in demand
forecasting and inventory management.

The second project will be to start a pilot application using
Internet of Things (IoT) and passive radio frequency
identification (RFID) to better track pallet- and case-level
shipments of some of the green cleaning chemicals. These
products will be much in demand and thus valuable. That
makes it worthwhile to track these products more accurately as
they move through the supply chain. IoT and RFID tags could be
used to track pallets and perhaps cases of these products.
Knowing where these products are at all times will improve the
company's ability to deliver them to the customer when and
where they are needed.

The next project will be to employ a business analytics
application to monitor sales of selected green products. As soon
as sales of these products are made to a new customer or if
sales increase significantly to any existing customer, the
application will send alerts to appropriate people.

The fourth project will be to interface a network-modeling
software package to the enterprise data warehouse. Once this is



done, it will enable Charlie Supply to collaborate with its
manufacturing partners to design and test the efficiency of
different network configurations for making, moving, storing,
and delivering inventories of green products. This will work
both for delivering products to customers and also for picking
up used products that can be recycled. Exhibit 9.7 shows the
project schedules.

The last project will be to implement dashboards and
performance scorecards that are updated in real time or at least
on a daily basis. These dashboards and scorecards will be
displayed and updated by using the BPM software that has
already been installed. Different sets of performance targets
will be defined for each group involved in supply chain
operations, and performance toward these targets will be
tracked on scorecards designed for use by each of these groups.

There will be scorecards to track performance for groups doing
business operations such as demand forecasting, inventory
management, procurement, credit and collections, delivery
scheduling, and return processing. Go back to Chapter 5 and
review the metrics for performance measurement and
diagnostics suggested by the supply-chain operations reference
(SCOR) model. See the sample dashboards shown in Exhibit 5.2
on page 212.



The operating capabilities provided to people by the first four
projects should all be used to increase performance levels.
These performance capabilities are reflected in each group's
performance targets. Their dashboards and scorecards track
their actual performance. The point is to make different
business processes visible. Then devise quarterly bonus
programs that encourage people to learn to improve and
constantly make the adjustments needed to maintain high
levels of performance in ongoing business operations. As this
happens, the whole company will come alive (see Exhibit 9.7).



EXHIBIT 9.7

EXERCISE #2: PROJECT COMPLETION SCHEDULE

Respond Effectively to the Opportunities of Growth
Markets



In a world where customer demand drives markets, not
product supply, Charlie Supply must be very good at seizing the
opportunities presented to it by a growth market. This kind of
market does not come along every day, so these opportunities
cannot be squandered if the company expects to be successful.
The company must develop the skills it needs in its people to
keep up with events as the green products it sells move out of
their development stage and into a major growth market.

Avoid getting bogged down in complicated, time-consuming, and
overly expensive projects. Charlie Supply must move fast and
light, just like Alexander the Great! This means creative use of
simple tactics and off-the-shelf technology that empowers and
motivates people to work together (see Chapter 1, page 8). The
company's mission is to capture as much market share in this
green growth market as possible before product supply catches
up with customer demand and market conditions change.

Because of its excellent customer-service capabilities and
manufacturer alliances, Charlie Supply can compete well
against any other distributor in this growth market. But when
supply catches up with demand and market conditions shift
into steady and then mature, the two main competitors of
Charlie Supply will have an advantage because of their greater
internal efficiency. They will be able to offer lower prices to lure



customers and still earn larger profit margins than Charlie
Supply. In steady and mature markets, Charlie Supply has to
focus on specific customers with unique needs and avoid
getting into price wars with its competitors.

One last point to remember is the power of market perceptions.
Charlie Supply should maximize use of public relations to
strengthen its appeal to customers. The company should be
seen as an innovator and leader in the use of green products in
its own operations. For instance, the company can convert some
of its own delivery vehicles to use biodiesel fuel. Biodiesel is a
fuel made from vegetable oil that can be used in a regular
diesel engine. It is clean, renewable diesel fuel from waste
vegetable oil that can be sourced from restaurants and other
food service operations (often for free). It makes good business
sense, and the publicity this generates will be invaluable for
building the company's reputation. Customers who value green
products will want to do business with Charlie Supply because
the company clearly shares their values.

Strategic Alliances for Competitive
Advantage



To round out our discussion of creating effective supply chains
for competitive advantage, we need to discuss alliances and
how to form them. Effective supply chains are first and
foremost alliances between cooperating companies. Many
people feel that we are entering a time when competition will
not just be between individual companies but instead will be
between contending supply chains. If this is so, then it is clear
that some of the most strategic alliances companies make are in
regard to their supply chains. This includes both selecting the
suppliers they work with as well as selecting the customers they
sell to.

Let's start with a working definition of strategic alliance.
Companies must find ways to outsource activities that are not
part of their core value proposition. In this way each company
focuses more attention and investments on improving its ability
to deliver value to its customers. So a truly strategic alliance is a
relationship with another company that enables the first
company to better fulfill its core value proposition to its
customers. Strategic alliances can be formed with other
companies to perform a wide range of support activities that
are necessary but not directly connected to producing the core
value proposition. This concept of strategic alliances is
illustrated in Exhibit 9.8.



Structuring Strategic Alliances

Although the details of every alliance are unique, there is still a
common set of characteristics that all strategic alliances have.
This is true for a supply chain alliance as well as any other
alliance. A relationship not exhibiting all of these
characteristics is not a strategic relationship. Strategic alliances
display four characteristics:

1. Delivery of a customized blend of products and services to
meet a specific set of business needs

2. Coordination of intercompany operations so as to achieve
predefined performance targets



EXHIBIT 9.8

A COMPANY AND ITS ALLIANCE PARTNERS

3. Longer-term, three- to five-year contract time frames for the
alliance partners to work together

4. Prospects for mutually profitable business growth over the
life of the contract

Delivery of a customized blend of products and services to meet
a specific set of business needs is the foundation of any strategic
alliance. A strategic alliance starts when a company has a set of
needs that go beyond short-term cost reduction. This creates the



opportunity for an alliance partner to configure and deliver an
offering to meet these needs. It is the customized offering that
provides the greatest value to the company receiving it and also
the best profit margins for the company delivering it. If there is
no need for a customized offering and simple commodity
products or services will suffice, then there is no need for a
strategic alliance.

Coordination of intercompany operations so as to achieve
predefined performance targets indicates that both companies
consider the relationship to be important and not just an arm's-
length business transaction. It also indicates that the
performance targets are challenging and require more effort to
achieve than merely negotiating a reduction in the prices that
one company charges the other. Once the business
requirements of the first company are clearly defined, then key
performance indicators (KPIs) should be identified to measure
the efficiency of the alliance partner in filling these
requirements.

A longer-term, three- to five-year contract means that both
companies agree to make a commitment to the alliance that will
provide time for learning to work together and for improving
the efficiency of the alliance. The extended time commitment
allows the alliance partner to invest in staff and technology for



delivering the customized offering and meeting the required
performance targets. Unless there is a longer-term time frame
for the relationship, there will not be much incentive for the
two companies to make the effort or the investments that are
part of a successful strategic alliance.

Prospects for mutually profitable business growth over the life
of the contract are the reasons why two companies go to the
trouble of forming an alliance. If there are prospects of
profitable business growth for only one company, then
whatever the relationship may be, it certainly cannot be called
an alliance. In a strategic alliance one company outsources
support functions in order to concentrate more on its core
value proposition. An alliance partner takes on support
functions and delivers a customized package of goods and
services that best fits the first company's business
requirements. The alliance is motivated by the prospect of
growth for each partner. As the first company grows its core
business, the alliance partner grows its outsourcing business.

Sustainable Growth and Productivity

If a company merely leverages its buying power to ratchet
down the prices it pays to its suppliers, there comes a point
where the suppliers will no longer make money in the



relationship. They will then either go broke or resign the
business because of lack of profits. Then the company has to
find new suppliers, and it may be hard to find them if the
business was so unprofitable to the previous suppliers.
Relationships of this sort are common enough in business, but
they are not to be confused with what we are calling strategic
alliances.

Strategic alliances require sustainable growth and productivity.
And that calls for a process that generates rewards in the form
of cost savings and/or revenue growth for both parties. In
addition to generating rewards, this process must preserve and
nurture the underlying source of these rewards. Effective cost
management means managing a ratio of costs versus benefits
so as to achieve a desired result. Costs can actually rise as long
as the result is still a favorable ratio of costs and benefits.

It is this reality—that costs can rise as long as a favorable
cost/benefit ratio is achieved—that is the foundation of a
sustainable strategic alliance. If the alliance is beneficial, it
should result in your company being able to reduce operating
expenses in noncore areas so as to concentrate on operations
that produce your central value proposition. If your company is
successful and grows, this results in increased operating costs to
support the growth. These increases in operating costs are the



increases in revenue and profits that your strategic partners
need in order to make the alliance work for them.

The key to sustainable alliances is to define a set of
performance targets that, if achieved, will clearly generate
measurable benefits such as increased revenue, decreased
operating costs, and growth of market share. Make sure that the
benefits can be measured and that a monetary value can be
assigned to them. The purpose of the alliance then becomes to
coordinate activities between companies so as to achieve these
benefits. And the alliance is sustained because both your
company and the alliance partner share in the benefits that are
produced.

The alliance makes money every month from a hundred small
adjustments that fine-tune operations so as to achieve
performance targets. Since the business environment is
constantly changing, constant small adjustments are required
to deliver the best possible operating results. In effect, the
agreement between two companies to cooperate is the capital
in the strategic alliance. The continuous stream of cost savings
and revenue enhancements that come from this cooperation is
the interest earned on this capital. And to continue the analogy,
we can say that the better companies become at cooperating



with each other, the higher the rate of interest they earn on
their alliances.

In the rush to get as much profit from a situation as quickly as
possible, it is common for companies to fall into a pattern of
behavior that in effect kills the golden goose. A strategic alliance
cannot be a relationship where the only real objective is
expense reduction. All strategic alliances provide a mix of
benefits. Make sure the mix of benefits is clearly defined and
their value is understood. Then make sure the benefits are
accurately tracked and the rewards shared between both
parties.



Chapter Summary

Charlie Supply maximizes its supply chain opportunities by
building on its strengths to differentiate itself from its
competitors. Charlie Supply is a distributor that has developed
a suite of supply chain services it uses to customize its total
offering to meet specific customer needs. By taking this
approach, the company has chosen to focus its efforts on doing
business with customers who need and will pay the price to get
the supply chain services that Charlie Supply has to offer.

This means Charlie Supply will not go after a broad base of
customers on the basis of offering the lowest prices on
products. It cannot hope to compete this way because its
competitors have more efficient internal operations. They will
be able to make more money in a purely price-based
competition. Charlie Supply chooses instead to focus its
resources on developing its capabilities where it is already
strong and where it can use these strengths to the best
advantage.

Charlie Supply invests in improving its customer service and
other capabilities that help it win business from the kind of
customers it desires to do business with. Its strategy is to excel
in areas valued by its target customers. In order to concentrate



the resources to excel in these areas, the company accepts that
it will lag its competitors in other areas such as internal
efficiency. Its internal efficiency is good enough as long as the
company does not try to compete solely on the basis of product
prices.

When Charlie Supply encounters the opportunity to distribute
new environmentally friendly green products to a growth
market, it moves quickly to capture market share. It makes
early alliances with selected manufacturers, takes large
inventory positions in green products, and trains and motivates
its sales force to find customers for these products.

Charlie Supply maximizes use of its existing IT infrastructure.
When systems are stable and work well enough, they are left in
place. Performance improvements are gotten through training
staff to use these systems more effectively and through selected
enhancements to these systems.

New systems development is concentrated in the area of
building an enterprise data warehouse and then interfacing
several packaged software applications to it. These applications
will help the company improve in the areas of demand
forecasting, delivery scheduling and routing, and inventory



management. Improvements in these capabilities can be used
for significant business advantage.

All new development projects are accomplished using the
three-step approach called define-design-build. The time frames
for each step are strictly adhered to, and work is tailored to fit
the time available. Development work is concentrated in the
first nine months of the year. The last three months of the year
are then available for finishing up delayed projects and for
planning development projects in the coming year.

Charlie Supply looks for opportunities to enter into strategic
alliances with its customers and suppliers. Strategic alliances
display these four characteristics:

1. Need for delivery of a customized blend of products and
services to meet a specific set of business needs

2. Need for coordination of intercompany operations so as to
achieve predefined performance targets

3. Longer-term, three- to five-year contract time frames for the
alliance partners to work together

4. Prospects for mutually profitable business growth over the
life of the contract



CHAPTER 10
The Promise of Resilient and
Sustainable Supply Chains

AFTER READING THIS CHAPTER YOU WILL BE ABLE TO:

Assess the potential for profit and resiliency inherent in
the self-adjusting feedback loop, and explore how it can
be harnessed to drive your supply chain;
See how real-time collaboration drives resilient and
sustainable supply chains and enables us to meet the
challenges we face in the coming decades of this century;
and
Appreciate why resilient and sustainable supply chains
are those that continuously monitor their operations and
collaborate in real time to address problems.



The pace of change and innovation is both exciting and
relentless. Over the next decade, innovative companies in
different market segments will learn to design and deploy their
supply chains to improve their competitive positions in the
markets they serve. They will create supply chains that enable
them to develop and deliver products and provide levels of
service at price points that their competitors cannot match.

We all sense that something profound has happened since the
early years of this century. The Internet and social media and
smartphones and all the apps are part of it, but it is not only
about the Internet and apps. It is more about what we can do by
using the Internet and social media and mobile technology and
all those apps than it is about any one particular technology.

The Start of Something Big

As a historical analogy, consider what happened some 200 years
ago at the beginning of an age that came to be known as the
Industrial Age. The people of the time sensed that a powerful
potential had been released by the invention and spread of the
steam engine.

The steam engine for the first time provided a movable source
of power that could be generated on demand and efficiently



harnessed to perform a wide variety of tasks. The Industrial
Age was not so much about the steam engine as it was about the
things that could be done and were done with the power that
the steam engine made available. Once it was born, the
Industrial Age went on to outgrow the steam engine as it
evolved more advanced engine technologies such as internal
combustion, the jet, the electric motor, and atomic power.

The rise and spread of the Internet has created for the first time
a global, multidirectional communications network that is
“always on.” The cost of connecting to this network is so cheap
that there is no need for companies to save money by staying
offline and only connecting periodically. The normal state for
companies has transitioned from being offline and unconnected
to one of being online and connected.

As more and more companies create always-on connections
with each other, they will find ways to share data that enable
them to better coordinate their interactions. They will also
learn faster and adapt to changing conditions faster. These
capabilities will clearly result in efficiencies that can be turned
into business profits.

The always-on connection is a new light that sheds steady
illumination on a landscape that had before been seen only in



periodic snapshots. We are experiencing something similar to
seeing a sequence of still photos turn into a moving picture. As
more pictures are taken at shorter intervals, you cease to see a
sequence of still photos and instead come to see a continuous,
moving image. This continuous, moving image is what we see
as we move from the snapshot or batch-time world of the last
century into the real-time world of this century.

Supply chain management is a process of coordination between
companies. Those companies that learn to coordinate in real
time will become incrementally more and more efficient and
responsive. They will become more profitable and quicker to
see new opportunities than their competitors that are still
working in a batch-time world of snapshot pictures and
centralized command and control of operations.

The Potential of the Self-Adjusting Feedback Loop

The self-adjusting feedback loop is a very useful mechanism. An
example is the cruise control in an automobile. The cruise
control constantly reads the vehicle's actual speed and
compares that to the speed it was set for. It responds to bring
the actual speed in line with the desired speed. It causes the
engine to either accelerate or decelerate. The cruise control's
goal is to achieve and maintain the desired speed. As the vehicle



travels down the highway, it continuously monitors speed and
operates the engine to achieve its goal.

Other examples of a self-adjusting feedback loop at work are a
thermostat that controls the temperature in a room, or a guided
missile that zeros in on a heat source. Self-adjusting feedback
loops use feedback to continuously correct their behavior.
Feedback systems continuously compare their current state
with their desired state (or goal) and take corrective action to
move in a direction that will minimize the difference between
the two states. A continuous stream of feedback guides a system
through an ever-changing environment toward its goal.

Companies and entire supply chains can learn to constantly
adjust their behavior day after day, hour by hour to respond to
events and continue to steer toward their performance targets.
Companies can learn to work together to achieve supply chain
performance targets that are profitable to all of them. The
bullwhip effect can be controlled by the introduction of
feedback to dampen down the wild demand swings that
otherwise result.

Real-time data sharing and close coordination between
companies can be employed to deliver operating efficiencies
that result in significant profits over time. The opportunity now



exists to leverage the power of the self-adjusting feedback loop
across entire supply chains. People find ways every day to save
a little money here and make a little money there, and
sometimes they come across some big wins. This is also the
same process that makes supply chains resilient and able to
respond effectively to unexpected events. The result of these
continuous incremental adjustments to supply chain operations
is analogous to the growth of capital over time due to the
miracle of compound interest.

Harnessing the Feedback Loop to the Supply Chain

How can the power of the self-adjusting feedback loop be
brought to bear in a supply chain? The answer is beginning to
appear. As companies link up using always-on communication
networks to conduct business with each other, they begin to
automatically collect useful data as a byproduct of their
interactions: electronic purchase orders, order status, order
receipts, invoices, and payment status. It is no longer a huge
administrative chore to regularly track performance in the
areas of customer service, internal efficiency, demand
flexibility, and product development.

Customers are starting to use supply chain “report cards” to
grade the performance of their suppliers. The report cards are



more accurate and more frequently produced than was
previously possible. The next step is for companies to move
beyond the use of these report cards as merely convenient tools
for beating up their suppliers. The opportunity exists for
customers and suppliers to use this data to work together to
meet mutually beneficial performance targets. Companies can
select performance targets that will generate quantifiable
benefits and profits to reward them for the effort needed to
achieve the targets.

Either one dominant company can set the performance targets
or groups of companies can negotiate among themselves to set
targets. The important thing is that all participating companies
in a supply chain believe the targets are achievable and that
when they are achieved, there will be rewards as a result. The
desire to receive these rewards is what brings the self-adjusting
feedback loop into being.

The feedback loop happens when people's interactions with
each other are cast in the form of a game whose object is to
achieve the performance targets. If companies and people in a
supply chain have real-time access to the data they need, then
they will steer toward their targets. If they are rewarded when
they achieve their targets, then they will learn to hit these



targets more often than not. The profit potential of negative
feedback and the self-adjusting supply chain is now unleashed.

Winning at the Game of Real-Time Supply
Chains

Companies such as Amazon, Best Buy, and Walmart, which
make the best use of their supply chains, find ways to create an
ever-evolving process out of operating and improving their
supply chains. These companies keep learning as they go, and
they develop supply chains that are better than those of their
competitors. And that is an advantage for them that is central to
their success.

Each company finds its own particular ways of creating
procedures that enable it to motivate its people to keep learning
and improving business operations. It all starts with getting
people engaged. Businesses are not games, yet successful
businesses and successful games both share some traits in
common. Both find ways to get people so engaged that they
want to learn more and more and they want to play the game
over and over and get better and better at doing it.

There are only a few conditions required to start a game that
will draw people in and get them engaged. In his book The



Great Game of Business, Expanded and Updated: The Only
Sensible Way to Run a Company (2013, New York, NY: Crown
Business, https://www.greatgame.com/), Jack Stack lays out four
conditions:

1. People must understand the rules of the game and how it is
played. They must know what is fair and what is not fair and
how to score points.

2. People get to pick the positions they want to play in the game.
And they get the training and experience necessary to keep
developing their skills so they can earn promotions into the
positions they want and succeed in those positions.

3. All players must know what the score is at all times. They
need to know if they are winning or losing, and they need to
see the results of their actions.

4. All players must have a personal stake in the outcome of the
game. There must be important rewards (monetary, social,
psychological) that provide reasons for each player to strive
to succeed.

The game of supply chain management is a relatively simple
one, as is soccer or basketball. Yet none of these games can be
mastered without years of practice and experience. The main
techniques and operations of supply chain management are
understood well enough to be taught to a wide range of people

https://www.greatgame.com/


in different supply chain positions (see Chapters 2 and 3). The
Internet is the way for everyone to know the score at all times
and see the results of their actions. Profits and business growth
generated by operating efficiencies provide people with
rewards and reasons for striving to succeed.

In the game of supply chain management, everyone can acquire
and install technology, so technology alone cannot constitute a
significant competitive advantage. The advantage lies in the
way the game is played. Let's go back to the example of
Alexander the Great (introduced in Chapter 1). His army did not
have any technology that was not also possessed by his
opponents. In fact Alexander deliberately used less technology.
He simplified his army's operations and equipment in order to
make it more mobile and more efficient. His army could travel
faster and lighter than those of his adversaries.

Advantage goes to those players who learn to use simple
technology and simple tactics extremely well. Alexander's
soldiers were well trained in how to use their technology, and
because of the simplicity of their tactics, they could remember
and use them effectively in the heat of the moment when it
really counted. After all is said and done, success is often just a
matter of consistent performance and making fewer errors
than your competition.



Efficient and Responsive Supply Chains for a
Constantly Changing World

There are three requirements for creating a feedback system
that can handle the demands of a high-performance supply
chain operating in a real-time and unpredictable world. Those
three requirements are: (1) real-time transparency of relevant
data, (2) authority to act within rules delegated to each player,
and (3) a stake in the outcome for all parties. This is illustrated
in Exhibit 10.1.

When people are given real-time or near-real-time data that
provides adequate insight into their areas of responsibility, then
everybody is able to see for themselves what is happening.
People can self-organize and respond quickly without having to
wait to be told what to do. Their actions are timelier and more
effective.



EXHIBIT 10.1

THREE REQUIREMENTS FOR SELF-ADJUSTING FEEDBACK LOOPS

When only a few people can see what is happening, then those
few have to do the thinking for everybody else, and that's a lot
of thinking to do. So it takes a long time, and things move
slowly. But in real time there isn't enough time for that, so the
orders the few people give to everybody else are usually not
completely thought out and often produce results that are less
than desired. In real-time situations when time is of the
essence, it's far better to let everybody see the data and have
everybody do the thinking for their own areas of responsibility.



That way a lot of thinking can be done in parallel (instead of
sequentially), so it happens quickly and is also well-thought-out
and likelier to produce the desired results.

When people have local authority to act on what they see, then
they don't have to ask permission and wait to get confirmation
before they act. They can act quickly, and because they act in a
timely manner, their actions are likely to produce the results
people desire. Organize people into autonomous operating
units, and give them authority to act on their own within
predefined ranges (as defined by goals and rules of the game).

When people have a stake in the outcomes their actions
produce, then they are motivated to act and motivated to learn
from their actions and keep getting better. This stake in the
outcome can and should be a variety of elements from
increased prestige and reputation to more interesting work and
more money. People are motivated by various combinations of
these elements depending on the situation.

These three conditions can be introduced readily enough when
senior managers wish to do so, and when that happens, a
feedback system will come into being just as fire happens when
you introduce fuel, oxygen, and a spark. Once called into being,



a feedback system, like fire, is a powerful creation. The trick is
then to guide the feedback system toward useful ends.

Steer feedback systems by providing them with goals that they
will home in on and strive to accomplish. And guide their
actions by providing rules that define what they can and cannot
do. If the goal is clear and the rules are reasonable and
coherent, people will accept them and follow them (for the most
part). People will continuously steer the feedback system
toward accomplishing its goal, and they will use actions
allowed by the rules to do so. When this happens, you have
harnessed what is perhaps the most powerful form of
organizational energy.

Creating and harnessing feedback systems to perform useful
activities is the most powerful way of organizing work since the
introduction of the assembly line. Feedback systems and the
supply chains they drive can constantly adjust their behavior to
respond effectively as situations change. As companies get good
at applying feedback systems to the way they operate, they will
see the results show up in the form of consistently
outperforming their more traditionally run competitors that
are not as quick and not as responsive.



The traditional corporate organization structure in use since
the mid-20th century is based on the organization structure
devised by the Allied militaries during World War II. Those
military organizations learned to harness the productive
capacities of their national economies and deliver the resulting
supplies to their operating and combat units around the world.
That challenge was similar in many ways to what commercial
companies needed to do to compete in the global economy that
emerged after the war. So they adopted an operating model
already proven to deliver good results in similar situations.

The confluence of effects from climate change, geopolitical and
great power rivalries, population growth and migration,
diminishing natural resources, and technological innovation is
creating a more unpredictable world where the probability of
sudden and unexpected disruptions to supply chains is
significantly greater than what was previously the case. We
now live in a world that is volatile, uncertain, complex, and
ambiguous (VUCA).

New organizational operating models better adapted to the
requirements of a VUCA world are needed. Once again, it will
be military and disaster response organizations that lead the
way because they are the ones called first to respond to events
such as natural disasters and violent conflicts. It has already



become clear from their experience that resilient and
sustainable supply chains require effective, real-time
collaboration between all the players in a supply chain. What
these military and humanitarian organizations are learning
will be adopted by commercial organizations because they also
face many of the same challenges.

Emergent Behavior in Supply Chains

In the workings of a system such as a free market, we witness
emergent behavior. This behavior is what the Scottish
economist Adam Smith referred to as the “invisible hand” of the
market. This invisible hand emerges to set product prices so as
to best allocate available supplies to meet market demands.
Local interactions between large numbers of people, governed
by simple rules of mutual benefit, produce a macro effect for
the system as a whole. That macro effect creates what we call
emergent behavior.



 

EXECUTIVE INSIGHT

MASSIVELY MULTIPLAYER DISASTER RESPONSE COLLABORATION

As we bump up against the limits of what our planet's
ecosystems can handle, the frequency and intensity of
natural and human-caused disasters will increase
exponentially. To respond effectively, diverse and
geographically dispersed groups of people and
organizations need to collaborate in real time, reach
consensus, and act in a coordinated manner to address
problems as they arise.

At the same time, people and organizations each have
their own internal agendas, which do not always agree
with one another. People and organizations guard their
autonomy, and resist being ordered about by others. Yet
all must find ways to work together for any mission to
succeed. This calls for greater levels of human
interaction and effective procedures to guide
collaboration and consensus building, in addition to the
skillful use of technology.



(This article by Michael Hugos first appeared in the Liaison
Journal, Volume 13, Issue 2, 2021. Published by Center for
Excellence in Disaster Management, USINDOPACOM,
https://www.cfe-dmha.org/Liaison.)

MASS COLLABORATION FOR MANAGING DISASTER RESPONSE

MISSIONS

Experience shows 60 to 80 percent of the cost for
humanitarian assistance and disaster response (HADR)
missions is logistics, and with good reason—unless logistics
operations are working well, the entire mission is
jeopardized as first responders and aid workers cannot do
their jobs without the supplies and equipment they need.
Therefore, any improvement in logistics can cut operational
costs and also enable supplies and aid to be used more
efficiently on the ground to save lives.

What if all participants in a DR (disaster response) mission
could access a cloud-based platform and see real-time or
near real-time supply chain operating data displayed on a
digital map such as Google Maps (or Apple Maps, Bing Maps,
Open Street Maps, etc.)? This would provide an easily
understandable context to quickly make sense of many
different streams of data.

https://www.cfe-dmha.org/Liaison


What if people could use real-time data to quickly run
simulations to explore possible responses to problems and
opportunities as situations changed? If all could see what is
happening and what options work best, would consensus
emerge more quickly, enabling more effective and
coordinated action from everyone involved?

Such a platform would support thousands of simultaneous
users collaborating in smaller groups on different missions.
This massively multiuser DR collaboration platform would
be cloud-based and accessible anywhere in the world by
authorized people using widely available consumer
technology—PCs, laptops, smartphones. The platform would
be built with commercial off-the-shelf (COTS) technology.

It would exchange data with relevant internal systems used
by different organizations participating in a DR mission (ERP
systems, transportation management systems, etc.). It would
also collect data from sensor arrays and people at disaster
sites. This platform becomes a central point for information
displays and data interchange. A map-based display is an
easily understandable context to use for displaying supply
chain data and orienting people participating in a DR
mission. This is illustrated in Exhibit 1 below.



EXHIBIT 1

MAP-BASED COLLABORATION PLATFORM TO ORIENT AND GUIDE

PARTICIPANTS

A platform like the one we are discussing is composed of
three parts: (1) the people who use the platform, (2) the
processes that guide people as they use the platform, and (3)
the technology employed to build the platform. Let's look at
the process and the technology in a bit more detail.

PROCESS FOR MASS COLLABORATION

A powerful process for collaboration and decision-making
can be created by combining two well-known best practices.
One practice comes from the military world: the OODA loop.
The other comes from the business world: it is called S&OP.
A brief overview of these two processes shows how they can



be combined to create a simple yet effective process to guide
people engaged in real-time collaboration activities.

The OODA loop is composed of four activities: observe,
orient, decide, act. It is important to note that the OODA loop
is not a fixed sequence of activities; instead, it is an
interactive network of activities with orient at its core.
When an environment is well understood, the decide
activity can be skipped. People cycle quickly between
observe, orient, and act in a series of rapid responses, as
shown by the heavier lines on the OODA loop diagram in
Exhibit 2.



EXHIBIT 2

THE FOUR ACTIVITIES OF THE OODA LOOP

Observe is the process of collecting and communicating
information about the environment. This activity provides
information to support the next activity, orient. This is the
most important activity because it is where information is
turned into an understanding of the situation upon which
the next two activities will depend. The environment is
described, positions of the different players in the
environment are defined, and relevant trends, threats, and
opportunities are identified.



In decide, different responses and plans for implementing
them are created and evaluated. And that leads to the final
activity—act. Action is taken, and results occur. These results
are then picked up by the observe activity, and the loop
continues.

Implicit guidance and explicit guidance are used in the
OODA loop. Implicit guidance occurs when people know
what their objectives are and when they can see what is
happening as it happens. They do not need to be told what to
do; they know what to do. Effective collaboration maximizes
use of implicit guidance in order to act quickly and keep up
with the pace of events. Explicit guidance is called for only
when there is a significant change and people need to be
reoriented toward new objectives.

EXPLICIT GUIDANCE FOR DECIDE ACTIVITY

The decide activity is needed for periodic adjustments or
when major changes occur and a new plan is called for. In
commercial supply chain operations there is already a best
practice for structuring this activity. It is called sales &
operations planning (S&OP). It is used to facilitate
collaborative planning and decision-making. There are
many variations of this process, but at its core it is composed
of five main steps, and companies typically cycle through



these steps every 15–30 days, or whenever significant
changes occur in their markets.

A modification and streamlining of this commercial
planning process yields a process well suited to HADR
requirements. We will call it mission & operations planning
(M&OP). The five-step process for M&OP is illustrated in
Exhibit 3.

EXHIBIT 3

DECISION-MAKING WITH MISSION & OPERATIONS PLANNING



The M&OP decision-making process is designed to involve a
wide audience of people from different functional areas
(operations, medical, logistics, transportation, etc.), and it
includes people from different organizations (government,
NGOs, military, commercial) as well. It provides guidance for
collaboration and keeps people focused.

In step 1, mission orders, the central coordinating authority
(mission commander) puts forth the mission orders, also
known as the concept of operations (CONOPS). The CONOPS
defines where supplies for the mission will come from, what
facilities will be set up in the disaster area, and what kinds
of people and products will be involved at each facility.

In step 2, demand planning, product demand is calculated
for each facility based on the numbers of people and
activities planned for each facility. The resulting product
demand numbers for each facility are used in the next step.
In step 3, supply planning, plans are made showing how to
use available vehicles to transport products between
facilities to meet projected demand at each facility.

In step 4, reconcile plans, people use data from the demand
plan and supply plan to create a model and a map of the
proposed supply chain to support the mission. The supply



chain model is composed of combinations of four entities:
products, facilities, vehicles, and delivery routes.

An easy to use Internet-based supply chain modeling
application is used to define instances of these entities. As
entities are defined, their icons appear on-screen, and they
are dragged and dropped to accurately place them on a
digital map such as Google Maps (or another digital map).
Entity icons are put on the map where they actually are in
the real world or where they are planned to be. This is
illustrated in a screenshot in Exhibit 4.

By dragging and dropping entity icons to place them on a
digital map, a rigorous mathematical model of a supply
chain is created without people having to deal with abstract
flowcharts or complex math. Resulting supply chain models
are then run in simulations to find where mismatches occur
between product demand and product supply. Simulations
find these mismatches and provide information to fix them.

Simulation results are also used to improve the operating
performance of the supply chain. Supply chain models that
work best in simulations define supply chains that will also
work best in the real world. Data from the supply chain
model is then used to create the operating plans for the



supply chain. The screenshot in Exhibit 5 shows results of a
simulation.

In step 4 an Internet-based application is used so everyone
can see what supply chains work best. This enables
consensus to emerge quickly, and actions taken are more
effective. When decisions are made to implement a given
plan, people can zoom in and turn on the satellite view to
see the products, facilities, vehicles, and routes they are
responsible for, as shown in the screenshot in Exhibit 6.
People can figure out what they need to do to implement
their portion of any given supply chain operating plan. They
understand why they are doing what they do, and they
understand how their actions affect the rest of the supply
chain.



EXHIBIT 4

DEFINE SUPPLY CHAIN ENTITIES AND DRAG/DROP THEIR ICONS

TO PLACE THEM ON MAP



EXHIBIT 5

SIMULATIONS FIND MISMATCHES BETWEEN DEMAND AND

SUPPLY



EXHIBIT 6

ZOOM IN AND VIEW INDIVIDUAL FACILITIES AND SUPPLY CHAIN

OPERATING DATA

In step 5, implement and monitor, supply chain models of
the implemented supply chains are updated with hourly
data about products, facilities, vehicles, and routes. People
continue to run simulations and find potential supply and
demand mismatches. All participants can see what is
happening and make operating adjustments as needed.

Like the four activities of the OODA loop, these five steps of
the M&OP process can be carried out at different tempos
depending on the needs of the mission and the situations
being addressed. Steps are done in a timely manner—



minutes, hours, or days—depending on the needs of the
mission commander and mission participants.

Work in steps 2 and 3 can be assisted by use of real-time
data, predictive analytics, and simple forecasting and
optimizing algorithms to select optimal facility locations and
transportation routes and schedules. This speeds the
updating of supply chain models created in step 4, which
enables continuous running of simulations in step 5 to find
and fix problems and improve outcomes as situations
evolve.

This is how DR supply chains can achieve and sustain high
levels of performance in unpredictable environments
without needing to rely on centralized command and
control.

TECHNOLOGY FOR MASS COLLABORATION

With a defined process for rapid decision-making and
coordinated supply chain operation, technology can be used
to support this process. The first requirement is that the
supply chain modeling and simulation application be easy to
use by a wide audience of people involved in logistics and
DR missions, not just a small group of experts. People must



be able to learn to use the application in 15–30 minutes and
understand the results it displays.

The second requirement is that the platform must use
Internet-based technology with application programming
interfaces (APIs) to enable data import/export between
different companies and their various internal software
applications. People need to be able to access this Internet
platform with common consumer technology such as
laptops, tablets, or smartphones.

The diagram in Exhibit 7 shows the technical architecture
for an Internet-based supply chain collaboration platform.
The platform can support the DR collaboration processes
described above. The observe actions of the OODA loop are
supported by the use of APIs to import/export data from
participant ERP systems, sensor arrays, people at disaster
sites, etc.



EXHIBIT 7

TECHNICAL ARCHITECTURE CONCEPTUAL DESIGN

Orientation happens as this data is assembled and displayed
in supply chain models for the disaster response mission.
Decision activities are supported by simulations, and data
showing results of the activities are imported from
organizations as they carry out their portions of decided-
upon supply chain operating plans.

The opportunity exists to electronically connect
organizations from the largest to the smallest using simple



and secure COTS technology. Since simple technologies are
the only ones that will work for the small and medium
organizations that make up a large part of most DR supply
chains, simple solutions are the only ones that will work for
all.

The technology components to create this mass
collaboration platform already exist and can be readily
assembled. Over the last seven years the supply chain
modeling and simulation software that drives the M&OP
process shown in these exhibits has been developed, field-
tested, and improved. It is presently used in universities,
supply chain and logistics training programs, and consulting
firms around the world.

EVOLUTION AND EXPERIENCE WITH MASS COLLABORATION

PLATFORMS

Early versions of the procedures and technologies presented
here were used to create a mass collaboration platform for a
$7 billion cooperative of distribution companies that
provided sanitary supplies and food service disposables to
local and national account customers in North America and
Europe. The challenge was to enable collaboration and
cooperation between different-sized and geographically
dispersed companies that had to work together to serve



customers. Companies in this cooperative ranged from
smaller, family-owned businesses to much larger and more
sophisticated corporate organizations.

The first version of this collaboration platform was
developed and in production within 12 months. A simple
and secure API for data import/export was created using
encrypted text files. All members of the cooperative from
large to small were able to use this API to connect their
different internal systems and exchange data. Data
visualization and status reporting was at first supported by
automated daily loading of spreadsheet templates showing
performance dashboards and other reports. Everyone
already knew how to use spreadsheets, so their learning
curve for using the collaboration platform was small. This
system has been continuously enhanced and expanded with
new features since then.

The platform was quickly extended to include participation
by national account customers and manufacturers of the
products delivered to those customers. People could manage
the flow of products through common supply chains and
collaborate online to forecast product demand and plan
operations to meet demands. An article describing how this
was done was published in CIO magazine, a computer



industry publication. This led to an inquiry from a logistics
officer in the US Marine Corps. Several weeks after sharing
technical and operating details, the CIO of the US Navy
Medical Logistics Command reported back with the message,
“Bravo Zulu” (Navy slang for “well done”).

These concepts were further developed to design a real-time
supply chain visibility system for the Microsoft Xbox
division. The first version of that system was built and rolled
out in 30-60-90 day increments over a one-year period. That
system continues to evolve as needs change. Creation of the
system was described by the chief technical officer (CTO) of
Microsoft's supply chain in a case study titled “Harnessing
Supply Chain Big Data” in Chapter 4, page 172 of this book.

A refinement and simplification of design concepts based on
experience at Xbox was used in a proof of concept project
for the World Food Program. The need was to develop an
online logistics training platform for use by the staff of their
Global Logistics Cluster and logistics staff of other NGOs they
worked with. That work is now a case study and supply
chain simulation available online at the website of SCM
Globe.



In 2016, the commanding general of the US Transportation
Command (USTRANSCOM) requested a personal briefing on
these ideas for himself and his staff. Peer-reviewed papers
and presentations were delivered at the annual conferences
of the Transportation Research Board (TRB) in 2017 and the
Interservice/Industry Training, Simulation and Education
Conference (I/ITSEC) in 2020. Since then we have worked
with the US Air Force and US Army to integrate supply chain
simulations into their logistics training and planning
courses.

LESSONS LEARNED

Real-time visibility enables self-organizing supply chains—
when people have common objectives and can see what is
happening, they will use implicit guidance to self-organize
and act without waiting to be told what to do. They will
respond to events faster and more effectively than what can
be achieved using top-down command and control.

Think big; start small; deliver quickly! Simple plans well-
executed work better than complex plans. Use agile
development techniques to deliver working software and
procedures in 30-60-90-day iterations.



Build “robust 80 percent solutions”: Deliver the most
important features first; do not try to build everything at
once. Continually adjust and enhance system architecture,
software, and operations based on experience and unfolding
circumstances.

Leverage existing applications whenever possible: Use
services-oriented architecture (SOA), enterprise application
integration (EAI), and APIs to develop hybrid and flexible IT
infrastructure (cloud/SaaS/consumer IT). Focus development
work on unique value-added software and procedures that
do not already exist.

This platform can be made secure and resilient: System
architecture used to build this platform can use security,
backup, and failover features offered by cloud service
providers to deliver high levels of resiliency and
cybersecurity. Military versions of this platform can be
entirely deployed on military classified networks.

NAVIGATING THROUGH THE FOG OF UNCERTAINTY

To find our way through the coming decades we need to
combine human intuition, nonlinear thinking, and creative
problem solving with powerful computer capabilities for
data collection, AI optimization, data visualization, and



simulation modeling. We need to enable participation by a
wide audience of people, not just small groups of experts, in
order to get the buy-in and enthusiastic cooperation that is
central to the success of any mission.

The organization that develops this platform will perform
the role of the central coordinator. But this coordination will
be more like the way a conductor guides a symphony
orchestra, rather than the way a commander controls a
military unit. This massively multiplayer DR collaboration
platform will attract people because it is easy to use, because
people want to know what is going on, and see what is
happening as it happens. People want to engage in real time
and be part of the decision-making process on missions they
participate in.

In some ways this platform could be called “DR social
media.” It will attract people for some of the same reasons
people are attracted to platforms such as Facebook or
WhatsApp—to communicate and be a part of the action. Yet,
it will be managed to meet specific needs of people and
organizations participating in real missions under pressure
to act. Its primary purpose will be to enable effective day-to-
day collaboration, not to generate clicks, advertising



revenue, merchandise sales, and “likes” for various political,
business, and social influencers.

For reasons of business and profitability, social media
platforms apply complex and hard-to-understand AI
algorithms to select and spin the information they feed to
individual users. Everyone sees something different, and
common understanding is lost. We see the dysfunctional
behavior that can produce. This DR collaboration platform
does the opposite. It presents everyone with the same
accurate information, in real time, and it puts that
information in a meaningful, big-picture context that
delivers a common situational awareness for everyone.

Simulation results can be quickly understood, accepted, and
acted on by all. Make the platform open to inspection by
everyone. Invite panels of scientists and academic
researchers, as well as industry and political lobbying
groups. Let people check the simulation logic and data feeds,
and let them propose alternative logic or data sources if they
feel existing logic and data are flawed.

If some courses of action require highly suspect logic or
unrealistic assumptions or data sources in order to produce
good results, that speaks for itself. If other courses of action



using generally agreed-upon logic and data sources
consistently produce desirable outcomes in simulation after
simulation, those are the courses of action that should be
followed.

As people cycle through the OODA loop and M&OP processes
that guide mass DR collaboration, they keep updating their
mission supply chain models and running simulations to
predict problems and find ways to fix them. They use
continuous simulations like radar to probe through the fog
of uncertainty and find the best ways forward as the road
ahead twists and turns in unexpected ways.

Michael Hugos is a cofounder of SCM Globe
(mhugos@scmglobe.com) and author of this book, as well as
other business and technical books published by Wiley. He
speaks, writes, and consults on supply chain projects.
Previously, he was chief information officer at a global
distribution and supply chain services company.

As we begin to practice supply chain management as a game
between companies and people who are motivated to achieve
certain performance targets, we will see emergent behavior in
supply chains. Good players in the supply chains of particular
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markets will seek each other out because by playing together
they can create better supply chains and generate better profits.

Supply chains will form like sports teams, and these teams will
compete with each other for market share. Just as the game of
basketball or soccer evolves over time, so, too, will the game of
supply chain management. New tactics, techniques, and
technology will come about. Market demands and the desire for
competitive advantage will drive companies to collaborate and
innovate with each other to win at the game of supply chain
management.

Computers and AI are best used to automate the rote,
repetitious activities that humans find to be dull and boring.
These are all the ongoing and routine activities of recording
and monitoring supply chain operations. Computers do these
tasks very well. They do not fall asleep, they do not miss details,
and they can handle enormous volumes of data without
complaint.

People are best used to do the creative and problem-solving
activities. These are the activities that do not have clear right or
wrong answers. These are the activities that call for people to
collaborate with other people and share information and try
out different approaches to see which ones work best. People



are good at these activities, and they like doing them, so they
learn and keep getting better.

At a macro level, this will give rise to supply chains that learn
and grow smarter. Computers and AI will listen to the hum and
crackle of data flowing through the real-time, always-on supply
chain. They will employ pattern-recognition algorithms and
apply predefined logic to resolve routine problems. And they
will spot exceptions and events that need to be brought to the
attention of human beings. Like good pilots and navigators,
people will learn to respond effectively to these developments
as they happen. People will learn to keep steering the supply
chain on a course toward its desired performance targets.

Adaptive Networks and Economic Cycles

As we learn to recognize and effectively respond to
developments in our supply chains, it will tend to lengthen the
periods of market growth and stability. Any industry or market
where there is a boom-to-bust cycle is an opportunity for us to
apply the self-adjusting feedback loop to smooth out the
economic ups and downs. The boom-to-bust cycle is caused by
the same dynamic that results in the bullwhip effect in
individual supply chains (see Chapter 6).



In industries ranging from retailing to real estate and
telecommunications, the boom-to-bust cycle causes economic
waste and disruption. And it brings with it all the human
hardships that are caused by the cycle. Examples of this cycle
are the dot-com bubble of the late 1990s and early 2000s and
the real estate bubble that occurred a few years after that. The
ability to recognize and smooth out excessive swings in
demand, prices, and productive capacity in different areas of
the economy will create greater stability and more sustainable
prosperity.

More wealth will be generated and preserved without the
disruptions caused by the boom-to-bust cycle. Adaptive supply
chain networks using real-time information and self-adjusting
feedback loops can effectively dampen excessive market swings
and guide sustainable growth. This ability will have a wealth
creation and preservation effect even more powerful than that
created by the steam engine and the assembly line.

The self-adjusting supply chain is the great wealth generator of
this century, just as the assembly line was the wealth generator
of the last century and the steam engine was the wealth
generator of the century before that. The self-adjusting, resilient
supply chain driven by the collaborative behavior of its
participants is the type of supply chain that will enable us and



our civilization to sustain ourselves through the enormous
changes that will occur between now and the end of this
century.



Chapter Summary

The always-on connection of the Internet and other
communication networks allows us to see ourselves in real
time. We can now see the supply chain as a continuous moving
picture, whereas in the past we could only see it as a collection
of snapshots taken at periodic intervals. This always-on, moving
picture makes it possible to constantly adjust supply chain
operations week to week and day to day to get significant new
efficiencies.

This self-adjusting feedback loop is harnessed to the supply
chain through the daily actions of the people who carry out
supply chain operations. First motivate people by providing
them with monetary or psychological rewards for achieving
predefined performance targets. Then provide people with real-
time information that shows them whether they are moving
toward or away from their targets. People will steer toward
their targets, and they will learn to hit these targets more often
than not.

The effect of this dynamic will be to give rise to supply chains
that are both highly responsive and very efficient. Real-time
operating adjustments will result in supply chains that can
better adapt to business changes and deliver performance and



profitability that is of a higher level than anything that has been
seen before.

All talk of supply chain efficiency must be seen in the context
imposed by the need to respond to sudden and unforeseen
events. Efficiency requires stability and predictability because
the highest efficiency is attained by eliminating the duplication
of facilities, inventory, supply routes, and sources that is needed
to respond effectively to sudden disruptions. Resilient and
sustainable supply chains in a VUCA world are first and
foremost supply chains that can sense their environments and
have the resources and capability to respond in an appropriate
and timely manner. Sustainable supply chains continuously
adjust their operations to respond appropriately as the world
unfolds.
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