BALANCE

ost of us are familiar with the following sce-
nario: The topic of your meeting has been
circulated to the attendees the week before.
supply with demand while at the same time It is the recurring question of: How do we
keeping customers satisfied? No one has schedule production and distribution to
maximize capacity utilization and minimize
inventory levels while achieving high levels
But for many companies, there’s an of customer service. The question is com-
approach that can get them moving in the plicated by the fact that demand for the firm's products
varies widely. Some of the products with less demand vol-
ume experience significant demand fluctuations, which has

It’s an age-old question: How do you match

come up with the “silver bullet” answer yet.

right direction. It’s an innovative technique

that builds on analyzing both the volume and led to an increase in inventory. Other products are the exact
variability of demand for products. opposite, experiencing stable demand with very little varia-
tion.

This question transcends industry and geographic loca-
tion. But the answer remains elusive for most companies. In
an effort to provide an answer and to address the common
tradeoff between inventory and customer service levels, we
propose a framework that aligns supply chain operations with
demand. The framework is based on two principles:

SOLVING THE SUPPLY
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1) Both the volume and the variability of demand must be
taken into account. We call this volume-variability demand
profiling.

2) Product manufacturing and distribution must be
aligned with this profile through a mix of build-to-stock,
build-to-order, and make-to-order strategies.

Volume and variability analysis has been used to assist in
operational planning and execution since the early 1960s and
is widely taught today in operations management and logis-
tics classes. However, aside from simple safety-stock plan-
ning, companies very rarely consider both the volume and
variability of demand in their planning and execution process-
es. Instead, they typically adopt a “one-size-fits-all” methodol-
ogy for manufacturing and distribution. As such, variable
SKUs with erratic demand often get treated the same as
those units with predictable patterns, such as high-vol-
ume SKUs with a consistent level of
demand.

As a result, both types
of SKUs are often

m Excessive levels of inventory created by unpredictable
demand.

m Difficulty in forecasting accurately because of the high
speed of change in the marketplace, which means historical
data is not necessarily a good predictor of future demand.

® |ncreasing problems with obsolescence caused by short
product lifecycles.

® Growing demand for shorter leadtimes from customers
who are used to conducting business at Internet speed.

To address these problems, companies need to mini-
mize inventory levels while, at the same time, main-
taining excellent customer service. This requires a
careful matching of supply with
demand. And yet,
few

DEMAND MISMATCH

produced following a similar make-to-stock model. A 2003
benchmarking study by management consultants PRTM
reveals how common this strategy is. According to the survey,
74 percent of all companies rely on make-to-stock produc-
tion, using forecasts to drive volumes.1 Such a make-to-stock
strategy, however, is not optimal for variable products, which
have low forecast accuracy levels. When variable products are
produced in a make-to-stock environment, stockouts and
inventory write-offs frequently occur.

By adopting a multitier operational strategy based on vol-
ume and variability profiling, however, companies can better
optimize the tradeoff between service and inventory levels.
Later in the article, we describe how one company, Modus

Media, is successfully implementing this approach.

The Supply-Demand Mismatch

To understand the potential of the volume-variability
approach, it's important to comprehend more fully the

types of supply-demand problems companies typically

face. Among the most common are these:
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companies have developed a complete demand profile upon
which they can base a manufacturing and distribution strate-
gy that best suits the product.

Instead, the widespread adoption of enterprise resource
planning (ERP) systems has only encouraged companies to
implement make-to-stock practices across the board. ERP
systems make it easy for companies to drive their entire shop
floor operations by simply loading in a forecast. A typical
business will receive orders and put them into its manufac-
turing production schedule (MPS). Forecasts are fed in, and
the value of confirmed orders is later subtracted from fore-
casted levels. However, forecast-accuracy averages in most
industries usually do not exceed 70 percent. As a result,
using the forecast as a build plan for a manufacturing
requirement planning (MRP) system inevitably leads to too
much or too little inventory on hand. This, in turn, ultimately
leads to stockouts or inventory write-offs—especially for
high-variability SKUs, which are difficult to forecast.

In short, companies are, by default, manufacturing prod-
ucts in the wrong quantities and mix. Invariably they have
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plenty of inventory; it's just not the right product at the right
time. This supply-demand mismatch is further exacerbated
by the common problem known as the bullwhip effect, in
which slight demand variations downstream in the supply
chain result in huge inventory build-ups upstream at the sup-
plier levels.

By adhering to the two principles introduced above, com-
panies can address the chronic supply-demand mismatch and
related bullwhip problems.

Principle 1: Both demand volume and variability must be
taken into account.

Companies can better match supply to demand for the
product if they have a complete demand profile that includes
both volume and variability. Many companies today are only
performing routine volume-based SKU analysis. In a volume-
based analysis, products are segmented into different classes
or “buckets” depending on the volume of demand. For exam-
ple, fast-moving, popular items are classified as “A” items,
while slower-moving products are characterized as “C” items.
Most companies use a rule of thumb that “A” SKUs account
for 80 percent of their overall demand volume, “B” SKUs
account for 15 percent, and “C” SKUs account for the last 5
percent. Yet, “A” SKUs are only 5 percent of all items, “B” are
another 15 percent, and “C” items make up the remainder.
Using this approach, a company with 500 SKUs would
expect to have a total of 25 “A” SKUs (5% x 500), 75 “B”
SKUs (15% x 500), and 400 “C” SKUs (80% x 500). (Such an
analysis is shown in Exhibit 1 below.)

In the past 20 years, companies have increased their use
of volume-based analysis, particularly for determining the
product’s manufacturing and distribution strategies. For
example, in the 1980s, some companies began using manu-

EXHIBIT 1

Average Volume vs. Number of SKUs
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facturing cells for their lower-volume products. Distribution
departments also began looking at volume analysis for the
design of their warehouse layouts, using a zone approach for
more efficient picking. Under this approach, higher-volume
“A” SKUs are placed in a zone that would need less travel.
Warehouse design also began moving to specialized flow
racking for lower-volume SKUs.

What is missing from this traditional analysis is the dimen-

60 SupPLY CHAIN MANAGEMENT REVIEW -

SEPTEMBER/OCTOBER 2003

sion of variability. In other words, is demand relatively con-
stant for the “A” items, or is there a wide range of variability?
Given the volume being shipped, we would argue that most
“A” items experience relatively less demand variation than the
other two product groups. This makes production stratifica-
tion much more predictable.

Lower-volume SKUs, however, usually have much more
variable demand. For this reason, we suggest augmenting the
traditional SKU classification to include variability. In a vol-
ume-variability demand profile, each SKU is classified by
both its volume (based on unit volume or dollar volume) and
its variability (represented by standard deviation or normal
standard deviation). Exhibit 2 shows an example of a volume
and variability profile.

Each dot on the chart indicates where a particular SKU
falls in terms of its combined volume and variability. Note that
some of the SKUs have a relatively low weekly volume with a
fairly normal distribution of variability. A few of the products

EXHIBIT 2

Volume-and-Variability Profile
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Note: Variability can be classified as Standard Deviation or Normal Standard Deviation.

show a high weekly volume pattern with relatively low variabil-
ity (point x on the figure). Two items (point y) experience both
high degrees of variability and high levels of weekly volume. It
is these items that can cause significant disruption in the
manufacturing and distribution processes. Supply chain pro-
fessionals typically either hold larger quantities of inventory to
handle the variation in demand, or they attempt to manufac-
ture the products in a shortened time window.

Through this volume-variability analysis, companies use a
new way to classify products into four main categories based
on their volume-variability demand profile as shown in
Exhibit 3. Each of these four categories is discussed below.

“A” SKUs represent high-volume products with predictable
demand. These types of products are usually the companies’
bread and butter. Scheduling for these items is fairly straight-
forward, as the overall volume is predictable.

“B” SKUs represent products with medium volume and low-
to-medium variability. These are typically your average prod-
ucts. They are not your top sellers—but they are also not your
“dogs.”
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EXHIBIT 3

New SKU Classifiction System Based on
Demand Volume and Variability
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“C" SKUs represent all low-volume products. Traditionally
“C” SKUs have been the biggest headaches for operations.
Most operations managers strive to optimize throughput of
manufacturing equipment, and these SKUs slow down pro-
duction and cause changeovers. This leads to an increase in
inventory levels and associated costs. Although “C” items rep-
resent only a small amount of volume, they have the poorest
service levels. The reason: They are often pushed aside to
make room for high-volume products that drive revenue and
fill rates.

“D” SKUs have both medium-to-high volume and high vari-
ability. These might be items that are often put on promotion
to increase sales. They have the most potential to negatively
affect overall customer service. For example, a typical
approach may be to have 2,000 “D” units on hand for weekly
average demand across all of your customers. But a single
special order for that product can exceed the current level of
inventory, leaving the company in an out-of-stock position for
the rest of its customers.

Demand profiling by both volume and variability can help
companies more effectively manage products in each of these
SKU categories. By looking at both volume and variability, a
company can begin to understand the impact of a particular
SKU on its operations. In other words, by understanding the
nature and associated variability of demand, companies can
more efficiently optimize their operations to meet the real
needs of the marketplace.

Principle 2: Product manufacturing and distribution must
be aligned with the demand volume-variability profile
through a mix of build-to-stock, build-to-order, and make-to-
order strategies.

Until the 1980s, most companies were still relying on tra-
ditional assembly-line manufacturing methodologies popular-
ized by Henry Ford with the Model T. The last two decades,
however, have brought an influx of innovative manufacturing
and distribution techniques aimed at helping companies
become more efficient in managing day-to-day operations.
For example, the widespread adoption of MRP systems great-
ly enhanced a company’s manufacturing productivity by
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allowing it to load in forecasts and complex bills of materials.
Cellular manufacturing became a popular “high service”
option to the traditional assembly line. In the late 1990s,
accountants began to preach the benefits of using a rate-
based approach to planning operational capacity.2 In distribu-
tion, quality leaders such as Motorola, Xerox, and Toyota
have led the way in bringing the kanban concept to the
United States after much success in Japan. In addition, vol-
ume-based SKU profiling has become a popular method for
designing warehouse layout to drive picking efficiencies.

But how does a company know what is the right method
to use? We propose that companies use a mix of manufactur-
ing and distribution strategies based on a volume and vari-
ability demand profile. In essence, this means selecting the
most efficient techniques for the demand profile to drive high
service levels while at the same time minimizing inventory.
Exhibit 4 gives some suggested manufacturing and distribu-
tion strategies based on a product’s volume-variability
demand profile. Each of these strategies is discussed in
greater detail below.

“A" SKUs — High-volume, low-variability SKUs ideally
should be run through a straight assembly line in a make-to-
stock (MTS) environment. Harkening back to Henry Ford, all
manufacturers know that this is the most labor-, time-, and

EXHIBIT 4

Distribution and Manufacturing Stategies
By Volume-Variability Profile
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cost-efficient way to manufacture and distribute a large quan-
tity of goods. Because demand for “A” SKUs is so predictable,
companies can produce items in anticipation of demand with
reasonable confidence that they won't end up carrying excess
or obsolete inventory. As a result, planning can be rate
based—in other words, based on the average rate of demand
for the product. This predictability, in turn, helps companies
to level load the factory with consistent and pre-planned
manufacturing runs, thereby better managing capacity and
production operations. By matching capacity to actual
demand, rate-based planning and execution (RBPE) tools

Companies should select their business
models and inventory levels based on real
customer demand instead of forecasted demand.

help supply
chains use their capac-
ity, inventory, and resources more
efficiently and productively. This provides financial
benefits at both the company-wide and product-line level.3
These benefits are realized, however, only if demand is highly
predictable. Therefore, only high-running SKUs with low
variability should be MTS. Using a make-to-stock strategy
and RBPE tools for SKUs with more variable demand results
in inventory excess and obsolescence, which is expensive and
inefficient.

“B” SKUs — Medium-volume SKUs with low-to-medium
variability can best be managed under a kanban or a just-in-
time (JIT) model. These build-to-order (BTO) approaches
achieve both good customer service and optimized inventory
levels for this SKU group. They allow companies to have
enough component and part inventory on hand to respond to
medium-volume demand in a timely manner. But, by not car-
rying finished-goods inventory, the companies can also keep
inventory levels relatively low. These manufacturing
approaches also eliminate the need for advanced planning of
these SKUs. Rather than running an MRP on these items,
the kanbans will trigger the manufacturing and distribution
process. This ultimately eases administrative tasks associated
with detailed shop-floor planning.

These and other low-volume SKUs typically employ cellu-
lar manufacturing instead of assembly lines because the effi-
ciencies created by assembly-line production are lost if the
company is only manufacturing a small batch of goods. If the
company has to keep stopping and changing the assembly
line to produce a different product, it drives up switching
times and costs. Cellular manufacturing, however, allows a
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company to quickly assemble low or medium volumes of
goods from on-hand components that are conveniently
grouped together in a manufacturing cell.

“C” SKUs — All low-volume SKUs are ideally suited for a
make-to-order (MTO) model—especially if there is a cost-
effective, manufacturing-on-demand solution available. Using
a manufacturing-on-demand technique (if available) enables
companies to have the best of both worlds. It allows them to
have a quick cycle time for fast customer service while also
eliminating excess and obsolete inventory. Even though there
is often a higher per-unit cost associated with manufacturing
on demand, it is ultimately a much more
cost-efficient process for low-volume
goods. This is because the company does
not risk having to dispose of unused prod-
ucts or components. Companies can con-
duct a break-even analysis to determine
the volumes at which on-demand manu-
facturing becomes cost efficient.

This particular approach has proven
effective in certain business sectors. For
example, traditional print and CD manufactur-
ers can leverage print-on-demand and CD-R technologies for
low-volume runs. In many cases, it is more efficient to print
one copy of a low-demand book for 4 cents per page than to
print 500 copies at .01 cents per page and risk having to
throw the majority of those copies away. Not all industries,
however, have a viable on-demand manufacturing technique
available for key components. In these cases, we recommend
stocking only raw materials to keep inventory obsolescence to
a minimum.

“D” SKUs — These high-volume, high-variability SKUs
have the most potential to impact overall customer-service fill
rates because companies can blow out all their inventory try-
ing to fulfill one or two big orders. “D” SKUs are often related
to items that have higher variability because they are promo-
tionally driven. For example, a SKU may typically sell 1,000
items per week, but when Wal-Mart decides to do a promo-
tion, the order volume goes up to 25,000. When a customer
places a big order that has not been properly planned for in
distribution, it drives out-of-stocks—not just for the customer
that placed the order but also for all the customers that need
that product. Furthermore, sometimes these one-time orders
can wipe out a common component that the product shares
with other SKUs in manufacturing. This will hurt the compa-
ny's fill rate for these products as well. Instead of depleting
the company’s safety-stock inventory, “D” SKUs are best han-
dled as special orders and should be made to order on an
assembly line. Companies that do not have an alternative
manufacturing-on-demand option with a quick cycle time
can increase customer-service levels by stating maximum
order quantities on the price list. Customers should be
informed that orders larger than these maximums will be
MTO and may require an incremental increase in leadtimes.
While this approach may result in slightly longer leadtimes, it
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will improve overall customer-service levels by preventing an
out-of-stock situation for that particular SKU for the majority
of customers.

It is important to note that a SKU's classification by vol-
ume and variability is not fixed. Instead, companies can mod-
ify each SKU's classification, as needed, in the planning
phases. For example, marketing may have a promotion on a
particular product; by knowing this in advance, the SKU can
be reclassified into a more optimal production category (for
example from “A” to “D”). Likewise, if market intelligence
shows sales are not materializing as hoped, a particular SKU
can be downgraded to a different SKU classification (for
example from “A” to “B”) and placed into a kanban-type plan-
ning model to help bleed inventory.

Furthermore, companies may mix and match various
strategies to best meet their needs. For example, a com-
pany with a one- or two-day turnaround from
manufacturing may want to hold finished-
goods stock in distribution (instead of
manufacturing) because the turn time is
good. But a company with a seven-day
leadtime may want to maintain quick cus-
tomer-service turnarounds by maintaining
stock in manufacturing.

The Volume-Variability

Benefits

By selecting appropriate manufacturing and distribution
methods based on volume and variability, companies can
improve operational efficiencies by optimizing service levels
while keeping inventories to a minimum. Service-level expec-
tations can be managed by communicating leadtime and
other exceptions on the order form. In addition, companies
can use statistical analyses that combine both volume and
variability to set safety-stocks levels that are most efficient to
meet customer service goals.

The key element of this approach is the use of different
operational models to buffer demand volatility in the supply
chain. Under this approach, companies are selecting their
business models and inventory levels based on real customer
demand instead of forecasted demand (as occurs when com-
panies use an across-the-board MTS strategy). By classifying
SKUs by their demand profile, companies can identify when
the risk of holding inventory for a SKU is too great and, in
such cases, adopt a BTO approach with a fast turnaround.
The approach also makes it clear that a company should only
bet on needing finished-goods inventory with high-volume,
low-variability SKUs. Having finished-goods inventory gives
the organization the best possible chance of satisfying cus-
tomer requirements at optimal cost when demand for those
SKUs materializes.

Finally, this combined volume-and-variability approach
mitigates the reliance on, and risk associated with, inaccurate
forecasts. Forecasts are traditionally used for planning. When
forecasts are used to release orders in anticipation of
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demand, stock is built prior to known demand. The longer
the time period between order release and sale, the greater
the opportunity for misallocating capacity for a given product.
Under a combined volume-variability approach, the forecast
is just one data element in the planning process vs. the fixed
data set for a build plan.

Does it Work?

Up until this point, we haven't answered the big question:
Does it work? Our approach may sound good, but
unless there are quantifiable results, it is not worth
implementing. Both volume-variability demand
profiling and a mixed manufac-

Few companies have developed a
complete demand profile upon which they
can base a manufacturing and distribution strategy
that best suits the product.

turing/distribution methodology are used at Modus Media
International, a global supply chain services provider to many
of the world’s largest technology companies.

As a provider of outsourced manufacturing and distribu-
tion services, Modus must deal with the challenge of tailoring
its operating practices to meet diverse customer require-
ments. For example, many customers want Modus to manage
min/max and vendor-managed-inventory programs based on a
combination of forecasts and predetermined coverage levels
for finished goods in terms of days or weeks. Yet, in order to
maintain high service levels for all of its accounts, Modus
faced the prospect of increasing inventories and working cap-
ital requirements. Modus needed a standardized solution for
materials management and order fulfillment that would
address the specific operational requirements of its different
customers while also optimizing Modus’ inventory and capac-
ity levels. Modus also wanted a solution that would leverage
its ERP system and be 100 percent transferable across cus-
tomers and facilities. In 1998, the company and one of its
largest original-equipment-manufacturer (OEM) customers
began exploring solutions to meet this objective at the Modus
facility in Cumbernauld, Scotland. They decided to use both
volume and variability as key drivers for their planning and
execution processes.

In simple terms, Modus has enhanced its sales and opera-
tional planning cycles by considering both the volume and
variability of its SKUs. To accomplish this, the company has
expanded its planning process from strictly forecasted quanti-
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tative methods to include trend analysis information and
other qualitative data.

A second key to Modus’ success was to use a simple two-
tier manufacturing and distribution approach. Under this
approach, “C” SKUs (low-volume, low-variability products)
are made to order, while all other SKUs use a kanban
approach. Modus’ MRP system generates internal orders that
are used either to replenish an inventory target (that is, a kan-
ban) or immediate shipment requirements for MTO SKUs.
Simple rules dictate that all MTO parts have the highest pri-
ority within the facility and are dealt with first. The reason for
this is that kanban SKUs have inventory on hand and Modus
can ship from stock to maintain high service levels. Orders
for kanban SKUs are sent directly to distribution for fulfill-
ment while orders for MTO SKUs are sent directly to manu-
facturing.

Once manufacturing for MTO parts has been satisfied,
the kanban items are dealt with. A color-coded system is
used in distribution to determine the priorities within the
kanban parts that are sent to manufacturing. For example,
kanbans are coded green, yellow, and red for all products. A
part with red kanbans has less inventory and is at a high risk
of running out of stock. Therefore, it has a higher priority
than a part with either yellow or green kanbans. Similarly,
yellow kanbans are higher priority than green. Modus aligns
all manufacturing at the shop floor by this simple color-coded
priority system. By focusing on manufacturing items with the
highest risk of out-of-stocks in distribution, Modus is in
essence aligning supply with demand.

Before Modus implemented the solution, a lot of time
and effort was lost in the interaction between the customer-
facing business-management teams and the production
planners. Trying to plan a weekly production schedule
proved very difficult. By using SKU-based profiling to drive
planning at the end-item level, each part now is identified
as either MTO or kanban replenishment. The whole plan-
ning process is made much simpler and more efficient by
using simple replenishment rules to drive shop-floor sched-
uling. This approach has streamlined the flow of products
throughout the manufacturing and distribution process.
Production builds and ships to the simple two-tier sequence
(MTO first, then kanbans by color-coded priority) for that
shift and then gets a new list and sequence from the MRP
at the start of the next shift. This works similarly for pur-
chasing. On a daily basis, buyers place orders for all MTO
items first and then for the red and yellow kanban supply
requirements.

Overall quantitative results are impressive, yielding bene-
fits in inventory, working capital, and service levels. Exhibit 5
shows the percentage improvements across key metrics.
Additional verification of the new process came in April
2002, when Modus won a Supply-Chain Council award for
technology excellence for its efforts. The firm is currently in
the process of implementing the volume-variability approach
across all of its facilities.

64 SupPLY CHAIN MANAGEMENT REVIEW -

SEPTEMBER/OCTOBER 2003

EXHIBIT 5

Results for Modus Implementation

% Relative Change

64% Reduction
10% Improvement
35% Reduction
61% Reduction
29% Improvement
17% Reduction

Order
Turnaround

Working Customer Inventory
Capital Service Cost

Inventory Warehouse
Turns Locations

Pre-implementation Post-implementation

Making a Better Match

More and more, success in today's marketplace depends on
solving the question that has plagued Monday morning meet-
ings for ages—How do you optimize inventory while main-
taining high service levels? According to Ohio State
University Professor Emeritus and supply chain thought
leader Bud La Londe, “There is a sustainable competitive
advantage for whoever figures that out first.”4 The Modus
case study demonstrates one company's response. Instead of
blindly implementing a make-to-stock operational strategy for
all products across the board, companies can utilize a best-fit,
multitier manufacturing and distribution method.
Implementing the right operational strategy, however,
depends heavily on understanding a product’s demand—and
not just its volume but also its variability. Companies that
understand their products’ demand and can adapt their man-
ufacturing and distribution strategies accordingly will achieve
the win-win situation of improved customer-service fill rates
and lowered inventory positions.

Some might argue that these principles may not work in
their particular industry. However, we believe that to some
extent all companies can apply the basic concepts of volume-
and-variability profiling regardless of their industry. For
example, even companies in the most complex industries—
say, aerospace—can apply these concepts to their basic
SKUs and common components. At the very least, all compa-
nies can benefit from using volume-variability demand profil-
ing to identify the manufacturing and distribution approach
that can best address their supply-demand mismatch. o
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