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N A TIME OF SHORTENING PRODUCT LIFE CYCLES, COMPLEX CORPORATE JOINT VEN-

TURES, AND STIFFENING REQUIREMENTS FOR CUSTOMER SERVICE, IT IS NECESSARY TO
consider the complete scope of supply chain management, from supplier of raw materi-
als, through factories and warchouses, to demand in a store for a finished product.
Hewlett-Packard has developed a framework for addressing the uncertainty that plagues
the performance of suppliers, the reliability of manufacturing and transportation process-
es, and the changing desires of customers. The author describes several cases in which en-
tire product families have been reevaluated in a supply chain context. The methodology
he presents should help others to manage their own supply chains more successfully. &

Tom Davis is a process tech-
nology manager at Hewlett-
Packard.
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tered phrase these days, as managers strive to im-

prove factory performance. The trouble is that all
too often the real meaning is lost. Instead, a casual ob-
server might interpret the activities at the factory as evi-
dence of an intensive effort to improve supplier manage-
ment.

Good supplier management, while praiseworthy, does
not constitute good supply chain management without a
concurrent effort to manage the rest of the aspects of de-
livering products to customers. In this article, I will pre-
sent a complete supply chain management methodolo-
gy. This approach, developed at Hewlett-Packard, will
enable a manufacturing operation to better manage its
supply chain, ultimately improving customer satisfac-
tion levels while reducing overall costs.

Hewlett-Packard has successfully used this methodolo-
gy and is making efforts to implement the practice of
good supply chain management at all its divisions. HP
identified the need to improve its process for manufactur-
ing and delivering products to customers as profit mar-
gins suffered pressure from increasing competition. Other
factors have contributed to a renewed focus, namely:

* More instances of multisite manufacturing, where sev-
eral independent entities are involved in the production
and delivery process;

Supply chain management is a frequently encoun-
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* Increasingly cut-throat marketing channels, such as in-
dependent computer dealers;

* The maturation of the world economy, with heighten-
ing demand for “local” products;

* Competitive pressures to provide exceptional customer
service, including quick, reliable delivery.

HP’s methodology has led to major changes in the
way it does business. In the process, though, we have
also discovered some appealing side effects. The proper
execution of this methodology leads to improved team-
work and cooperation among employees, especially
those normally separated by either business function or
geography. We've also discovered that this methodology
leads to greatly improved customer focus, in addition to
better relationships with suppliers. .

In the following pages, I will introduce HP’s methodol-
ogy. First, I will identify the problems inherent in supply
chain management. Then, I will describe some key insights
and briefly describe an analytical tool that we have devel-
oped to support a rational analysis of real supply chains.
Finally, I will close with representative case studies describ-
ing HP successes with “real” supply chain management.

Responding to Uncertainty

Large manufacturing companies are “hostage to complex-

Davis 35



ity,” according to Lew Platt, HP’s president and CEO.
The nature of the complexity is evident in a review of

material flows for a complicated product. Multiple sup-

pliers ship to manufacturing sites with varying regularity.
There, subassemblies and final products are made by
complicated and somewhat uncertain processes.
Products are then shipped to direct customers, OEM
customers, and “internal OEMs” (downstream manu-
facturing divisions of the same company treating the
first factory’s “final” product as but one of their many
component materials). T he scene is further confused by

ncertainty propagates
through a
manufacturing network.

the wealth of transportation options available: planes,
trains, trucks, and ships. And, of course, multiple carri-
ers convey products to customers spread across the
globe. The permutations (most of which are actually
used) defy proper management.

The real problem with such a confusing network is
the uncertainty that plagues it. This uncertainty — ob-
served on a daily basis as late deliveries, machine break-
downs, order cancellations, and the like — leads to in-
creased inventories. In fact, inventory exists more or less
as simple insurance against uncertainty. In the case of a
single factory, this uncertainty, while bothersome and
costly, is relatively easy to overcome with properly sized
inventories of raw materials, work in process (WIP),
and finished goods (FGI). Using simple statistical tech-
niques, it’s straightforward to figure how much to hold
so that, say, 95 percent of the time a customer will find
in stock the product he or she wants, despite the uncer-
tainties in the factory process.

However, the problem is much more complicated
when one considers the whole network. Uncertainty
propagates through a manufacturing network. Consider
the following case: A supplier of raw silicon to an inte-
grated circuit (IC) manufacturer delivers a bad lot.
Without properly sized safety stocks to buffer the produc-
tion line against such an event, the IC manufacturer in
turn delays its deliveries to one of its customers, a com-
puter manufacturer. The shortage of parts shuts down the
computer line, and shipments to computer dealers across
the country are late. A customer walking into his neigh-
borhood computer store discovers the machine he wants
is out of stock. However, the opportunistic salesperson
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sells him a competing machine available then and there.
For want of an on-time silicon delivery (perhaps many
months earlier), a sale is lost.

Now that’s an extreme example. Nearly every manu-
facturer carries some inventory to protect against such
situations.' The real difficulty is knowing how much to
hold and where to hold it, for the propagation of intrin-
sic uncertainties is mathematically complicated. Because
previously there was no clear, analytical way to calculate
a proper inventory level (and because there was no clear
insight into other processes in the supply chain), firms
have traditionally relied on a combination of experience
and intuition. This has been their only recourse against
the vagaries of their supply chains.

In the face of increasing pressure to reduce invento-
ries and simultaneously improve customer service, the
different organizations in a supply chain find themselves
working at cross-purposes. This is true when the organi-
zations exist side by side within the same operation as
well as when they are physically remote, independent
companies.

What often happens is this: One organization will re-
duce its inventory to reduce cost. Typically such reduc-
tions hurt service. To build up service again, heightened
pressure is put on suppliers (which might be the line
running just across the aisle) to improve their perfor-
mance. If this can be achieved only by increasing the
supplier’s own inventory, the downstream operation’s in-
ventory reductions might be completely canceled out. In
many instances, a “broken” supply chain will have sub-
stantial stock held at one point to enable another node
in the supply chain to skate by with minimal stock.
Overall, there is too much stock held in the supply chain
system. Reapportioning the stock would reduce the over-
all inventory investment and improve end-customer ser-
vice levels. Unfortunately, most organizations are de-
signed to create winners and losers; working together for
system optimization receives little more than lip service)®

Only analytical techniques — or darned good luck’:—
can precisely tune a supply chain. In our experience at
HP even the best-run supply chains could reduce thieir
overall inventory investment by 25 percent by more clev-
erly distributing stock within their systems. More typi-
cally, 50 percent reductions are possible.” With the prop-
er tools, understanding and improvement will come
from the following three steps:

* Benchmarking current performance. It is essential that
the managers of a particular inventory network know
just what performance is possible, given the existing set
of operating characteristics (order review periods, fore-
cast accuracy, etc.). Many of the potential savings come
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simply from the “tuning” process of
adjusting an existing system for

Figure 1 A Typical Supply Chain

better performance. Possible met-
rics include inventory investment
and order fill rate, among others.

* Controlling uncertainty. A com-
pany can make great strides by un-
derstanding the relative impact of
different sources of uncertainty in
the system and by then working to
reduce (or avoid) the impact they
have. As in the computer example,
it is important to measure the indi-
rect effect of uncertainty on down-
stream or upstream nodes in the
supply chain. Most managers con-
tending with supply chain issues
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do not adequately address this.

* Planning changes. In addition to adjusting the param-
eters that describe an existing network, it is possible,
with the right tools, to study in advance the benefits (or
costs) of sweeping changes to the inventory network.
New policies and practices might lead to great reduc-
tions in cost and/or improved performance. Without an
adequate analysis tool, opportunities for change might
be lost for want of a credible argument.

Modeling Supply Chains

When we first started investigating the problem of
modeling Hewlett-Packard’s worldwide inventory net-
works, we found ourselves grappling with three funda-
mental questions. They stemmed from our interest in
studying a difficult academic problem and from our de-
sire to provide value to the company by providing ap-
propriate solutions to real problems. First, could we de-
velop a simple, generic framework to describe the
supply chains we faced? Second, could we accurately
model the propagation of uncertainty up and down the
supply chain? Finally, could we create a modeling ap-
proach to support strategic decision makers and not
simply provide yet another tool for solving day-to-day
operational problems?

As our work progressed, we found that the answer
was yes to each of the questions. What started as ques-
tions evolved into the three key elements of our work.
They represent our greatest insights to the problem of
managing supply chains. We repeatedly use a single,
generic model to capture the salient features of each
node in a supply chain. We carefully account for the up-
stream and downstream effect of uncertainty introduced
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at any node. And we answer questions posed by strate-
gists, not tacticians.

Model Simply

From an analytical point of view, a supply chain is sim-
ply a network of marterial processing cells with the fol-
lowing characteristics: supply, transformation, and de-
mand (see Figure 1). This model applies at many levels.
One can view a factory in this way just as easily as one
can view an individual process step within that factory.
In both cases, the central manufacturing process —
whether ic’s called “automobile assembly” or “spot-weld-
ing station 1092” — requires raw materials from some
supplier external to the process. Those materials are
then transformed in some manner that adds value, cre-

ating a stock of finished goods (though a JIT process

ndersfanding the impact of

variability in the system is
the goal of modem
inventory control theory.

might have an empty stockpile). Finally, there is de-
mand from external customers for the goods produced.
Because of the strategic nature of our work, we avoid
diving too deeply into the internal workings of an indi-
vidual factory.

An important aspect of our approach is ‘that we
model material handling and distribution functions in
the same way as more traditional “manufacturing” pro-
cesses. They follow the simple rule we apply: materials
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arrive, value is added, and products exit. In a ware-
house, goods arrive in a truck or on a lift. The distribu-
tion team adds value by sorting the deliveries, breaking
down pallets as needed, and racking the materials. The
distribution operation then fills orders for those finished
goods. That spot-welding station might even be one of
the customers.

Include Uncertainty

The reason we keep inventory is simple. Inventory is in-
surance — protection against life in an uncertain world.
To meet our objectives for customer service, we keep a
litde extra material around (in what we call “safety
stocks”) so that service won't be adversely affected when
something in the upstream process goes wrong. Under-
standing the impact of variability in the system is the
goal of modern inventory control theory.

In fact, there are three distinct sources of uncertainty
that plague supply chains: suppliers, manufacturing,
and customers. To understand fully the impact on cus-
tomer service and to be able to improve performance, it
is essential that each of these be measured and ad-
dressed. The systemwide impact of each source of un-
certainty must also be understood. Figure 2 illustrates
how the three sources of uncertainty in' the system com-
bine to affect deliveries to customers.*

The first source of variability that leads to holding
safety stocks is supplier performance. This is where
naive supply chain considerations start and end. Your
supplier quotes a lead time, but — alas! — he has a
hard time getting you his materials exactly when he says
he will. A storm delayed a delivery. A machine broke
down. One of his suppliers was late. Any number of
things could account for the late delivery, but in the
end, it remains that sometimes

safety stocks — help determine downstream customer
service.

The second source of variability comes in the manu-
facturing process itself. Here, a host of familiar problems
can stop the flow of materials off the end of the line.
Machines can break down (just as they can for your sup-
plier), another project can tie up a key worker, or a com-
puter foul-up can route materials to the wrong place.

In measuring process performance as it applies to
overall supply chain performance, the key metrics are
frequency of downtime (for the entire process, not just
this or that machine), repair time, and the variation in
the repair time. Note that again we're focused on a
probability distribution of performance, for that is the
nature of uncertainty. Sometimes the line runs for a
week without shutting down. Other times, it seems we
can’t keep it running for more than an hour or two
without a major shutdown. The reliability of the pro-
cess — or its lack of reliability — is one of the three
principal determinants of downstream customer service
and the inventory investment to achieve that service.

Customer demand marks the third and final major
source of uncertainty in the supply chain. Depending
on the factory’s location in the supply chain, this may
reflect irregular purchases by a fickle public. Or it may
stem from irregular orders from an industrial customer
responding to its own up-and-down demand.’ In any
event, true build-to-order factories are relatively rare,
and most factories keep some stock, filling orders from
inventory as needed. The more variable the orders, the
more stock required to reliably meet customer demand.
Knowing average demand and the variability of that de-
mand makes setting inventory goals more scientific and
less seat-of-the-pants.

those shipments are late (and, of
course, sometimes they're early).
Over time, the vagaries of each
supplier’s delivery performance can
be tracked. Each supplier’s on-time
performance, average lateness when
late, and degree of inconsistency (as
measured by the standard deviation
of lateness) are the data to main-
tain. These data are immensely
valuable, for the characteristics of
each supplier tell you how much

extra stock you must hold to keep Ealy On Time L

your line up and running reliably.
Supplier performance — and the

Figure 2 Uncertainty in the Supply Chain
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Unfortunately, week-to-week demand variability is
often not the only problem. Because of long lead times,
factories build stock in an attempt to meet forecast de-
mand. Hewlert-Packard, for instance, often contracts
for raw materials eight months or more before the final
product will reach finished goods inventory. Thus, cus-
tomer service in August depends on HP’s ability to an-
ticipate demand the preceding January. The effective
variability in this case is greatly compounded from the
actual variability we will experience come August.

We can measure historical order performance and at-
tempt to use that information to predict future orders.
Market research can help too. But such a strategy is
often little more than a shot in the dark when introduc-
ing a new product. With ever-shortening product life
cycles, our exposure to this final element of variability in
the supply chain occurs more frequently.

Act Strategically

Customer service starts and ends with the customer. The
customer feels the full effect of the complex, interacting
uncertainties in the supply chain. In Figure 3, we show
what we've coined as the “uncertainty cycle” to caprure
this effect. The forecast — based on historical customer
behavior — starts things rolling. Materials are purchased
and delivered by suppliers. Then the factory takes its
turn, producing the finished goods. Finally, the early fore-
casts are realized in the form of hard orders, and products
are shipped to customers. This cycle repeats itself up and
down the supply chain. It also repeats over time.

Strategic initiatives can lessen the impact of uncer-
tainty. First, we can reduce the uncertainties using a
standard total quality control approach. We can im-
prove forecast accuracy through advanced analytical

techniques.¢ We can investigate more reliable trans-
portation modes. We can encourage suppliers to per-
form more reliably.” And we can change product designs
to stabilize manufacturing processes. The costs associat-
ed with these changes can be balanced against the sav-
ings of reduced supply chain inventories or improved
customer service.

Unfortunately, we cannot reduce all uncertainties.
But other initiatives can redesign the supply chain to re-
duce the impact of the uncertainties. For example,
opening a new factory can put production closer to key
customers. I'll return to this point shortly with some
specific examples from HP’s experience.

A sound supply chain modeling methodology can
address long-term problems. Focusing on the uncertain-
ties in the system and the way they propagate up and
down the chain can lead to new operating policies and
objectives. Using tactical tools like transportation mod-
els, scheduling algorithms, or fast MRP programs can
fine-tune the performance of the system.*

Using a Strategic Modeling Tool

At HP, we have developed a decision support system
that allows us to model supply chains analytically. The
tool captures the spirit of the model characteristics de-
scribed above, though the mathematical details are not
appropriate for this discussion.” As we explain to our in-
ternal HP customers, the tool is of little value unless one
grasps the underlying methodology of supply chain
modeling. Supply chain performance can be improved
substantially without even switching on a computer.
Nonetheless, there are a few points related to the use of
the analytical tool that are important.

Figure 3 The Uncertainty Cycle
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As noted eatlier, there are many per-
formance measures, like supplier late-
ness and the associated variability, re-
quired to adequately model a supply
chain. Ideally, this data would be col-
lected routinely. After all, these are
fundamental measures. However, we
have yet to work with an organization
that has the data readily available.
While organizations typically
imagine they can collect the necessary
data within just a few weeks, it invari-
ably takes six months or longer.
Perhaps the single greatest reason for
this is that businesses have not taken
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a careful look at uncertainty in their
operations. This is a major failing on

Figure 4 Using Analytical Models Strategically

their part. Not only have they been ig-
noring one of the critical drivers of
their performance, they force them-
selves to wait while collecting enough
data points to ensure an accurate rep-
resentation.

Another common problem with
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collecting the right data stems from

the breadth of the supply chain itself. Because the typi-
cal supply chain comprises many organizations, data
must come from many disparate locations. To ensure
success of the modeling effort, it is necessary to obtain
sufficient commitment of resources to ensure accurate,
useful data about each of the links in the supply chain.
Even within a single site, cross-functional cooperation is
necessary.

Accuracy of the available data can present a problem
too. Often the collected data paints a false image of an
operation due to data entry errors, inconsistent collec-
tion procedures, and system incompatibilities. The
breadth of the supply chain can compound the accuracy
problem, for two sites often define their terms some-
what differently. A consistent, careful approach is need-
ed in collecting data on the supply chain.

Finally, the collected data must be valid. Usually,
some degree of abstraction is necessary. For example, it
would be unwieldy to include every stock-keeping unit
in a model that is used for strategic purposes only. Thus,
some parts may be left out of the model completely
(e.g., common nuts and bolts or passive electronic com-
ponents). Others may be aggregated and represented in
the model as a single, “generic” component, like “mech-
anisms.” The summarized characteristics of the aggre-
gated parts must be checked against expert opinion to
see if they represent the situation fairly. We often use the
“worst case” to get a conservative model.

Iterative Analysis
Usually, managers propose changes in operating policy
and then carefully rally the costs of implementing the
changes. However, even the best ideas often rot on the
vine because of the difficulties inherent in quantifying
the benefits associated with change. That is, typical de-
cision criteria like net present value are not easily calcu-
lated; advocares are forced to rely on persuasive, qualita-
tive arguments.

The tool we use at HP measures the benefits (or costs)
of changes in supply chain policy. This fills a gaping hole

in the strategic planning process. Specifically, our tool
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can tell the inventory requirements of a given supply
chain, given the appropriate operating conditions and
customer service objectives. Uncertainties throughout
the supply chain are accounted for, and stockpiles are
sized and valued accordingly.

We use our analysis tool in an iterative manner, as
depicted in Figure 4. The process allows us to investi-
gate numerous possible changes before the fact and ex-
plore thoroughly the strengths and weaknesses of each.
The insight we gain from one analysis can lead to re-
finements in the next. In many ways, our analysis is
akin to the use of CAD/CAM software in a product de-
sign lab. Simulation detects many flaws before the ex-
pense of a physical prototype.

Useful Output

It is important that any analysis tool provide informa-
tion to facilitate decision making. That is, the product
of the analysis must be useful. We look at a number of
factors when reviewing the output of our supply chain
models. However, we remain focused on balancing cost
and customer service. Examples of output that we find
most useful are shown in Figure 5.

We use two key measures of customer service. For
off-the-shelf items, the line-item fill rate is usually ap-
propriate. This measures the fraction of demands filled
immediately. On average, the more inventory kept on
hand, the higher the achieved fill rate. That explains the
general shape of the curve in part A in Figure 5. Two
different policies — two alternative means of shipping
products from the factory to the distribution center, for
example — can lead to different cost/service curves.
Policy 2, in this example, provides equivalent service at
a lower inventory cost than Policy 1. The question re-
mains, of course, whether the cost of implementing
Policy 2 exceeds the anticipated benefits.

The second measure we use is the so-called order
aging curve in part B in Figure 5. This describes the.
more general situation by looking not only at off-the-
shelf performance but also at the likely delay if delivery
is not immediate. It might be helpful to think of a
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Figure 5 Useful Analysis Results
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build-to-order environment. In the case illustrated here,
Policy 1 has the higher proportion of on-time deliveries
(0 days late), but late orders may linger on the books for
weeks. Implementing Policy 2 would lead to slightly di-
minished off-the-shelf delivery, but the bulk of all orders
should be filled promptly. Policy 2 inflicts less variability
on the downstream customer. In real terms, Policy 1
might represent the case of a factory with quite a bit of
FGI, but unreliable suppliers. Policy 2, in contrast, sees
less reliance on FGI but more dependable suppliers or
sufficient stocks of raw materials to compensate.

It is crucial to interpret properly analysis results like
those shown in Figure 5. The mathematics of inventory
management theory focus on long-term, average perfor-

mance — yet an individual order can only be early, on
time, or late. Just as factories experience variations in
supplier performance or process uptime, there will be
periods where customer service is high and other peri-
ods where it is low. The key is that the analytical curve
represents an “efficient frontier” — the best possible
performance given the operating characteristics. While
it is possible to perform worse than the curves (i.e., re-
sults above the line-item fill-rate curve), better perfor-
mance is impossible over an extended time. Thus, the
curves presented as examples suggest average perfor-
mance over the long haul, a goal to strive for. As they

say, “your mileage may vary.”
Despite a theoretical nature, output such as this is use-
ful. Often performance is not ade-

Figure 6 Benchmarking Historical Results
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Figure 7 The DeskJet Supply Chain
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cilities that contribute to the manufac-
ture and distribution of the printers;
the same shop assembles printed cir-
cuit boards and completes printer as-
semblies (see Figure 7). The pipeline
itself is nearly six months long.

The product managers wanted to
reduce their susceptibility to variabili-
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ty in the supply chain. Under then-
current policies, they had to keep ex-
cessive amounts of inventory, and that

closely as possible the predictions of the analytical
model, as they do in Figure 6.

So how can there be points below the curve? Doesn't
that curve define the minimum required inventory to
meet customer performance goals? Yet Figure 6 shows
that in October 1991, the service level was 98 percent
with two and a half weeks of inventory. Theoretically it
would take four weeks of inventory to achieve that level
of performance; two and a half weeks buys you only 92
percent. The explanation gets back to the matter of
long-term averages. Generally, a site holds too much in-
ventory, and just as we see in Figure 6, most of the actu-
al results fall well above the theoretical curve. Oper-
ational difficulties of one sort or another explain why
performance strays from the theoretical. Exceptionally
high orders, for example, might lead to a stockout situa-
tion and poor customer service results. A slow order
month, though, will lead to good results. The usual
amount of inventory leads to higher than average fill
rates simply because there were fewer customers than
usual.

Case Studies

I have described a framework for modeling supply
chains in the preceding pages. But what good is it? Next
I'll describe a few cases of the successful application of
this modeling approach. The first is about the manufac-
ture and distribution of one of Hewlett-Packard’s most
successful products, the DeskJet family of thermal ink-
jet printers. The second case describes the situation HP
faced when considering a new, cooperative manufacrur-
ing venture with an Asian partner. In the final case, I
present some results that clearly indicate directions for
future work in this area.

Localizing Generic Products
The supply chain for the DeskJet family of low-cost
printers has five physically separate Hewlett-Packard fa-
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" tied up cash they might otherwise
have applied to other projects. The division met its cus-
tomer service goals, but the managers felt that there
must be a‘way to lower costs without sacrificing cus-
tomer goodwill.

Under the existing policy, the factory “localized” prod-
ucts. That is, the central factory manufactured and pack-
aged printers for each of the local markets served, adding
a power cord and transformer to meet the plug and volt-
age needs of the country and a manual written in the
proper language. The result was that the factory pro-
duced over a dozen variations of each seemingly identical
printer. Each distribution center kept on hand a substan-
tial stockpile of each printer/country option to fill the er-
ratic pattern of orders received. This was especially trou-
blesome in Europe, where there are more options
produced for relatively small markets (e.g., Denmark).

The safety stocks required to meet high service tar-
gets were huge. Because the division chose to segregate
the total market into its constituent components, it sub-
jected itself to heightened variability — orders for
Danish printers are much more unpredictable than the
overall demand for printers in Europe. The question
quickly became: What would be the value of risk pool-
ing? Localization could be postponed to the distribution
step; the factory could ship generic printers. The.dis-
tributor would then combine the printers with the
proper manuals and power cords only after receiving
firm orders. This would greatly reduce the total safety
stock (of generic printers). §

We modeled the DeskJet supply chain to determine
by how much switching to a generic printer would re-
duce the inventory investment. The results, shown in
Figure 8, persuaded the distribution center to accept the
plan. Under the old policy, and with a service goal of 98
percent, roughly seven weeks of FGI were required.
Changing to a generic printer strategy would reduce the
inventory requirement to about five weeks. The savings
— worth over $30 million a year at current volumes —
come from postponing the commitment of the generic
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printer to a specific model. Also contributing to the sav-
ings is the fact that stocks of generic printers are less
valuable than a stock of an equal number of localized
printers. That localization step adds value. Finally, the
savings are not as great at lower service levels. High off-
the-shelf service rates are relatively expensive.

The savings from the reduced inventory (valued at a
relatively high cost of capital because of the risk of
write-offs due to short product life cycles) more than
compensated for the cost of implementing the changes.
Increased supplies of localization materials are necessary
when postponing localization to distribution, but those
costs are relatively small. The icing on the cake? Shipping
costs dropped by several million dollars a year because
shippers can pack generic printers more densely in
bulk.’

Generic printers localized at distribution centers
make sense in regions where there are many printer op-
tions. However, adding the manual and power cord is a
slightly more expensive proposition at the distribution
center than at the factory. This was a particular concern
in the United States, where inventory savings for a
generic printer are small, since virtually all U.S. volume
is for the same model. An extension of the DeskJet
study investigated the possibility of producing two
printers at the factory — an ultra-low-cost unit destined
exclusively for the U.S. market and a generic printer to
serve the rest of the world.

Weighed against unit cost savings with this U.S.-only
model was this supply chain consideration: with 100
percent generic printers, stockout conditions could be
quickly remedied using a lateral re-
supply mechanism. If orders for a

uct introduction. Initial forecasts are for a lukewarm re-
ception in Europe, while everyone expects the printer to
be a big hit when introduced in the United States. We
fill the pipeline accordingly. Then, against all odds, the
forecasts prove to be exactly backward. Although having
accurately projected worldwide demand, HP faces the
unpleasant predicament of having orders it can't fill in
Europe while the U.S. distribution center is stacked to
the rafters with excess printers. With a generic printer
strategy, those slow-moving printers could be immedi-
ately shipped to Europe. The alternative would be to
wait and slowly let new production fill the pipeline to
the European customers. With windows of opportunity
for new products growing ever smaller, the ability to de-
sign the supply chain to protect against such unexpected
circumstances is quite appealing.

As product life cycles shorten, Hewlett-Packard is
facing more and more situations like this. The value of
considering the problem in advance and devising a
strategy using a supply chain methodology measures in
the millions of dollars. In this case, generic printers re-
duce HP’s exposure to forecast uncertainty. And when
things do go wrong, they make recovery swifter and less
costly, without sacrificing customer service.

Adding a Manufacturing Partner

In another Hewlett-Packard business, one of the facto-
ries had the opportunity to form a joint venture with a
low-cost Asian manufacturing partmer. This new partner
would add an intermediate process step between two HP
plants in lieu of a process handled at HP (see Figure 9).

generic printer in Europe exceeded

demand, the U.S. or Asia/Pacific dis- Figure 8

Possibie DeskJet Inventory Savings

tribution centers could send emer-
gency shipments of the same printer
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=== Factory Localization

o . 10
in just a few days and restore high z
customer service quickly with lictle 5 4
. - = [

expense beyond air freight costs. S5
With factory-localized printers, there E § 61—
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rial costs would go up. 0

Under routine business condi-
tions, this may not seem like a tre-
mendous potential saving. However,
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consider the scenario of a new prod-
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Figure 9 Adding a Manufacturing Partner
/\ Partner {>
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into their nature. However, the results
shown in Figure 10 are downright un-
nerving.

These results come from a single
HP division, but follow-on work
shows that the figure represents the
rest of the business as well. We have

y

s S

/ RN

categorized the total supply chain in-
ventory by its cause or source. Natur-
ally, any supply chain has a certain
amount of essential inventory. This

The perceived drawback was that shipping to and from
the partner would take a month on a boat. Including
the partner’s processing time, the product lead time
would increase by over three months!

The question was straightforward: How much addi-
tional stock would the distribution centers need if we
added this intermediate step? At the time, the stock
level was just over a month’s supply of FGI in the U.S.
distribution centers. )

The result was staggering. With no other changes to
the system, nearly five months worth of FGI would be
necessary to maintain the same service level as before,
far more than initially anticipated. The increase
stemmed from the increased product lead time. Demand
was anticipated to be quite variable. Introducing a three-
month lag in the middle of the process greatly increased
the product’s exposure to changes in the marketplace.

These results opened our eyes to the value of rigorous
supply chain analysis. While everyone involved knew

that inventories would have to grow, we would have

faced a terrible product shortage if wed gone with our
initial guesses. Moreover, the inventory situation forced
us to take another look at our suitor’s proposed financial
arrangements.

We proposed several alternative supply chains. Since
both firms had production facilities in Singapore, the
most attractive called for colocating the two firms’ fac-
tories. Doing all the work in the same place would vir-
tually eliminate the onerous three-month delay, which
was largely caused by shipping time. Our analysis gave
us firm footing for megotiating a more attractive deal
with our new partner. These results made the managers
involved realize the importance of inventory in their de-
cision-making process.

Interpreting Findings

Studying various Hewlett-Packard supply chains leads
to some startling conclusions. As we gain experience
treating the supply chains as systems, we build insight
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stock satisfies the so-called conservation
of mass laws. There is work in process in the factories and
products in the pipeline from site to site. Also, periodic
review systems lead naturally to a certain average stock on
hand, even if there is no uncertainty in the system. At
HP these “natural” stocks make up about 40 percent of
the total inventory investment.

The three sources of variability account for the bal-
ance of the stock. In HP factories and at the corporate
level, we have exerted tremendous pressure on suppliers
to improve their performance. Only a small percentage
of the total stocks stems from late deliveries, etc. That is,
if all deliveries arrived exactly when expected, HP’s total
inventory needs would drop just a few percentage points.

The same is true in manufacturing. HP processes are
well-tuned. Moreover, the duration of process interrup-
tions is negligibly short compared to the overall length
of the supply chain. Thus, while a line may shur down
fairly often for one reason or another, the global impact
(from an inventory point of view) is not great.

The chief culprit is demand uncertainty. Over half of
HP’s inventories are protection against irregular orders.
There are two partial explanations for this: First, de-
mand is truly variable. No one can anticipate just when

Figure 10_The Root Causes of Inventory

Minimum Stock

Process ! :

Variance (review periods,
Supply g WIP. pipeline, etc.)
Variance

Demand
Variance
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Process
Reward good performance

Table 1 Actions to Improve Supply Chain Performance
Product

Supplier ¢ Use common componentsand  ®

Performance subassemblies in many prod-

ucts (to pool risk of stockouts)
Follow industry standards

(to increase part availability)
Share information with strate-
gic partners

Promote DFM, DFA, etc.

{based on ship date, not deliv-
ery date)

Measure transportation perfor-
mance separately

Subcontract inbound freight
handling

Source locally (to shorten

lead times)

Review stocks more frequently

Shorten cycle times

Manufacturing ¢ Lower tolerances * Remove bottlenecks
* Pool engineering change orders ® Size buffers appropriately
* Use standard processes ¢ Reduce setups
L ] L
[ ] ®

Customer
Demand

Produce a generic product

Reduce product offerings and
options

Design for localization
Customize products in soft-

introduce self-managed
work teams
Install buffer capacity

Adjust FGI safety stocks
Change transportation mode
Implement better data systems
Introduce improved forecasting

ware, not hardware technigues
¢ Manage delivery expectations ® Subcontract distribution
(service requirements) operations

Build near customers

Continued efforts to improve prod-

‘uct and process designs will reduce

vulnerability to demand uncertainty,
as with the DeskJet printer.

Conclusion

Sound data combined with the right
quantitative techniques make thor-

‘ough supply chain analysis possible.

Without them, product managers
must resort to qualitative approaches.
Fortunately, there is a wealth of op-
portunity in most supply chains,
even if using a simple, commonsense
approach. Managers can implement
a few obvious changes and best prac-
tices while collecting the first solid
data on supply chain uncertainty.
Then, once the data is available, they
can fine-tune the system using a rig-
orous, analytical approach.

Table 1 outlines some of the ways
to reduce or avoid uncertainty in the

supply chain. Changes to product and

a big order might come in. Similarly, we have a difficult
time anticipating just what price point will trigger a
sales rush. This problem is partly nacural, but improved
forecasting ability would help alleviate the problem. If
we knew better what total month-to-month demand
would be (a forecasting problem), it would be much
easier to meet the day-to-day changes in order volume
(a true demand problem).

Second, we set high customer service goals. For exam-
ple, for our computer peripheral products; we common-
ly shoot for an off-the-shelf line-item fill rate in the three
sigma range. That is, we hope nearly all our customers
will have their orders filled immediately. Much stock is
necessary to protect against those rare instances when de-
mand is very high. We don't always meet our goals, but
operational problems or gross forecasting errors usually
explain situations when we don’t. New product intro-
duction and the unanticipated popularity of some prod-
ucts has led to allocation of insufficient supplies.

Historically, we have spent large sums honing manu-
facturing processes and working with suppliers.
However, in a supply chain perspective, the big reduc-
tions in inventory expense in the future will come from
improving HP’s ability to forecast demand and from
designing products that allow better risk pooling.

SLOAN MANAGEMENT REVIEW/SUMMER 1993

process will stimulate reductions in
the unceruainties plaguing each node in a supply chain,
namely, supplier performance, manufacturing, and cus-
tomer demand. These actions are not without costs.

The value of taking a _systems view of the problem
cannot be overstated( Organizationaj@ntroducc
tremendous inefficiencies in supply chains. It is critical

that all players in the business of getting producis o cuse -
tomers consider their role in the objective of satisfying
the customer. Strategic decisions on supply chain design
can increase customer satisfaction and save money at the
same time — the classic win-win situation.

Clearly, supply chain management should not be con-
fused with supplier management. Supply chain manage-
ment covers a far broader scope. Approaching problems
with a systems view and a sound supply chain method-
ology can lead to great savings. At Hewlett-Packard, we
have little doubt that hundreds of millions of dollars lie
in the balance. Judging from our discussions with sup-
pliers and customers, the same is true for other firms.
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1. Even JIT fanasics carty inventory of finished goods close 1o the cus-
tomer and with suppliers. These stockpiles are small, though, because
the manufacturing process has been tuned (1) to reduce uncertainty in
the first place and (2) to recover quickly when something does hap-
pen. Paul Zipkin describes this as “pragmatic JIT.” See:

P. Zipkin, “Does Manufacturing Need a JIT Revolution?” Harvard
Business Review, January-February 1991, pp. 40-50.

2. Lee and Billington describe a number of ways in which a firm’s sup-
ply chain can break down. This example corresponds to their Pidfall
11: Organizational Barriers. See:

H.L. Lee and C. Billington, “Managing Supply Chain Inventory:
Picfalls and Opportunities,” Sloan Management Review, Spring 1992,
pp- 65-73.

3. IBM reduced its U.S. spare parts inventory investment by half a bil-
lion doflars — a 20 to 25 percent reduction — by introducing an ana-
Iytical tool to set stocking levels. See:

M. Cohen et al., “Optimizer: IBM’s Multi-Echelon Inventory System
for Managing Service Logistics,” Interfaces 20 (1990): 65-82.

4. 1 depict uncertainty in the system with the familiar “bell” curve of
the normal distribution. Raw data, shown in the underlying histogram
for the suppliers in Figure 2, can be readily summarized in statistical
form as the mean and standard deviation. These quantities determine
the shape of the curve. While I've shown each distribution in the ex-
ample to be the same shape, in practice some will be wider (more vari-
ation, or a higher standard deviation), and some will be narrower.

5. The vulnerability of upstream suppliers to variability in customer
orders is wonderfully caprured in the “beer game.” This game casts
players in the various roles of a beer distribution supply chain: retailer,
distributor, wholesaler, and factory. The game is used at MIT to sensi-
tize students to the importance of systems thinking. An ability to focus
on system problems is critical to improving supply chain performance.
See:

P. Senge, The Fifth Discipline (New York: Doubleday/Currency,
1990).

6. Makridakis and Wheelwright provide a good introduction 10 the
field of forecasting. See:

S. Makridis and S. Wheelwright, “Forecasting: Framework and
Overview,” TIMS Studies in the Management Sciences, ed. S.
Makridakis and S. Wheelwright (Amsterdam: North Holland, 1979),
pp- 1-15.
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7. There should be more to negotiations with suppliers than price.
While important, there are other measures of supplier performance
that can have a greater impact on overall profitability than just a few
pennies on the unit price. Hewlett-Packard’s Corporate Procurement
team posts, in public areas, the names of the company’s best and worst
suppliers as measured by delivery performance. Poor performers try to
remove their names from that public record, while the top suppliers
strive to maintain — or improve — their place on the list. For such a
simple idea, this has had a remarkable impact.

8. Myriad examples of tactical planning tools appear in the literature.
For example, sce:

S. Graves, “A Tactical Planning Model for a Job Shop,” Operations
Research, July-August 1986, pp. 522-533.

9. Silver and Peterson describe the basics of modern inventory theory.
See:

E. Silver and R. Peterson, Decision Systems for Inventory Management
and Production Planning (New York: John Wiley, 1979).

Nahmias provides another useful text. See:

S. Nahmias, Production and Operations Analysis (Homewood, Illinois:
Richard D. Irwin, 1989).

Magee’s timeless piece is a good introduction to the field. See:

J. Magee, “Guides to Inventory Policy,” Harvard Business Review,
January-February 1956, pp. 49-60.

10. The extension of the manufacturing process into the distribution
center initially challenged managers accustomed to centralized control.
They looked at the new approach with caution out of concern for is-
sues like process control, quality, and operational efficiency. Because
of different reporting lines for the factory and the distribution center,
high-level intervention was required to execute the change, which was
widely acknowledged to benefic the company on the whole.
Organizational obstacles such as this represent one of the major pitfalls
of supply chain change management. Modeling, which facilitates data-
driven decision making, is one of the tools that can be used to over-
come these barriers.
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