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1 Introduction

The system presently used by General Motors does not provide service parts to its dealers at
the right time and at the right price. The inventory management policies and the physical
facilities are not designed to have parts at the place they are needed and at a cost that is
competitive. This system requires both GM and 1ts dealers to carry too much inventory. The
PDCs are very expensive to operate; furthermore, they do not provide the service dealers
require. Presently, many projects are underway to improve this system’s performance. These
initiatives will improve operational effectiveness and will reduce cost; however, even when
implemented, these initiatives will not result in a competitive system. Important factors
that cause the system to perform inadequately—both operationally and financially—are not
being addressed. The pattern of customer demand drives the entire system’s operation.
Yet, the nature of this demand process is not considered properly in either the current or
the revised GM and dealer inventory management systems. The policies and supporting
infrastructure used throughout the system must be revised substantially for GM to be the
industry leader in the service parts segment of its business.

Our primary goal in writing this paper is to describe the fundamental characteristics that
GM’s system must possess for it to compete effectively. We will first discuss the logical flaws
found in the current system. Second, we will propose an alternative system design that meets
the needs of both GM and its dealers. Finally, we will demonstrate why this proposed system
will provide much better customer service and will reduce inventory investments for both
GM and its dealers. We believe that the principles, upon which the proposed alternative is

based, must be implemented for GMSPO to achieve its goals.



2 The Demand Data

One reason the present system is both costly and ineffective in providing high fill rates is
related to the nature of the demand process for parts. By examining the aggregate 1995
demand data for electrical and mechanical parts, we see a very fundamental reason for the
present difficulties. Basically, these data show that for the vast majority of parts it is virtually
impossible to determine when and where a part will be required. Hence it is unlikely that
dealers will have the right parts in their inventory to meet their customers’ needs immediately
without increasing their inventory investment to levels that are prohibitively high.

Two key factors affecting stock levels at a location are unit costs and demand rates.
Table 1 was constructed using invoice data for the electrical and mechanical parts shipped
in 1995. The columns represent a range of annual unit sales; the rows represent ranges of
GM unit costs for various parts. The entries in the table for a particular row and column
combination indicate the number of parts that have the corresponding unit cost and annual
demand rate. For example, the data show that there are 43 part numbers whose unit cost is
approximately $2 (row) and whose 1995 dealer demands totalled about 8500 units (column).

The data show a number of interesting and important facts. Out of the 155,860 electrical
and mechanical part numbers, 47,782 had no activity last year. That is, about 31% of the
parts had no demand; another 71,989 had less than 100 demands per year. Thus about 77%
of the parts had either no demands or an average demand of less than .01 units per dealer
last year. Only 1604 part numbers had an average demand of 1 or more units per dealer in
1995. Therefore, only about 1% of parts had, on average, 1 demand or more per dealer.

Thus one might conclude that by stocking just these parts we could achieve very high

service levels. In fact, these higher demand rate parts account for only about 38% of the
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dollar sales and 59% of the unit sales. The lower demand rate parts in total account for most
of the dollar sales, although a smaller fraction of the units that are sold. Furthermore, the
1604 parts account for only about 18% of the dollar investment in these electrical /mechanical
parts. That more than 80% of GM’s investment is in the lowest demand rate parts results
from several factors. Obviously there is a belief that most of these parts will experience some
demand in the future. Consequently, some inventory will be needed. But where, when and
if demands will occur is clearly not known for almost all of the part numbers. Forecasting
which parts will likely have high aggregate demand rates may not be too difficult; however, it
is not easy to determine accurately how much will be demanded by each dealer. Estimating
requirements by dealer or PDC region for almost all parts appears to be difficult to do with
a high degree of accuracy. Given the high GM inventory levels for low demand items—about
1/2 of the investment is in items having less than 1000 system wide demands per year—it is
reasonable to conclude that demand forecasts were over-stated for many items.

Simply put, the lesson is that the inventory management problem is extremely complex
and cannot be solved using the conventional approaches used today. The data provide a
valuable insight into why the system is so difficult to control. Demand occurs in substantial
quantities for a relatively small number of part numbers. But, there are also many units
needed to satisfy demand for low demand rate parts. Parts having demand rates of .01 units
or less per dealer in 1995 had a total sales of about 1.8 million units. Obviously, individual
dealers cannot stock these very low demand rate parts; even items that are not too costly
and have an expected annual demand of one or two units are not likely to be stocked by
a dealer. If a dealer is unable to justify stocking almost all part numbers and these part
numbers, in aggregate, account for about 30% of the dealer’s demand, then it is impossible

to ever get high fill rates directly from a dealer’s own inventory!



3 Some Observations Concerning the Current System

Dealers compensate for their relatively low off-the-shelf fill rates by getting stock from a
variety of sources. They frequently purchase stock from other dealers, typically from larger
dealers that run profitable parts businesses. They may buy non-GM parts from some other
source. In some cases they remove parts from other cars on their lot and reorder the parts.
If they are unable to obtain the part on the day it is requested, they get it from GM through
some emergency replenishment. In any case, dealers have found ways to meet their needs.
However, even with all the methods used, same-day dealer fill rates are generally well below
90%. It is highly likely that more than 25% of the repair orders requiring more than one
electrical or mechanical part will not be satisfied on the day the repair is initiated.
Satisfying much more than about 90% of demand within a few hours is very unlikely to
occur in the current dealer-GM supply structure, except in very few regions. It is highly
unlikely to ever occur nationwide. But, it is possible to achieve 90-92% same day fill-rates if a
highly coordinated system is employed. It is also likely to get extremely high fill rates within
24 hours. To do so requires PDC processes to be radically changed. Premium transportation

must be used in many situations, too.

4 Computation of Stock Levels

One of the impediments to achieving high fill rates within a region is the algorithm used
to calculate inventory levels. Typically dealers require a part to have a specified number of
demands within a period of time before they will consider stocking it. Lower demand rate
parts can frequently move on-to and off-of stocking lists. (A study performed for the Air
Force found that 38% of the repairable items stocked at a base moved on-to and/or off-of

the stocking list in a two year period when using this type of rule).



Furthermore, different dealers servicing similar types of cars will probably have demands
for many of the same part types. Consequently, they will all stock similar parts. Different
dealers may have had varying experience with lower demand rate parts and therefore one
may stock some parts not stocked by others. This occurs frequently. Thus in some instances
dealers can help each other out in emergencies.

The point, however, is the following: dealers will tend to stock the same range of parts.
Only if some dealer believes a business opportunity exists for selling to other dealers or to
independent garages will he stock beyond the range or depth of parts needed to meet the
dealership’s own needs. When this happens the system provides better service. That this
occurs is a fortuitous and not a planned event.

Even if a more sophisticated mathematical approach is used to compute dealer, PDC and
Parts Plant stocks, it is again unlikely that the right decisions will be made. Mathematical
approaches, such as those developed by R.G. Brown (which are imbedded in some GM
processes), have as a goal the minimization of the cost of achieving a given system fill rate,
or some other performance measure. While this may seem appropriate, it isn’t.

The data used to make the stocking decision at all locations are similar. High demand
rate items are high demand rate items at all locations; low cost items are low cost items
everywhere as well. To achieve the best service levels for a given investment at a location
will tend to produce similar stock lists at all locations. The trade-off curves look similar.
Consequently, there is a significant duplication of safety stocks across levels of the supply
chain. However, the higher a location is in the supply chain, the higher the demand rates
will be. Therefore more items will naturally be stocked at these locations. Thus the range
of stock tends to increase the higher the location is in the supply chain. But, the stock level
calculations are not designed to coordinate the range and depth of stock at each level of the

system. Hence stocks are unnecessarily high for some items and too low for others.



5 Two Key Principles of Inventory Management

There are two key principles that should be followed when managing inventories in multi-
location systems. First, the majority of the system safety stock for an item should be carried
at only one level of the supply chain. Second, there should be as few stocking locations as
possible at each level in the system. As the number of locations goes up, so does the
safety stock. Cycle stocks usually go up as well. We will illustrate these ideas subsequently.
Remember, the present methods do not coordinate decisions across levels or between stocking

locations within a level. This results in higher investment levels and lower service levels.

6 An Alternative System

Our observations all lead to the conclusion that an alternative method for operating the
system could reduce inventory levels for both GM and its dealers. We will first describe
the elements of such an alternative system and then illustrate how investment in stock and
customer service would change.

The basic structure of the alternative system would look like the present one. There
would be Parts Plants that would process parts on demand and send them to PDCs, which
would order parts in lot sizes. The PDCs would then ship parts on request to dealers either
to replenish their stocks or to satisfy their emergency demand. The way information is
generated and shared in the proposed system and the number and function of each location,
however, are very different from those found in the present system.

First, we do not need as many PDCs as exist today. For illustrative purposes, suppose
there are only 5 geographically dispersed locations which perform functions similar to those
found in the present PDCs. In addition, Lansing would exist as the stocking location for the
very slow-moving parts. Consistent with the key principles, Lansing would carry both cycle

and safety stock for a broad range of items that would not be stocked at any other location.
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The 5 PDCs would each be responsible for supplying approximately 1700 dealers in their
respective regions. The dealers in each region would be further divided into resupply clusters.
The number of dealers in each cluster would depend on the geography, the highway system,
and travel times. For the sake of discussion, let us assume that there are about 100 dealers
in each cluster. One PDC would provide the inventory to each of its 17 “facing clusters.”

The inventory stocking policy at each PDC is presently based on what is called installation
stock, which measures the amount of inventory on-hand and on-order less backorders at
the PDC. In the proposed alternative system, inventory stocking policy will include that
installation stock plus all installation stocks held by dealers in facing clusters, including
shipments enroute to these dealers. The decision to order at a PDC will be based on
this entire stock, which is called the PDCs echelon stock. Furthermore, decisions to ship
inventories to a particular facing cluster will be based on its relative need, the amount of
PDC stock available at the time, the future anticipated demand on that stock by other facing
clusters, and the arrival time of any resupply stocks to the PDC.

Rather than picking by dealer, the PDC will pick and ship regular replenishments to
facing cluster break-bulk points. Thus the bulk of a PDCs shipping and picking requirements
will be made to only 17 locations. Emergency shipments for inventories may be made directly
to a dealer, although it would likely also be sent to the corresponding facing cluster’s break-
bulk point.

For the PDC to order based on its echelon stock, an accurate up-to-date record of in-
ventory transactions at each dealer will be needed. Thus as parts are consumed (sold), the
inventory record at a dealer would be adjusted. At the end of a day, or at some other pre-
specified time during the day, inventory transaction records from all facing dealers would be
transmitted to the appropriate PDC. Then, based on the resultant inventory level, the PDC

would place orders as required.



The proposed system requires a very different information system. Information would
become extremely valuable since it could be used throughout the supply chain to forecast
demand for parts and to smooth workloads through time.

Second, we assume a different structure in each facing cluster. As indicated, one or more
locations in each cluster will receive replenishment inventories. These locations, called break-
bulk points, would be used to send inventory to the proper places within the cluster. A key
to the system’s operation is that all inventory stocked by the 100 dealers would logically be

jointly held by all dealers. The inventory would be a virtual inventory. Allocation to each

dealer would be made based on actual consumption; prepositioning of stocks at most dealers
would largely exist in relatively small amounts to meet demands in the near future. Large
amounts of stocks would exist only for low cost, higher demand rate parts. Each part would
have a primary stocking location in the cluster. Safety stocks for the cluster would be held at
this location for the part. Replenishment to the cluster would depend on the cluster’s total
virtual stock for a part. Thus the ordering policy is based on the cluster’s virtual inventory
rather than on dealer installation stocks. Furthermore, the order quantity will be based on
cluster economics rather than on dealer economics.

Shipments of material between dealers within a cluster would be triggered by an actual
need for the part which is not on-hand at the dealer or by the requirement to replenish the
dealers stock. Thus a logistics system would exist within the cluster to facilitate the timely
fow of material so that all material within the cluster could be made available within a few
hours to any other dealer in the cluster.

To make this system work, dealers must work together, share information, share invento-
ries, and share some infrastructure costs for handling and transporting material. In return
they would have immediate access—within a few hours—to a much greater pool of stock and
would have a much lower investment in inventory. This would occur because both cluster

cycle and safety stocks would be reduced.



The range of stock each dealer would carry would not be too great. However, the range of
cluster stock would be much broader than any dealer would carry. The depth of cluster stock
would be less than the total amount currently carried by all the dealers for many items. The
reduction in the depth of stock for these parts allows investments to be made in a broader
range of stock for the cluster. Given short lead times, the value of cluster stocks will not be
prohibitively high.

Overall, the setting of stock levels for parts should be coordinated between all facing
clusters and the corresponding PDC. The majority of the safety stock should be held at only
one level of the system. If an item is planned for stocking at the cluster level, safety stock
should primarily be held there. Cluster stocks will be allocated by the PDC to meet service
performance targets. On some occasions when demands are unusually large, reallocation of
stock among clusters will occur.

If an item is stocked primarily at the PDC, then the safety stock will be largely held
there. This would occur for most low demand rate items.

A diagram describing the system’s operation is given in Figure 1.

7 Illustrations

In the previous section we outlined the essential elements of an alternative structure that
differed in several important ways from the present one. Throughout we conjectured that
inventory investments could be lowered and service levels raised in this proposed system.
We will now illustrate why this will occur using data for the electrical /mechanical parts.
Let us first illustrate why having fewer PDCs reduces both cycle and safety stocks.
Consider one of the 90 parts that has an average cost of $7.50 and an annual system demand
rate of 15,000 units. A PDC would have an averge demand of 1000 units per year, assuming

demand is spread equally among the PDCs. If the PDC fixed order cost is $10 and the
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MATERIAL FLOWS IN ALTERNATIVE SYSTEM

Parts Plants

Cluster Cluster Cluster
1 @ 2 ® 7
Some Emergency Regular Replenishment
Demand
Dealers 100
Regular Replenishments
Regular Replenishment and Emergency Shipments

---- Emergency Replenishment

Figure 1

holding cost rate is $.30 per dollar held for a year, then the lot size at each of the 15 PDCs

would be

2 x 1000 x 10 .
= s T 94 unlts

(.3) x (7.50)
and the average cycle stock would be % — 47 units. Hence the average cycle stock would be
15 x 47 = 705 units for all PDCs.

Now suppose there are only 5 PDCs so that the annual average PDC demand rate would

be 3000 units. Then
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Q 2 % 3000 x 10 163 unit
= e un
(:3) x (7.50) e

is the lot size per PDC and the average cycle stock would be 81.5 units at each PDC for a
total of 5 x 81.5 = 408 units. Thus average cycle stock would be only about 58% of that
required in the 15 PDC system.

Likewise, the safety stock requirements would drop. Suppose, for example, that the PDC
replenishment time is 20 days, or 1 /12th of a year. Then the expected demand over a lead
time would be 1000 x ;= = 83.3 units. (In the past, GM has assumed that demand follows
a specific probability distribution called the Poisson distribution. Assuming this is the case,
the standard deviation of demand over a lead time is 9.13 units.) If the goal is to not
run out of stock during a cycle with a probability of .95, then the system safety stock is
15 x 9.13 x 1.64 = 225 units.

If there are only 5 PDCs, then the expected lead time demand is 250 units and the
standard deviation of demand is 15.8. Then the safety stock would be 5 x 1.64 x 15.8 = 130
units, a reduction of 95 units.

Since there are 90 parts in this category, there would be a reduction of 90 x (705 —408) +
90 % 95 = 35280 units of stock, or a reduction of $264,600 in average inventory investment.
Obviously, similar results would hold for other parts as well.

Let us now see how dealer stocks would be affected by the change. Using the system data
on mega dealers (those with more than $4 million in annual sales), large dealers (those with
more than $1 million but less than $4 million in annual sales), standard dealers (those with
$200,000 to $1,000,000 in annual sales) and small dealers (the rest) we would have 1 mega
dealer among the 100 dealers in a cluster, 9 large dealers, 65 standard dealers and 25 small
dealers. Using the same example item examined earlier, this group of dealers would expect

100

15,000 x g6 = 176 demands in a year, assuming there are 8,500 dealers in the system. Each

12



small, standard, large and mega dealer would expect .33, 1.65, 5.52 and 11 units demanded
per year, respectively. Assume the fixed ordering cost is $2 and a lead time is 3 days. Then
the small dealers would not stock the item; the standard dealers would stock the item (one
unit); the large dealers would have a lot size of 3 units and a safety stock of 1 unit for an
average on-hand stock of 2.5 units; and the mega dealer would have a lot size of 4 units and
a safety stock of 1 unit. Then, on average the system would have about 90.5 units of stock
on-hand. This set of stock levels will provide a fill rate of approximately .95, assuming no
sharing of stock.

Now suppose there is just one virtual inventory. Then the lot size would be 18 units and
the average cycle stock would be 9 units of stock. The expected demand during a lead time
would be 2.2 units. The safety stock would be less than 1 unit to achieve an approximate
system fill rate of .96. This is about a 90% reduction in stock.

If sharing occurred in the original system, a fill rate of well over 99% would be achieved.
A 99.9% fill rate in the alternative system would be achieved with a safety stock of 2 units.

Another important question could be raised. How many items would be stocked in this
cluster to achieve a given fill rate? We have roughly approximated this quantity if the fill
rate target is .90. Again refer to Table 1. For items carried in inventory, assume stock levels
are set to achieve a 99% fill rate. Then if we stock the items in the cells below and to the left
of the right most line in the table, we will achieve an average cluster fill rate of about .90.
This requires 19,145 different parts to be stocked. Calculating an “average dealers” stocking
list would require the dealer to carry 2900 different items (those below the left diagonal line)
from which the dealer would achieve only about a 65% off the shelf fill rate. The rest of the
stock needed by a dealer to achieve the 90% fill rate would come from the cluster’s pooled,
virtual stock. We have not attempted to find an optimal pooled stock; but, it is apparent

that without a significant amount of pooling a dealer cannot expect to achieve a high service
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level unless a very large amount of stock is carried. The cost effective way to carry this stock

is through the pooling of inventory, that is through the creation of a virtual inventory.

8 Summary

The current PDC and dealer inventory management system is seriously flawed. As the de-
mand data indicate, it is not possible for dealers to add inventories to improve their customer
service. To achieve 90-92% off-the-shelf fill rates from dealer stock for the electrical and me-
chanical parts would require dealers to increase their aggregate investment in inventory by
billions of dollars. Clearly, this is not a reasonable alternative.

To achieve the goal of better service while reducing inventories requires a different in-
ventory management system and a totally redesigned PDC system. The key principles of
inventory management should form the intellectual foundation for design of the new system.
The alternative system we described is based on these principles. This system addresses the
fundamental flaws found in the current one.

In our description of this alternative system, we hypothesized that there would be 5
PDCs. The number 5 was used only for illustrative purposes. The optimal number could be
either greater than or less than 5. However, we believe the optimal number is much smaller
than 15. Fewer PDCs will be better. Although the size of the new PDCs would increase,
they can operate efficiently and effectively. They must be organized and managed in ways
that differ significantly from the ones used today.

In our illustration we assumed 100 dealers per cluster. This number was chosen simply
to demonstrate the operational characteristics of our proposed system. The goal in our
discussion was to show how the cluster concept would operate and why it is superior to the
system in place presently. The optimal number of dealers will vary by cluster depending on

a large number of factors.
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We believe that the concepts we have presented, which are based on the principles of
coordination and communication, will provide better service at lower cost. We believe it 1s
possible for GM to reduce inventory investment by more than 30%. Dealer inventories could
be reduced by even a greater amount. At the same time, we believe it will be possible to
improve same-day fill rates to well above 90%. Using these ideas, GM will have the right

part at the right place at the right time at the right price.
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