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EXECUTIVE SUMMARY

In December, 1981, the Service Research Function (SRF) of the
Field Engineering Division (FED) of IBM commissioned the authors of
this report as consultants to review existing inventory and
distribution procedures for IBM's maintenance parts logistics system,
with special emphasis on the Inventory and Distribution Function of
FED, and to provide their rgcommendations for an idealized design of
phis system to meet IBM's strategic needs for the future. In
following discussions with Mssrs. Harvey Herscowitch and Larry Lau of
SRF, it was agreed that this analysis should not only develop general
strategic options for such an idealized system, but should also
delineate methods and procedures for accomplishing the most important
next steps in moving towards the proposéd system. This report is.the

result of this analysis. A brief summary of the report follows.

Tn Section 1, we discuss the problem environment of spare parts
inventory and distribution in 1IBM, and we link this to competitive
strategy issues in marketing, product development, and manufacturing.
We then describe the main area of concern in this study, the structure

and operation of the logistics system for maintenance parts.

In Section 2, we provide an overview of the key decisions and
trade-offs in multi-echelon inventory systems for spare parts and we
discuss the general state of existing theory and practice in dealing

with these.
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We describe key areas of concern in IBM's current 1logistics
operationg 1in Section 3. In summary form, these areas of concern are

the following:

1. Definition and measurement of service levels;

2. Levels of current and projected inventories;

3. Parts Inventory Management System (PIMS);

4. Recommended Spare Parts (RSP);

5. Controllability and accountability of operations;
6. Location and size of stocking points;

7. The echelon inventory control structure;

8. Transportation costs and modes;

9. Outside location stock pooling (Vanning).

The above areas of concern lead us to define three generic problem

areas in structuring an idealized system:

1. Performance Evaluation: Determine measures of performance

(for example in terms of cost categories, service levels, ete.) to be

used for evaluating design options.

2. Logistics Structure: Develop methods for determining the

location, size and operation of facilities (field distribution
centers, parts stations, outside locations) and linking transportation

modes.

3. Stocking Policies: Determine forecasting methods for parts

usage and for stocking and ordering policies for prepositioning and

for resupply of parts at each echelon of the logistics structure.
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Clearly, the above three problemsv are linked since optimal
logistics structure will depend on how desired service level is
defined and what stocking policies are used. Similarly, the nature of
optimal stocking policies depends on the 1location and size of
distribution facilities and on the costs and speed of delivery of
asgsociated transportation modes. A joint analysis of these three
areas is therefore required and this is pursued in Section 4, where we
specify the structure of a hierarchically structured model for an

ldealized distribution planning and control system.

In Sectioﬁs 5 and 6, we use representative data for several parts
classes and a problem scenario based on an aggregated model of the
national system to indicate the nature of optimal stocking and
transshipment policies for IBM's current environment. These'policies
lead to the estimation of stocking costs associated Qith various
multi-echelon structural design options. The issue of an optimal
system structure is then considered in a manner which trades off
facility costs and individual part stocking costs. In Section 6 we
extend our analysis for a sample of parts classes by considering the
impact on optimal stocking policy of constraints on system response
time. These results provide the basis for our recommendations and for
our specification of follow—-on studies in key areas of interest, which
we describe in Section 7. In summary form, our conclusions are as

follows:
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Recommendations

1.

Performance measurement systems should be reviewed and
revised to allow management diagnosis and control of costs

and service levels at each echelon in the logistics system;

A classification scheme for maintenance parts needs to be
devised which will be useful for structuring optimal stocking

policies and performance reports;

Present forecasting algorithms should be reviewed and updated
to reflect state-of-the-art techniques, especially for very

low usage items;

Stocking algorithms determined or affected by PIMS and RSP
must be carefully reviewed ahd revised in 1light of the

structure of optimal stocking algorithms elucidated below;

The present 1logistics structure, in terms of number of
echelons and 1location of facilities, is likely not a major
problem, but the structure of present transportation modes
linking these facilities as well as policies related to which

modes are used need careful review and revision;

The models developed during the course of this project should
be further refined and documented, both in general terms and
in providing specific benchmarks for optimal stocking

policies and logisties structure.
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Areas for Implementation Studies

1.

A theoretical and follow-up empirical analysis of demand
processes will provide needed information of better

forecasting procedures;

Given the magnitude of transportation costs in the present
system, it is important to perform a transportation systems
analysis, concerning both costs and modes, to determine the

structure and efficiency of present modal usage patterns;

A revised performance measurement system, tracking service
levels and various cost and inventory categories, should be
implemented on a trial basis to determine design standards
for‘ a full=-scale implementation of a management control and

decision support system for logistics operations;

Using the inputs of the demand forecasting, transportation
cost, and performance measure studies, the results of the
present study should be refined and extended to derive
generic, part-specific optimal stocking policies and to
predict service and cost improvements resulting from their

implementation;

Based on the results of the above implementation studies, a
pilot study for selected parts and machine types should be
undertaken to empirically validate the predicted performance

of derived optimal stocking policies;
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Finally, there are many interesting areas for implementation
study in the logistics structure area; we outline just a few
of these relating to vanning options, advance diagnosties,
and 3ize and location changes of certain major, regional

stocking facilities.
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1. PROBLEM ENVIRONMENT AND GOALS OF THE STUDY

The information processing industry has experienced several
decades of sustained, profitable growth. Together with the excitement
and challenges of high technology, this growth and profit record have
attracted to the industry some of the best business and technical
talent . in the world. The result has been intense competition, rapid
technological advance, and a proliferation of end products and
services. From IBM's perspective as industry 1leader, these trends
have important implications for all aspects of.business operations and
not least of which for the maintenance parts 1logistics system .
(hereafter: MPLS) supporting the servicing ard repair of products in
the figld. It is the idealized structure and operation of this

ldgistics system which is the primary focus of this report.

Growth in industry sales and scope of product offerings has led
naturally to increases in the number of spare parts in the MPLS. To
economize on training costs for customer engineers and to simplify
diagnostic procedures, spare parts for information processing
technology have also become more modular and more expensive. These
trends are quite evident in IBM. Current IBM projections' indicate
that by 1985 the number of installed points will top 2 billicen, with

accompanying annual usage of spare parts nearly $450 million at cost.

#

As per discussion (12/30/81) with Mr. Cliff Rice, Director of
Inventory and Distribution Function, Field Engineering Division, IBM,
Mechanicsburg.
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These figures represent a more than doubling of corresponding 1980
figures. Associated with them are projections of substantial growth
in the value of inventory necessary to respond with appropriate speed
to customers' requests for service. Given current and projected
opportunity costs of money, a major question which arises in this
regard 1is how large this maintenance parts inventory needs to be and

where it should be located to provide a given level of service.

To uﬁderstand befter the complex nature of the question just
posed, we illustrate’ in Figure 1 below the relationship between
maintenance parts logistics policy and other key areas of business
strategy. The basic flow in Figure 1 is as follows. Consumer demand
and sales revenue are determined through the interaction of consumers'
perceptions and needs as these relate to product quality, product
attriﬁutes and .price. " A key aspect of kﬁroduct‘ quality is the
reliability and maintainability of installed machines. These product
characteristics give rise to demands for spare parts for wusage and
diagnostic purposés. Such ‘demands may be met either by third-party
maintenance agreements or through IBM's own MPLS. How well ¢this
latter system operates is then a function of two ﬁajor per formance
measures: the cost of running the system and the service level it
provides. The profit impact of MPLS must be traced through the
effects of MPLS policies on the sum of revenues generated by sales of
original equipment and of spare parts minus the costs of manufacturing
and logistics systems. The interactions among the various areas
represented in Figure 1, especially those relating se;vice level to
market demand, are highly complex. For this reason, it is useful to

consider the design problem for the MPLS as consisting of two
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sub-problems:

1. Determining the appropriate level of service (as measured by
part availability 1levels, response time, etc.) for various

customer groups and product lines.

2. For a given level of service, determine the most efficient
structure and mode of operation of the MPLS which meets the

given service level constraint.

Tdeally, one would like to jointly optimize the design of the
MPLS across both of the above sub-problems. In this report, however,
we will be primarily concerned with on;y the second of the above
problems. Our reasons for this rbstriction are simple: first, the.
problems associated with tracing the organizational and revenue
consequences of changing the service 1level required are highly
complicated and would require a very extensive study; second, making
tradeoffs between revenue-side effects (changes in sales revenue due
to changes in service levels) and cost-side effects (changes in costs
of running the MPLS to meet various service level constraints) require

an accurate assessment of the costs of an efficiently designed MPLS as

a first step.

Thus, our primary focus will be to understand the cost
consequences for an efficiently designed MPLS of given levels of
service required. After insuring the implementation validity of these

results and fine-tuning the MPLS to achieve flexible response, the
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profit and market-share consequences of alternative service level

requirements can be assessed and an effective competitive strategy

based on these can be developed.

The basic solutions available for effecting an efficient design

of the MPLS are of three types:

1.

Change the logistics structure (i.e., the location .and size

of stocking points) or the stocking policies for individual

" parts. Methods.for analyzing these design options include

%
traditional approaches to modeling inventory systems.

Change the technology of operating logistiecs facilities.
This includes such issues as changes in warehousing
technology, changes in communication structure and changes in

transportation modes.

Change organizational design and accounting procedures, Here
the key issues are to properly measure performance of the
MPLS and to provide appropriate signals to managers whose
decisions affecé MPLS so that such decisions are taken in

light of their global impact.

#
See Section 2 below for a more detailed discussion of existing
approaches to logistics system design.



Page 12

From here on, our concern will be to determine how best to use
the above three broad solution categories in the IBM MPLS context. To
do so, we shall first identify the ¢tradeoffs in the efficient
operation of any multi-echelon MPLS. We then discuss areas of current
concern in the operation of the Inventory and Distribution Function of
FED, and we develop from these a set of strategic design options,
which are essentially concrete specifications of the solution options
1-3 above, Thereafter, we evaluate these options via a newly
developed mathematical model appropriate to IBM's MPLS, and we
delineate recommendations for follow-on study and systematic changes

in the current system based on this analysis.
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2. EXISTING THEORY AND APPROACHES

The fundamental tradeoff in any inventory/logistics system 1is
between cost and service. In the particular environment of spare
parts support for computers and periﬁherals this tradeoff 1is of
special importance due to the high visibility of the service component
associated with the products sold to customers. Our analysis of IBM's
system and other computer hardware vendors' systems identified the

following specific inventory related costs and measures of service:

1. Cost Categories
. Inventory holding costs
. Normal transportation costs
; Emérgehcy (expedité) transpoftation costs .
. Facility operating costs

. Part salvage cost

2. Service Measures
. Parts availability level (PAL)
. Parts delivery time (response time)

. Customer machine down time

Inventory holding costs reflect both the opportunify cost of
capital and the direct operating costs associated with storage and
handling. The level of total holding cost is determined by three

factors: 1) the dollar value (at cost) of each part, 2) the holding
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cost rate as an interest rate, and 3) the average number of parts
stored in the inventory. Transportation costs depend upon the mode
(normal vs expedite) as well as distribution and shipment control
procedures due to their impact on average shipment size, sourcing and
choice of carrier. In most inventory related studies the cbmplexities
of detailed transportation cost computation are subsumed into a set of
average (per unit or per shipment) transportation costs which may be
specific to part class (value, weight, size, etc.) and mode. The
emergency (expedite) cost will also include those costs associated
with special handling, faster delivery modes and suboptimal shipment
quantities and/or routes. Other shortage induced 'costs associated
with customer machine down time, 11l will and customer engineer delay
time are typically not easily' estimated and consequently minimal
service level constraints or inf;ated expedite costs are used to
capture these costs. Facility operating costs refer to both the fixed
and variable costs associated with the annual operation of
distribution centers, parts stations and other stocking facilities.
These costs will depend in particular on the size of the facility, its
personnel complement and the technology in place for picking, filling
and shipping orders. Finally, salvage costs refer to the net of
procurement cost minus salvage value of a part at the time of its
obsolescence. This cost is usually accounted for by either inflating
the holding cost or by solving a dynamic (multi-period) tradeoff

problem,

As noted above, it is possible to consider the dollar cost
implications associated with the occurrence of shortage in inventory

systems. Due to the unreliability of estimates of such costs, most
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firms adopt the service level concept instead. Under this approach
various measures of service are defined and corporate wide objectives
(reflecting competitive and strategic factors) are set on the minimal
level to be attained. Non shortage related costs can then be computed
for different levels of service. The most common measure of service
is parts availability (PAL) which is defined to be the fraction of
units shipped from a stocking location divided by the total number of
units demanded from that location. Another important measure in a
high technology, repair system is response time, which is defined to
be the total waiting time for delivery of a part once it is requested
by a customer engineer at a customer location. The fundamental
measure of customer service in computer and peripheral support is, of
course, the total amount of time a customer's machine is down and/or
operating at less than'desired performance. This concept bf service
recognizes that parts are an intermediate good in the production of
Field Engineering's end product —- i.e., customer machine performance.
Issues of parts criticality, machine cost, customer importance, and
"hard" vs "soft" machine failures have in fact led to the uniform
treatment of all parts through PAL or response time eriteria in the
IBM system. The possibility of using alternative parts classification
schemes to obtain a more representative measure of service will be

discussed below.

In order to explore the service/inventory cost tradeoff 1in an
efficient and effective manner, it is necessary to use an appropriate
analytical model of the inventory system in question. Such models cén
capture the impact of system configuration (size, location of the

various warehouses, distribution centers and parts stations) and the
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inventory stocking policies which control the flows and levels of
parts at each stocking location. In this section we will briefly
review the state of knowledge with respect to both theory and practice

as it relates to the parts logistics problem.

At the level of single echelén/single location inventory systems,
there is an extensive literature dealing with the fundamental question
of how much inventory to stock in an environment of demand uncertainty
in a fashion which optimizes the cost/service tradeoff. Whilé there
are many variations on this theme (single vs multi-period, production
vs distribution inventories, product obsolescence, and perishability),
the essential result is that one 1increases the 1level of inventory
until the expected marginal holding cost is equal to the expected
marginal shortage cost. Design issues, other than capacity, are not
relevant since we are dealing with a singie .stocking location.
Algorithms for computing optimal stocking 1levels and detailed,

implementable management systems are readily available.

In the case of multi-echelon systems, the state of our knowledge
and the sophistication of implemented systems is much less developed.
Indeed, it is fair to say that at an analytical level only two special
classes of multi-echelon systems are well understood, 1) the serial or
chain system, and 2) two echelon 1logistics systems for repairable

items, which are to be found in military environments.

Indeed, given the complexity of analyzing and controlling
multi-echelon systems, it is important to understand their special
advantages over simpler logistics structures. The particular aspects

of multi-echelon systems which may lead to an overall reduction of
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inventory costs and the improvement of service levels include: 1) the
possibility of trading off transportation costs (both normal and
expedite modes) with echelon holding costs; 2) the potential for
variance reduction through the pooling of random demands occurring in
multi-echelon systems serving many customers; and 3) the flexibility
to select and maintain pre-positioned inventory parts banks at
strategically located stocking points to reduce response time and

increase parts availlability.

It is clear that management policies for multi-echelon structures
allow for consideration of alternative system structures as well as
for the specifics of stocking control rules. The issue of system
structure includes questions of the number of echelons, the location
of facilities at each echelon the capacity and technology (equipment)
for each facility and the assignment of lower-echelon facilities to
higher echelon centers (e.g.. outside 1locations to parts stations,
parts stations to branch offices, parts stations to distribution
centers, distribution centers to central warehouse(s)). Stocking
policy design parameters usually focus on min/max inventory levels,
order points, expedite sourcing procedures and lot quaptities. It 1is
important to note that these stocking controls are set on a part
number specific basis., Finally, we also note that the issue of
performance evaluation is of concern in multi-echelon systems since
many decision makers can now impact on the costs and service levels

achieved in the system,
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If one now considers the particular case of those inventory
systems associated with the support of maintenance parts, there are
some additional challenges. The service mission of a repair structure
is usually given the highest priority in competitive, technologically
complex markets. Indeed, the weight given to inventory related costs
in such systems is often perceived to be zero. Yet, as noted
previously, the rapid increase of parts costs and the escalation of
interest rates has given rise to the need to re-evaluate the basic
inventory/service tradeoff for parts logistics systems. The 1lack of
sufficiently rich and accessible multi-echelon models, coupled with
the possibility that users of the inventory may not bé directly
accountable for its cost has made such re-evaluation difficult. On
the analytic side it is important to note that demand for spare parts
is .triggeréd by failures in - the field.‘-Given the éxtremely high
levels of individual parts reliability, the wide variation of machine
loading and usage patterns and the complex interaction effect of parts
used together in a system, it is clear that the stochastic demand
processes for the majority of these parts are characterized by
1) extremely low expected usage rates, and 2) extremely large variance
levels. An additional complicating factor stems from the long term
trend towards modularization of machine design. This has led to the
use of "parts as tools" to diagnose machine failures. As a result of
this change in usage patterns, many parts are issued to the field and
not consumed, Rather, after a variable 1length of time, they are

returned to the closest stocking location (outside or parts station).
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From this overview of the state of knowledge for the design and
control of multi-echelon parts logistics systems, we may conclude that
three key areas of concern require analytic and evaluative input.
They are: 1) Inventory Stocking Policy, 2) Logistic Systems
Structure, and 3) Accountability Measurement and Control. To be
concrete, we first discuss these areas of concern in the context of

IBM's current MPLS.
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3. CURRENT AREAS OF CONCERN IN IBM

Before proceeding it will be useful to define a classification
scheme for maintenance parts. This will enable us to present evidence
concerning inventory levels and demand patterns in this section. It
will also be the basis of our representative data analysis in Sections
5 and 6. The classification scheme we will use is the cost-demand
parts classification proposed in the IBM "Cincinnati Project."'April.
1981, which now serves as a provisional basis for many file/report
formats in IBM. Table 1 below illustrates the classification scheme
in question. On the left are 1labelled per unit costs of parts;
across the top are labelled total disbursements. Thus, a part which
costs $1200 and has 5 demands per year will be in cost class 8 and

demand class 6, or simply class 86 for short.

Several comments are in order. First, the definitions of these
parts classes in terms of cost and usage need not be precisely those
of Table 1. Next, one can imagine other information <(e.g., return
rate, transportation costs) serving as a basis for a more refined
parts classification scheme. We return to this point in Section 7.
Finally, and most importantly, the definition of demand classes could
be location specific (i.e., defined on the basis of demand for a given
location). But what is the purpose of a parts classification scheme
which classifies a given part into several classes depending on
location? We believe this confgses the issue of parts classification
and we strongly recommend a unified basis for any such classification

scheme. The most obvious way of doing this is to use total national
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demand for a part as a basis for its demand class. This 1is the
procedure we will use below. We provide in Table 2 below a picture of
basic national disbursement patterns corresponding to the
classification scheme of Table 1, Note that some of the demand
classes of Table 1 have been redefined in Table 2, so that only 8

demand classes appear there.

We can now proceed to a discussion of perceived problem areas in
IBM's current MPLS. Through an analysis of IBM internal documents and
discussions with key I & D people,’ several areas of concern were
identified with respect to IBM's present MPLS. We discuss these under

the three generic areas of concern delineated in the previous section.

3.1. Inventory Stocking Policies

We list in Figure 2 thé major issues raised concerning current
MPLS stocking policies and procedures. We briefly discuss each of

. these below.

Service Level: Understandable performance  measurements at

various 1levels of the MPLS are lacking. What is routinely available
are aggregate PALs, but these do not appear to be broken down by parts
classification \or other useful management control categories. Thus,
if PAL for a given installation (say, a parts station) declines in a

given month, it may be quite difficult for the installation manager to

*

Principally with Mssrs. Cliff Rice and Jack Sather of IDF,
Mechanicsburg, and with Mssrs. Robert Hood and Larry Lau of SRF,
Raleigh.



Issue

a. Service Level

b. Inventory Level

c. PIMS

d. RSP

e. Span of Control

Problems

.Lack of integrated
measurement structure

.Too High (?)
.Effects of Returns
and diagnostic use
.No tradeoff with
service level (a.)

.

Algorithms for
forecasting and
reorder policies
.Single~echelon
philosophy of PIMS

" .Process for setting

.Level of RSP-related
inventory
.Accountability

.Accounting structure
and incentives

.Use of expedite
orders
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Solutions

.Design Performance
Measurement structure

.Review inventory
planning system
.Develop part-
specific stocking
policies

.Experimental re-
search on demand
forecasting
.Redesign algo-
rithms

.Relate RSP to
optimal stocking
policies '
.Research on
dynamics of RSP

.Design performance
measurement
structure
.Evaluate (over=)
use of expedite
rules

Figure 2: Areas of Concern with Inventory Stocking Policies
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determiﬁe which parts or part classes are responsible and what the
reasons for this are. As a further point, it is not clear that PAL
itself is the only useful measure of service performance. For
example, measures related to customer down-time or to response time
would clearly be of interest. Such measures are not as difficult ¢to
obtain as might be imagined, since they may be approximated through
weighted sums of the PALs at various levels of the MPLS, with the
weights being the average expedited travel times from the level in

question to a typical outside location.

Possible Solutions: What is needed here is a hierarchically
structured performance measurement system, which will provide not only
aggregate performance measurements (e.g., PAL and response time) for a
given installation, but will also allow further exploration and
inquiry by insfallation managefs to determine the source and nature of‘

service problems.

Inventory Level: There is a general sense among knowledgeable

parties that inventory levels in the MPLS are too high, that is, that
the same service level achieved by the present system could be
achieved with 1less inventory (and no greater expediting costs).
Determining whether this is so and the reasons for it, if so, is a
very complicated matter, since it requires comparing current system
operation to some achievable, efficient benchmark. We provide a
structure and supporting models for determining such benchmarks in
Section 4 below. For the moment, let us consider how inventory is

distributed in the present system.,
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In Tables 3a-3b we present the inventory levels by part class in
the entire MPLS and in the Detroit Region as of January, 1982. It is
useful to take an aggregate view of these Tables. By summing various
entries in Tables 3a2-3b, we obtain Table U4a, which presents the
distribution of total inventory value in the four aggregate
cost-demand classes indicated. It is interesting to compare this with

»
Table 4b, which shows similar figures for the Detroit region.

Demand/week Demand/week
D<.6 D>.6 DL.6 D>.6
1-5 1-5
Cost 2.52% 0.77% Cost 3.17% 3.45%
6-10 6-10
Class 48.75% | 47.96% - Class -48.89% _ 44 ,48%
a. National b. Detroit Region

Table 4: Percentage of Inventory Value by Cost & Demand Class

The differences between the National and Detroit regional data
are not large. In both regions, about u49% of the inventory is
concentrated in the lower demand, higher cost classes which are more
difficult to forecast and control. There is slightly more inventory

in high cost parts at the national level than at the Detroit FDC.

*

Total inventory value in the Detroit FDC and its four parts
stations was $6.7 million for the period in question. Detroit was
selected as a typical FDC and region.
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This.may bé due to PIMS buffer stock policies for high-demand items*
and to the fact that higher cost classes tend to be more centrally
located by PIMS (i.e., typically at MDC). " These higher concentrations
qf high-cost parts at the MDC then lead to higher concentrations of

(1
such parts nationally than regionally.

Further analysis of Detroit regional data indicated substantial
"excess inventory" as defined by PIMS, especially for high=cost,
low-demand parts. We do not pursue this matter further here since the
defihition of M"excess inventory" in PIMS is itself suspect. Inéeed.
what these tables point to is the very great need for rational
benchmarks for part-specific stocking policies to provide guidelines
on what an effective and efficient distribution of inventory by level

and part class should be.

#

That is, the higher concentration of inventory value nationally
in higher cost classes may be due to the PIMS policy of setting a
3-month buffer stock (for every part) in the Mechanicsburg reorder
cycle. For October, 1981, we estimated that this policy resulted in
more than 50% of the total on-hand inventory at Mechaniesburg being
delivery lead-time buffer inventory. This high buffer inventory is
naturally most apparent in the high-demand parts, leading to higher
inventories of high-cost high~demand parts at the MDC than at FDCs.
Thus, the differences in the lower right-hand corners of Tables 3a-3b.

"Note that the distribution of ending 1981 inventory, at cost,
by echelon level was: MDC = 38%, FDCs = 26%, PSs = 12%, and
OLs = 24%. Thus, the distribution of inventory value across part
classes at MDC significantly affects national averages.
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rossible Solutions: First, an unambiguous parts classification
scheme needs to be agreed upon. Then, based on this scheme,
part-class—specific forecasting and stocking algorithms need to be

developed, with special emphasis on low-demand, high-cost parts.

PIMS: The Parts Inventory Management System (PIMS) really has
two functions: to coordinate inventory-related data collection and to
provide algorithms for forecasting stocking, and reorder policies for
parts. Concerning the first function, PIMS seems to be
state-of-the—art. Its problems are related to the second. The
procedures embodied in PIMS seem to be based on a single-echelon
philosophy, which neglects many of the fundamental tradeoffs in
multi-echelon inventory systems described in Section 2. Moreover, the
forecasting algorithms in PIMS are not class specific, This 1is
cle;rly a problem, since low-demand items are likely to haQe duite
different demand distributions (and therefore different forecasting
methods appropriate to them) than high-demand items. It should be
mentioned that very good theory and opefating systems exist for
high-demand items, while the contrary is the case for low-demand
items. Our own thoughts on forecasting procedures for low-demand

items are contained in Section 7.

Possible Solutions: What is needed is a pilot study to test
various methods for improving demand forecasting and associated
ordering policies, even within the current PIMS context. What 1is
needed beyond this 1is a complete redesign of the stocking, ordering
and transshipment algorithms within PIMS to account for the

multi-echelon nature of the MPLS in IBM. The idealized structure of
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such algorithms is presented in the next section.

Recommended Spare Parts (RSP): The problems with RSP are

several. First, the process for setting these initially seems quite
ad hoe, at least rélative to the guidelines we present below for
optimal stocking _policies. Moreover, the 1levels of RSP-related
inventory in the system are not readily obtainable from current data
files. For example, in our study of the Detroit FDC and its parts
stations, unrealistically low values of RSP-related inventory were
obtained from cﬁrrent data files. Even if these point estimates were
correct, however, the effects of RSP are dynamic and long-lasting, and
a much more detailéd study of how they reverberate through the systenm,
given current stocking algorithms, would be required before drawing

conclusions.

Possible Solutions: What is required is a more detailed study of
both the stock .and flow effects of RSP levels for various demand
classes. One would expect for high-demand classes that initial errors
in estimating RSP levels' would be quickly corrected by the
(high-demand) stock control logic of the current PIMS. However, for
low-demand classes, which appear to be trouble spots for excess
inventory, one would expect initial errors in estimating RSP levels to
have longer-lasting effects. Again, a key element in understanding
whether RSP degrades system performance is the determination of
optimal stocking policies for various parts classes. By comparing
actual RSP stock levels against optimal stocking policies, one would
obtain a very clear picture of those parts classes where current RSP

policy is substantially in error. Finally, concerning accountability,
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tracing the inventory costs and service level consequences of various
RSP 1levels could lead to more effective use of the inventory
investment. In particular, passing these RSP consequences through to
responsible product planners (e.g., through direct product pricing)
would be a reasonable step after the effects of RSP have been better

understood.

Span of Control: The general issue of accountability for
inventories and for othef cost categories, especially for expediting
costs, is very important. A common complaint heard from I & D
managers was that while they were being judged and evaluated on the
performance of the MPLS, in terms of inventory and service levels,
control of a part.of the system is in the hands of branch office

managers and customer engineers.

Possible Solutions: For certain key areas, such as inventory
levels, service levels, and transportation costs, detailed accounting
information must be made available to allow management evaluation and
control of the most importanﬁ causal elements affecting system cost
and service level. Such a system should make it possible to quickly
perform comparative analyses across FDCs and parts stations of
inventory levels, service levels, expediting costs, and other key
performance indicators. Organizational reporting and control
procedures can then be evaluated in light of trouble spots which such

a performance evaluation system will allow.

3.2. Logistics System Design Options: The second generic

category of problems concerns the structure of the logistics system

itself. The general questions of interest here are the 1location and
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size of stocking points and the nature of communications and
trangportation modes linking these together. Figure 3 1lists the
issues which we have identified in this area. We will now discuss

each of these individually.

Location and Size of Stocking Points: Logistics facilities cost

money to operate and they also tend to attract inventory (see below).
Thus, their location and size is an important matter. The key
tradeoffs associated with this question are those between fixed costs
of additional facilities and the pooling and response time Dbenefits
which such facilities bring. The current problem in this area is
simply that appropriate analytical tools are 1lacking for resolving

this tradeoff in an efficient manner.

B Possible Solutions: At a naive level, a review of the costs and
benefits of each existing parts station and FDC would establish the
comparative performance of individual stocking installations relative
to one another. An initial step in this direction is taken in Section
5, where we evaluate the fixed and variable costs of FDCs. At a more
sophisticated level, a 1logistics planning model is required to
optimally trade off facility costs and locations versus the per part
inventory costs and service levels., Some progress on this point is

reported in Sections 4, 5, and 6.



Issues

a. Location and size
of stocking point

b. Echelon inventory
control

¢. Transportation
Costs -

d. Outside location
stock pooling
("Vanning")

Figure 3:

Problems

.Stocking points at-
tract excess inventory

.Many parts stocked
at 3 or more levels
.Parts pushed forward
via RSP are not re-
positioned satisfac-
torily ‘

.Transportation Costs
represent. a large
fraction of total
operating costs
.Relationship to
holding costs and
service levels is
poorly understood

.Parts assigned to out-
side locations are
relatively inacces-
ible to demands
at other sites

.IDF does not in-
fluence stocking poli-
cies at this level
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Solutions

.Develop models to
tradeoff inventory
costs of parts versus
facility costs

Link logistics struc-
ture to stocking
policies

.Revise part-specific
stocking algorithms

.Use optimal stocking.
model to tradeoff
transportation costs
with holding and
shortage costs

.Use inventory and out-
side location models
to tradeoff cost
savings of pooling
versus fixed cost

for implementing
vanning

Areas of Concern with Current Logistics Structure
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Echelon Inventory Control: Many parts are stocked at three or

more levels. Our exploration of optimal stocking policies below
indicates that this is not likely to be optimal. In a related vein,
it appears that parts pushed forward by RSP are not re-positioned in a
satisfactory manner after demand patterns become more clearly defined.
Finally, the usual multi-echelon inventory practice (quite evident in
IBM) is to stock a part at all higher levels in the echelon structure
once it is decided (e.g., by RSP) to stock the part at a given level.
As we point out in our analysis and results, this practice 1is also

likely to be non-optimal.

Possible Solutions: It is necessary to revise current
part-specific stocking algorithms in PIMS to achieve efficient
utilization of MPLS multi-echelon structure. Models directed towards

this end are discusséd in Sections 4 and 5 below.

Transportation Cost: These costs represent a large fraction of
total operating costs, yet their relationships‘to holding costs and
service levels is poorly understood and not explicitly considered in
current stocking policies. It also appears that shipments of parts
may not be optimally routed. More direct shipping routes (e.g., from
manufacturing to FDCs directly) sﬁould be considered in lieu of the

present practice of shipping nearly everything over Mechanicsburg.

Possible Solutions: An optimal stocking model is required (see
Section U4) to evaluate the tradeoff between trangportation costs and
holding and shortage costs. Empirically, a detailed review of costs
and frequencies of use of various transportation modes needs to be

undertaken to determine when, where, and for what parts classes each
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transportation mode is used. The possibility of money-saving modal
substitutions, including the development of new transportation modes,

may be thereby identified.

Outside Location Stock Pooling (Vanning): Inventory at outside

locations has typically accounted for from 20-25% of total MPLS
inventory. Reducing this is clearly a high priority task. One way of
doing so would be to pool outside location stock, especially high cost

parts, using mobile stocking points (i.e., vans).

Possible Solutions: To evaluate "vanning," one needs to
understand the annual fixed costs of operating such a van and compare
these against the savings in holding plus emergency shipment costs
whicb spch stock pooling would occasion. For this, an appropriate
model neédé to be developed to identify these savings. We discuss‘

such a model in the next section.

3.3. Accountability and Performance Measurement

Many of the above areas of concern highlight the importance of
accountability and performance measurement in determining areas for
improving current operations and in assessing whether such
{mprovements have been effected by the proposed solution methods.
Clearly, a key area for improvement is the design of a useful,
management oriented decision support system to enable top management
as well as installation managers to assess performance and determine

trouble spots in their area of MPLS responsibility.
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Such a system would provide a current database with detailed
performance information (e.g., cost, inventory levels, response time,
PALs) by location and parts class. The mentioned decision support
system would then allow flexible and fast inquiries to be directed to
this database at various levels of detail (e.g., by region, across
FDCs, nationally, across demand or cost classes). fhe goal of such a
system would be to support both long-range planning and short-run

trouble-shooting.

In concluding our analysis of current areas of concern in IBM's
MPLS, it should be noted that the development of benchmarks for
efficient operation is the most common apparent solution. We now turn
our attention to this task and describe the structure of an idealized,
g mbdel—based approach to optimai stocking - policies and 'to optimal

structural design of the logistics system.



