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PREFACE

Inventory management was early recognized in both the Air Force
and industry as a function particularly susceptible to improvement by
automation. The Alr Force, with inventories numbered in millions of
parts and valued at billions of dollars, began introducing computers
into various aspects of inventory management in the mid-fifties. The
experience of the past decade offers valuable insights into the nature
of inventory management itself and into the development of automatic
data processing systems to support it.

This Memorandum examines a pioneering Air Force effort to apply
the electronic computer to inventory management -- the stock control
and distribution system developed and operated by the Oklahoma City
Air Materiel Area (OCAMA) . Looking across the nine-year history of
the system, the Memorandum discusses changes in the system concepts,
operations, and data-processing equipment configuration. From the
OCAMA experiences, conclusions are drawn for guidance in developing
other large scale data systems.

This is the third in a series of studies examining automated
data system development in the Air Force. The other studies are:

R. J. Mason, K. H. Meyer, and R. L. Van Horn, Studies in Data System

Development: The Vandenberg Air Force Base Project, RM-3836-PR, For

Official Use Only, March 1964; and S. L. Pollack, Studies in Data System

Development: The Air Reserve Records Center, RM-4188-PR, July 1964,

The Automatic Resupply Logistics System (ARLS) will be reported om sub-
sequently, and a final Memorandum will draw from the experience and
lessons of all four systems to suggest appropriate principles for data
system development,

This Memorandum should be of particular interest to members of
the Directorate of Data Autcmation and the Qffice of the Assistant
for Logistics Planning, Headquarters USAF; the Directorate of
Operations, Headquarters, Air Force Logistics Command; and others

concerned with data system development.



SUMMARY

Based on a concept suggested by The RAND Corporation in 1955,
the stock control and distribution system developed and operated by
the Oklahoma City Air Materiel Area (OCAMA) stands as one of the
most successful examples of Air Force experience in data system
development. A signal characteristic of this system is its history
of "phased development" -- the evolution of the system in discrete
stages.

The original RAND concept envisioned all Air Force materiel
control functions, including stock distribution, maintenance
scheduling, requirements calculation, and procurement computations,
as being performed at a few data-processing centers. These centers
would maintain worldwide balances for assigned items and would initiate
automatically the resupply of parts to all locations based upon data
supplied automatically from parts users and suppliers. A key concept
was the management of stocks at a different location from that of

their phvsical storage. The centrally-located computer was the

management tool.

OCAMA modified and refined the concept and applied it to several
weapons systems, principally the B-52 and KC-135. The major changes
in concept narrowed the system functions to stock control and
distribution and eliminated the maintenance of base balances, leaving
these entirely with base level systems. Since its beginning in 1955,
the system has developed through four basic and four auxiliary phases,
and has employed six different configurations of data-processing
equipment.

As the system has moved from phase to phase, improvements have
centered on a) making possible faster response to high priority
requests, b) facilitating reports which are more useful to support
managers, and c) increasing equipment efficiencies, with attendant
cost savings. A major management innovation has been the development
and programming of intricate procedures for handling spare parts
that are interchangeable according to various rules. As experience

has accumulated, the trend has been to simplify several of the
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management concepts originally built into the system. For example,
substitution relationships have been reduced and elaborate calculations
of stock management levels have been substantially simplified. Through-
out its life, the OCAMA system has met its operational objectives, an
achievement largely attributable to the following factors, which also
provide guidance for other data system development efforts.

First, the system concept had a specific focus -- the stock
contrel and distribution phase of inventory management. Although the
original RAND concept included other functions, it was early decided
that stock control and distribution were fundamental and provided a
necessary foundation for other materiel functions. The lesson appears
to be that in creating a large scale system eventually intended to
embrace many functicnal areas, the fundamental area should be developed
first -- rather than all functions in parallel. This approach does
not preclude eventual development of the system as an integrated
whole, nor does it constrain the spectrum of intended accomplishments.
The concept may be comprehensive, but implementation within the
tramework of this concept should be planned in discrete, sequential
steps.

Second, each phase was successfully operated before the succeeding
phase was undertaken. Tf OCAMA had not first had an operating punch
card inventory control system (and the follow-on interim IBM 650 tape
system), it is almost certain that the pressures to get the Phase I
system ""on the air" would have been considerable. With these systems,
which performed adequately if not elegantly, the new stock control
and distribution system was not forced into operaticn until it was
fully ready. This philosophy of implementation continued through all
of the system's phases. Delays in implementing any phase would not
have been disastrous, since a working system was in existence. All
this emphasizes the desirability of providing for phased development
in which each phase in itself provides a system that satisfies basic
operational requirements.

Third, each phase was used as an opportunity for collecting
information about the system and the weapon manager's data needs and

decision processes. Much of such information could (and, in most
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systems, can) be learned only by involvement with an operating system.
This was especially true in the OCAMA case, where the system concept,
the data-processing equipment used, and the weapons system involved
were all new. Each phase thus formed an improved conceptual and
operational foundation for the succeeding phase.

To summarize; OQOCAMA's successful experience suggests the
principle that new, complex data systems should be developed from
concepts having specific focus and providing implementation in
discrete phases, each of which constitutes in itself an operating

system.
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I. INTRODUCTION

During the past decade, the Air Force has developed many large-
scale electronic data-processing systems. Among these, the stock
control and distribution system for the B-52/KC~135 weapon systems
stands as one of the most successful. Based upon a concept suggested
by The RAND Corporation in 1955, this system has been developed and
is today operated by the Oklahoma City Air Materiel Area {OCAMA) of
the Air Force Logistics Command.

This Memorandum describes the development and vperation of
this system and explores the conditions that appear to explain its
success.*

A signal characteristic of OCAMA's system is its history of
"phased development” -- the evolution of the system in discrete
stages. Since this characteristic appears to have centributed
substantially to the success OCAMA has enjoyed, the Memorandum is
organized into sections describing each phase. A concluding
section looks acress the decade of the system's history and draws

conclusions relevant to the general problem of large data system

development and implementation.

*The B-52/KC-135 Weapon System Stock Control and Distribution
application is one of several data-processing applications performed
on OCAMA computers. This Memorandum concerns only this application,
and frequently refers to it as the "OCAMA system."



IL. SYSTEM CONCEPTION

BACKGROUND

In 1954, RAND made a study of all the functions related to
materiel which take place at base and depot levels in the Air Force,
including materiel control, distribution, maintenance scheduling,
requirements computations, transpertation scheduling, and in-transit
control. The study examined in detail ways in which Air Force supply
procedures, particularly those dealing with stock control and distri-
bution and requirements calculations, might be revised in order to
exploit the potentialities of both the then available and forthcoming
electronic data processors. Published in RAND RM-1417, January 1955,*
the study concluded that advances in electronic data processing would
permit the Air Force to manage its materiel more effectively than
ever before by making it possible to bring together concurrently all
information relevant to distribution, control, and procurement
decisions.

Briefly, the study envisioned a concept wherein all Air Force
materiel contrel, including distribution of stock, scheduling and
maintenance, requirements calculations, and procurement computations,
would occur at a few data-processing centers {(one in the Continental
United States and several overseas). Each of these centers would
have prime responsibility for a certain group of the 1,500,000 items
of Air Force stock and would maintain worldwide balances of the items
for which it had such responsibility. Any resupply of an item to
any location (whether it was a base, Air Materiel Area, or storage
site) would be automatically initiated by the data-processing center re-
spensible for that item, the decision being based on programmed decision
rules applied by the electronic data processor; the management of
stocks would thus be performed at a different location from their

physical storage site.

“R. B. McNeill, E. B. Berman, A. J. Clark, {. W. Nelson, A Proposal
For a New Air Force Supply Procedure, The RAND Corporation, RM-1417,
January 1955.




The concept presented was the first of its tvpe and attracted
much interest in the Air Force -- especially in the Headquarters of
the Air Force Logistics Command (then called the Air Materiel Command)
and the Oklahoma City Air Materiel Area (OCAMA) .

{CAMA was interested in the concept because they had what
appeared to be an excellent application for its use -- the management
of sparc airframe parts for the B-47 aircraftr. Also, OCAMA was
scheduled te receive (in August 1955 an IB8M 702 computer. This
computer was to be used for applicaticns cther than B-47 spare parts
management, but would have unused time which could be made available
for service testing the new RAND concept of matericl control.

RAND was equally interested in carrying out a service test of
the concept, so an agreement was made among the Air Force Logistics

Command (AFLC), OCAMA, and RAND for the use of OCAMA's new computer

in a test of the RAND materiel control concept. The materiel to
be controlled was all B-47 airframe-peculiar spare parts (property
class 1AFE) .

RAND and OCAMA worked together on the development and implementa-
tion of the concept from early. 1955 until about June 1957, at which
time OCAMA took over on 1ts own, with RAND cffering occasional help
and advice. The major OCAMA organization involved in developing and
operating this system has been the Data Services Division, Comptroller.

From the original RAND concept, the OCAMA system has moved
through several phases and has employed different data-processing
equipment configurations. Table 1 summarizes these and other relevant
characteristics of the OCAMA experience. The table irdicates that
there have been four different basic system phases plus four auxiliary
projects. These eight systems have been used in conjunction with six
different configurations of data-processing equipment.

The following sections of this Memorandum describe the major
system phases and explain why they were implemented and what they

accomplished.

*

Headquarters, Air Materiel Command (AMC) Letter, MCG, "RAND
Corporation Experiments in Logistical Data Processing Using AMC
Electronic Computer,'" April 29, 1955.
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THE_ORIGINAL RAND CONCEPT

The RAND concept for management of aircraft spare parts published

in early 1955 embodied the following main features:

1) There would be a data-processing center (which RAND called
a Supply Services Center) maintaining on hand balances for all items
in all base and AMA supply accounts, wherever located; these balances
would be adjusted each day in accordance with transaction information
received by the Center via electrical communication links.

2) TUpon need of replenishment, stock maintained at each bhase
would be automatically resupplied by the initiation of a materiel
release order at the Center to cause movement of needed stock to
the base. The balances on hand for the sources of supply would be
adjusted in accordance with the materiel release orders issued.

3) Since the Center would maintain current balances for the
bases, formal balances would not be maintained at each base.

4) 1f the base needed a part not on hand, it would requisition
the part from the Center. Very little base requisitioning was
expected, since most parts would be supplied and replenished
automatically.

5) I1If a request from a base could not be honored -- either
because of an insufficient priority in relation to the quantity on
hand, or because there was no gquantity on hand -- the Center's
computer would automatically select a substitute part, causing it
to be shipped to the base,

6) Control of all items "due in" to the system from outside
contractors would be maintained by the Center.

7) Control of all shipments "in transit" between any two Air
Force installations would be maintained by the Center.

8) The Center would control all "backorders" (requests not yet
filled but for which an attempt would be made in succeeding cycles).
Each day a request remained unfilled would result in an upgrading of
its priority, if appropriate, thereby increasing its chance of being

filled in the next processing cycle.



9y The Center would maintain data on accumulated issues so
that reorder and stock control levels could be calculated for the

computation of requirements and budgets on a world-wide basis.

These were the main aspects of the inventory control system
RAND propesed in 1955. With four exceptions, these basic ideas are
close to those used in the current version of the system.

The first exception (No. 5) concerned the selection of a substi-
tute part when a rcquested part was unavailable. The substitution
procedure has probably been the most important factor in determining
the character of the system as it has passed through each successive
phase. TFor this reason, the following paragraph describes the original
concept of substitution; the subsequent sections about each phase
deal with how the problem has been handled in that phase of the system.

The original substitution concept propesed a "master balance
tape," which would contain one master record for each spare part
(line item) . Each record would contain information concerning the
part (e.g., balance on hand, and reorder level) and each location
where it was stocked. Incoming transactions were first to be matched
against an "allocations tape," and a determination made as to whether
the total amount of priority requests on the incoming transacticns
tape could be satisfied from available balances. If not all requests
for a line item could be satisfied, the computer would allocate the
quantity available in accordance with the priorities of the requests.
If a request could net be satisfied by this allocation procedure,

a substitute part was identified from information in the part record.
The '"substitute'" transactions would be read cut, sorted into stock
number sequence, and merged into another transactions tape, which
would then be posted against the master balance file. Substitute
parts would then be issued to fill requisition demands.

The other exceptions (Nos. 1, 2, and 3) relate to the handling
of base balances and are discussed in Section IIT.

Implementation cof the original RAND concept barely get under
way in mid-1955 when a large portion of the personnel (both OCAMA

and RAND) involved was diverted to the systoms and programming work



of the AF-GEN project, in which they were involved from about August
1955 until May 1956.

While the AF-GEN project was not intended to be a part of the
basic inventory control system, it appeared at the time that something
would be learned from the project which could be of value in developing
the basic system. The next section therefore describes the AF-GEN
project and why it was important to the stock control and distribution

system.

THE AF-GEN PROJECT

The AF-GEN project concerned applying remote input-output
electronic data-processing techniques to the accounting and control
of war reserve spare parts stored at Slack Air Force Station,
Shreveport, Louisiana. The project is of interest in the develop-
ment of the OCAMA system because the Air Force concluded that it
demonstrated, to some extent, the feasibility of centralized manage-
ment of stocks from a remote location -- one of the ideas advanced
in the RAND concept.

The AF-GEN program, in brief, consisted of a data-processing
center located at OCAMA which maintained the accountable records
and source data for war reserve stocks maintained at Slack Air Force
Station. The OCAMA center had the following responsibilities for
the stocks at Slack, which were stored in the form of inviolate,
assembled, prepositioned packages of spare parts to support specific

operational missions:
1. Controlling the assembly of the materiel at Slack;

2, Accounting for and controlling the materiel during its
storage;

3. Providing accurate and timely management reports;
4. Contrelling "dated" type items or items requiring
periodic inspection and/or maintenance while in

storage;

5. Providing responsive compliance with directed changes
in '"package" contents;



6. Providing flexibility to allow dispersal of packaged
materiel to any extent necessary to insure invulner-
ability; and

7. Minimizing administrative workload at the storage

location (the storage site at Slack maintained no
balance records of the items stored there).

The AF-GEN project appears to have been the first Air Force
attempt at separating the management and record-keeping for stocks
from their physical storage. The system became operational in May
1956 and was used until about February 1957. The reason for its
discontinuance was a change in the Air Force's concept of inviolate
war reserve stocks. Rather than actually shipping the materiel to
a4 separate site and attempting to keep it in a continued state of
readiness, the Air Force decided to keep the war reserve stocks in
the same bins as active stocks. This would ensure a continual rota-
tion of the stocks since the cldest item would be issued first.

The war reserve stock would thus be continually "fresh." The manage-
ment of the individual stock items would alsc be simplified considerably,
especially "dated" items and those requiring periodic inspection and
maintenance. To insure that the quantity of items required for war
reserve was always on hand, a war reserve level, below which no

issues can be made, was emploved. The actual items stocked to

satisfy this level were continually rotated, the oldest being issued
first.

During AF~GEN's brief operational life, some problems were
experienced in data transmission between the storage site (Slack)
and the data-processing center (OCAMA). Transmission was accomplished
by a transceiver device that accepted punch cards, converted the data
inte signals that are transmitted electrically, and reconverted them
inte punch cards at the receiving station. There was also some
difficulty in getting the distant warehouse personnel to follow
instructions from the center. However, it is generally agreed that
the project did prove the feasibility of managing stocks from a
data-processing center, using electrical communications between the

center and a remote warehouse location. This experience tended to



increase the confidence of the OCAMA personnel in continuing the work
on the basic system.

While the majority of the OCAMA personnel were diverted to
AF-GEN,* a skeleton force continued with the design and development
of the basic system. Because of the resultant slowdown in the pace
of work, the original RAND proposal was more carefully studied and
the basic concept revised. The revised RAND concept, which became
the basis for subsequent implementation, is known as the OCAMA Weapon

System Stock Control and Distribution System -- Phase I.

“Systems development and computer programming for the AF-GEN
project involved about 20 man-years of Air Force personnel time and
1.2 man-years of RAND effort.



_10_

ITI. SYSTEM DEVELOPMENT AND OPERATION

PHASE I SYSTEM (Revised RAND Concept)

The main deficiency in the coriginal RAND concept was its insuf-
ficient recognition of the Air Force's policy of managing spare parts
which are interchangeable with each other as single items. Under
this policy, levels are set for an entire group of interchangeables
as a unit so that no decision is made regarding the issuance of any
one part without knowing the complete picture concerning all parts
with which it is interchangeable. This deficiency in the original
RAND concept became apparent during late 1953, so in March 1956 a
new approach was undertaken tc remedy it.

The new approach led to the adeption of four basic terms to
define the major categories of parts (for purposes of interchange-

ability):

Bachelor Part: One which can not be used as a substitute for

another part and for which no other part can be a substitute. If
all parts were of this type, the original RAND concept would have
sufficed. Bachelor items did not influence the development of the
revised concept.

Interchangeable Parts: Two or more parts which can be substituted

for each other in any and all situations. Assuming parcs A, B, C, and
D are interchangeable, a request for part B, for example, can be

filled by a shipment of part A, C, or D, as well as by a shipment of
part B. A group of such parts which are interchangeable is designated
a "subfamily." Thus parts A, B, C, and D belong to the same subfamily.

Substitute Part: A part which can be used in place of another

part, without reverse substitutability. For example, part F may be
used in place of part E, but part E cannot be used in place of parc F
(if it could, the two parts would be interchangeables rather than
substitutes). There is an added degree of substitution in this
notion. Taking the same example, it could be that part F could be
gubstituted for part E in all situations or in certain applications

only. TFor instance, it is possible that part ¥ could be substituted
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for part E only if the part were to be used on aircraft of a certain
type and model (and even a certain series). In the first instance,
F would be a substitute for E. In the second, F is designated a
"limited substitute."

Family: A group of "subfamilies" (the latter being a group of
interchangeable parts). The reason for grouping certain subfamilies
into a family is that there is a substitute relationship which links
at least one part in each subfamily with at least one part in another
subfamily. Take, for example, the following family having four

subfamilies:

Subfamily

Number Parts
1 ABDG
2 KM
3 L PR
4 C

In the example, any two parts on the same horizontal line are inter-
changeable with each other in all situations. The reason subfamilies
1, 2, 3, and 4 are grouped into the same family is that there are
substitute relationships connecting them. It might be that part M

is a substitute for D (but D is not a substitute for M -- otherwise
the two parts would be in the same subfamily), or it might be that

M is a limited substitute for D (based on aircraft type, model, and

serial number) .

This concept of subfamilies and families made it possible to
develop a revised system which would handle the Air Force's require-
ment for managing parts that were interchangeable with each other as
one item. This meant that before decisions were made as to the ship-
ment or resupply of an item, the asset position (balances) of the
entire subfamily of which it was a member would be considered --
rather than the asset position of the item alone. The family-subfamily
concept had the most significant effect on the revised system, and
determined how many machine runs would be needed per processing cycle,

what the cycles would consist of, what the master records would
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contain, and how long the master records would be. The following
paragraphs describe the system for carrying out this concept.

In order to handle transactions pertaining to any non-bachelor
part, the most convenient system would be one wherein all the main
balance records for the part's entire family would be brought into
the main memory of the computer at the same time. This would satisfy
two requirements; first, all parts belonging to the same subfamily
could be managed as one, and second, the availability of all possible
substitute and interchangeable parts for any part in the family could
be readily determined.

As a practical matter, however, it did not appear possible to
store all the master records for an entire family in the main memory
of the computer at one time. The computer for which the revised
system was being designed was the IBM 705 II, with 40 thousand
characters of main memory, and this was not sufficient to store an
entire family of master records in addition to the storage needed
for the program and processing. Unfortunately, the maximum or even
the average number of parts in a family was not accurately known at
the time, but the educated guesses of most supply experts led to
the conclusion that the maximum number of such parts would easily
exceed 100. It was later learned that this was a highly inflated
estimate.

For purposes of comparison with the original inventory control
system, the salient features of the revised system will be described,
showing the effect of using the family-subfamily concept.

Figure 1 shows a simplified diagram of the system. The major
pertinent processing actions will be discussed for each computer run,
one oI which each block represents.

The "Edit" run handles all transactions and is intended primarily
to detect errors in the transactions and adjust input record format.
Lf an error is detected, the computer may either correct it and
continue processing, or may reject the erroneous transaction and
continue processing the succeeding transactions. The main types of

error detection routines handled in this run are:
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1. Transaction checks

a. Completeness of required information on each
type of transaction
b. Validity of each transaction

2. Batch controls -- to insure inclusion of all transactions

The edit run alse rearranges the information on the input transactions
into a form mere convenient for processing in subsequent computer runs.

After the edit run, the transactions are ready for processing.
Transaction processing 1s organized into three runs, labeled "Classi-
fication," "Substitution and Allocation," and '"Main Balance.'

In the classification rum, all transactions are matched against
a master index file containing one record for each part in the system.
Items of information peculiar to cach individual part are checked for
accuracy. One verification of this type is the unit of issue; each
transaction is checked to determine that the quantity requested is
expressed in the same units by which the part is designated in the
master balance record. The accuracy of stock number itself is also
checked and corrected. For example, if the stock number in the
transaction has been changed, the corrected number is assigned
automatically.

Finally, the classification run determines whether or not the
part number is a member of a family of parts or if it is a bachelor
item. TIf the part belongs to a family, the family number is added
to the transaction. If the part is a bachelor item, it needs no
additicnal information. The transactions which come out of the
classification run are put onto two separate magnetic tapes: one
tape consisting of all transactions for family items, the cther con-
sisting of bachelor item transactions. Eventually, both sets of
transactions will be processed in the "Main Balance" run (as shown
in Fig. 1), but prior teo this run, the family transactions are
processed in the "Substitution and Allocation' (S&A) run.

The S&A run consists of processing all tramsactions for family
items against the S&A master file. The S&A master file consists of
a record for each family of parts, arranged by [amily number. The

record contains inventory balances and levels by individual part and
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by subfamily. These balances are for the world-wide system (all
stock storage locations), not for each individual location. The
record shows all interchangeability and substitution relationships
in the family, including limited substitutions appropriate only for
certain types, models, or series of aircraft. In the S&A run, all
non-requisition transactions (receipts, stock list changes, etc.)
are first posted to the master record; then requisitions are handled.
Having the system balances and levels by part and by subfamily
enables the management of each group of interchangeables as cne item.
Having a complete family record in the computer at one time enables
the selection of an interchangeable part or a substitute part if the
requested part cannot be shipped. It is basically in the S&A tun
that distribution actions are directed. If a requested part can be
shipped (on a basis of priority of the request and the subfamily
balance on hand), the transaction passes to the Main Balance run.
If the requested part is unavailable, an attempt is made to select
an interchangeable or substitute part in satisfaction of the request.
For some parts there are required substitutes, this being a means
for purging the system of older items before they become obsolete.
After the S5&A run, the pre-processed family transactions are
merged with the bachelor transactions by stock number, and all trans-
actions are processed against the master balance file in the "Main
Balance'" run. The master file for this run consists of a record
containing management levels and balances by location for the entire
system, for each stock number. All transactions are posted to this
record and nearly all requests for family items can be filled because
the 3&A run pre-screened them on a family basis.
The other two major runs shown in Fig. 1 are for the purpose of
controlling shipments from ocutside the system to locations within
the system (Due-in) and for controlling shipments between locations
within the system (Intransit).
The Phase T daily processing cycle for "routine" transactions
took approximately 8 hours for all the computer runs. High priority
requisitions were handled on a manual basis by the weapon System

manager, who used a weekly balance register for all parts and daily

transaction registers.
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During the two-year period of developing and implementing the
Phase I system, three major changes occurred. First, the computer
involved was changed from an IBM 702 to an IBM 705 II, because the
latter provided substantially greater capability. Second, the
inventory class to be controlled was changed from class 1AFE spare
parts for the B-47 to lAFG for the B-52 and KC-135 weapon systems.*
This was done because the B-52 and KC-135 were being phased into
the Air Force, and it appeared that the B-47 would soon be phasing
out. Also, the B-5Z and KC-135 were to be managed under the new
weapon system concept (as opposed to the item management concept
for the B-47). Since it was expected that the weapon system concept
would eventually be used Air Force-wide, it was decided that the
new and advanced stock control and distribution system should be
developed to support it. The change in computers meant that increased’
capacity was available for running the programs, but it had relatively
minor impact on the inventory system. Changing to the weapon system’
concept and the B-52/KG-135 aircraft similarly had little effect,
since the revised inventory data system was equally workable for either
concept. The impact of RAND's weapon system management concept on
the Air Forces' item management system is discussed further in
Section IV.

The third, and most basic, change from the original RAND concept
concerned the maintenance of stock balances at Air Force bases.
Originally, individual bases were expected to maintain no inventory
balance records of their own: they were only to have warehouse
locator and bin cards sent to them by the data-processing center
with each shipment of inventory. The center would maintain all
base inventory records and initiate any automatic resupply based
on these records. However, the Strategic Air Command (SACY, which

operated the bases for the B-47, B-52 and KC-135, was understandably

"Headquarters, AMC Letter Number 25-127, '"Data Development
Project -- Weapon-System Stock Contrel and Distribution," assigned
OCAMA as pilot depot to develop and program weapon-system distribution
functions for the B-52/KC-135 in accordance with policies and proce-
dures prescribed in Vol. XX, AFM 67-1.
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reluctant to give up its record-keeping activities until the new
system had been proven. The system concept was therefore revised

so that base inventory records were maintained under the jurisdiction
of S5AC; only weapon system storage site balances were maintained by
the data-processing center at OCAMA.

While this was a major modification of the original concept,
the resultant system performed satisfactorily, partly because SAC,
in the meantime, installed electronic data-processing equipment at
each base for the maintenance of base inventory balances. This
equipment automatically creates a punch card requisition and transmits
it to the weapon system manager at OCAMA when the base balances fall
below prescribed levels. Thus no manual keypunch effort is required
in handling base re-supply, and one of the goals of the original
concept is thereby attained. The only major deficiency is that the
weapon system manager does not know the amount of inventory on hand
at the base level world-wide at any time. Furthermore the stocks,
once shipped to the base, are no longer considered a part of the
weapon system manager's inventory. The original concept extended
weapon system manager control down to the base level, so that
shipments between bases could be directed by the weapon system
manager to equalize stocks among bases.

Implementing the Weapon System Stock Control and Distribution
System, Phase I for the B-52 and KC-135 aircraft involved 82-man-
years, 10 of which were provided by RAND. The system was put into
operation in December 1957 for the KC-135 and in January 1958 for
the B-52.

The system was successful from the start. A review made in

April 1959 concluded that the annual net additional costs of performing

the same stock control and distribution functions by manual and/or
punch card methods would amount to $2,360,906. The "indirect benefits"
of the system, listed in Appendix A, are highlighted by measurable
reductions in AOCP (Aircraft Out of Commission Awaiting Parts) and
ANFE (Aircraft Not Fully Equipped) rates, lower average depot backlog
time, and increased productivity by using the computer to perform

functions previously manual.
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Phase I's success 1s partially attributable to the fact that
there was no extreme pressure for implementing the system before it
was ready. Target dates for implementation were set, but the existence
of an operating, interim system reduced the pressure and permitted

careful review and testing of the Phase I system.

INTERIM TAPE SYSTEM

The interim system utilized the IBM 650 computer with 6 tape
units, and bridged the gap between the preceding punch card system
and the full-scale Phase I system. It was a straight conversion
to the computer of an clder inventory contrel system which had hbeen
in use for some time. This older system, known as the "mark-sense
offset" system, was entirely a punch card operation and consisted
essentially of maintaining balances for stock items. No decisions
{such as whether to ship an item or select a substitute) were made
automatically, but rather were made by commodity managers, who
used mark-sense punch cards to record their actions. Daily, (during
the night shift) these cards were used to update balances, also
maintained on punch cards, before the next day's operations began.

Although OCAMA believed thal the Phase I system could be
implemented directly from the punch card system, Headquarters AVLC,
directed that the interim tape system be installed in case the
Phasc | was not successful. The interim system was thercfore
programned during the early part of 1957, utilizing about one-half
a man-yvear, and operated {rom July 1957 until December 1957, when
rhe revised Phase 1 system began operating.

Even though the interim system may not have bcen necessary,
the OCAMA persconnel feel it had some positive results. Much of
the data were corrected in the process of going from the card to
the tape system, and transaction histories were put onto magnetic
tape, thereby making them easier to use when the Phase 1 system
was installed. 1In addition, the interim system provided a degree
of security, since if the Phase I system had not proved successful,
the interim tape system would have been a workable improvement over

the punch card system it replaced.
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PHASE 11 SYSTEM

Well before implementation of the Phase I system, a newer system
concept was being considered. Toward the end of 1956, the B-52/KC-135
weapon systems manager stated that the stock control and distribution
system would eventually have to be able to handle high priority requi-
sitions on an on-line basis, with about one minute maximum processing
time per requisition. This meant that while the Phase I system was
still being developed, a new random access system had to be considered.

At the time (1956), no available equipment could handle both the
required processing and the needed random access storage. RAND and
OCAMA jointly developed the specifications for the required hardware
which could make it possible to link the IBM 705 to a maximum of 64
disk files of 5 million characters each. The manufacturer agreed to
produce the two required buffer or "disk control units'" at a price
of about $305,000 each. The resultant equipment configuration
consisted of two different arrangements. One arrangement, shown in
Fig. 2(a), consisted of the IBM 705 II with random access disk units
directly connected by means of the two custom-built disk control
units (DCU's) . This arrangement handled all routine transactions
once a day, in much the same way that the Phase I daily processing
did -- the main difference being that the main balance records were
stored on disk units rather than magnetic tapes. The second
equipment arrangement, shown in Fig. 2(b), consisted of the same
disk units, but connected to an IBM 305 computer, with one random
access disk memory. This arrangement is used for handling high
priority requests as they are received. This equipment configuration
supports the Phase II, or 'disk," system, which operated from April
1960 to May 1964.

The system had the following characteristics;

The master record is maintained on disks and consists of
essentially the same information as that maintained on tape and
used for processing in the Main Balance run of the Phase I system.

In addition, the disk record contains information referring to the

disk locations of other parts in the family. This makes possible
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the location and retrieval of the records for all jitems in a family
should they be needed. The master records are located on the disks
by a randomizing routine, that uses the stock number, and they
therefore do not follow each other sequentially by stock number as
in the tape system. This presents a problem which will be explained
later.

In the Phase II disk system there is no master record eqguivalent
to the S&A master used in the Phase I tape system. Rather, each
stock number of an item belonging to a family refers to the number
of the next item in the family by disk address, until the entire
family of records is obtained. The elimination of the S&A master
record in the Phase II system had the advantage of removing the
need to reconcile balances on two master records (Main Balance and
S&AY .

In the routine daily processing, transactions are sorted by
stock number, edited, then matched against the master index cape
in the classification run. The master index tape used in the Phase T
classification run remains essentially unchanged except for the
addition of the disk address of the stock number to each record.

The main new action carried out in this run is the assignment of
the disk address of the stock number to each transaction.

The transactions are then processed in the main balance run.

The master record for each part is easily located by use of the disk
address obtained in the classification run. For bachelor items,

this one retrieval is all that is necessary. For filling requisitions
for family items, all master records for the family are located in

a chaining operation, where the record for the requested part is
first retrieved; that record refers to the next record in the family,
and so on. These records are temporarily stored on a magnetic drum
until needed, at which time they are brought into the main core
memory for processing. The Phase II system solves the problem of
management by subfamily and substitution by subfamily and family,

and at the same time, eliminates the need for the S&A master tape

used in Phase I.
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The Phase Il system also has the advantage of being able to
handle high priority requests by use of a small computer without
waiting for the once-daily cycle. When the disk units are not being
used with the IBM 705 in cthe daily processing, they are used by the
IBM 305 with its one Random Access Memory (RAM) unit. This frees
the 705 for use in other processing while the disk files are avail-
able for high priority requests for appreoximately 16 hours per day.
The other 8 hours they are either used with the 705 for the daily
processing or are turned over to the manufacturer for maintenance.

Transactions come from bases and storage sites to OCAMA either
via punch card or via magnetic tape. All transactions other than
high priority requests from the bases and receipts at the storage
sites are accumulated and processed in the daily cyele. The receipts
and high priority requests are processed within a few minutes of
receipt on the 305 processor. Utilizing an index file, and any other
records required from the same family, the 305 locates the master
record, brings it/them into the 305 main memory, and executes the
appropriate routines. The updated record/s is/are then stored in
the RAM unit as a suspense. The main disk master record is unchanged
because it is not possible to write a master record by using the 305.
Any record which is read into the 305 and altered is maintained in
suspense in the 305 RAM unit until the next daily processing cycle
performed on the 705. The suspense portion of the RAM storage is
always interrogated first in the processing cycle in order to
determine whether the master record as stored in the main disk units
has had any action since the last daily processing.

This on-line processing system is used for all requisitions
having a priority of 1 through 8, and for all receipts. The receipt
transactions were added toc the on-line processing after the system
became operational because more priority requisitions could be
filled if receipt transactions were posted as they arrived at OCAMA
instead of being held for the daily cycle. All actions taken during
the on-line cycle are later posted to records in the main disk file

by the 705 in the daily processing run.
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In addition to these operational characteristics, the following

statistics describe other features of the Phase II system.

Equipment complement:

1 IBM 705 IL Processor, with 40,000 character core memory
18 Tape units
14 Disk files, plus two specially-built buffer disk
control units
1 60,000 character magnetic drum
1 IBM 305 Processor, with 5 million character disk unit

Monthly equipment rental cost: $90,000
Purchase price of the two special buffer units: $610,000

Weapon systems controlled:

B-52 Aircraft
KC-135 Aircraft
GAM 72

GAM 77

Total number of master records (stock items) in the main
balance file:
184,000; characters per record: 500 maximum
Total number master index records in the classification
file tape:
184,000; characters per record: 95 maximum
Number of parts belonging to families; 29,000 (16 per cent
of total)

Average number of parts per family: 3
Maximum number of parts per family: 50
Average number of parts per subfamily: 1
Maximum number of parts per subfamily: 32
Maximum number of subfamilies per family: 25

Number of Air Force bases requisitioning from OCAMA: 61
(Each can have any number of the 4 weapon systems.)

All requisitions (except telephone requests) are received
via the AUTODIN network.

Average number of transactions (all types) per day: 25,000

Average number of high priority (1 through 8) requisitions
per month: 30,000

Number of man-years required to develop and implement
Phase I1: 17
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This 705/Disk (Phase II) system proved to be quite suitable for
handling the Air Force's requirement for immediate processing of high
priority requisitions, handling them on the average in 20 seconds.
During the Phase II's 49-month life from April 1960 to May 1964, no
basic changes were made in the system concepts, although some redesign
and reprogramming were associated with project MILSTRIP, described
below. The equipment configuration was modified twice teo take advan-
tage of more powerful hardware: a) in November 1961, the original
24~disk units were replaced with 14 double-density disk units; b) in
December 1963, the IBM 705 main processor was replaced by an IBM 7080.

Compared with the Phase I system, the Phase IT system has
certain advantages as well as disadvantages. The main advantage 1is
its ability to handle high priority requisition on a 20-second basis,
and this is the basic reason for the system's existence. Another
advantage is the elimination of the S8 & A master tape and therefore
the requirement for reconciling the balances on that tape and the
Main Balance tape. This advantage has been partially offset, however,
by the necessity of maintaining the current disk address for each
stock number in cach record on the master index tape used in the
classification run.

The main disadvantage of the Phase Il system concerned the
arrangement of the master records on the disks. When management
reports arc prepared, usually in stock number sequence, it is neces-
sary to "dump" all 14 disk files onto tape -- a process taking about
four hours -- and then sort the tapes by stock number using the 705,
(another lengthy process) .

Signiflicantly, the problem of producing reports in stock number
sequence did not seem to be as important at the time of developing
the disk system as it eventually became because it was originally
expected that with an automatic system there would be few such
complete reports. Most reporting was expected to be on a '"management
by exception' basis, requiring very little sorting into stock number
sequence. The weapon system managers, however, continued to want
complete reports by stock number, and this required more file dumping

and tape sorting than was expected.
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Ancther disadvantage of the disk system results from the possi-
bility that a disk can lose some of its recorded data in transmission.
As a precautionary measure, therefore, all disk files are dumped onto
tape every 15 days so that the records can be reconstructed from the
last such tape if necessary. (Such reconstruction has been necessary
two or three times.) Since the disk files are dumped on a regular
schedule, the times for taking physical inventories have been limited
to dates coinciding with one of the dump cycles, causing some minor
inconveniences.

The major differences in the Phase II (705/Disk) system and the

original Phase I system as conceived by RAND are:

1. Supply management used for handling requisitions and sub-
stitutions were reduced from four in Phase T to three in Phase II.
In addition, twe of these three levels are not carried in the master
record but are instead computed each time there is a part issue. The
supply management levels in the Phase II system are:

a. Stock Control Level (SCL) ~- This is carried in
each master record and is the number of parts which is
to be maintained in stock. Re-orders are made in a
quantity to bring the balance to this level.

b. Re-order Level -- This is equal to 50 per cent
of the SCL. Whenever an issue is made, this level is
computed and compared with the resulting balance on
hand to determine whether it is necessary to re-order.
If so, an amount needed to bring the balance to the
SCL is ordered,

c. Minimum Reserve Level (MRL)} -- This is also
computed when issues are made. For low value items,
it is 1/12 of the SCL. For all others, it is 1/6 of
the SCL. TIn filling requests, priorities 9 through
20 cannot be filled if the resultant balance on hand
will be less than this MRL. Priorities 1 through 8
have no such restriction. In addition to these
levels there is a Maximum Release Quantity (MRQ).

The MRQ is calculated as needed and is 1/5 of the SCL. It provides a
screening applied to all requisitions; if a requisition exceeds MRQ
it is referred for manager approval.

All of the levels used in the Phase II system are maintained
for family items by subfamily, in accordance with the philosophy of

managing interchangeable parts as ome part. This involves no change

from Phase I.
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It was originally expected that elaborate means of calculating
levels for each part would be employed, the result being unique
quantities for each level and part. In this case, the levels would
have had to be carried in the master record for each part. However,
since all levels are a constant percentage of the SCL, it proved
more efficient to calculate them as needed, saving storage space
and eliminating constant updating of changing levels.

2., Substitution of parts was originally envisicned as being
made on the basis of aircraft type, model, and series. A large
programming effort was invested to implement this original concept.
However, providing input transaction data concerning part substitutions
by aircraft serial number proved to be impossible. Too cften modifica-
tions were made to an aircraft in the field with no information about
the modification being sent to the data center personnel responsible
for 8§ & A records. Therefore, the program was changed to make only
those substitutions which are known to be applicable on all aircraft.
The routine for substitution by aircraft serial number is still

intact, but is by-passed ("no-opped") during the processing cycle.

The Phase 1T system proved so successful that few changes in
concept were made in Phase TIT, which consisted primarily of employing
more advanced data-processing techniques. BRefore describing Phase 11T,
however, let us briefly review a partial reprogramming of Phase II
which required substantial effert in terms of man hours. This repro-

gramming effort was known as project MILSTRIP.

PROJECT MILSTRIP

In July 1962, project MILSTRIP (Military Standard Requisitioning
and Issue Procedure) was adopted by the Air Force and other services
by order of the Department of Defense. MILSTRIP standardized all
requisitioning and issue document formats used by the services. These
format changes caused a reprogramming of all input/output aspects of
the Phase T1 stock control and distribution system at OCAMA.

Reprogramming to handle the new formats under the MILSTRIP
project was begun at OCAMA in January 1962 and lasted until the

procedure went into operation the following July. That a total of
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five man-years was expended on this reprogramming operation emphasizes
the time-consuming efforts required to make modifications in complex

data systems.

PHASE III SYSTEM

Phase I1L of OCAMA's stock control and distribution system began
in May 1964, and now supports the B-52, C/KC-135, GAM-72 and GAM-77
weapons systems, and the B-47 and KC-97 accounts. It employs an
IBM 7080 computer and returns to the concept of carrying the master
record for each part on magnetic tape rather than on disks. However,
an abbreviated master record is also maintained on disk files. This
abbreviated record contains only the information required to handle
high priority requisitions, on an on-line basis, still by use of the
IBM 305 processor. Since the 305 cannot write information, the disk
records are updated in the daily batch processing on the 7080. Every
tape master record which is changed in the daily processing is copied
onto a separate tape used for updating the disk files.

This change from the Phase I1 system has several advantages.
First, the number of records which can be stored on disk (and are
therefore available for high priority processing) is 2-1/2 times
greater than previcusly, since the abbreviated disk record for each
part contains 199 characters rather than the 500 employed in Phase II.
The number of data fields in the disk record is reduced from 81 to 46.

This additicnal disk storage capability was not needed for the
presently controlled weapon systems, so the number of disk units was
decreased from 14 to 6. Together with accompanying reductions in
processing time, this improvement effects annual savings estimated
at $695,076. Furthermore, the shorter disk record provides a capacity
for expanding the scope of the system to 20 weapons (650,000 line
items) from the present four.

The Phase III system, because it uses tape for the master file,
also eliminates the need to dump the disk file semi-monthly. The
tape orientation also decreases sorting requirements, since "bachelor"

items, which account for 84 per cent of all parts, are sequenced by
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stock number. The other 16 per cent of the parts are arranged by
family number and are the only ones requiring sorting into stock
number sequence.

Another advantage of Phase III is that the daily batch processing
is shortened by about two hours, enabling the 305 to process high
priority requisitions for two additional hours each day. In addition,
the 305 processing speed has been reduced from an average of 20 seconds
per transaction to 10 seconds per transactiom, thereby providing a
more responsive priority processing system.

This arrangement of records, wherein the master is on tape but
an abbreviated portion of each record is on disk (for priority
processing), could have been implemented in one of the earlier phases
had it been known that families would be as small as they actually
are. Instead of the expected number of at least 100 parts per family,"”
the families average ouly three, with a maximum of 50. It is conceivable
that all substitution relationships have not been identified, but
experience over an eight-year period suggests that the original system
was "over-designed" in that it was set up to handle much larger
families than have actually been compiled. Had family size been
known, the Phase I system would not have required a separate S & A
master tape as well as the main balance master tape, and the Phase II
system could have been similar to the Phase III system as it presently
operates.

The Phase 1 system was over-designed in two other respects,
mentioned earlier, but repeated briefly here. The system was designed
to handle more precise interchangeability information than it has been
possible to collect; for this reason, parts substitutions peculiar to
a specific aircraft are not made. Second, the Phase I system envisioned
more supply management levels than proved useful. Not only are fewer
levels being used for managing each line item, but two of these (re-
order and minimum reserve) are computed whenever an issue is made,
rather than being carried as a data item in the master record.

In retrospect, it appears that these developments could not
reasonably have been anticipated in the design of Phase I. They

grew out of the operating use of the system, and are traceable more
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to management considerations than to those concerning the data-
processing system, per se.
The separate phases in the development of the system are compared

schematically in Fig. 3.

PERSONNEL

In 1955, when the electronic inventory control system was begin-
ning, OCAMA had practically no personnel experience in electronic
data processing. OCAMA met the problem by transferring personnel
from other jobs to new electronic data-processing positions. Most
of them had some punch card experience; all were eventually trained
in the use of large scale computers.

Considering the magnitude of the weapon system stock control
and distribution job and the limited relevant experience of these
personnel, the results of the operation are impressive. The personnel
successfully programmed a new type of equipment to carry out a new
concept of inventory management on new weapons systems just being
phased into the Air Force.

At RAND's request, OCAMA stationed two men at RAND for one year
so that the development of the Phase I concept would be soundly based
on Air Force operating requirements. These two men also plaved an
important role in relaying the details of the concept to the QCAMA
personnel. In addition to the two OCAMA men, about five RAND per-
sonnel participated in developing the basic concepts for the original
system. Nearly all computer programming was done by OCAMA personnel.

Until September 1960, all OCAMA personnel involved in the project
performed both systems analysis/design and programming tasks. On that
date, these tasks were separated, and personnel became either systems
analysts or programmers. On large jobs, the system analysts and
programmers work together from start to finish. On smaller jobs,
the systems man does all the work through systems flow charts; the
programmer then draws logical flow charts and performs the computer
coding.

Both management and the personnel involved seem to prefer this

mode of operation for two reasons. First, the systems analyst is more
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available for working directly with the customer (in this case the
weapon system manager) in determining his needs and how they can best
be satisfied. Second, the programmer is not hampered in his approach
by being concerned with excessive systems details which do not concern

the computer program he must write.
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IV. SYSTEM IMPACT ON OTHER PROJECTS

Not only has the OCAMA system been a success in its own right;
it has also had a definite influence in the conceptual development
of at least two phases of another major Air Force system -- the Item
Management (IM) Package. The IM system has objectives similar to
those of a weapon system, but is concerned with controlling Air Force
stocks by line item. The computer programs for the IM system were
written at Headquarters AFLC, for use by all the air materiel areas
concerned.

The IM system, prior to January 1964, was a tape system almost
identical to the Phasc I OCAMA system, partially because the OCAMA
system was studied in detail and used as a starting peint fer develop-
ing the IM system. The IM system maintains an S & A master tape as
well as the main posting master tape, and these are used in a manner

similar to OCAMA's Phase I. Instead of "families" and "subfamilies,"

"subgroups.' One minor difference

the IM system refers to "groups” and
in actual management is that in the IM system only the most preferred
(usually the newest)} item in a family is replenished, while in the
weapon system often more than one part in a family is continually
replenished.

The current IM package employs the IBM 7080, but does not have
a high priority immediate response capability because no random
access storage is provided. All of the 110,000 non-weapon system
items for which OCAMA is the responsible air materiel areca (AMA) are
managed by the IM system, which entails a 2-1/2-hour computer proces-
sing cycle twice a day.

The IM system has experienced few problems other than some
assoclated with centralized programming. The basic programs werc
written at Headquarters AFLC, and AMA's are ncot allowed to make
changes other than "quick fixes,'" which must be reported to Head-
quarters AFLC. The AMA's are allowed to "supplement' the IM program
if the basic program is left unchanged and the running time is auth-
orized by Headquarters AFLC. Some difficulties in the early days
were experienced with programs prepared centrally not being fully

debugged before distribution to the AMA's.
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The IM system is undergoing a revision known as the Priority
Distribution System (PDS). This will incerporate random access
storage for handling high priority requests in a manner similar to
the OCAMA Phase II system, The major differences from the Phase II
system are as follow:

First, the random access units will not be connected directly
to the main processor (in the Phase II system the disks are connected
to the 7080). Instead, when daily batch processing takes place, the
random access files will be dumped onto magnetic tape for all pro-
cessing on the main processor. After the batch processing, appropriate
data from the tapes will be loaded back onto the random access units.
This operation is feasible since it takes only six minutes to load
one of the newer disk units, compared to one hour required by earlier
models used in Phase II.

The second major difference is that high priority requisitions
are posted to the master record, not just ""suspense posted'" as in
the Phase II system, This is possible because the new system will
have the ability to write on the disks without going through the
main processor.

In addition to a clear impact on the IM system, OCAMA's concepts
played a role in the initial development of the ICBM management
system (ARLS). However, this influence dwindled, and the ARLS
project subsequently took on a posture all its own.*

The Phase III system developed by OCAMA has also been used by
other air materiel areas to support other weapon systems. In April
1963 OCAMA's Data Services Division of the Comptroller recommended
to AFLC that a standard Automatic Data Processing (ADP) System be
developed to support all Volume XX SSM and Speed Through Air Resupply
(STAR) Weapon System Control Points (WSCP's). AFLC agreed with this
recommendation and in July 1963 designated OCAMA as the pilot AMA
for development of the standard systems and programs. This assignment

was completed in April 1964, and the system was implemented as Phase

“A Memorandum describing ARLS (Automatic Resupply Logistics
System) is in preparation as one of this series.
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III at OCAMA in May. Mobile Air Materiel Area implemented the system
in June to support the F-105, and Ogden Air Materiel Area installed
it for jeint Air Force/Navy support for the F-4 in July 1964. Imple-
mentation at other selected AMA's is scheduled for the latter part

of this year.



=35~

V. CONCLUSION

What can be learned from the successful development of the OCAMA
stock control and distribution system?

First, the system concept had a specific focus -- the stock
control and distribution phase of inventory management. Although
the original RAND concept included other functions (such as trans-
portation scheduling, elaborate requirements and procurement compu-
tations, and maintenance scheduling), it was early decided (in 1956)
that if the stock control and distribution phase were solved first,
the other phases could be added later. It was agreed that stock
control and distribution is the fundamental function of the inventory
management process, and the necessary foundation for any subsequent
phases.

In retrospect, this approach appears appropriate since auto-
mation of the other functions envisioned by RAND rested on the develop-
ment of new and complex techniques that have still not been perfected.
When they are available, it will be possible to integrate them with
the stock contrel and distribution system with a minimum of effort
and to phase them in without pressure since the basic function is
under control.

The lesson appears to be that in the creation of a large scale
system, eventually intended to embrace many functicnal areas, it may
be wise to develop the fundamental .part of it first -- rather than
attempting to develop all functions concurrently. This approach
does not preclude eventual development of the system as an integrated
whole. Nor does it constrain the spectrum of intended accomplishments.
The concept may be comprehensive, but implementation within the frame-
work of this concept should be planned in discrete, sequential steps.

Second, each phase of the system was successfully operated before
a succeeding phase was undertaken. ILf OCAMA had not first had the
original mark-sense punch card inventory control system (and the
follow-on interim IBM 650 tape system}, it is almost certain that the
pressures to get the Phase I system "on the air'" would have been

considerable., With these systems, which performed adequately if not
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elegantly, the new stock control and distribution system was not
forced into operation until it was fully ready. This implementation
philosophy continued through all of the system's phases. Delays in
implementing any phase would not have been disastrous, since a work-
ing system was in existence. This emphasizes the desirability of
providing for phased development in which each phase in itself
provides a system that satisfies basic operational requirements.

Third, each phase was used as an opportunity for collecting
information about the system and the weapon manager's data needs and
decision processes. Much of such information could {and, in most
systems, can) be learned only by involvement with an operating system.
This was especially true with OCAMA where the system concept, the
data processing equipment employed, and the weapons system involved
were all new. Fach phase thus formed an improved conceptual and
operational foundation for the succeeding phase.

The reasons for the changes from phase to phase can be divided
into three classes: 1) increased information about the character of
the data describing the line items under control; 2) changes in
management philosophy; 3) availability of more advanced data-
processing equipment.

In considering the first class, it must be remembered that the
nature of many of the data was not learned until the Phase I system
had been in operation for some time. Examples are the sizes of
families and subfamilies and the availability of interchangeability
data by aircraft type, model, and serial numbers. The original
system was designed to handle much larger families and subfamilies
and more interchangeability information than later experience showed
to exist. However, most complex, advanced systems must be developed
with incomplete information, and as long as such uncertainty exists,
some over-design in the initial phase may be desirable, providing
the implementation concept provides for adjustment in future phases,

The second class of reasons for phase changes concerns modifica-
tions in management philosophy. The most significant change of this
type was the reduction in number of supply management levels used in

line item management. Levels are now computed as a constant percentage
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of the stock control level (making it unnecessary to carry them as
part of the master file), whereas the original plan was to calculate
them on an individual basis in a quite sophisticated manner. Again,
the initial system was over-designed to allow for more information
than turned out to be needed for efficient management. As more
eXperience was gained in the management process for these new weapons,
the data system was modified appropriately.

Another unanticipated management requirement was for many
reports of line item balances in stock number sequence. Management
by exception was expected to prevail much more than it has, with the
result that more central-processor time than expected was used in
Phase II1 for sorting master records inte stock number sequence for
reporting purposes. This is one of the reasons for moving from
Phase II to Phase III, which prepares reports by stock number with
much less main-processor sorting time than required in Phase II.

The third reason for moving to the advanced phases has been the
availability of newer data-processing equipment. During the develop-
ment of the Phase I system it was known that a random access capability
would have been desirable, but there was no equipment available for
such a large scale system at the time. The random access requirement
was therefore omitted in Phase I. Arrangements were later made with
a manufacturer to build the required equipment, and the random access
feature was added in Phase II. The concept was to design the best
system with available equipment, rather than waiting for the "ideal,"
ultimate equipment,

In retrospect this evolutionary process of developing systems
in discrete phases appears to have worked remarkably well at OCAMA.
It is unlikely that Phase III could have been implemented directly
without the foundation of former phases. Likewise it would not have
been practical to defer any system until one embracing all features
of the original RAND concept could be implemented.

The successful experience of OCAMA thus argues strongly the case
for developing new, complex data systems by adopting a concept having
specific focus and providing implementation in discrete phases, each

of which constitutes in itself an operating system.
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Appendix

INDIRECT BENEFITS -- STOCK CONTROL AND DISTRIBUTION SYSTEM
PHASE T

SOURCE: Performance Evaluation of Data-Processing Program
at Oklahoma City Air Materiel Area, April 1959,
(Transcribed)

Reduction of AOCP/ANFE Rates

AOCP (Aircraft OQut of Commission Awaiting Parts) rates for B-52
aircraft dropped from 1.9 per cent in 1956 to a .8 per cent in
December 1958. ANFE (Aircraft Not Fully Equipped) rates for the
corresponding period of time dropped from 15.9 per cent to 2.4 per
cent. Although not completely attributable to EDP, it is apparent
that EDP influenced this drop of rates.

Reduction of Backlog Time

Average depot backlog time is 5.5 days as reported in the S-144
report. The average backlog for the B-52 Weapon System for the 705
EDPM processing is 3.4 days. The average backlog for the KC-135
Weapon System for the 705 EDPS processing is 2.8 days. Reduction of
backlog is attributable to the direct machine processing of 89 per
cent of all actions for the B-52 and KC-135 aircrafts. Thus more
responsive service to tactical organizations has reduced volume of
requisitions and held to a minimum the AOCP and ANFE rates.

Automatic Requisitioning

when the asset picture is equal to or less than the reorder point,
a weapon system storage site replenishment requisition 1is automatically
prepared for the quantity necessary to reach the stock objective level.
This eliminates manual computation and preparation of requisitions for
materiel. 1In addition, it allows for constant surveillance of site
levels of materiel by EDP.

Priority Transaction Processing

The present system provides for direct processing for all
priorities 1-5 received 1200-2400 hours with the exception of AOCP,
ANFE, and Hi-Valu. This represents 67 per cent of all priorities 1-5,
received., All priorities 6-16 credits, debits, stock list changes,
issues and turn-in from maintenance activities, adjustments and file
maintenance actions are batched and processed directly by the 705 EDFM.
Detail balance and master card information previously maintained by
the Weapon System Support Manager has been eliminated. A balance
listing is provided the WSSM for manual processing of priorities 1-5.
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Volume Processing with Minimum Expenditurc of Manpower

From a total of 40,000 stocked items with 1845 transactions per
day to a total of 127,000 stocked items with over 15,000 transactions
per day, no additional manpower has been obtained for the Logistic
Support Manager (LSM) for processing of same. Approximately 1 June
1959, the GAMs (Guided Air Missiles) 72 and 77 will add 50,000 items
to the Weapons System with 5,000 transactions daily. 1 July 1959,
the B-50 will add 7,000 items te the weapons with 300 transactions
daily. An aggregate total of the five weapons systems is 184,000
items with 20,300 daily transactions.

Site Listings of Stock List Changes

Previously, a complete listing of stock list changes was prepared
for the weapon manager to forward to each storage site. Prior to
forwarding listings to the sites, each site balance card had to be
checked manually against the listing in stock number sequence. Those
part numbers on the listing not matching the balance cards had to be
lined off. Currently a refined product is prepared, furnishing only
those stock list changes applicable to steorage site assets, thus
eliminating the manual comparison.

Selection of Shipping Site

Selection of the preferred site from which shipment can be made
is determined mechanically and the materiel release order prepared
for the selected site. If total shipment cannct be made from the
preferred site, the next site will be checked for total shipment.
When all sites have been checked and the total shipment has not been
made, partial shipment will be made from different sites in order of
the site preference. The preferred site is the cleosest geographical
location te the requisitioning base. This assists in getting requested
materiel to the base more rapidly and econcmically. Complete or
partial shipments may not be made from the preferred site if inadequate
stockage exists, but rather complete shipment will he made from a less
preferred site to eliminate unnecessary packaging, handling, trans-
portation costs, and paper work.

Substitution and Allocaticn of Materiel

Substitute and allocation operations provide interchangeable or
substitute items to fulfill a demand when substitution is required
because of inadequate balances or when the manager desires to purge
the system of least desired stock of the item requested. Levels,
balances, application, and order of substitution are interrogated
te determine the item to ship. This also allows for the depletion of
older stock from the warehouse, conservation of warehouse space,
controls disposal action, and provides better support to the customer,
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Stock List Changes

Stock list changes are automatically converted to the new
identification number in the regular daily file maintenance routine.
Requisitions for stock list changed items are automatically converted
to the new number for supply action processing. Current and up-to-
date stock list change data is maintained for all items. This allows
for shipping actions without unnecessary manual research to up-date
the stock number to the most current stock number.

Due-In Materiel

In addition to maintenance of balance file records now con magnetic
tape and the processing of transactions pertaining thereto, provisions
have been made for utilization of magnetic tape data from the contrac-
tor covering more current due-in assets. Due-in assets are considered
during daily processing when back ordering and preparation of automatic
requisitions for storage site replenishments.

Back Orders

In checking the system balance, if it is determined that a
shipment cannot be made in whole or in part, a back order will be
made when a sufficient due-in balance exists. If it is not possible
to place it on back order, a shipping order on the prime depot will
be issued. Back ordering of an item allows for future shipping
action for teday's requisitions for materiet.

Back Order and Supply Priority Updated

Back orders are up~dated with stock list change information.
Also the priority is automatically up-dated by comparing the current
date with date the materiel is due for delivery. Cancellations are
processed against the back orders and quantity is converted when unit
of issue changes. When priority changes or the item has been received,
the back order is re-examined for possible shipment,

Standardize Transaction Edit

Each incoming transaction is checked for validity, accuracy and
completeness. Errors and transactions that cannot he identified are
flagged for corrective action.

Updating of Priority

A comparison of the due date on incoming requisitions with the
current date is made and the supply priority is updated if appropriate.
Updating of priorities allows for shipping action to be taken to
fulfill requisitions from the base to meet materiel requirements at
a specific time,
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Warehouse Refusal

In processing a warehouse refusal the priorities and levels are
disregarded. The warehouse refusal Is treated as a normal requisition
resulting in a back order or shipping order if the other sites cannot
support shipment. A warehouse refusal will result in a flagged balance
and no other shipping actions will be processed against the item at
that site until corrective action has been made. Debit transactions
will continue to bhe processed during the time a balance 1is flagged.

Status Information

When a materiel release order, back order, or shipping order is
created during the processing, a corresponding status card is made,
complete and ready to be transceived to the consignee. Status cards
should materially reduce the number of follow-up requests presently
experienced by the weapon managers. This in turn decreases requlsi-
tioning bases and Hq OCAMA workloads due to decreasc in follow-up
preparation and processing.

Exception Data

Exception listings provide the medium for bringing rejects to
the attention of the weapen manager. There are 25 reasons for
rejecting transactions. The majority of these reasons represent
improbable situations but must be provided for in the syvstem. The
most common causes for rejects are requesls for a quantity in excess
of maximum quantity allowable as determined by the Weapon System
Manager and requests for matericl not stocked at the storage site,.
Other causes include part-numbered items not matching balance records,
and requisitions for insurance or Hi-Valu items, controlled by the
manager and processed manually.

Hi-Value Intransit Control

A system for recording and reporting stock balance data on in-
transit categery I materiel, which allows for all Hi-Valu materiel
to be accounted for at Stock Balance Reperting time. Approximately
2.6 per cent of all items stocked at storage site arce Hi-Valu.
Hi-Vvalu items are those items costing $300 or mere.

Requirements Data

Furnishes accumulated data for stock balance and requirements
purpuses. These data are considered in the 705 EDPM requirements
computation for determining stock procurement ov excesses.
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Internal Sequence of Introduction Arrangement

Scquence of introduction is determined and assigned for input of
transaction for File Maintenance actions, adjustments, debits, and
credits (in accordance with priority) to be processed in this sequence.
For example, this allows for recognition of receipts of materiel before
shipping actions are applied.

Minimize Input Conversion

Previous systems have required external coding and rearrangement
of source data prior to input. Under the present system 95 per cent
of the coding and 100 per cent of the rearrangement is performed
internally by EDP equipment. This eliminates all external edits
and rearrangement of input card formats.

Replace Erronecous and Garbled Data

Missing information is inserted from the master magnetic tape
record and erroneous data is corrected when possible. For example,
if the procurement source code, the ERC (Expendability Repair Code)
or unit of issue is erroneous, the transaction is not rejected,
because master record information is utilized. This assists in the
reduction of rejects in the system and unnecessary delay in supply
action. Also the requirement for reprocessing and resubmission of
the requisitions is held to a minimum.

Stock Number Cross Reference

A cross reference is maintained for up to as many as three stock
list changes applied against any one item. This permits processing
of obsolete stock numbers on requests received from requisitioning
activities without research or unnecessary delay.

Follow-Up Actions

A suspense record is established on all replenishment requisi-
tions and shipping orders. If supply action is not specified by the
Prime Depot, a weekly follow-up is made automatically by the EDP
system on Priority 1-5 requisitions, semi-monthly on Priority 6-15
and monthly on Priority 16.

Assign TAM Codes Automatically

Assignment of TAM and poesting contrel codes is accomplished
automatically on receipts from contractor and machine shipping
actions, This affords a means of developing segments of data utilized
in the Requirements Computation and a mecans of monetary contrel of
the weapons support.
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War Mobilization Expansion

More mobilization expansion is possible with no attendant problems
of acquiring additional personnel for special support. For example,
the normal daily transactions are 15,000; however, on occasion, the
daily transactions have exceeded 30,000. Result of this increase was
one additional hour of 705 EDPM time. Under a manual system this
would have created a backlog of three days.



