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CHAPTER I
INTRODUCTION

overview

United States Air Force (USAF) base level supply
system decision making has become increasingly difficult
as the complexity and cost of defense resources have grown.
Managers monitor more and more activities and make more
and mozre decisions regarding those activities. Headquarters
(HQ) USAF must precisely define system objectives and pro-
vide the methodology whereby the system can be organized to
achieve those objectives.

The methodology should provide both a means of
evaluation and a means of control. For simplicity of opera-
tion, the methodology should be translated into standards
that are both targets for management efforts to be aimed
and measures of the accuracy of those efforts. The
standards must be reasonable. They should not be set so

high that no one will strive to achieve them or so low that

they do not present an achievement challenge. The standards

must be understandable and stated such that no individual
is unclear as to the level of performance demanded. The
standards must support USAF objectives (31:43-44).
Finally, the standards must be relatable to performance
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in order to provide management with meaningful decision-
making information. This relationship is expressed through
the use of indicators. An indicator is ". . . a piece of
essential information about performance, often expressed

in terms of a ratio or relationship [31:50].

Definition of Terms

a. Automatic Resupply and Buildiné Time (ARBUT)--

This phase covers the submission of notification
by the base of a depot overhaul generation requiring
resupply, receipt, [and] buildup of a serviceable
engine ready for installation [45:A-].

b. Bachelor Item—-"An item that has no inter-

changeable relationship to another item [47:1-9])."

c. Backorder--"An obligation, assﬁmed and
recorded by any supply echelon, to issue at a subsequent
date a requisitioned item which was not immediately avail-
able for supply [47:1-9]."

d. Base Maintenance Removal Interval (BMRI)--

. « « the ratio of the forecast fleet flying hours
per base maintenance removal. The BMRI is computed by
dividing the forecast flying hours in a given period
of time (usually a 3 month period) by the simulated
base maintenance. removals for that period. The BMRI
is published quarterly for each engine model in the
Actuarial Removal Table [45:A-1]. ‘

e. Base Repair Cycle--"This phase extends from

the removal of a reparable engine until it is ready for
installation at the base [45:A-1]."




£. Cannibalization--

The authorized removal of specific components
from one item of AF property for installation on
another item of AF property to meet priority require-
ments with the obligation of replacing the removed
component [47:1-11].

g. Daily Demand Rate (DDR)--". . . the average

quantity used daily [49:11-3]."
h. Expendability, Recoverability, Repairability,

Category (ERRC) Code--"Either a single digit or three-digit

supply oriented code used to classify AF items of supply
into various categories for management purposes . . .
[(47:1-21]."

i. Fill Rate~-". . . the ratio of the number of
units issued over a fixed time period to the number
demanded over the same period [4:v]."

j. Issue Effectiveness Rate--"Percentages are

computed by dividing line items issued plus line items
backordered into line items issued [49:24-284]."
k. Not Operationally Ready-Maintenance (NORM)--

". . . a condition status of material indicating that it is
not ready to perform any of its missions because of organi-
zational or intermediate level maintenance requirements
[53:3]."

g2 ‘1. Not Qp.fafibnally Ready-Supply (NORS)--

o« « +» a condition status of material indicating
that it is not operationally ready, because mainte-
nance required to clear a NORM condition cannot be
continued due to a supply shortage [53:3].

UGt W 4
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m. NORS Rate--The ratio of NORS time to possessed

time.
n. Not Reparable This Station (NRTS)--

A status condition determined during shop pro-
cessing of an item. It indicates that the item cannot
be repaired at base level due to lack of authorization,
technical skills, parts, facilities, manpower, or any
other reason [44:6-8].

0. NRTS/Condemned Quantity--"The number of units

required for the NRTS/condemnation processing time [52:
Iv-19]."
p. Order and Shipping Time (O&ST)--

The time interval between the initiation of stock
replenishment action for a specific activity and the
receipt by that activity of the material resulting from
such action. Order and shipping time is applicable
only to material within the supply system and is com-
posed of two elements: (1) Order Time~-the time inter-
val between submission of a requisition or order and
shipment of material by the supply activity; (2)
Shipping Time--the time interval between the shlpment
of material by the supplying activity and receipt of
material by the requiring activity [51:2].

q. Order and Shipping Time Quantity (0&STQ)~--

", . . is the quantity required to be on hand to meet
demands during the period represented by the order and
shipping time [49:11-3]."

r. ‘Overhaul Removal Interval (OHRI)--

« « + the ratio of the forecast fleet flying hours
per overhaul removal. The OHRI is computed by dividing
the programmed flying hours for a specific quarter
(based on the HQ USAF Program Auth) by the simulated
overhaul removals. The OHRI represents the number of
flying hours expected to accumulate on all engines
(TM8) before a removal for overhaul is experienced.

.
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The OHRI for each engine model is published quarterly
in the Actuarial Removal Interval Table. The OHRI
may be computed with or without maximum time con-
sideration [45:A-3].

s. Percent of Base Repair (PBR)--"Percent of

units repaired of those processed through the repair cycle
(52:1v-18]."
t. Ready Condition--

. «» o capable of safe use and the minimum number
of subsystems designated by a Military Department as
mission essential, are installed and operable for the
?erformance of one or more of the primary missions
L153:31 .

u. Recurring Demand--"A request made periodically

or anticipated to be repetitive by an authorized requisi-
tioner for material for consumption or use or for stock
replenishment [47:1-37}."

v. Reorder Point Quantity--

(1) The minimum quantity required to be on hand
and on order to enable stock replenishment with low
probability of depletion of the safety level:; (2) the
quantity to which on hand and on order asset quantities
are compared to determine the need to order; (3) the
sum of the repair cycle requirement, order and ship-
pinga?im. requirement, safety level, and special levels
[51:3].

w. Repair Qgcle Tiﬁo (RCTle-'Average repair cycle

dayl computed over a total of fivc quarters [52:IV-18)."

x. Repair Cycle anntity (ncg)_-- i

. . the number of units that must be stocked to
meet dcnlnds during the repair cycle. In brief,. this
quantity varies according to the success of the base
repair.program. The computation of the repair cycle
quantity requires the determination of average percent
of past repair and the determination and/or application
of the repair cycle time [49:11-3].

5
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Y. Safety Level Quantity (SIQ)--". . . the quantity

required to be on hand to permit continuous operation in the
event of minor interruption of normal replenishﬁent or

unpredictable increases in demands (49:11-4]."

Background
Department of Defense (DOD) Instruction 7730.25

requires that quantitative standards be established for
weapon systems and designated mission essential material to
measure material readiness, maintenance and supply effec-
tiveness and to identify and correct the causes of exces-
sive downtime (53:1). The standards are to be based on
"engineering predictions, evaluations of tests and demon-
strations, economic analysis, empirical logistic support
data or mission requirements [53:2]." Individual standards
are required to be established for each type, model, and
series (TMS) where there are significant differences within
a model. The standards established are to be viewed as
performance targets for support activities. 'Material readi-
ness is required to be compared to the standards at least
quartefiy to ensure that effective support is being
rendered. Periodically, the standards must be reviewed and
adjusted as necessary (53:2).

Use of the terms Not Operationally Ready-Supply
(NORS) and Not Operationally n.ady-uaintopqnco (NORM) is
required by DOD Instruction 7730.25 to

e, N L
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. . o categorize the causes for material not being
in a ready condition, to give an indication of mainte-
nance and supply effectiveness and to provide data on
multi-mission material that has a limited capability
[53:3].

The USAF has further categorized NORS and NORM to describe
the type of end item and its degree of limitation (46:2-2).

NORS rates are used to determine the percentage of
the time that material is not in a ready condition due to
a supply shortage. They are also used as a measure of
supply system effectiveness. Further, NORS rates are used
to judge the impact of supply system shortages on opera-
tional capability (3:22; 8:1; 56:10). If a particular
system's NORS rate is within organizational standards, the
supply system is considered to be functioning effectively.
If the NORS rate exceeds the organizational standard, the
supply system is not considered to be operating effec-
tively and operational limitations are expected to result
(22). In "Lessons Learned by an 0ld Supply Officer,"
Colonel Steven L. dePyssler states:

'THE MOST IMPORTANT STATISTIC IS NORS AND CANNS
(canniballzatIons]. As a CSUP [Chlef of Supply] you
can be excused for many things but a high NORS and/or
CANN rate is inexcusable. That is your PRIME MISSION
[15:4].

Although DOD Instruction 7730.25 requires that

qulntitativu standards be set as targets for support
activities, 59 08Ar,dool not curfontly h#vq NQRS rate
lfandgrdq (2;; 5;;4), A ;lpctcent lgandard for aircraft
grounded due to supply shortages, NORS-G, is used as a rule

7 ] 1

i g [R5 4
VIR




e e R e

of thumb by the Air Force logistics Command (AFLC)

(14; 15; 23). Although no written directives citing a 5
percent standard could be found, briefing slides for the
AFLC commander highlight a 5 percent NORS-G rate (23).
AFLC does not use differing standards by aircraft or equip-
ment type (23). Tactical Air Command (TAC) Regulation

67-4 establishes TAC NORS standards. While almost all

§ TAC aircraft have a 5 percent NORS-G standard, some, e.qg.,
the RF-4C, have a 4 percent standard (16). The Strategic
Air Command does not have fixed NORS standards, but com-
putes the mean NORS rate by aircraft type and then scrutin-

izes bases with a rate higher than two standard deviations

above the mean (32).

While NORS rates do provide information as to the
percentage of time aircraft or equipment were not in a
ready condition, several problems have been expérienced
when using NORS rates as management indicators on which to
base current and future action.

1. ‘Thorg;ii no method for evaluating the impact
of NORS on operational capability (22; $5=1§-16). During
| fiscal yéars.1972‘and 1973, the USAF asked Congress to
reprogram funds to reduce the impact of NORS on opera;
tional capability. Congress approved the USAF request and
asked the General Accounting Office (GAO) to determine the
rosuits of the tcproéfhmming in térms of reducing NORS and
its effect on operational capibility. GAO found thﬁt

= ____— == = TR ———_
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operational capability could not be evaluated in terms of
NORS alone. Additional factors, such as personnel, equip-
ment and supplies, NORM, and training were also found to
affect operational capability. In addition, no signifi-
cant correlation could be found between the expenditure
of the reprogfammed funds and the NORS rate (55:1). Even
if the other factors affecting operational capability could
be discounted, NORS rates’do not significantly correlate
with operational capability. An example, while perhaps
extreme, illustrates the problem. Consider a base possess-
ing a single aircraft. The aircraft can be NORS-G for one
hour each day and still maintain a NORS-G rate of less than
S.percent. If the aircraft is scheduled to fly during the
hoﬁr it is NORS-G, the sortie will not be flown and the
sortie rate will be zero. Conversely, the aircraft can
be NORS-G:for twenty-three hours each day and still be
ready for a sortie, if the part is available in time for
installation and the sortie duration is short. While the
NORS-G ratg’for the aircraft is over 95 percent, the sortie
rate is 100 percent. A recent study found no significant
correlation between the NORS-G rate and the sortie rate (1).
2. NORS rates cannot be accurately explained by
1..0.,oftect;vunqss_ratoq. .Issue effectiveness is a
socondaxy ;.iuurg of lupply-support used by gho USAF. Issue
oftoctiv?no-q is the ratio of the number of line items
issued over a fixed time period to the number demanded over
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the same period. 1Issue effectiveness differs from fill
rate in that issue effectiveness portrays line items issued
rather than units issued (49:24-283). Dawley and Feicht .
examined the NORS rate and seven types of supply issue
effectiveness rates at ten operational USAF bases. No
significant relationships were discovered (7; 8). Another
example will illustrate this point. Again, consider a

base possessing a single aircraft. 1If a customer requests
one-hundred line items and ninety-nine of the line items
are issued from stock and one line item is backordered, a
99 percent issue effectiveness rate is achieved. The one
item that is backordered may result in a NORS condition
that lasts for several weeks. While the issue effectiveness
rate would be 99 pércent, the NORS rate would be 100 per-
cent. Conversely, the custdmerndght recéive sixty line
items and have forty backordered without inéﬁrriné a NORS
condition. In this case, both the NORS rate and the issue
effectiveness rate would be lower.

‘ 3. NORS rates do not readily identify causal
factors (22). 'The folldwing exgmple will illustrate the
problem. While items should not be backordered as NORS
if they can be repaired at the base level, it can happen
(32). A NORS condition could occur because skilled mainte-
nance personnel who could locate and correct maifunctions
in items with otherwise big’ﬁofcehtagec of base repair
vere not available. The problem could be further

10




aggravated when the items were returned to the depot for
repair. Since the base supply spare asset level would have
been computed using the high basé repairability of the
item, the stock might not be sufficient for the increased
resupply gime.

4. NORS rates cannot be evaluated to determine
the effect of changes in system variables (demand rate
and resupply time) (22). The effect of increased demand
rates cannot be evaluated in terms of NORS. If the demand
rate for an item increases, the change in the expected NORS
rate cannot be calculated. Only with great difficulty
could one even intuitively predict the effect upon NORS
of an increased demand rate. Maintenance personnel may
be able to repair all of the removed items. A NORS con-
dition cannot be verified as long as the items can be
repaired (47:2-6). The probability of not having a service-
able item will increase, because, without a decrease in
repair cycle time, spares will be used more quickly ghan
they were being used prior to the increase in demand. An
increase in the demand rate can also cause an increase in
the NORS rate. 1If naintenance'pcrlonnel cannot repair an
essential item at the base level, the base stock will be
depleted and NORS will occur. Similar examples could be
given for the resupply time va:inbio. The NORS indicator
cannot be used to predict effects on mission capability.

11
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5. NORS rates cannot be used to assess risks
associated with decisions affecting system variables (22).
The risk to operational capability incurred as a result of
management-directed system variable changes cannot be mea-
sured with the NORS indicator. NORS rate calculations
cannot indicate the effects of system variable changes and,
thus, do not permit managers to evaluate the associated
risk to operational capability. Even if a relationship
between system variables and NORS could be discovered,
there is no means to calculate the direct impact of NORS
upon operational capability.

6. Spare asset levels are based upon implied per-
formance criteria (22). For example, spare engine levels
are computed using the methodoldgy provided in Air Force
Manual (AFM) 400-1 (45). This methodology is designed to
ensure a stated probability of incurring backorders.

Several attempts have been made to design supply
syltem'management indicators felated'tq operational capa-

bility. Usu&lly a NORS rate approach is taken. The GAO

‘recommended that the USAF develop NORS standards based

upon aircraft age (55:2). AFLC recommended that HQ USAF
adopt the Variable NORS concept (17). Variable NORS is a
method of cdmputiﬁé NORS rate standards by assigned loca-
tion for each aircraft TMs, based upon weights assigned to
military worth, degree of dispersal, and age. Adrcraft are
rank ordered in importance and a weight is ﬁssigned to

12
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each type of aircraft. Another weight is assigned, based
on the number of each type of aircraft at the possessing
base. The last weight is assigned, based on the age of
the aircraft or the period since a major modification was
performed (17; 24). HQ USAF.is now studying the feasi-
bility of a variation of Variable NORS called Dynamic
NORS (14).

SAC has an additional NORS indicator--NORS com-
modity hours. NORS commodity hours are accumulated
against each NORS requisition (49:6-82). The standard
method of computing NORS rates does not reflect the number
of NORS requigitions for parts that have been placed for
an aircraft. The NORS rate is computed based upon the
number of houés the aircraft is possessed and the number
of possessed hours the aircraft ié NORS for at 1e§st one
part (34:8). The NORS commodity hours indicator totals
the hours an aircraft is NORS for each requisition. Main-
tenance cannibalizations from a NORS aircraft, made to
prevent another aircraft from accumulatipg NORS hours,
are reflectgd by the NORS commodity hours indicator. The
NORS airc:aft'l additional NORS hours would not be
reflected by théltradi£1ona1 NORS rate (36:A-B).

As pfcviously indicatod, issue effectiveness is
a igcondary ncasprﬁlwith whiqh.to evaluate_the supply sys-
tem (357 49:126-268). Issue effectiveness suffers from at

least two limitations. First, it is difficult to relate

13
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issue effectiveness to operational capability (4:v).
Secondly, issue effectiveness rates do not consider the
duration of backorders (30:1). A previous example, com-
paring the NORS and issue effectiveness rates, clearly
illustrates both these shortcomings.

A new methodology for developing supply system
management indicators is needed. The indicators developed
should meet the following criteria:

1. Supply system indicators should be relatable

to operational capability. For example, the model used

to calculate spare engine levels provides for the proba-
bility that at least one aircraft will not be available
for operational requirements because a spare engine is
not available.

2. The indicators should identify the causes of
changes in subély system performance. Any .system variable
adversely affecting supply system performance should be
identified: .Fo:;examplé, base spare engine levels are
computed using expectea values for thehfollowing syétem
variable::'théloverhaul removal intefval, the base mainte-
nance removal interval; average base repair time, average
depot resupply timo, and average flying hours (45:2).

Wh.n one or more of these variibleslchange without a
balancing change in some ofhor system variable, the pioba-
bility of incurring at least one backorder will also

change and system performance can either incfea:e or

14




'* ; decrease as a result. If the relationsnip between these
variables and performance is known, then the variable
causing the problem can be identified.

3. Effective supply system indicators should allow
an evaluation of a changé in one or more of the system
variables. Effective indicators should not only. allow
identification of variables which are adversely affecting
operational capability, but also permit the evaluation of
the expected effect on operational capability of any

changes in system variables.

y
#.

Statement of the Problem

The GAO has criticized the USAF for not using mean-
ingful logistics indicators (55:16). The problem is that
the USAF does not currently use supply system indicators
that directly measure the relationship between supply
system performance and operational capability. Moreover,
the NORS indicator used to measure supply system effective-
ness is not calculable in terms of system variables.
Although an indicator cannot be designed to directly mea-
sure the relationship between supply system performance
and operational capability, indicators that correlate with
operational performance and that are calculable from system
variables can b.idovnlopod. Such indicators would permit
managers to both evaluate the impact of their decisions on
operational capability and measure the impact of spurious
system changes. The identification and consciencious use
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of effective supply system indicators would improve mana-

gement decisions at all levels in the supply system.

Objectives

The objectives of this study are to demonstrate
how meaningful supply system indicators can be developed
from current supply system methodology and to inaicate how
these indicators can be used to evaluate and control supply

system performance.

Scope
The computational procedures in AFM 67-1 (49) and

AFM 400-1 for determining spare asset levels will be ana-
lyzed to determine the methodology employed in their con-
struction. It will then be demonstrated how these methodolo-
gies can be used to control and evaluate base level supply
system performance. While research will be concentrated on
bage level supply system management, the techniques will be

effective in aiding managers in other logistics areas.

Research Question

What supply §Ystem indicators existing within cur-
rent USAF supply methodology can be used to control base
level supply system performance and evaluate the impact of

decisions affecting supply system variables?

16
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CHAPTER 1I
METHODOLOGY

The methodology for the research will consist of
seven steps:

l. Locate in AFM 67-1 and AFM 400-1 the spare
asset inventory models for supplies and engines.

2. Determine the type of models being used by
comparing them with models in inventory literature.

3. Identify the variables and parameters of the
models.

4. Identify the type of underlying statistical
distributions used to describe demands in the AFM 67-1
and AFM 400-1 models.

5. Illustrate the computation of spare asset
levels using the AFM 67-1 and AFM 400-1 models.

6. Demonstrate how variation in variable values
affects the computed levels and degree of expected support.

7. Explain how variables can then be used as indi-
cators to evalqato and con;rol the base level supply
system.

17
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CHAPTER III
USAF BASE LEVEL INVENTORY POLICY

Base level system inventory policy is established
by HQ USAF and is implemented through the publichtion of
USAF manuals and standardized computer programs. Base
level logisticians are not authorized to unilaterally
change USAF policy. It is their responsibiiity to carry
out policy established by HQ USAF.

The three inventory models used in the base level
supply system are the Economic Order Quantity (EOQ) item,
the recoverable item, and the engine. The EOQ and
recoverable item models are used by the Standard Base
Supply System (SBSS). In fact, all SBSS computers are
programmed by the Air Force Data Systems Design Center
(APDSDC} with standardized proérams directed by HQ USAF
(50:2-3; 52:IV-13). The engine model is used by the
Propulsion Uhit‘nogistics System (D024) (4556-1: 52:IV-13).

The SBSS inventory models are based on DOD models
(51; 54). While USAF inventory policy is established by
HQ USAF, a group entitled the Chapter 11/17 Work Group,
after Chapters 11 and 17 of AFM 67-1, Volume II, Part Two,
is responsible for studying, evaluating, and recommending
changes to USAF inventory and repair cycle asset control
policies (42:5; 52:1Iv-13).

18




The base level supply system encompasses more than
just the base supply squadron. Base level maintenance
activities also comprise a major segment of the system.

In fact, the base supply squadron depends upon base main-
tenance activities for the resupply of a portion of the
repairable items used at the base level. In addition,
most if not all base activities are, at a minimum, cus-
tomers of base supply and, therefore, a part of the system.

Base level supply system policy is executed through
the use of inventory models. A model has been defined as
". . . a representation of a system under study . . . in
which the system is represented by symbols that can be
manipulated by using mathematical rules [20:13]." The
symbols in an inventory model are its variables. USAF
inventory policy determines when an item will be stocked and
in what quantity. Time and quantity are variables and are
"subjeot to control,”™ thus, they are "controllable vari-
ablee [20:8)."

USAF inventory models have an implied performance
level-~a given probability of not observing a backorder
in a random observation during the reorder interval for the
EOQ item model or at any time for the recoverable item
and cnqiné models. Por a base level manager to intelli-
gently work toward the implied performance level he must
undcxctand'th.‘oporatiép of the models.

19
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Backorders can result in NORS or NORM and thus
are a wider criterion of the supply system's impact on
operational capability than NORS alone. As previously
stated, NORS cannot be declared if a backorder can be
satisfied through the repair of a base asset. The GAO
has highlighted the fact that NORM rates are often three
times as high as NORS rates. While backorders are just
one of the many factors that affect NORM, the impact of
backorders is significant (55:16).

The EOQ Item Model

The EOQ is the lot size which results in the least
total variable cost, i.e., the minimum sum of ordering cost
and holding cost (27:226). The USAF applies the EOQ
policy to items ". . . which cannot be economically
repaired by a field or depot maintenance activity [49:11-3]."
Items identified by.HQ.USAF for EOQ stockage include
". « . consumable items, minor parts, components, tools,~
and hardware . . . [49:11-3]." Accountability is not main-
tained on EOQ items once they have been issued. EOQ items
are classified under the Expendability, Ricovqtability,
Repairability, Category Designator (ERRCD) XB3 or NF1
(49:11-3). Although the cost of an EOQ itgm on an indi-
vidual basis is generally small, it is very significant
on an aggregate basis, because of the extrcﬁoly large
number of POQ items purchased by the USAF (18:1; 52:Iv-2).l
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Both supply efficiency and supply effectiveness
are affected by inventory policy. If the sum of ordering
and holding costs of inventory is not minimized, the effi-
ciency of the USAF supply system will not be optimal. The
ability to accurately dege:mine,ordering and holding cost
for the base level supply system and the appropriateness
of tge policy for the USAF have been questioned. 1If
sufficient item quantities are not stocked, the effective-
ness of the USAF supply system with regard to operational
capability will be reduced (18:2,25).

The USAF uses past experience to forecast future
demand for EOQ items. A daily demand rate (DDR) is calcu-
lated by dividing fhe cumulative number of recurring

1

demands by the number Qf days™ that have elapsed since

the date of first demand (DOFD) (49:11-3). Thus,

Cumulative recurring demands
ppR = SUBRLALIVE XecurrAgpcemancs - .

The methodology for computing DDR assumes that an average
of past demands can be used to accurately predict future
demand. As long as an item has a high turnover rate with
little variance in demand, this methodology may be suffi-
cient. For items with low demand rates or high varia-
bility the methodology may not provide an accurate forecast
of demand (18:53-54). The present method for computing

%o fewer than 180 days will be used (49:11-3).

21




expected demand is intended to dampen the effect of
sporadic demand patterns on inventory levels (41). An
alternative method for forecasting demand has been pro-
posed. The method uses a Bayesian approach (10). Pending
a change in the method for predicting demand, logistics
manageys must identify essential items that can be expected
to experience excessive backorders, because of variability
in demand or order and shipping time (0O&ST), and establish
minimum levels. Minimum levels allow minimum quantities
to be stocked that are independent'Of the EOQ. spare asset
level or EOQ demand level (EOQ DL) (49:11-49). Until an
effective method for forecasting demand is adopted, little
else can be done.

The problems that result from using averages to
forecast variable values are largely ignored in the base
level supply system. As pointed out above, when averages
are used to compute variable values, their accuracy is
dependent upon the stability of the variable (5:640).

: The depth of the EOQ is weighted by variable stock-
age objective (VSO) days. The VSO reflects the priority
of past backorders, the number of past demands, the number
of customer orders that generated the demands, the number
of days since the first demand was recorded, and the DDR.
A V8O table is used to determine the number of VSO days
(48:11-37).
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USAF invantor§ policy dictates that the base level
supply compute an EOQ spare asset level or EOQ demand
level for base stockage when an item has had a minimum of
three demands (49:11-4). The EOQ DL is comprised of the
EOQ, an O&ST quantity (0&STQ), and a safety level quantity
(SIQ). The EOQ portion of the EOQ DL is computed by using
the following formula:

EoQ = 4:4 V DDR X VSO X Unit price
t price

where the 4.4 reflects the USAF estimate of a five-dollar
cost to order and aISO percent cost to hold and the unit
price is the current USAF stock list price (49:11-13).
When a computed EOQ is less than thirty days expected
dehand'(DDR X 30), the EOQ is adjusted to a quantity
sufficient for thirty days expected demand. When an EOQ
is greatei than 365 days expected demand, the EOQ is
adjusted to 365 days expected demand (49:11-5).

The 0&8STQ is the on-hand quantity necessary to
support expected demands over the expected order and
shipping time. The OSTQ is computed as follows (49:11-13):

‘0&8TQ = DDR X O&ST

where O:ST is the standard O&ST for the particular base.
The standard O:ST is taken from the routing identifier
record (49:24-347). A separate routing identifier record

23

e DT
N ik




P

.

is used for each source of supply. The standard O&ST
stored on a routing identifier record is the average O&ST
for all receipts of a particular priority group from that
source of supply. Unless a minimum of one-hundred receipts
has been used in the computation, avpredetermined Uniform
Material Movement and Issue Priority System (UMMIPS)
standard is used. Any receipt with an O&ST greater than
175 percent of the UMMIPS standard for the base's geo-
graphic area is excluded from the 0&ST calculation. If
the calculated base standard O&ST is greater than the
UMMIPS standard, the UMMIPS standard is used. O&ST is
calculated by source of supply, not by indifidual item and
receipts with excessive OﬁST are excluded from the calcu-
lation. The standard O&ST on the rquting i&entifier record
is updated quarterly (49:11-§A). The current method of
computing O&ST is being reevaluafed. A proposal has been
made to include receipts in the standérd 0&ST calculation
that have an O&ST of up to 200 percent of thg UMMIPS
standard. Receipts with an O&ST greater than 200 percent
of the UMMIPS standard would be included at 200 ;Sercent. '
Additionally, the feasibility of computing O&ST by
National Stock Group (NSG) is being studied. A simulation
by AFPDSDC has produced better results when using NSG
rather than source of supply (43:4-5).

If an item had a constant DDR ﬁnd 0&ST, "a level
could be computed tﬁat, if an ordof for resupply was

24

o




A

established at that level, would ensure no backorder occur-
rences. The reorder point (ROP), or reorder level, would
equal the 0O&STQ. If DDR was constant at one and O&ST

was constant at five days, as long as a reorder was estab-
lished at a level of five, a backorder would never occur.
Unfortunately, neither demand nor resupply time is
generally constant. To compensate for variations in demand
and O&ST, an SLQ is added to the O&STQ. The sum of 0&STQ
and SIQ determines the ROP (49:11-8). When DDR, O&ST,

or both are not constant, the 0&STQ will be sufficient to
meet demands approximately S50 percent of the time. An

SIQ is required to cover variations above the average.
Because both DDR and O&ST are stochastic, it is not possible
to compute an SLQ that is certain to meet any possible
level of demand. A cost versus benefit comparison must be
made to determine the proper performance level to be used
as the target (12; 43). USAF policy is to establish an
SLQ equal to one'standard deviation above the mean. Since
approximately 84 percent of the distribution lies below
one standard deviation above the mean, the implied target
performance level over the resupply interval is approxi-
mately 84 percent, i.e., if one-hundred random observa-
tions were made during the resupply interval, in approxi-
mately oightyrfou; of the obnoryationc no backo:pers would
be expected to exist. Conversely, in approximately
sixteen, at least one Sackordor would be expected to exist
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N (49:11-6). The S1Q is computed as follows:
SLQ = C V 3 (0&STQ)

where C is the number of standard deviations to be covered
by the SIQ, i.e., one (49:11-13). If the SLQ computed
using the above formula is less than fifteen days expected
demand (DDR X 15), fifteen days expected demand is used

for the S1Q (48:11-7). Demand for EOQ items is assumed to
be randomly distributed according to a compound, or stutter-
ing, Poisson distribution (18:11). The fact that the mean,
0&STQ, is multiplied by three in the SIQ computation indi-
cates that the variance to mean ratio has been assumed to
be 3:1.

The computation of an EOQ DL would be performed as
follows using the APM 67-1 methodology. If six requests
had been made for a total of levent&-throe units in the
last year, the DDR would be

DDR = Cumulative recurring demands
; Current date - DOFD :

& - 23
¥ 365

The VSO would be selected from the referenced table. If
| the item had experienced no demand of a hiqhof than routine
| priority, a VS0 of sixty days would be us@d;' Thus, the
200 would be ’ |
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4.4 \/ DDR X VSO X Unit price
EOQ = Unit price

_4.4Y .2%X60X5
5

- 6.817

where the unit price is assumed to be five dolla.rs.

If 146 receipts in this priority group, each with
less than 175 percent of the UMMIPS standard, with a com-
bined 0&ST of 2190 days, had been received from this source
of supply during the previous quarter, a standard O&ST

would have been computed as follows:

ia Total 0&ST days
0eST Number of ellgible recelpts

2190

= 15 days
Therefore, the O&5TQ would be

0&STQ = DDR X O&ST
=.2X15

= 3

The SLQ would then be

27

e A———— W S

SRS i it 1 Al b s Y i NI S e it




SLQ = C v3(O&STQ)

= 1V3(3)

= 3
The EOQ DL would be

EOQ DL = EOQ + O&STQ + SILQ

= 6.817 + 3 + 3 + .999%

13

~
-—

The ROP is then equal to six (0&STQ + SIQ).

If O&ST was calculated by item and not by source
’ of supply, as is the current AFM 67-1 procedure, a differ-
ent O&ST might very well have been computed. For example,
if ten receipts for this item, having a total of 300
combined O&ST days, were processed during the last year,
including those receipts which were above the 175 percent
UMMIPS standard, the standard O&ST would have been

Total OsST days
Number 6¥7roceipt§

O&ST =

-
%1
2

it

300

= 30 days

1Tho EOQ DL is not rounded but "adjusted” to the
next highest unit by adding .999 and truncating (49:11-13).
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Then the 0&STQ would have been

O&STQ = DDR X O&ST
= .2 X 30

= 6

And the SIQ would have been

s1a = ¢ V3 (0ssTQ)
1 V3(6) .

4.24

Then the EOQ DL would then have been

EOQ DL = EOQ + O&STQ + SIQ
= 6.817 + 6 + 4.24 + 9.99

18
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More importantly, the ROP would be ten.

In this example the consequence of the AFM 67-1
procedure for computing expected 0&ST can be calculated
by determining the performance level that an ROP of six,
that dictated by the Aru 67-1 procedure, can be expected
to provide over the resupply interval. By using a cumula-
tive compound Poisson table with a variance to mean ratio
of 3:1, it can be demonstrated that an ROP of six will
provide an expected performance of .6130, when the true

- 29
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mean, O&STQ, is six. So, approximately sixty-one times in
one-hundred random observations across the resupply
interval, no backorders would be expected to occur.
Conversely, in thirty-nine instances at least one back-
order would be expected to occur. However, an ROP of ten,
that dictated by an item approach without time constraints,
provides an expected perfqrmance level of .8576. This
should raise the number of instances that no backorders
are observed in qpe-hundred random observations across

the resupply interval to approximately eighty-six. Con-
versely, an ROP of ten would lower the number of instances
at least one backorder was observed to approximately
fourteen, a decrease of twenty-five. Thus, the ROP of
ten, that which was computed on an item basis, provides
the performance level implied by USAF policy (28:44).

A capability exists for base level managers to
compute O&ST on an item basis to determine whether or not
the standard O&ST used in the level computation is accurate.
Pipeline time cards can be produced in the SBSS at the
option of base level managers (49:7-14). When the pipeline
time cards provide a significantly diffgrent average O&ST
for an item, there is a methodology for using an exception
0&ST instead of the standard. The use of an exception
0&ST is restricted to those items for which the source of
supply has indicated an exteﬁded-procurcment time and that

are not normally stocked by the source of supply.
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Exception O&ST ". . . will not be used to compensate for
temporary out of stock conditions which may be experienced
by the source of supply from time to time [49:11-7]."
While the restriction on the use of exception 0&ST does
not allow its use in every case where the standard O&ST
is significantly different from the computed 0&ST, it does
provide a measure of religf.

Not all items from a single source of supply can
be represented equally well by a single standard O0&ST.

The varying difficulties associated with maintaining an
on-hand stock of various items at the source of supply
should be reflected in a distribution of average order-
filling times. Also, the average shipping time should be
shown to vary accordipg to mode of shipment. Different
sized items may require different modes of shipment and
different handling techniques (43:29-30).

Expected time-weighted backorders can also be
computed for the AFM 67-1 policy and the unconstrained
policy (29:14; 22). Wwhen using time-weighted backorders,
the effect of a backorder for one unit which lasts for ten
days is considered to be equal to the effect of ten back-
orders for one unit, each lasting a single day. When
using the APM 67-1 methodology, 1.2732 time-weighted
backorders per order cycle would be expected rather than
the .3934 expected using the unconstrained policy. Over
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three times as many time-weighted backorders would be
expected to occur in this example, when the current AFM 67-1
methodology is used.

A further complication in the AFM 67-1 routine is
sometimes introduced. EOQ items stocked at the base supply
must be purchased by the Air Force Stock Fund. When a
customer purchases an item, the stock fund is reimbursed
from Operations and Maintenance funds. If base stock fund
purchases exceed sales, restrictions have to be placed on
stock fund purchases. One method of reducing stock fund
expenditures is to restrict purchases to a percentage of
the computed EOQ portion of the EOQ DL. A Material Acquisi-
tion Control Record (MACR) factor is used for this purpose
(49:26-23). As an example, when a 50 percent MACR factor
is used, 50 percent of the EOQ is ordered instead of the
full EOQ. The effect of this policy is to double the
number of expected orders. In the AFM 67~1 example being
used, the computed EOQ was 6.817 and the DDR was .2. A
DDR of .2 equates to an annual demand, D, of seventy-three
units. The expected number of annual orders, N, is com-
puted using the following formula (27:120):

N-W

g, |
3.§I’
- 10.7
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When a 50 percent MACR factor is used, the number of
expected orders is twice as many or 21.4. Since the
expected time-weighted backorders per order interval is
the same, the expected time-weighted backorders per year
are doubled when only 50 percent of the EOQ is ordered.
Base level supply system efficiency is also adversely
affected, since the sum of ordering and holding costs is
no longer minimized. The increased number of orders also
increases the workload throughout the system.

Another point concerning the AFM 67-1 computation
needs to be made. The procedure assumes that orders are
placed to the source of supply when the ROP is reached.
In fact, only a notation on the item record is made when
the ROP is reached. Periodically all item records are
screened and reorder action is taken on records having
reorder notations (49:11-8). If the screening is not done
and a reorder is not placed on the same day as the ROP
is reached, the computed O&ST will not reflect the delay.
Likewise, if reordering is routinely delayed for funding
approval, the delay will not be computed in O0&ST. All
delays in reordering can be expected to result in a
greater probability of incurring at least one backorder
during the reorder interval and, therefore, more time-
weighted backorders (49:6~5,26-24).
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The Recoverable Item Model

Base spare asset levels for items that can be
economically repaired and reused, recoverable items or
repair cycle items, are computed using a formula contained
in AFM 67-1 (49:11-13). The formula is assumed to compute
levels which will ensure that, if a large number of random
observations of an item are made, 84 percent of the time
no backorders will be observed. The computation is based
on predicting the DDR for an item and the expected time
for resupply. DDR is computed in the same manner as in
the EOQ formula. Resupply time is determined by the
replenishment source. If an item is always repaired at
the base level, the model uses the average base repair
cycle time, excluding any time the item awaits repair
parts, up to six days for ERRCD XD1/XD3 items and nine
days for all others (49:11-7). If replenishment always
comes from an off-base source of supply and the item is
not an airlift investment item, the procedure is the same
as for computing O&ST for EOQ items. AFIC provides the
time to be used for each AFLC source of supply for airlift
investment items (49:11-6A). If an item is sometimes
repaired at the base level and sometimes resupplied from
an off-base source of supply, a weighted average of base
repair cycle time (RCT) and O&ST is used.

A pipeline quantity is computed to support expected
demands over the resupply interval. The pipeline quantity
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is comprised of quantities necessary to cover average
expected demands during the base repair cycle, average
0&ST from an off-base source of supply, and average

delays in requisitioning due to Not Reparable This Station
(NRTS) and Beyond Economi.cal Repair and Will Be Condemned
(COND) verification.

By determining the percentage of the time that a
given item is repaired at the base level, percent of base
repair (PBR),l the quantity required to support average
demand during the expected base repair cycle, repairlcycle
quantity (RCQ), can be computed. It is computed as
follows (49:11-3):

RCQ = DDR X PBR X RCT
The 0&STQ is computed as follows: (49:11-3):
O&STQ = DDR X (1-PBR) X O&ST

The final quantity required to complete the deter-
mination of stock required to support average resupply time
is a quantity used during a period of unsuccessful repair
efforts or during the time of determining that an item
cannot be repaired at the base level. This quantity is
known as the NRTS/COBD quantity (NCQ). A requisition will
not be submitted to the source of supply for a replacement

lhctually, the dooimal equivalent is usod in each
case that the PBR is listed in the model.
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until a repair cycle item is turnec! in as NRTS or COND
(49:11-8). NRTS/COND time (NCT) is always set at two days.
NCQ is computed as follows (49:11-3):

NCQ = DDR X (1-PBR) X NCT

The sum of RCQ, 0&STQ, and NCQ will support demands over
the resupply interval approximately 50 percent of the time.
To raise the expected performance level to the target
level, an SLQ must be added. the SI) is computed as
follows (49:11-3):

sLo = V3(RCQ + O&STQ + NCQ)

The base level supply system repair cycle inventory model
is as follows (49:11-13):

RCDL = RCQ + O0&STQ + NCQ + SILQ

where RCDL is the repair cycle demand level or recoverable
spare asset level. The ROP is one less than the RCDL
(49:11-8). A minimum of two recurring demands is required
before an RCDL will be established (49:11-4).

-'A spare asset level for a recoverable item is com-
puted as follows. Values for the four variables DDR,
PBR, RCT, and O&ST are determined. DDR is computed in
the same manner as for the EOQ model. Cumuiativé recurring
demands are divided by the number of Jayl niﬁco the first
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demand was recorded. A minimum of 180 days is used and,
normally, the maximum retained history in the base supply
computer will be five quarters or 450 days (49:11-3).

In this example cumulative recurring demands will be
assumed to be 252 and 416 days will be used as the time
since the first demand.

DDR = 252
416

= .60571

The PBR would be calculated by dividing the total number
of units of the item repaired at the base level during the
past five quarters by the total number of units repaired,
processed as NRTS, or condemned. If eighty-eight units
were repaired, ten were processed as NRTS, and two were
condemned, PBR would be calculated as follows (49:11-3):

PER = Units repaired
TOnits repalred + NRTS + COND).

" EETI0T )
= .88

RCT is computed by dividiqg fhe total number of days it
has taken to repair all units of this item during the past

) 1A11 figures illustrating the current base supply
computation will be truncated to the number of decimal
places the computer uses. The current procedure is to
truncate rather than round.
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five quarters, less any time awaiting parts (AWP), by the
total units repaired. RCT is limited to six days for
ERRCD XD1/XD2 items and nine days for all others. This
example assumes that the item is ERRCD XD3. If 2243 days

were used to repair 223 items RCT would be computed as
follows (49:11-7):

Net repair cle days
RCT = Number of un¥ts repaired '
_ 2243
223

10

Ten days exceeds the six-day maximum RCT, therefore, six
days are used for RCT. O&ST is determined by selecting
the time stored on the routing identifier record for the
particular source of supply (49:11-6A). Fifteen days will
be assumed in this example. A constant of two days is used
for NCT under the current AFM 67-1 methodology.

Thus, the demand level would be computed as

follows:

RCQ = DDR X PBR X RCT
= .6057 X .88 X 6

= 3.1980
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o O&STQ = DDR X (1-PBR) X O&ST

= 1.0902

NCQ = DDR X (1-PBR) X NCT
: = ,6057 X (1-.88) X 2

= ,1453

s1o0 = V3(RCQ + 0&STQ + NCQ)

= V3(3.198 + 1.090 + .145)
! = 3.6467

RCDL = RCQ + O&STQ + NCQ + SLQ

= 3.1980 + 1.0902 + .1453 + 3.6467 + .51

While this computation is assumed to provide approxi-
mately an .84 probability of not observing a backorder,
vhen a large number of random observations are made, the
constraints placed on RCT, 0&ST, and NCT reduce the per-
formance level. In this example, RCT was limited to six
days although computed RCT was ten days and AWNP time was

l'l'ho .5 is added to the computation and the result
is truncated in the base level supply system when the unit
price is greater than $751. If the unit price is less than
$751 a .9 factor is added (49:11-4). This example assumes
a unit cost greater than $751.
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not included. The effect of these constraints distorts
the computation of the mean, A, of the distribution.
Demands for recoverable items can be modeled reasonably
well by a compound or stuttering Poisson distribution
(11:5). The computation of the SIQ demonstrates that the
variance to mean ratio is assumed to be 3:1, since the
mean, A, or the sum of RCQ, 0&STQ, and NCQ is multiplied
by three. The mean in this example is assumed to be four
using the AFM 67-1 calculations. If the constraints on
the variables and NCT are relaxed, the effect of this
policy can be calculated. Actual RCT for this item,
including AWP time might be twelve days (RCT less AWP
time has been shown to be ten days, so two days average
AWP time is now included). The actual 0&ST for this par-
ticular item is assumed to be sixteen days. NCT is assumed
to be six days, including AWP time. The proper demand
level providing a .84 probability of no backorders would

be computed as follown:l

RCQ = DDR X PBR X RCT
= .6057 X .88 X 12

. = 6,3962

1a11 figures will be rounded and not truncated.
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0&STQ = DDR X (1-PBR) X O&ST
= ,6057 X .12 X 16

= 1.1629

NCQ = DDR X (1-PBR) X NCT
= ,6057 X .12 X 6

= .4361

S1Q = 'J3(RCQ + 0&STQ + NCQ)

TP I AT Tt

= V3(6.3962 + 1.4537 + .4361)

= 4.8975

T——
- TR

RCDL = RCQ + O0&STQ + NCQ + SLQ
= 6.3962 + 1.1629 + .4361 + 4.8975

. = 12.8927 or 13!

A cumulative compound Poisson table (28:44) can
be used to reveal the difference in the expected performance
level. Since the true mean of the distribution is approxi-
mately eight, not 4.4335, as in the present aruls7-1 com-
putation, the level of eight, computed above, will only
provide approximately a .60 probability of not observ;ng

lrh. computed level must be rounded to the next
highest whole unit to insure a level of support at least
as large as implied by the formula. ' '
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a backorder. This contrasts with the approximately .87
probability that occurs when the constraints are relaxed.
Thus, a decrease of .27 in expected performance results
in this example, using current USAF methodology.

While constraints piaced on RCT, 0O&ST, and NCT
encourage effective use of resources, the effect of any
variable's value that exceeds the constraints is not often
calculated or known.

Expected time-weighted backorders could also be
computed for recoverable items. Using the current AFM 67-1
procedure, approximately 1.5 time-weighted backorders
would be expected, while .4076 would be expected using the
unconstrained procedure.

The computation of the RCDL example, with and
without the AFM 67-1 constraints on RCT, O&ST, and NCT,
illustrates the divergence in expected performance that
the constraints can cause. The effect of limiting RCT to
a fixed number of days is recognized by AFM 67-1. A pro-
vision has been made in AFM 67-1 for loading an exception
RCT,'or as termed in'AFMA67-i, "exception repair cycle
days," on the repair cycle record. The exception repair
cycle days would then be used in lieu of RCT in the RCDL
computation. The Stock Control Section of base supply is
responsible for identifying all rqcovgrablq items that
have an RCT greater than the standard (49:11-7). A
8BSS report entitled the "Repair Cycle Data List" (Q04)
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identifies all items having RCTs greater than the standard
(49:24-342). The Stock Control Section is supposed to
compare the current quarter RCT to the total average RCT.

This comparison will reveal if significant

increases in repair cycle time is [sic] occurring

and may indicate that additional products, such as

inquiries, may be required to determine the true

impact of above average repair cycle days upon support

effectiveness [49:11-7].
No methodology for calculating the impact of an RCT greater
than the standard is provided in AFM 67-1. Thus, the Stock
Control Section must develop its own methodology for deter-
nmining when to recommend the use of exception repair cycle
days. Also, the constraint of excluding AWP time from RCT
is carried forward in the calculation of exception repair
cycle days. Average AWP time cannot be included in the
calculation of exception repair cycle days (49:11-7).

While RCT is computed by item, O&ST is not. As
explained in the description of the recoverable item model,
O&ST is either qomputed by source of supply or, for AFLC-
managed airlift investment items, provided by AFLC to the
base for each source of supply. The methodology for com-
puting exception 0&ST is the same as for the EOQ model.

A standard NCT of two days cannot be expected to
be accurate for all items. Some recoverable items are
not authorized any repair at the base level while others
are authorized at least a partial degree of base level

repair. An item that is authorized at least some level
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of repair has to be checked to determine whether or not
the appropriate repair action is authorized at the base
level. The time to process an automatic NRTS differs
from the time required to bench check and then complete
NRTS action.

A conceptual inconsistency exists in computing
expected resupply time. RCT is calculated by item, O&ST
is calculated by source of supply, and NCT is treated as
an identical, constant, deterministic time for all recover-
able items. If an item is always repaired at the base
level, the resupply time is calculated using data basgd
only on the base repair history for that item. If an
item is never repaired at the base level the resupply time
may be calculated based upon data for all items from the
common source of supply or the resupply time may be directed
by AFLC. In addition for those items never repaired at the
base level, the time to NRTS is considered to be the same
for all recoverable items. Finally, for those items that
are repaired at the base level at least some of the time,
but not all of the time, a weighted average of all the
methods is used.

In its 1972 meeting, the Chapter 11/17 Work Group
addressed the use of fixed time standards in the recover-
able item and EOQ item models. At that time a fixed
number of days was used in the inventory models for RCT

and O&ST. The time used for O&ST was also supposed to
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cover NCT. At that meeting the group recommended that
actual times be computed and used in the inventory compu-
tations for base repair cycle time, including AWP and NCT.
The group also recommended that the present AFM 67-1
method for computing O&ST be adopted (39). HQ USAF has
since dropped the use of fixed times for RCT and 0&ST and
adopted a fixed time for NCT. While AFM 67-1, Volume II,
Part One, states,

When the capability to measure and record actual
base NRTS and condemned time is developed, a separate
quantity of stock will be computed for this process-
ing cycle. At that time the two day NRTS and condemned
time will no longer be added to the O&ST [49:11-5],

AFDSDC currently has not received any instructions for
making the necessary programming changes (26). HQ USAF
did not approve the inclusion of AWP time in the RCT calcu-
lation. AFIC recommended that AWP time not be included,
because to do so would raise the levels of the recoverable
items and do nothing to resolve the EOQ shortages that
create the AWP time (39).

Finally, as stated in the EOQ model, any delay in

reordering after the ROP is reached is not reflected in

0&ST. These delays in reordering may result in a larger

number of time-weighted backorders.

The Engin