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ABSTRACT

This study demonstrates the conversion of sortic and operating hour failure
data into factors coinptible with the AFLO reqjuirements system used to compute
War Reserve Materiel (WRM) requirements for Electronic Counter-Measures (ECM)
spares. The study predicts Siguiificatit improvements to item and weapon system
availability when sortie and operating hour demand rates are used in place of
the current flying hour rates.
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EXECUTIVE SUMMARY

In this study we address the problem of how to convert sortie and operating
hour failure data into factors conpatible with the AFLC requirements system
ii order to improve the comptation of ElecLronic Counter-leasures (ECM) War
Reserve MaLteriel (WRM) requirements. The curr- nt system estimates wartime
spares roquirements using flying hour demand rates and programs. Peacetime
flying hotr demand rates are transformed into wartime rates using estimated
ratios of wartime-to-peacetime ECM usage per flying hour (ECM Factors). This
methodology assumes that wartime IECM requirements are best predicted us*ing
flying hour programs and that wartime ECM demands are a linear multiple of
peacetiw., demands. Using the results of a recent ECM exercise as evidence,
1lq SAC/LGS demonstrated two related shortcomings of the current system.

First, Il SAC/LGS showed that wartime ECM requirements are not necessarily
a linear wiltiple of peacetime demands. To solve this shortcoming, they
proposed that future EGM wartime demand rates be developed directly from data
collected durinig annual war exercises. .Second, 11q SAC/LGS showed that sortie
and operating hour programs are superio \o flying hour programs for predicting
ECM demands. They recommended that wa t'ime requirements be estimated using
sortie and operating hour demand rates and programs instead of flying hour
rates and programs.

Based on these recommendations, 11q AF/LEY tasked the strategic and tactical
communities to collect ECM demand data from simulated wartime exercises and
to provide 11q AFLC/MMM with rates based on sorties and operating hours.
Likewise, h1 AFLC/MMM was tasked to develop procedures to use the sortie and
operating ihour demand rates and programs to estimate F.C requirements in the
War Readiness Spares Kit (WRSK)/Base Level Self-Sufficiency Spares (BLSS)
requiremnts computation system (D029).

Prior to this study, no procedures had been developed to use sortie or
operatinig hour demand data in the WRSK/I1LSS computational system. This study
developed and verified computational procedures to use such data in that
requirements system. The new procedures work. Demand data from wartime
exercises is being provided by the MAJCOMs. The WRSK/BLSS computation system
is able to use the new sortie and operating hour data to better estimate the
wartime requirements for ECM. The more-accurate factors enhance the credibility
of the ECM IRM requirement and significantly improve item and weapon system
availability.

Due to current system limitations, the new procedures require some manual
manipulation of data. In the future, the Weapon System Management Information
System (WSMIS) Requirements Execution/Availability Logistics Module (REALM)
will aitnate the new procedures to compute WRSK/BLSS requirements.
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CRAPTER 1

THII PROBLEM

PROBLEM ';'ATri,1mt-,NT

The ciirreiit systemi for et uinaL iiig re(Juirtmelts foc War Readiiness Spares
Kitsq (WIVSK) aud Base Lcve L Seif-SuflIicieucy Spares (I3LSS) assumes tIIt wartime
demands are a funiction of the wart ime flying hour program and that wartime
demands are a linear mlultip)le of peacetime demands. Using data from a wartime
exercise to support their argumenut, Ilq SAC/LGS recently demonstrated the
shortcomings of this approach for comnputitig wartime spares requirements for
Electronic Countermeasures (ECM) qpares. SAC showed that sortie and operating
hour progrars are more accurate predictors of ECK demands. 11q AF/LEYS tasked
Hlq AFLC/MIIl to compute WRSK/BLSS ECM requirements using thle more accurate
sortie and operating hour demand data. hlowever, to compute pipeline
requirements and to performn ati optimal allocation of spares dollars across an
entire WRtSK/BLSS kit-including EdH spares-using marginal analysis, AFLC's
current system requires flying hour rates and programs. The Air Force WR0H
requirements system needs a way to compute ECM requirements using the sortie
and operating hour demand factors and one which preserves tile ability to
optimally allocate spares dollars.

OBJECTIVES

Thle objectives of this study were to:

I. Determine how to use sortie and operating hour demand rates to develop
ECH requirements.

2. Irvaluate the difference in ECM spares cost and availability between
using tile current flying hour methodology and the new sort ie/operat ing hour
methodologies.

3. M1inimize the need to perform computations external to D029.

4. H4iniirie the requirement for AFLC data system changes to ensure timely
use of more a-curate ECM demand data with thle least cost.

0I
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BACKGROUND

Forecasting War Reserve Materiel (WRM) requirements for electronic
countermeasures spares has traditionally been a high-visibility t isk due to
the cost and importance of such equipment. Unit costs for some line replaceable
units (LRU's) approach $1 million (the B-lB ALQ-161 Band 8 RF Source, costs
nearly $1.3 million). Unfortunately, this forecasting task has proven to be

extremely difficult in the past since the USAF has no recent, comprehensive
wartime experience from which to predict wartime demand rates. The need for
reliable data is accentuated under marginal analysis trade-offs since items
with erroneous or inaccurate factors compete unfairly with other items for
safety level support dollars, adversely affecting the entire WRM requirement.

Several efforts to improve data collection techniques have also highlighted
the need for improved comlmtational methodologies. The current WRSK/RLSS
reqtiireiL, (D029) algoriLhm tranisforms a peacetime demand rate based on
flying hours to ani expected iiumber of wartime demands per flying hou inl order
to perform marginal analysis tradeoffs. Research indicates that equipment
operating hours or aircraft sorties may be a better predictor of ECK demands.
[8,9,10,12] Furthermore, IIq SAC/LGS atnd Ilq 'rAC/LGS, supported by maintenance
data and expertise, have shown that some ECM demands are probably a nonlinear
function of operating hours: the longer the equipment is fully functioning,
the less likely it is to fail. There is currently no explicit way to input
operating hour-based or sortie-based demands into the WRSK/BLSS requirements
computation system.

In 1984 the Air Force began using an ECM Factor to transform peacetime ECM
demand rates into wartime demand rates. This factor tries to account for
differences in ECM operating hour usage from peacetime to wartime. Initial
use of ECM Factors contributed significantly to a $956 million growth in ECM
WRSK requirements from 1984 to 1985. Unfortunately, an abysmal lack of reliable
peacetime operating hour data makes it difficult to accurately determine or
credibly defend the ECM Factors. Furthermore, time formula for computing the
ECM Factors relies on an assumption that demands are a linear function of
operating hours. Detailed field maintenance data collected by 1hI SAC/LGS
under a 1986 test program refuted that assumption for some items and led to at]
alternative methodology which is described, in this report.

Today, MAJCO's are collecting more accurate usage and field maintenance
information during peacetime operations and wartime readiness exercises. Hq
TAC has tasked special teams to collect ECM usage and demand data during Green

Flag and Red Flag exercises at Nellis AFB. Hq SAC has recently completed the
first of a series of their own tests of wartime ECK usage and demands using

B-52G aircraft based at Loring AFB and Natther AFB. These HAJCOM data collection
programs concentrate on compiling sortie and operating hour usage and demands.
The resulting demand factors are representative of wartime conditions,
mitigating the nonlinearity issue.
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This -tudy shows how to use the new IIj TAC :nd liq SAC sortie and operating
hour demand data to estimate wartime requirements. We develop an alternative
methodology for computing D029 demand factors (using existing data and data
availal}le through the llq TAC and IIq SAC data collection programs) which
considers the practical limitations of available data as well as computational
effici,. cy.

MAJOR ASSUMPT IONS

Fotir major assumptions affected the course of our analvsis. The first
two address the validity of using the sortie ad operating hour methodologies
proposed l y llq SAC/LOS. The third speaks to our expectations of receiving
accurate dumand data on a regular basis to ensure the new methods remain up-to-
date amid useful. The final assumption explains why we adapted the new methods
for compatibility with the current WRSK/BLSS marginal analysis process as
opposed to developing a completely separate computational procedure for ECH
requirements.

1. When it is available atd reliable, demand data from wartime exercises
should be used to predict WRSK/BLSS requirements. In particular, indications
of a nonlinear relationship of demands to usage implies that forecasts of
wartime demands should be made from data obtained under conditions which most
resemble the war 9cenario, rather from a dissimilar peacetime scenario.

2. Th expertise for determining the reliability characteristics of ECM

equipment (i.e., whether demands are driven by sorties, flying hours or
operatig hours) is with liq TAC and llq SAC analysts and maintenance personnel.
The users have hands-on experience in working with tile equipment; they are the
source of usage and demand data and are in the best position to "interpret" the
raw statistics. Especially at llq SAC, analysts and maintenance personnel have
worked closely together to recommend the best predictors (program elements) of
demands oil a system-by-system and itetn-by-item basis.

3. ilq SAC and llq TAC are willing to make the effort to collect more
reliable usage and demand data in order to get a better statement of
requirements. As mentioned previously, lq TAC made a commitment to task special
teams at Gti.en Flag and Red Flag exercises to collect more accurate ECH usage
and demand data and lIq SAC has already conducted operational tests during
which EC data was carefully recorded.

4. If possible, D029 should be used to project WRSK/ILSS requirements

for ECM, rather than having to externally compute these requirements--it is
important to be able to compute marginal analysis tradeoffs among items in
order to get the best WRSK/BLSS support per dollar. This must be done with the
visibility of an entire WRSK/ILSS kit. Computting individual item requirements
external to the system, a process call non-optimization, is inferior since it
does not maximize total system performance per dollar.
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ChAPTER 2

ANALYSIS

OVERVIEW

The primary purpose of this study was to determine how to compute ECM
requirements in D029 using sortie and operating hour demand data provided by
liq SAC/AGS and lIlq TAC/LGS. We document ouir study in five sections. First we
describe the Current System programming. Next, we discuss the New Computational
Procedures required to use sortie and operating hour demand data. A discussion
of AFLC Implementation Issues follows. Finally, we show the Effect on the
Requirement of using the new ECM factors and discuss the Currnnt Status of
the implementation effort.

In writing up the study results, we experienced a great deal of frustration
in trying to keep explanations simple and straightforward while not
misrepresenting the flavor, depth and complexity of the problem and its
solution. We decided to keep tLhe main body of the report relatively
unencumbered by intricate explanations. Instead, tile appendices provide the
interested reader with more detailed information. Appendix A (A Background of
the Current Requirements System for ECK) discusses the past approaches to
predicting wartime ECH requirements and the decisions which ultimately led to
this study. Appendix B (Revised ECM Methodology) details the mathematical
derivations and justifications of the revised demand rate for-nulas. Such
information is, by nature, complex: only the more intrepid readers will want

to venture into those appendices.

CURRENT SYSTEM

The WRSK/BLSS requirements system (0029) computes the requirements for
prepositioned materiel intended to support operational requirements for the
first 30 days of a war (U-Day to D+30). The two categories of prepositioned
requirements are War Readiness Spar.es Kits (WRSK) and Base Level Self-
Sufficiency (BLSS) kits. WRSK must support the full level of wartime operations
for units which operate in war at locations other than their norual peacetime
bases. BLSS kits are intended to support wartime operations of units which
will remain in-place; since such units will have their peacetime spares and
maintenance at hand, BLSS is designed to support the difference between war
and normal peace operations. WRSK and BLSS kits are "built" and serialized by
Mission Design Series (MOS) application and D029 forecasts requirements within
each kit by stock number. Requirements for a given kit are based on the Primary
Aircraft Authorization (PAA) for the unit the kit is intended to support.

A 4
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Computation of Daily Demands

The current D029 algorithm requires flying hour demand rates in order to
compute expected demands and to determine marginal analysis safety levels.
Since actual wartime demand rates are uot known, p.eacetime demand rates by
stock number are obtained from the Recoverable Consumption Item Requirements
system (DO41). Adjustments to individual peacetime demand rates can be
negotiated at annual WRSK reviews in order to account for base or weapon system
peculiarities. The D029 system does not perform any direct adjustments to
the demand rate, thereby assuming that demands are based on flying hours and
that demands are linearly proportional to flying hour programs. This is
normally ippropriate, especially when both peacetime and wartime use of an
item is higlh.

Da;ly wrt iino flying hours for the appropriate MI)S are also needed, aq
well as oach item's quantity per application (Q1PA) to that MOS. The expected
number of dai ly wartime demands for each item is then computed by multiplying
the item's flying hour demand rate by the number of daily aircraft flying
hours and the item QPA. The expected number of daily wartime demands can be
expressed mathematically by the following formula:

STOIMDR WARFAC " DFIlPiIDS QPA.

100 S*QA

where

TOI-IIR total OM demand rate is units of demands per 100 flying
hours,

WARFAC war adjustmenit factor (normally set to 1),
DFIIPHws daily flying hour program for the MDS on which the item is

installed,

(Qi'A item quantity per application for the MDS, and
EIDDmdJ expected (mean) number of daily demands.

(Note that tie product TOiMOR WARFAC can be thought of as a wartime demand
rate per 100 flying hours.)

For example, if the OM demand rate for.an item is one demand per 100 flying
hours in peacetime, WARFAC 1 (wartime usage per flying hour is expected to
be the same nas in peacetime), the planned wartime flying hour program for the
item's MDS application is 126 hours per day, and QI'A = 1, then one would expect
1.26 demands for the item on an average day.

Pipeline (Conventional) Quantities

Using this banic equation, a pipeline ,iatmitity (called the "conventional
quantity" in D029) is computed for each item. The conventional quantity is
defined as the peak expected Stock Due Out (SDO) quantity during the WRSK/BLSS

;qU 5
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support period, assuming mean demands per flying hour and no available WRSK/BLSS
assets. In other wordls, the conventional quantity is the "baselie" stock
required to fill an item's average pipeline. Theoretically, it is tile stock
level which has a 50 percent chance of meeting all demands for that item.
For example, the WRSK pipeline quantity for remove-and-replace (Ri) items is
the total :ccu,mml:iLted nmib.r of demands; expected over the first '10 days of
the war:

E130 D~ays Dind=OIHDR WARFAC * DF1 PM)S * QPA * 30 days.

In the example case of 1.26 expected demands per day, the pipeline q,,antity is
1.26(30) = 37.8 ! 38 (on the average, approximately 38 demands would be expected
over 30 days).

Since demands and lead-times are random, safety levels are needed to protect
against thio uncertainty that demands or lead-times will be greater than
expected. Adding safety levels can result in a higher probability of meeting
all demands over the WRSK/11LSS support period. But instead of simply increasing
the fill rates uniformly for each item, marginal analysis can be used to buy
those items which result in the best support of the weapon system per dollar.
In order to performn this tradeoff , a consistent statistical model of demands

must be applied across all items: )029 uses a statistical distribution, called
the 'oisson distribut ion, which is parameterized by the average (mean) daily
demand quantity (E[DDImd]). This statistical model defines the probability of
experienc ing a demand givei an average tiumber of daily demands.

Safety Levels

WRSK safety stock is determined through a marginal analysis tradeoff. In
the tradeoff, item stock levels are increased according to which items give the
best incremental support per dollar. The measure of incremental support has

two parts. One part is to minimize the sum of Stock Due Out (SDO) across all
items and a second part is to minimize Non Mission Capable due to Supply (NMCS)
aircraft to a Direct Support Objective (DSO) target for the flying unit
supported by the kit. The DSO is expressed as a percentage of the PAA permitted
to be NM(,S at the end of the WRSK support period. The final WRSK requirement
is defined as the WRSK pipeline quantity plus the safety level. Note t'iat items
never receive less than their pipeline quantity.

A fundamental aspect of the marginal analysis tradeoff is the interdependence
of demand rates atnd unit costs across items in the kit. However, all else
being equa, the item with the highest demand rate (highest probability of
experiencing a demand at a given point in time) will receive the greater amount
of stock; all else being equal, the item with the lower unit cost will receive

Ithe greater amount of stock. Accurate demand rates and costs are critical in

correctly performing this trade-off.
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For 111AS items, the us(! of t iie-pliased rcpalir Cycles would make a1 marginal
analysis tradeoff quite compilicated. Instead, for BLSS items, D029 computes
a fixed suti,!ty level quantity which is tile square root of tile 81IAS pipeline
quantity. Since flying units supported by IWSS will have peacetime stock. oil
hand, D029 subtracts a POS offset (expected number of peacetime stocks on
hand) from the total wartime requirement. Thle RLSS requirement for a given
item is then defined as the BLSS pipeline le.'el plus the safety level minus
the POS offse2t.

Use of the War Adjustment Factor for ECM

Current policy defines WARFAC equal to one for all items other than ECM
spares. In qtber words, for non-ECM items thle wartime demand rate per flying
hour is expected to be the samnt as the peacetime rate. For EiCM equipment,
WARFAC is equ iva lent to ani EXCM FACTOR, defined in 12,31 . Thle EUCM FACTOR is thle
ratio of wartime ECM operating hours per flying hour to peacetime ECH operating
hours per [lying hour. ECM operat ing hours, also called "on-timte" or "on-
hours", is ie ammoiot o( tLi me that Lte ECM equ ipmfent is in a power-oni status,
whether in stind-by, transmit , or rece ive mode. Mathematical ly,

EXM FACTOR EatOn-n-t t:

-%COn-tiine

% ECM On-time,

whe re

T~rF'IIPtotal accumulated peacetime or wartime item flying
hour program, and

EGM Oni-time =thle number of EUM operating hours accumulated over
TOTF IP.

The rCM FACTOR estimates wartime flying hour demand rates from peacetime
flying hour 1 ~mamid rates using op~erating hour data. Thle factor assume@ the
linearity of (lemands to operating hours. Thle ECM FACTOR is normally greater
than one, accounting for the fact that peacetime ECM usage is relatively low,
while wartime ECM usage is expected to be extensive.

AFM 67-1 tasks MAJCOM operational staffs to provide ECM FACTORS by MDS to
liq USAF for validation ("i TAC supplies the factors on behalf of thle Tactical
Air Forces). Thle ECM FACTORS are to be based onl actual peacetime 30-day average
flying time versus on-time data and anticipated wartime average flying time
versus on-time data fromn the appropriate War Mobilization Plan (lIMP).
Maintenance expertise is to be used to ensure ECM FACTORS are realistic
adjustments front peace to war. All ECM systems are to be considered and the
factors are to be updated annually. TBecause thle ECM FACTORS are specified by
ECM systom and MI)S application, expected daily dlemanids for each ECM item in a
Igiven rCM system and WRSK/ITLSS kit are adjusted using the same ECM FACTOR.
This factor is file maintained into 0029 by the appropriate ALC WRSK monitor.

7



NEW COMPUTATIONAL PROCEDURES

Test Data from lq SAC

In th,, s;pring of 1986, SAC conducted a 30 day test of operational B052G
units which flew sorties with wartime ECM usage profiles. Emphasis was placed
on carefully recording actual ECM operating times. The resulting demand data
was computed by stock number rather than by ECtl system and MOS.

Hq SAC/LGS asserted that the original ECM FACTOR technique woul. once again
cause substantial increases to ECM requirements in the D029 computation.
Using their test results as evidence of the non-linearity of demands to
operating hour usage, they felt that such increases were not realistic. llq
SAC/LGSMO ini the keynote briefing (SAC Electronic Countermeasures Meeting, 24-
25 Nov 1986) illustrated this with the ALQ-117 system. Using the computed D029
WRSK requirements for FY85 as a baseline, and using 1986 on-time and demand
data to compute new ECM FACTORS, they estimated a 6-fold increase in the
computed ALQ-117 requirement. Based on the actual demands experienced during
their test, they estimated only a I percent increase in the requirement and
felt this was more realistic. 112i The conclusion: The current ECM FACTOR
methodology incorrectly states WRSK requirements for some ECM items due to the
non-linearity of demands to usage.

After reviewing the items on which demand data had been collected,
considering the use of the equipment and the available data, SAC analysts and
maintenance personnel recommended that future ECM WRSK requirements be
determined using sortie and operating hour demand rates, and that these rates
be based on data collected (luring simulated wartime exercises. Using data from
their 30-day test, liq SAC/LGS demonstrated the development of such sortie and
operating hour rates.

In the cases where multiple demands had occurred during the ECM test, a
demand rate directly based on equipment operating hours was recommended. For
each of these items ain average operating hour demand rate was cm puted by
dividing the number of demands by the total operating hours for the ECM system.
When demands had occurred but item operating hour usage was low, SAC analysts
and maintenance experts concluded that sortie-based demand rates were more
statistically reliable than demand ratis hased on operating hours. For those
items which normally experience ptacetime demands but did not fail during the
test period, the analysts showed how to develop credible sortie demand rates.

liq SAC/IGS recommended that future estimates of wartime ECH spares
requirements be developed directly from data collected during simulated wartime
exercises instead of using an ECM Factor to transform peacetime demand data.
They asserted that this not only results in a lower pipeline ECH requirement

98
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but is also more credible thnan the ECM Factor approach. 1lq SAC/LGS also
recommende. that future wartime spares estimates be based on sortie and
Operatiig our ,nsgo inati:rd of flyinig !otr progrnins, 1lq USAF and Hq AFLC
reviewed SAC/LGS's recommewidations aad agreed that this approach, since it was
based on m.ore realistic usage and is more credible for predicting expected
wartime demands for ECK items.

A drawhack to usitig sortie aii,| olorating hoor rates is their incompatibility
with current system inputs. The 1)029 system can only use flying hour demand
rates to compute pipeline qliarrtities (expected demands) and to perform marginal
analysis tra(le-offs. However, our analysis shows that sortie and operating

hour demaitld data can be converted into factors which are compatible with D029
logic to) compute pipeline kit qtantities and valid for performing the marginal
analysis trade-offs.

In add it ion to the above recommendations, SAC analysts suggested that
reliability and statistical theory should be used to compute confidence
intervals on the values of the sortie and operating hour demand rates in order
to account for uncertainty. SAC adjusted all of the rates to their 90 percent
upper confidence limits. The final demand rates recommended to 1lq USAF and 11q
AFLC were the 90 percent upper confidence limits ol the average demand rates.
However, ,,:me in D029 marginal analysis of demand rates based on 90 percent
upper confidence limits would be like adding explicit safety levels on top of
implicit safety levels. In addition, stich implicit safety levels increases
costs without considering, which items give the best weapon system support per
dollar. We will show the increased costs of using the 90 percent rates at the

end of this ihapter.

Revised Computational Approach

andUsing reliability theory and statistical analysis we proved that sortie
and operating hour demand data from simulated wartime exercises can be converted
into demand rates that D029 can use. Whether an item has sortie-based or
operating hour-based demands, we can determine a wartime demand rate based on

flying hours that is valid for computing safety levels using marginal analysis.

The following sections describe how to adjust item demand data from test

results or war exercises into )029 inputs (detailed derivations and rigorous
proofs of valtdity are provided in Appendix B). The gist of the mathematics
is to convert demands basod on sorties or operating hours into demands per
flying hour. Thus the formulas that follow convert the SAC demand estimates
into demands per flying hour, thereby "tricking" the )029 system to use more
accurate uIrimnatmd estimates. The first section describes how to convert demands
per sortie into equivalent demands per flying hour. Following that, we show
how to convert demands per operating hour into equivalent demands per flying

hour. If the reader is not interested in the mathematics, skip this section
and continue with the discussion of AFLC Implementation Issues.

9
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Flying Hour Demand Rates for Demiands Based on Sorties

Obviously, for demands which are a function of sorties, we require an
estimate of wartime sorties Sw . An estimate of wartime flying hours FIIP W is
also required in the conversion to a flying hour demand rate.

For items whose demands are best predicted by aircraft sortie raLes, and
at least one failure for the item is obherved (hiring data collection, a TOImDR
based on flying hours can be determined by first compiiting tile de'l:lands per
sortie and then multiplying by the avorage sorties per flying hour. Tie result
is a rate in units of d(emands per flying hour which is valid for any war
scenario whore the average flying hours per sortie is equal to SFII w . This
equation follows:

TO1D" . . loo1[),IoLtMI)Rw = N F llw

where

nf Number of equipment demands observed during the data
collection period,

=N Number of equipment sorties (aircraft sorties multiplied
by QPA) during tile data collection period,

FlIPw  = Planned wartime aircraft flying hours (first 30 days),

Sw  Planned wartime aircraft sorties (first 30 days), and

TOUIDRw  = Expected wartime demands per 100 flying hours.

I
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Exnzde Iel

Flying Ikiur [1X-an&I lItes for Observed De-mands Based on Sorties

1*14 SysLc.u: AIT-32 syston
NSN: 5865-00-758-41479LW
QPA: I

Thiere wre 103 equiplment sorties in the SAC test, atnd 9 dnmaxis observed. If a total of 2800
wartime flyi ig hours aidl 702 aircraft sorties are planned, then

nf = 9 d, in Js

N 103 otuipt-:,t sorties
S,, =702 sorties
FHiPw = 28)) hours

-. '101I4% = (9/103) (702/2800) 100 = 2.19071 dinads per 10 flying hours.

1-the 30-day pipeline quantity is 2.19071/100 2800 1 2 61.

When demands are believed to be a statistical function of sorties but no
demands are observed in the test sample, a TOIHDR based on flying hours can
still be computed by first computing the demands per sortie and then dividing
by the average flying hours per sortie. In this case we use a statistical model
to estimate a nonzero demand rate per-sortie.

For example, suppose an item has a low average demand rate such as one demand
per two hundred sorties (0.005 demands per sortie). It is possible that no
demands will occur for the item in one sortie, ten sorties or even two hundred
sorties of a test program. The expected number of demands for this item after
one hundred sorties is "one-half of a demand" (0.005 demands per sortie times
100 sorties ecqials 0.5 expected demands). "One-half of a demand" translates to
a fifty percent chance that no demands will occur and an equal chance that at
least one demand will occur after one hundred sorties. If we conducted several
tests, each consisting of one hundred sorties, no demands would be observed for
fifty percent of the tests.

Given this, suppose the failure rate is not known already and that no demands
occur for the item during a test program of one hundred sorties. There existsSsome non-zero demand rate that will result in this outcome (ie., zero demands)
fifty percent of the time for one hundred sorties. Our statistical model allowsusI to estimate that rate.

'll 11
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So, when no demands9 are observed, we estimated a demand rate based on the
probability of observing no demands fifty percent of the time for the given
number of sorties in the test program. Once again, the final rate is in units
of demands per flying hour which is valid for any war scenario with Sw sorties
and FIIPw (lying hours. The resulting equation is slightly more complicated
than the previous formula and is written as follows:

TOM)Rw4 - (I - 0 .51/N) *1 W- 100.

Famle 2

Flying Hour Demand Rates for Demands Based on Sorties
(Wen no demands are observed)

IM' SyStoit: AIJQ-122 Syst
NSN: 5865-01-125-38231W
qI'A: 1

There were 103 equipa-tit sorties in the SAC test, and 0 demands observed. If a total of 2800
aircraft wrtime flying hours and 7U2 aircraft sorties are plannved, then

N = 103 equipment sorties
70= 2 sort ies

FHw=2800 hurs

lUIw.~ )l0~'O (702/28(X))100 = 0. 16185 demands per 100 f lying hours.

The 30-day pipeline quantity is 0.16185/100 * 2800 '1 95.

Flying Hour Demand Rates for Demands Based on Operating Hours

When demanids are best predicted by system operating hours, computation of a
wartime TOLMDR, is also somewhat more complicated than the first case. Basically,
a demand rate per operating hour is computed and this is niultipli-!d by the
operating hours per flying hour. Use of standard reliability tbeorl in this
case necessitates a slight adjustment to the demand rate per operating hour to
account for an inherent bias of using finite sample sizes. The final demand
rate is expressed by the following equation:

12



TO1MDR. w  = (nf-0.3325) . r 100,
T FUpw

where

Tr total equipment operating time during the data collection
period,

0' W  the nitber of wartime aircraft flying hours during which
the ECM equipment will be operated (FCM on-time for the
first 30 (lays), and

FIl'W  Planned aircraft wartime flying hours (first 30 days).

Appendix It discusses the origin of the expression (nf - 0.3325). Basically,
it adjusts the demand data to an average, unbiased demand rate using an
approximation to a statistical distribution from standard reliability theory.

Example 3

Flying likur Denand Rates for observed DInuds Based on Operating lours

FAN Syston: ALQ-155 system

NSN: 5865-01-070-027ILW

QPA: 3

In the W test, this K1 e(luilwent was operated for a total of 814.2 hours.
20 dewwols occurred. If a total of 2800 wartime flying hours are planned, during which the ON14
will be upprated for 1613 hours, then

nf A?() der'ads
T 814.2 operating hours
Orw 1613 Iours
FHIPw = 2800 hours
(nfOr.3 325) - 19.6675

lDl4F - (19.6675/814.2) (1613/2800) 100 = 1.39154 demnedxs per 100 flying hours.

The 30-i'ay pipeline quantity is 1.39154/100 28U0 3 a 117.

Vk L3
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Whent demands are believed to be a statistical function of operating h~ours
but no demands are observed in the test sample, we can still estimate a non-
zero TOIMDR based on flying hours. There was little KAJCOtN interest in
considering this situation, and the theory is somewhat involved. We do not
dIOCUII(!mL it inl OliS isChapLer but inicitide Live -ivr ivat ion and resultig formula in
Appendix 13.

14
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AFLC IMPLEMENTATION ISSUES

overview

The oerallimiipementt io g i ts to use sortie! and operating hour demand
data, collected during simulated war exercises, to determine WIISK/DLSS
requirements for rECM. For near-term implementation, MAJCOM personnel must convert
the sortie and operating hour demand data into flying hour demand rates for
input inb D)029. Long-term implementation consists of automating the conversion
to flying hour rates so MAJOOM sortie and operating hour demands can be directly
input to the computation system.

Near-Term Issues

Near-tei i alterniatives fur inpicenening thie new wartime demand computation
-1 methiodsi are limnited to usiing the curr'mtt D029 data elements and formula for
4 demands. The number of expected dlemands for ant item in D029 is a function of

the data '4e-ments T0lMOR, IECM FACTOR (WARFAC), FUP, and QPA. The flying hour
4 program (FlIP) is a fixed quantity for ass entire WRSK/BLSS kit and the quantity

per application (QPA) is already defined for each item. On-line D029 file-
maintenance can be performed to adjust the data elements TOIKDR and ECM FACTOR.
For WhISK kits, the simplest way to implement the new methodology is to set TOLt4DR
to the computed wartime demand rate TOIHORw (as defined in the previous section)
and set KXM FACTOR equal to one. This solution is acceptable for WRSK kit
computations--Since it is not necessary to compute a POS offset in such cases--
and clearly causes 0)029 to predict thle "correct" number of- wartime demands.

For 111SIS kits, the POS offset must be computed, and therefore TOLI4DR must
*be set to the peacetime demanid rate TOLMDR (obtained directly from D041 or

negotiatled during WRSK/JILSS reviews). In ord'er to compute the "correct" number
of expected wartime demands, the ECM FACTrOR must be defined as

WARF-AC - 1CM FACTOR

0where TOMtDRW is the wartime demand rate computed using the new sort ie/operat ins
hour methodology and 'ro1MDR p is the peacetime demand rate (in units of demands
per 100 flyiig hours). To see that this solution is correct, refer to Appendix

In -itkintiry, valid wartime flying hour demand rates can be computed from
sortie or operating hour failure data. For immediate implementation, the D029
data elements TOLHDR and ECM FACTOR (WARFAC) can be externally computed and
file maintained so that D029 will compute the correct WRSK/BLSS requirement.
Using tist! new methodology to comnpute average demand rates the 1i029 marginal
analysis algorithm will give the best mission support per dollar across the

:'"entire WRSK kit. This procedure requires no system changes to D029.

15
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Future Issues

A disadvantage of the uear-term implementation is that TOIMDR and rCM FACTOR
(WARFAC) must be externally computed and file-maintained into the D029 system.
Even if th current system were enhanced to maintain separate peacetime and
wartime dematid rates, the current system will be limited to using flying hour
programs to compute demands.

Ant ide 'ml i,|Ip r'm,'rita:t foit) r thoe warti r eI' r (jI I remnitts .sys tem won ld inclsid(10
wartime usage programs oiler than flying hours (e.g., sorties and operating
hours) and allow for demand rates based these alternative program elements. A
preproce.s;sor could per ,urin asy cotver.qions necessairy to allow marginal analysis
tradeoffs among items having demand rates based on dissimilar programs. (For
example, sortie-based and operating hour-based rates could be converted by the
preprocessor to flying hour rates using the formulas derived in this report.)
Also, to eliminate any need for a wartime adjustment factor, the system database
could explicitly include both peacetime and wartime demand rates. Unlike the
current system--where the wartime rate must be inferred from a product of data
elements (the peacetime rate and the war adjustment factor)--this would allow
peacetime or wartime rate to be adjusted directly and independently. The
functional description for the Weapon System Management Information System
(WSHIS)-Requirements Execution Availability Logistics Module (REALM), which is
scheduled to replace D029, should be revised to include sortie and operating
hour programs and demand rates based on these program elements.

TIHE EFFECT ON TIHE REQUIREMENT

We used )029 to compute 11052G and 1105211 WRSK requirements first with the old
ECM FACTOR methodology and then again. with the new sortie/operating hour-based
demand rates for tile 43 ECM items identified in the lIq SAC test program. The
dollar costs shown in Table 2-I are for FY88 WRSK programming kits (kits used
for budget planning purposes).

I
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(Millions of Vs)

CIUU-Nf SYStrn1 NEW~ 1EIMIUU

B1052(;
(lElrimE KIT) $360.3 $373.9

BU052G
(43 1:11 OM4Y) $105.1 $3.

1105211
(F~rI.RE Kur) $481.7 $464.6

1105211
(43 M'lH dlIY) $119.5 $118.2

TABLE.J 2-1

To acliie;e the D029 SOO0 and NMCS goals, a 11052G WRSK kit costs approximately
$360 million using the current system (i.e., the ECM FACTOR approach) and nearly
$374 million (a 3.8 percent increase) using the new methodology to estimate
demand rates. The B052G kit requirements increase from $105 to nearly $138
million fur the 43 ECM items involved in the SAC test (the unit cost of these
items ranged froms $640 to $107,000). On the other hand, the B105211 kit cost is
3.6 percent ($17.2 million) lower using the new methodology. For the current
authorizntion of four 11052G WRSK kit9 and two 1105211 WRSK kits, the total cost
increase's by less tihan 1 percent (from $2.405 billion to $2.425 billion) using
the new miethodology.

As a further comparison, we assessed the stock levels generated by D029
under the oxi and new methodologies. In accordance with 11q SAC/LGS' original
assertion, we assumed that the sortie-based and operating hour-based demand
rates, as opposed to the old H.CM FACTORed demand rates, are better estimates of
the true demand rates for the 43 ECM items. When we assessed the levels, the
ECM FACTOR methodology resulted in 484 expected backorders over a 30-day flying
program for the 110520, and 273 backorders for the 1105211. The new methodology
resulted in only 4 backorders for the 110520 and 2 for the 8052H1. At basically

* the same cost, the new methodology significantly reduces backorders.

17



We grouped the 43 items of the SAC test into their respective El)! systemsin order to estimate the asysitem availabilities. Table 2-2 compares the predictedavailabilities.

LYJUAlRI" OF SYSIM~ AVALLABLLITLES

AVAILABILITY

[3052c WHSK Kj~r (ujli".4 rsysim~ NEW M, 1 10MM~i

All -117 (7 itemns) (1 % 86.3%
AtfQ-l53 (16 it~rig) 0 % 33.1%
AL-16 (3 items) 0 Z 98.9%.
ALT-32 (5 items) 0 % 99.37.
A14-122 (4 items) 19.3% 99.3Z
CIAFF (5 item) 100.0%. 49.1%Z
FLMR (3 itm) 100.0%. 91.3%

1B052H1 ISK KIT

A112-117 (7 items) 0 % 91.0%
AIQ1-153 (16 items) 0 z 52.8%
AJ.T-16 (3 item) 62.7% 99.2Z
A~LT-32 (5 item) 0 %. 99.5%
ALQ-122 (4 item) 65.8% 99.47.
oJIAF (5 item) 100.0% 90.8%
FLORE (3 item) 100.0X% 96.5%

TAB3LE 2-2

Under the current system methodology, D029 grossly understocked acme items,resulting in such low item availabilities that the assessed system a-tailsbilitywas negligible. At tile same time, D)029 generated unnecessarily high stock levelsfor other items. In other words, tile old methodology caused 0029 to stock tilewrong quantities. Using the new methodology, however, 0029 buys a better mixof stock levels, resulting in imuch higher system availabilities.
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Earlier, we discussed 11( SAC/L(GS' recommendation to use rates based on 90
percent Conifidence estimates and indicated that using such rates would include
safety levels as part of the pipeline. We computed the pipeline quantities
using tho new nvethodology outlined in this chapter and then again using SAC' s
90 percctiL rates. 'Ehe results are showni in Trable 2-3.

(XI4ARLSON Or PIWLI4 01i'
(Mlillions of V's)

lD 11 !l1lUMG SWC 90% RKIES

il52G
(43 nis ONLY) $119.9 $137

135211
(43 rnio? ONLY) $100.6 $114

TIUIL 2-3

Using the new methodology, the predicted pipeline values for the 43 ECM items
are $119.9 million for the B1052G and $100.6 million for the B05211. Using SAC's
90 percent 1-ates to compute pipelines, costs increase to $137 million and $114
million, re.opectively. Considering the current authorization of four B052G
kits and two B105211 kits, use of the 90 percent rates to compute expected demands
would have increased pipeline requirements by nearly $95 million. In fact, the
cost to stock the 90 percent pipeline quantities (e.g., $137 million for each
B052G W1610 would be nearly as much as the entire safety level costs using the
new methodology ($137.8 million-from Table 2-1). This increase in the pipeline
cost would not be based on an optimal allocation of dollars to maximize kit
support. Furthermore, D029 would have added its own safety levels to these
increased pipeline quantities, raising the kit costs even more.
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CURRENT IMPLEMENTATION STATUS

The MAJCQM~s

In accordance with~ the 1lq AF/LEYS tasking, the MAJCO~s are continuing to
collect more accurate surtie anid operating hour usage and demand data from wartimse
readiness exercises. As we menttioiied earlier, liq TAC has tasked special teams
to collect this data during Green Flag anid Red Flag exercises. At the World-
Wide EC14 Coiference in Mlay 1987, 11l TAC/LGS projected having initial results
for some tact ical weipoii systems± by Decembe~r 1987. llq SAC is undertaking follow-
on data col lect ion efforts simil ar Lo their 1986 test programn but oi, an expanded
set of ECM subsystems.

ite"l2 SA/ IS has coniv(rLe d tI:' Sot-Lie a;nd opering haour ratea f rom their 43-

% ~ and has p~rovided the new factors to ALC W-RSK/111,SS monitors. The other MAJCOOs
h~ave been!t a-,41,d to fol low sui~t as they collect and validate their own factors.

AFLC

ALC WllSK/I3LSS monitors have file-maintained the new demand factors provided
by Hlq SAC/LGS into the D029 computation system. As of March 1987 these factors

- ~ have been uised to determine WRSK/BLSS requirements for SAC ECM s ;tems. The
WRSK/B1.SS monitors have been instructed to file-maintain additional factors as
they are mnade available by the other MAJCOMs.
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CHAPTER 3

CONCLUSIONS AND I(ECOIMENDAT IONS

CONCLUS ION;

I. For many I EM items, sortie and oleratlig hour demand data provide a more
accurate c!dtimate of the requirement thLan flying hour data.

2. Tho current WRSK/BLSS requirements system only accepts demand rates based
on flying hour programs.

3. Sortie and operating hour denanid data can be converted into factors which
War Requirements Computation System (D029) can use to compute pipeline WRSK/BLSS
quantities, fixed safety levels for BLSS, and marginal analysis safety levels
for WRSK.

4. D029 can use the converted demand rates to achieve optimal safety levels.

5. Under the old IECt1 FACTOR methodology, D029 grossly understocked some
items, resulting in such low item availabilities that the assessed system
availability was negligible. Use of the new methodology costs about the same
but significantly improves ECM system and weapon system availability.

6. Use of lIq SAC/LGS' original demand rates based on 90 percent upper
confidence limits overstates pipeline requirements by $95 million and would
increase safety level requirements even more.

7. linwdiate implementation in 1)29 will require external computation of
the data elements TOINDR and ECM FACTOR (WARFAC) using the formulas outlined in
Chapter 2.

8. WSM[S/REALM should provide the capability to directly input, maintain
and use sortie and operating hour demand rates.

RECOMMENDAT IONS

1. Change policy to authorize the new methodology for computing ECM wartime
demand rates as an alternative to the former ECM FACTOR methodology.
(OPR: 11(i IISAF/LEYS)

2. In the near term, MAJCOM's should use the new methodology to convert
sortie and operating hour demand data into wartime flying hour demand rates by
N SN , and provide this data to the appropriate ALC WRSK monitor.
(OPR: each MAJCOM)

3. Task ALC WRSK monitors to file maintain the MAJCOM-provided demand data
(rOIMDR and WARFAC) into D029 by stock tumber during the August update cycle.
D029 processing then continues as usual. (OPR: |iq AFLC/MMMR)

21
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4. hite'rporate into the WS11LS/RIAL. funict iml descript ion the aibilIity to
explicitly specify demand rates based oii sorties or operating bours and use
these raii~s to compute WRSK/BSLSS requirements. (OPR: IIq AFLC/MM)

2 2
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GLOSSARY

Apportionment Year - Lite first full year of the 004L requirements computation.

Base Level Self-Sufficiency (BLSS) - WRM spares and repair parts intetnded for
use as base support for units that plan to operate in place during wartime,
considering the available maintenance capability.

Base Repair Rate (BRR) - that portion of the TOLMDR which base level

maintetnatice can repair.

Bernoulli Trial - a statistical event which can have one of two possible outcomes.

Binomial Distribution - a statistical distribution describing the outcome of a
series of identical Bernoulli trials.

Budget Y,'ar - the second full year of the 041 requirements computation. Also
known as the War Year.

Chi-Square? Distribution - a distribution describing a sampling statistic for
the ,neai of tht! exponential distribution.

Confidence Limit - a statistical level of certainty in the outcome of a
probabilistic event.

Conventional Quantity - the stock level of an item required if demands were to
occur at exactly the average rate.

Current Year - the remainder of the current fiscal year in the D041
requirements computation.

D-Day - the first day of the war.

D029 - WRSK/BLSS Requirements Computation System.

D040 - War Readiness Lists/Requirements and Initial Spare Support Lists.

D041 - Recoverable Consumption Item Requirements System.

* Daily Demand Rate (DDR) - the expected (mean) number of demands per day.

Demand on Supply - a failure which requires replacement from off-the-shelf
stock.

Direct Support Objective (DSO) - a target NMCIS rate used in D029.

ECH Factor - a ratio used to adjust peacetime demand rates to wartime demand
r at "..

1Equipment Flying 1hours - the number of hours accumulated across all installed

units.
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* Equipmet Sorties - the number of sorLiios accumulated across all installed units.

* Exponential Distribution - a standard failure/reliability distribution.

Failu 're - tLhe event whiere a compoIiie ut i s no l onge r (tine tion ing wi th~in

Fiscal Y(,:ir - currently the perijod betwoen 1 October thru 30 September.

Flyinig 11I'ijr Program (F111) - iitmlwr of hotirs fl own by a iin it iii a spec i tiod time
perio{d (e.g. , I.FIIP-Dai iy Flying 11our Program--is the number of ilying hours
acciuua'jIaed by onl' unit in one day).

Marginal Analysis (MA) - an optimization technique in which spate parts are
iteratively added to a requirement in order of greatest increaso. in support
per dollar until the desired level of support is achieved.

Non-Optimized - the case where a requirement quantity is file maintained into
0029 (e.g., D029 does not compute the requirement).

Not Mission Capable Supply (NMCS) - a situation in which a weapon system or end
item cani't perform any of itF; assigned wartime mission due to lack of parts.

Operate '[ue-the ainount of time that equipment is switched on and fully
funictioning.

Other War Reserve Materiel (OWRM) - that portion of tine requirement designed to
suJpport demands wheun PUS and WRSK/RLSS have been exhausted. rhis quantity
in onl hand at D-Day, and supp~orts the war effort until production from
industry and resupply from repair can satisfy the war requiremenit.

Peaceti,n Operating Stocks (POS) - the quantity of spares required to support
flying in peacetime.

POS Offset - the Peacetime Operating Stock offset is the quantity expected to
be onl hand at a BLSS supported unit when hostilities break out; computed
fromu peacetime base repair rate (BRR).

Poisson Distribution - a statistical distribution often used to describe
demands on suipply.

Primary Airc-raft Authorization (PAA) - the number of aircraft in a unit
supported by WRSK or BLSS.

Prepositiovied - WRM support of V-Day thru D+30.

*Prestocked - WRM support of D+30 thbru V+365.

Quantity 1Per Application (QPA) - tine number of units of an item which are
instil led on one weapon system or end item.

25
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Quarter - one of the (ollowing "90-day" periods: I Oct - 31 Dec, I Jan -

31 thr, I Apr - 30 Jun, or 1 Jul - 30 Sep.

Remove aitd Replace (R1) - item is uot repaired during WRSK support period.

Remove, R.!pair, and Replace (IR) - item is repaired during WKSK support

per itod,

Safety Level (S/) - additional level over and above the conventional quantity.

The safety level provides spares for those Items which experience a greater

than average failure ratei.

Serviceal' - a recoverable item considered to be fully operational.

Stock ),iv- Out (S)O) - a qituation in which a demand is generated and there are

no spares available to replace the failed item.

Tactical Air Forces - the combined flet of TAC, PACAF, USAFE, and AC
air, i;Lt.

Total Ori; iational and InLtermediate Oemand Rate (TOIHIR) - avrage rate of
demauds an item experiences expressed in demands per 100 flying hours.

Unit Cost - the acquisition cost of one unit of a particular item.

Unserviceable - an item not considered to be fully functional.

Usage Program - a quantity of which demands are a statistical function.

War Mobilization Plan (WMP) - A document outlining various aspects of wartime

operations, including expected aircraft flying hours and sortie generation
rates.

War Readiness Spares Kit (WRSK) - an air transportable package of WRH spares,

repair parts and related maintenance supplies required to support planned

or contingency operations of a weapon or support system for a specified

period of time pending resupply.

War Reserve Materiel (WRM) - that materiel required in addition to peacetime

assets, to support the planned wartine activities reflected ii the USAF war

and mobilization plan (WHP).

War Year - the second full year (Budget Year) of the DO41 requirements
comput at ion.

Wartime Ulsage Factor (WARFAC) - ratio of expected usage per flying hour in war

to usage per flying hour in peacetime.
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Appendix A

A BACKGROUND OF 'rie CURRENT REQUIREMENTS SYSTEH FOR ECH

Overview

Chapt'r 2 of the main report outlines the basics of the current system for
computing EICH wartime spares requirements. In limiting the discussion in the

main relort, we exiuded a great deal of background materiel. There is currently
no single source which details the historical background of the ECH spares
computation process (available sources of information consist of numerous
letters anid messages). So that other researchers/decision makers are not
burdened by having to reconstruct this history, we assimilate much of it here.
Besides, it never hurts to know where we've been and where we are.

In this appendix we first review the original capabilities of D029 to project
wartime dmnands. Then we motivate the development of the current EICH Factor
approach, which was to improve the D029 computation for ECM spares. Finally,
we outliine the MAJCOM test data collection program and the discussions which
led to Lh, new approach outlined in the main report.

ORIGINAL D029 FORMULA FOR DAILY DEMANDS

When first implemented, D029 did not include the war adjustment factor
(WARFAC). Every item was treated identically within the computation system--
the system "assumed" that demands were direct, linear function of the flying
hours. This original equation for the expected number of daily demands looked
like this (the subscripts p and w denote peacetime and wartime, respectively):

11) Om 0 D FI PMDSw * w PW

where

TOLMDR = total OI demand rate is units of demands per 100 flying
hours,

DFhI'PD S = daily flying hour program for the HDS on which the item is
installedt

QIA item quantity per application for the MUS, and
E[If)md] expected (mean) number of daily demands.
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As we stated in the main report, the current system does include the
additional factor WARFAC, but current policy nets WARFAC equal to one for
non-ECM items. With this value of WARFAC, the current system formula for
expected demands is still equivalent to tile above formula.

Non-ot imization

To iiuiidle special cases--for example, demands for items such as tile A-10
gun plil form are not flying hour based--the system provided (and still provides)
the cap;bility to directly specify the requiremencs for an item in tile
computL t ioi. This is cali-d a non-optimized (NOP) requirement since the it
is not tij based on marginal analysis. This option is used for items whose
demands are not believed to be flying hour based or when the use of peacetime
deanad h al is qluestil(d. The decision to NOP au, item is joitLly made by
the Item Manager (IM), System Program Manager (SPM), and the using command
(MAJCOM). Developing requirements for such items is a completely manual and
intensive process. Normally, information such as MICAP data is used to develop
stock levels. As many as 35 to 40 percent of the items in some WRSK/BLSS
kits are currently NOP items. (Also, MAC performs independent forecasts to
determine their WRSK/BLSS requirements so this data is input as NOP requirements
to D029.) The resulting requirements for such items are file maintained into
D029 along with a NOP reason code from [3].

Factor Reviews

In order to ensure the validity and credibility of WRSK/BLSS requirements,
annual WRSK/I3LSS Reviews are held for each weapon system at the managing Air

Logistics Centers (ALC's). At each review, technicians evaluate item
maintenance concepts (whether a kit item should be designated RR--remove and
replace--or RRR--remove, repair, and replace), and other stock number data
such as the daily demand rate, the base repair rate, the work unit code (WUC),
and QI'A. Demand data for ECM is thoroughly scrutinized due to the high value
of ECH requirements.

Development of the ECM Factors Approach

The 0029 system normally considers all demands (except NOP quantities) to
be a linear function of flying hours. It is here that problems arise with
computing an ECM requirement in D029 since ECM demands are a function of several
factors:

TYPE 1: equipment flying hours (failures due to mechanical shock,
vibration, and other ,nainteniance) 9

TYPE I[: equipment sorties,
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TYPE it: equipment switching (failures due to power surges, and physical
switching on/oif, switching between transmit and receive), and

TYPE IV: equipment operating time (failures which are due to electronic

component fatigute or IalfuiIction). This is believed to be the

dominant mode of failure for ECM.

Tile situation is complicated slightly because reliability failures do not
always translate into demands on the supply system. Quick-turn repairs can
be performed on some equipment between sorties and these fa.ilures do not require
stock to be obtained "off tile shelf". The simplifying assumption is often
made that demands on supply are proportional to reliability-based failure
modes. This is essentially the reason why flying hours can often be used as
a predictor of demands.

It is not the mere potential for several different ECM failure modes which
causes a peacetime flying hour demand rate to be a poor candidate to predict
wartime demands. In fact, when total operating hour usage and equipment
switching is always proportional to total equilent flying hours (i.e., that
ECM usage per flying hour was relatively constant) then a flying hour-based
demand rata could implicitly account for TYPE III and TYPE IV demands. When
sorties are proportional to flying hours, a flying hour-based demand rate

* could implicitly account for TYPE I demands. Tile original 0029 logic is
quite reasonable for predicting demands in this case.

On the other hand, if the expected wartime scenario calls for much greater
ECM usage per flying hour than in peacetime then ECM usage per flying hour
will not be constant from peace to war and a strict flying hour-based peacetime
demand rate is likely to be a poor predictor of wartime demands in this case.For
example, suppose that ECM failures are a linear function of operating hours

%(the TYPE IV failure mode is dominant). Suppose 5 failures are observed over

100 peacetime flying hours, during which tile ECM equipment was operated for
50 hours. If the wartime program is 80 flying hours and ECM operate time is
still 50 hours one would still expect 5 wartime failures. However, using a
demand rate per flying hour, only 4 (= 80/100 - 5) wartime failures would be
predicted. If the peacetime ECM operating time had been 25 hours then the
demand rate per flying hour would predict only half of the expected wartime
failures.

Not stirlrisingly, peacetime and wartinie ECM usage are indeed expected to
• be very different. Peacetime ECM use is quite limited due to FCC regulations

and the desire to limit the data our adversaries can obtain on the capabilities
of the systems. On the other hand, wartime usage is obviously expected to be
extensive. These facts suggested that D029's use of the peacetime demand
rate was resulting in understated requirements for ECM spares.

In lieu of a computational alternative in D029, ECM requirements were NOP'ed
using the best judgement (educated guesses and "gut feel") of WRSK review
participants. Unfortunately this approach had its problems as well.
Discounting the peacetime data did not leave much to go on--the USAF has not
fought any tecent conflicts which could be used as alternative data sources.
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The resulting NOP requirements were difficult to defend during audit and
operational scrutiny. fill Furthermore, it was felt that these estimates
were still understating the true requirement. Finally, by estimating
requiremnnts on a item-by-item basis externally to D029, no return-on-investment
trade-off was possible to ensure the best weapon system support per dollar.

Implementation of the ECM Factor

In 1983 IIq USAF/LEYS directed the implementation of the ECM FACTOR, an
adjustmintmt ratio relatiig wartime to peacetime ECM usage. The idea was to
keep the basic D029 methodology intact while accounting for differences between
pocacefil war usag'o. LUrder the revised system, peacetime flying hour demand
rates--nw:-qsary to calculate the POS offset in the BLSS computaItion--would
still I1)" obta ined from D04 I ; adjusted wart ine ECM demand rates would be computed
in D029 using the ECM war adjustment factor. The ECM FACTOR was defined as
foi lows-

,

"UFATR= ECM on-time . -'LT lII P

TOTFIII1w ECH On-timep

= % EUH On-time
% ECH On-timep

whe re

TOTFIIP = total accumulated peacetime or wartime item flying
y hour program, and

ECH On-time = the number of ECM operating hours accumulated over
TOTrFItP.

The UF 'CM FACTOR converts peacetime flying hour demand rates to wartime flying

hour demand rates by assuming that demands are actually a linear function of
ECM operating hours. Substituting the ECM FACTOR into the daily demand formula,

TOIMpRp
ELDDmd] 100 P ECMFAC'OR DFI'I)DSw QPA w .

But

TO LMDR Dead~ 100,

andP TO IFIIP pand

TIUt)tFll' w 
=, DFIIPw " 30 days
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I~* and

F cM FACTOR = P'CM On-hoursw * To'FI1I'p
i TOTFIII'w  ECM On-hoursp

By holding the programs for peace aId war constant throughout the computation
(i.e., assume the same peacetime flying hours were used in the computation of

both the demand rate and the ECM factor and assume that the wartime flying

hours used to develop the ECM factor are applied to the computation of EIDDmdI

*. for war) we see that

E DI)md I- Demands * yC _ hu .P ECK On-hoursp

This is basically the adjustment to peacetime demand data that was sought.

AIq AFLC/MMR wrote the program specifications to implement this new methodology

in D029. In order to minimize programming effort and because of the potential
to ,I';',, this me, thodology for other itemws the actual change to )29 allows a
war adjustment factor, defined as

WARFAC Demnand -Rate,,

Demand Rate

to be specified for any item. The daily demand formula was redefined:

E[DDmd] = TOlMDRp WARFAC I)FIIPDtj), w * QPA w .100

Current policy defines WARFAC equal to one for all items other than ECM spares.
For ECM equipment, WARFAC is equivalent. to the ECM FACTOR. This factor is
file maintained into D029 by the appropriate ALC WRSK monitor, and is fed
back to the Recoverable Consumption item Requirements System (D041) as tile

OWRM WAR ADJUSTMENT FACTOR.

As stated in Chapter 2, MAJCUM operational staffs are tasked to provide
ECM FACTORS by NDS to lIq USAF for validation. Maintenance expertise is to be

oused to ensure ECM FACTORS are realis,,ic adjustments from peace to war. Because

the ECM FACTORS are specified by ECM system and MDS application, expected
daily demands for each ECM stock number for a given ECM system in a given

WRSK/BLSS kit are adjusted using the same ECM FACTOR. A refer~ence table of

past ECM FACTORS is provided in Attachment 1 to this appendix.
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Ti11B CURRENT' HAJCO01 DATA CULLECTLON PRWGRAH

1984 Senior Level Review

Initial isse of the rUM FACTOR methodology in 0029 for a limited number of
weapon systeing resulted ill dramatic iticreases in WRSK/BLSS ECM requirements.
The March 1984 refiu-iremnts computation reflected a $230 million growth in
WRSK/IIB.3. Hly March 1985, tile ECM factor was in use for all weapon systems
anid accotinted for the majority of a $956 umillion WRSK/BJLSS increase. 151
Because of such inicrenses, 11(i IJSAF/LEY directed lq TAC/LG and Rq AFLC/RH to

*conduct a senior-level review of tile eitire methodology. 1111 The purposes
of the revif'w were to val idamte thle ECM comnputat ion methodology, determine if
tile ECM FACTURS were accuratef determine if thie projected requirements wereI valid and determine how to defend them.

The review was conducted in October 1984. [71 During time review,

part ic ipatts reexamined the old methodology (tile computation without tile ECH
FACTORS) atid conifirmed that this obsolete methodology was understating thle
true reqluirement for many items. Oin the other hand, though thle new methodology
appeared sound. and most of the [actors appeared reasonabl, it seemed to
overstate tile requirement for some items. In particular, the review group
concluded that the factors for thle ALQ-119 PODl, AL(q-131 POD aend ALF.-40 chaff
dispenser seemed unplausibly high: low p~eacetimne usage resulted ill factors of
more than 25 for some MUS applications (which wouLd increase item demand rates
by 25 times).

The review brought out many issues concerning data accuracy, validity slid
application. A representative fromt liq TAC/DOF felt that tile TAP MAJCO~s did
not realize the impacts of correct ly/incorrectly estimnating tile ECH FACTORS.
Tile discussions clarified several data collection issues so that all players
would be operating from time same set of assumptions. Thle participants
recommenided that 11q USAF/lEY provide explicit instuctions to all BAJCOMa on
the developmnt of time ECH FAC*TOR)IS, stressitig the importance of providimigi
accurate estinmates of peacetime 1,CH usage--a critical part of time ECt FACTOR.

Tile g~roup also empihsized time nteed .to consider individual ECH system
* peculiarities (e.g., triismitters versus; receivers) whmen developing thle ECMt

factors atnd agreed that thle IIAJCOtls should develop ECi4 Factors [or transmitters
(which operate only part of thle time) separately frole receivers (which operate
continuotisty). Equipment Specialists at Warnier-Robins AL--the RUM technology
repair ceiiter--were tasked to identify thle applicable stock numbers.

The iIAJCMs also questionied the linearity of failures (operating hour based
or not) (rom pencetime to wartime, a fundamental assumption even inl time revised
D 029 computation.
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FALUIIE IMA11* Linear Rate -

*(failures jxr Wonliinar Rate
operating hour)

Peacetigi Wartiiie O'R~R
Op)eratinig Operating iS
Hoiurs Hlours

Figure A-Ia. Liicar versus nonilinear failure rate

EIDIN) Litivar Rate
NUHBEIL OF onil inear Rate

1'encet iln. Wart iviW 011"RMru.;
Operatinig Operating I IJJRS
Hours lkjursi. Figure A-lb. Linear versus nonilinear failures

Since wartime ECH usage is expected to be quite h~igh relative to peacetime,
the validity of such an assumption is crucial to developing realistic

Vrequiremenits. h1owever, tio alternative was offered to the use of the KUB FACTOR
NmethodIology. A suggestioii wns made during the review to collect data under

simulated wartime cotiditions in a controlled or desolate environlment (to prevett
tihe equipmnt from jamming commercial and' military radar and commaunications).,
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Such, a1 (It. cf.)lec t i n ef fortL [0 (.)x- ote MA system ( the F-10 AL(Q-1 19 POD) had
already benen contracted out by Wit-ALC/lIMRS.

Significant results of the re, iew: 11li AFLC requested a reexamination of the
peacetime tisage data, (i TAC/DOF axi] 11(l SAC!DOR revised and validated their ECM
FACrOR!; aind 11(l ISAF/1LI--YS approved the revised rates. The new ECM FACTORS were
provided to the AUX's and corrective procedures LJ improve and standardize the
collectioti of ECM usage data were .Ldopted in October 1984.

TAC Data Collection Program~

p In September of 1986, (i rAC field a conference to discuss their progress on
the E~CM WRSK/IILSS issue. participants from liq UJSAF, liq TAC/LG, lq SAC/LG and
119 AFLC/IMM examined data collection and] validation problems.

I'AC'IA.GS presented time results of a recent JO-day data collection test
c-icP rim, ip' EUM us.1ro for comb~at coded a ircra ft carrying I-UM. EUM pod fai lure
data W.1% mint included; data was collected only for system control'boxes (LRU's).
The fiiimiigs of thie Lest were significant. The manual data collection effort,
mainly consisting of pilot interviews, resulted in erroneous data, since tracking
FCM usago was competing with other aspects of the missions flown. Also, peacetime
ECM usavv' varied widely ammong different flying units; but in developing past
ECM FACtMs on behalf of the TAF, liq TAC/DOF had been giving equal weight to
individual factors from USAFE, TAC, PACAF and AAC. TAC/LGS was to review the
appropriaLeness of this approach.

Also at Lte conference, representatives from Perceptronics, Inc, briefed the
results of a study under contract from the Air Force (Human Resources Laboratory
(11110). Their study found evidence that average ECM demand rates decreased as
the EGM usage increased, once again bringing the linearity of demands to operating
hours into question. The study also' determined that wartime usage and demands
for ECM items could best be estimated by using data from operational exercises.
161

After sme discussion, the group recommended that special teams be tasked to
collect FCM data at Greeni Flag, Red Flag and the Electronic Warfare Evaluation
Program (EWEP). The group emphasized time need to collect of more accurate ECM
usage data from an environment representative of wartime conditions and the
need to collect more reliable operating hour failure data. one potential problem
was identified: since operational units are assessed on overall performance at
such exercises, advance maintenance performed on tested systems may result in
biased demand data.
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SAC Data Collection Program

In spring of 1986, Iq SAC conducted a testing program to improve demand datacollection. The 30 day test was of operational B-52G units which flew sorties
with wartime ECM usage profiles and included careful recording of actual ECMoperate times. Only those demands which would have resulted in WRSK/BI.SS demandswere incliided (e.g., certain on-aircraft repairs were not counted) through carefulrecord i I, a.nd [ilteri ug or failure data. The resulting demand data wasestablished by individual stock number rather than by ECM system and MDS. Thetest was conducted by both northern (Loring AFB) and southern (Mather AFB) units
and the data was aggregated.

Based on their test results IIq SAC/LGS recommended alternatives to using thecurrent )029 ECM FACTOR methodology. As we discussed in the main report, SAC
showed that sortie and operating hour demand rates are more accurate than flyinghour rates for estimating wartime ECM spares requirements. The problem that
motivated this study was that the current system (D029) requires flying hour
rates--it cannot directly use sortie and operating hour rates.

"'.
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Attachment I to tppendix A

IIIS uRICAL EC : FACTORS

The following tables show the ECH Factors whicn have been provided by Iiq
USAF/LEY to IIq AFLC/MMM for use in the D)029 computation. These factors represent
the planned percent on-time for war divided by the estimated percent on-time
during peac,?. The large variations in some of the factors is caused primarily
by 1) low peacetime usage of ECM and 2) changing estimates of this usage on the
part of the MAJCOMs. For example, consider the case when the :stimate of
peacetime on-time increases from 1 percent to 2 percent. Though this "lhange is
small in absolute terms, it causes the ECM Factor to double, merely because an
estimated value changed. The wide fluctuations in actual ECM Factors pointed
to the need to better validate peacetime on-time data and the need to develop a
better wu..hod for predicting w;arLie da!i.itids. Sources are noted below.
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T1ABLE A-i

IKCM FACTORS FOR TACT CAL. AMR FORCE AIRCRAFT

M 1) EUI System 1984a 19 8 5b 19 8 5c 19 86 d

A-/ ALI-E-40 31.01 4.00 20.00 20.00
11 ALQ-119 18.52 4.00 16.67 14.28
to ALR-46 2.00 2.00 - 2.00

AtI AL-03.1 31.01 33.33 9.80
It ALQ-119 18.52 18.52 16.67 4.85

to AIJI-131 18.52 18.52 16.67 4.85
to ALR-46 2.44 2.44 - 2.36
of ALR-69 2.44 2.44 -2.36

ALR-74 2.44 - - -
F-4C/D ALE-40 2.38 4.00 14.28 14.28

ALQ-101 - 4.00 - -

AL.Q-119 - 4.00 20.00 20.00
ALR-46 - 4.00 - 2.00
AI.R-69 - 2.00 - 2.00

F-4E ALE-40 14.28 14.28 14.28 7.69to ALQ-119 9.09 9.09 9.09 9.09
to ALQ-131 14.28 14.28 12.50 4.55

ALR-46 1.66 1.66 - 1.64
AL.R-69 - - 1.64
ALR-74 1.67 - - -

F-/#G ALE-40 7.14 7.14 7.14 17.70
of AI.Q-119 4.00 4.00 9.09 9.01

of AIQ-131 4.00 4.00 4.17 4.12
APR-38 2.00 .2.00 - 2.00
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TABLE A-I (conit.)

HDS ECM System 198 4a 19 8 5
b  1985 c  

19 8 6d

RF-4C ALQ-101 - 1.03 - -

ALQ- 119 1.08 1.08 1.08 1.30
ALQ-125 2.00 2.00 - -

ALQ-131 1.08 1.08 1.08 1.30
ALR-46 1.00 1.00 - 1.00

ALR-74 1.00 - - -

F-15I) ALQ-!19 23.80 23.80 - -

ALQ-128 3.44 3.44 - 3.83

ALQ-131 11.90 11.90 12.50 12.50
ALQ- 135 2.00 2.00 - 2.17

" AIR-50 1.06 1.06 - -

it AtR-56 1 .06 1.06 - 1.18

F-16 ALE-40 14.28 14.28 14.28 7.69
AlQ-119 25.00 25.00 10.10 4.30
ALQ-131 12.20 - 12.20 4.30

ALR-69 1.01 1.01 - 1.16

F-1111)/E ALQ-94 8.33 - - 3.33
ALR-62 2.38 2.38 - 2.35
ALQ-119 8.33 - 10.00 3.33

F-IIIF ALQ-94 8.33 - - 3.23
" ALQ-131 8.33 - 10.00 3.23
to ALR-62 2.38 2.38 - 2.44

EF-II1A ALQ-94 8.33 8.33 - -
11 ALQ-99 1.01 1.01 3.00 3.40

ALQ-119 8.33 8.33 - -

ALQ-137 3.00 • - -

1111-53 ALR-46 - 1.00 -
" AIR-69 - 1.00 -

OV- i OA AIR-46 1.15 -

a II USAF/LEYS 051634Z Aug 83 inessage; liq TAC 272110Z May 83 message;

11(l AFIC/MMM 0918042 Apr 84 message.
b 11(1 ISAF/LEYS 221740Z Oct 84 message.
c IItI IISAF/LEYS 042115Z Jan 85 message.
d 11( IJSAF/LEY 16151OZ Dec 85 message.
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N TAB1LE A-2

E~CM FACTORS FOR STRIATEIC AIR COMMIAND) AIRCRAFT

PDS ECM System 1~984a 1985a 19 8 6a,b

B3-52 ALE-2O 17.20 17.20 24.33
ALE-24 28.66 28.66 -
ALQ-117 3.33 3.33 17.29
ALQ-122 1.01 1.01 38.88
ALQ-153 8.60 8.60 3.65
ALQ-155 1.87 1.87 9.25
ALQ-172 3.33 3.33 -
ALR-20A 1.11 1.1 1.09
ALR-46 1.11 1.1 0.99
ALr-16 10.00 10.00 46.93
ALT-32 10.00 10.00 131.40

a 11q LSAF/LEYS 012043Z Oct 84 message; "Electronic Countermeasures1~(ECH) Meeting", briefing given 24 Nov 1986 at 11q SAC/LG; 11q USAF/LEY
161510Z Dec 85 message.
b 1986 ECM factors were not validated. Alternate test data was

* used instead.
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Appendix B

REVISED ECM METHODOLOGY

As discssed in the main report, hlq SAC showed that use of sortie-based and
operating hour-based demand data from carefully monitored wartime exercises
could restilt in a more accurate and credible ECH requirement. However, in order
to , qo sitnh data in the current WI{SK/I..SS reqitirements system (0)029) some data
conversions are required. Iu tie following sections we derive those conversion

formulas and show that the resulting factors are compatible with both the basic
D029 demand computation and with the 0029 algorithm used to perform marginal
analysis tradeoffs. This discussion is admittedly tedious, but it provides
rigorous proof that the conversions are valid.

For reference, the basic D029 equation for expected demands appears below,
along with the corresponding definitions for each data element.

E[I Dmd TOLMDR . WARFAC ' Fli't1j S 
• QPA.100

TOLNUR total OI demand rate is units of demands per 100 flying

hours,
WARFAC = the war adjustment factor,

FIIPMDS = flying hour program for the MDS on which the item is installed,
QPA item quantity per application for the MDS, and

E [rnd expected (mean) number of demands.

Our discussion is divided into five major sections. The first two sections

are devoted to the situation where at least one demand is recorded during a
test. After discussing the cases where demands are a function of sortieso we
consider demands as a function of operating hours. The next two sections describe
the more difficult cases where no demands are recorded during a test. Again,

we discuss sortie-based demand rates first, followed by an examination of demands
as a function on operating hours. Finally, the last section summarizes and

discusses how to implement the new wartime demand rates using the current D029
data elements.

Some Definitions

We assuive, tlat WRSK demands are equivalent to equipment demands and we use

the terms demand and failure interchangeably. Failures rectified by immediate

on-aircraft repairs are not included since such activity does not result in a
Iwithdrawal From WRSK/BLSS stock.
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Also in the following disctisnLon, tile terin o,,.iipment flying hour s refers to
the number of hours accumulated across all installed units of a given item:
Equipment flying hours is equpal to th-: number of aircraft flying hours multiplied
by the it,', rjtanntity per a plication (QPA). Likewise, equipment sorties refers
to the ,Umber of sorties accumulated across aLl installed units of a given item:
Equipment sorties equals the aircraft sorties multiplied by the item QIPA.

CASE 1: DEMANDS BASED STRICTLY ON SORTIES
WHEN AT LEAST ONE DEMAND HAS OCCURRED

In this first case, the probability of ECM demand p is independent of equipment
operate time--the number of ECM demands is a statistical function of the number
of equipment sorties flown. For a given ECM system in the SAC test, all sorties
are approximately identical with respect to the flying hours and ECM operate
time. Since the number of demands cannot be greater than the number of equipmetit
sorties, the series of test sorties for a given system can be thought of as a
sories of hlrnoulli trials with some probability of JICXI demand during a given
equipment sortie:,

Bernoulli trial One equipment sortie of flying time h and ECM operate
time of t,

N Number of equipment sorties,

nf - Number of equipment demands observed, and

p Probability that an ECH demand will occur during a random
equipment sortie (Op 1)

n f

N

The binomial distribution describes the probability of observing a given number
of ECH dem,.ads x for a giveii number of equipment sorties N with a probability
of ECM demand p during a random equipment sortie:

f(xlN,p) ()px (Ip)N-x x.O, ,2,...,N,

where the average number of demands is expressed by

,II
*1Eldenands] N *p.
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Example:
p = 0.1
N = 10 trials

P(OIN,p) =(N)pO (l[)N = (1 -)N = 0.3486784
V0

ThlIt is, in a set of 10 equipment sorties with a 10 percent chance of
IPCH demand during a random equipment sortie, nearly 35 percent of the
time no demands would be observed.

Tie cumul:itive binoiial distribution gives the probability of observing no more
than x ECM demands for a given number of equipment sorties N with a probability
of ECM demand p during a random equipment sortie:

F(xlN,p) = ~ N) i. ('-P)N i*

i =0

The cumulative binomial distribution can be used to determine a safety level
.' *since it is theoretically possible to determine tile value of one of the variables

x, N, p, or F(xIN,p) when the values of the remaining three are known. An
appropriate and intuitive approach is to select a safety level confidence C,
0 04 C !E 1, and compute the safety level x such that C =F(xtSw QPAw,p). Thre
resulting value of x is the safety stock required to be 100 C percent confident
that there will be enough stock to cover the demands over a wartime program of
SW aircraft sorties. The value of x'can be determined by enumerating the values
of F(xIS w QPAw,p) for x = 0, 1, 2, etc., until F(xjS w QPAwp)Z C.

This safety level model, though completely sound from the theoretical
standpoint, requires data elements arid computational logic which are very
different from the structure of the current D029 system. However, D029 uses

the Poissou distribution in marginal analysis. This distribution, with mean
Sw p, is nn approximation of the binomial distribution when Sw (the number of
wartime sorties) gets large and p (the probability of demand during a random
sortie) gets small. Under these conditions the Poisson distribution has the
same expected value and approximately the same "shape"' as the binomial
distribution (Attachment I to this appendix contains a comparison of the Poisson
to the binomial distribution for realistic values of Sw and p and shows it to
be an excellent approximation).
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The conlitions on p and Sw do hold: p is relatively small in the test data
and Sw is relatively large in the wartiln. qcenario. Therefore, given the correct

,eX JcCL ed v.'a tte ( i .e., average nu,.Ib r ot de tti.,ds ), the )029 Poissoi distrilbution
will cloqfly appl)roximnate the thet'retical binoinial demand distribution and
therefore D029 marginal analysis will be consistent .ith the theoretically pure

.* safety lev,.I mod,.I. So that )0129 does compute tl'e correct expected value, we
need an appropriate wartime flying hour demand rate. The expected wartime demand
rate per 100 flying hours is

TODIIR w = Total Equipment Demands Expected

Total Equipment Wartime Flying flours 100

= p" Sw Q PAw 100

FIIPw QPAw

= p S LW. 100,
rFUP

S- - 100,N FhIP1w

where

FII' w  wartime fLying hour program (first 30 days),

Sw  wartime sorties (first 30 days), and

TOUBMDR demand rate per 100 flying hours.

Notice that the aircraft flying hours and sorties are necessary ingredients
to this computation. The expected number of demands for a given number of wartime
flying hours FIIPw consisting of Sw sorties is

El 1) Day Dmdj = 00w .FlPw QrAw

0 100p 10FIIPw  0 FilIw QPAw

(Sw - QPAw) • pq
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which is the expected number of demands based on the original binomial probability
distribution. This shows the basic )029 methodology can be used to compute the
exact same expected number of demands (pipeline quantity) which was obtained
using the original binomial formulation of the problem.

We illustrate the conversion from sortie based demands (with at least one
observed demand) to a flying hour demand rate using Example I from the main
report.

ALr-32 system NSN 5865-00-758-4479EW
103 equipment sorties in the SAC test
1) demands observed
Q PA W = I

1, -= 9/103 0.0873786

FHll W = 2800 flying hours
SW  - 702 sorties over 30 clays

t'OLM~ w =0.0873786 - (70212800) * 1O00

2.19071 demands per 100 [lying hours

Total expected demands in 30 days

,. E130 Day Dmd] - 2.19071/100 O 2800 1 1
,- 61.3 demands

-p 702.

We emphasize that the value of the TOIMDRW is dependent on the number of
wartime sorties and flying hours. These values must be consistett with the WMP
data used in D029. If changes to the wartime scenario cause the ratio of sorties
to flying hours to c0ange, then the value of 'rOIMDRw must be recomputed even if
p, the probability of demand per sortie, is unchanged.

CASE 2: DEMANDS BASED ON OPERATING TIME

WHEN AT LEAST ONE DEMAND HAS OCCURRED

In this second case, where demands are observed for an EGM stock number and
demands are believed to be based on operating time, a mean demand rate per
operating hour is estimated. The collected data from the SAC test includes for
each ECM item the number of demands observed of and the number' of operating
hours up to the observation of each demand tt,...,tN. The standard estimate of
the true mean operating hour demand rate u given such data is the total'number

of demands divided by the total operating time:

p-
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if

t 1 + t 2  + *.. + t f

If the mean time betweeni demands is exponentitly distributed (a valid
assumption under reliability thory) then this estimate of the mean demand rate
is biased. The bias becomes less significant as the observed sample size N
increases. The sample size of the SAC test data is small and the bias in the
estimate of u could be large; however, confidence intervals on the true value
of u can be developed by noting that the sampling statistic 2nf /6 follows a
chi-square distribution (denoted by X 2 ) with 2 nf degrees of freedom. The upper
1OOC percent confidence limit on the true value of u is then

X2( -C;2nfru X2 (-C;2nf)
2nf 2T

The 50 porcent (C=0.50) confidence limit represents the average or expected
demand rate per operating hour. To be 90 percent confident that the true demand
rate is less than or equal to the computed value of U, given nf demands in T
equipment operating hours, one would comptite u using C=0.90. This demand rate
is biased on the high side and would cause a marginal analysis routine to add
safety levels on top of the implicit safety level already contained in the demand
rate.

Because of the linearity/nonlinearity issue, this estimated mean demand rate

per operating hour is valid only if the ECH equipment on time averages t hours
per sortie. The value of 1' is converted over to a wartime demand rate per 100
flying hours (TOIMDR w ) by multiplying by the portion of the aircraft wartime
flying hours during which the ECM equipment will be operated.

=- OT =X2(1-C; L . •' 00
TOIMDRw = F xw  100.

F1IPw 2Tr FhIpw

where

OT w  m the total number of aircraft flying hours the ECM equipment will
be operated (first 30 days), and

FliPw - the wartime aircraft flying hours during which ECM will be used
(first 30 days).

When demands are a function of operating hours, use of the Poisson distribution
to perform D029 marginal analysis is completely sound since the Poisson
distribution actually represents the "arrival rate" of demands when the mean

.*time between demands is exponentially distributed (as previously assumed).
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Therefore, we need only compute the average demand rate, which is determined at
the 50 percent (C=O.50) confidence limit.

In this case, the previous equation is simplified by using the approximation
X2(0.50;2nr) 8 2nl - 0.665 (see Attachment 2 to this appendix). Substituting
this into the equation gives the appropriate demand rate per 100 flying hours:

S OT, (n[ - 0.3325) . orw  . 100.To II I D' F w  T ["11'w

This valuie of T'0lI')Rw is valid in the case where the average wartime operating
hours per sortie is approximately the same as the average test operating hours
per sortii (small deviations are allowable when adjusting for WMP changes). In
this sense, TI'OMDRw is a point estimate of the average demand rate for a given
scenario. This implicitly requires that the ECM test be performed in as realistic
a setting as possible. When the ratio of Orw to FlP w changes, TOIDRW must be
recomputed.

We again illustrate the conversion with process with an example (in this

case, Example 3 from the main report).

Example:

ALQ-155 system NSN 5865-01-070-0271W
314.2 equipment operating hours in the SAC test
20 demands observed
QPIAw = 3
F1ll'W = 2800 flying hours
UTw = 1613 hours

TOLMDRw = (19.6675/814.2)*(1613/2800)"100
- 1.39154 demands per 100 flying hours

Total expected demands in 30 days

E30 Day DmdJ = 1.39154/100 o 2800 * 3 0 117.

ITEMS EXPERIENCING NO DEMANDS:
DERIVING A NONZERO DEMAND RATE

Certain ECM stock numbers did not experience any demands during the SAC test.
A traditional computation of TOIMDR would result in a zero demand rate. The
Poisson demand distribution for these items would then have a mean and variance
of zero, and these stock numbers would compute a zero WRSK requirement. This
is unacceptable, since peacetime demands for these items do occur. An alternate

low B-7
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provides credible demand rates but still uses data gathered from the ECH test
Nperiod.

V~ier(! are two ways to handle the cne where no demands are observed during
ECM operational testing: 1) nonoptimizntioi, and 2) conversion to a D029 TOILH3R.

Nonopt imizat ion

In this case, D029 does not compute the WRSK requirements for these items.
The requirements are negotiated by item and the quantities are file maintained
into D029. This requires intense involvement by MAJCOM and AFLC experts on ECM
usage and demand experience and risks too much subjectivity.

Determiuing a Demand Distribution

It is still possible to determine a nonzero demand rate by again considering
the test sorties as a series of Bernoulli trials. Since nf = 0 in this case,
the value of p, if computed as before, would be zero. However, it is possible
that no demands would be observed in a series of Bernoulli trials even when p
is positive.

Example:

p=O.1
N = 10 trials

P(OINI,p) = (Do pO (Ip)N = (lp)N = 0.3486784

hiat is, in a set of 10 sorites with a 10 percent chance of ECH demand
during a random equipment sortie, nearly 35 percent of the time no demands
would be observed.

This fact provides a way to use the binomial distribution in reverse to provide
an estimate of an appropriate value of p. With the binomial distribution, it
is possible to determine the value of one of the variables x, N, p, or F(xlN,p)

when the values of the remaining three are known. In the SAC test only two are
known: N and x=O. This leaves the variables p and F(xIN,p). Aside from
eliminating the need to use this distribution in the first place, an arbitrary
choice for p would be difficult to defend. Judgmental estimates could be used
to select a value of p, but a more appropriate and intuitive approach is to
develop a judgmental estimate of confidence that the test results are
representative of what would be expected on the average for the same conditions.

Under this approach, instead of specifying an explicit value of p, "experts"
specify a percent confidence (100.C) that the normal outcome for N equipment

sorties is more than x ECM demands. For x=O, the value of p is 'such that

Ig-
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i-c = (N)PO (lp)N- 0  = (_p)N.
% 

0

Solving for p gives

p = (I-(-C) I).

The resulting value of p is the probability of ECM demand per equipment sortie
such that N equipment sorties of flying time It and ECM operate time t will result
in 0 demands 100'(1-C) percent of the time and more than 0 demands 100'C percent
of the time.

This r'latioiship can be used to provide an implicit "safety level" against
the possibility of skewed test results. For example, to estimate a 90 percent
upper confidence probability of demand based on having zero demands in N equipment
sorties, one would compute p using C=0.90 (10 percent or 100-90 percent confidence
in the test results). On the other hand, to compute D029 marginal analysis
safety levels on top of a 90 percent upper confidence limit demand rate has the
conceptual disadvantage of adding an explicit safety level to an implicit safety

:Xt. level. Therefore, to perform a valid marginal analysis tradeoff, tie 50 percent
(C=0.50) confidence limit is required:

p = (1-0.501/N).

w.

We illustrate the computation of a demand probability using this approach.
This is not yet the flying hour demand rate which we ultimately desire--the
final flying hour demand rate will be derived in the next section. The following
example is based on Example 2 from the main report.

Example:
ALQ-122 system NSN 5865-01-125-3823EW
103 equipment sorties in the SAC test
0 demands observed
C = 0.50 (to get an "average" demand rate)

p = (I - 0.501/103) = 0.0067070

Notice that P(01103,0.006707) = 0.50. In other words, 50 percent of the
time, no ECM demands would be observed after 103 sorties when the
probability of ECM demand on a random sortie is 0.006707.

The previous section has described a statistical model of EHC test results
for the case when no demands are observed and a means to determine a demand
probability distribution based on the number of test sorties flown. We now
turn to the question of how to convert this statistical model'into a flying
hour demand rate. To do this, a fundamental question must be raised: Is the
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true ECH d.,mand mode one based on the nu'nb,r of equipment sorties flown or by
the amount of time the equipment was operated peL sortie?

CASE 3: DEMANI)S BASI.D) ON SORTIES
WHEN NO DFMANDS IIAVE OCCURRED

In this case the probability of ECH demand p is indepenvent of equipment
operate time nnd the number of ECM demands is a statistical function of the
number of equipment sorties flown. The "sortie based" methodology described
for the case when demaids were observed can also be applied to this situation:

IO LMI)Rw = Total Equ_'t ent Demands Expected
Total Equipment Wartime Flying Hours

+ LIS QIIAws3- • o
Flip w QIIAw

S100,

( 1 -0. 5 1/N) A 100o,

where

FIiI'w wartime flying hour program (first 30 days),

Sw = wartime sorties (first 30 days), and

rOmDRw  = demand rate per 100 flying hours.

The r:!uult is the desired average flying hour demand rate. AH before, the
average aircraft flying hours per sortie SFll w is a necessary ingredient to this
computation. The expected number of demands for a given number of total aircraft
wartime flying hours FlIPw consisting of St sorties is

Etwartime demands] = TOlHDRw FlIP w  QPAw.

To show the complete conversion to a flying hour demand rate, we use Example
2 from the main report.

B-10
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Example:
ALQ-122 system NSN 5865-01-125-3823EW
103 equipment sorties in the SAC test
0 demands observed

C 0.50 (to get an "average" demand rate)

Sw =702 sorties

FJIPw = 2800 hours
QI'AW I I

Then rOIMDRw - (1-0.5 1/103)(702/2800)1100
- 0.006707"(702/2800)° 100

= 0.16815 demands per 100 flying hours

E[demands] = 0.16815/100 * 2800 * 1 -I 4.7 demands

Note that this gives the same answer as if we had computed the expected
number of demands using the original binomial distribution:

E[demands] = Swo p = 702 0 0.06707 9- 4.7.

Once again, we emphasize that the value of the TOIMDRw is dependent on the number
of wartime sorties and aircraft flying hours. If changes to the wartime scenario
cause the ratio Sw/FIIPw to change, the value of TOMDRw must be recomputed even

if p, the probability of demand per equipment sortie, is unchanged.

CASE 4: DEMANDS BASED ON OPERATE TIME
WHEN NO DEMANDS HAVE OCCURRED

In this last case, the demands are a function of operating time and the test
results can be thought of as N estimates of the demand rate per operating hour

u; in this case O=0. However, there is still a way to compute a nonzero TOIMDR

using the probability of ECM demand per equipment sortie p developed abovep but
considering that fact that p is a function of operate time t per equipment sortie.

We make the important assumption that the test of t operating hours per equipment

sortie is representative of the wartime scenario. We also assume a reliability

function which is exponentially distributed.

Let u be the demand rate per ECM operating hour and t be the ECM operating
hours per equipment sortie. Then the probability of observing a demand in t

operating hours is l-exp(-uet). Since every sortie is assumed identical, t is
a constant and this implies that

p l-exp(-u't).
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Solving for the demand rate

- In (l-p)
t

In other words, u is the mean demand rate of an exponential demand distribution
such that the probability of observing a demand during an equipment sortie
consisting of t ECM operating hours is p.

In Lthe case where zero demands are observed, the definition of p can be used
to simpli[y this equation. Since every sortie is assumed identical, let T = N t.

- In (l-p) - - In (0- (l-(I-C) I))

u - _ ____ t__

- 1/n In (i-C) _ In (1/(1-c))
t N It

-,In (/(1-C))
T

We once again illustrate by way of example. This example does not appear in
the main report.

Example:

AtQ-122 system NSN 5865-01-125-3823EW
103 equipment sorties in the SAC test

325.6 equipment operating hours in the SAC test
0 demands observed

c = 0.50 (to get an "average" demand rate)

u -ln(l/0.5)/(325.6) = 0.002129 demands per operating hour.

Note that the probability of ECH demand in 325.6/103 - 3.16 operating
hours is the same the probability of demand per sortie estimated earlier

for this item:

I - exp(-0.002129"3.16) - 0.06707 - p.

u is a point estimate for a fixed value of t and N. The computation of this
estimate must be based on the actual test conditions since we have made the
assumption that p is dependent on t. u is still valid for small deviations from
the test sortie conditions (e.g., slightly different ECM operate times). To
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convert to an average wartime TOIMDRw based on aircraft wartime flying hours,
C-O.50. Also the ECH operate time and aircraft wartime flying hours is required.
The desired average demand rate per 100 flying hours is

T • In, (1/0.50) . Orw  • 1011)ORw = u " 100 Fiw T FWl 10

= In (2) *OIW - t 100.

T i-il' w

Example:
AIQ-122 system NSN 5865-01-125-3823EW
325.6 equipment operating hours in the SAC test
0 demands observed

O' w = 1613 operating hours
FlIPw  2800 flying hours

FOIHMDRw = (ln(2)/325.6)'(1613/2800)'100
- 0.12264 demands per 100 flying hours.

Once again, the value of 'rO[MDRW is dependent on the wartime scenario. If
the scenario changes with slight changes in the ECH operate time per sortie,
the old value of u is valid, but the ratio OTw/FIIP w has changed and TOIMDRw must
be recomputed. If the operating hours per sortie in the new scenario is radically
different from the conditions of the test, then the test results may no longer
be applicable and the value of must be rejected. This would force the
collection of new test data under conditions representative of the revised wartime
scenario.

B-13
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Attachment I to Appendix B

COMPARISON OF POISSON AND BINOMIAL DISTRIBUTIONS

In our analysis we claim that the Poisson dist ibution can be used in place
of the binomial distribution for sortio-based de-oands. Many statistical text
books show that the Poisson distribution can be derived from the binomial
distribution with mean Np by holding Np constant and letting N while p 0.
Even when these conditions are approximately true--when N is large and p is
small--the cumulative Poisson distribution can be used to approximate the
cumulative binomial distribution for the purpose of computing confidence levels.
Under such conditions the two distributions not only have the same expected
value, Np, but the "shapes" of the distributions are nearly the same.

In this study the valut uf p is determined from the test demand data and is
the probability of demand during a random sortie. As discussed in Chapter 2 of
the main ri-port, SAC recomi, ml ed a sortie-based demand rate for ;an item when no
demands were recorded over the test or when demands had occurred but equipment

*" operating hours was too low to provide a statistically reliable operating-hour
demand rate. In these cases, p was usually less than 0.05 and the largest value
of p turned out to be 0.10 (i.e., less tihan I demand per 10 sorties).

The value of N is determined from the wartime scenario and represents the
number of wartime sorties to be flown over the 30-day WRSK support period. N

is a relatively large number--for a 24 PAA squadron, even two sorties per aircraft
per day would result in 48 sorties per day and 1440 sorties over 30 days.

Let C = confidence levels (that demands will not exceed a specified quantity),

N = the number of Bernoulli trials (i.e., number of sorties)p

p = probability of demand (luring a Bernoulli trial (i.e., the probability
that the item will fail during a random sortie),

u= Np
= mean of the binomial and Poisson distributions
expected quantity,

xB = the lowest value of x such that the cumulative binomial
distribution Fi(xN,p)_. C (the amount of stock required to be
100-C percent confident that demands will not exceed stock),

xp =  the lowest value of x such that the cumulative Poisson distribution
Fp(xlu).I C (the amount of stock required to be IO0"C percent
confident that demands will not exceed stock).
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As stated above, when N is large and p relatively small, xp * xB. Tables B-I,B-2, and B-3 compare the values of xB and xp for two values of N, various values
of p, and for reasonable confidence levels.

For example, suppose an item has a probability of demand of 0.1 (1 per 10
sorties) and that 48 sorties are planned (a relatively low value of N for the30-day WRSK sipport period). Suppose the goal is to be 85 percenit confident
that on-hand stocks will be sufficient to cover the demands generated by the 48
sorties. Table B-I shows that the binomial aid the Poisson models both predictthat there is at least an 85 percent chance that the number of demands will notexceed 7. Therefore, the stock level for 85 percent confidence is 7 in both
cases.

From the following tables, it should be clear that tile two distributionsbegin to differ significantly only when the probability of demand is rather
high (e.g., more than a 25 percent chance of demand per sortie) and the number
of sorties is relatively small. For our purposes the number of ECH demands isrelatively small and the number of sorties relatively large. So, for the wartime
scenario and test conditions the Poisson distribution is an excellent proxy for
the binomial distribution.

TABIE B-I

MMIPARU** OF B[RLAL AN) PncS[ ;tN DISIuuurIMOUz

FUR N=48 AND u = Np

p--.0l0 p=0.025 p=0.050 P-). 100 p--O. 200 prO. 250 p=o.5o0
Confidence
Level xp XB  xp xB Xp xB  Xp xB  xp xB x p xB Xp XB

60.0 % I 1 1 1 3 3 5 5 10 10 13 13 25 25
75.0 Z 2 2 2 2 4 4 6 6 12 I1 14 14 27 26
85.0 % 3 3 3 3 5 5 7 7 13 12 16 15 29 28
90.0 % 4 4 4 4 6 6 8 8 14 13 17 16 30 29
92.5 % 5 5 5 5 7 7 9 9 15 14 18 17 31 30
95.0 6 6 6 6 8 8 to 0 16 15 19 18 32 31
97.5 % 7 7 7 7 9 9 11 11 17 16 20 19 34 32
99.0 % 8 8 8 8 I0 10 12 12 18 17 21 20 36 33
99.5 % 9 9 9 9 11 It 13 13 19 18 22 21 38 34
99.9% to to 10 10 12 12 14 14 20 19 24 22 40 35
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TABLE B-2

(MMIqSON OF B[tiIIAL AND IL[SSN DIS[IIJfI(LUI
FIR W-480 AND u - Np

p " 0.OO p - 0.0 25  p - 0.050 p " 0 . 10 0  p 0.150
Confidence

level xp XB  Xp XB Xp XB  Xp XB  Xp XB

60.0 % 5 5 13 13 25 25 50 50 7/4 74
75.0 % 6 6 14 14 27 27 53 52 78 77
85.0 % 7 7 16 16 29 39 55 55 81 80
90.0% 8 8 17 17 30 30 57 57 83 82
92.5 % 9 9 18 18 31 31 58 58 84 83

" 95.0 Z 1o 10 19 19 32 32 60 59 86 85
97.5 % it It 20 20 34 34 62 61 89 88
99.0 % 12 12 21 21 36 36 65 64 92 91
99.5 % 13 13 22 22 38 37 67 66 95 93
99.9 % 14 14 24 24 40 40 71 69 100 97

TAL E B-3

CXARISON OF BIIOAL AND POISSON DiSmRiIuFn~tIS
FR N-720 AID u Np

p 0 .010 p , 0.0 25  p - 0.050 p O.100 p - 0.150
Confidence

Level Xp xB  Xp XB  V XB XP XB  Xp XB

60.0% 8 8 19 19 37 37 74 74 110 110
75.02 9 9 21 21 40 40 78 77 115 114
85.0% . 10 10 22 22 "42 42 81 80 119 118
90.02 11 11 24 23 44 44 83 82 121 120
92.5% 12 12 25 24 45 45 84 84 123 122
95.02 13 13 26 25 46 46 86 85 125 124
97.5 % 14 14 27 27 48 48 89 88 128 127
99.02 15 15 29 28 51 50 92 91 133 131
99.52 16 16 30 20 52 52 95 93 136 133
99.92 17 17 32 32 56 55 100 98 141 139
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Attachment 2 to Appendix B

CI-SQUARE VALUES*

In our analysis we required the 50 percent confidence point of tile X2

-Adistribution in order to comnute demand rates for demands based on operating
hours. Selected values of X (O.50,2nf) are listed in the following table (nf
represents the number of demands). An excellent approximation to these values
is

X2(0.50,2nf) 0 2nf - 0.665.

The percent error in this approximation is only 4 percent when the number of
demands equals one and is nekligible for all nf greater than 3. Such an

*approximation is reasonable since nf will be greater than one.

In Example 3 of the main body of this report, nf had a value of 20. Using
Table B-4, the appropriate value of X2 (0.50,2nf) is 39.34. Using the
approximation formula, X2 (0.50,2nf) 2 2 20 - 0.665 - 39.335, for a relative
error of less than 0.013 percent.

TABLE B-4

VALUES OF X2 (O.50,2nf)

nf X2 (0.50,2nf) Pf X2(0.50,2nf)

1 1.39 12 23.34
2 3.36 13 25.34
3 5.35 14 27.34
4 7.34 15 29.34
5 9.34 20 39.34
6 11.34 25 49.33
7 13.34 30 59.33
8 15.34 35 69.33
9 17.34 40 79.33
10 19.34 45 89.33
11 21.34 50 99.33

* Adapted from William W. Hines and Douglas C. Montgomery,

Probability and Statistics in Engineering and Management Science, 2nd Ed. (John

Wiley & Sons: New York), 1980.
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