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SUMMARY

Objectives

The p:imary objective wis to demonstrate a simulation modeling methodology for forecasting weepon system
readiness in a wartime surge environment. The secondary objectives were (a) 1o quantify the interactive effects of
manpower, spares, and support equipment for the F-15 operational weapon system in a wartime surge environment and
(b) to develop mathematical models of resource interactions.

Bsckground

The concem for military readiness has prompted efforts to forecast the resources for sustained surge operations and
mainicnance (O&M) of tactical aircraft. Previous research and development (R&D) has demonstrated the use of
simulation and modeling techniques to predict resaurce needs for peacctime operations. However, a surge O&M
environment is characterized by conditions which have an impact that cannot be extrapolated from peacetime simulations.
For this reason, a need exists to extend simulation and modeling techniques to a wartime surge environment.

Approach

The specific R&D approach progressed through the stages of (a) a definition of a Logistics Composite Model (LCOM)
maintenance data base, (b) the development of wartime surge scenario and operetion ground rules, (c) the adoption of
experimental designs and methods ;or selecting resource quantities, (d) statistical examination of LCOM output measures,
and (¢) the derivation of regression models for each output measure as a function of resource quantities.

Specifics

Method. The LCOM was used to simulate 30 days of surge flying activity, assuming an operational wing of 72 F-15
aircraft. Three levels of manpower, four levels of spares, and three levels of support equipment were combined factorially,
yielding 36 separate simulations. The interactive effects of the three types of resources, based oa the 30-day surge period,
were examined for 40 weapon system performance measures. Performance measures were commonly used metrics relative

to operations, aircraft, manpower, shop repair, spare supply, and support equipment.

Two sets of regression models for predicting sortie rates were derived for each of the 40 performance measures.
The first set of models used only the three types of resources (i.e., manpower, spares, support equipment), as the
independent variables, whereas the other set included the surge period (in days) as an additional independent variable.

Findings and Discussion. The major sources of variance in 40 performance measures were attributable to spares
and to day of surge activity. The models indicated that as resources were exhausted in the early days of the wartime
surge, flying activity deteriorated rapidly. Manpower, support equipment, and interactions among the three princinal
resources accounted for smaller portions of variance than did either spares or days. The levels of each resource controlled
the impact of the variable so output measures of system performance will not be sensitive to resource limitations if the
levels are high enough for most demands to be easily satisfied. -

The regression models that used only the three types of resources as independent variables did not ptovide accurate
predictions of system ¢.._formance. The expanded models th at included the surge period as an additional variable resulted
in reasonably accurate predictions of the 40 performance measures (e.g., percentage of sorties/missions accomplished).
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Comclusions/Recommendations
The application of simulation modeling technology for forecasting weapon system resdiness in & wartime surge

‘environment was demonstrated successfully. The tecinoclogy can be used to generate adequate e-ulmteo of sorties or
missions accomplished under \umme surge conditions.

* The regression models developed satisfactorily represented the interactive effects of manpower, spares, and support
equipment on sorties and missions sccomplished by F-15 units under wartime surge conditions.

It is recommended that this approach be extended to include the effects of variables not examined by this study;
for example, (a) the causal relations between the measures of performance and the resource quantities and (b) the impact
of chemical warfare environment, variations in mission scheduling, deployment policies, organization structures, and
bdtledmngenmmem . .
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PREFACE

This technical report is one of a series of reports under Contract
No. F33615-77-C-0074, Development of Models of Maintenance Resources

Interaction. Five of these were published as McDonnell Douglas Corpora-

tion reports. Two of them are AFHRL-TR-82-19 and AFHRL-TR-82-20.

The study was directed by Logistics and Human Factors Divi-
sion, Air Force Human Resources Laboratory, Wright-Patterson Air Force
Base, Ohio. The Air Force Human Resources Laboratory Project Scientist
was Dr. Ross L. Morgan.

This research was documented under Work Unit 1710-00-23, “Develop-
ment of Models of Maintenance Resources Interaccion.” Frank A. Maher
was the Work Unit Scientist and Air Force Contract Monitor. The
McDonnell Douglas Corporation Program Manager was Carl F. Asiala.

The authors wish to extend their appréciation to the many people
within the government and private industry who contributed their time
and expertise throughout the course of this research.
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I. INTRODUCTION
PROBLEM

Cr O I WL e

A growing concern in the Air Force is the readiness to engage in
sudden or protracted military conflicts. This concern has prompted
efforts to forecast the manpower, spare parts, and suoport equipment
needed to sustain operations and maintenance (0&M) of several tactical
aircraft. However, forecasting resource levels is not a simple task.
The 0&8M environment changes as a function. of factors such as flying
activity, environmental conditions, weapon systems in the inventory,
weapon system complexity, and changes in maintenance concepts. Thus, to
estimate weapon system readiness, methods are needed that can accommo-
date various configurations of the O&M env1 ronment and changes in sce-
nario and support concepts. :

VIV - PRI IWOMONDRLNEY - § oy

Previous studies reported by the authors (References 1-4) estab-
lished a process for estimating resource requirements of a 72-aircraft
#ing of F-15s during sustained peacetime operations. Several variations
in logistics support, utilization scenario, and maintenance concept were
introduced, and results were examined statistically to determine the
quantitative impact of these variations on performance. Furthermore,
mathematical models were developed as predictive devices which general-
ized the quantitative relationships between environmental vartations and
performance. Simulation modeling, augmented with mathematical modeling
of performance measures, was shown to yield a powerful analytic tool for
estimating peacetime resource needs.

The Air Force Human Rescurces Laboratory (AFHRL) has addressed the
peacetime O&M environment. However, a methodology is needed to show the
marginal change in sortie generation of a unit of tactical aircraft in
the combat surge environment as a function of differing levels of man-
power, spares, and support equipment available to the unit when com-
mitted to ccmbat. These unit resource levels must be translated intao
funding levels for the Force Structure in the budget and POM (Program
Operations Memorandum). This methodclogy would be used to assist in
balancing resources across weapons systems and to satisfy the Congres-
sional mandate that support resource funding be explicitly related to
levels of readiness.

In this context, readiness is defined as the number of sorties that
can be generated during the initial surge phase of air operations.

The purpose of the present study was to extend the peacetime simu-
lation and mathematical modeling technique to an initial wartime surge
environment.

This study examined the 1influence of variations in manpower,
spares, and support equipment quantities on F-15 operations and mainte-
nance assuming the heavy flying demands typical of a surge scenario.
Dynamic interactions among resource levels were studied for each of 30

1
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successive days, and results were uSed to develop predictive models that
relate daily changes in more than 40 performance measures to variations
in resources., .

L. B s b e

Specific study objectives were: (a) to quantify the interactive

effects of manpower, spares, and support equipment for F-15 operaticnal 2
weapon system in an initial wartime surge environment, and (b) to -
develop mathematical models of resource interactions. ¢
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II. APPROACH

Several techniques are available for predicting system performance
as a function of resource quantities, and each has advantages and disad-
vantages with respect to sophistication, fidelity with actual opera-
tions, flexibility, cost, and turnaround time. Paper-and-pencil surveys
can provide results rapidly and {inexpensively, but generally yield
little insight into complex interactions among the weapon system and its
resources. At the opposite end of the continuum, actual flight testing
under hypothetical operating conditions can provide a wealth of detailed

information about complex interactions. However, these exercises are -

extremely expensive, require prolonged periods to collect useful data,
and may be very restrictive in terms of objectives that they satisfy.
Hence, a technique more sophisticated than paper-and-pencil surveys and
less expensive and time-consuming than flight testing is needed to give
designers and managers early quantitative data on projected system per-
formance. !A '

Computer simulation modeling represents a powerful, timely, and
relatively inexpensive method for generating quantitative relationships
between performance measures and resource quantities. Using a simula-
tion model, an investigator can examine virtuaiiy any real or hypotheti-
cal configuration of an O&H environment of any weapon system. Among the
available computer models to provision for spares and manpower (Refer-
ences 5 to 12), the Maintenance Manpower Model deveioped by the AFHRL
has been used extensively. The Air Force maintains highly detailed data
bases of the characteristics ard support environments of several tacti-
cal aircraft in accordance with AFR 25-8., Aircraft systems currently
covered include the F-4E, RF-4C, F-4G, F-15, F-16, F-lllA, EF-111A,
A-10, A-7D, and C-5A. _ - .

The Maintenance Manpower Model incforporates the Logistics Composite
Model (LCOM) (References 13 to 16) and provides a technology for fore-
casting the maintenance manpower requirements for a weapon system (Ref-
erence 7). Using Air Force base-level data related to aircraft mainte-
nance and support functions, LCOM simulates an operational aircraft
squadron or wing at a specified level of flying activity over time (Ref-
erences 8 to 12). Outputs from these exercises include detailed infor-
mation about simulated operational activity on a day-by-day basis (e.g.,
sorties requested and _accomplished), aircraft maintenance (e.g., post-
sortie turnaround time), personnel use, shop repair, supply and support
equipment use. By varying levels of manpower, spares, and support
equipment assumed to be available at the start of simulation, investi-
gators have been able to examine the interrelationships among these
resources as they influence weapon system performance. Sim.lation
results can be used to optimize resource quantities and tradeoffs
between resources, and in this way contribute to readiness.

. The specific research program progressed through the following
stages:

—
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1. Define maintenance data base
2. Develop surge scenario and operation ground rules

3. Adopt experimental design and methods for selecting resource
quantities

WY VERL L o

4, Statistically examine LCOM output measures

5. Derive regression models fdr each output measure as a function
of resource quantities

slea L niRS Y

-

DEFINITION OF THE DATA BASE

Simulations were performed with an F-15 data base which is
described in detail in Reference 1. This data base had been configured
following review of Air Force and contractor publications devoted to
F-15 maintenance requirements, examination of the maintenance data col-
lection system (References 17 and 18), and consultation with Continental
United States (CONUS) and European base maintenance personnel. Mainte-
nance tasks and aircraft components were described at the standard five-
digit work-unit-code level adopted by the Air Force (Reference 19), and
configured appropriately for LCOM use (References 13 to 16). Operations
with the F-15 concerning deployment, flying rates, weapons use, alert
requirements, flight sizes, mission types, and launch time separations
were guided by Air Force policies. Similarly, maintenance concepts that
defined work centers, manning standards, frequency of scheduled mainte-
nance, task priorities, base and depot repair time, flightline activi-
ties, and cannibalization of downed aircraft for spare parts, all were
chosen in light of Air Force practices and data (see Appendix A).
Expectea failure rates and repair times were provided to the data base
for over 400 line replaceable units (LRUs) that were considered to be
"maintenance significant,” i.e., at least one maintenance action was
expected in approximately 5000 sorties. Military perscnnel were desig-
nated by their Air Force Specialty Code (AFSC), and maintenance activi-
ties of 38 AFSC types assigned to 10 different work centers were moni-
tored. Further detail on data base characteristics can be found in
Reference 1. »
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SURGE SCENARIO AND OPERATION GROUND RULES

Reference (20) provided some information on combat sortie genera-
tion. Each simulation performed in the present study assumed the same
F-15 utilization program and several additional operating restrictions.
The utilization program spanned 30 days of 0&M activity, and prior to
the first day, a wing of /2 aircraft and supporting manpower, spares
supply, and equipment were assumed fully operational.

Surge flying activity described a positively skewed histogram of
missions and sorties requested as a function of days. That is, the
greatest level of flying activity was requested on the first surge day,




and then decreased across days 2 and 3 to a level which reamained high
but constant from days 4 through 30. An effort was made to optimize
mission scheduling within each day so that peazk demands for aircraft

would occur when most aircraft were expected to be available, i.e., fol-

lowing the completion of sorties or maintenance and service. Across all
30 days, the flying program yielded an aircraft utilfization rate (UR) of
135 sorties per aircraft per month, although sortie rates achieved
varied as a function of resources. Sortie durations were held constant
for different mission types. In-sortie activity was not simulated.

Each day allowed for 12-daylight and 2-nighttime hours of flying
activity for a total of 14 hours per day. Missions were scheduled for
all 7 days per week. Maintenance manpower was made available on ail 30
days according to two 12-hour shifts. Manning levels per shift corre-
sponded to Air Force policies and to the quantities assigneu via the
experimental design.

Cannibalization of parts from non-operational aircraft was per-
mitted in all simulations. Generally, Air Force policy calls for avoid-
ing cannibalization for a variety of reasons, but under surge operations
exceptions can be made. It was assumed cannibaljzations would occur
only when spare parts were not available from supply and the afrcraft in
maintenance could not be repaired before the next scheduled sortie.

Resupply of spares repaired at the depot was not allowed. In oper-
ational settings, some percentage of failed aircraft components are
routed to the depot to be repaired; the remainder are repaired on base.
In the present scenario, repair pipeline time from the depot was set at
a value greater than 30 days, which meant that there was a continuous
drain on potential supplies as a function of failures.

EXPERIMENTAL DESIGN AND METHODS FOR SELECTING RESOURCE QQANTITIES

The purpose of this study was to examine the effects of a wide
range of resource levels on system performance across the 30-day surge.
Therefore, simulation runs differed with resprct to the quantities of
men, spare parts, and support equipment availatie beginning on the first
day of surge activity. Three levels of manpower, four levels of spares,
and three levels of support equipment were combined in a factorial
arrangement yielding 36 separate "cells,” i.e., each level of a variable
appeared in combination with each level of all remaining variables.
Figure 1 illustrates the experimental design for this study and lists
the actual quantities of men, spares, and equipment in terms of AFSCs,
LRUs, and Avionics Intermediate Shops (AISs), respectively. Within each
cell there were 30 successive days and, therefore, 30 observations per
LCOM performance measure. Thus, across all simulation runs, 3x4x3x30 =
1080 observations per measure were obtained as a function of manpower,
- spares, support equipment, and days.

The resource quantities chosen reflected a concern with avoiding
weapon system performance extremes for which the effects of the resource

:
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variations would be undetectable. If, for instance, nearly all of the
sorties requested are accomplished across simulations that use different
resource quantities, then a "ceiling" effect prevents any inferences
regarding the magnitudes of experimental manipulations. Therefore, dif-
ferent resource quantities were chosen, based on preliminary simulation
results, to ensure large variations in system performance.

First, three simulations were conducted with unlimited manpower,

spares, and support equipment to determine the best performance possible
under an aircraft utilization rate (UR) of 135 flying hours per aircraft
per month. The three runs sampled the inherent random processes in the
model and, therefore, produced a “band" of performance., Figure 2 illus-
trates this performance band in terms of percent of requested sorties
accomplished per day. As can be seen, even with unconstrained resources

the frag rate required to meet a UR cf 135 simply was too high with the:

restrictions that the initial ground rules impcsed (72 aircraft and a
14-hour flying window per day). Percent sorties accomplished increased
from about 76% to 92% across Days 1 to 4 and then remained relatively
constant near 92% through Day 30. The three unconstrained runs yielded
a variation in percent sorties accomplished of approximately 3% around
the mean on any given day.

Once the band of percent sorties accomplished was established,
resources were constrained to lower quantities to keep the sorties

accomplished rate within the band. These resource levels represented

the baseline values. As can be seen in Figure 2, baseline resource con-

ditions consisted of 1431 LRUs, 1572 persons, and two Avionics Interme-

diate Shops (AISs), each shop comprised of six avionics test stations.
Additional levels of each resource then were selected to satisfy the
experimental design.

Manpower levels equaled 781, 972, or 1572 persons distributed
across 38 AFSC types and two work shifts. These values were selected
based on earlier work (Reference 3) and satisfied manning requirements
for UR=10, 20, and 30 peacetime flying schedules, respectively. Actual
frequencies of men per AFSC appear in Appendix B.

Totals of 463, 728, 1188, or 1431 spare parts distributed across
411 different LRUs constituted the four levels of spares. The lower two
spares quantities, 463 and 728, were selected based on prior research
(Reference 3) which showed these quantities to be satisfactory for UR=10
and 30 schedules, respectively. The larger quantities, 1188 and 1431,
were determined by treating requests for LRUs as a Poisson distributed
process given anticipated failure rates and 30 days of flying. The two
values were computed to ensure that requested spares would be available
with a probability of .£5 for a UR=90 and a UR=135, 30-day schedule,
respectively. Appendix C presents actual spares quantities per LRU, and
Appendix D discusses the procedures for using the Poisson distribution.

Support equipment associated with the AIS test stations was con-
strained to efther 0, 1, or 2 of each drawer per test station. The AISs
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are used to repair failed LRUs. Constraining the availability of the
AIS test stations was expected to delay or eliminate spares resupply and
impair system performance.

In addition to the AIS, the following support equipment and facili-
ties were simulated at constant levels over all runs:

Equipment Quantity
AM32A-60A: Gas turbine generator set........... unconstrained
TTU228/E: Hydraulic test standecccesscecscesse Unconstrained
NF2: Self-contained light stand.......... unconstrained
680: ZO-MM ]oadercooooooooooo-ooooocoococ 1

189F168: zo-m ]oader.t..0.0"..........0.... 1

MHUB3A/E: Munitions handling Tift truckeeeseees 3

HJ'IA: Ael“ial StOf‘eS lift trUCkoo'ocoooooooo 2
HOTPIT: Quick turnaround ared...cccceccesces 6

TAB v: }Iardened she]ters........."....... 72

LCOM OUTPUT MEASURES EXAMINED

Forty LCOM dependen: me3asures, grouped into six performance cate-
gories, were extracted from each daily summary of flying activity for
all 36 simulations. A list of the measures appears in Table 1. As a
result of the design adopted, there were 1080 observations for each of
these measures,

Within a given category, values for each dependent measure were
collected on each subcategory. but statistical analyses were performed
only on values totaled across all subcategories. For instance, Percent
Sorties Accomplished was a measure available for each of the mission
tyoes in the Operations category. However, analyses were conducted only
on Percent Sorties Accomplished accumulated aciross all mission types.
Similarly, measures in the Manpower category were accumulated over all
AFSCs; in the Shop Repair _and Supply categories across all LRUs; and in
the Support Equipment category across all AIS drawers and remaining
equipment,

STATISTICAL ANALYSES

The effects of changes in resource quantities on the 40 measures
were examined with two sets of stepwise regression analyses (Reference
21). For each measure, a regressfon model was derived using single
degree-of-freedom components of the main effects and interactions
between Manpower, Spares, and Support Equipment. Varijation attributable
to Days was treated as error. A socond model was generated for each
measure which included selected components of the Days main effect and
their interactions with all the remaining factors from the first regres-
sion analysis. Table 2 summarizes the 26 sources of variance and their
degrees of freedom tested in the first analysis. The second analysis
.tested 80 sources of variance which resuited when linear and quadratic
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TABLE 1 LIST OF LCOM OUTPUT VARIABLES EXAMINED

SUPPORT EQUIPMENT

Number of backorder days
Number of units demanded

.Percent units ofr-the-she}_f
sfi

Percent demands not sati
Number of cannibslizetions
Number of items on bsckorder

Equigaent percent used - unscheduled
maintenence

quxgnent percent used - scheduled
maintenance

Equipment percent unused

Number of backorder days

Number of units demanded

Equipment psrcent oemands not satisfied

‘ DEPENDENT MEASURES
CATEGORY NO. TITLE
OPERAT IONS 3 Percent accomplished - Mission
8 Percent sccomplished - Sorties
AIRCRAF I 15  Percent on sorties §mc1uu1ng Alert)
16 Psrcent in unscheduled maintenance
17 Parcent in scheduled meintensnce
18 Percent in NORS
19 Percent in mission wait status
20 Percent in service plus waiting
21 Percent in operationally rgad{
22 - Average sircraft post-sortie time (hours)
3 Aver:ge number of sorties per aircraft
r da
24 nyingyhours
18 Average sircraft pre-sortie time (hours)
MANFOWER 28 Percent utilization
;3 anhours used (X100
Percent unscheduled maintensnce
n Percent scheduled maintensnce
33 Number of men desired
34  Percent men availsble (Prime)
38 Percent demands not sstiscfied :
40 '!‘:gnulutod msintenance manhours per flying
ur :
SHOP REPAIR 44 Number of reparsble generstione
’ - 45 Percent base repair
46 Percent depov repair
47 Average base repecir cycle
48 Percent active repair
49 Percent white space
SPARES SUPPLY gz Percent fill rste
37
58
61
62
63
n
7
B
9
)

TOTAL

10




Days components wer: entered as main factors and in interactions with
the 26 sources from Table 2.

In stepwise regression, the form a prediction model eventually
assumes is governed by several assumptions. In the present analyses,
the one factor selected from the group of factors at each step always
had the largest semi-partial correlation with the dependent variable
and, therefore, made the largest contribution to total variance
accounted, RZ. Factors continued to be admitted to the model only if
the F-statistics associa’ed with iheir variance contribution exceeded
the .001 probability level. Furthermore, a factor remained in the model
only if its contribution after other factors were entered exceeded a
value significant at the 0.05 level. These criteria made both entry of
a factor into the model -and exit after entry relatively difficult. It -
should be clear from these remarks and Table 2 that the two prediction
models generated for each measure represcnted two of virtually thousands
of potential models. In regression aralysis., any factor associated with
a degree of freedom can be treated as a testable factor or as error.
Furthermore, the order of factor entry as well as statistical criteria

. used to test each factor are user-defirad.
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TABLE 2 MAIN EFFECTS, INTERACTIONS, AND ASSOCIATED DEGREES OF
FREEDOM FOR VARIATIONS OF MANPOWER, SPARES, AND SUPPORT
EQUIPMENT: REGRESSION MODELS WITHOUT DAYS

SOURCE OF VARIANCE af
Total 1079
Manpower 2
1.8 linesr (M) 1
2. Sp0 quadretic (M2) 1
res 3
& _quadratic (S2) 1
cubicb (S3) o !
Support Equipment 2
S. lincar (SE) ) 1
6. quadratic (SE2) 1
Manpower x Spares é
7. Mx$S . B 1
8. M x S2 1
M x S 1
M xS 1
M2 x S2 . 1
M2 x S 1
Manpower x Equipment 4
M. M x SE 1
12. M x SE2 1
13. M2 x SE 1
1. M2 x SE2 1
Spares x Equipment 6
15. S x SE 1
16. S x SE2 1
17. S2 x SE 1
18. $2 x SE2 1
$3 x SEb |
$3 x SED 1
Manpower x Spare x Equi 12
19. MxS xSE 1
20 MxS xSE?2 1
21. M xS2xSE 1
22 MxS2x S&% 1
xS x SE b 1
N x S3 x sg2° 1
23. M2 x S xSE 1
24, M2 x$ x SE2 1
25. M x S2 x SE 1
26. M2 x 52 x SE2 1
M2 x §3 x SEb 1
"2 x S’ x SEzb !
Residysl 1044
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II1. RESULTS

Two classes of findings are important to the purpose of the present
study. First, the concentration was on the empirical relationships
between resource levels and observed changes in F-15 performance as
reflected in the 40 LCOM measures. Second,. the regression models
derived from these empirical relationships are discussed and their pre-
dictive power evaluated. Examples of the appropriate use of the regres-
sion models are presented.

EXPERIMENTAL FINDINGS

The range of resource quantities tested had a dramatic impact on
several performance measures examined in all categories. The first con-
sideration is the impact of resource levels on an Operations measure
since other measures are directly influenced by activity at this super-
ordinate level. Figure 3 illustrates changes in Percent Sorties Accom-
plished as a function of all resource levels. Within each panel, Per-
cent Sorties Accomplished is plotted as a function of the four spares
levels (x-axis), and the three manpower levels (graphs lines). Each AIS
condition is plotted in a separate panel. Fach data point in Figure 3
represents the average sortie percent for the 30-day surge. Changes in
sortie percent over days are presaented later in this section.

Figure 3 shows that as resource quantities were increased, sortie
percent increased, not a surprising result. However, some resources
clearly had more impact on this measure than others. First, spares
levels made the major contribution to sortie percent, HNote the rapid
increases in sortie percent within each of the three panels. Averaged
over manpower and support equipment, sortie percents were 36%, 50%, 70%
and 71% for spares levels of 465, 735, 1188, and 1431 LRUs, respec-
tively. It is of interest to note that further increases in LRUs beyond
1188 did not influence sortie rate substantially. This result indicates
that restrictions imposed by other resources, the heavy flying demands,
and the limited number of aircraft and daily flying wlndow, nuilified
the advantages of the largest spares supply.

Second, the more support equipment that was available the greater
the sortie rate, but the magnitudes of the increases were not as large
as when spares were changed. Averaged over manpower and spares, the 0,
1, and 2 AIS conditions produced 50%, C3%, and 61% sorties accomplished.
Finally, manpower changes effected the smallest average gains in sortie
rates; average percentages for 781, 972, and 1572 personnel were 53%,
56%, and 61%. The small separations between graphs in each panel of
Figure 3 indicate manpower had a negligible effect on sortie percent.
At first glance, the 8% performance gain achieved with a doubling of
manpower from 781 to 1572 AFSCs may appear surprisingly small. However,
as will be seen in later discussions of Personnel category measures,
c¢'en the 1lowest manning levels produced relatively few unsatisfied
aemands for personnel. .

13
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The main effects of each resource type were of interest; however,
the data in Figure 3 show that interactions among. resources also pro-
duced important effects on sortie percent. For instance, the data show
that percent sorties accomplished across spares levels increased faster
as more and more AIS became available (slope increases across panels).
This result suggests that the more spares there were on hand, the
greater the flying rate, but unless repair facilities for failed LRUs
were available, spares were exhausted rapidly and overall sortie percent
peaked at a level far below what is required for a UR 135 scenario.
When AISs were provided, a constant flow of repaired LRUs could restock
spares supplies and help sustain heavy flying demands.

However, the relationship among resource levels is more compli-
cated. A three-factor interaction between manpower, spares, and support
equipment is evident in Figure 3. The separation among graphs across
panels is greater at the higher than at the lower spares levels. Sortie

percents were poor at the low spares levels, and even drastic increases

in manpower and support equipment could not compensate for low initia:
supplies. However, at higher spares levels, more personnel and AIS.
*paid off" in the sense that these resources boosted sortie percents
when initial spares inventories were plentifully stocked.

These data demonstrate the complex relationships among flyiag
activity and resource levels that prevail in 0&M environments., Highar
resource levels yield higher overall sortie rates, resulting in more
failures and mora demands for resources. If supplies are on hand, or
can be regenerated in large numbers, then activity is sustained. But
once initial spares levels are exhausted, further sorties (a) continu-
ously drain whatever repaired LRUs are generated, and (b) create massive
backlogs of failed parts that cannot be repaired quickly enough to stem
the decline of flying activity. Before examining repercussions of
resource levels and flying activity on other LCOM measures, it is useful
to examine daily variations in sortie percent among our simulations.

Figure 4 depicts in nine panels all combinations of the resource
quantities as they influenced Percent Sorties Accomplished over the
surge perfod. Sortie percents were averaged into six successive blocks
of 5 flying days each for clarity of presentation. The top, middle, and
bottom rows of panels represent sortie percent under manning levels of
1572, 972, and 781 personnel, respectively. The left, middle, and right
columns of panels present the 0, 1, and 2 AIS conditions, respectively.
i]l:thin each panel, the four spares levels are differentiated by graph

nes.

Figure 4 provides clear evidence that a surge scenario cannot be
sustained unless resources are set initially at relatively high levels.
For instance, in the bottom left-hand panel, the solid-line graph repre-
sents the flying rate accomplished under the worst of the resource
conditions--463 LRUs, 781 personnel, and no AIS. As can be seen, flying
activity dropped from 60% in the first 5 days to only 13% in the last §
days. Obvicusly the overall UR 135 could not be satisfied under these
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conditions; in fact, the actual UR accomplished was about 45 sorties per
aircraft per month, one-third of the requested rate. And it should be
kept in mind that this decline in flying activity was solely the product
of deficiencies in the maintenance environment. In all simulations, it
was assumed that aircraft would not be lost to battle damage, environ-
mental conditions, or other sources of attrition. Within the same panel
of Figure 4, increases in spares levels slowed the decline in sortie
percent so that in the best of these poor support conditions--1431 LRUs,
781 personnel, and no AIS--UR peaked at s]ightly over 75 sorties per

- afrcraft per month.

" The remaining eight pahels of Figure 4 generally show that the most

- influential resource for sustaining heavy flying demands was initial

spares supplies. In all nine panels, sortie rate was sustained longer
and at higher levels as more spares were provided. As shown in the 30-
day average data, the two highest spares conditions of 1188 and 1431
LRUs did not yield very different sortie percentages when daily trends
were examined. Each panel shows that the highest spares conditions, sus-
tained flying activity about equally well, (As will be noted in subse-
quent regression analyses, this lack of further improvement with changes

in spares iowers the predictive strength of a model that includes spares
level as an independent variable.)

Figure 4 also reveals the effects of manpower, support equipment,

and interactions between all resources on sortie percentages. The
effect of manpower *s seen by comparing measures in rows of panels, and
this exercise shows that as manpower increased, there were average gains
in sortie percent. However, the shapes of the separate curves over days
and the differences between curves did not vary much. Similarly, a com-
parison across columns indicates that adding more AIS improved perform-
ance generally, but did not greatly influence daily change patterns.

The three-factor interaction among manpower, spares, and support
equipment again was apparent in the daily performance changes. It may
be noted in Figure 4 that for all spares levels, the first 5-day value
of Percent Sorties Accomplished was larger.as more personnel and more
support equipment were provided. However, at the two lowest spares
levels, flying rates declined rapidly over the 30 days regardless of the
manpower and support equipment available. On the other hand, the two
highest spares levels were augmented by the other two resources so that
declines in flying rates were actually halted and sortie percent held at
relatively high levels across the 30 days (see Figure 4, top left
panel). For the best resource conditions--1431 spares, 1572 personnel,
and 2 AlISs--the accomplished UR totaled approximately 122 sorties per
aircraft per month which, although significantly 1lower than the

requested UR 135, was controlled in part by aircraft and flying window
restrictions.

To summarize the Percent Sorties Accomplished measure, clear
effects due to spares levels and marginal effects due to manpower and
support equipment were found. Flying activity was held constant over
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days when initial spares levels were high and sufficient manpower and
equipment were available to repair failed LRUs and provide a consistent
flow of spares back into supply. However, when quantities of any of tk.
three resources were relatively low, flying activity rapidly deterio-
rated to alarmingly low levels over the surge days. Some tradeoffs
between resources were identified based on various two- and three-factor
interactions. For instance, when no AISs were available, as would be
the case in a remote deployment of aircraft, relatively high spares
levels offset the maintenance capability lost when limited manpower was
available. On the other hand, when manning levels where increased by
slightly more than a factor of two, this produced virtually no improve-
ment in ability to sustain the flying demands when very few spares were

allocated.

In the present simulations, flying activity was requested by mis-
sion types and each type required a minimum number of aircraft he avail-
able. If the minimum number could not be filled, the missicn was can-
celled. Thus, if a four-aircraft mission was cancelled because only two
aircraft had been available, then two LCOM measures reflected this

loss--Percent Missions Accomplished and Percent Sorties Accomplished.:

In the present example, one mission was lost and four sorties were lost
in the same cancellation. If the same mission were requested and three
of four aircraft satisfied the minimum aircraft conditions, then the
mission would have been flown, and the same two LCOM measures would have
been differentially affected. In this case, the mission would not be
lost, but one sortie (three out of four requested were flown) would have
been lost. The relationship between missions and sorties has two conse-
quences for analysis: (a) unless all missions and sorties are accom-
plished, there will always be a higher percentage of missions accom-
plished than sorties accomplished; and (b) effects attributable to
resource manipulations will be nearly identical for the measures because
the two are highly correlated. Indeed, the analyses showed that spares,
manpower, and support equipment influenced mission rates in the same
directions and magnitudes as they influenced sortie rates.

The resource quantities contributed to variaticns in the Aircraft
category of measures (see Table 1), and two of those measures are con-
sidered here for their close relationship to sortie percentages and for
their importance to assessments of "readiness," an issue of concern to
Air Force planners. The status of a given aircraft can be described in
several mutually exclusive classifications. For example, the aircraft
might be flying a sortie or waiting to take off; it may be in mainte-
nance or in a pool of available aircraft. LCOM accumulates the percen-
tage of time each aircraft resides in these status classifications in
terms of the total “aircraft-days" available. Aircraft-days is simply
the product of aircraft and flying days and for these simulations
equaled 2160 aircraft-days (72 A/C x 30 days). Measures 15 through 21
listed in Table 1 represent percent of aircraft-days and always total
100% in a given simulation. .
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Of particular importance to this investigation were Percent in

Non-operationally Ready Supply (NORS) and Percent Operationally Ready
(OR). [Note: Current aerospace vekicle status codes, such as Full Mis-
sion Capable (FMC), Partial Mission Capable (PMC), etc., have not been
incorporated in the LCOM (Reference 4)i: An aircraft is in NORS status
when insufficient spares supplies are available to repair one or more
failed LRUs that are required for the aircraft to be mission-worthy.
The OR status. ir, iii a sense, the opposite of the NORS status; in OR an
aircraft is fulily prepared for a mission. With respect to readiness,
low NORS and moderate to high OR rates are signs that the wing is pre-
pared for combat. On the other hand, high NORS and low OR rates suggest
lowered readiness and signal potential problems for sustaining a surge
operation.

.Figure 5 presents both the NORS and OR rates as a function of
resource levels studied, and these results highlight readiness deficits
when resource levels are severely constrained. Each data point repre-

. sents a 30-day average for the appropriate condition. As can be seen,
- spares quantities controlled both NORS and OR rates, whereas manpower

and support equipment made only small additional contributions to varia-
tions in these measures. In the lowest spares condition, NORS reached
and exceeded 60%, and OR remained near 10%, regardless of added manpower
or support equipment. These rates signal limited capacity to maintain
the surge requirement. However, as more spares were allocated, NORS

dropped rapidly and OR rose slowly but steadily. The reason for the

difference in these rates of change becomes obvious in light of Figure
3--as NORS drops, more aircraft are available to fly missions, and,
therefore, "Percent on Sorties" increases to as high a level as failure
rates will allow. :

Figure 6 fl1lustrates the NORS rate changes as a function of days in
each simulation. A comparison of these data with those in Figure 4 on
sortie percentages shows the high negative correlation between these
measures. Generally, as more sorties were flown and more failures were
generated, spares supplies were quickly exhausted and aircraft were
routed to a NORS status. In the lowest spares conditions, the NORS per-
'\centage increased rapidly over days, and after 30 days approximated 90%
independent of other resources. However, when spares were increased,

he time which aircraft remained in the NORS status was reduced.

There was an {interaction between AIS level and spares quantity
cross days, and this is most easily seen by comparing the NORS rates
r the highest spares conditions in the left and middle columns of
panels in Figure 6. Notice that with one AIS, NORS increased over days
at a slower rate than when no AIS were avaflable. This result shows
that support equipment which is used to repair spares can regenerate
sufficient supplies to keep NORS at acceptable levels.

Once an aircraft was in the NORS status it was Vulnerable to canni-

balization. Therefore, a close relationship might be expected between
NORS percentage and frequeicy of cannibalizations. However, several
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additional considerations complicate what appears to be a simple rela-
tionship. First, any factor which helps replenish supplies should work
to keep cannibalizations as well as NORS rate low. As described previ-
ously, providing AIS maintains LRU repair activity and slows the NORS
rate. Therefore, cannibalization should be less frequent when more sup-
port equipment is available. Second, cannibalization requires manpower;
functional LRUs can be obtained from disabled aircraft only if people
are available to perform these tasks. Thus, the greater the manpower

levels on the average, the more cannibalizations should occur. Third,
flying activity increased NORS levels dramatically when spares were low
initially (Figure 6), and across 30 days, there was no improvement or
reversal in NORS. This relationship implies an interesting outcome for
cannibalization -fraquency. Given low spares levels, cannibalizations
should 1increases across days as NORS increases. But cannibalization
itself exacerbates the NORS rate by further impairing an aircraft's
potential'availability; parts taken from an aircraft almost ensure [it
will remain in a permanent NORS status. Therefore, cannibalization
should peak and then decline over days as the system. in a sense, con-

sumes jtself, |

Figure 7 shows the total cannibalizations performed per 5-day block
in each simulation, and each of the effects described above can be seen
in these data. First, the more spares provided initially or made avail-
able by the introduction of AIS, the lower the overall frequency of can-
nibalizatfons. Second, more cannibalizations were performed at the
higher manpower levels (compare rows of panels from bottom to top).
Finally, over the 30 days, cannibalizations tended to increase to a peak
frequency and then decline to relatively low levels.

Changes in several additional Shop Repair. Supply, and Eqnipment
category measures were examined, and graphs of these data appear in
Appendix E of this report. Rather than elaborate on each measure, the
reader is referred to this appendix for further examination of these
data. Generally, each measure revealed a sizable effect due to spares
supplies and lesser effects due to manpower and support equipment. The
relationships between changes in flying activity and changes in Shop
Repair, Supply, and Equipment measures corroborate the mutual dependenca
of activities that drive these measures. For instance, flying activity

-produces failures and failures prod-'ce demands for supply units, support

equipment units, and cannibalizations. Faflures also create work for
shop repair, and therefore, generations of LRUs increase and decrease
with failure rate.

Finally, a number of measures showed significant effects of man-
power levels, and several of these are presented hera to elucidate where
manning levels influenced system performance. First, when an aircraft
returns from a sortie, complete maintenance checks are initiated, failed
LRUs are identified, and unscheduled maintenace is performed prior to
the aircraft being routed to OR. Obviously several factors influence
the amount of time an aircraft spends in post-sortie maintenance,
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including equipment needs and availability, skill level of the techni-
cian(s) performing the maintenance, and severity of the damage. The
present simulations did not examine all potential source of turnaround
time variability, but it appears that manpower levels made a major con-
tribution to Average Aircraft Post-sortie Time (Figure 8). Very simply,
the more personnel available, the more rapidly aircraft were serviced
and readied for another sortie. '

The AIS and spares levels appeared to make little or no contribu-
tion to changes in post-sortie time. This conclusion is too simplistic,
however, given the data concerning sortie and NORS rates. Post-sortie
time is computed for aircraft that have completed processing and, there-
fore, can be based on different numbers of turnarounds in different sim-
ulations. A better understanding of the impact of resource quantities
on post-sortie time must take this computational procedure into account.
For instance, cannibalized aircraft that never exit a NORS status do not
contribute a value to average post-sortie time. Figure 8 shows simply
that speed of repair for afrcraft that were eventually repaired and sent
to OR was a function of the number of maintenance personnel available.

In the Personnel category, several measures showed a dependence of

manpower use on spares supply and flying activity. The data of primary
tnterest are fllustrated in Figures 9 through 12. In Figure 9, it can
be seen that the Number of Personnel Demanded was an increasing function
of spares supplies, which as we have noted, was in turn related to
sortie percentages. As with other LCOM measures, there was a circular
cause-and-effect arrangement between manpower demands and flying
activity. ,

Figure 10 shows generally that the Percent of Personnel Demanded
that Was Not Satisfied remained relatively low across all resource con-
ditions, but was a decreasing function of manning level. The selection
of manning levels had been guided by expected use and obviously yielded
lavels that were higher than necessary. Since nearly all demands were
satisfied for the highest manning conditions, the contribution of the
manpower variable to predictive models was expected to be lower than if
many demands had not been satisfied. That is, the problem here is a
cefling effect that lowers the correlation between an independent vari-
able and LCOM performance measures.

The final two measures presented, Total Manhours Used (Figure 11)

and Simulated Manhours per Flight Hour (Figure 12), show (a) that there

was a positive relationship between personnel used and flying activity
that was mediated by spares supply and (b) that, under high flying
rates, proportionally fewer manhours were generated per flight hour.

To summarize, the experimental findings of the present simulations
showed that resource quantities and interactions among resources pro-
duced wide variations in LCOM measures of F-15 performance. Of the
resource variables examined, spares supplies tended to contribute most
to the experimental effects. However, it was suggested that the levels
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of ecch resource controlled the impact of the variable, and therefore,
effect magnitudes and eventually predictive models generated from the
present data need to be interpreted with these limitations in mind.
Generally, manpower and support equipment contributed to performance
variations, but levels of both of these variables tended to be too high
to allow more substantial effects to emerge. This observation should
serve to alert users of simulation modeling techniques to the fact that
output measures of system performance are not sensitive to resource lim-
itations if most demands for resources are easily satisfied. In the
present simulation, only spares levels adequately sampled a broad enough
range to yield truly sensitive performance differences. However, these
results are encouraging since relatively small effects associated with
levels of manpower and equipment suggest that even lower quantities can
be expected te produce relatively good performance.
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REGRESSION MODELS

Predictive models for each of the 40 LCOM measures are presented in
complete detail in Appendices F through G. As mentioned earlier, two
models were generated per measure, one that included selected Days com-
ponents as predictive terms and a second that treated all variations
over Days as error. First, there is an example of a regression model
for Percent Sc.iiui Accowmplished. Following an explanation of how this
model can be used, the models developed for the remaining LCOM measures
are summarized and evaluated. :

As Figures 3 and 4 show, Percent Sorties Accomplished varied as a
function of resource quantities. The variation in this measure can be
conceptualized as a unit circle the area of which equals the total sum
of squared deviations around the mean of Percent Sorties Accomplished.
Regression analysis then partitions this variability among the factors
manipulated by the experimenter. As mentioned in the Approach section,

the two analyses conducted here included 26 and 80 factors, respec-.

tively, based on exclusion .or inclusion of Days as a factor. Table 3
summarizes the variance distribution among 25 factors in the first anal-
ysis type for Percent Sorties Accomplished. The percentage cf variance
and regression coefficient attributed to each factor are listed along
with total accounted varifance and subtotals for the main factors and
interactions. Figure 13 subtotals for the main factors and interac-
tions. Figure 13 illustrates the partitioning of the total varfance
derived from the first type of analysic. :

As Table 3 indicates, only 5 of the 26 single degree-of-freedom
(df) factors accounted for sufficient variance to satisfy the signifi-
cance test criteria that were adopted. This does not mean that the
remaining 21 factors contributed nothing to total variance, only that
the criteria effectively screened out factors that made very small con-
tributions. A second point to note is that the total variance accounted
for by the 26-factor model was relatively low, 51.45%. In regression
analysis, effects due to all single df factors always sum to 100% of the
variance. But one objective of regression analysis fs to account for as
much variance with as few factors as possible so that the final predic-
tive model is a parsimonious one. Evidently the 26-factor model, while
relatively parsimonious (1079 single df factors were possible), was not
:8pg;§rful model since the proportion of unexplained variance was large,

An examination of the variance percentages for individual factors
shows a good correspondence between the predictive model and the rela-
tive effect magnitudes seen in the experimental findings (see Figure 3).
It was found that spares supply appeared to have the greatest effect on
Percent Sorties Accomplished among the resources examined. As Table 3
shows, the two single df factors associated with the Spares main effect
accounted for 42.69% of total variance, and nearly 83% (42.69/51.45) of
the variance accounted for in the model. The second largest effect was
due to Support Equipment, and Manpower made the smallest contribution
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_  9-2645
PERCENT ACCOMPLISHED - SORTIES

VARIABLE 08 = 55.9077 + 29.4092 (S) + 9.439 (M) + 5.7461 (SE)
- 30,6195 {$2) +63.3809 (S X M2 X SE)

TOTAL VARIANCE (R2) = 5145
STANDARD ERROR OF ESTIMATE = 15.71

MANPOWER = 2.04%

SPARES
42.69%

UNACCOUNTED
VARIANCE =
48.55%

SUPPORT EQUIPMENT = 4.35%

[INTE RACTIONS = 2.37%

FIGURE 13 DISTRIBUTION OF VARIANCE IN PERCENT SORTIES ACCOMPLISHED
DUE TO A REGRESSION MCDEL BASED ON MANPOWER,
SPARES, AND SUPPORT EQUIPMENT
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TABLE 3 DISTRIBUTION OF VARIANCE AND REGRESSION COEFFICIENTS FOR 26
FACTORS DERIVED FROM COMPONENTS OF SPARES, MANPOWER,
SUPPORT EQUIPMENT, AND INTERACTIONS FOR PERCENT SORTIES
ACCOMPLISHED

12.
13.
1.
15.
16.
17.
16.
19.
20.
2.
22.
23.
2,
25,
26.

PREDICTOR

- M
v - et (9 )

Spares

- linear (S)

- quadratic (52)
Support Equip. - linear (SE)

Mx S
M x S2
M2 xS
M2 x S2
M x SE
M x SE2
M2 x SE-
M2 x SE2
S x SE
S x SE2
S$2 x SE
§2 x SE2
MxSxSE
Mx S x SE2
M x S2 x SE
M x 52 x SE2
M2 xS x SE
M2 x S x SE2
M2 x S2 SE
M2 x S2 x SE2

- quadratic (SE2)

Nusber of Predictors in Equation
% Varisnce Accounted for

Variance Subtotals

Menpower

Spares

g-ﬂgport Equipment

-F actor teractlons
3-Factor Interactions

Stendard Error of Estimate

PERCENTAGE OF
TOTAL VARIANCE

2.04

40.98
1.7
4.35

2.37

51.45

ZQM
42.69
4.35

2.37

REGRESSION
COEFFICTENT

PR ILECI TR WP L PLIARL PLILE S RIN SUS IS LE DL ALE AN

'$5,9077 (Intercept) .
4359

29.4092
-30.6195
5.7461

\ 63,3809

C15.71

33

LA GA AL S )




ll'.lll---llﬁ

.

A
!

P

among main effects. One component of the three-factor interaction among .

Manpower, Spares, and Support Equipment contributed a sufficient per-
centage of variance to satisfy the significance test criteria, and this
supports the earlier observation of such an effect. None of the two-
factor interaction components were of sufficient statistical importance
to be included in the final model,

The first analysis yielded a linear equation that uses the quanti-
tative levels of resources weighted by the appropriate regression coef-
ficient and produces an expected value of Percent Sorties Accomplished.
The equation for this measure was

% Sorties Accomplished = 55.9077 + 9.4359(M) + 29.4092(S) -
30.6195(S2) + 5.7461(SE) + 63.3809 (SxM2xSE) ,

where M refers to manpower level, S to spares level, and SE to support
eﬁuipment level,

{ To derive these models, the manpdwer and spares levels were trans-
formed prior to computing regression coefficients because the magnitudes

of some quadratic terms and interactions became so large that precision .

was lost. For instance, with the largest manpower and spares ;evels
1672 and 1431, respectively, the quantitative value of the M< sé
interaction would have been 15722 x 14312 = 5.06039... x 1012, In
regression analysis, rounding yields imprecision in coefficients which
becomes more severe as more steps are computed. Therefore, 949.5 was
subtracted from each manpower level, 1109.667 from each spares levels,
and then each result was divided by 1000 prior to using the levels as
correlates with values of a performance measure. It should be empha-
sized that this procedure in no way changes the predictive fidelity of
these models. The proper use of the equation listed above in the previ-
ous paragraph for predicting sortie percentages requires that the trans-
formations be performed before levels are entered into the equation.

For example, if the user wanted to know the expected sortie percent
for 30 days given resource quantities of 1200 personnel, 900 LRUs, and 2
Alfs.dthe two transformations are performed first; then the equation is
solved: '

Manpower = (1200 - 949.5) x .001 = ,2505
Spares = (900 - 1109.667) x .001 = -.209667

% Sorties Accomplished = 55,9077 + 9.4359(.2505) +
29.4092(-.20966;) - 30.6195(-.2096672) + 5,7461(2) +
63.3809 [(.25052) (-.209667) (2)] = 60.6%

Approximately one-half of the sorties requested in a UR 135 schedule
would be expected to occur under these resource conditions according to
the model. It should be clear that this value is an estimate for 30
days and that daily expected percents would not be available with such a
model.  Furthermore, since the model accounted for only 51.45% of the
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variance in observed sortie percentages, the 60.6% estimate derived from
the model is subject to error. On the average, that error is rather
large as can be deduced from a standard error of estimate value which
equaled 15.71% (see Table 3). The standard error indicates that in the
long run, approximately two-thirds of the sortie percents actually
observed under the assumed resource conditions would fall within +15.71%
of 60.6%. Needless to say, this is a relatively poor predictive device.

A much superior predictive device was obtained when the linear and -

quadratic components of Days were included as main factors and in inter-
action with the 26 factors of the first analysis. The analyses that
included Days tested 80 single df effects, a relatively simple model
considering that 1079 effects were potential candidates. Due to space
limitations, Table 4 lists the descriptors, percentages of variance, and
regression coefficients for those factors among the 80 that satisfied

the significance test criteria for the second mode!. Appendix G pre-

sents each factor tested.

As Table 4 shows, the predictive model became more complex when
Days components and interactions were added. The number of terms in the
final equation rose from 5 to 22. But the added complexity yielded a
much more powerful prediction device, accounting for a total of 91.08%
of the variance and keeping the standard error at +6.79% of mean values.
Furthermore, daily sortie percent values can be computed with this sec-
:nd model,]whereas only 30-day average values can be estimated with the

irst model.

The procedures for using the second model are identical to those
Just described, with one addition. A Day value is required. The Day
value transformation is first computed using the following formula:

D = Day - 15.5

Table 5 presents a comparison of the observed sortie percents for each
of 30 days in two different simulations, and the predicted percents gen-
erated by the second model. Inspection of the "Difference” column shows
that tnere were many discrepancies between observed and predicted
results, but generally they were within tolerable levels. Recall that

- these are stochastic models designed to predict performance assuming

large variations in resource levels. In light of the dramatic perform-
ance changes obtained (see Figure 4), the present equation predicted the
results remarkably well given its relative simplicity. In both compari-
sons shown in Table 5, the model accurately predicted general trends in
sortie percents over days. A note of caution is in order. The present
equations are valid only for resources levels that fall within the
bounds of the levels used to derive the equations. No guarantees can be
made about predictions when resources levels either underrun or overrun
the original levels used in simulations. This may be an obvious, but
important, caveat.
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‘l' TABLE 4 DISTRIBUTION OF VARIANCE AMD REGRESSION COEFFICIENTS FOR 80 ‘
FACTORS DERIVED FIOM COMPONENTS OF SPARES, MANPOWER, ¢
SUPPORT EQUIPMENT. DAYS, AND INTERACTIONS FOR PERCENT .
SORTIES ACCOMPLISHED 1
PERCENTAGE 0F REGRESSION TR
PREDICTOR TOTAL VARIANCE COEFF ICIENT K
1. Manpower - linear (M) . 2.04 52:33?3 (Intercept) ..
2. Spares - linear (S) 40.98 27.7055 4
- quedratie (S2) | R -38.629 XE
3. Support Equipment - linear 4.36 14.2978 3
- quadratic (SE2) © 0.49 -2.8850 J
&, MxS 0.34 11.2481
S. MxSE ' 0.10 4.0377
6. M2 x SE . .16 -16.3688
" 7. SxSE 0.39 ‘ 19.1699
8. S «xSE2 0.16 -5.0227
9. MxSxSE o 0.10 8.6186
10.. M x S2 x SE ' 0.13 11.0326
1. M2 x S x SE 2.36 11.44485
12. Days - linear (D) ' 26.18 -1.5051
3. MxD 0.56 0.5717
W, SxD 8.82 ‘ 1.4033
15. SE2 x D2 0.18 -0.0154
6. 2 x5 x D2 : 0.43 -0.3544
17. SxSExD ' _ 0.59 ' 0.4086
18, S2xSEx D ' 0.58 1.1922
19. S2 x SE2 x D2 0.32 0.0642
2. xSxSExD 0.10 1.9431
Number of Predictors in Equstion . 2
% of Variance Accounted for 91.08
Variance Subtotals ’
2;’.":2:‘ g 3%
Support Equipment 4.85
Days 26.18
2-? actor Intarsctions 10.71
3-Factor Interactions 4.51
4-Factor Intersctions 0.10
Standard Error of Estimate 6.79
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TABLE 5 COMPARISONS BETWEEN OBSERVED AND PREDICTED RESULTS FOR
PERCENT SORTIES ACCOMPLISHED PER DAY IN TWO SIMULATIONS

Percent Accomplished-Sorties

Variable 08 = 55.9805 + 27.7055 (S) + 6.7818 (M
122998 2] 7033, 630" (530818, Wso (se2)

+11,2481 (S x M) + 19,1699 (S x SE) - 5.0227 (S x SE2)

+4.0377 (M x SE) ~ 16,3688 (M2 x SE) + 8.6186 (S x M x SE)
+11.4445 (S x M2 x SE) + 11,0326 (S2 x M x S) - 1.5051 (D)
+1.4033 (S x D) - 0.5717 (M x D) - 0.0154 (SE2 x D2)

- 0.3544 (S x M2 x D2) '+ 0.4086 (S x SE x D) + 1.19z22 (S2 x SE x D)
+ 0.0642 (S2 x SE2 x D2) + 1.9831 (S x M2 x SE x D)

Total Varisnce (R2 x 100) = 91.98
Standard Error of Estimete = 6./9

Bl teefe 0 ANEA s ale A ala il WM B 0.0

Resources: 972 Personnel Resources: 972 Personnel
735 Sg-ru 1431 Sgnres
1 AIS 1 AIS

Day Observed Predicted Differencs Observed Predicted Difference
1. 61.54 74.50 -12.96 64.47 87.18 ~22.71
%. 713.33 72.64 0.69 77.92 . 86.62 8.70

. 77.58 70.78 6.80 74.89 86.03 ~11.18
8, 83.01 68.90 12.11 82.52 84.43 ~1l.9
5. 84.47 67.00 17.47 81.07 84.82 - 3.75
6. 83.01 65.10 17.91 2.04 84.18 ~-2.14
7. 8;.52 63.19 19.33 82.52 83.53 - 1.01
8. 13.74 61.25 12.54 78.16 82.86 ~ 4,70
9. 75.24 59,32 15.92 .4 82.17 4.2%
10. 73.30 57.36 15.94 83.01 81.46 1.55
1. 64.08 $5.40 8.68 78.46 60.74 ~20 _
12, °57.28 53.4 3.86 81.07  80.00 1.07
13. 59,22 %1.4 1.79 68.65 - 719.26 ~10.79
;g. C9.2; :;.62 gg’? 7;.% 79. - g.é;
16.  53.88 45.37 8,31 .42 18 ~25.39
17. 44.66 43.33 1.33 $1.46 16. «24.56
18. 38.35 . - 2.93 55.83 75.1 «19.34
19. 46.60 . 71.39 79.61 4. 5.1
20. 42.72 A3 5.59 69.90 73.43 -« 3.53
21. 50.00 35.03 14.97 72.82 72.52 0.30
2}. 41.26 32.93 8.33 80.10 .61 8.49
23. 43.69 30.81 12.88 ;9.70 .?7 ?.13
24, 38.35 28.68 9.67 .18 69.72 46
25. 31.55 26.54 5.01 69.42 14 0.68
26. 34.95 24.38 10.57 74.27 67.75 6.52
27. 34.95 22.21 12.74 . 69.90 .75 3.15
28. 29.61 20.03 9.58 76.21 65.72 10.49
;3. 26.21 17.84 8.3 72.82 .68 8.14

. 30.58 15.63 14.95 74.27 63.62 10.65
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Figure 14 illustrates the gain in predictive strength obtained with
the second model for Percent Sorties Accomplished. By repartitioning
the same data with the new model, the percentage of unaccounted variance
drogped from 48.55% (Figure 13) to 8.92%. Furthermore, the two factors
which dominated the model in terms of estimating sortie percentage were
Spares level and Day of the month. Inspection of Figure 4 shows why
these factors were so dominant; sortie percent rose steadily as spares
increased but tended to decline across 30 days. The signs of the
regression coefficients for the linear components of Spares and Days
indicate the positive and negative influences of changes in these fac-
tors on sortie percents. -

The remaining LCOM measures were predicted with varying degrees of
success with the two types of models. Figure 15 shows the partitionings
of variance feor two of these measures under the two types of models.
The circle graphs on the left of the figure reprasent variance estimates
for the Percent of Aircraft-Days in OR, and show that the model without
Days components accounted for 48.03% of the variance. In contrast, the
model with Days components accounted for 90.72% of the variance an
improvement comparable to that of the Percent Sorties Accomplished.

The Number of Cannibalizations was poorly predicted with both
models. The circle graphs to the right in Figure 15 show that the pro-
portion of variance unaccounted for with the models was 63.34% for type
I and 37.26% for type II. An examination of Figure 7 suggests the rea-
son for the low predictive strength in these models. Across days, the
number of cannibalizations tended to increase to a peak value and then
decline. The day on which the. peak occurred varied across simulations.
For a predictive model to be sensitive to this simulation difference,
components of the Days factor higher than the quadratic component should
have been included. It is difficult to surmise which of the 29 orthogo-
nal Days compnnents would have been best to include as predictive terms,
but in retrospect, the 1inear and quadratic components obviously did not
suffice.  These observations should serve to caution the user against
rigidly adopting a stepwise regression procedure which tests the same
components for all performance measures.

Table 6 lists the proportions of total variance accounted for by
the twc models tested for each of the 40 LCOM measures of interest.
(Appendices F through I provide fully elaborated equations and variance
portions due to each factor in each model.) Table 6 shows that the
models predicted the measures with varying degrees of success. Several
models were of high predictive value whereas others were of limited
value as evidenced by the wide range of variance figures.

Two shortcomings in the present approach, if corrected, may improve
predictive models of LCOM results. ~irst, as was seen in the figures
that illustrated the simulation results for several measures (Figures 3
to 12), the chofce of resource levels may not have induced variations in
performance that were large enough to benefit model development. For
instance, 1n an extreme case some dependent measure may show only small
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VARIABLEO8 = 55.9805 + 27.7055 (S) + 6.7818 (M)

: : +14.2978 (SE) - 38.6294 (S2) - 2.8850 (SET)
+11.2481 (S X M) + 19,1699 {S X SE) ~ 5.0227 (S X SE?)
+ 40377 (M X SE) - 16.5688 (M2 X SE) + 8.6186 (S X M X SE)
+11.4445 (S X M2 X SE) + 11.0326 (S2 X M X S} - 1.5051 (D}
+ 1.4033(SX D)~ 0.5717 (M X D) — 0.0154 (SEZ'X 02)
~ 0.3584 {SXM2X D2) +0.4056 (S X SE X D) +1.1922 (ST X SEX D)
+ 0.0542 (S2 X SE2X D2) + 1.9431 (S X M2 X SE X D)
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FIGURE 14 DISTRIBUTION OF VARIANCE IN PERCENT SORTIES ACCOMPLISHED
DUE TO A REGRESSION MODEL BASED ON MANPOWER, SPARES,
SUPPORT EQUIPMENT AND DAYS
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SPARES X MANPOWER X SUPPCAT EQUIPMENT

'SUPPORT EQUIPMENT = 4.49%7

) "\\
\

3

PERCENT OF AIRCRAFT -~
DAYS IN OPERATIONALLY
READY

$1.97%

INTERACTIONS = 10.97%

UNACFOUNTED
VARIANCE =

——
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NUMBER OF CANNIBALIZATIONS

SUPPORT
EQUIPMENT
- 27.28%

UNACCOUNTED
VARIAHCE =
63.34%

INTERACTIONS = 0.82%
MANPOWER = 1.91%

SPARES X MANPOWER X SUPPORT EQUIPMENT X DAYS

INTERACTIONS
= 19.65%

SUPPORT
EQUIPMENT
=4.50%

ANPOWER = 0.52%

VARIANCE =
9.28%

UNACCOUNTED

INTERACTIONS
= 19.64%

SUPPORY
EQUIPMENT

UNACCOUNTED
VARIANCE =
31.26%

MANPOWER
= 1.91%

. FIGURE 15 EXAMPLES OF VARIANCE DISTRIBUTIONS FOR TWO LCOM

VARIABLES ESTIMATED BY TWO REGRESSION MODELS
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TABLE 6 TOTAL PERCENTS OF VARIANCE ACCOUNTED BY TWO REGRESSION MODELS

PERFORMANCE : ' SPARES X MANPOWER X SPARES X MANPOWER X

MEASURE EQUIPMENT EQUIPMENT X DAYS
Dependent Variables
Operstions
03 Percent accomplished-missions : 43.44 91.72
oe Percent accomplished-gorties 51.45 91.08
Aircraft
15 Percent on sorites Si'\cluqing alert) 48.24 91.89
16 Percent in unscheduled maintenance 1.87 : 91.65
17 Percant in schedules maintenance 29.16 84.31
18 Percent in NORS ) 4 52.71 95.11
19 Percent in mission wait status T 29.97 719.53.
20 Percent in service plus waiting 67.76 85.79
21 Percent in operationally ready 48.03 90.28
22 gar :oaiscraft post-sortie 2i.21 22.66
me ur ’
23 Averane number of sorties per 47.C4 . 92.87
aircraft per day
24 Flying hours 48.24 91.89
M%wer
23 Percent utilization 63.32 92.23
29 Manhours used (x100) 51.69 91.32
30 Percent unscheduled maintenance 8.20 .31
AN Percent scheduled maintenance 8.20 3
Number of men demanded 50.03 <37
34 Percent men svailable (Prime) 74.55 .23
8 Percent demands not satisfied 74.47 .13
40 Simulated mainienance manhours 18.88 47.66
per flying hour
Shop Repair
Number of reparable generations 43.62 86.75
47 Average base repair Cycle 43.25 53.13
48 Percent active repair 12.67 12.04
49 Percent white space 6.50 12.35
ares Suppl
265 Percent T1l] rate 6C.24 n.n9
Number of backocrder days 60.24 79.79
57 Number of units demanded 50.14 98.97
58 Percent units off-the-shelf 43.07 87.36
6] Percent demands not satisfied 60.24 .79
62 Number of cannibalizations 36 .66 62.74
63 Number of items on backorder 52.98 99.05
Support Equipment ]
n Equipment percent used - unscheduled 78.61 90.94
maintenance
72 quri‘enent percent used - scheduled 13.11 19.85
maint enance
3 Equipment percent unused 718.65 91.12
73 Number of backorder days 50.05 98.98
75 Number of units demanded 43.72 86.09
9 Equipment percent demands not 62.78 77.78
satisfied :
NOTE: Varisbles T8-Average aircraft pre-sortie time (hours), 45-Percent
base repair, and 46-Percent degot repair were evaluated. However, no
predictors met the 0.001 significance level for entry into a model. Ccnse-

quently, there were no estimating mudels for these dependent variablea.
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random changes as a function of very large variations in ‘a resource. L
The correlation between the resource and the measure in this case would LK
be zero, and therefore, no predictive capability would exist knowing the .
resource level. In the present study, more extreme quantities of man- ; )
power, for example, would have induced larger changes in some LCOM meas- ¢
ures and then would have figured more prominently in the predictive P
models. ' A : : i,/// I

A second type of modeling improvement stems from the fact that T
changes in several LCOM measures were intimately related to changes in .
other measures. For instance, the first-order correlation between Per- o
cent Sorties Accomplished and Percent in NORS exceeded -.95 in the
present simulations. Obviously processes which are involved in simula-
tion of an 0&M environment affect both measures in opposite directions.
Our present regression models treated changes in each performance meas- L
ure as though they occurred indepedently of changes in the remaining -V
measures. However, several measures reflect common underlying pro- ' '
cesses, and more sophisticated prediction models which take these per- '
formance measure relationships into account will greatly enhance the
.modeling effort. Simultaneous models of several interdependent 1linear
equations can be derived after postulating a causal model relating
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changes in a performance measure to changes in both resources and system .

performance. Each equation that results from this approach corrects the N

mutual biases presently contributing to our regression models. K
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IV. CONCLUSIONS

The present study examined the performance of a 72-aircraft weapon
system in a wartime surge environment under a variety of resource condi-
tions. With respect to the study parameters, the major sources of vari-
ance in 40 performance measures were attributed to spare parts supplies
and day of the surge activity. Increasing the spares supplies available
at the beginning of simulation increased the period during which heavy
flying demands could be sustained. However, flying activity tended to
deteriorate across days, and very rapidly so when resource levels were
quickly exhausted on the early days of the surge. Manpower, support
equipment, and interactions among the three principal resources enhanced
predictive capabilities for most LCOM measures, but accounted for
smaller portions of variance than did either spares levels or days.

With respect to the regression models that were developed with sim-
ulation results, indications were that a simple model which included
predictive components based on Manpower, Spares, and Equipment generally
did not provide stable or accurate estimates of system performance.
Variance percentages accounted for with this first type of model ranged
from 6.60% to 78.65%. Substantial increases in predictive strength were
obtained from a model which, in addition to components based on the
three resources, included the linear and quadratic Days components.
This model predicted from 12.04% to 99.05% of the variance in the 40
performance measures. The increase in predictive strength appears to
Justify the added complexity of the second model compared to the simpler
model without the Days comporent. -

Finally, the second model type yielded very encouraging results
concerning the application of simulation and mathematical modeling tech-
niques to the surge environment. However, an aspect of modeling which
can be improved is the treatment of interdependencies among performance
measures. Simulation results showed strong relationships among many
performance measures, relationships which were not a contractual part of
this study. Many benefits are realized in moving from the use of step-
wise regression techniques to an approach which addresses interrelation-
ships among dependent measures. One approach consists of developing a
model of performance change which postulates a causal relationship
between the measure of interest, other performance measures and resource
quantities. This approach treats the interdependencies among perform-
ance meas;nres and provides a statistical solution to biases in our cur-
rent models.

RECOMMENDATIONS

The present methodology can be applied to a variety of Air Force
estimation problems. Our analyses have concentrated on rather global
measures of weapon system performance, but there is no reason that
equally good predictive devices cannot and should not be derived for
finer details in the O&M environment. Performance changes as a function
of resource levels should be examined at the AFSC, LRU, and drawer level
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among manpower, spares, and equipment, respectively. Estimates of the
use of these resources, and their mutual impact on one another can help
identify specific resources that may create critical problems. Trade-
offs between resource needs likewise are more easily identified when
estimates address spe:ific types of personnel, supplies, and equipment.

The research efforts to date have addressed peacetime and surge
scenarics under weli-defined resource and environmental conditions.
There are many additional conditions which can be examined with simula-
tion and modelling, including:

1. Chemical warfare environment. Protective suits and specialized
equipment can reduce the rate at which maintenance tasks are
performed. Aircraft turnaround times might be expected to
increase in a contaminated environment, and modeling techniques
can give advance estimates of the deficits to be expected.

2, Variations in mission scheduling. This research effort con-
sidered only a launch window of 14 hours per day and no single
aircraft launches.

3. Variations of deployment policies. Our simulations assumed a
72 UE wing at a single base. Other variations would include
deployment of separate and self-sustaining operational loca-
tions of 48 UE and 24 UE. Furthermore, other wing sizes should
be examined, for instance 54 UE, 36 UE, and 18 UE.

4, Variations in organization structure. Structures which include
the Combat-Oriented Maintenance Organization (COMO) concept of
maintenance manpower need to be explored, and modeling provides
a viable technique for rapid appraisal of this concept in many
environments.

5. Variations of data base compression. Simulation modeling with
a detailed data base can use enormous amounts of static com-
puter storage and involve lengthy run durations which require
additional dynamic storage. The purpose of an addition to this
research effort was to develop methods for reducing storage and
run duration by condensing the detailed data base and to assess
whether this results in distortion of system performance esti-
mates, and if so, to what degree. The results (reported in
Reference 22) clearly show that significant reductions can be
made to a fully detailed LCOM data base, without severely dis-
torting most output measures under unconstrained resource con-
ditions. We arqued from the results with six unconstrained
simulations that slight differences in output measures could
reasonably be attributed to (a) a failure to adjust all vari-
ance estimates associated with the lognormal distributions of
task durations and (b) discrepancies in the proportion of
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failed parts that were routed to the depot. Personnel meas-
ures, the only metric that was seriously distorted in uncon-
strained runs, varied across data base because crew sizes were
underestimated after compression. However, even these output
discrepancies amounted to only 10% variation from values gener-
ated with the five-digit base, and correcting crew sizes by
recomputing several three-digit networks is certain to enhance
correspondence of personnel measures.

Results from constrained resource runs suggested that mem-
ory use was a function of flying activity accomplished and not
of flying activity requested. LCOM outputs were distorted in
the runs, and unraveling the reasons for the distortions is a
tortuous process given the interdependencies among many output
measures. It appears, however, that in addition to the prob-
lems that were discussed with unconstrained resource runs, man-
ning lay-in quantities were not equivalent across data bases in
constrained runs. The combination of all data base differences
biased LCOM measures toward superior weapon system performance
with the compressed base. In retrospect, a more appropriate
procedure for describing personnel and determining quantities
of AFSC types would have been to create arbitrary AFSC designa-
tions, one per 10 shops, and then man at the shop level. New
estimates of manning levels would be required for the com-
pressed base from expected utilization per AFSC per shop if
this approach were taken. There is no simple correspondence
between five-digit AFSC types and the maintenance shops, which
complicates making manpower levels identical across different
data bases for purposes of simulation. The manhour problem
suggests an LCOM enhancement that would prevent data base dis-
crepancies following network compression. If LCOM were recon-
figured to accept noninteger crew sizes, then the Manhours Used
measure could be duplicated exactly after any degree of com-
pression.

There is no question that more severe compressions to the
two-or one-digit WUC levels would reduce storage and execution
costs much further than what has been accomplished here with
the three-digit level compression. There is strong evidence
that output measures can be controlled to within the fluctua-
tions of random effects in LCOM. The benefits for the investi-
gator include an ability to generate accurate measures of sys-
tem availability and performance within relatively short time
periods and for a fraction of the computer custs of larger sim-
ulations, Reference 25.

Battle damage assessment and the impact of afrcraft attrition
on resource requirements. Figure 16 presents preliminary data
collected relating Percent Sorties Accomplished to days under
four attrition rates for certain mission types. The surge sce-
nario from the present study was used, there were 72 aircraft
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on Day 1, and resources were unlimited. As can be seen, sorties
percents declined rapidly over 30 days with aircraft attrition
rates as low as 3%. These estimates are of obvious use for
tactical purposes.
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E Mutually Exclusive Probability

ESC Escort

FMC Ful  Mission Capable

FY Fiscal Year ;
G Non-mutually Exclusive Probabi]ity, i
GNP Gross National Product :
HQ Headquarters

IAF Intercept Alert Force

LCOM Logisics Composite Model

LG | Logistics

LRU Line Replaceable Unit

M ' Manpower

MAC Material Air Command

MDS Mission-design-series

MHE Maintenance Handling Equipment

MMH/FH Maintenance Manhours per Flight Hour

MMICS Maintenance Management Information and Control System

Mod-Metric ~ Multi-Item, Multi-Echelon, Multi-Indenture Inventory Model

MSBMA Mean Sorties between maintenance actions
N Night

NMC Not Mission Capable

NMCS Not Mission Capable Supply

NORS Non-Operationally Ready Rate Supply

0&M Operations and Maintenance

OR . Operationally Ready

PMC Partial Mission Capable

P Py
i
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PMCB
PMCM
PMCS
POM
RAM

SAC
SAS

SECDEF
SNMCB
SNMCM
TAC
TFW
UE
UNMCB

UNMCM

7”UR

USAF
USAFE
WRSK
wuc

"

Partial Mission Capable Both (Maintenance and Supply)
Partial Mission Capable Maintenance

Partial Mission Capable Supply

Proaram Operations Memorandum

Rapid-Area Maintenance

Spares |

Strategic Air Command

Statistical Analysis System

Support Equipmeni

Secretary of Defense 7

Scheduled not mission capable both (Maintenance and Supply)
Scheduled not mission capable maintenance

Tactical Air Command

Tactical Fighter Wing

Unit Equipped

Unscheduled not mission capable both (Maintenance and
Supply)

Unscheduled not mission capable maintenance

Utilization Rate (flying hours per aircraft per month)

United States Air Force
United States Air Force Europe
War Readiness Spares Kit -

Work Unit Code
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APPENDIX A

R

COMBAT SORTIE GENERATION MAINTENANCE CONCEPT.

R
A I TR 'Q
b

This Appendix contains an abbreviated description of the combat
sortie generation maintenance concept covered in Reference 20.‘

Management of maintenance will be subdivided into two distinct | %é K
efforts; combat turnarounds and repair of aircraft that return non- . S
mission capable. The latter effort can be further divided into fast-and <

- hard-fix categories. The division of wnrk, coupled with the pre-
positioning of logistics resources, will allow the regeneration effort
to focus on specific tasks and priority locations of the most available
aircraft. o ‘

In order to enhance aircraft availability, phased, periodic, and
calendar inspections, as well as time-compliance (with the exception of
life-sustaining items), may be discontinued. Ground crew system checks
will be terminated, except when specifically requested by the aircrew,
and end-of-runway, last-chance inspections may be suspended. In addi- g
tion, combat inspection criteria and requirements, identified in appro-
priate technical data, will take effect.

/

)

R

The manpower available to regenerate aircraft will also be enhanced
during combat sortie generation operations. First, cross-utilization of
skilled personnel may be employed to insure maximum productivity. Sec-
ond, direct sortie production functions will be augmented.

Mission-capable aircraft will be combat-turned under the supervi-
sion of the combat turn director (CTD). Non-mission-capable aircraft
requiring less than 4 hours to repair will be parked in the fast-fix
areas and managed by organizational-level personnel. Non-mission-
capable aircraft requiring over 4 hours to repair will be parked in the S s
hard-fix areas and managed by job control. Battle-damaged aircraft K
beyond the repair capability of the unit will be repaired by the Air e
Force Logistics Command (AFLC) Combat Logistics Support Squadron (CLSS). N

The number of aircraft munitions configurations will be kept to a : Sl
minimum and standardized as much as possible to ootimize munitions sup- ESK
port. Munitions will be preassembled to the greatest extent possible.
At the appropriate alert warning, predetermined loads will be assembled,
preloaded as applicable, and delivered to 1oading or holding areas-

N

~a

Munitions control function personnel, through the munitions liaison
officer (nine-level) in the mission planning cell (frag shop), will mon-
itor the projected need for complete round munitions. Weapons release
and gun services personnel will perform only mission-essential require-
ments during the surge period. :

o]

S SR

Equipment maintenance personnel will defer or delay 7-day and 180/
360-day periodic inspections to reduce maintenance handling equipment

DO L= OO A AR
190, .’ v,
Lot %

oA

roa

o lim R
.“jﬂ ,\,.“: 'rﬂ": ‘s
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(MHE) downtime. These 1inspections may be accomplished if the sortie
generation rate is not jeopardized. A mobile, quick-fix capability will
be developed and maintained to accomplish on-the-road repairs, as well
as the repair of other munitions support equipment such as missile and

~preload support equipment.

The regeneration flow of aircraft begins when the aircrew reports
aircraft mission capability status per guidance contained in Reference
20. Returning aircraft will taxi to a cursory check area to confirm
mission capability status. The cursory check will be accomplished with
engines running, and the aircraft will be directed to the appropriate
location for regeneration. Mission-capable aircraft (capable of per-
forming next fragged mission) will be combat-turned by using the appli-
cable, integrated-combat-turnaround procedures. Aircraft, wherein minor
maintenance can be accomplished without aircraft power and without
interfering with c.ombat-turnaround operations, will also be combat
turned. Simultaneous refueling, repair, and munitions loading will be
accomplished. Aircraft that break and cannot be repaired in a reason-
able time will be immediately relocated.

Non-mission-capable aircraft or aircraft requiring maintenance
actions that do not meet the requirements of Reference 20, that return
for refueling and immediate launch without weapons reloading, will taxi
to the hot refueling area, if applicable. Upon completion of hot
refueling, aircraft requiring maintenance will be taxied to fast- or
hard-fix recovery locations. Aircraft that are refueled for {mmediate
launch will be taxied out of the hot refueling area to an engine start/
arm area for engine restart and removal of ground safety pins.

Each aircraft will be used, to the maximum extent feasible, as a
test bench to isolate malfunctions. Under no circumstances during a
combat-turn will maintenance requiring access to the cockpit be per-
formed simultaneously with munitions loading., B

As out-of-commission aircraft are returned to mission-capable
status, Paragraph 2-2e(2) of Reference 23, they will be turned over to
the CTD for regeneration by using the appropriate, integrated-combat-
turnaround procedures. Self/cartridge starts will be used in the combat
turn-arounds (CTAs) when feasible.

Supply points, consisting of repair cycle items determined by the
chief of maintenance to be mission-essential and to best accommodate the
quick-turn, sortie-surge concept, will be established and located in the
maintenance area performing most renove-and-replace maintenance during
surge operations. Total base sets to include the war readiness spares
kit (WRSK)/base level supply system (BLSS) will be used to fill pre-
positioning authorizations.
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| APPENDIX B
AFSC SHIFT ALLOCATIONS

Table B-1 lists the number of personnel, per Air Force Specialty
Code (AFSC), assumed available for the present simulations. Quantities
are given for each of 38 AFSCs on both 12-hour shifts for the three
levels of manpower examined. The three levels sample a wide range of
manpower and were selected with the following criteria:

Level Criteria
1 . Manning levels per AFSC assured an average NORS

rate of less than 5% for a peacetime utilization
“rate of 10 sorties per ceircraft per month
i (UR=10). Levels were established after spares
| quantities had been determined using the same
| eriterion.

2 {Manning levels per AFSC assured an average NORS
I rate of less than 5% for a peacetime UR=20.
'Levels were established after spares quantities

had been determined using the same criterion.

3 Manning levels per AFSC assured an average NORS
rate of less than 5% for a peacetime UR=30.
Levels were established after :;pares quantities
had been determined using the same criterion.
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“rate of less than 5% for a peacetime utilization
rate of 10 sorties per aircraft per month
(UR=10).

2 ~ Tet2) spares quantities yielded an average NORS

rate of less than 5% for a peacetime UR=30,

3 Total spares quantities were determined by
. treating requests for spares as a Poisson
process. Sufficient spares were made available

so that for UR=90, given an expected number of -

failures of any LRU over the 30-day simulation
period, the probability of having that LRU on
hand was .85. Removal rate is a function of UR,
and the expected number of removals is a func-
tion of shop a.ad depot repair probabilities,
shop and depot resupply cycle time, and simula-
tion period. Appendix D gives a detailed des-
cription of this approach to estimating spares
quantities.

4 Total spares quantities yielded a daily sortie
. rate that was not significantly different from
the daily rate achieved when spare quantities
were unlimited. Three simulations with unlim-
ited resources established a “sortie rate band”
which averaged approximately 92% per day for a
UR=135 requested sortie rate. The largest
spares quantity examined in the present study
insured that sortie rate remained within or near
the extremes of this band on each simulated day
of flying.
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'APPENDIX C 2y
q
SPARE PART CONSTRAINTS &0
‘- s
This Appendix lists the spare part resources and their four con- S
strained quantities assumed for the present simulations. Parts are
listed at the two-digit {(Table C-1) and five-digit (Table C-2) WUC -
levels. Quantities for each digit system represent the sum of all five- "
digit LRUs within that system. Quantities were entered per line .
replaceable unit (LRU) for actual runs, however, and the distributions -
of spare LRUs were proportional according to expected LRU failure rates. -
The four levels samples a wide range of spares resources and were =
selected with the following criteria. !
Level Criteria 5
1 Total spares quantities yielded an average NORS "
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TABLE C-1 SYSTEM SUMMARY OF SPARE PART CONSTRAINTS
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N

Ttk LN AR

Lk .

WORK
UNIT . NUMPER OF SPARES O
CUDE DESCRIPTION ‘ LEVEL: R Z 3 4 N
T irframe il 37 7 a0
12 Cockpit and Fuselage Compartments 12 is 55 64 {
13 Landing Gear System 30 45 108 122 By
14 Flight Controls 32 42 59 70 N
23 Power Plant 79 155 350 126 )
a E:sqrﬁary Powee System 27 43 4] 7% .
iornmental Control System 22 32 35 68 N
42 Electrical System 11 20 32 39
44 Lighting Sgs em 21 25 24 26 .
45 Hydraulic System 19 23 24 26
45 tuel System 28 ) 64 14
47 Oxygen System 8 16 30 35
49 Miscellaneous Utilities 6 1 12 14 .
51 Instruments 20 29 63 83 :
52 Autopilot and Recording Equipment 5 7 7 8 .
2 Malfunction Analysis and Flight H 1 " 15 -
. Control System -
57 Integrated Guidance 1 1 2 3 N
63 W ications 11 2 25 31 -
65 1IFF System 7 19 18 22
n Kadio Navigation 22 - X6 4z >3
74 Fire Control System 25 60 68 87
% Veaggns Delivery System - : 25 30 22 27
16 Tactical Warfare EIectronic System 18 21 19 21
TOTALS 463 728 1168 1331
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TABLE C-2 SPARE CONSTRAINTS PER LRU (CONCLUDED)

75NAB 1 1 1

I5NAE 1 1 1

T5NAD 1 1 1

T5NAC 1 1 1

15AA0 2 1 y ‘|
16AC0 2 1 y
16AF0Q 1 1

76AG0 1 1 1

76CAQ 1 ¥ 2 y

76GDO 1 1

76GB0 1 1

16GED 1 1

76GNG 1 1

76GPO 1

16GFO 1 1 1
76HAD 1 ]

;6.‘30 1 4
6HFQ 1 1

16HGO 1 1

76HCO ‘ 1

J6HLA 1 1 1

76HH0 1 1 1
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APPENDIX D |
POISSON PROBABILITY FUNCTION FOR COMPUTING SPARES REQUIREMENTS

This Appendix describes the mathematical procedureé for computing
spares lay-in quantities assuming failure probabilities per LRU, flying
activity, and repair cycle time.

The general equation for the Poisson Probability Function is shown

below:
Y W

. e

l’(x) X

where: P(x = protection level probability value
l a constant with a value of 2.7183
x = number of spares
A = expected number of removals over the simulation time

" period

Y. t
A= [P oeporF) * Payop (7)1 [R]

Ppepor = Probability of depot repair
P = probability of shop repair, 1-P
SHO? = simulation time period f DEPOT
t) = depot repair cycle time
ts> = shop repair/resupply cycle time
5 = removal rate = removals/T

Ppepot and Pgyop are dependent on the types of spare and their cor-
respondgng repair cycle times. There are occasions, such as wartime
initial-surge, where resupply of spares may not exist. This condition -
could be represented by a depot repair/resupply cycle time (tj) equal to
the length of the surge time interval.

A FORTRAN computer program has been developed that combines the
given Poisson equation with a data base that contains all of the neces-
sary input variables. This data base describes approximately 411 F-15
Line Replaceable Units (LRUs). Because this data base also includes
cost data, once the quantities of spares are determined, the total
investment cost can also be assessed.

An example of the input information in the data base is shown 1in
Table D-1. An explanation of the input variables is shown in the fol-
lowing equation:

F
Plxlfsz3xP4xP5

LRU Failure Rate = FLRU =
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TABLE D—-1 SAMPLE INPUT DATA FOR DETERMINING SPAF.E REQUIREMENTS

PROBABILITIES - 9-2284

wucC cosT F f, Py LN LA . Pg PoePoT

11A80 15170 0034 0.200 0.021 1.000 1.000 0.000 0.000 ’ .
11AF0 9900 0034 0.500 0.021 1.000 1.000 1.000 0.000 K
T1AHP - 100 0034 0.100 0.021 1.000 1.000 1.000 0.000

1AM 1430 0034 ©.100 0.021 1.000 1.000 1.000 0.000

11A99 100 0034 0.100 0.02 1.000 1.000 1.000 0.000

11040 770 0018 0.169 0.015 1.000 1.000 1.000 0.000

110GT 280 001b 0.083 0.018 1.000 1.000 - 1.000 0.000

110HT 776 0018 0.083 0.018 1.000 1.000 1.000 0.000

1104 199 0018 -0.083 0.015 1.000 1.000 1.000 0.000
104K 244 0018 0.083 0.018 1.000 1.000 1.000 0.000 .
11000 2358 0018 0.167 0.0158 1.000 1.000 1.000 0.000

1104V 2527 0018 0.083 0.015 1.000 1.006 1.000 0.000

1100w 1682 0018 0.083 0.015 1.000 1.000 1.000 0.000

11034 380 0018 0.083 0.015 1.000 1.000 1.000 0.000

11099 100 0018 0.083 0.015 1.000 1.000 1.000 0.000

11GRE 18066 0016 0.167 0.073 1.000 1.000 1.000 0.000

11GRG 697 0016 0.083 0.073 1.000 1.000 1.000 0.000

1GSC 3200 0016 0.168 0.073 1.000 1.000 1.000 0.000

1GSE 360 0016 0.167 0.073 1.000 1.000 1.000 0.000

11GSH 3168 0016 0.083 0.073 1.500 1.000 1.000 0.000

1IGRX 10309 0016 0.083 0.073 1.000 1.000 1.000 0.000

1GSy 5987 0016 0.083 0.073 1.000 1.000 1.000 0.000

1GSW 4456 0016 0.083 . 0.073 1.000 1.000 1.000 0.000

11GSe 305 0016 0.083 0.073 1.000 1.000 1.000 0.000

1MPAS 13696 0062 0.167 0.369 1.000 1.000 1.000 1.000 o
"raL 760 0062 0.033 0.369 1.000 1.000 1.000 ©.000 b
11rAs 760 0062 2.033 0.369 1.000 1.000 1.000 0.000
A1PD0 15034 0062 0.766 0.369 1.000 1.000 1.000 0.077

1P99 100 0062 0.001 0.369 1.000 1.000 1.000 0.900

12488 1214 0064 0.520 1.000 1.000 1.000 1.000 3.000

12cA8 100 0096 0.063 0.013 1.000 1.000 1.000 0.000

12c8A 1105 0096 0.125 0.013 1.000 1.000 1.000 0.000

12c88 1247 0096 0.125 0013 1.000 1.000 1.000 1.000

12c8P 1247 0096 0.128 0.013 1.000 1.000 1.000 0.000 -
12cco 3se 0096 0.125 0.013 1.000 1.000 1.000 0.000

12¢88 1227 0096 0063 0.013 1.000 1.000 1.000 0.000

12co8 — - 4 - 0096 0.126 —|- 0013 --{--1.000 | 1000 —— | - 1.000—}——0.000—- e

12CFA 248 0096 0.188 0.013 1.000 1.000 1.000 0.000

12CFC 100 0096 0.060 0.013 1.00) 1.000 1.000 0.000
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where: LRU = Line Replaceable Unit

F = 3-digit Work Unit Code (WUC) faiiure rate (expressed in sorties
between maintenance action)

Py - Pg = probab111ty of LRU failure and subsequent reﬁovai

An example of the output results is shown in Table D-2., In this
example, Time 1 and Time 2 were constants. The removals (R) that are
shown were calculated by the following equation:

No. of Sorties/Morith

R =
Flau

. First, a protection level is selected, and then a flying schedule
is defined. Generally, the protection level will yield a specific value
of Non-Operationally Ready due to Supply (NORS). To satisfy a pre-
established NORS criterion (e.g., 5%), it may be necessary to generata
spares for several protections levels and then use simulation data to
determine ctheir impact on the NORS rate. This will produce helpful sen-
sitivity relatiorchips among spares, NORS, and other related output sta-
tistics. The important point is that the given methodslogy generates
spares in a systematic manner.
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TABLE D-2 SAMPLE OUTPUT DATA — SPARES LAY-IN REQUIREMENTS

! 9 2285
I PROTECTION LEVEL - 0.85
: TIME 1 350000
' TIME2  .1667
NUMBER OF SCRTIES - 4208
wuc REMOVALS LAMBDA SPARES cesT
11ABO 520 003 1 15170 ONE ASSUMED
11AFO 1.300 .007 1 9900 ONE ASSUMED
: 11AHP .260 001 1 100 ONE ASSUMED
. 11AJA .260 .001 1 1430 ONE ASSUMED
' 11A99 .260 .001 1 100 ONE ASSUMED
: 11DJ0 593 .003 1 770 ONE ASSUMED
11DGT .291 .002 1 '280 i ONE ASSUMED
110HT .291 002 1 776 ONE ASSUMED
1104 .291 .002 1 199 ONE ASSUMED
' 11DIK .291 ) .002 1 244 ONE ASSUMED
: 1oJu 586 .003 1 2358 ONE ASSUMED
1104V 29 002 1 2527 ONE ASSUMED
1104w 291 .002 1 1682 ONE ASSUMED
11044 .29 .002 1 380 ONE ASSUMED
11D99 29 .002 1 100 ONE ASSUMED
11GRE 3.206 .018 1 18066 ONE ASSUMED
11GRG 1.594 009 1 697 ONE ASSUMED
11GSC 3225 .018 1 3200 ONE ASSUMED
11GSE 3.206 .018 1 360 ONE ASSUMED
11GSH 1.594 .009 1 3168 ONE ASSUMED
11GRX 1.594 .009 1 10309 ONE ASSUMED
) 11GSJ 1.594 .009 1 5987 ONE ASSUMED
11GSW 1.594 .009 g 4456 ONE ASSUMED
11GS6 1.594 .009 1 305 ONE ASSUMED
11PAJ 4.182 4.879 7 95872
11PAL .826 .005 1 760 ONE ASSUMED
11PA6 826 .005 1 760 ONE ASSUMED
11PDO 19.184 1.822 3 45102
11P99 .025 .000 1 10¢ ONE ASSUMED
12A88 34.190 39.888 46 55844
12cA8 ©.036 .000 1 100 ONE ASSUMED
12CBA .071 .000 1 1105 ONE ASSUMED
12c88 .071 .083 1 1247 ONE ASSUMED
12c8P .07 .00C 1 1247 ONE ASSUMED
12c8Q .071 .000 1 398 ONE ASSUMED
12¢8S .036 .000 1 1227 ONE ASSUMED
12CDR .072 .000 1 64 ONE ASSUMED
12CFA ' .107 .co1 1 248 ONE ASSUMED
12CFC .034 .000 1 100 ONE ASSUMED
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APPENDIX E , Co
ADDITIONAL SIMULATION DATA ON SELECTED LCOM MEASURES

This Appendix . presents plots of seven performance measures. In Ao
each plot, there are three panels, one panel per AIS condition. The - \ﬁa
values for the performance measures are shown on the vertical or y-axis, ' - ‘
while the values for the spares are designated on the horizontal or
x-axis. Within each panel, the three graphed lines represent three dif-
ferent levels of manpower. Each of the 36 data points represents a 30-
day average for one simulation.

To examine the effects of AIS, scan across the panels and judge i" o .
whether the plotted lines differ in form. Using Figure E-1, as an R
example, only the AIS=0 panel differs somewhat from the other two “‘ﬂ*/{‘"
panels. .

o

For manpower, examine the spread between plotted lines. The ' v 4*?'
greater the spread between lines, the greater the variation due to man- t’ufi ;)/

power. The spread in Figure E-1 is considered moderate. LY

For spares, examine the slopes of the lines. The steeper the . Vo
slope, the greater the varfiation due to spares. A

To examine interaction effects, view all plotted lines and assess
degree of non-parallelism and convergence or crossover. These are signs
of interaction. The obvious crossovers are in panels 1 and 3. If the
panels were superimposed, other interactions could be seen.

This visual diagnosis revealed that spares was the dominant factor,
and manpower, support equipment, and interactions lesser factors, in
contributing to variations in the performance measure.

The mathematical results, Appendices F and G, corroborate the accu-
racy of the visual diagnosis. For Variable 57, Number of Units
Demanded-Spares Supply, 35.81% of the variation in this measure was
attributed to spares, 2.95% t: manpower, 2.15% to support equipment, and
2.16% to interaction.

The remaining plots can be interpreted in the same manner.
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- sfon equation. All 26 were listed in a consistent sequence so that any-

APPENDIX F

SPARES X MANPOWER X SUPPORT EQUIPMENT:
DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION PREDICTORS

This Appendix identifies the predictors and associated variances
for each of the dependent variables. The 26 predictors that were evalu-
ated in the development of models of interaction are listed in the first
column. A plurality of the predictors appeared in at least one regres-

one interested in a specific predictor can scan horizontally within the
same area across the pages of data. The remaining columns identify the
dependent variables. The second entry under dependent variable 20, for
example, means that 26.34% of the variance in the dependent variable was
attributed to manpower quantities. Summary statistics are provided for
each dependent variable which identify number of predictors in an equa-
tion, variance due to the main effects of spares, manpower, and support
equipment, variances attributed to these sources in two- and three-
factor interactions, and total variance. These summary statistics are
at the bottom of each table. In these tables due Eo space lémitation s
$2, M2, SE2, and R2 should be interpreted as S, M°, SE, and R“,

respectively.
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TABLE F-1 DISTRIRUTION OF VARIANCE (%) FOR REGRESSIOCN EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT

Categories of Dependent Variables

Operations - Aircraft
Predictors 03 08 15 16 17 18 19 20
pares - 949.50 x .001 S) 37.19 %0.98 37.55 39.a86 49.23 82.38 23.59 13.47

X2 Manpower - 1109.667 x ,001 (M) 0.62 2.06 2.04 26.34

X3 Support Equipment (SE) 2.59 4.35 4,68 4.07 S5.13 5.83 1.11 . 3.18

X4 Spares Quadratic (S2) 2.09 1.717 1,51 1,61 1,96 0.96 1,27

XS Manpower Duadratii'c (M2) 9.42

X6 Support Equipment Quadratic(SE2) 0.64 0.5 0.72 0.58
X7 SxM . 7.94

X8 S x M2 1 2.05

X9 S2xM :

X10 S2 x M2 ;

X11 S x SE ! 2.09 2.28 2.89 1.59

X12 S x SE2 | . 0.41

X13 S2 x SE 5

X148 S2 x SE2 |

X15 M x SE | 1.65

. 03 08 15 16 17 18 19 20

X16 M x SE2 i 0.41

X17 M2 x SE ]

X18 M2 x SE2 |

X19 S x M x SE ; 0.72

X20 S x M x SE2 ! 2.3

X21 S x M2 x SE 0.95 2.46

X22 S x M2 x SE2

X23 S2 x M x SE

X284 S2 x M x SE2

X25 S2 x M2 x SE

X26 S2 x M2 x SE2

Number of Predictors in an Equation § 5 5 5 5 b 3 12

% Variance Accountad For (R2 x 100) 43.44 51.45 48.24 A47.87 $9.16 S2.74 25.97 67.76

Varisnce Sub-Totals

Spares : 39.28 42.69 39.06 41.07 S51.19 43.30 24.86 13.47

Manpower 0.62 2.06 2,06 0,00 0.00 0.00 1.1t 35.76

Support Equipment 2.59 4.35 4.68 4. 71 5.69 6.55 0.00 3.76

Main Effects 42,49 49.08 45.78 45.78 56.88 49.85 25.97 52.99

2-fFactor Intersctions . 2.09 2.28 2.%9 14.05

3-Factor Interactions 0.95 2.37 2.46 0.72
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TABLE F-1 DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT

(CONTINUED)
Categories of Dependent Variubles
Aircraft Manpower

Predictors 21 22 23 26 18 _28 _29 _30
X1 Spares - 949.50 x .001 (s) 31.52 37.33 37.55 27.67 36.73 2.32
X2 Manpower - 1109.667 x .001 (M) . 16,23 - 2.02 2.04 26.13 2.65 )
X3 Support Equipment (SE)  4.49 3.99 &.67 5.06 6.82 2.77
X4 Spares Quadratic (52) 1.05 1.57  1.51 1,26 1.48
X5 Manpower Quadratic (M2) 2.1
X6 Support Equipment Quadratic{SE2) : 1.03 1,32 3.1
X7 S X M 1.70 0.50
X8 S x M2 .
X9 S2 x M -
X10 S2 x M2
X11 S x SE 1.73 1.67
X12 S x SE2
X13 S2 x SE
X184 S2 x SE2
X15 M x SE 4.28 : —

21 22 23 24 18 28 29 30

X16 M x SE2
X17 M2 x SE :
X18 M2 x SE2 ’ 1.56 1.17
X19 S x M x SE 0.61
X20 S x M x SE2
X21 S x M2 x SE 2.79 2.13 2.47 2.69
X22 S x M2 x SE2 - - ' S o
X23 S2 x M x SE
X24 S2 x M x SE2
X25 S2 x M2 x SE
X26 S2 x M2 x SE2
Numbzr of Predictors in an Equation 8 .3 5 5 )] ? 6 3
% Variance Accounted For (R2 x 100) 48.03 21.21 47.04 48.26 - 63.52 51.6% 8.20
Variance Sub-Jotals
Spares 32.57 0.00 28.90 39.06 28,93 38.21 2.3
Manpower 0.00 18,34 2.02 2.04 26.13 2.65 0.00
Support Equipment 4.49 0.0 3.99 4.67 6.09 8.1 5.88
Main Effects 37.06 18.34 44.91 45.77 61.15 49.00 8.20
Z-Factor Interactions 7.57 2.87 : 2.17 .
3-Factor Interactions 3.40 2,13  2.47 2.69
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TABLE F-1 DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT

(CONTINUED)
Categories of Dependent Variables
Manpower Shop Repair
Predictors 3 33 34 38 40 44 45 46
X1 Spares - 949.50 x .CO1 (S) 2.32 39.87 9.57 17.73 34,32
X2 Manpower - 1109.667 x .001 (M) 2.43 50.55 50.62 2.38
X3 Support Equipmer:. (SE} 2.77 3.81 1.02 0.9% 3.64
X4 Spares Quadratic (s2) 1.67 0.26 0.26 1.15 1,52
X5 Manpower Quadratic (M2 8.57 8.98
X6 Support Equipment Quadratic(SE2)3.11%
X7 SxM 3.37  3.41
X8 S x M2 : : 0.84 2.99
X9 SZ x M .
X10 S2 x M2
X11 S x SE 0.37 1.27
X12 S x SE2 ’
X13 S2 x SE
X14 S2 x SE2
X15 M x SE
31 33 34 38 40 44 45 46
X16 M x SE2
X17 M2 x SE
X18 M2 x SE2
X19 S x M x SE

X20 S x M x SE2

X21 S x M2 x SE 2.1 1.76
X22 S x M2 x SE2 ’

X23 S2 x M x SE

X24 S2 x M x SE2

X25 S2 x M2 x SE

X26 S2 x M2 x SE2

Number of Predictors in an fquation 3 5 8 7 2 5 0 0
% Varisnce Accounted For (R2 x 100) 8.20 50.03 74.55 76.47 18,88 43.62 -« -
Variance Sub-Totals

Spares 2.32 41.48 9.83 0.26 18.88 35.84

Manpower 0.0C 2.43 59.12 59.60 0.00 2.38

Support Equipment 5.8 3,81 1,02 0.94 0,00 3.64

Mgin Effects 47.72 69.97 60.80 41.86

2-Facter Interactions 4.58 13,67

3-Factor Intersctions 2.3 1.76
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TABLE F-1 DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT

(CONTINUED)
Cateqgories of Dependent Variables
Shop Repair Spares Supply
Predictors 47 48 49 55 56 57 58 61
X1 Spares - 949.50 x .001 (S) "&.14 35.a1 T11.66 33.84 35.41 35.41
X2 Manpower - 1109.667 x .001 (M) 0.98  6.42 6.60 0.52 0.77 2.95 0.52 0.52
X3 Support Equipment (SE) 34.94 1.46 21.63 29.43 2.15 21.63 21.63
X4 Spares Quadratic (s2) 0.66 1.97 0.66 0.66
X5 Manpower Quadratic (M2 0.97
X6 Support Equipment Quadratic(SE2) 1.47 3.78 2.02 8.28 2.02 2.02
X7 SxM ' :
X8 S x M2 ,
X9 S2 x M 0.75
X10 S2 x M2 '
X11 S x SE
X12 S x SE2
X13 S2 x SE
X14 S2 x SE2
X15 M x SE ' 1.01
47 48 49 55 56 57 58 [3]
X16 M x SE2
X17 M2 x SE
X18 M2 x SE2
X19 S x M x SE
X20 S x M x SE2

X21. S x M2 x SE 2.16
X22 S x M2 x SE2 . .

X23 S2 x M x SE

X24 S2 x M x SE2

X25 S2 x M2 x SE

X26 S2 x M2 x SE2

Nusber of Predictors in an Equation & ] 1 5 4 5 5 S

% Veriance Accounted For (RZ x 100) 43.25 12,67 6.60 60.24 50.14 43.07 60.28 60.24
Variance Sub-Totals '

Spares 4,14 9.00 0.00 36.07 11.66 35.81 36.07 36.07
Menpower 1.95 6.42 6.60 0,52 0.77 2.95 .52 0.52
Support £quipment : 36.41 5.24 0.00 23.65 37.71 2.15 23.65 23.65
Msin Effects 42.50 11.66 6.60 60.24 50.14 40.91 60.284 60.24
2-Factor Interactions 0.7% 1.0
3-Fector Intersctions 2.1€
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b33 TABLE F-1 DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT
(CONCLUDED)
R .__Csteqories of Dependent Variables
- - Spsres Supply Support_Equipment
= Predictors 62 63 7 72 73 74 75 79 .
;f- X1 ares - 949.50 x .001 (S) 6.65 12.03 7.40 3.10 35.32-
. X2 Menpower - 1109.667 x .00t (M) 1,91 0.85 0.68 2.08
X3 Support Equipment (SE) 25.98 31.31 51.58 4.18 51.27 32.97 3.60
) X4 Spares Quadratic (s2) 0.33 0.33 1.28 -0.65
::5 X5 Manpower Quadratic (M2
:‘h' :: :q:p:rt Equipment Quadratic(SE2) 1.30 8.59 9.12 1.57 9.16 8.37 ' 39.93
= X8 S x M2 : -1.00
v X9 S2 x M
o X10 S2 x M2
' : :
..\
- X111 S x St . : 15.89 16.28 3.52 16.94
P X12 § x SE2 0.2 0.23 0.66 1.80
o X3 S2 x SE
] X14 S2 x SE2
g X15 M x SE ' 1.02 1.00 0,75 1.94
e : 62 63 71 72 73 74 75 79
..:: X16 M x SE2
e X17 M2 x SE 0.82 . : 0.42
Lot X18 M2 x SE2
~ = X19 S x M x SE .
' X20 S x M x SE2 0.43 0.42
RO X21S x M2 x SE 1.48
e X22 S x M2 x SE2
X X23 S2 x M x SE
R X24 S2 x M x SE2

-

X25 S2 x M2 x SE

"'l}:‘

X26 S2 x M2 x SE2

(9
(Y .
::'. Number of Predictors in sn Equation 5 [ 7 3 7 ? ] ?
4 .
AT .
k:: % Varisnce Accounted for (R2 x 100) 36.66 $2.78 78.61 13.11 78.65 S50.05 43.72 62.68
o) Varisnce Sub-Totals -
E Spares 6.65 12.03 0.33 7.40 0.33 3.10 36.60 0.65
>, Manpower .91 0.85 0.00 0.00 0.00 0.68 2.04 0.00
ooa Support Equipment 27.28 39.90 60.70 5.7 60.43 41.34 3.60 39.93
I‘.I .
:'.:: Main Effects ) 35.84 52,78 61.03 13.11 60.76 45.12 42.24 40.58
“/ 2-Factor Intersctions 0.82 17,15 17.47 4,93 1.48 22.10
;—”4 3-Fector Interactions 0.43 0.42
o]
]
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<+
;‘;. 85
%
v,

¢




W
S
]

XOr At s § 5

o 2% 2 a6 |
\.‘1‘{.‘

"0‘-

°,

[/

7 » . e

LYY LA,

EAAT A

v,

&

L (ERARARNT LA

,
s 2

AL

gl

ARV

APPENDIX G

MODELS OF INTERACTION
SPARES X MANPOWER X SUPPORT EQUIPMENT

This Appendix provides the estimating models of interaction derived
from the multiple regression analysis. The first term of each model
represents the intercept followed by the regression coefficients asso-
ciated with the predictors in the estimating model. The total variance
is the percent of variation in the dependent variable that can be
accounted for by the model. The standard error of estimate of 13.53,
for example, computed for dependent variable 03, tells us that the esti-
mated value can be expected to differ from the observed value within
13.53% in two out of three cases. In these tables due to space gimit-
;Eions. S2, M2, SE2, and R2 should be interpreted as S°, M, SE¢, and

» respectively.
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TABLE G-1 MODELS OF INTERACTION, SPARES x MANPOWER x
SUPPORT EQUIPMENT

Percent Acconplished-"iséims

Varisble 03 =  78.5940 + 24.1222 (S) + 4.1231 (M) + 3.5384 (SE)
«26.9612 (S2) + 32.1211 (S x M2 x SE)

Total Variance (RZ x 100) = 43.44
Standard Error of Estimate = 13.53

Percent Accomplished-Sorties

Variable 08 =  55.9077 + 29.4092 (S) + 9.4359 (M) + 5.7461 (SE)
-30.6195 (S2) + 63.3809 (S x M2 x SE)

Total Variance (R2 x 100) = 51.45
Standard Error of Estimate = 15..71

Percent on Sorties (lncluding Alert)

ble 15 2 9.8871 + 5.4106 i's) * 1.8419 (M) + 1.1638 (SE)
=5.6145 (S2) + 12.6627 (S x M2 x <£)

stal Variance (R2 x 100) = A8.24
Standsrd Error of Estimate = 3.17

Percent in Unscheduled Maintenance-Aircraft

Verisble 16 = 21.2553 + 10.6906\(5) + 5.4674 (SE) - 12.3678 (S2)
- 1.5791 (SE2) + 4.3058 (5 x SE)

Total Variance (R2 x 100) = 47.8
Standard Error of Estimate = 6.7

-
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TABLE G-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT (CONTINUED)

Percent. in Scheduled Maintenance-Aircraft

Varisble 17 = 7.4652 + 3.0192 (S) + 1.3737 (SE) - 3.3487 (S2)
-0.3673 (SE2) + 1.1112 (S x SE)

Total Variance (R2 x 100) = 59.16
Standard Error of Estimate = 1.48

Percent in NORS

Variable 18 =  41.3708 - 33.7117 (S) - 19.6121 (SE) + 30.4348 (S2)
+ 5.3857 (SE2) - 16.2327 (S x SE)

fotal Variance (R2 x 100) = 52.74
Standard Error of Estimate = 20.62

Percent in Mission Wait Status
Variable 19 =  0.3790 + 0.1687 (S) + 0.0176 (SE) - 0.1603 (S2)

Total Variance (R2 x 100) = 25.97
Standard Error of Estimate = 0.12
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TABLE G-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT

EQUIPMENT (CONTINUED)

Percent in Service Plus Waiting

Varisble 20 = -2.4827 - 3.5180 (S) - 18.2918 (M) - 4.9961 (SE)
+53.6130 (M2) - 1.4889 (SE2) + 24.4920 (S x M)
+65.0333 (S x M2) + 10,2582 (S x SE) - Y.2741 (S x SE2)
=11.6037 (M x SE) + 3.6703 (M x SE2) + £.3579 (S x M x SE)

Total Varisnce (R2 x 100) = 48.03
Standard Error of Estimate = 5.27

Percent in Operstionally Ready

Veriable 21 = 16.5194 + 9.87680 (S) + 4.8273 (SE) - 11.0608 (52)
+ 7.4°72 (S x SE) ¢ 7.9308 (M x SE) - 9.2080 (M2 x SEZ)
+13.6u78 (S x M x SE) - 20,7373 (5 x K2 x SE)

Total Variance R2 x 100) = 48.03
Stendard Error of Estimete = 7.51

Average Aircraft Post-Sortie Time (Hours)
Variable 22 =  5.0713 - 3.3467 (M) + 6.9267 (M2) - 1.9771 (5 x M)
Total Veriance (R2 x 100) = 21.21

Stenderd Error of Estimate = 1.76 a T T
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TABLE G-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT (CONTINUED)

Average Number of Sorties Per Aircraft Per Day

Variable 23 = 1.6363 + 0.8433 (S) + 0.2818 (M) + 0.1651 (SE)
-0.8795 (S2) + 1.8089 (S x M2 x SE)

Yotal Variance (R2 x 100) = 47.04
Standurd Error of Estimate = 0,49

flying Hours

Verisble 28 =  170.8526 + 93.4934 (S) + 31.8272 (M) + 20.1033 (SE)
« 97.0200 (S2) + 218.8014 (S x M2 x SE) ,

Total Varisnce (R2 x 100) = 48,24
Standard Error of Estimate = 54.78

Aversge Aircraft Post-Sortie Time (Hours)

Variable 18 = No predictors met the 0.001 significance level for entry into the model.

Peccent Utilizetion-Manpower

Verisble 28 = 19,3263 + 8.1061 (S) - 13,0888 (M) + 6.1585 (SE)
-10.1854 (52) - 1.8785 (SE2) - 8.7171 (S x M)
+3.5915 (S x SE) .

Total Variance (R2 x 100) = 63.32

Standard Error of Estimate = 5.30
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TABLE G-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT

EQUIPMENT (CONTINUED)

Manhours Used (x100)

Variable 29 =  23.8633 + 11.5763 (S) + 4.6196 (M) + 7.7918 (SE)
-12.2242 (S2) - 2.3526 (SE2) + 29.0241 (S x M2 x SE)

Total Varience (RZ x 100) = 51.69
Standard €rror of Estimate = 6.73

Percent Unscheduled Maintenance-Manpower
Variable 30 = 66.5517 + 1.7388 (S) + 4.1726 (SE) - 1.6393 (SE2)

Total Vsriance (R2 x 100) = 8.20
Standerd Error of Estimate = 4.21

Percent Scheduled Maintenanca-"mpour

Varisble 31 = 33.4483 - 1. 88 (S) - 4.1726 (SE) + 1.6393 (SEZ)
Totael Veriance (R2 x 100) = 8.20
Stendard Error of Estimate = 4.21

Number of Personnel Dennded

Variable 33 = 3000.9105 + 1441.1122.(S) + 512 9174 (M) + 267.4306 (SE)
- 1504,1399 (S2) + 3118.3863 (S x M2 x SE)

Totsl Veriance (R2 x 100) = 50.03
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TABLE G-1 MODELS OF |NTERACTION, SPARES x MANPOWER x SUPPORT

EQUI!PMENT (CONTINUED)

. Percent Personnel Available (Prime)
Varisble 34 = 95.0970 - 0.8880 (S) + 37.3629 (M) - 1.4838 (St)
+ 6.3717 (S2) - 66.6071 (M2) + 26.9144 (S x M)
-58.4937 (S x M2) - 2.3296 (S x SE)

Totsl Varisnce (R2 x 100) = 74.55

-Standard Error of Estimate z 6,08

L

|’
A f Percent Demands Not Satisfied-Manpower

Varisble 38 = 4:6523 - 36,7132 (M) + 1,3878 (SE) - 6.2581 (S2)
+66.4679 (M2) - 27.1309 (S x M) + 57.5503 (S x M2)
* 2 2795 (S x SE)

Total Varisnce (RZ( x 100) = 74.47
Standard Error of Fatimnto = 5.94

f

Simuleted Maintenance Manhours Per Flying Hour

Variable 40 = 15 0260 - 2.8164 (S) + 2.9376 (52)

Total Variance (RZ‘ x 100) = 18.88
Standard Error of 3Est.mata 2 2.37

92

- e e T = s - s e el e e @ m s % e 4 e om.e

Frwte Pre~w -8 = »




TABLE G-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT (CONTINUED)

Nunber of Reparable Generations

Variable 44 =  60.4415 + 31.1735 (S) + 11.642€ (M) + 6.0097 (SE)
-32.9250 (S2) + 62.6401 (S x M2 x SE)

Total Variance (R2 x 100) = 43.62
Standard Error of Estimate = 19.36

- -—---

Percent Base Repair

Variable 45

No predictors met the 0.001 significance level for entry into the model.

. ) Percent Deput Repair

Variable 46 No predictors mst the 0.001 significance level for entry into the model.

"

Average Base Repair Cycle

0.3174 + 0.2531 (S) + 0.4891 (M) + 1.2477 (SE)
- 0.8882 (M2) - 0.6100 (SE2) - 1.2624 (52 x M)

Variable 47

"

fotal Variance (R2 x 100) = 43,25
Standzrd Error of Estimate = 0.36
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TABLE G-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT

EQUIPMENT. (CONTINUED)

", f,_-‘._-‘_‘.' AR RO o _-' - .‘._\‘ s -'__-'.Aq' d -"-‘__n' 2,

Percent Active Repair

 Varisble 48 =  88.8094 + 15.2241 (M) + 13.3658 (SE) - 5.6659 (SE2)
-4

.9893 (M x SE)

Total Varisnce (R2 x 100) = 12.67
Stendard Error of Estimate = 12.88

Topre

Percent White Spsce

Varisble 49 =  6.8050 - 9.2221 (M)

Total Varisnce (R2 x 100) = 6.60

Stendard Error of Estimate = 11.82

Percent Fill Rate

Varisble 55 =  82.2539 + 14.3406 (S) - 1.9926 (M) + 10,9843 (SE)
~ 7.9125 (S2) - 2.8216 (SE2)

Total Varisnce (R2 x 100) = 60.24
Stendard Error of Estimate = 5.93

Number of Backorder Days-Spares Supply

Varisble 56 = 281.5991 - 143.4378 (S) + 41,5342 (N) ~ 304.2397 (SE)
+ 98,5019 (SE2) -

Total Varisnce (P2 x 100) = 50,14
Stendard Error of Estimate = 114.22
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TABLE G-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT

; EQUIPMENT (CONTINUED)

Nusber of Units Demanded-Spares Supply

Varisble 57 = 257.6799 + 115.5505 (S) + 49.8925 (M) + 17.7792 (SE)
: «144,5101 (S2) + 267.2369 (S x M2 x SE)

Total Variance (R2 x 100) = 43,07
. Standard Error of Estimste = 74.89

- . -

Percent Units Off-The-Shelf

o ra————

Yeriable 58 =  82.2539 + 14.3406 (S) - 1.9926 (M) + 10.9843 (SE)
- 7.9125 (S2) - 2.8216 (SE2)

‘Totsl Verience (R2 x 100) = 60.24
Standard Error of Estimats = 5.93

+ b e em——— .

Percent Demands Not Satisfied-Spares Supply

Varisble 61 =  17.7460 - 14.3405 (S) + 1.9927 (M) - 10.9844 (SE)
+ 1.9126 (52) + 2.8217 (SE2) '

. c— -~

fotal Varience (R2 x 100) = 60.24
Stu_vdurd Error of Estimst. = 5.93

Number of Cennibalizations

Yarisble 62 = 19.3667 - 7.3614 (S) + 6.6011 (M) ~ 10.8041 (SE)
+ 2.6542 (SE2) - 11.6752 (M2 x SE)

fotal Veriance (R2 x 100) = 36.66
Stendard Error of Estimate = 8.75
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TABLE G-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT

EQUIPMENT (CONTINUED)

Number of Items on Backorder-Spares Supply

Varisble 63 = 297.2861 - 148.9567 (S) + 44.6450 (M)
-318.2986 (SE) + 102.6097 (SE2)

Totsl Variance (R2 x 100) = 52.78
Stendard Error of Estimate = 113,65

Equipment Percent Used-Unacheduled Maintenance

Verisble 71 = 0.0933 + 0.5628 (SE) - 0.1525 (S2) - 0.1668 (SE2)
+ 0.3219 (S x SE) - 0.0637 (S x SE2) + 0.0596 (M x SE)

+ 0.0551 (S x M x 5€2)

Totel Verisnce (R2 x 100) = 78.61
Stenderd Error of Estimate = 0.12

Equipment Percent Used-Scheduled Maintenance
Verisble 72 = 0.0075 + 0.0094 (S) + 0.0104 (SE) - 0.0035 (SE2)

Total Veriance (R2 x 100) = 13.11
~ Stenderd Error of Estimate = 0.01
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TABLE G-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT (CONTINUED)

.
4 .""
lenl

" Equipment Percent Unused

I‘ . ’ “

-}:: Varisble 73 = 99.8997 - 0.5750 (SE) + 0.1537 {S2) « 0.1709 (SE2)
oy - 0.3301 (S x SE) + 0.0645 (S x SE2) - 0.0604 (M x SE)

- 0.0556 (S x M x SE)

Totsl Varisnce (R2 x 100) = 78.65

.:,:.

:-3“-2 Stendard Error of Estimate = 0.12

K2 ]
SAY |
A ’ i

. Musber of Beckorder Days-Support Equipwent |

" - ) ' ]
:-\:: Varisble 74 = 553.9201 + 473.1200 (S) + 217.6133 (M) |
g{_- -757.2086 (SE) + 240.6503 (SE2) - 585.5281 (S x SE) i
F\f +175.3573 (S x SE2) - 122.8342 (M x SE) i

o, i
t~a Totcl Verisnce (R2 x 100) = 50.0% ?
. Standard Error of Estimste = 278.30 }
c..‘u. . i}
D)

c:.:f Number of Units Demanded-Support Equipment

.Q

N Varisble 75 =  704.8839 + 387.8356 (S) + 129.1283 (M) + 71.4486 (SE)

+361.6835 (S2) + 685.9198 (S x M2 x SE)

-\'-‘ i ’

.:: Totel Verisnce (R2 x 100) = 43.72

NG Stendard Error of Estimate =z 231.35

':.-":
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TABLE G-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT (CONCLUDED)

) - RAXNNAKy

b . Equipment Percent Demands Not Setisfied

i Verisble 79 =  3.9731 - 1.1484 (52) - 0.4435 (SE2) + 3.2780 (S x M2)
+2.1915 (S x SE) - 0.7224 (S x SE2) + 0.6581 (M x SE)

’ , -1.2194 (M2 x SE)

Totsl Variance (R2 x 100) = 62.68
s Standard Error of Cstimate z 0.84
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APPENDIX H

SPARES X MANPOWER X SUPPORT EQUIPMENT X DAYS:
DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION PREDICTORS

2

L4

[

1

2

':.

f!:

;Z This Appendix identifies the predictors and associated variances

o o for each of the dependent variables. The 80 predictors that were evalu-

“ ated in the development of models of interaction are listed in the first

l column. A plurality of the predictors appeared on at least one regres-

N sion equation. A1l 80 were listed in a consistent sequence so that any-

" one interested in a specific predictor can scan horizontally within the

2 same area across the pages of data. The remaining columns identify the

3’ dependent variables. The first entry under dependent variable 03, for \\
= example, means that 37.19% of the variance in this dependent variable - ,
I was attributed to spares quantities. Summary statistics are provided
: for each dependent variable which identify number of predictors in an
: equation, variance due to the main effects of spares, manpower, support
,I: equipment, and days, variances attributed to these sources in 2-, 3-,
2. and 4-factor interactions, and total variance. These summary statistics
< are on pages H-4, H-7, H-10, H-13, and H-16. Due to space limitatiogs
ig these tables, 52, M2, SE2, D2, and R2 should be interpreted as ¢,
Mc, SE€, D4, and R€, respectively.
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TABLE H-1 DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT x

W B By

l DAYS ;
‘\'.0 Cateqgories of Dependont Varisbles
\'; Operat ions Aircraft
*h Predictors 03 08 15 16 17 18 19 20
3 X1 Spares - 949.50 x .001  (5) 37.19 40.98 37.55 39.46 49.23 42.3&4 23.59 13.37
N X2 Menpower - 1109.667 x .001 (M) - 0.61 2.0 2.08 0.22 0.3 0.24 26.34
. X3 Support Equipment (SE) 2.60 4.36 A4.68 4,07 5.13 5.83 3.19
! X4 Spares Quadratic (Ss2) 2.09 1.1 1.51 1.62 1,95 0.95 1.28
. X5 Manpower Quedratic (M2) 0.48 0.20 9.42
- . '
> X6 Support Equipment Quadratic(SE2) 0.42 0.49 0.50 0.63 0.57 0.72 0.58
',‘. !7 5 x H . 0.“ 0',5 ' 7.9‘
- X8 S x M2 2.04
' X9 S2x M
> X10 S2 x M2
.’. .
It X11 S x SE ' 0.39 0.43 2,08 2.29 2.9 1.59
-_; X12 S x SE2? 0.16 0.18 0.17 0.16 0.1
X13 S2 x SE
- X184 S2 x SE2
. X15 M x SE 0.10 1.65
. — 03 08 15 16 17 18 19 20
X16 W x SE2 - 0.a1
- X17 M2 x SE 0.16 :
»~ X18 M2 x SE2 '
-~ X19 S x M x SE - " 0.10 0.35 0.72
I X20 S x M x SE2 - 0.16
: X21 S x M2 x SE 0.95 2.36 2.46 ) 0.43 0.27

X22 S x M2 x SE2 .

XZ3 52 x M x & . 0.1, 0016
R X284 S2 x M x SE2 .
. X25 S2 x M2 x SE . _ I e e
. X26 S2 x M2 x SE2 '
:J X27 Day - 15.5 - (D) 32.04 26.18 31.62 32.03 11.62 31.68 138.32
Gt X28 Day Guadrstic (02) 0.63
N X29 Sx D 14.02 8.82 6.85 7.92 9.91 0.64 11,34
*j X30 S x D2 0.16
o
n
o
-
wr
2
]
hd
> ,
5 100 /
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K TABLE H-1 DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION
X PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT

P AAlAYe -k

s

7

[m A RRARRA L PG AT P i

o : x DAYS (CONTINUED) ,
\4
“ Categories of Dependent Variables
N . Operations _Aircraft
o Predictors 03 08 15 16 17 18 19 20
Bis2xh
X32 S2 x D2 0.70  0.58 0.93 .
7 X33 M x D 0.5 0.56 0.14 3.51 -
z X34 M x 02 0.48 ‘
5 X35 M2 x D : 0.49 1.29
o X36 M2 x D2 , 0.48
X37 SE x D 0.29 0.33
X38 SE x D2 0.10 2.32
X39 SE2 x D 0.13 0.22
Xa0 SE2 x D2 0.18 ‘
X4t Sx MxD
X42 S x M x D2
Xa3 S x M2 x D
) X44 S x M2 x D2 0.43 0.52 0.1
. X45 S2 x M x D — .
— 0308 15 16 17 18 19___ 20 T }
b X486 S2 x M x D2 y
2 XA7 S2 x M2 x D "
I Xa8 S2 x M2 x D2 0.51 0.76
~ Xa9 S x SE x D 0.59 0.63 0.58 0.73 6.50
;} X50 S x SE x D2 . , 0.35 ~
g“ XS1 S x SE2 x D _ 1.28
®o X52 S x SE2 x D2 o ,  0.38 0.68 0.82
& X53 S2 x SE x D 0.58  0.62 0.62 0.81 0.9 0.7 E
g X54 S2 x SE x D2 ' \ .
7 X55 S2 x SE2 x D 0.1% 0.12 -
y L
o XS6 S2 x SE2 x D2 . 0.32 P
* X$7 M x SE x D ‘
X586 M x SE x 02 ' 0.16
X59 M x SE2 x D2
X60 M x SE2 x D2 . 0.18
101
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TABLE H-1 DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION
PRED!CTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT
x DAYS (CONTINUED)

Categories of Dependent Variables

Operations Aircraft
Predictors 03 08 15 16 17 18 19 20
X61 M2 x SE x D 0.15
X62 M2 x SE x D2 0.16 0.10 0.38
X63 M2 x SE2 x D 0.22
X64 M2 x SE2 x D2
X65 S x M x SE x D | 0.93
X66 S x M x SE x D2 0.19
X67 € x M x SE2 x D
X68 S x M x SE2 x D2 0.37
X69 S x M2 x SE x D g.35 0.10 0.09 0.37 0.58
X70 S x M2 x SE x D2
03 08 15 16 17 18 19 20
X71 S x M2 x SE2 x D
X72 S x M2 x SE2 x D2 0.43
X73 S2 x Mx SE x D 0.45
X748 S2 x M x SE x D2 0.23
X75 S2 x M x SE2 x D 0.09
X76 S2 x M x SE2 x D2
X77 S2 x MZ x SE x D
X78 S2 x M2 x SE x D2 0.39
X79 S2 x M2 x SE2 x D 0.11
X80 S2 x M2 x SE2 x D2

Number

% of Varience Accounted for (R2 x 160)91.72 91.08 91.89 91.65 84.31 95.11 79.53 85.79

of Predictors in an Equation

Variance Sub-Totals

Spares

Manpower

Support
Day

Equipment

Main Effects

2-Facto

3-Facto

4-Facto

r Interactions
r Interactions
r Interactions

16 22 22 19 14 16 12 27

39.28 42.89 39.06 41.08 51.18 43,29 24.87 13.47
0.6t 2.04 2.046 0.00 0.70 0.51 0.28 35.76
3.02 4.85 5.18 4.70 5.70 6.55 0.00 3.77

32.04 26.18 31.62 32.03 11.62 31.68 38.32 0.63

74.95 75.76 77.90 77.8% 69.20 82.03 63.43 53.63
14.44 11,03 9.07 10.99 12.20 4.79 14.70 25.60
1.48 4,19 4,74 2.62 2.48 8,29 1.03 4.04 i
0.85 0.10 0.18 0.23 0.43 0.37 _2.%52
16.77 15.32 13.99 13.84 15.11 13,08 16.10 32.16
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TABLE H-1

x DAYS (CONTINUED)

Cateqories of Dependent Varisbles

DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT

Aircraft Manpower
Predictars 21 22 23 24 18 28 29 30

X1 Spares - 949.50 x .001 {5y 31.52 37.33 37.55 27.61 36.73

X2 Manpower - 1109.667 x .001 (M) 0.35 16.23 2.02 2.03 2.13 2.66

X3 Support Equipment (SE) 4.50 3.98 4.68 5.06 6.82 2.77
XA Spares Quadrstic (s2) 1.05 1.57 1.51 1.26 1.49

X5 Manpower Quadrat ic (M) o0.17 2.1 0.36

X6 Support Equipment Quadratic(SE2) 0.45 0.50 103 1.32 3.10
X7 SxHM 1.70 0.29 0.35 0.50

X8 S x M2

X9 S2 x M

X10 S2 x M2 0.20

X11 S x SE 1.72 0.37 0.43 1.67 2.58

X12 S x SE2 0.16 0.19 0.09 0.09

X13 S2 x SE

X148 S2 x SE2 0.10

X15 M x SE 4.27 —

2 22 23 24 18 28 29 30

X16 M x SE2

X17 M2 x SE

X18 M2 x SE2 1.9%6 1.17

X19 S x M x SE 0.61 0.10 1.30

X20 S x M x SE2

X21 S x M2 x SE 2.1 2.14 2.47

X22 S x M2 x SE2. 0.08

X23 S2 x M x SE 0.15

X284 S2 x M x SE2
_X25 52 x M2 x SE _ S

X26 S2 x M2 x SE2 0.15

X27 Day ~ 15.5 (D) 33.05 33.18 31.82 18.31 24.54 1.56
X28 Dey Quadratic (02). -1.45

X29 Sx D 0.50 7.93  6.85 8.18 10.19 7.7
X380 S x 02 $.05

103
,,l' °
T - ,«’ RS -




/'

~

~.

!

!

g FEEAARY AR RN

P/

r.'r‘:—;

I‘f"‘

o
A
ala

SR

ANNS

.
s
-

2

.
&

20 MY

1

et AR T T

CatilE Y

TABLE H-1 DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION

PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT

x DAYS (CONTINUED)

Predictors

Cateqories of Dependent Variables

Aircraft

Manpower

22 23 24

18

28

29

30

X31 S2 xD
X32 S2 x D2
X33 MxD
X34 M x D2
X35 M2 x D

X36 M2 x D2
X37 SE x D
X38 SE x D2
X39 SE2 x D
X40 SE2 x D2

X841 Sx M x D
X42 S x M x D2
X483 S x M2 x D
X434 S x M2 x D2
X45 S2 x M x D

0.73 0.70
0.66 0.56

0.34 0.52

0.12
g.21

0.44

0.13

0.69

22.39
2.70

Fil

2223 74

18

28

29

30 -

X46 S2 x M x D2
X7 S2 x M2 x D
X48 S2 x M2 x D2
X49 S x SE x D
X50 S x SE x D2

X51 S x SE2 x D
X52 S x SE2 x D2
X53 S2 x SE x D
X54 S2 x SE x D2
X55 S2 x SE2 x D

X56 S2 x SE2 x D2
X57 M x SExD
X58 M x SE x D2
X59 H x SE2 x D2
X60 M x SE2 x D2

4.52

0.53 0.63

0.53 0.62
o.1

g.14
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TABLE H-1 DISTRIBUTICN OF VARIANCE (%) FOR REGRESSION EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT

x DAYS (CONTINUED)

Cateqories of Depsndent Varisbles

Aircraft Manpower
Predictors 21 22 23 24 18 28 29 30
X61 M2 x SE x D '
X62 M2 x SE x D2 0.18 0.10 0.13 0.14
X63 M2 x SE2 x D '
X64 M2 x SE2 x D2
X65 S v Mx SExD
X66 S x M x SE x D2
X67 S x M x SE2 x D
X68 S x M x SE2 x D2
x69 S ¥ 3 Mz X SE x D 0.09 0.09 0016
X70 S x M2 x SE x D2
21 22 23 24 18 28 29 30
X717 S x M2 x SE2 x D
X72 S x M2 x SE2 x D2 " 0.54 0.38
X73 S2 x M x SE x D
X784 S2 x M x SE x D2 0.14
X75 S2 x M x S£E2 x D 0.07 0.09 g.1
X76 S2 x M x SE2 x D2
X77 S2 x M2 x SE x D 0.70 0.32
X78 S2 x M2 x SE x D2
X79 S2 x M2 x SE2 x D
X80 S2 x M2 x SE2 x D2
Number of Predictors in an Equation 19 S 2 2 0 19 20 7
% of Variance Accounted for (R2 x 100)90.28 22.56 92.87 91.89 0.00 92.23 91.3t 45.31
Variance Sub-Totals '
Spares 32.57 0.00 38.90 39.06 28.93 38.22 0.00
"mpo'er 0.52 18.24 2.02 2003 “Q', 3.02 70000 -
Support Equipment 4.50 0.00 4.43 5.18 6.09 8.18 5.87
Day 33.05 _1.45 33.18 31.62 18.31 24.54 1,56
Main Effects 70.64 19.69 78.53 77.89 .46 73.92 7.43
2-Factor Interactions 10.33 2.87 10.14 9.08 10.97 13.55 37.88
3-Factor Interactiona 8.07 3.90 4.74% 1.48 3.19
4-Fsctor Interactions 1.24 0.30 0.18 0.32 0.65
19. 2.87 15.3a 14.00 12.77 17.39 37.88
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DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION
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TABLE H-1
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT
x DAYS (CONTINUED)
Categories of Depend.nt Variables
. Manpower Shop Repair
Predictors 31 33 38 38 40 44 45 46
X1 Spares - 949.50 x .001 (S) 39.81 9.57 9.06 17.73 34.32
X2 Manpower - 1109.667 x .001 (M) 2.43 50.55 50.62 2.37
X3 Support Equipment (se} 2.7 3.1 1.02 0.93 3.65
Xt, Spares Quadrctic - (S2) 1.67 0.26 0.26 1,15 1.51
X5 Manpower Quadratic - (M2) 8.57 8.98 0.23
X6 Support Equipment Quadratic(SE2) 3.10 .43 0.39 .
X7 SxHM ' 0.32 3.37 3.41 0.%9
X8 S x M2 0.84 0.88
‘X9 S2 x M 0.10 0.1}
X1J S2 x M2
X11 S x SE 0.37 0.37 0.34 0.29
X12 S x SE2 0.16
X13 S2 x SE
X184 S2 x SE2
X15 M x SE
31 33 34 38 40 44 45 46
X16 M x SE2
X17 M2 x SE
X18 M2 x SE2 0.19 0.18
Xt19 S x M x SE 0.18 0.49
X20 S x M x SE2
X21 S x M2 x SE 2.3 1.77
X22 S x M2 x SE2
X23 S2 x M x SE
X24 S2 x M x SE2
X25 S2 x M2 x SE
X26 Sz x M2 x SE? '
X27 Day - 15.5 (D) 1.5 28.34 9.36 9.33 22.41 30.65
X28 Day Quadratic (02)
X29 S x D 7.74 8.97 2.83 2.68 3.86 7.61
X30 § x D2 5.05
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TABLE H-1 DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQU'PMENT
x DAYS (CONTINUED) '

Cateqgorie~ of Dependent Variakles

Manpower Shop Repair

Predictors 3 33 34 38 40 44 45 46
X31 52 x D 22.39
X32 S2 x D2 2.700 0.26 0.37 0.43 0.58
X33 MxD o 0.80 3.29 3.44 0.84
X34 M x D2 0.61
X35 M2 x D 0.58 0.62
X36 M2 x D2 0.74
X37 SE x D 0.57
X38 SE x D2
X39 SE2 x D
X40 SE2 x D2
X41 S xMx D 1.64 1.59
X42 S x M x D2
XA3 Sx M2 x D 0.85 0.88
X424 S x M2 x D2 0.39
X85 S2 x M x D

31 33 34 38 40 44 45 46

X46°S2 x W x D2
X47 S2 x M2 x D
X48 S2 x M2 x D2
X49 S x SEx D
X50 S x SE x D2

X51 S x SE2 x D
X52 S x SE2 x D2
X535 S2 x SE x D
X54 S2 x SE x D2
X55 S2 x SE2 x D

X56 S2 x SE2 x D2
X57 M x SE x D
X58 M x S£ x D2
X59 M x SE2 x D
X60 M x SE2 x D2

LI RO

0.14 0.1
0.58 0.16° 0.14 0.57
0.61 0.11 0.1 0.62
A2 '
0.13 | 0.23
107
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TAELE H-1 DISTRIBUTON OF VARIANCE (%) FOR REGRESSION EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT
x DAYS (CONTINUED) .
Cateqgories of Dependent Variables
Manpower Shop Repair
Predictore b)) 33 34 38 40 44 45 46

X61 M2 x SE x D
X6Z M2 x SE x D2

0.27 0.33

SE
X66 S x M x SE x D2
X67 S x M x SE2 x D
X68 S x M x SE2 x D2
X69 S x M2 x SE x D

X70 S x M2 x SE x D2 0.11
21 22 23 24 18 28 29 30

X71 S x M2 x SE2 x D
X72 S x M2 x SE2 x D2

X73 S2 x M x SE x D 0.06 0.30
X7' S2 x M x SE x D2 : )
X75 S2 x M x SE2 x D 0.20

X76 S2 x M x SE2 x D2 0.10

X77 S2 x M2 x SE x D

X78 S2 x M2 x SE x D2

X79 S2 x M2 x SE2 x D

X80 S2 x M2 x SE2 x D2
Number of Predictors in an Equation 7 23 ya) 20 8 18 0 0

% of Variance Acrounted for (R2x100) 45.3) 92,37 94.23 94.13 47.66 86.75 0.00 0.00
Variance Sub-Totals

Spares 0.00 41.48 9.83 9.32 18.88 35.83
Manpowsr 0.00 2.43 59.12 59.60 0.00 2.60
Support Equipment 5.87 4,24 1.02 0.93 0.00 4.03
Dsy 1.56 28.34 9.36 9,33 22.4% 130.65
Main Effects 7.43 76.49 79.33 79.18 41.29 73.12
2-Factor Interactions 37.88 10.88 11.94 12.09 46.37 9.32
3-Factor Interactions 4,59 2.90 2.86 4.0
&-Factor Intersctions 0.41 0.06 0.30

37.88 15.88 14.90 14,95 4.37 13.63

108

R A i A A R LAY L N P R R A P INE SR

......

e 4

™




4 e 8 My v

f—— . e T e -

e

..__—.,

TABLE H-1 DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT x
DAYS (CONTINUED)

Categories of Depandent Variables

Shop Repair Spares Supply
Predictors 8 48 49 55 56 51 58 61
X1 Spares - 949.50 x .001 (s) 4.14 35.41 11.66 33.84 35.41 35.41
X2 Manpower - 1109.667 x .001 (M) 0.99 6.42 6.60 0.52 0.77 2.95 0.52 0.52
X3 Support Equipment " (SE) 34.94 21.63 29.43 2.15 21.63 21.63
XA Spares Quadrstic (S2) 0.05 1.97
X5 Manpower Quadratic (R2) 0.96 0.01
X6 Support Equipment Quadratic(SE2) 1.47 2,00 8.27 0.29 2.0t 201
X7 SxM : 0.02
X8 S x M2 o
X9 S2xM 0.75
X10 S2 x M2
X11 S x SE : 1.87
X12 S x SE2 ’ 0.17
X13 S2 x St 0.23 ’
X'4 S2 x SE2
X15 M x SE ) 1.02 0.03
47 48 49 55 6 57 58 61
X16 M x S5E2 , - _
X17 M2 x SE 0.32 0.2
X18 M2 x SE2
X19 S x M x SE ‘ 0.03 1.20
X20 S x M x SE2 0.0t

X21 S x M2 x SE

X22 S x M2 x SE2 :

X23 S2 x M x SE 0.07
X24 S2 x M x SE2

X25 S2 x M2 x SE

X26 S2 x M2 x SE2

X27 Day - 15.5 (D) 4.95 12.33 30.08 29.13 12.33 12,33
X28 Day Quadratic (02) 1.10. 1.26 2N 2.917 2N
X29 Sx D 3.29 1.51 0.22 10.3%

X30 S x D2 1.04 1.30 0.29 1.30 1.3
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TABLE H- 1 DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION

Cstegories of Dependent Varisbles

PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT x
DAYS (CONTINUED)

Predictors

Shop Repsir Spares Supply

A7 48

49

55 56

57 58

61

X31 S2 x D
X32 S2 x D2
X33 Mx 0D
X34 M x D2
X35 M2 x D

X36 M2 x D2
X37 SE x D
X38 SE x D2
X}9 SE2 x O

XA0

X4

Xa2
xA3
Xa4
Xo5

SE2 x D2

SxMxD
SxMx D2
SxM2xD
S x M2 x D2
S2x MxD

o.“

1.68
1.66

1.42

1.78

0.84 0.12
0.09
0.23

0.49
10.96

. 0.07
0.35 3.07
0.02

0.32

0.“
0.95
0.35

0.49

0.32

0.84

0.49

0.35

0.32

47 48

49 55

57 58

61

X46
XA7
XA8
XA9
X530

X5t
X52
X53
X54
X33

X56
X517
X58
X59
X60

go

S2 x M2 x
SxSExD
S x SE x D2

SxSE2 x D
S x SE2 x D2
S2xSExD
S2 x SE x D2
S2 x SE2x D

S$2 x SE2 x D2

MxSExD
M x SE x D2
MxSE2xD
M x SE2 x D2

0.69

_0.99
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2.%5
0.18

0.02

0.05

0.69

0.57

047 0.9

0.27

0.69

0.99
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TABLE H-1‘ DISTRIBUTION OF VARIANCE (%) FOR REGRESSiON EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT x
DAYS (CONTINUED)

ent Verisbles

Cateqgories of
Shop Repair Spares Supply
Predictors 47 48 49 55 56 57 . 58 61
X61 M2 x SE x D 0.11 -
X62 M2 x SE x D2 0.37
X63 M2 x SE2 x D '
X64 M2 x SE2 x D2
X65 S x M x SE x D
X66 S x M x SE x D2
X67 S x M x SE2 x D
X68 S x M x SE2 x D2 -
X69 S x M2 x SE x D 0.51
X70 S x M2 x SE x D2 )
47 48 49 55 56 57 _ 58 61
XA S x M x SEZ x D
X72 S x M2 x SE2 x D2 0.03 0.30
X73 S2 x M x SE x D
X784 S2 x M x SE x D2
X75 S2 x M x SE2 x D g.02 6.1
X76 S2 x M x SE2 x D2
X77 S2 x M2 x SE x D
X78 S2 x M2 x SE x D2
X79 S2 x M2 x SE2 x D
X80 S2 x M2 x SE2 x D2
Number of Predictcrs in an Equetion 10 S b 13 X 9 13 13
% of Verisnce Accounted for (RZ x 100)53.13 12.04 12.35 /9.79 98.97 87.3% 79.79 79.79
Varisnce Sub-Totals o
Spares , 4.4 0.00 0.00 35.41 11.71 35.81 -35.41 35.481
Manpower 1.95 6.42 6.60 0.52 0.78 2,95 0.52 0.52
Support Equipment 36.41 0.00 0.00 23.64 37.70 2.44 23.64 23.64
Day 6.05 1.26 0.00 15.24 30.04 29.13 15.24 15.24
Main Effects 48,55 7.68 6.60 74.81 80.2% 70.33 74.81 74.81
2-Factor Intersctions 4,58 4,36 5.75 2.98 15.67 13,57 2.98 2.98
3-factor Interactions 2,00 3.02 2,52 2.00 2.00
4-Factor Interactions 0.05 0.94
‘ 4.58 4.36 5,75 4.98 18.74 17.03 4.98 4.98
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TABLE H-1 DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION
PREDICTORS, SPARES x MAMNPOWER x SUPPORT EQUIPMENT x
DAYS (CONTINUED)

Predictors

" Cateqories of Dependent Varisb)es

Shop Repair

Spares Supply

a7

48

49

55

56

57

58

61

X61 M2 x SE x D
X62 M2 x SE x D2
X63 M2 x SE2 x D
X64 M2 x SE2 x D2
X65 S x M x SE x D

X66 S x M x SE x 02
X67 S x M x S€E2 x D
X68 S x M x SE2 x D2
X69 S x M2 x SEx D
X70 S x M2 x SE x D2

0.1

0.3

0.51

47

49

57

61

T Sx®M xSE2Z x D
X72 S x M2 x SE2 x D2
Y13 S2 x M x SEx D
X784 S2 x M x SE x D2
X75 S2 x M x SE2 x D

xaosz:nz:szz:oz

Number of Predictors in en Equation 10

% of Varience Accounted for (R2 x 100)53.13
“VYarisnce Sub-Totals

peres
Manpower

Support Equipment
Dwy

Mein Effects

2-Factor Intersctions
3-Factor Interactions
&-Fector Intersctions

5

5

13

3

0.30

0.13

19

13

13

12.35 7979 9397 8736 7979 .79

12.04

4.74 0.00 0.00 35.41 11.71 35.81 35.41 35.41

1.95 6.42 6.60 0.52 0.78 2.95 0.52 0.52

36.41 0.00 0.00 23.64 37.70 2.884 23.64 23.64
6.05 1.26 0.00 15.24 30.04 29.13 15.28 15.24

48.55 7.68 6.60 74.81 80.23 70.33 74.81 74.81
4.58 4.36 5.75 2.98 15.67 13.57 2,98 2.98

2.00 3.02 2.52 2.00 2.00

0.05 0.94
4.58 4.36 5.75 4.98 18.74 17.03 4.98 4.98
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TABLE H-1 DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT x
DAYS (CONTINUED)

Predictors

Cateqories of Dependent Variables

Spares Supply Support Equipment
- 62 63 n 12 73 14 75

79

X1 Spares -~ 949.50 x .001 S) “6.64 12,03 0.15 7.40° ~0.19 0.09 35.32
X2 Menpower - 1109.667 x .001 (M) 1.91 0.85 : 0.68 2.0%
X3 Support Equipment (SE) 25.99 31.31 51,58 4.14 51.27 32.97 3.60
X4 Spares Quadrstic (s2) 0.4 0.05 0.3a 0.32 0.02 1.28 0.65
X5 Manpower Quadratic (M2) 0.02 0.04
X6 Support Equipment Quadrstic(SE2) 1.30 8.59 9.12 1.57 9.16 8.36 0.3 39.93
X7 SxM . 0.04
X8 S x M2 0.36 1.01
X9 SZ2 x M
X10 S2 x M2
X11 S x SE 15.89 16.2¢ 0.05 0.30 16.94
X12 S x SE2 0.02 0.83 1.80
X13 S2 x SE 0.21 0.16 0.14 0.02
X148 S2 x SE2 0.14
X15 M x SE 0.03 1.01 0.9 0.7 1.94
e 62 63 T 72135 a4 15 19
X16 M x SE2 0.18
X17 M2 x SE 0.82 0.36 0.43
X18 M2 x SE2 0.02
X19 S x M x SE 0.03 0.03 0.a1
X20 S x M x SE2 0.43 0.43 0.34
X21 S x M2 x SE 0.34 1.7
X22 S x M2 x SE2 0.01 0.02
X23 S2 x M x SE 0.07
X24 52 x M x SE2
X25 S2 x M2 x SC
X26 S2 x M2 x SE2 0.1%
X27 Osy - 15.5 (0) 20.66 0.30 3,42 0.34 11.66 30.33 9.58
X28 Dsy Quadretic (02) 6.82 0.01 0.6%
X29 $x D 6.39 0.13 2.49 3.39  7.10
¥30 S x D2 2.61  0.33 3.57
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TABLE H-1 DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT x

DAYS (CONTINUED)
Cateqories of Dependent Variasbles

Spares Supply Support Equipment
Predictors 62 63 71 72 73 74 75 79
X31 S2 x D 1.45 0.15
X32 S2 x D2 0.41 0.13 0.80
X33 Mx D ) 0.20 0.13 0.12 0.49 0.67 0.25
X34 M x D2 0.05
X35 M2 x D '
-X36 M2 x D2 :
X37 SE x D 0.87 10.26 5.18 5.27 16.51
X38 SE x D2 2.63 0.08 . 1.04
X39 SE2 x D 1.83 2.81 4.82
X40 SE2 x D2 0.63 0.02 0.39
X481 SxMxD 0.44 ) 0.22
X42 S x M x D2 0.05

X43 S x M2 x D
X44 S x M2 x D2

X45 S2 x M x D 0.03 __
62 63 7 72 73 78 75 79

‘e s die g f n'nde b pda B4 (8 ] _—_-i LN,

X46 S2 x M x D2

X47 S2 x M2 x D 0.02
X48 S2 x M2 x D2

X49 S x SE x D 1.60 2.26 4.84 4,83 4.32 4,03
X50 S x SE x D2 0.19 , 4.45

X51 S x SE2 x D 0.02 0.24 0.23 1.02 0.88
X52 S x S£2 x D2 ' 1.02

X53 $2 x SE x D 0.06 o.n

X54 S2 x SE x D2
X55 S2 x SE2 x D

X56 S2 x SE2 x D2 0.41 0.40
X57 M x SE x D . 0.65
X58 M x SE x D2 , 0.27 0.30 0.09 0.19
X59 M x SE2 ¥ D 0.18
X60 M x SE2 x D2 0.04
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TABLE H-1 DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT x
DAYS (CONCLUDED) '

P4

d

wi Categories of Dependent Varisbles
o Spares Supply Support Equi
Y Predictors _ _62 63 n 72 3 _38 _15 79
5 X61 M2 x SE x D 0.1
I X62 M2 x SE x D2 ‘ 0.18 0.19 0.42
! X63 M2 x SE2 x D

'S X64 M2 x SE2 x D2 '
¥y X65 S x M x SE x D , 0.25
Ry X66 S x M x SE x D2 . 0.08
}',’.\ X67 S x M x SE2 x D v 0.05

sY X68 S x M x SE2 x D2 0.05
a X69 S x M2 x SE x D 0.17 0.16 0.73

M X70 S x M2 x SE x D2 — —_—
N 62 63 ] 72 73 74 715 79
= XM S x M2 x 562 x D

> X72 S x M2 x SE2 x D2 0.02 0.29 0.27 0.35
T X73 S2 x M x SE x D ~ »

> X748 S2 x M x SE x D2
l X75 52 x M x SE2 x D
h)
ha) X76 S2 x M x SE2 x D2
-_,: X77 S2 x M2 x SE x D
= X78 S2 x M2 x SE x D2
A X79 S2 x M2 x SE2 x © 0.11 0.12
" X80 S2 x M2 x SE2 x D2

) Number of Predictors in an fquation 17 .32 0 6 2 a0 7 12
f.v
;'Q % of Varisnce Accounted for (R2 x 100)62.74 99.05 90.94 19.85 91.12 98.98 86.09 77.78
3 Variance Sub-Totals
b Spares ~_ 7.08 12,08 0.49 7.40 0.51 0.1t 3%.68 0.65
-y Manpower .99 0.87 0.00 0.00 0.00 0.72 2.05 0.00
g Support Equipment 27.28 31.31 60.70 S5.71 60.43 41.35 3.96 .93
iy Day 6,82 28.67 _0.30 _3.42 _0.34 12.31 30.33 9.58
l..:
N Main Effects ‘ 43.09 81.52 61.49 16.53 61.28 58.47 72.94 $50.16
2-Factor Interactions 17.61 14,71 22.51 3.32 22.76 31.65 8.87 22.37
» 3-Factor Interactions 2.04 2.80 6.3 6.53 3.20 5.25
- 4-Factor Interactions 0.02 _0.57 0.55 1.08
,'_‘g 19.65 17.53 29.45 3.32 29.84 31.65 13.15 27.62
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TABLE H-1 DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT x

DAYS (CONTINUED)

BRI

AR

)‘.: . .
;-". Catequries of Dependent Variables
- Spares Supply Support Equipment
. _Predictors 62 63 71 72 73 .14 75 79
‘ X1 Spares - 949.50 x .001 (SY "6.64 12.05 "0.15 7.60 0.19 0.09 35.32
X2 Mesnpower - 1109.667 x 001 (M) 1.91 0.85 o ‘ 0.63 2.05
b X3 Support Equipment (SE) 25.98 31.31 51,58 4.14 51.27 32.97 3.60
S X4 Spares Quadratic (s2) 0.4 0.05 0.3 0.32 0.02 1.28  0.65
g{ A5 Manpower Quadratic {(M2) 0.02. 0.04
-, \ .
X X6 Support Equipment Quadratic(SE2) 1.30 8.59 9.12 1.57 9.16 8.3 0.36 39.93
N X7 SxM : 0.04 '
N X8 S x M2 - : 0.3 101
R X9 S2x M '
N X10 S2 x M2
0 X11 § » SE 15.89 16.26  0.05 0.30 16.9
2 X12 5 x SE2 o . 0.02 0.83 1.80
b X13 S2 x SE 0.21 0.16 0.14 0.02 :
. X14 S2 x SE2 0.14
X15 M x SE - 0.03  1.01 0.99 0.76 1.94
e ‘ 62 63 71 72 73 74 75 79
S X16 M x SE2 ' 0.14
W X17 M2 x SE 0.82 0.36 0.43
K X18 M2 x SE2 S : 0.02
(Y X19 S x Mx SE . 0.03 0.03 0.4t
g X20 S x M x SE2 0.43 0.43 - 0.34 ‘
2\3 X21 S x M2 x SE _ 0.35  1.47
i X22 S x M2 x SE2 0.01 ) _ 0.02 ’ ‘
. X23 S2 x M x SE 0.07
- X28 S2 x M x SE2 |
X25 S2 x M2 x SE |
i X26 S2 x M2 x SE2 0.15 ‘
Ry X27 Day - 15.5 (D) 28.66 0.30 3,42 0.34 11.66 30.33 9.58
3 X28 Day Quadratic (02) 6.82 0.01 0.65 . ,
;-.} X29 Sx D 6.32  0.13 2.49 3.39  7.10
Y X30 S x D2 2.61 0.33 3.57
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TABLE H-1 DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION

PREDICTORS, SPARES x MANPOWER x SUPPORT EQLIPMENT x
DAYS (CONTINUED)

Cateqories of Dm_t_‘ Varisbles
Spares Sggg Y- Mrt Em‘

Predictors 62
X31.S2 x D 1.45 0 15
X32 S2 x D2 0.21 0.13 . 0.80 ;
X33 Mx D _ 0.20 0.13 0.12 0.49 0.67 0.25
X34 M x D2 , 0.05
X35 M2 x D
X36 M2 x D2
X37 SE x D 0.87 10.26 5.18 5.27 16.51
X38 SE x D2 2.83 0.06 1.04
X39 S€E2 x D 1.83 2.8% 4.82
XA0 SE2 x D2 0.63 0.02 0.3
u' s x M x D . 0.“ ’ o.n
X82 S x M x D2 . .05
X43 Sx M2 x D
X484 S x M2 x D2
X45 52 x M x D 0.03 _
62 63 o1 _J2 13 a5 19
X486 S2 x M x D2 .
X47 S2 x M2 x D 0.02
X48 Sz x M2 x D2
X439 S x SE x D , 1.60 2.26 4.84 4.83  4.32 4.03
X50 S x SE x D2 : 0.19 4.45
X51 Sx SE2x D ’ 0.02 0.24 0.23 1.02 - o.88
X52 S x SE2 x D2 1.02
X53 S2 x SE x D ) 0.06 : g. 7
X54 S2 x SE x D2
X55 S2x SE2 x D Tt T T e e
X56 S2 x SE2 x D2 0.41 0.43
XS57 M x SE x D 0.65
X58 M x SE x D2 0.27 0.30 0.09 0.19
X59 M x SE2 x D 0.18
X60 M x SE2 x D2 0.04
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APPENDIX I

MODELS OF INTERACTION
SPARES X MANPOWER X SUPPORT EQUIPMENT X DAYS

This Appendix provides the estimating models of interaction derived
from the multiple regression analysis. The first term of each model
represents the intercept followed by the regression coefficients asso-
ciated with the predictors in the estimating model. The total variance
is the percent of variation in the dependent variable that can be
accounted for by the model. The standard error of estimate of 5.20, for
example, computed for dependent variable 03, tells us that the estimated
value can be expected to differ from the observed value within +5,20% in
two out of three cases. Due to space limitatigns }n these tables, S2,
M2, SE2, D2 and R2 shall be interpreted as S, M°, SE<, D¢, and Rc,
respectively.

\
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TABLE i-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT x DAYS

Percent Accomplished-Missions

Variable 03 = 78.6903 + 23.9768 (S) + 4.8397 (M)
+ 8.9021 (SE) - 33.1616 (S52) - 2.4562 (SE2)
+33.3759 (S x M2 x SE) - 1.3783 (D)
+ 1.7595 (5 % D) + 0.9637 (SE x D)
- 0.3812 (SE2 x D) - 3.5767 (M2 x SE x D)
- 0.1574 (M2 x SE x D2) + 1.1998 (M2 x SE2 x D)
+ 2.3339 (S x M2 x SE x D) + 0.7142 (S2 x M2 x SE x D2)
+ 2.0982 (52 x M2 x SE2 x D)

Total Variance (R2 x 100) = 91.72
Standard Error of Estimate = 5.20

Percent Accomplished-Sorties

Variable 08 = 55,9805 + 27.7055 (5) + 6.7818 (M)
+14.2978 (SE) - 38.6294 (S2) - 2.8850 (SE2)
+11.,2481 (S x M) + 19.1699 (S x SE) - 5.0227 (S x SE2)
+ 4.0377 (M x SE) - 16.3688 (M2 x SE) + 8.6186 (S x M x SE)
+11.8445 (S x M2 x SE) + 11.0326 (52 x M x S) - 1.5051 (D)
+ 1.4033 (S x D) - 0.5717 (M x D) - 0.0154 (SE2 x D2)
-~ 0.3544 (S x M2 x D2) + 0.4086 (S x SE x D) + 1.1922 (S2 x SE x D)
+ 0.0642 (SZ x SE2 x D2) + 1.9431 (S x M2 x SE x D)

Total Variance (R2 x 100) = 91.08
Standard Error of Estimate = 6.79
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TABLE 1-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT x DAYS (CONTINUED)

Percent on Sorties (Including Alert)

Varieble 15 = 9.6669 + 5.1911 (S) + 1.3880 (M) + 2.6536 (SE)
- B.6714 (S2) - 0.6608 (SE2) + 3.4372 (S x M)
+ 3.4750 (S x SE) ~ 1.0480 (S x SE2) + 5.9297 (S x M2 x SE)
+ 2.3786 (S2 x M x SE) - 0.3273 (D) + 0.2245 (S x D)
+ 0.0408 (S2 x D2) - 0.1452 (M x D) - 0.0839 (S x M2 x D2)
+ 0.0822 (S x SE x D) + 0.5983 (S2 x SE x D) - 0.1888 (52 x SE2 x D)
+ 0.0030 (M x SE2 x D2) =~ 0.0194 (M2 x SE x D2) + 0.3970 (S x M2 x SE x D)
+ 0.13646 (S2 x M x SE2 x D) _

Total Variance (R2 x 100) = 91.89
Stendard Error of Estimate = 1.26

Percent in Urecheduled Maintenance-Aircraft

Varisble 16 = 21,2553 + 10.8901 (S) + 5.8182 (SE)
-18.3756 (52) - 1.5791 (SE2) + 9.2015 (S x SE)
- 2.1540 (S x SE2) + 4.2902 (S x M x SE) - 0.6837 (D)
+ 0.5291 (S x D) + 0.0802 (52 x D2) - 0.1200 (M x D)
+ 0.0066 (SE x D2) - 0.1170 (S x M2 x D2) + 0.2733 (S x SE x D)
- 0.0039 (S x SE2 x D2) + 0.4909 (S2 x SE x D) + 0.0230 (M x SE x D2)
- 0.0972 (M2 x SE x D2) + 0.0329 (52 x M x SE x D2)

Totel Verisnce (R2 x 100) = 91.65
Stendard Error of Estimate z 2.73
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TABLE I-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT x DAYS (CONTINUED)

Percent in Scheduled Maintenance-Aircraft

Varisble 17 = 7.0949 + 2.9700 (S) - 0.8701 (M) + 1.3737 (SE)
- 3.9915 {S2) + 3.1955 (M2) - 0.3673 (SE2)
+0.7112 (S x SE) + 6.0000 (S x M2 x SE) - 0.1120 (D)
+ 0.1489 (S x D) + 0.0740 (S2 x M2 x D2) + 0.0728 (S x SE x D)
+ 0.1439 (52 x SE x D) - 0.0170 (S x M2 x SE2 x D2)

Total Variance (R2 x 100) = 84.31
Standard Error of Estimste = 0,92

Percent in NORS

v-rubu 18 = 44,3111 « 35.4177 (5) + 9.5404 (M) - 19.6121 (SE)
+47.9891 (52) - 25.3739 (M2) + 5.3857 (SE2)
=35,0722 (S x SE) + 8.2297 (S x SC2) + 2.2845 (D)
- 1.1545 (S x D) + 0.0647 (S x D2) - 0.2343 (SZ x D2)
- 1.1336 (S x SE x D) + 0.0159 (S x SE2 x D2)
- 4,5765 (S2 x SE x D) + 1,3648 (52 x SE2 x D)

Total Varience (R2 x 100) z 95.11
Standard Ecror of Estimete z 6.67

Percent in Mission Wait Status

Varisble 19 = 0.3845 + 0.1537 (S) + 0.0211 (M) . J
~ 0.1030 (52) + 0.1299 (S x M2 x SE) - 0.0098 (D) B !
~ 0,0118 (S x D) - 0.0136 (M2 x D) + 0.0043 (SE x D) :
+ 0.0002 (SE x D2) - 0.0016 (SE2 x D) + 0.0050 (S2 x M2 x D2) |
+ 0.0174 (S x K2 x SE x D) \‘

Total Variance (R2 x 10G) =z 79.53
Standard Error of Estimate z 0.06
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TABLE I-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT x DAYS (CONTINUED)

Percent in Service Plus Waiting

Variasble 20 = ~ 1,7271 - 3.5180 (S) - 13.6764 (M) + 4.9961 (SE)
+40.0161 (M2) -~ 1.4889 (SE2) - 21.8538 (S x M) + 65.0333 (S x M2)
+15,9528 (S x SE) - 5.4082 (S x SE2) - 11.6037 (M x SE)
+ 3.6703 (M x SE2) - 35.2733 (S x M x SE) + 12.6346 (S x M x SE2)
~ 0.0101 (D) + 1.2775 (M x D) - 0.0616 (M x D2) - 2.7815 (M2 x D)
+ 0.1815 (M2 x D2) - 0.0760 (S x SE x D) - 0.0326 (S x SE2 x D)
+ 0,0284 (S x SE2 x D2) + 0.4939 (S2 x SE x D) - 1.1479 (S x M x SE x D)
+ 0.1613 (S x M x SE x D2) - 0.0630 (S x M x SE2 x D2) + 2.7837
(S x M2 x SE x D) :
- 1.2096 (S2 x M x SE x D)

Total Variance (RZ x 100) = 85.79
Standard Error of Estimste = 3.53

Parcent in Operationslly Ready

Varishle 21 = 18.0163 + 9.6104 (S) + 5.2219 (M) + 4.7319 (SE)
-18.2955 (S2) - 11.8113 (M2) 7.4681 (S x SE)
- 2,58%0 (S2 x SE2) + 4.8763 (M x SE) - 9.3732 (M2 x SE2)
+13.6078 (S x M x SE) ~ 8.1575 (S x M2 x SE) + 26.2236 (52 x M2 x SE2)
- 0,7556 (D) + 0.3491 (S x D) + 0.0868 (S2 x D2)
- 0.4658 (M x D) » 0.3152 (S x SE x D) - 0.0851 (S x M2 x SE2 x D2)
+ 3.8962 (S2 x M2 x SE x D)

Total Varience (R2 x.100) = 90.28
~ Stendard Error of Estimste = 3.26
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TABLE |-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT x DAYS (CONTINUED)

Average Aircraft Post-Sortie Time (Hours)

Variable 22 = 5.3382 - 3.3467 (M) + 6.9267 (M2) - 1.97&1 (S x M)
- 0.8864 (M2 x SE2) - 0.0036 (D2)

Total Variance (R2 x 100) = 22.5%6
Stnndary Error of Estimate = 1.75

Average Number of Sorties per Aircraft per Day

1.6044 + 0.7940 (S) + 0.2533 (M) + 0.3787}‘ (st)
- 1.3849 (S2) - 0.0955 (SE2) + 0.3124 (S x M) + 0.5522 (S x SE)
- 0.1470 (S x SE2) + 0.2563 (S x M x SE) + 0.2890 (S x M2 x SE)
- 0.0508 (D) + 0.0399 (S x D) + 0.0062 (S2 x D2) '
- 0.0232 (M x D) - 0.0094 (S x M2 x D2) + 0.0114 (S x SE x D)
+ 0.0810 (S2 x SE x D) - 0.0248 (S2 x SE2 x/ D) - 0.0026 (M2 x SE x D2)
+ 0.0585 (S x M2 x SE x D) + 0.0058 (52 x M x SE x D2)
+ 0.0188 (S2 x M x SE2 x D)

Varisble 23 =

Total Verisnce (R2 x 100) = 92.87
Stondard Error of Estimste = 0.18
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'TABLE I-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT

EQUIPMENT x DAYS (CONTINUED) -

Flying Hours

Verisble 28 = 167.0457 + 89.7089 (S) + 23.9802 (M) + 45.8563 (SE)

«149.8580 (S2) - 11,4209 (SE2) + 59.4269 (5 x M) + 60.0496 (S x SE)

« 18,1122 (S x SE2) + 102.4491 (S x M2 x SE) + 41,1134 (52 x M x SE)

- 5.6553 (D) + 3.8780 (S x D) + 0.7053 (S2 x D2)

- 2.5087 (M x D) - 1.4509 (S x M2 x D2) + 1.8232 (S x SE x D)

+ 10,3301 (52 x SE x D) - 3.2594 (52 x SE2 x D) + 0.0513 (M x SE2 x D2)
- 0.3358 (M2 x SE x D2) + 6.8848 (S x M2 x SE x D)

+ 2.3571 (S2 x M x SE2 x D)

Total Verisnce (R2 x 100) = 91.89
Standard Error of Estimate 2 21.85

Aversge Aircraft Pre-Sortie Time (Hours)

Varisble 18 =z No predictors met the 0.001 significsnce level for entry into the model.

Percent Utilizstion-Manpower

Virisble 26 = v19.7026 + 7.5719 (S) 15.3703 (M) + 6.2896 (SE)

=18.4541 (52) - 1.8785 (SE2) - 4.5042 (S x M) + 49.3531 (52 x M2)
+ 6.4976 (S x SE) - 1.4232 (S x SE2) - 0.4593 (D)
+ 0.3056 (S x D) + 0.1063 (M x D) + 0.0233 (M x 02)

«0.8819 (SxMxD) « 1.8273 (Sx M2 xD)+»0.2370(SxSExD)

+ 0.0340 (52 x SE x D2) - 0,0588 (M2 x SE x D2)
+ 1.6562 (52 x M2 x SE x D)

Totel Verience (R2 x 100) = 92.23
Standerd Error of Estimate = 2.45
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TABLE I-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT x DAYS (CONTINUED)

" Manhours Used (x100)

Verisble 29 z 24.9895 + 9.2074 (S) + 4.6415 (M) + 7.9408 (SE)
~15.9218 (S2) - 5.0106 (M2) - 2.3526 (SE2) + 9.2136 (S x SE)
- 1.6196 (S x SE2) + 7.8569 (S x M x SE) - 0.6132 (D)
+0.6141 (S x D) - 0.3496 (M x D) + 0.1933 (S x SE x 0),
+ 0.4119 (S2 x SE x D) + 0.0494 (S2 x SE x D2) + 0.0267 (M x SE x D2)
< 0.0800 (M2 x SE x D2) + 1.1127 (S x M2 x SE x D)
- 0.0581 (S x M2 x SE2 x D2) « 0.3125 (S2 x M x SE2 x D)

Total Varience (R2 x 1C0) = 91.31
Standard Error of Estimate = 2.87

Pescent Unscheduled Maintenance-Menpower

Verisble 30 = 67.1279 + 4,1726 (SE) - 1.6393 (SE2) - 0.1162 (D)
+ 0.3803 (S x D) + 0.0243 (S x 02) -~ 0.7654 (S2 x O)
- 0.0521 (S2 x D2)

" Totsl Varisnce (R2 x 100) = 45.31

Standard Error of Estimate = 3,25

Percent Scheduled Meintenance-Henpowsr

Vll‘l&lo 31 = 32.8721 - 4.1726 (SE) + 1.6393 (SE2) » 0.1162 (D)
« 0.3803 (S x D) - 0.0243 (S x D2) + 0.7654 (S2 x D)
+ 0.052% (S2 x D2)

Total Yariance (R2 x 100) =z 45.31
Stendard Ercor of Estimete = 3,25
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- TABLE I-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT x DAYS (CONTINUED)

¥
YY)

Nusber o_f Personnel Demsnded

Varisble 33 = 2991.4634 + 1346.9537 (S) + 410.6932 (M)
‘ « 610.2684 (SE) - 2219.5093 (52) - 154.9333 (SE£2)
+ 450.7396 (S x M) + 974.8350 (S x SE) - 250.8930 (S x SE2)
+ 548.7833 (S x M x SE) + 286.1341 (S x M2 x SE)
77.7801 (D) + 70.7767 (S x D + 5.7319 (S2 x D2)
43,5108 (M x D) - 15.4780 (S x M2 x D2)
19.2610 (S x SE x D) + 60.7247 (S2 x SE x D)
3.8170 (S2 x SE x D2) « 2.2309 (M x SE x D2)
8.6585 (M2 x SE x D) « 104.6723 (S x M2 x SE x D)
84,9262 (S2 x M x SE x D2) « 38.4573 (S2 x M x SE2 x D)

* L e e

Total Verisnce (R2 x 100) = 92.37
Standard Error of Estimste = 312.51

Percent Peraonnel Available (Prime)

Varisble 34 = 96.8646 - 0.4490 (S) + 39.9449 (M) - 2.2939 (SE)
© +10.9978 (S2) - 77.2438 (M2) + 26.5042 (S x M)
«57.5232 (S x M™* 217.4967 (S2 x M) - 2.8571 (S x SE)
» 3.4964 (M2 x S. ) + 0.2331 (D) + 0.2964 (S x D)
e 0.1122 (52 x D2) = 1.1072 (M x D) + 1.9967 (M2 x D)
*2.,5184 (S x M x D) - 6.3011 (S x M2 x D) + 0.4350 (S2 x M2 x D2)
- 0.1812 (S x SE x D) ~ 0.2679 (52 x SE x D)
+ 0.0304 (S x M2 x SE2 x D2)

Totsl Variance (R2 x 100) = 94,23

_Stenderd Ecrror of Estimete 2292 . .
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TABLE i1-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT x DAYS (CONTINUED)

Percent Demands Not Satisfied-Manpower.

Varisble 38 =  3.1342 + 0.6927 (S) - 39.2844 (M) + 2.1560 (SE) - 11.0965 (S2)
+76.6993 (M2) - 26.0898 (S x M) + 53.3647 (S x M2)
+17.8282 (S2 x M) + 2.1553 (S x SE) - 3.3147 (M2 x SE2)
- 0,2178 (D) - 0.3126 (S x D) + 0.11483 (S2 x D2) + 1.1082 (M x D)
- 2.0183 (M2 x D) ~ 2.4552 (S x M x D) + 6.2585 (S x M2 x D)
- 0.4258 (52 x M2 x D2) + 0.1707 (S x SE x D) + 0.2593 (52 x SE x D).

Total Variance (R2 x 100) = 94.13
Standard Error of Estimate =z 2.87

Simulsted Maintenance Manhours per Flying Hour

Varisble 40 = 15,2363 - 2.8164 (S) + 2.9376 (S2) - 1.5407 (S x M)
+0.1721 (D) - 0.1556 (S x D) + 0.0105 (M x D2)
- 0.0242 (M2 x D2) - 0.02B1 (SE x D)

Totsl Variance (R2 x 100) = 47.66
Stendard Ecror of Estimete = 1.92

Number of Reparable Generstions

Variable 44 = 60.6850 + 27.4786 (S) + 11.2923 (M) + 14.2271 (SE)
«51.5663 (52) - 11,9734 (M2) - 3.4319 (SE2)
T #12.2334 (S x SE) + 16.6231 (S x M x SE) + 8.1602 (S x M2 x SE)
« 1,8515 (D) + 1.4511 (S x D) + 0.2488 (S2 x D2) \
« 0.7971 (M x D) + 0.7147 (S x SE x D) + 1.4029 (52 x SE x D)
+ 0.0628 (M x SE x 02)_ - 0.1559 (M2 x SE x D2)
« 0.1538 (S x M2 x SE2 x D2)

Totasl Variance (R2 x 100) = 86.75
Stendard Error of Estimate = 9.44
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TABI E I-1 . MODELS OF TINTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT x DAYS (CONTINUED)

Percent Base Repair

Variable 45 = No predictors met the 0.001 sianificance level for entry into the model.

Percent Depot Repuir

Variable 46 = No predictors met the 0.001 significance level for entry into the model.

Average Base Repair Cycle

Variable 47 =  0.3736 + 0.2531 (S) + 0.4891 (M) + 1.2477 (SE)
- 0.8882 (M2) - 0.6100 (SE2) - 1.2624 (S2 x M)
+ 0.0123 (D) - 0.0008 (D2) + 0.0261 (S x D)

+ 0.0119 (M x D)

Total Variance (RZ x 100) = 53.13
Standard Error of Estimate = 0,33

Percent Active Repair

Variable 48 = 92.2048 + 15.2241 (M) - 4.9893 (M x SE)

- 0.0318 (D2) + 0.1159 (SE x D2) - 0.0463 (SE€2 x D2)

Total Variance (R2 x 100) = 12.04
Standard Erger of Estimate = 12,93
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Ao TABLE I-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
a EQUIPMENT x DAYS (CONTINUED)

' N : ' Percent White Space

t |
RN Varisble 49 =  8.3202 - 9.2221 (M) + 0.4507 (S x D) + 0.0324 (S x D2)
. - 0.0741 (SE x D2) + 0.0323 (SE2 x D2)

‘ Total Veriance (R2 x 100) = 12.35
o Standard Error of Estimate z 11.47
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Percent Fill Rate

s Varisble 55 = 78.6010 + 17.64.> \S) ~ 3.3345 (M) + 11.6777 (SE)
-rs.j’ - 2.8216 (SE2) - 0.6037 (D) + 0.0219 (D2)
X - 0.0431 (S x D2) + 1.0899 (52 x D) + 0.0978 (M2 x D2)
e + 0.0376 (SE2 x D) - 0.4679 (S x M x D) + 0.0985 (S x SE2 x D)
W - 0.0627 (S2 x SE x D2) .
) Totsl Veriance (R2 x 100) =z 79.79
R Stenderd Error of Estimste = 4,20
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TABLE {-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT x DAYS (CONTINUED)

Nuwber of Backorder Days-Spares Supply

Variable 56 = 288.5545 - 165.3378 (S) + 90.6632 (M) - 322.5558 (SE)

+ 92.8540 (S52) - 96.7571 (M2) + 103.3233 (SC2)

+ 28,0698 (S x M) + 42.8292 (52 x SE) - 19.3524 (M x SE)

- 15.6147 (M2 x SE) - 112.7891 (S x M x SE) + 39.7315 (S x M x SE2)

- 61.6816 (52 x M x SE) + 21.8758 (D) ~ 3.4851 (S x D)
0.5492 (S x D2) - 12.1188 (52 x D) -~ 0.8%44 (52 x D2)
4.3679 (M x D) - 21.5712 (SE x D) + 0.1843 (SE x D2)
6.5290 (SE2 x D) ~ 0.0644 (SE2 x D2) - 6.2387 (S x SE x D)
0.2995 (S x SE x D2) + 1.2725 (S x SE2 x D) :
5.4791 (52 x SE x D) - 5.6461 (M2 x SE x D)
0.3369 (S x M2 x SE2 x D2) ~ 2.9392 (S2 x M x SE2 x D)

++ ¢ 44

Total Varisnce (R2 x 100) = 98.97
Standard Error of Estimste = 16.63

Nuwber of Units Demanded-Spares Supply

Verisble 57 = 260.3038 + 98.3913 (S) + 41.8846 (M) + 42.4150 (SE)
~187.6251 (S2) - 11,2153 (SE2) + 97.9206 (S x SE)
~ 22.8468 (S x SE2) - 23,2536 (M2 x SE) + 75.7326 (S x M x SE)
- 6.9265 (D) + 7.9338 (S x D) - 4.1667 (M x D) + 5.1152 (S2 x SE x D)
+ 0.5755 (S2 x SE x D2) + 0.2885 (M x SE x D2) - 0.6765 (M2 x SE x D2)
+15.2108 (S x M2 x SE x D) « 0.4642 (S x M2 x SE2 x D2
+ 3.5980 (S2 x M x SE2 x D) :

Total Verience (R2 x 100) = 87.36
Standard Error of Estimate z 35.52
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TABLE I-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT x DAYS (CONTINUED)

Percent Units Off-the-Shelf

Variable 5B = 78.6010 + 17.5420 (S) - 3.3345 (M) + 11.677? (SE)
- 2.8217 (SE2) - 0.6037 (D) + 0.0219 (D2)
- 0.0431 (S x D2) + 1.0899 (52 x D) + 0.0974 (M2 x D2)
+ 0.0376 (SE2 x D) ~ 0.4679 (S x M x D) + 0.0985 (S x SE£2 x D)
- 0.0627 (S2 x SE x D2)

Totul Variance (R2 x 100) = 79.79
Standard Error of Estimete = 4.24

Percent Demands Not Satisfied-Speres Supply

Varigble 61 = 21.3989 - 17.6420 (5) + 3.3346 (M) - 11.6778 (SE)
+ 2.8217 (SE2) + 0.6037 (D) - 0.0219 (D) + 0.0431 (S x 02)
- 1.0899 (S2 x D) - 0.0974 (M2 x D2) - 0.0376 (SE2 x D)
+ 0.4679 (S x M x D) ~ 010985 (S x SE2 x D) + 0.0627 (52 x SE x D2)

Total Variance (R2 x 100) = 19.79
Standard Error of Estimate = 4.24

Number of Cannibalizetions

Variable 62 = 28.0240 ~ 12.8951 (S) + 6.6011 (M) - 17,3750 (SE)
=15.7261 (S2) + 4.7202 (SE2) - 11.6752 (M2 x SE)
- 0.1006 (D2) + 1.3095 (S x D) + 0.0715 (S x 02)
~ 1.5187 (S2 x D) + 0.1804 (S2 x D2) + 0.8462 (SE x D)

+0.0877 (SE x D2) - 0.3457 (SE2 x D) - 0.0276 (SE2x 02) ~

+ 0.6430 (S x M x D) - 0.5112 (S x SE x D)

Total Variance (R2 x 100) = 62.74
Standard Error of Estimate = 6.75

13
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R

Ll

1,1,

TABLE -1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT

EQUIPMENT x DAYS (CONTINUED)

Number of Items on Backorder-Spares Supply

311.6049 - 166.5863 (S) + 97.5504 (M) - 341.7087 (SE)
» 78.64485 (S2) - 107.1362 (M2) + 109.02/6 (SE2)
-~ 8.8871 (S x SE2) + 45,3265 (S2 x SE) - 20.3405 (M x SE)
-~ 16,1360 (M2 x SE) - 35.2963 (S x M x SE) + 41,0468 (S x M2 x SE2)
- 6£.9864 (S2 x M x SE) + 21.9987 (D) - 0.0585 (D2)
- 2.5262 (S x D) + 0.5258 (S x D2) - 17.8448 (52 x D)
. = 0.7578 (S2 x D2) + 5.4895 (M x D) - 20.8397 (SE x D)
+ 0.2482 (SE x D2) + 6.7723 (SE2 x D) ~ 0.0857 (SE2 x D2)
- 15.2049 (S2 x M x D) + 33.7720 {52 x M2 x D)
- 6.9173 (S x SE x D) ~ 0.2243 (S x SE x D2)
+ 1.4372 (S x SE2 x D) + 5.8131 (S2 x SE x D)
- 8.9986 (M2 x SE x D) + 0.2375 (5 x M2 x SE2 x D2)

Total Variance (R2 x 100) = 99.05
Standard Error of Estimste = 16.34

Equipment Percent Used-Unecheduled Maintenance

Varisble 71 = 0.0844 + 0.0448 (S) + 0.6285 (SE) - 0.0918 (S2)
- 0.1848 (SE2) + 0.197 (S x SE) - 0.2597 (S2 x SE)
+ 0.0207 (M x SE) + 0.0738 (S x M x SE2) + 0.3805 (S2 x M2 x SE2)
« 0.0025 (D) - 0.0042 (M x D) - 0.0046 (SE x D)
+ 0.0232 (S x SE x D) - 0.0074 (S x SE2 x D)
+ 3.0010 (S2 x SE2 x D2) + 0.0009 (M x SE x D2)
« 0.0032 (M2 x SE x D2) + 0.0307 (S x M2 x SE x D)
- 0.0012 (S x M2 x 562 x D2) + 0.0242 (S2 x M2 x SE2 x D)

Total Varisnce (R2 x 100) = 90.94
Standard Error of Estimste = 0.08
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TABLE’I-‘T MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT x DAYS (CONTINUED)

Equipment Percent -Used-Scheduled Maintenance

Varisble 72 = 0.0075 + 0.0063 (S) + 0,0104 (SE) - 0.0035 (SE2)
+ 0.0019 (S x SE2) - 0.0003 (D) + 0.0006 (S x D)

Total Varisnce (R2 x 100) = 19.85
Standard Error of Estimate = 0.01

Equipment Percent Unused

Varisble 73 = 99.9080 -~ 0.0489 (S) - 0.6415 (SE) + 0.0975 (52)
+ 0.1893 (SE2) - 0.2035 (S x SE) + 0.2035 (S x SE) + 0.2598 (52 x SE;
- 0.0188 (M x SE) - 0.0740 (S x. M x SE2) - 0. )94 (S2 x M2 x SE2)
+ 0.0027 (D) + 0.0043 (M x D) + 0.0046 (SE x D) :
- 0.0234 (S x SE x D) + 0.0074 (S x SE2 x D)
- 0.0010 (S2 x SE2 x D2) - 0.0009 (M x SE x D2)
+ 0.0032 (M2 x SE x D2) ~ 0.0313 (S x M2 x SE x D)
+ 0.0012 (S x M2 x SE2 x D2) - 0.0256 (S2 x M2 x SE2 x D)

Totsl Veriance (R2 x 100) = 91.12
Standard Error of Estimate =z 0.08
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TABLE I-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
' EQUIPMENT x DAYS (CONTINUED)

Nusber of Backorder Days-Support Equipment

Varisble 74 = 491.4360 + 186.6921 (S) + 195.5213 (M) - $97.5232 (SE)
~140.9075 (S2) ~ 229.0259 (M2) + 175.7168 (SE2) + 250.6076 (S x M)
~110.7101 (S x M2) - 91.1947 (S x SE) +-79.1204 (S2 x SE)
~148,6038 (M x SE) + 25.8626 (M x SE2) + $7.5745 (M2 x SE2)
-130.2452 (S x M x_SC) - 481.8260 (S x M2 x SE)
+272.8118 (S x M2 x SE2) + 45.0679 (D) + 1.4658 (D2)
+ 60.1835 (S x D) + 3.9597 (S x D2) + 26.4663 (M x D) + 1.2576 (M x D2)
~ 64,7812 (SE x D) - 2.2874 (SE x D2) + 21.1118 (SE2 x D)
+ 0.7777 (SE2 x D2) + 42.9809 (S x M x D) + 1.9830 (S x M x D2)
~ 80,6429 (S x SE x D) - 5.8846 (S x SE x D2) + 25.3047 (S x SE2 x D)
+ 1.9871 (S x SE2 x D2) = 37.1975 (M x SE x D) - 2.0574 (M x SE x D2)
+ 12.0062 (M x SE2 x D) + 0.7143 (M x SE2 x D2) - 55.3081 (S x M x SE x D)
- 3.0199 (SxHxSExDZ)o!G””(SxNxSEZxD)
+ 1.0640 (S x M x SE2 x D2)

Totsl Variance (R2 x 100) = 98.98
Standard Error of Estimate = 40.45

Musber of Units Demended-Support Equipment

Varisble 75 = 691.9084 + 343.6932 (S) + 101.6761 (M) + 166.3219 (SE)
~613.9740 (52) - 38.9264 (SE2) + 138.9468 (S x SE)
+181.5808 (S x M x SE) + 131.1823 (S x M2 x SE)
~ 22,1831 (D) + 18.6257 (S x D) +» 3.3676 (S2 x D2)
~ 8.5483 (M x D) + 17.7265 (S2 x SE x D)

+ 0.7271 (M x SE x D2) - 1.9606 (M2 x SE x D2)
+ 55.5878 (S x M2 x SE x D) - 2.1097 (S x M2 x SE2 x D2)

Total Varisnce (R2 x 100) = 86.09
Standard Error of Estimste = 115.65

134

DR W o I A T A R R N L R RO 2 M i L N R AL R R . R, OIS

~ LT
-




-9 RXK

ataln Al

‘e ML

TaT et elet . TR IMAT e B e e T ASMA A L \,‘%s‘m*.x,-<,\-<.- [ GRS SRR - of S RFRVLr Sl SN LV M e A LR

’_m,,ﬁ
o swpac .

(*’JJII".A A

TABLE |-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT x DAYS (CONCLUDED)

Equipment Percent Demands Not Satisfioa

Varisble 79 = 3.9751 - 1.1614 (S52) - D.4435 (SE2) + 2.3810 (S x M2)
+2.3470 (S x SE) -~ 0.7742 (S x SE2) + 0.6581 (M x SE)
~1.2194 (M2 x SE) + 0.2822 (S x M x SE£2) - 0.0490 (D)
~0.0234 (M x D) + 0.1991 (S x SE x D) - 0,0750 (S x SE2 x D)

Total Variance (R2 x 100) = 77.78
Standard Error of Estimete = 0.65
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APPENDIX J

| SAMPLE COMPUTATIONS FOR ESTIMATING VALUES WITH
REGRESSION MODELS

This Appendix illustrates how an estimated value is computed from
an equation,

The estimating model on the left-side of a table is one of many
selected from Appendices G or I, except that the intercept and the
regression coefficients are listed verticaly instead of horizontally in
a series., This format was used to show the match-up of each term on the
left with a computed value on the right, after substituting the appro-
priate value for Spares (S), Manpower (M), Support Equipment (SE), etc.

Observe the first example on table J-1. Observation 1035 of the
simulation was associated with 1431 spare units, 1578 maintenance
people, 2 avionics intermediate shops, and the 15th day of surge.
Therefore, the second term of the equation,

+23.9768 (S - 949.50 x .001)
= +23.9768 (S - Mean of S x .001)
= +23.9768 (1431 - 949,50 x .001)
= +23.9768 (0.4815)

which was the computed value for this term. The computed values for the
succeeding terms were similarly derived. After multiplication with the
appropriate coefficient, the products were summed to yield an estimated

value of 99.87.

Table J-1 1llustrates sample results for five spares x manpower x
support equipment x day equations.

Table J-2 {llustrates sample results for five Spares X manpower Xx
support equipment equations. «
136
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TABLE J-1 SAMPLE COMPUTATIONS OF ESTIMATED VALUES
SPARES x MANPOWER x SUPPORT EQUIPMENT x DAY

Veriable 03 Percent Accomplished-Missions

E£atimat ing Model
x!nEorcepE 4] Eab

+ . 2
+ 23.9768

Est imated Value for Observation 1035

1 5-949.50,(.0063 +.23.9768 u.ams;
X2 + 4.8397 (M-1109.667x.001) + 4.8397 (0.4683
X3 + 8.9021 sc; + 8.9021 (2)
i S i P o
x21 + 33.3759 {S x M2 x SE) * 35.3755 0.2112)
X217 - "1.3783 (D-15.5) - 1.3783 (-0.5)
X29 + 1.7595 (S x 06 + 1.7595 (-0.2407)
X37 + 0.9637 (SE x D) + 0.9637 -1;
X39 ‘= 0.3812 (SE2 x D) - 0.3812 {-2
X61 - 3.5767 (M2 x SE x o} ~ 3.5767 (-0,2193)
X62 - 0.1576 (M2 x SE x D 3 - 0.1574 (0.1097
X63 + 1,1998 (M2 x SE2 x D + 1.1998 (-0.439
X69 + 2.3339 (S x M2 x SE x D) + 2.3339 (-0.1056)
X78 + 0.7142 (52 x M2 x SE x 023 + 0.7142 o.ozsa)
gn 1o Row 1te * 2.0982 (S2 x M2 x SE2 x D + 2,098z {-0.1017)
6 Noe 'ILS . .

eV, IO 1035 96.23

Estimated Value 92.%

Standsrd Error of Estimaste

Variable 08 Percent Accomplished-Sorties

Elthoti% Model

Est imated Value for Observation 1035

Xt - + 27.7055 5—949.50)‘.008 - 27.7055 (0.4815
X2 + 6.781 M-1109.667x.001) ». 6.7818 (0.4683
X3 + 14,2978 (SE + 14,2978 (2)
X4 -~ 38.6298 (S2 - 38.6294 {0,2318)
X6 - ~2.8850 {SE2) - 2.8850 {a}
X7 + 11.2481 (S x gz + 11,2481 (0.225%)
X1 + 19.1699 (S x ; + 19.1699 (0.963
X12 - 5,0227 (S x SE2) - s.u;zv 1.926
X15 + 48,0377 (M x SE) + 4.0377 (0.936
X172 - 16.3688 (M2 x .SE) - 16.3688 g.um
X19 + 8.6186 (S x M x SE + 8.6186 (0.4510
2 P R i g
+ 11, x M x + 11, .
X27 - 1.5051 (D-15.5) * .08 -6.53
X29 + 1.4033 (S x D -+ 1.4033 -0.2607;
X33 « 0.5717 (M x D - 0.5717 {(-0.2342
Xaa 2 93328 135 %"Vony 2 9358 tozea
- - X x - -
Xa9 + 0.4086 (S x SE x Sf it -6.401;
. |
X53 + 1.1922 (S2 x SE x D 1.1922 (-0.2318 ‘
X56 + 0.0642 {52 x'éEZ x &2) a. 0.232 )
X69 + 1.9431 (S < x SE x D) + 1.9431 (-0.1056)
1e Results :
1035 92.23
Est imsted Value 97.08
Standard Error of Estimate 6.79
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TABLE J-1 SAMPLE COMPUTATIONS OF ESTIMATED VALUES
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TABLE J-1 SAMPLE COMPUTATIONS OF ESTIMATED VALUES
SPARES x MANPOWER x SUPPORT EQUIPMENT x DAY (CONCLUDED)

Variable 23 Average Number of Sorties per Aircraft per Day

Eat imat ing Model

Intercept + 1.6504%
X1 + 0.7940 (5-949,50x .m&
X2 + 0.2533 (M-1109.667x.001)
X3 + 0.3787 (SE
X4 - 1.3449 (S2
x9 - 0.0955 (SE2)
X +« 0.3124 {S x '5‘2
X11 + 0.5522 (5 x St)
ﬁg - 0.1%7(}] S x ;.352)5C
+ 0. x M x
X21 * 3.%8 g x M2 x Sz)
X217 - 0.0508 o-y-1§.s)
X29 + 0.0399 (S x D
X32 + 0.0062 (52 x 02)
X33 - 0.0232 (M x D
Xa4 - 0.0094 (S x M2 x B )
X49 + 0.0114 g x SE x
X53 + 0.0810 {S2 x SE x .
X55 - 0.0248 (S2 x SE2 x
X62 - 0.0026 (M2 x SE x D2
X69 + 0.0SgS S x H'Z‘ x S&EI x g
+ Q. x M x X

Hg + 8.3%03 g% x M x EEZ x D
Sample Results

EBaerviEIon 1035 2.64

Estimsted Value (2)'?%

Stpndnrd Error of Estimate

139
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Estimated Value for Observation 1035
IR g -

. o.msg
0.2533 (0,
.3787 {2)
:mg oszm)
89? 4 o.zzs§)
0.5522 (0.963
0.1a70 1.926&
0.2563 {0.451 g
0.2890 (0,2112
0.0508 -o.szo
0.0193 ao.§80n
8. 2 z‘ 66.2.345)
3:8974 $ %0281
0.0810 (-0.2318)
0.0268 (-0.464
0.0026 (0.1097
0.0585 (-0.1056
0.0058 (+0.0543
0.0188 {-0.2172
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TABLE J-2 SAMPLE COMPUTATIONS OF ESTIMATED VALUES
SPARES x MANPOWER x SUPPORT EQUIPMENT

Variable 03 Percent Accomplished-Missions
Estimating Model

Estimated Value for Observation 1035

Intercept + /8.5700

X1 + 26,1222 S-9A9.50x‘m0&
X2 + 4.1231 (M-1109.667x.001)
X3 + 3.5384 g
X4 - 26,9512 (52
X21 + 32,1211 (S x M2 x SE)

9

Sample Results
Eb’ae:va[[ﬁﬁ 1035 96.23
Estimated Value 99.75
Standard Error of Estimate 13.53

Variable 08 Percent Accomplished-Sorties
Estimat ing Model

Estimated Value for Observation 1033

ntercep + 99.9077
+ 29.4092 (S-949. SDx.OOo&
X2 + 9.4359 {M~1109.667x.001)
X3 +*
Xa - 33.6%
X21 + 63,3809 SxHZxSE)
Sample Results
1035 92.23
Estimsted Value 92.27
Standard Error of Estimate 15.71

Variable 18 Percent in NORS

E
&
IR R NN
3
* ® & o0

Sample Results
—-&rﬁm 1035

0
Est imated Value -1
Stendard Error of Estimate 20

Estimsted Value for Observstion 1035
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TABLE J-2 SAMPLE COMPUTATIONS OF ESTIMATED VALUES
SPARES x MANPOWER x SUPPORT EQUIPMENT (CONCLUDED)

Varisble 21 Percent in Operationally Ready

Estimating Model Estimated Value for Observation 1035
Inteccept ~ + TE%?W R N [P ) b
X1 °p -+ 9.8780 (5-949,.50x.001) + 9.8780 (0.4815)
X3 + 4.82 SE : + 4.8273 :
X4 - 11, S2 - 11.0604 (0.2318)
X11 + 7.4272 (S x SE + 7.4272 (0.963
X15 + 7.9308 (M x SE + 1.9308 (0.936
X18 - 9,2080 (M2 x 2&[ - 9.,2080 (0.8773
X19 + 13.6078 (S x M x SE) + 13.6078 (0.4510
X21 - 20,7373 (S x M2 x SE) - 20.7373 (Nn.2112)
¢ Results
5 1035 38.74
Estimated Yalue . : .63
Stendard Error of Estimate 7.5

Varisble 23 Aversge Number of Sorties Per Aircraft Per Day

Eatintigg P’bdel . Estimated Velue for Observation 1035
ar + . .
Xy oreep + Q8433 (-4 .50x,001) T 0.8 g.4815)
+ 0.2818 {M-1109.667x.001) ~ « 0.2818 (0.4683
Xa * Diadas 135 : 0'87;; 3 2318
x21 + 1.8089 {S x M2 x SE) + 1.8089 oiznz;
le Results
1035 2.64
Estimated Value 2.68
Standard Error of Estimate 0.49
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