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Production capability measurement in aircraft maintenance is

difficult and presently there is not a method of assessing an aircraft

organization's "portrait,' of production capability. Many performance

measurement indicators exist that give maintenance managers a general

assessment of organizational performance but cannot accurately predict

sortie production based on maintenance system capability.

HO SAC provided twenty--one months of ex post facto data for nine

command aircraft systems. The data included twenty-three maintenance

constraint independent variables and three production output dependent

variables. The production output measures inclu•ded Mission Capable

Rate, Total Not Mission Capable Supply Rate, and Total Not Mission

Capable' Maintenance Rate. Correlation analysis and stepwise regression

were used to build three regression models for each aircraft type to

identify maintenance constraints that predict production capability.
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A'J This reseazch analyzed twenty-three maintenance constraint and

three production output, performance measures for nine SAC aircraft

systems. SAS System for Elementary Statistical Analysis is used to

analyze twenty-one months of ex post facto maintenance data.

Correlation analysis is used to identify maintenance constraints that

assist in explaining aircraft maintenance production capability.

Forward stepwise regression is used ti build predictive models of

maintenance production capatility for each of the nine aircraft systems.

The twenty-three maintenance constraint measures are regressed against

three productivity output measures: Mission Capable Rate, Total Not

Mission Capable Supply Rate and Total Not Mission Capable Maintenance

Rate. The regression models and validation results indicate regression

models selection of maintenance constraints Is not consistent between

aircraft and prediction accuracy is erratic. The findings indicate

performance measures may not be generalizable across all aircraft and

key performance measures for one aircraft may not be important for

another. Production capability assessment based on a few productivity

measures generalized across all aircraft types may lead maintenance

managers to formulate wrong conclusions about maintenance performance

and capability. The validity of these findings is limited by the

relatively small nitmber of observations for each aircraft.

viii



DETERMINING PRODUCTION CAPABILITY

IN AIRRAF MAINTE.ANWE: A REGRESSION ANALYSIS

SmLL %iLAmn

General Issue

Aircraft maintenance is an expensive business. The investment of

money, manpower, equipment, spare parts, facilities and other resources,

make it the single largest facet of lcgistics in the Air Force (21:8-1).

The current world situation will not help the future management of this

expensive logistics element. The House Armed Seivices Committee

Chairman Les Aspen (D-Wis ) had these words to say about the decline of

communism in eastern block countries and the impact on defense spending:

We have entered the Gorbachev era. The deficit will
continue to place severe constraints on all spending, of
course. But the next defense budget will be Gorbachev-
driven . . . and you can bet that the impact [of events in
the East] will not generate support for increasing defense
budgets. (4:28)

In contrast, the Senate Armed Services Committee Chairman Sam Nunn

(D-Ga.) attributed need for defense budget cuts to fiscal constraints

driven by deficit spending. Senator Nunn had the following to say about

defense spending:

I believe [the reductlons are] fiscal cuts rather than
threat-related cuts. The threat has certainly gone down in
Europe, and that makes the background music more
acconuvodating and soothing to the body politic for these
cuts. But even if the threat had not gone down, if the
Administration [were to] have any chance whatsoever of
meeting the Gramm-Rudman target next year, they would have
had to make cuts of this magnitude. (4:28)
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Though Eastern Europe appears to be disarming and attempting to build

friendly relationships with the West, as seen in the reunification of

Germany, the Middle East has tl-eatened the peace of the United States.

The occupation and annexation of Kuwait by President Saddam Hussein and

Iraqi military forces and subsequent war with the United States and

allied powers may have a civilizing effect on the radical defense cuts

called for by those wanting to cash in on the "peace dividend." Gregory

Copley states:

So we saw the complacency of the world power blocs - NATO-
aligned, the Warsaw Pact-aligned, and the Non-Aligned -
change first to a euphoria as the era. of glasnost,
perestroyka and 'global peace' emerged. Now we have seen
Saddam Hussein shake that euphoria and return many
politicians to a semblance of reality. (3:26)

Whether or not the war for Kuwait'in 'he Middle East quiets the call for

cashing in the "peace dividends" at the expense of the Department of

Defense budgets will only be known as history runs its course. At least

for the near future, the congressional cuts are a reality the defense

manager will have to deal with.

It makes little difference whether the current defense budget -.uts

are driven by a perceived outbreak of "global peace" or fiscal

constraints resulting from the federal deficit. The rational for the

defense spending cuts is transparent to the aircraft maintenance

manager. Regardless of the reasons, maintenance managers will have a

tougher road ahead. The restricted operating budgets resulting from

deep congressional spending cuts will dramatically change the Way

maintenance managers do business. For the aircraft maintenance manager,

congressional defense spending cuts may mean lower manpower levels,

fewer spare parts arre' decreased operating budgets. These congressional

2



spending cuts coupled with an increasing need In the grcwing operation's

community for training is certain to tax the maintenance manager's skill

and wisdom in managing maintenance resourres. Identifying the

"Portrait" (estimation) of production capabilit. i, cr itical, so that

maintenance managers can make smart decisions when planning and

allocating limited maintenance resources for sortie production.

Problem Statement

Existing production capability measurements in aircraft maintenance

fail to give Strategic Air Command (SAC) maintenance managers an

accurate estimation of maintenance production capability when planning

maintenance support for sortie generation.

Research Questions

1) What are the existing measures cf aircraft mainteriAnce production

capability in SAC?

2) What are the aircraft maintenance production constraints that limit

or enhance production capability?

3) What are the statistical relationships between the maintenance

constraints and an organization's production capability?

4) What maintenance constraints can be used in a predictive model of a

maintenan- organization's sortie producing capability?

Scope of the Research

The scope of this research project will be limited to SAC aircraft

maintenance. The research will be further limited to SAC wing

organizations flying the KC-135A/D/E/Q, KC-135R, RC-135V/N, E-4B, B-IB,

EC-135A/C/G/L/N/Y, B-52H, B-52G and FB-11A aircraft, The results of

3



this research may not apply to other aircraft types in SAC or other

major comTlands and organizations. The regressionr mrdel prediction range

will be confined to the established range set by the ex post facto data

used to build the model. Extrapolation outside of the data set will

make the prediction invalid.

HQ SAC/LGY will provide the maintenance summary data for the

aircraft types under study. The data elements will cover twenty-one one

month periods of historic data.

Estimating aircraft maintenance production capability is difficult.

The difficulty is due in part to a lack of understanding of how aircraft

maintenance constraints correlate with each other and act upon

production output. Capt Bill Gilliland submitted a masters thesis to

the Air Force Institute of Technology School of Systems and Logistics

which reported correlations between maintenance productivity measures in

the Military Airlift Command (MAC). Capt Gilliland's research

identified productivity measures listed in Table 1 as inputs and outputs

of MAC aircraft maintenance. The statistical analysis of these

productivity measuwes spawned the following conclusion:

Of the thirteen neasures evaluated, eight produced the
strongest explainable model reflecting maintenance
productivity. Manhours per flying hour was the predominant
output when viewed as a result of the influence of mission
capable rates and maintenance scheduling effectiveness.
Cannibalization rates, delayed discrepancies (both awaiting
parts and awaiting maintenance) and the average number of
possessed aircraft were the inputs which appeared to
contribute most significantly to mission capable rates and
maintenance scheduling effectiveness. By understanding the
relationships among these meezures and monitoring their
interaction, a manager may be better able to positively
influence a maintenance unit's productivity. (8:110)

4



TABLE 1

MAC MAINTENANCE PRODUCTION VARIABLES

OLI.P•UT

labor hour/flying hour msr 1

mission capable rate Mnr 2

repeat/reoccurring msr 7
discrepancies

maintenance scheduling msr S
effectiveness

maintenance air aborts rrir 9

homestation reliability msr 10

enroute teliabi? ity mSr 11

training reliability nsr 12

INPUT

cannibalization ffsr 3

awaiting maintenance msr 4
discrepancies

awaiting parts mis 5
discrepancies

average possessed aircraft =rr 6

base self sufficiency nor 13

(8:94)

This thesis will accomplish one of Capt Gilliland's research

recommendations. The recommendation called for a continuation of the

same methodology applied to different major commands using a data set

5



larger than six months. The purpose of this type of research is to

further validate the original findings (8:115-116).

This thesis will follow through with variations of the research

recommendation. SAC will be the major command of interest for this

thesis and will use a twenty-ore month data set. Statistical analysis

of productivity measures will be by aircraft model.

This introductory chapter identified the current congressional

attitude towards defense spending and the challenges defense spending

cuts will provide for the aircraft maintenance manager. This chapter

also identified the problem statement, research questions, scope of

research and background information.

The Literature Review in Chapter II will first identify theories of

productivity measurement and ratios used to measure productivity in

business and the Department of Defense (DOD). Second, principles of

forecasting will be explored looking for applicability to aircraft

maintenance production management. Third, analysis of existing theses

will discuss previous findings of research done to identify maintenance

constraints that act on production output.

6



II. Literature Review

The purpose of this literature review is to give the reader a

working knowledge of the management disciplines needed to assist in

understanding this thesis. Additionally, the literature review will

equip the researcher with the necessary tools with which to conduct the

research. The literature review will examine two management disciplines

as they relate to determining production capability in aircraft

maintenance. The two disciplines to be discussed are productivity

measurement and forecasting principles as they apply to understanding

and explaining the interaction between production process inputs, as

determinants of production capability, and process outputs. The third

literature topic -area will be an analysis of existing theses to identify

maintenance constraints that act on production output.

The productivity measurement literature is organized by subject

with salient information discussed for each productivity measurement

concept. The concepts are presented in the following order:

productivity measurement defined; inputs, outputs and ratios; macro and

zr.icro measurements; productivity measurement in the Department of

Defense (DOD); and the productivity measures used in the Strategic Air.

ConTnand (SAC). This section will lay a foundation in productivity by

first establishing what productivity measurement is and then explaining

its concepts and organizational levels of application.

Forecasting principles are discussed with a concentration on

understanding why regression analysis is chosen for this research

7



project. Assumptions and limitations of different forecasting

techniques will also be presented.

A literature review examining theses accomplished in previous years

that studied the effect of maintenance constraints on production

capability is also presented. The research projects are presented by

thesis discussing findings and conclusions. The emphasis of the

research review is to find out ;,hat correlations previous research has

uncovered between maintenance constraints and productivity outputs.

Productivity MBsurement

If an organization is to manage productivity, meaningful and

accurate productivity measurement ratios must be formulated at all

levels in the organization.

Lord Kelvin wrote, 'When you can measure what you are
-speaking about and express it in numbers, you know something

about it; but when you cannot express it in numbers, your
knowledge is of a meager and unsatisfactory kind; it may be
the beginning of knowledge, but you have scarcely, in your
thoughts, advanced to the stage of science, whatever the
matter be.' If the matter be productivity it necessitates
the use of two numerical measures - output and input."
(12:127)

An organization cannot know if it's achieving acceptable productivity

performance without establishing meaningful objective measures.

Managers cannot hold people accountable to a level of productivity

performance if the performance cannot be quantifiably and reliably

measured; they cannot manage what they do not measure (12:128-129).

Productivity Measurement Defined, There is no generally-agreed-

upon definition of productivity measurement. "Productivity means many

things to many people" (18:10). There are as many different

productivity measurement ratios as there are types and levels of

8



organization. In a production organization, each process' and plant's

hierarchial level requires a different productivity measure to

accurately appraise performance (18:10).

Individual firms need a comprehensive system of productivity
measurements at the firm, plant and process level that will
enable them to know how they are doing, help them to spot
weak areas, and help them know what to do to achieve
productivity increases. (17:8)

It is important that the organization formulate measures at each

activity level, and that the measures accurately reflect the

relationship between the activities' outputs and inputs of business.

"Measurement of productivity must be appropriate to the problem at hand"

(18:10).

Productivity measurement definitions vary in complexity. In its

basic form, productivity is a ratio, also called an index, that measures

outputs against inputs. "Most productivity measures begin with the same

simplistic concept: output per unit of input" (15:37). A productivity

measurement ratio is a representation of physical inputs and outputs

(2:111):

Units of Output
Productivity = (1)

Units of Input

This simple ratio is the standard form of the productivity equation.

A more complete definition is "a measure of the efficiency with

which resources are used in the production of goods and services"

(15:37). In this definition, resources are inputs and goods and

services are outputs. The definition embraces the concept of measuring

a production system's efficient operation as the measurement objective.

9



A moderately complex definition addresses dimensions of

uctivity neglected in the other two definitions:

Productivity is a measure of production efficiency. Here,
Suse the word 'production' in a broad sense and define it

as an activity which converts a basket of goods and services
(inputs) into another basket of goods and services
(outputs). Productivity measures the efficiency with which
a production activity converts inputs to outputs. Ideally,
productivity should measure the efficiency in terms of input
and output utilities since a production activity is intended
to create utility. (1:29-30)

Productivity measures cannot ignore the dimensions of the process

environment and remain meaningful and accurate. Ignoring the

productivity factors in the following measurement model will make the

ratio meaningless. The form of the productivity model is (1:31):

The Sum of all (Output Quantity in Time
Period t in the Original Denomination) X
(Output Conversion Factor) as an Element
of all Output Indices.

Productivity = (2)

The Sum of all (Input Quantity in Time
Period t in the Original Denomination) X
(Input Conversion Factor) as an Element
of all Input Indices.

This definition includes the concepts of providing utility to the

consumer, accounting for output and input original denominations (man-

hours, pounds, machine hours, dollars, etc.), using conversion factors

to transform inputs and outputs to common denominations, and time-series

measurements (productivity ratio in one period compared with the same

ratio in another period) and cross sectional measurements (comparison of

one productivity ratio in a period with a ratio for a similar activity

in the sama period) when defining productivity (1:29-31).

10



Inputs. Outputs and Rstios. Although definitions of productivity

measurement vary in complexity, all measures are defined as outputs

against inputs in the form of ratios. In the open systems model of an

organization, resource inputs are fed into a process that transforms the

resource inputs into a goods or service output of value to the consumer.

The open system exchanges goods and services with other systems in the

environment. Inputs of one system are one or more outputs of another

system, and outputs of the same system are the inputs to one or more

other systems (11:32). The productivity ratio should accurately measure

the system's procass efficiency at transforming the inputs into valued

outputs.

The system's process inputs and outputs can be grouped into

separate broad categories. These input categories are defined as

follor. (1:35-39):

1. r Input are the human resources uged in converting

resources into goods and services.

2. Government inputs are the goods and services provided by the

local, state and federal governments. These goods and services can be

fire and police protection, highways, public schools, and national

defense.

3. Cagital inputs are the equipment and facilitiLcs used in the

transformation process.

4. Intermediate innut_ are the in-process goods and services

provided by other production activities.

The production output categories are defined as follows:

1. Go1s for external use are the products that will be consumed

by the user.



2. Goods for internal u are products used as inputs in the same

production process at a future time; for example, General Motors

manufactures radios that are installed in assembly line automobiles.

The output and input measures are formulated into ratios used to

measure the production process efficiency. Five types of ratio models

were developed by aerospace managers from the NaýLonal Aeronautics and

Space Administration (NASA). The ratios with aircraft maintenance

examples are as follows (11:29-32):

1. EffectiXenes = Projected / actual :numbez of sorties

schedqled against number actually flown.

2. Qj 1ty = Process or product unit / sources of cost : number

of maintenance shop pieces produced against man-hours consumed.

3. lualit = Indicators of error or loss / process or production

unit : total errors found in aircraft forms againist total number of

entries.

4. MA1u = Desirability / sources of cost : measured customer

satisfaction with morale programs against the cost to provide morale and

welfare services.

5. QCantie___r ijrogMent = Performance measure period two /

Performance measure period one : measure the change in sortie rate of

this quarter against last quarter.

It is important to remember that productivity measures must not be

just percentage ratices. Historically, management has given only minimun

attention to productivity due to the absence of linking productivity

measures to the bottom line of cost and profitability. Management may

give more attention to productivity measures if they are linked to the

business bottom-line performance measure (5:63-70).

12



MaroandMicro Measu Productivity measures are

categorized and applied at two organization hierarchial level.s: the firm

or organizational level and the department or cost center level. The

firm or organizational level measure is called a variety of names,

including macro (17:8), global (7:52), aggregate (15:37-38), and total

(1:31) productivity measure. When the ratio includes all the firm's or

organization's inputs in the ratio denominator then the measure is

referred to as total productivity measurement (1:31).

Aggregate productivity measures are designed to evaluate the
performance of a large collective body (a plant, division,
company or an industry) over an extended time frame. An
aggregate productivity measurement system can provide
management with essential indicators of the effective use of
all component resources. (15:37.-?8)

John Kendricks, the economist, developedc the concept of total

productivity measurement in the early 1960's.

Essentially, Kendrick's technique is to relate the total
output of a firm or industry in real terns to the total
inputs used to produce that output. The macro measure is
the only comprehensive measure of productivity change for
the total enterprise. (17:8-10)

The department or cost center productivity veasure is called the

micro (17:8), local (7:52), component (15:37-38), and partial (1:31)

productivity measure. Micro measures are detailed, but they cannot be

aggregated into the overall productivity measure of a firm. Micro

measures are measures of efficiency rather than productivity. They will

measure a unit's optimization but cannot be used to measure total unit

productivity. Micro measures are normally financial cost measures and

do not measure contribution of resource inputs (17:10). "Component

productivity measuzes are designed to measure the performance of a

single activity or a relatively small organizational unit" (15:37-38).

13



An example of a micro and macro productivity measure integration is

backlog measurement in a U.S. Army maintenance shop. The maintenance

shop uses four micro productivity measures: 1) Workload in standard man-

hours of work accepted by a maintenance shop but not completed;

2) Available man-hours per day as a measure of how many direct man-hours

(labor expended in the production activity adding value to the product

or service) and indirect man-hours (labor expended for needs not in

direct support of production); 3) Utilization rate as the percentage of

labor that is direct labor; and 4) Efficiency rate as a measure of skill

level expressed as the standard man-hours to complete a job divided by

the actual man-hours to complete the job. The shop uses one macro

measure to report backlog performance. Backlog is the aggregate of the

four micro measures and represents the work waiting for entry into the

shop and not completed (19:14-15).

Macro productivity measures focus on total outputs against total

inputs. Micro measures are a single measure of a unit and are a measure

of efficiency rather than productivity. Micro and macro measures must

be integrated into management reporting as an integral part of the

organization's management information system (15:37-38).

Productivity Measurement in the DOD, Productivity measurement

guidance In the DOD is general and does not dictate productivity

measures to be used by DOD departments and agencies. A previous thesis

reviewied government documents that establishes productivity management

in the DOD, the Air Force, and MAC. Also, the research included

interviews with maintenance personnel at MAC airlift wings to identify

productivity measures In use at the wing organizational level (8:78-79).
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The above stated research found that the federal government uses

labor output as the measure of productivity. "The presidential order

which serves as the primary guidance for productivity improveient

defines productivity as the efficient use of government resources to

produce a desired output in the form of goods and services" (8:86).

Within the DOD, each major component compiles and submits labor hour

data. In the Air Force, aircraft maintenance productivity data is

submitted for intermediate and depot maintenance levels by the Air Force

Logistics Command to the Air Staff for verification, compilation, and

submittal to the Bureau of Labor Statistics. This represents

productivity measurement at a macro level (8:86--87).

At the micro level, the Major cotmand is responsible for developing

productivity goals and measures and managing their respective

productivity programs in accordance with AFR 25-3. According to the

comptroller directorate at MAC headquarters, supply cost per flying hour

Is the productivity measure associated with aircraft maintenance.

MACR 66-1, paragraph 4-14 lists productivity measures as:

1. manhour per flying hour

2. cannibalization actions per aircraft

3. awaiting maintenance discrepancies

4. awaiting parts discrepancies

5. maintenance air aborts

6. base self sufficiency

7. high component failures/work hour consuners (high

failure aircraft components that consume a relatively higher

amount of labor hours than other components)

(8:90-91).
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Two productivity measures not cited in MACR 66-1 used by aircraft

maintenance units are departure reliability rates and mission capable

rates. Operational units are free to establish effectiveness and

efficieticy measures to manage unit productivity. Operational units use

several different productivity measures signifying each unit's relative

independence from the major command in defining measures that will aid

the unit in achieving organizational goals (8:87-88). A list of

measures gathered from the wing maintenance units appears in Appendix G

of the original thesis (8:92).

SAC Productvy Measurement. SAC productivity measurement is

primarily the responsibility of the aircraft maintenance analysis

section on the DC24 staff at the wing level and HO SAC/LGY for the

command. The data used for analysis is taken from the Maintenance Data

Collection (MDC) system which accumulates maintenance data from AFTO

form 349, Maintenance Data Collection Record, or the on-line Core

Automated Maintenance System (CAMS). The MDC system includes files of

maintenance histories for aircraft and missile systems and their

subsystems (6:3-1).

The MDC data is used to measure the efficiency and effectiveness as

well as the health of the maintenance organizations and the weapon

sy'stems. These productivity measures aid the aircraft maintenance

managers in assessing the organization's condition and aids in the

managers ability to make accurate and timely decisions. The

productivity measures used by SAC headquarters and wing organizations

are many and will not be presented in this section but will be presented

in Chapter IV and used in correlation and regression analysis.
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w This literature review presented multiple definitions of

productivity measurement. The definitions began with a basic form of

the output to input ratio and ended with a moderately complex definition

that accounted for utility, denomination, conversion factors and time-

series and cross sectional measurements. A discussion of the inputs,

outputs and ratios followed, identifying broad categories for inputs and

outputs and ratios developed by aerospace managers. Micro and macro

measurement and their differences were presented with an example of army

maintenance and its illustration of micro and macro measurement

integration. Additionally, DOD productivity measures were presented.

There are many different measures of productivity. The differences

are attributed to organizational level and process application. The

productivity ratio must explain and accurately measure the production

process. Ratio measures must be tied to the business bottom-line of

cost and profitability to be useful in managing producti,,ity.

Forecasting

The contemporary manager functions and makes decisions in a

complicated ever changing environment. In tines past,, managers could

run businesses by making decisions about corporate operations and

competitive markets using only intui.tion and judgement gained throuch

many years of sometimes difficult experiences. Those days- have given

way to managers who today depend on decision support systems, computer

algorithms and heuristic techniques to optimize every decision to the

organization's advantage. Forecasting is not intended to be an end in

itself. It is a subset of a decision making process used to clarify the
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manager's understanding about the uncertain future and increase the

value of the manager's final decision (20:1).

This section of the literature review will examine the two

forecasting classifications and the major techniques in one of the

classifications (qualitative forecasting will only be treated briefly).

An evaluation criteria will be presented that will aid in understanding

how to correctly match a forecasting technique to a particular

situation. Additionally, each foxecasting technique will be contrasted

to the other techniques exposing assumptions and limitations. The

purpose of this review is to give insight into the rationale for

choosing multiple linear regression as the statistical model for this

research project.

l c . Many forecasting techniques have been developed

to aid the manager in predicting future business patterns. Marketing,

finance, production, and other management functional areas use these

forecasting techniques to either increase profits or reduce costs.

These forecasting tecnniques are generally grouped into two categories:

-Tuantitative and qualitative (20:4).

Quantitative forecasting techniques include moving average,

exponential smoothing and regression analysis. In these methods,

historic data is acted upon by a mathematical approach to predict a

future value. There are three reasons quawtitative techniques have been

popular. First, past experience has shown the quantitative techniques

to be accurate. Second, development and integration of conmuters has

made data storage, retrieval and computation required by quantitative

techniques extremely easy and efficient. Finally, quantitative

forecasting is less costly than qualitative techniques (20:5).
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The second forecasting classification is qualitative.. As stated in

the opening paragraphs, this classification will only be 6c-tined and

contrasted to quantitative techniques. The qualitative rethod is

examining data lcoking for a change in hictoric pattern and making

decisions based on an expert's Judgement to interpret ti,• pattern

changes. The qvalitative method is expensive and should only be used in

long term situations and those that are critical to the firm (20:5-6).

_Elg=cing a Tehnige., Matching the technique to the situation is

a critical step in applying forecasting. A method of matching the

forecasting technique to the management objective has been established

to aid the decision maker. This method analyzes the characteristics of

the forecasting techniques and uses the analysis as a basis of choosing

the mest accurate technique for the stated objective. Forecasting

technique characteristics are grouped in the-following categories:

1. The pattern of the data that can be recognized.

2. The accuracy of the method.

3. The type of the mode]l.

4. The cost of using the method.

5. The lead time for which the method is appropriate.

6, The applicability of the method.

(20:18).

The first criteria that should be considered is the pattern of the

data. Historic data displays some kind of underlying pattern that can

be identified. Forecasting techniques make explicit assmptions about

the pattern of data as to the appropriateness of the technique. The

four categories of data patterns are horizontal, trend, seasonal and

cyclical (20:19).
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The second criteria is the accuracy of the method. Data used in

forecasting will exhibit one or more of the four data patterns presented

in the preceding discussion. In addition to these patterrn, the data

will also exhibit some amount of randomness that cannot be attributed to

a specific cause. The decicion maker should attempt to choose a

forecasting technique that minimizes the data random component. The

better the technique is at accounting for the random component, the

closer the fcrecasted value will be to the actual value (20:22-24).

The third criteria to be considered is the type of forecasting

model. The forecasting model is the same as the technique and is

referred to as a model in the sense of the procedures used to describe

and predict the forecast. Forecasting models can be categorized in .our

general groups: time-series, causal or explanatory, statistical and

nonstatisticil. The time-series-technique ass'mes that the data pattern

occurs over a period of time and that the pattern will repeat itself in

the future. Thus a future forecast can be predicted based on past time

period performance. The time-series forecast is good for predicting

future events of the organization's external environment but not so good

at predicting the consequence of a manager's decision in the current

time period on a future event (20:25).

7he second model type is the causal or explanatory model. This

model's assuription is that certain variables act on or determine the

value of other variables. Generally speaking, the causal model treats

data that does not have a time element (20;25-26).

The third model is the statistical model and uses the processes and

procedures of statistical analysis to determine data patterns and

identify the reliaillity of the prediction of the forecasts being
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developed. Statistical models are more complicated than other

forecasting techniques and have not been widely used due to the decision

maker's lack of understanding (20:26).

Finally, the fourth forecasting model is the nonstatistical model.

These techniques are based heavily in the decision maker's intuition and

feelings about what is going on in the forecasting process not using

fundamental statistical processes and probability theory. Qualitative

forecasting methods are nonstatistical in nature (20:26-17).

The fourth criteria to be considered is the costs of a forecasting

technique. Cost considerations are important when comparing forecasting

techniques and choosing the technique that best fits the decision

maker's purpose. There are three different considerations when

analyzing cost: development cost, data storage and acquisition costs,

and operating and maintenance costs (20:27).' However, these cost

considerations are not applicable to this research project and will not

be considered here.

Lead time, the fifth criteria, should be considered in the

forecasting technique. Lead time addresses the time horizon that the

forecasting method is trying to predict. Lead time can be divided into

four categories: immediate term (less than one month), short term (one

to three months), medium term (less than two years), and long term (more

than two years). Some forecasting techniques are accurate for only the

immediate and short term time horizons and others are more accurate at

the medium and long term time horizons. Matching the technique to the

objective time horizon is acutely important in limiting the amount of

random error that is generated in the forecast (20:28-29).
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The final criteria to be considered is the applicability of the

model to management practice. Applicability is concerned with the

technical suitability and behavioral aspects of the forecasting model.

There are three aspects of applicability that need to be considered.

These aspects include the time the forecasting method takes to develop,

the ease at which the manager can understand the technical properties of

the technique and interpret the results, and the manager's depth of

understanding and confidence in the forecasting technique selected. The

manager needs to have confidence that the forecasting information is

accurate and that the manager has correctly interpreted the information.

This confidence Is directly related to the manager's understanding of

the technique (20:29).

Techniaues: Assumptions MI Limitations. After the decision maker

has considered the six criteria previously discussed, the decision maker

can choose the technique that best fits the criteria. Additionally, the

decision maker must also consider each forecasting technique's operating

assumptions and limitations. The technique's assumptions and

limitations must be matched as close as possible to the forecasting

application and data format so that the forecasted values will be as

close to actual values as possible.

The two types of forecasting models to be considered here are the

time-series and causal or explanatory models. Time-series forecasting

models such as naive, moving average, exponential smoothing and

variations such as Box-Jekins, double exponential smoothing and

Winter's linear and seasonal exponential smoothing all work under the

assumption that future values are related to historic time values and

follow the basic pattern of previous data. Each time-series technique
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places varying importance on different elements of the time-series

pattern.

The naive technique is very simple and easy to apply. This

technique assimes that no randomness exists in the data pattern and that

the data is perfectly horizontal and has no trend, seasonal or cyclical

components. The technique merely states that what the actual value in

this period will be the forecasted value for the next period. Although

the technique is not accurate in some applications, it can be used as a

baseline to cormare other forecasting techniques for appropriateness to

an application (20:37).

Moving average attempts to decrease randomness in the data for

short-term forecasting by averaging past data. This technique has a

smoothing effect on the data pattern. The major limitations to this

technique are the amounts of data needed, the technique's lack of

consideration of trend, seasonal and cyclical characteristics, and the

forecast's nonresponsiveness to immediate changes in actual values. For

these reasons, moving average is generally used for short-term

forecasting (20:54-60).

Exponential smoothing is more accurate than moving average

techniques and operates under the assurmption that the most recent data

is the most accurate and a better predictor of future values. This

technique needs only the last period's actual and forecasted v~lues to

forecast for the next period. Consequently, data requirements are

significantly less than moving average. Exponential smoothing like

moving average also attempts to eliminate randomness in the data. In

order to counteract the data randomness, exponential smoothing uses a

smoothing constant that tends to either suppress or accentuate the most
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recent change in data depending on the application and the decision

maker's need. Again, like moving average, exponential smoothing assumes

the data pattern is horizontal and does not account for trend, seasona.L

or cyclical patterns (20:63-65).

Variations of time-series techniques such as Box-Jenkins, double

exponential smoothing and Winter's linear and seasonal exponential

smoothing attempt to account for the data patterns of trend, seasonal

and cyclical that naive, moving average and exponential smoothing fail

to capture. These more complicated techniques are still attempts to

forecast assuming that future values will follow historic data patterns

modified by time elements.

The purpose of this thesis research, outlined in tIhe problem

statement and the research questions in Chapter I, is to identify the

maintenance production constraints that determine production output.

Identifying these constraints will give the maintenance manager a

realistic portrait of maintenance's capability to produce sorties.

Building a forecasting model to predict production output given a set

of constraints is an objective of this thesis but more irportant is

understanding the relationships between the constraints and production

output. Again, the purpose is to "paint a porti.ait" of production

capability in order to help the maintenance manager better utilize

maintenance resources increasing maintenance productivity. Time-series

forecasting methods are not sufficient in identifying the relationships

between constraints and production outputs.

Although tire-series techniques are not suitable for this research,

causal or explanatory models do attempt to identify relationships
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between independent and dependent variables. "Explanatory forecasting

assumes a cause and effect relationship between the inputs of the system

and its output" (14:14). Multiple regression and correlation are

excellent techniques to aid in understanding relationships between

multiple variables. Multiple regression and correlation operate under

the assumption that one or more independent variables can be used to

predict the occurrence of a dependent variable.

Referring back to the discussion on the six criteria for choosing a

forecasting model presented earlier, of the six criteria, the type of

model must be the overriding criteria for selecting regression analysis.

Although, the maintenance data used in this thesis may contain data

pattern characteristics of trend, seasonality or cycles which would give

the data characteristics of time where time-series techniques may be

appropriate, the importance of this thesis lies in finding relationships

between maintenance constraints and production outputs which leads the

methodology selection to the causal or explanatory technique.

Summary The forecasting section of the literature review

presented the two classifications of forecasting techniques:

quantitative and qualitative. This section also discussed the six

criteria for selecting a forecasting technique: data pattern, model

accuracy, model type, cost, lead tine, and applicability. Time-series

and causal or explanatory techniques were presented with assumptions and

limitations. The researcher concluded that the most appropriate

forecasting technique for this thesis application i a regression model

based on the need for identi~fication of variable relationships between

maintenance constraints and production output.
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A review of previous theses is important to increase the

understanding of what knowledge already exists in the area of aircraft

maintenance production as related to resource constraint's effect on

production output. The review in this section will be organized by

thesis presenting salient research findings and conclusions. The review

includes three Air Force Institute of Technology (AFIT) theses that

studied the relationships between aircraft maintenance constraints and

production outputs. Each thesis incorporated a different methodology

and analysis of different sets of data. The purpose of this review is

to understand maintenance constraint and production output relationships

identified in these theses and possibly find some correlations between

the findings. The first review is a thesis studying MAC aircraft using

telephone interviews, regression analysis and statistical correlation.

The second thesis is resear=h into AMr Force Logistics Conmand (AFLC)

depot-level aircraft maintenance using Data Envelopment Analysis ',DEA)

and regression analysis. The third thesis review is a study of Tactical

Air Corrand (TI'C) A-10 aircraft maintenance using Constrained Facet

Analysis (C'A).

M aintenance. The first thesis is a study of aircraft

maintenance productivity in MAC. The first phase of the thesis

methodology included using a structured interview with an open ended

question format. The interview findings were presented earlier in 'his,

chapter in the review of productivity measurement in DOD.

The second phase of the methodology evaluated the productivity

measures Most significant for measuring a unit's aircraft maintenanc•

productivity. The evaluation categorized the productivity measures as
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either inputs or outputs. The productivity measurement outputs were

used as dependent variables in regression equations. The remaining

measures were considered productivity inputs and treated as independent

variables. Time constraints limited the researcher to analysis of data

for six MAC airlift wings (8:80-81).

Using thirteen productivity measuices found during the study, the

researcher built a preliminary model that showed the relationship

between maintenance inputs and production outputs. The researcher

programmed a correlation matrix and ran statistical analysis on the

thirteen productivity measures in order to determine the accuracy of the

preliminary model. Collinear measures were identified as candidates for

elimination from the preliminary model (8:81-82).

The final process for analysis of the model included stepwise

regression. All measures were regressed to each of the six output.

measures using backward elimination. Of the six models produced through

the regression process, one model appeared to contribute most

significantly to explaining the productivity output. The preliminary

model and the regressed model were compared to either confirm or

question .he relationships of the preliminary logical model. The

productivity output measure with its contributing independent variables

that best explained productivity were selected as the productivity

model. The researcher performed residual analysis on the productivity

model which further refined and validated the final logical model

(8:82-83).

The final step in the research included combining the findings of

the correlation and regression analyses to build the final logical

model. This model supports a multi-level input-output set of
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relationships between seven of the thirteen productivity measures found

through the research process. The model identifies the following

relationships (8:106):

1. Three inputs; cannibalization rate, awaiting maintenance

discrepancies and average possessed aircraft correlate negatively (-),

negatively (.-) and positively (+) respectively to mission capable rate.

When cannibalization rate and/or awaiting maintenance discrepancies

decreases, the mission capable rate increases. When average possessed

aircraft increases, the mission capable rate increases.

:2. Another input, awaiting parts discrepancies, correlates

negatively (-) to maintenance scheduling effectiveness, that is, as

awaitinq parts discrepancies increases maintenance scheduling

effectiveness decreases.

3. Mission capable rate and maintenance scheduling effectiveness

are inputs to the final model output; labor hour per flying hour.

Mission capable rate correlates negatively (-) to labor hour per flying

hour, that is, as mission capable rates increase the labor hour per

flying hour expended decreases. Conversely, maintenance scheduling

effectiveness correlates positively (0) to labor hour per flying hour,

that is, as maintenance scheduling effectiveness increases labor hour

per flying hour increases.

Recommendations of the researcher are consistent with the nature of

the relationships highlighted by the logical model. Labor hour per

flying hour, mission capable rate, maintenance scheduling effectiveness,

cannibalization rates, delayed discrepancies and the average number of

possessed aircraft appeared to be the maintenance factors that best

indicated a maintenance units productivity (8:115).
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AFLC Depot Level Mainterance. This thesis analyzed twenty months

of aircraft maintenance data from the San Antonio Air Logistics Center,

Aircraft Division. The researcher used Data Envelopment Analysis (DEA)

to measure air.=rAft production efficiency at the aircraft division and

regression analysis to identify the nature of the relationship between

resource inputs and production outputs. The DEA is a analytical.

procedure ,Ahereby nonprofit organizations, such as the United States Air

Force, can measure relative productivity of a Decision Making Unit (DMU)

with itself over time or with DMUs of similar functions. DEA uses

multiple resource inputs and nultiple production outputs to measure the

relative efficiency of the DMU with itself over multiple time periods or

with other similar DMUs (13:37).

DEA declares a DMU to be relatively one hundred percent efficient

when at least one of two conditions are achi.eved. The first condition

is when the DMU can only increase output by either using more resource

inputs or by reducing a portion of the DMU's other outputs. The second

condition when one hundred percent efficiency may be declared is when

the DMU can only reduce inputs by reducing its output or by consuming

more of another Input (13:38-39).

Analysis of the twenty months of prQduction data using DEA is not

necessarily important to the research of the current thesis from the

stand-point of measuring production efficiency. The research is

important to the current thesis when considering the slack of resource

inputs for the twenty DMU ptriods. The input measures for the DEA

analysis Included material dollars and total direct labor hours (regular

+ overtime). The output me_3uten included the quality deficiencies

recorded during the Ready-For-Delivery audits, on-tie deliveries and
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total aircraft produced (13:51-52). The amount of slack constraint

(whken 0 slack occurs for an input) can be represented by a percentage

relative to other input slack values. DEA results for the percentage of

time an input suffered a slack constraint is as follows (13:90):

1. Total direct labor hours suffered a slack constraint 65 percent

of the time.

2. Total material dollars suffered a slack constraint 25 percent

of the time.

3. Overtime hours suffered a slack constraint 30 percent of the

time.

4. One hundred percent efficiency occurred during DMJ 2 and 10

where all three inputs suffered slack constraint.

The results of the DEA show that total labor hours suffered a slack

constraint a significant portion of the twenty DMU periods. This would

suggest that total labor hours is a strong factor in measuring aircraft

maintcnance productivity at this ALC and for the evaluated time period.

This research project also used regression ana]ysis to identify

which resource inputs were predictors of production outputs. The

researcher decided to use total aircraft produced rather than on-time

deliveries as the dependert variable for the regression analysis. The

analysis used straight-data and the natural logs of direct labor hours,

overtime hours, material dollars and total hours (direct + overtime

hours) as independent variables (13:69).

After removing some of the randorness in the data by converting the

twenty months to seven quarters of data, the researcher ran twelve

regressions against total aircraft p-roduced using different combinations

of the independent variables. The results of the regressions indicate
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that total labor hours (direct + overtime hours) may be a good indicator

of the number of aircraft produced (13:72). The results of the

regression analysis are consistent with the observation of DEA findings.

TAC A-10 Aircraft. This thesis analyzed A-10 Aircraft Maintenance

Units (AMU) and aircraft using Constrained Facet Analysis (CFA) to

measure performance in terms of relative efficiency. The data used in

this research is actual data from an A-10 Tactical Fighter Wing

possessing three AMU's. The sanple size is a total of fifteen

observations from the three AMU's. CFA is an out-growth of DEA

presented in the previous discussion. This thesis is of interest not

because of CFA performance evaluations of the AKJs, and therefore the

(7A results will not be presented here. The researcher did perform

correlation analysis on the AMU maintenance data inputs and outputs

which is of inportance.

The maintenance data included five productivity input measures for

correlation analysis. The inputs are al follow (9:20-21):

1. Number of aircraft possessed.

2. The reciprocal of not; mission capable maintenance (RNMCM). Not

mission capable maintenance (NMCX) is a measure that limits aircraft

production capability due to maintenance. For reascns peculiar to CF'A,

the researcher used the reciprocal of the measure which does not change

its value but does change its direction. The RNMCM will appear to add

to production capability rather than detract from it.

3. The reciprocal of not mission capable supply (RNMCS). Not

mission capable supply (NMCS) is a measure that limits aircraft

production rapability due to a lack of parts availability charged to

supply. Again, for reasons pculiar to CYA, the researcher used the
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reciprocal of the measure %hich does not change its value but does

change its direction. The PNMCS will appear to add to production

capability rather than detract from it.

4. Ite number of flying days.

5. The fix rate. The fix rate is the number of aircraft

malfunctions coded 3 that are fixed within a 8 hour time window

following landing.

The maintenance data included two productivity output measures for

correlation analysis. The outputs are as follows (9:19-20):

1. The numbex of sorties flown.

2. The mission capable time. Mission capable tine for an AKJ is

the sum of fully mission capable time and partially mission capable

tire. Additionally, it is the sum of all mission capable time for

aircraft maintained by the AMU.

The correlation results for the AMU data with correlation values

more negative than -0.5 and more positive than +0.5, identifying inputs

and outputs with the strongest correlations, are as follows (9:45):

1. The number of sorties produced (output) showed a negative

correlation to number of flying days per period (Input) at a -0.6289.

This is an Interesting finding because the expected correlation would be

positive. As the numner of flying days increases the number of sorties

produced should increase with this increased opportunity to fly. The

fact that it is negatively correlated may be due to the fact that

training sorties are contracted at a set number not necessarily

dependent on the number of flying days available. In the peace time

environment, the number of flying days available is not necessarily a
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constraint for sortie production. The negative correlation may be also

due to some other characteristic of the particular data set.

2. The mission capable hours (output) is positively correlated to

the number of aircraft possessed (input) at a +0.9438. This is expected

due to the opportunity for more mission capable time because of the

increased availability of aircraft.

Among the xemaining findings of the correlation analysis, two other

correlations are of interest. Number of sorties flown (output) is

negatively correlated to RNMC2 (input) at a -0.3875. RNMCM is the

reciprocal of NMCM time which means that sorties flown is actually

correlated positively to NMCM time at the sane value. Though the

strength of the correlation is relatively low, the direction of the

correlation appears to be opposite from a logical understanding if the

sorties flown and NMC" time are accepted as an output ard Input

respectively. The correlation says that if NMC2 time increases then

scrties 4lown will increase. In reality, increased NMC2 time should

adversely effect sortie production and should decrease sorties flown.

An sxplanation for this might be that NMCM time should be an output and

sorties flown should be the input. Using this logic and the correlation

reported in the research, as sorties flown (input) increases, NMCM time

(output; increases. This explanation would be consiste.nt with reality

in that the more the aircraft fly the more opportunity exists for

malfunction adding to the NMCM4 time.

Sumay,, The review of previous research helped In the

understanding of the relationships between aircraft maintenance resource

corstraints and production outputs. The review incl'ided a thesis

studying MAC aircraft using telephone interviews, regression analysis
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ard statistical correlation. The review also included research into

AFLC depot-level aircraft irintenance using the Data Envelopment

Analysis (DEA) and regression analysis. The third thesis review

pressented a study of TAC A-10 aircraft maintenance using Constrained

Facet Analysis (CFA).

A significant understanding that came from this review is that what

would be considered as an output in a manufacturing production system

may not be true for a maintenance production system. The idea presented

in the earlier NMCM and sortie rate discussion, sortie rates defined as

an output and NMCM defined as an. input of aircraft maintenance, may not

be an accurate representation of the maintenance production system.

Rather than producing high sortie rates as a measure of productivity,.

maybe reducing the NMNC time may be a more accurate measure and goal of

the maintenance production effort.

The literature review examined two managenent disciplines as they

relate to aircraft maintenance resource inputs determining maintenance

production output. The two disciplines discussed included productivity

measurement and forecasting principles. The third literature topic area

presented an analysis of existing theses to identify maintenance

constraints that act on production output.

The productivity measurement literature included discussion of

productivity eaasurement ccncepts. The concepts were presented in the

following order: productivity measurement defined; inputs, outputs and

ratios; macro and micro weasurements; productivity measurenxent in the

Department of Defense.
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Forecasting principles were also discussed with a concentration on

understanding why regression analysis is chosen for this research

project. Assumptions and limitations of different forecasting

techniques were also presented.

A literature review examining previous theses findings and

conclusions that studied the effect of maintenance constraints on

production capability was also presented.
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III. Methodolol

This chapter presents the methodology used to answer the research

questions and consequently the problem statement in Chapter I. The

research objective is to identify the aircraft maintenance constraint

independent variables and production output dependent variables and

understand how the constraints can be modelled to estimate production

capability. Maintenance performance indicators are used as

representative measures of maintenance constraints and production

output. Identifying and modelling the relationships between the

maintenance constraint and production measures will increase the

maintenance manager's understanding of the production environment. The

literature review in the fields of productivity measurement, forecasting

principles, and previous research presented in Chapter II laid a

foundation of background information that will aid in accomplishing the

research objective. The methodology continues with the implementation

of correlation analysis and stepwise regression modelling to better

define the maintenance production environment using the performance

indicators. The following discussion will further develop this

methodology.

Data Treatment

The data for this research is management indicators obtained from

current data files used at HQ SAC and in the wing maintenance

organizations. HQ SAC/LGY provided twenty--one months of ex post facto

maintenance performance indicators for the time period from January 1989
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to September 1990. The data is for aircraft models KC-135A/D/E/Q, E-4B,

KC-135R, RC-135V/N, EC-135A/C/G/L/N/Y, B-lB, B-52H, B-52G and FB-I1IA

and is grouped by month for the twenty-one month period. There are nine

data files (one per aircratt type) presented in Appendix A. The data

file columns are variables and the row are rtionths listed from top to

bottom; January 1989 to September 1990. The data is limited to

production data available in the Maintenance Data Collection (MDC)

system and the SAC maintenance analysis community. The performance

indicators are extracted from SAL? 66-17 or identified by the

researcher's analysis of the HQ SAC/LGY spreadsheet titled "Aircraft

Performance Indicators." The variable set is identified and categorized

as either maintenance constraint independent variables in Table 2 or

production output dependent variables in Table 3. Colonel Phillip L.

Harris, HQ SAC/LGY, Director Logistics Analysis, identified the

dependent variables as those production measures that maintenance

managers at HO SAC use regularly to assess maintenance system

effectiveness.

The last six months of data for each aircraft type is extracted

from the data set and will not be used during correlation analysis or

forward stepwise regression modelling. The data will be used to

validate the final forms of the twenty-seven regression models for the

nine aircraft. The six months of data is for the period April 1990 to

September 1990.

Correlation Analysis and Regression Modelling

Correlation analysis will assist in understanding how the

maintenance constraints ar,ý related to production output. The
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TABLE 2

MAINTENANCE CONSTRAINT INDEPE2NDENT VARIABLES

Air Aborts AAB
Air Abort Rate AAR
Aircraft Breaks ABK
Aircraft Break Rate ABR
Aircraft Fix Rate APR
Aircraft Sortie Utilization Rate ASU
Average Sortie Duration ASD
Cancellations CNX
Cancellation Rate CXR
Cannibali zations CAN
Cannibalization Rate CNR
Full Mission Capable Rate FMC
Hours Flown HFN
Late Take-Offs LTO
Late Take-Off. Rate LTR
Manhours Expended MHE
Manhours Per Sortie MHS
Manhours Per Flying Hour MHF
Not Mission Capable Rate NMC
Not Mi3sion Capable Both Rate NMB
Not. Mission Capable Maintenance Rate NMM
Not Mission Capable Supply Rate NMS
Nurter Aircraft Fixed in 18 Hours NFH
Partially Mission Capable Rate PMC
Partially Mission Capable Both Rate PMB
Partially Mission Capable Maintenance Rate PMM
Partially Mission Capable Supply Rate PMS
Possessed Aircraft PSA
Possessed Hours PSH
Sorties Attenpted SAT
Sorties Flown SFN
Sorties Scheduled SSD
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TABLE 3

MAINTENANCE PRODUCTION OUTPUT DW•NDENT VARIABLES

Mission Capable Rate MCR
Total Not Mission
Capable Maintenance Rate (TNMC2I) TNM
Total Not Mission
Capable Supply Rate (TNMCS) TNS

correlation analysis will attempt to find asymmetrical relationships

between explanatory variables: maintenance constraint independent

variables and production output dependent variable. In addition to

identifying independent variables that help to explain the behavior of

dependent variables, it will be important to identify if any moderating

and extraneous variables exist for either use in or exclusion from the

final regression nmdel. It may also be necessary to make inferences

about possible intervening variables in order to further explain the

relationships between maintenance constraints and production output. In

order to reduce the data set of independent variables that are best

estimates of the dependent variables, computer programs for the SAS

System for Elementary Statistical Analysis are written to run the

correlation analysis and regression modelling. A sample of the computer

programs are listed in Appendix B.

Correlation Analysis. The first test accomplished Is the Pearson

product moment coefficient of correlation r. This test will measure the

strength of the linear relationship between maintenance constraint

independent variables and production output dependent variables. The
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correlation coefficient scale is from -i to +1 with 0 showing no

correlation between independent and dependent variables and -1 and +1

showing the strongest correlation for a negative and positive

relationship respectively (16:514). Using the SAS program, the data set

of thirty-tw independent variables and three dependent variables will

be correlated for each of the nine aircraft types. The strength and

nature (from +1 to -1) of the correlation values between the Independent

and dependent variables will assist in identifying those independent

variables that stepwise regression should include in the final forms of

the maintenance model. Whether or, not stepwise regression will actually

include the variable in the model is dependent on how strong the

maintenance constraint Is correlated to the production output and the

regression model's t-test significance level and its probability value

.for the maintenance constraint beta parameter.

A problem that may occur is collinearity of the maintenance

constraint independent variables. This occurs when two or more

independent variables are highly correlated with each other. One of the

benefits of using stepwise regression is its tendency to correct this

problem by including only one of the collinear variables in the

regression model (16:624). For this reason, collinearity will be

handled using stepwise regression.

S w t. The maintenance data will ",me tf:tA(

to a probabilistic model using stepwise multiple regression. "A

systematic approach to building a model with a large number of

independent variables is difficult because the interpretition of

multivariate interactions and higher-order polynomials i" tedious"

(16:722). Due to the conplex process of modelling thirty-two
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independent variables, the maintenance nxwtel will be built using

stepwise regression. 1'or.zrd stepwise regression will be used to find

the form of the maintenance mode.A. that best describes the relationships

between the maintenance constraints and production output. The three

production output dependent variables in Table 3 will be regressed using

the thirty-two maintenance constraint independent variables in the data

set identified in Table 2. The result will be each of the nine aircraft

types will have three regression models built using the three dependent

variables for a total of twenty-seven regression models. After building

three nmdels for each aircraft type, each production output measure for

all nine aircraft will be examined for comivn maintenance constraints

that might explain the maintenance system in general.

The coefficient of determination R-squared and the

F-statistic will be used in combination to measure how w-ll the

maintenance models fit the maintenance performance indicators. These

tests are global measures that will evaluate all of the maintenance

constraint beta parameters and will test the usefulness of the

maintenance model. The R-squared statistic will reflect the ratio of

variability explained by the maintenance constraints over total model

variability. An R-squared value equal to 0 implies the nmodel does not

fit the data and a value of . iiyrplles a perfect fit between the data and

the model, thus the scale is 0 to 1 (16:575)."

The F.-statistic will be used to identify how niuch of the occurrence

of the production output is left unexplained by the regression model.

The F statistic is the ratio of the explained variability
divided by the model degrees of freedom to the unexplained
variability divided by the error decrees of freedom. Thus,
the larger proportion of total variebiliCy accounted for by
the model, the larger the F statistic. (16:576)
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The F-statistic, the probability value greater than F, the

coefficient of determination R-squared, the beta parameter t value, and

the probability greater than the absolute value of t measures cannot be

used in isolation from one another and in doing so would be insufficient

to make a decision on the usefulness of the model. The model's

usefulness can only be determined by evaluating the significance of the

statistical measures in concert with each other.

Residual analysis will be used to check the regression assLuptions

that the maintenance data set random errors are normally distributed

with a mean of 0, the random error variance is equal to sigma squared

and the random errors are independent. It is necessary that the

variance of the random error component of the regression model be

constant in order to use the least squares estimators. If the random

error variance is not constant, then transformation procedures will be

performed on those maintenance constraint independent variables in

question (16:557-558;728-730).

odlel ValYidati

The regression model will be validated using six months of

maintenance data for each aircraft type. The validation procedure is to

run the regression model using the six months of data to see how close

to actual historic production measures the model can predict. Three

confidence intervals for the predicted value will be used to estimate a

range for predicting a specific production capability for a given set of

ntintenance constraints present in the model. The validation test is

the final measure of whether or not the maintenance model is useful at

predicting production capability at a determined confidence level.
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The research objective is to find the best estimators of production

capability in SAC aircraft maintenance. Multiple regression analysis is

a powerful estimating and prediction tool. Multiple regression allows

for the modelling of a dependent variable (y) as a function of two or

more independent variables (16:555). For example, modelling production

output ME(y)) as a function of production constraints (xl, x2,

,xn). The statistical tests discussed in this chapter will answer

research questions twio, three and four and answer the problem statemn.nt

in this thesis.

This chapter discussed the methodology to be used for this research

project. The researcher accomplished a literature review to lay a

foundation in productivity measurement, forecasting principles, and

previous maintenance research. This study gives the researcher the

tools to accomplish the research objective and the reader background

information to understand the problem and the final recommendations.

Statistical analysis will be performed to answer research questions

two, three and four. The statistical tests will be run in concert with

the regression analysis to aid in building an accurate regression model

Of maintenance production capability.

Chapter IV, Findings and Analysis, statistically analyzes the data

and reports the findings of the research. The form of the regression

model that most accurately fits the data set will be presented with

discussion as to its significance. Additicnally, discussion of the

individual statistical test results will be presented.
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1Y._iDc s and Analysis

This chapter presents answers to the research qupestions and

consequently the problem sitatemrent identified in Chapter I. A

correction to the maintenance constraint table presented in Chapter III.

is presented at the beginning of this chapter. Research question I

results are pre.sented prior to discussing individual aircraft

statistical analysis wid regression modelling used to answer research

questions 2, 3 and 4. The remainder of the chapter is organized by

aircraft type. All nine aircraft are discussed individually beginning

with correlation analsis. A table identifying the maintenance

c-onstraint and produCtion output measure correlations is presented to

answer research questions 2 and 3. The table with appropriate

discussion identifies which maintenance constraints limit or enhance

production capability. Additionally, the statistical relationship

bctween the maintenarce constraints and production output is identified.

Second, the results of forward stepwise regression modelling is

presented includirg maintenance constraints selected and the model's

global measures. Third, findinqs of residual analysis are presented

with changes to the regression model where appropriate. eirially, model

validation results are presented with 90%, 95% and 99% confide.-ce

intervals for the predicted value using the six months validation data

for each aircraft type. Following the discussion of all nine individual

aircraft, correlation analysis and regression modelling resultzs will be

aggregated looking for coumonalities between the product :utput

measures for the nine aircraft types.
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Moifid YVariable Table

The preliminary maintenance constraint categorization presented in

Table 2 of Chapte:c III is modified in Table 4. The modification is

necessary due to results of correlation analysis where maintenance

constraints are found to be highly correlated with the production

outputs and are now excluded. This collinearity adds no meaningful

research information; maintenance constraints were sub--measures or in

some cases inverse measures of production outputs. The three production

outputs identified in Table 3 of Chapter III remain unchanged and will

be correlated and regjressed against the twenty-three maintenance

constraints in Table 4.

Erloduction Caabi i

The objective of research question 1 is to identify the existing

measures of aircraft maintenance production capability in SAC. The

performance indicators listed in Appendix C are extracted from the HQ

SAC/LGY Spreadsheet and SACP 66-17 and are existing measures of aircraft

maintenance production capability. The measures are available for

maintenance managers to use both at headquarters and wing organizaticnal

levels. Additionally, the measures can be used in research to increase

the understanding of maintenance production capability. A complete set

of data for all performance measures identified in Appendix C is not

available for incorporation into this research.

The first analysis is for the KC-135A/D/E/Q aircraft. The results

of correlation analysis and regression modelling for this aircraft
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TABLE 4

MAIMWANCE CO)NSMI1 fNT INDEPENDE2NT VARIABLES

Air Aborts AAB
Air Abort Rate AAR
Aircraft Breaks W
Aircraft Break Rate ABR
Aircraft Fix Rate AFR
Aircraft Sortie Utilization Rate ASU
Average Sortie Duration ASD
Cancellations C4X
Cancellation Rate CXR
Cannibalizations CAN
Cannibalization Rate C(NR
Hours Flown HFN
Late Take-Offs LTO
Late Takt,-Ofi Rate LTR
Manhours Expended MHE
Manhours Per Sortie MHS
Manhours Per Frlying Hour oHF
Number Fixed in iU Hours NFr!
Possessed Aircraft PSA
Possessed Hours PSH
Sorties Attempted SAT
Sorties Flown SFN
Sorties Scheduled SSD

and the remaining eight aircraft is presented and will arswer research

questions 2 and 3.

Correlation &nalysis. The SAS correlation analysis output is

presented in Appendix D.l. A summary of the correlation analysis is

presented in Table 5 and identifies the coefficient of correlation with

associated p-adlues for the relationships between the three production

output and twenty-three naintenance constraint neasures that correlated

at or below a .05 significance level.
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TABLE 5

NC--135A/D/E/Q CO)RRLATION ANALYSIS SUMMARY

1NDEPDENT

MC Rate TNMCS Rate TNMCM Rate

Aircraft Hours Flown 0.61229 -0.59056 *
0.01.53 0.0205

Manhours Expended 0.52863 -0.51781 *
0.0428 3.0480

Possessed Aircraft 0.58762 -0.56518 0.62903
0M0212 0.0281 0.0120

Possessed Hours 0.53538 * -0.53240
0.0397 0.0410

Sorties Attempted 0.63840 -0.62193 *
0.0104 0.0133

Sorties Flown 0.59090 -0.56619
0.0204 0.0276

Sorties Scheduled 0.61622 -0.62498
0.01,44 0.0127

Aircraft Fix Rate 0.66381 -0.64096 -0.63628
0.0070 0.0100 0.0108

"*" Indicates correlation p-value greater than 0.05

The objective of research questions 2 and 3 is to identify the

maintenance constraints that limit or enhance production capability and

to understand the statistical nature of the relationships. Using Table

5 as a reference, the following is given as possible rationale why the

mainteriance constraints are correlated to the three production output

measures.
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1. Wj& The correlation between aircraft hours flown, sorties

attempted, sorties flown, and sorties scheduled is highly significant at

0.0001. This indicates the four measures may be contributing similar

information to determining MC rate. The MC rate is positively

correlated with all four waintenance constraints. As aircraft hours

flown, sorties attempted, sorties flown, and/or sorties scheduled

increases MC rate increases. These results are more clearly understood

-when thinking of MC rate determining the ntzrber of hours flown, sorties

attempted, flown and scheduled. The higher the MC rate the more time

aircraft are available for sortie generation. As MC rate increases

hours flown, sorties attempted, flown and scheduled increases.

Explaining the correlation in terms of MC rate as the production output,

the correlation may be the result of the often sighted maintenance

philosophy that the more the aircraft flies the less it breaks.

MC rate is positively correlated with nun-hours expended. As man-

hours expended increases MC rate inci.'eases. This finding reinforces the

idea that maintenance Is labor intensive and the production quantity and

speed at which aircraft are fixed IL direcvly related to labor expended.

The correlation between possessed aircraft and possessed hours is

highly significant at 3.0001. This ind'cates both measures may be

contributing similar information to deternining MC rate. Possessed

aircraft and possessed hours are positively correlated to MC rate, that

is as po~seszed aircraft and/or hours increases MC rate increases.

Initially, this finding would appear inconsistent with the MC rate

ratio. With possessed hours as the denominator in the MC rate ratio, it

appears the (correlation should ber negative. As the denominator

increases, the rate should decrease. However, this would not be true if
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a greater percentage of increased possessed time is Mc time rather than

NMC time. As possessed time increases the percentage of MC time

increases. This may be supported and confirmied by the negative

correlation relationship between TNMCM and TNMCS rates and possessed

aircraft and hours in Table 5. As the possessed time increases the

percentage of NMC time deqreases.

Aircraft fix rate is positively correlated with MC rate. As

aircraft fix rate increases MC rate increases. An increase in aircraft

fix rate means more aircraft breaks are fixed in the first 18 hours

after landing which means mre possessed time is spent as MC time.

2. M te. The TNMCS rate is negatively correlated to

aircraft hours flown, sorties atteuepted, sorties flown and sorties

scheduled. This finding supports the rationale given for positive

correlation with MC rate. TNMCS time (with TNMCM time) is the

antithesis of MC time; as MC time increases TNMCS (and TNMC4) time

decreases. This is supported by the highly significant negative

correlation between MC rate and TNMCS and TNMCX rates at 0.0001.

Man-hours expended is negatively correlated to TNMCS rate, that is

as man-hours expended increases TNMCS rate decreases. As more parts are

replaced more man-hours are expended to install the parts and ThMCS time

decreases.

TNMCS rate is negatively correlated to possessed aircraft but not

to possessed hours. The rationale for the correlation is given above

under MC rate correlation with the exception that as possessed aircraft

increases percentage of TNMCS time decreases.

Aircraft fix rate is negatively correlated to TNMCS rate. As

aircraft fix rate increases TNMCS rate decreases. An increase in
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aircraft fix rate means that more aircraft are fixed in the first 18

hours thereby decreasing the armount of accumulated TNMCS time on the

aircraft.

3. MM Fjt.• TNMCM rate is not correlated with aircraft hours

flown, sorties attempted, sorties flown and sorties scheduled nor is it

correlated to .man-hours expended. This would appear contradictory to

the findings between these maintenance constraints for MC and TNMCS

rates. The measures are negatively correlated to TNMCM rate but at a

higher p-value than 0.05. This finding may be due to the particular

data set analyzed rather than no correlation.

Possessed aircraft and hours are negatively correlated to the TNM1CM

rate. As possessed aircraft or hours increases TNI4CM rate decreases.

Again, the rationale given for possessed aircraft and possessed hours

correlation to MC and TNMCS rate supports this finding.

Aircraft fix rate is negatively correlated to TNMCM rate. As

aircraft fix rate increases TNMCM rate decreases. The more aircraft

fixed in the first 18 hours the less time the aircraft spends

accumilating TNMCM time.

Stepwise Re[ession.L The forward stepwise regression results for

the KC-135A/D/E/Q, as well as the remaining aircraft types, will answer

research question 4 as to which maintenance constraints can be used in a

predictive model of a maintenance organization's sortie producing

capability. The SAS regression output is presented in Appendix E.1. A

summary of the forward stepwise regression results is presented in Table

6 and should be referenced for the following discussion.

MC Rate ReBqessitLkModel. The maintenance constraints that

contribute information to predicting MC Rate for the KC-135A/D/E/Q
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TABLE 6

KC-135A/D/E/Q S'EPWISE REGRESSION RESULTS

Ki~nsign Qcar jab Rate RsaeF-ag E=!EŽ

_e FM 0.98744 1.04.83 0.0001

MCR = 38.046 Model Useful (F>F-Alpha)
+ 0.759(CXR) F-Alpha Value
+ 0.001(HFN)
- 0.014(LTO) 0.I Qn 0.DI
- 0.043(MHS)
+ 0.101(PSA) 2.67 3.58 6.37
+ 0.243(AFR)

f m Ez ue Prob>F

M:el Fln 0.95600 39.11 0.0001

TNMCS = 51.326 Model Useful (F>F-Alpha)
- 1.322(ASD) F-Alpha Value
- 0.104(PSA)
+ 0.0001(PSH) I.iM . D.I1
- 0.005(SSD)
- 0.198(AFR) 2.61 3.48 6.06

199k E_ F-Value rob>F

S0.92366 30.25 0.0001

TNM(1 33ý944 Model Useful (F>F-Alpha)
- 0.025(CNX) F-Alpha Value
+ 0.154(MHF)
- 0.073(PSA) _.J,0
- 0.117(AFR)

2.61 3.48 5.99

* Constraint parameters rounded to the third decimal position
(EXCEPTION: ThNVS MODEL PSH).

aircraft are cancellation rate, aircraft hours flown, late take-offs,

man-hours per sortie, possessed aircraft, and aircraft fix rate. The

regression model is useful at 0.10, 0.05, and 0.01 significance levels.
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The 104.83 F-value is greater than the F-Alpha values, and the 0.0001

Prob>F is less than the alpha significance levels. The maintenance

constraints explain 98.74% of the total MC rate variability as indicated

by the R-square value.

Three of the six maintenance constraints selected for iLnclusion in

the model; aircraft hours flown, possessed aircraft, Znd aircraft fix

rate are significant at 0.0001 and identified during correlation

analysis at or below 0.05. The positive variable parameters suggests as

aircraft hours flown, possessed aircraft, and aircraft fix rate

increases M rate increases. This is consistent with correlation

analysis findings. The highly significant probability value suggests

these three constraints add the most information to predicting MC rate.

The cancellation rate's positive parameter increases the MC rate value.

This 13 logical if the cancellation rate incre&se is due to reasons

other than aircraft breaks. Late take-offs and iwzn-hours per sortie

subtract from MC rate suggesting that as these maintenance constraints

increase MC rate decreases. This is logical If the reasons for late

take-offs and increased labor is due to aircraft breaks.

.TNI1$ Ra2e Regression Model, The maintenance cornstraints

contributing information to predicting TNMCS rate are aircraft si)rtie

duration, possessed aircraft, possessed hours, sorties scheduled and

aircraft fix rate. The TNMCS model is useful for predicting TNMCS rate

at 0.10, 0.05, and 0.01 significance levels. The 39.11 F-valtle is

greater than the F-Alpha values, and the 0.0001 Prob>F is less than the

alpha significance levels. The maintenance constraints explain 95.60%

of total T1MCS rate variability as Indicated Loy the R-square value.
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Three maintenance constraints possessed aircraft, sorties

scheduled, and aircraft fix rate are significant at 0.0004, 0.0001, and

0.0001 respectively and identified during correlation analysis at or

below 0.05. The maintenance constraint negative parameters confirms the

relationships found in correlation analysis that decreasing one or more

of the constraints will increase TNMCS rate. Possessed aircraft,

sorties scheduled, and aircraft fix rate contribute the most information

to predicting TNMCS rate.

ae onModel. Cancellations, man-hours per

flying hour, possessed aircraft, and aircraft fix rate provides

information to predicting TNMCM rate. The model is useful at predicting

TNMNC rate at 0.i0, 0.05, and 0.01 significance levels. The 30.25

F-value is greater than the F-Alpha values, and the 0.0001 Prob>F is

less than the alpha significance levels. The total ,W"CM variability

explained by the model is 92.37% Indicated by the R-square value.

Two of the four maintenance constraints; possessed aircraft and

aircraft fix rate contribute information to the model at a 0.0001 and

0.0009 significance levels respectively and are negatively correlated at

or below 0.05. Cancellations decreases the 'UNMC" rate because of the

negative parameter. This would be the case for cancellations due to

reasons other than aircraft breaks. One other maintenance constraint

worth noting is man-hours per flyLg hour. The man-hours per flying

hour beta parameter is positive adding significantly to TNMCM rate at

0.0002 Prob>F, although the constraint did not identify during

correlation analysis.

Residual Analysis, Residual analysis plots of all three model's

predicted values and maintenance constraints were studied and appear to
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be random indicating no need of further model ipriovement. No other

maintenance constraint configuration will improve model performance.

S11tJ9Al• The actual values, predicted values, and

confidence intervals for the predicted values c::ýuluted by SAS for the

six months validation data are presented in Appendix G.l. A sumiary of

validation results for MC, ThNCS, and TNMCM rate models is presented in

Table 7 showing the actual and predicted values for the dates Indicated.

TABEE 7

KC-135A/D/E/Q VALIDATION RESULTS

Apr 90 83.6 *** 81.70 9.2 1- • ' 12.55
May 90 86.2 * 86.39 8.1 ** 10.38
;Jun 90 85.4 83.56 8.3 i1.9•. 11.31
Jul 90 86.6 81.44 7.8 13.04 12.40
Aug 90 88.9 ** 87.17 6.5 9.36 9.85
Sep 90 87.3 80.22 7.3 15.L&3 >54

• 90% (0.10 alpha)
•* 95% (0.05 alpha)
*** 99% (0.01 alpha)

Additionally, asterisks are used to indicate where actual values a.re

included in 90%, 95%, or 99% confidence intervals for the predicted

values.

The confidence interval for the predicted value indicates the

confidence level that the actual value is within the specifiee i.nterval.

For exarrjle, a 90% confidence interval for the predicted value means

there i3 a 90% confidence level the actual measure of interest is
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included in the interval. In other words, 10% of the actual values will

not be included in the interval. An actual value included in the

respective confidence interval validates the completed interval for the

single otnervation and is an indication of the accuracy of the model.

Three validation sanples in the MC rate model are not included in

the confidence intervals for the predicted values as identified by the

absence of asterisks. May 1990, August 1990, and April 1990 MC rate

actual values axe included in the 90%, 95%, and 99% confidence intervals

respectively. One TNMCS rate actual value, May 1990, is included in the

95% confidence interval, and the remaining five were nct in any of the

three intervals. Three TNMCM rate actual values are Included in the 90%

interval, April-June 1990, and August 1990 IVMC4 rate is included in the

99% confidence interval.

orrelation AnaWyLjs The SAS correlation analysis output is

presented in Appendix D.2. The correlation analysis results for the

KC-135R aircraft are summarized in Table 8 and should be referenced for

the following discussion.

1. MC Rate, The MC rate is negatively correlated with average

sortie duration. As average sortie duration iicreases MC rate

decreases. The longer the aircraft mission the longer systems are

operating giving malfunctions a broader window to manifest.

Cancellations arv cancellation rate zre highly correlated at a

0.0001 significance level. Both taintenance constraints are negatively

correlated to MC rate. As cancellations or cancellation rate increases

MC rate decreases. Cancellations and cancellation rate increascs
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TABLE 8

KC-135R CORRFLATION ANALYSIS SUMMARY

INDEPENDENT
MIM DEPENDE•NT VARIAE

MC Rate TNMCS Rate TNMCM Rate

Average Sortie Duration -0.5S542 * 0.57588
0.0219 0.0247

Cancellations -0.77820 0.68762 0.59745
0.0006 0.0046 0.0187

Cancellation Rate -0.82796 0.76346 0.63982
0.0001 0.0009 0.0102

Late Take-Off Rate -0.51756
0.0482

"*" Indicates correlation p-value greater than 0.05

because of deviations to scheduled sorties attributed to one or a

combination of higher headquarters, operations, maintenance, supply and

other reasons. If the cancellation is due to supply or maintenance,

then it is probably due to broken aircraft causing MC rate to decrease.

MC rate is negatively correlated to late take-off rate. As late

take-off rate increases MC rate decreases. Again, late take-offs can be

attributed to one or a combination of reasons cited for cancellations.

If the reason for the late take-off is material or maintenance, then

delay time is subtracted from MC time decreasing MC rate.

2. TNMCS R The ThMCS rate is positively correlated to

cancellations ard cancellation rate. As cancellations or cancellation

rate increases TNMCS rate increases. Cancellations chamgeable to supply

stem from supply's inability to deliver required parts in tine to fix
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the aircraft and meet its mission. These cancellations add to

accumulated aircraft NMC time increasing TNMCS rate.

3. T=MC ate. Average sortie duration is positively correlated

to TNMCM rate. As average sortie duration increase TNMCM rate

increases. This finding supports the rationale given for the positive

correlation between MC rate and average sortie duration.

Cancellations and cancellation rate are positively correlated to

TNMCM rate. The sane rationale given for the correlation between TNMCS

rate and cancellations and cancellation rate applies. The exception is

cancellations would be attributable to maintenance and not to deficient

supply support.

SteDwise Rectression. The SAS stepwise regression output for the

KC-135R aircraft is presented in Appendix E.2. The regression results

of the three production output measures. are summarized in Table 9 and

should be referenced for the following discussion.

MC Rate Reaession Model. The MC rate model's measures of

interest are good and indicates the modal is useful for: predicting MC

rate at 0.10, 0.05, and 0.01 significance levels. The 32.36 F-value is

greater than the F-Alpha values, and the C.0001 Prob>F is less than the

alpha significance levels. The R-square indicates the maintenance

constraints regressed; air aborts, air abort rate, cancellation rate and

cannibalizations explain 92.83% qf total MC rate variability.

Cancellation rate is the only maintenance constraint entered into

the model correlated with the production output neasure at or below

0.05. Increasing cancellation rate decreases MC rate. This is opposite

in nature to the cancellation rate correlation with 11C rate identified

in the KC-135A/D/E/Q MC rate model. MC rate would decrease if
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TABLE 9

KC-135R STEPWISE REGRESSION RESULTS

HLULLM CQ*M1e Bate ftg~jj fy=JýL Rro

S0.92828 32.36 0.0001

MCR = 80.193 Model Useful (F>F-Alpha)
- 0.197(AAB) F-Alpha Values
+ 0.564(AER)
- 3.187(CXR)
+ 0.063(CAN)

2.61 3.48 5.99

Moe "0.9?067 33.56 0.0003.

TNMCS = 3.267 Model Useful (F>F-Alpha)
+ 1.676(CXR) F-Alpha Values
- 0.023(CAN)
+ 0.104(MHF) 2Q..5 DI.Q1U
+ 0.037(AFR)

2.61 3.48 5.99

It Rsuar F-Value Prob>F

l Form 0.74858 7.44 0.0048

TNMCh = 14.939 Model Useful (F>F-Alpha)
+ 0.199(AAB) F-Alpha Values
- 0.603(ABR)
+ 1.904(CXR) J 0.5 0.01
- 0.044(CAN)

2.61 3.48 5.99

* Constraint parameters rounded to the third decimal position.

cancellations are due to airczaft breaks. Of the four constraints,

cancellation rate possesses the highest F-Statistic and a significance

level of 0.0001 which indicates it contributes thr, most information to

the model. Cannibalizations contribute positively to the model at
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0.0004 significance level. Cannibalizations perforxeI in lieu of

accumulating NMC time.. waiting for supply to fill a requisition will

increase MC rate. Air aborts and air abort rate parameters are negative

and positive in nature respectively. This appears to be contradictory

due to air aborts and air abort rate highly significant positive

correlation with each other at 0.0001 significance.

TNMCS Rate Re sgion Moel, The TNMCS rate model is useful

at predicting TNMCS rate at 0.10, 0.05, and 0.01 significance levels.

The 33.56 F-value is greater than the F-Alpha values, and the 0.0001

Prob>F is less than the alpha significance levels. Cancellation rate,

cannibalizations, man-hours per flying hour, and -.ircraft fix rate

explain 93.07% of the total TNMCS rate variability.

Cancellation rate is highly significant at 0.000W adding to TNMCS

rate with a positive parameter value. This is consistent with the

findings of correlation analysis and supports the proposition that a

portion of the cancellations are the result of aircraft breaks leading

to material delays. Cannibalizations contribute to reducing TNIHCS rate

which is consistent with the purpose of cannibalization to provide spare

parts when base supply is zero balance. Man-hours per flying hour and

aircraft fix rate increase TNMCS rate as one or both maintenance

constraints increase. Man-hours per flying hour causes an increase 3n

TNMCS if maintenance performed results in parts back order conditions on

aircraft. The aircraft fix rate positive relationship with TNMCS rate

raodel is not logical in that an increase in aircraft fix rate should

decrease TNMCS rate.

TNMCX Rate Reqression Model. The TNMCM model measures of

interest deviate significantly Erom the strength of those shown in the
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other tw models, although the nmdel is still useful for predicting the

THMCM rate at 0.10, 0.05, and 0.01. significance levels. The 7.44

F-value is greater than the F-Alpha values, and the 0.0048 Prob>F is

less than the alpha significance levels. The R-Square indicates air

aborts, air abort rate, cancellation :ate, and cannibalizations explain

74.86% of the total TNMCH rate variability.

It is interesting to note the four maintenance constraints are the

same as those entered into the MC rate model but with opposite natures.

Of the four constraints, the cancellation rate is the most significant

in contributing to the model at 0.0006. This is consistent with the

proposition that cancellations are the result of aircraft breaks in

contrast to other reasons than maintenance or supply. The rationale

given for air aborts, air abort rate, and cannibalizations is the cane

as that given in the MC model discussion but with the opposite result on

the value of the production output.

Besidual Analysis. The SAS residual analysis output for the three

regression models is presented in Appendix F.2. The analysis revealed

the j TNCS rate production output man-hours per flying hour produced a

curvature in the residual plot indicating the need for a quadratic term.

A summary of the modified regression model is presented in Table 10.

The model continues to be useful for predicting TNMCS rate at 0.10,

0.05, and 0.01 significance levels. The F-value increased to 39.11, and

the Prob>F decreased to 0.0001. The R-square improved and indicates

that the modified model explains 95.60% of the total TNMCS rate

variability. The modifled model appears stronger and will be used in

place of the original for model validation.
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ThBLE 10

KC--135R S'rOPWISE REXPESION
FE.qI DUAL.' WIDIFICATI(ONS

S0.95601. 39.11 0.0001

Thr-S = 13.213 Model Useful (F>F-&Ipha)
+ 1.744 5 (CXR) F-Alpha Values
- 0.017(CAN)
- 0.484(MHF) Q • L,
+ 0.008(SQMHF)
+ 0.035(AFR) 2.61 3.43 6.06

* Constraint parameters rounded to the third decimal positioni

Model Validation. Tle valklatlrn results cozpute. by •AS for the six

months validation data are presented in Apperdix G.2 A sumiary, of the

validation is presented in Table 1i and should b! referenced for the

following discussion.

The MC rate actual values for April and May 1990 are Included in

the 90% and 99% confidence intervals respectively. The remaining

observations, June-September 1990, are not incl]uded ir any interval.

The TNMCS rate for April 1990 -s included In the 90% confidence

interval, although the remaining months are not included in any

interval. Three months are included in one of the three confidence

intervals for TNMCM rate. April and May 1990 are included in the 90%

interval and June 1990 is included in the 99% interval. The remaining

months July-September 1990 aze not included in the intervals.
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TABLE II

KC-135R VALIDnrION RESULTS

Prd ~Pzgd, Acual Prd

Apr 90 87.6 * 56.04 8.6 * 7.82 8.1 * 9.66
May 90 86.4 *** 89.41 2.2 6.45 10.1 * 7.77
Jun 90 89.3 82.24 6.1 9.95 7.6 *** 12.51
Jul 90 88.5 80.99 6.9 9.25 7.9 13.92
Aug 90 92.8 83.44 4.4 7.09 5.0 12.11
Sep 90 92.0 81.93 4.8 7.37 4.7 13.78

* 90% (0.10 alpha)
9* 35% (0.05 alpha)

*** 99% (0.01 alpha)

I RC-]-35V/N

=zulatign Aalysi* The SAS correlation analysis output for the

RC-135V/N aircraft is presented in Appendix D.3. A summary of the

correlation results is presented in Table 12 for those maintenance

constraints correlated with the three production outputs at or below

0.05 significance.

1. W The MC rate is not correlated with any maintenance

constraints for the RC-135V/N at 0.05.

2. 'M Possessed hours is negatively correlated with

TNMCS rate, that is as possessed hours increase TNMCS rate decreases.

The KC-135A/D/E/Q MC rate is pos~itively correlated to possessed hours

and the rationale given is as possessed hours increase the proportion of

possessed hours spent as MC time increases. As the MC time increases

TNMCS time decreases. The findinig that TNMCS rate decreases as the

possessed hours increases supports the KC-135A/D/E/Q MC rate finding.
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TABLE 12

RC-135V/N CORRELATION ANALYSIS SUMMARY

INDEPDEJ•T

MT& DhENT VARIA=L•

MC Rate TNMCS Rate TNMC( Rate

Cancellation Rate * 0.55942
0.0301

Possessed Hours -0.55316
0.0324

"*" Indicates correlation p-value greater than 0.05

3. T= Rdte. The TNMCh rate is positively correlated to

cancellation rate; as cancellation rate increases TNMCM rate increases.

Reference the discussion for the similar KC-135R correlation finding.

5tewise Regression, The SAS forward stepwise regression output

for the RC-135V/N aircraft is presented in Appendix E.3. The regression

results for the three production output measures are summarized in Table

.13 and should be referenced for the following discussion.

MC Rate Reression Model The MC rate regression models'

measures of interest at the 0.05 and 0.01 significance levels indicate

the model is not useful for predicting MC rate. The 4.53 F-value is

less than the F-Alpha values, and the 0.0530 Prob>F is greater than the

alpha significance levels. However, the model appears to be useful at

the 0.10 significance level although the R-square indicates only 25.84

percent of the total MC rate variability is attributable to possessed

hours.
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TABLE 13

RC-135V/N STEPWXSE ROECSSION RESULTS

MeEo 0.2584 4.53 0.0530

MC= - 11.032 Model Useful (F>]?-Alpha)
+ 0.197(PSH) F-Alpha Values

3.14 4.67 9.07

TOM~ ~ ~ =eFagr -Value Erqtb>F

S0.5969 5.429 0.0155

TNMCS = 80.648 Model. Useful 1F>F-Alpha)
+ 0.475(ABR) F-Alpha Values
+ 51.791(CNR)
- 0.010(PSH) 9_1u Q.LQkm

2.66 3.59 6.22

= Rsauwme E=ag Pro•9b>.F.

Mgdcl rm 0.3130 5.922 0.0301

TNMCM = 22.482 Model Useful (F>F-Alpha)
+ 0.660(CXR) F-Alpha Values

3.14 4.67 9.07

* Constraint parameters rounded to the third decimail position.

Possessed hours is the only maintenance constraint entered in the

regression ,model and possesses a positive parameter value indicating it
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adds to MC rate. Pos3essed hours did not identify during correlation

analysis at 0.05 significance.

TNMCS Rate Recressiog Model. The TNMCS rate model appears

useful at 0.10 and 0.05 with aircraft break rate, cannibalization rate

and possessed hours explaining 59.69 percent of the total TNMCS rate

variability. The 5.429 F-value is greater than the F-Alpha values, and

the 0.0155 Prob>F is less than the alpha significance levels. Howver,

at 0.01 alpha significance the model is not useful. The F-value is less

than F-Alpha and Prob>F is greater than the alpha significance level.

The positive parameter aircraft break rate and cannibalization rate

indicates the tw• maintenance constraints add to TNMCS rate, and the

negative possessed hour!, parameter indicates possessed hours reduce

TNMCS rate. Aircraft break rate and canniballzation rate did not

identify during correlation although possessed hours did identify, and

the constraint parameter relationship nature to TNMCS rate agrees with

the correlation finding.

TNMCM Rate Recression Model, The model is useful for

predicting the TNMCM rate at 0.10 and 0.05 significance levels. The

5.922 F-value is greater than the F-Alpha values, and the 0.0301 Prob>F

is less than the alpha significance levels. The model is not useful at

0.01 significance where the F-value is less than the F-Alpha value.

Cancellation rate explains 31.30 percent of the total TNMCM rate

variability indicated by the R-square value. Cancellation rate positive

parameter increases TNMCM rate as cancellations increase. This is

consistent with correlation analysis findings.

Residual Analysis. Residual analysis of the production output

measures and the model's maintenance constraints reveals the TNMCS rate
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model cannibalization rata possesses a concave plot. This plot

indicates the need for a quadratic term. MJditionally, the TINMCM rate

model's maintenance constraint cancellation rate possessed a concave

plot indicating it also requires a quadratic term in the model. The SAS

residual output products are presented in Appendix F.3. A summary is

presented in Table 1.4 and should be referenced for the following

discussion.

T'ABLE 14

RC-135V/N STEPWISE REGRESSION
RESI DUAL MODIFICATIONS

Rav E e Y]alUe Prob>F

S0.7367 10.261 0.0016

TNtCS = 117.593 Model Useful (F>F-Alpha)
- 246.369(CNR) F-Alpha Values
+ 1400.541(SOCNR)
- 0.011(PSH)

2.66 3.59 6.22

T • eg. Rsauare F-Value Prob>F

U Qirm 0.3860 8.173 0.0134

TNMCM = 23.9?4 Model Useful (F>F-Alpha)
+ 0.052(SQCXR) F-Alpha Values

3.14 4.67 9.07

* Corstraint parameters rounded to the third decimal position.

_i e Entering the quadratic terms In

the TNMCS and TNM(.i rate regression rroels irrproved the F-values,



Prob>F, and R-Squared values. The TNM(9 rate F-value increased from

5.429 to 10.261, and the Prob>F decreaied from 0.0155 to 0.0016

indicating the model is useful at predicting the TNMCS_ rate at all three

alpha significance levels including 0.01. The R.-square indicates the

model explains 73.67% of the total TNMCS rate variability as opposed to

59.69% previously.

TNMCM Rate Reres.lon el Initially cancellation rate and

cancellation rate squared vere entered in the regression model but the

global measures were degraded. Taking the first degree cancellation

rate term out of the model and leaving the quadratic term improved the

wodel global measures but failed to increase the usefulness of the

model. The F-value increased from 5.922 to 8.173, and the Prob>F

decreased fxom 0.0301 to 0.0134. The R-square value increased slightly

from 0.3130 to 0.3860. The model continues to not be useful at 0.01

alpha significance.

Model Validation, The validation results computed by SAS for the

six months validation data are presented in Appendix G.3. A sumpary is

presented in Table 15 and should be referenced for the following

discussion.

Five observations for WC rate are included in the 90% confidence

intervals; April-July 1990 and September 1990. August 1990 is included

in the 95% Interval. The TNMCS rate validation results are similar.

Five observations, April-August 1990 are included in the 90% confidence

interval and September 1990 is in the 95% interval. TNMCM rate results

show that April 1990 is included in the 95% confidence interval, May-

July 1990 is in the 90% interval and August 1990 is in the 93% interval

for the predicted value. Studying Table 15 and the SAS output in
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TABLE 15

RC-135V/N VALIDATION RESULTS

Apr 90 59.7 * , * 34.89 31.6 ** 25.49
May 90 63.5 * 25.65 26.3 * 23.97
Jun 90 58.6* , * 33.34 27.5 * 35.51
Jul 90 66.5k 'K * 18.75 27.5 * 24.38
Aug 90 8C.5 -S•. 0 * 17.80 14.2 *** 24.14
Sep 90 66.7 * 67,: " ** 14.03 27.1 * 24.72

* 90% (0.10 alpha)

•* 95% (0.05 alpha)
•** 99% (0.01 alpha)

Appendix G.3 indicates the ." he RC-135V/M models ay'

be a mirage. The large t, ' , irA he data ham caused SAS

to conpute large intervals iiv ,' :ior%,,. The large intervals

make the models appear relat• ,s" . ',,, xvi:rat•: i:han actual.

C-135A/C/GL/N/Y

Correlation Analysis. The Sxop corrilation analysis output is

presented in Appendix D.4. The correlation analysis results are

summarized in Table 16 and should be referenced for the following

discussion.

1. tEJL2a, Aircraft break rate is noxgatively correlated with MC

rate. An Increame in aircraft break rate results from an increased

numbex of aircraft breaks causing a loss of MC time waiting for parts or

maintenance. When aircraft break rate increases MC rate decreases.
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TABLE 16

EC-135A/C/G/L/N/Y C0RRELATICN ANALYSIS SUMMARY

INDEPENDENT

MC Rate TNMCS Rate TNMCM Rate

Aircraft Breaks * 0.64179
0.0099

Aircraft Break Rate -0.79694 0.85050 0.52126
0.0004 0.0001 0.0463

Cancellation Rate 0.52566
0.0442

Aircraft Hours Flown 0.67424 -0.53333 -0.65143
0.0058 U.0406 0.0085

Man-Hours Expended 0.78529 -0.61695 -0.55959
0.0005 0.0143 0.0301

Sorties Flown 0.70157 -0,54377 -0.61780
0.0036 0.0361 0.0141

Number Fixed in 18 Hours -0.67129 0.65039 0.58603
0.0061 0.0087 0.0217

"*" Indicates correlation p-value greater than 0.05

Aircraft hours flown and sorties flown are highly correlated at

0.0001 significance level. These two maintenance constraints are

collinear and provide similar information to determining WC rat!. The

W. rate is positively correlated with aircraft hours and sortiens flown.

This is consistent with findings for the KC-135A/C/E/O aircraft and may

be referenced for further undexstanding.

The MC rate is positively correlated with ran-hours expended, that

1s au wmn-houzs experded iwcreases MC rate increasm. This finding is
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consistent with the correlation between man-hours expended and MC rate

for the KC-135A/D/E/Q and may be referenced for further understanding.

The MC rate and number fixed in 18 hours is negatively correlated;

as the number fixed in 18 hours increases MC rate decreases. This

finding is unusual and not consistent with logical thought. %ben the

number of aircraft fixed in 18 hours increases, more aircraft possessed

time is spent in MC status because aircraft are fixed sooner which

should increase MC rate. MC rate is correlated with an intervening

maintenance constraint aircraft break rate. Aircraft break rate and

number fixed in 18 hours is highly positive correlated at 0.0004

significance. MC rate is negatively correlated with number fixed in 18

hours because of the intervening maintenance constraint break rate; as

break rate increases, the number fixed in 18 hours increases, iand [C

rate decreases due to increased aircraft breaks.

2. WHO RatS. Aircraft breaks and aircraft break rate are

correlated significantly &t 0.0002 and therefore are collinear providing

similar information to determining TIU[I rate. both min anwce

constraints are positively correlated to 7IIM rate. A aircraft uceaks

and break rate increases IIUC Increases. This is consistent with the

negative correlation between break rate and MC rate. When the number of

aircraft breaks increases awre aircraft possessed hours are accumulating

WC time. In this case, NMC time is chargeable to supply which means

that aircraft are accumulating TPHrM time waiting for parts.

An is discussed for MC rate, aircraft hours flown and sorties flown

are collinear and both constraints are negatively correlated to TNMMC

rate. This is consistent with the findings for the MC rate correlation
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with these constraints. The rationale given in the MC rate discussion

is applicable with the exception of opposite correlation nature.

The TNMCS rate is negatively correlated with man-hours expended.

As man-hours expended increases TNMCS rate decreases. This finding is

consistent with TNMCS rate and man-hotrs expended correlation identified

for the KC-135A/D/E/Q and nay be referenced for further understanding.

The number fixed in 18 hours and TWMCS rate are positively

correlated; as the number fixed in 18 hours increases TNMCS rate

increases. The intervening maintenance constraint break rate causes the

TNICS rate to increase. The fact that TNMCS rate is increasing

indicates a portion of aircraft breaks are due to material failure and

the supply systems inability to Immediately provide parts.

3. I 3BLA . °fhe T14" rate is positively correlated with

aircraft break rate. As aircraft break rate increases Tt4MC rate

increes. Increing the number of aircraft breaks increases the

aircraft accumulated NC tim.

CWanellation rage Q positively correlated with 7HCM rate; as

caMcellation rate increms TUCH rate inm.reases. This would be the,

came fom crarcllatliom rtsulting from aircraft breaks rather than

rnonpintmnance condit ionm.

Aircraft hours tlowm and sorties flown are collinear providing

similar Informatton for determining THICI rate. These maintenance

constraints are negatively correlated WIth TNMC2 rate. As aircraft

hours flown and sorties flown Increases T1MCM rate decreases. The same

rationale for aircraft houzs and sorties flown correlation with MC rate

applies Lo TNMLM rate with the exception of opposite correlation nature.
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Man-hours expended is negatively correlated with TNM(N rate

indicating that increasing man-hours expended decreases TN"CM rate.

Again, this appears to support the idea that maintenance is labor

intensive.

THMCM rate is positively correlated with number of aircraft fixed

in 18 hours, that is as number fixed in 18 hours increases TNMCM rate

increases. The TNMCS rate rationale given for the intervening

maintenance constraint break rate applies to T11MCM rate.

Stegwise Re=ression. The SAS stepwise regression output for the

EC-135A/C/G/L/N/Y aircraft is presented in Appendix E.4. A summary

appears in Table 17 and should be referenced for the following

discussion.

MC Rate Regression Model. The model is useful for predicting

MC rate at 0.10, 0.05, and 0.01 significance levels. The 15.10 F-value

is greater than the F-Alpha values, and the 0.0003 Prob>F is less than

the alpha significance levels. Cannibalization rate, aircraft hours

flomn, man-hours per sortie, number fixed !n 18 hours explain 85.79% of

the total MC rate variability.

Cannibalization rate and man-hours per sortie did not identify

during correlation analysis although contribute positively to the model

as indicated by positive parameter values. Aircraft hours flown

identified during correlation analysis as being positively correlated

with MC rate. The maintenance constraint .ncreases the MC rate model

value by virtue of the positive parameter.

The regression entered the ntmber fixed in 18 hours which is

consistent with the correlation findings that as the maintenanivs
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TABLE 17

E)C-135A/C/G/L/N/Y STEPWISE REMCITSSION RESULTS

HKImso Cuiabl"!e Rsgje F-au ~Jý

Model 200.85794 15.10 0.0003

MCR - 77.815 Model Useful (F>F-Alpha)
+ 61.846(CNR) F-Alpha Values
+ 0.069 (HIr.,)
+ 0.268(MHS) 2JQ
- 0.218(NFH)

2ý61 3.48 5.99

_ueJgFl 0.72335 33.99 0.0001

TWSCS = - 0.99e Model Useful (F>F-Alpha)
+ 0.532(ABR) F-Alpha Values

3.14 4.67 9.07

~I

S0.6L079 9.42 0.0035

TNHCK = 36.667 Model Useful (F>F-Alpha)
- 0.023(HFN) F-Alpha Values
+ 0.277(NFH)

2.81 3.89 6.93

* Constraint parameters rounded to the third decimal position.

constraint increases MC. rate decreases. The Intervening constraint

break rate appears to best explain this observation.

TNIILS Rate Rezression U•el The measures of interest

indicate the mode] is useful for predicting TNMCS rate at 0.10, 0.05,
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and 0.01 significance levels. The 33.99 F-value Is greater than the

F-Alpha values, and the 0.0001 Prob>F is less than the alpha

significance levels. The R-square indicates that aircraft break rate

explains 72.34% of the total TNICS rate variability.

Aircraft break rate identified during correlation analysis

significantly at 0.0001. This finding indicates aircraft break rate

contributes significantly to determining TNMCM rate.

T'•MW Rate Rearession M2del. The regression model is uesiful

for predicting TDOM' rate at 0.10, 0.05, and 0.01 significance levels.

The 9.42 F-value is greater than the F-Alpha values, and the 0.0035

Prob>F is less than the alpha significance levels. Aircraft hours flown

and number fixed In 18 hxurs explains 61.08% of the total TVMCM rate

variability as indicated by the R-square value.

Aircxaft hours flown and number fixed in 18. hours contribute to

predicting TWXCM rate with aircraft hours flown subtracting from TNM4M

rate and number fixed in 18 hours adding to ¶M1M64 rate. This finding is

consistent with the MC rate model where the MC rate model included

aircraft hours flown and nimber fixed in 18 hours but with opposite

parameter natures.

SmId• Ank~alsl. Residual analysis plots of all three model's

predicted value and mintenarce constraints were studied and appear to

be random indicating the model cannot be im4roved using quadratic

maintenance constraints.

Model Validation. The validation results coaputed by SAS for the

.3ix months validation data are presented in Appendix G.4. Reference the

summary presented in Table 18 for the following discussion.
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TABLE 18

EC-135A/C/G/L/N/Y VALIDATION RESULTS

SMC RaeIN at IMZ RJat

Apr 90 59.3 * 55.61 20.7 *** 30.43 31.0 * 31.05
May 90 70.2 * 69.76 16.0 *** 22.40 23.0 * 24.04
Jun 90 71.6 * 63.29 16.2 * 15.22 20.7 * 21.06
Jul 90 66.3 ** 56.53 16.3 * 19.10 23.8 * 25.99
Aug 90 74.1 36.31 17.0 * 15.,97 17.1 ** 28.73
Sep 90 76.0 '* 12.97 17.6 * 13.09 15.5 * 28.07

* 90% (0.10 alpha)

** 95% (0.05 alpha)
• *99% (0.01 alpha)

The MrC rate otservations included in the 90% confidence intervals

are April-June 1990, in the 95% interval is July 1990, and in the 99%

interval is September 1990. August 1990 is not included in any of the

three confidence intervals. The observations for the MWHCS rate

included in the 90% confidence Interval are Junrm-September 1990, and

April and .May 1990 are in the 99% interval. The TNeCI rate validations

included April-July 1390 and Septenber 1990 In the 90% confidence

intervals, aid August 1990 is in the 95% intezval. ExamlIng Table 18

shows that same of the observations that are Included in a confidence

interval possess a large delta between the actual and predicted values.

Correlation Analysis. The SAS correlation analysis output is

presented in Ae.ndiyx D.S. A summary of the correlation results Is

presented in Table 19 and should be referencesd fur the following

discussion.
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TABLE 19

E-4B CORELATION ANPLYSIS SUMMARY

INDEPENDEVT

MAIA=L DPEND]T VARIABLE

MC Rate TNMCS Rate TNMCM Rate

Possessed Aircraft * * -0.52495
0.0445

Possessed Hours * * -0.55553
0.0316

"*" Indicates correlation p-value greater than .05

1. R The MC an] TNMCS rates failed to correlate with any

maintenance constraints at 0.05 significance level. The TNMCM rate is

negatively correlated with possessed aircraft and possessed hours;.as

one or both maintenance constraints increase TNM(24 rate decreases. As

possessed time increases percentage of NMC tine decreases. This is

initially presented in the discussion of MC rate correlation for the

KC-135A/D/E/U and can be reviewed for further understanding.

stemise R sion. The SAS forward stepwise regression output

for the E-4B aircraft is presented in Appendix E.5. A suvmnary of the

regression results appears in Table 20 and should be referenced for the

folilo'in' discussion.

tCE4A._8 rnsison Model, The model is useful for predicting

MC rate at 0.10 and 0.05 significance levels. The 5.22 F-value is

gieatcr than the F-Alpha values, and the 0.0156 Prob>F is less than the

alpha significance levels. However, the model is not useful at 0,01. due

to the F-value being less than the F-Alpha, and the Prob>F being greater
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TABLE 20

E-4B STEPWISE REGRESSION RESULTS

Mission Ca able Rat& R E-Value Prob>F

S0.67619 5.22 0.0156

MR= - 9.708 Model Useful (F>F-Alpha)
+ 11.597(ASD) F-Alpha Values
- 0.001(MHE)
+ 0.953(SFN) 0.10 0 01
+ 0.208(AFR)

2.61 3.48 5.99

Rt Rsouaxe F-•u Prq>

Model.Fom 0.40410 4.08 0.0444

TNMCS= - 8.970 Model Useful (F>F-Alpha)
+ 0.447(LTR) F-Alpha Values
+ 0.185(MHF)

2.81 3.89 6.93

S0.44769 4.86 0.0284

TNHCM" 79.660 Model Useful (F>F-Alpha)
- 0.022(PSH) F-Alpha Values
- 0.131(NFH)

IM I0

2.81 3.89 6.93

* Constraint parameters rounded to the third decimal position.

than the alpha significance level. The R-square indicates average

soxtte duration, man-hours expended, sorties flown, and fix rate explain

67.62% of HC ralte total variability.
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Average sortie duration, sorties flown, and aircraft fix rate add

to MC rate by virtue of positive parameter values. Man-hours expended,

on the other hand, reduces MC rate by virtue of a negative parameter

value. None of the four maintenance constraints identified during

correlation analysis.

TNMCS Rate ReLression Model, Late take-off rate and man-hours

per flying hour contribute information to predicting TNMCS rate. The

model is useful at 0.10 and 0.05 significance levels. The 4.08 F-value

is greater than the F-Alpha values, and the 0.0444 Prob>F is less than

the alpha significance levels. The model is not useful at 0.01

significance level where the F-value is less than the F-Alpha value, arid

the Prob>F is greater than the alpha significance level. The R-square

indicates the maintenance constraints explain 40.50% of TNMCS rate total

variabtlity.

Late take-off rate and man-hours per flying hour possess positive

parameters which adds to TNhMCS rate. As either maintenance cocstraint

increases, TNMCS rate increases. Neither constraint identified during

correlation analysis.

TNMCM Rate Regesson Model The model is useful for

predicting TNMCM rate at 0.10 and 0.05 significance levels. The 4.86

F-value is greater than the F-Alpha values, and the 0.0284 Pro'D>F I~s

less than the alpha significance levels. Possessed hours and airci:aft

fix rate explain 44.77% of TNMCM rate total variability as indicated by

the R-square value.

Possessed hours and aircraft fix rate reduces TNMC}M rate by virtue

of the negative parameter values. As either maintenance constraint

increases TN"CM rate decrease:s. The two maintenance constraints
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identified during correlation analysis when the nature of the

relationship is also negative.

• Residual analysis plots of all three model's

predicted value and maintenance constraints were studied and appear to

be randum indicating the model cannot be improved further using the

available maintenance constraints. No other configuration of variables

will improve mcdel performance.

d a s The validation results computed by SAS for the

six months validation data are presented in Apperdix G.5. A sunmary is

presented in Table 21 and should be referenced for the following

discussion.

TABLE 21

E-4B VALIDATION RESULTS

S•l•_• • Pate

&tsl e• d t~ali Pred,, Actual eZe,_

Apr 90 75.1 *** 93.05 10.0 * 2.45 24.8 ** 7.94
May 90 76.0 * 68.63 0.8 * 2.55 23.8 * 20.03
Jun 90 72.5 * 63.78 0.0 * 3.83 27.5 * 25.90
Jul 90 79.5 * 60.75 10.1 * 3.83 10.8 * 17.66
Aug 90 62.5 * 74.40 19.2 ** 3.95 29.7 * 22.35
Sep 90 75.6 * 82.95 10.3 * -2.23 24,4 * 17.28

• 90% (0.10 alpha)
•* 95% (0.05 alpha)
*** 99% (0.01 alpha)

The MC rate for April 1990 is ci lded in the 99% confidence

interval, and the HC rate observations f,.r May-September 1990 are

included in the 90% interval. Five of the TNNCS rate observations,

79



April-July 1990 and September 1990 are inclWed in the 90% conf idence

interval, and the observation for August 1.990 is included in the 95%

interval. The TNMCM rate observations for May-September 1990 are in the

90% confidence interval and April 1990 is included in the 95% interval.

Note some of the deltas between thie actual and predicted values are

large. For Example, the TNMCS rate observation for September 1990

possesses a 12 point difference between actual and predicted values.

Correlation Analysis, The B-lB SAS correlation analysis output is

presented in Appendix D.6. A sim'tury of the results is presented in

Table 22 and should be referenced for the following discussion.

TABLE 22

B-1B CORRELATICN ANALYSIS SUMMARY

INDEPENDENT
YNUJ=QL4VENT VNARIBL

MC Rate TNMCS Rate TNMCM Rate

Aircraft Break Rate * * 0.53185
0.0413

"*" Indicates correlation p-value greater than 0.05

1. TN1MPt•ii There are no maintenance constraints that

correlate with MC and ThjMC-9 rate at 0.05 significance level. ALrcraft

break rate correlates positively with TNMCM rate. Ps aircraft break

rate increases TNMCIM rate increases. A similar discussion for this

correlation is presentel for the EC-135A/C/G/L/N/Y ?C rate. As the
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number of aircraft breaks increases more aircraft possessed time is

spent as TNMC24 time increasing TNMC•I rate. The B-lB MC rate is not

negatively correlated at 0.05 significance level as expected and as is

the case with the EC-135 aircraft, although, the B-lB MC rate is

negatively correlated at 0.0618.

S•te wise Recression. The SAS regression models for the B-lB

aircraft are presented in Appendix E.6. The stepwise regression results

are stumiarized in Table 23 and should be referenced for the following

discussion.

L Rate Regressi Model., The MC rate regression model is

useful for predicting MC rate at 0.10 and 0.05 significance levels. The

3.89 F-value is greater than the F-Alpha, and the 0.0371 Prob>F is less

than the alpha significance levels. However, the F-value is less than

the F-Alpha, and the Prob>F is greater than the alpha significance level

indicating the model is not useful at 0.01 Eignificanca. The R-square

indicates 60.6~5% of the total MC rate variability is explained by

aircraft break rate, cancellations, late take-off rate, and nuwber fixed

in 1.8 hours. The model is not useful for predicting MC rate at 0.01

level of significance due to the F-value less than the F-Alpha, and the

Prob>F is greater than the al;ha significance level.

Aircraft break rate and cancellations reduce MC rate. The negative

parameter causes MC rate to decrease when either of the maintenance

constraints increase. However, wt.ei either late take-off rate or number

fixed in 18 hours increases MC rate inczeases as a result of the

constraint positive parameters. None of the four wniintenanc.e

constraints identified dur'ng correlation analysis.
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TNBLE 23

B-lB STEWISE RiXPMESSION RESULTS

Mission Cacable Rat Eouirs e F-Value Prob>F

Wdc.F _=r0.60860 3.89 0.0371

HCR = 48.762 Model Useful (F>F-Alpha)
- 0.500(ABR) F-Alpha Value
- 0.099(CNX)
+ o.797(LTR) 0.10 0.05 0.01
+ 0.086(NFH)

2.16 3.48 5.99

7mzkf &cnu -Value Prob>F

iL Form 0.16579 2.58 0.1320

TNMCS = 39.940 Model Useful (F>F-Alpha)
- 0.010(CAN) F-Alpha Value

3.14 4.67 9.07

7H Rn E[sun f-vzWe

d&Lrm 0.28286 S.13 0.0413

TNMC34 = 13.669 Model Useful (F>F-Alpha)
+ 0.456(ABR) F-Alpha Value

0.10 ~ Q.05 0.0

3.14 4.67 9.07

* Constraint parameters rounded to the third decimal position.

THMhI Rate Reression Model. The T7M*" rate model 13 not

useful at predicting TNIS rate at 0.10, 0.05, and 6.01 significance.

At all three significance levels, the F-value is less than the F-Alpha

values, and the Prob>F is greater than the alpha significance levels.
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In addition, the model explains only 16.58% of the total variability in

TNMCS rate is explained by cannibalizations.

SRae Reoress ion Mode. The ITNC" rate model is not

!iseful for predicting TNMCX rate at 0.01 level of significance. The

5.13 F-value is less than the F-Alpha, and the 0.0413 Prob>F is greater

than the alpha significance level. The model is useful at 0.10 and 0.05

level of significance. The F-value is greater than the F-Alpha values,

and the Prob>F is less than the alpha significance levels. The R-square

indicates that 28.29% of TNMCM rate variability is explained by aircraft

bzeak rate.

Residual Anlysis. Residual plots were studied and indicate the

models selected through stepwise regression cannot be improved by the

addition of a quadratic maintenance constraint term.

Model VAlidatgion. The validation results computed by SAS for the

six months validation data are presented in Appendix G.6. A surtary of

the results is presented in Table 24 and should be referenced for the

following discussion.

The MC rate 90% confidence interval ircludes observations for June

1990 and August--Septeniber 1990, ard the 99% interval includes July 1990.

April-May 1990 are not included in any of the intervals. The TNMCS rate

September 1990 observation Is included in the 99% confidence interval,

but April 1990 through August 1990 are not included in any one of the

three intervals. The TMIC rate observations for April 1990 ard June-

Septenber 1990 are in the 90% confidence interval, and May 1990 is in

the 99% interval.
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TABLE 24

B-IB VALIDATION RESULTS

MC ate • Rtf2 Rate

Qdm&uj Pr~ed. Acua red, Actual rd

Apr 90 59.2 51.48 28.6 36.62 24.1 * 27.26
May 90 62.2 49.53 26.3 36.12 19.5 *** 28.81
Jun 90 56.3 * 55.47 29.6 36.02 25.6 * 26.35
Jul 90 5).0 *** 52.21 28.7 37.62 22.1 * 27.81
Aug 90 56.7 * 53.55 30.1 35.94 22.9 * 28.63
Sep 90 57.9 * 53.92 30.8 *** 35.51 20.6 * 25.35

* 90% (0.10 alpha)
•* 95% (0.05 alpha)
•** 99% (0.01 alpha)

Corrtelaion AnalYsis, The SAS correlation analysis output products

are presented in Appendix D.7. A sumnary of the correlation analysis is

presented in Table 25 and should be referenced for the following

dlscussion.

TABLE 25

B-52H CORRELATION ANALYSIS SUMMARY

INDEP04DENT

VMRIADLEEENDENT VARIABLE

MC Rate TNMCS Rate T7M14 Rate

Aircraft Fix Rate 0.58944 -0.54256 *

0.0208 0.0366

"*" Indicates correlation p-value greater than 0.05
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1. VIC Rate, Aircraft fix rate is positively correlated with MC

rate at 0.05 significance level. As the aircraft fix rate increases MC

rate increases. An increase in aircraft fix rate indicates that more

aircraft breaks are fixed in the first 18 hours after landing. Which

also indicates as the aircraft fix rate increases more possessed time is

spent as MC time.

2. Rate., Aircraft fix rate is negativtely correlated to

TNMCS rate. As aircraft fix rate increases TNMCS rate decreases. This

indicates the supply systems ability to quickly deliver parts decreases

the amount of time an aircraft spends NMC.

Stepwise Reression. The SAS stepwise regression output is

presented in Appendix E.7. The regression results are summarized in

Table 26 for the three production output measures.

MC Rate lReression Model. At 0.10 and 0.05 significance

levels, the model appears useful for predicting MC rate. The 6.92

F-value is greater than the F-Alpha values as well as the 0.0208 Prob>F

is less than the alpha significance levels. The R-square indicates

aircraft fix rate explains 34.74% of the total MC rate variability. The

model is not useful at 0.01. The F-value is less than F-Alpha, and

Prob>F is greater than the alpha level.

Aircraft fix rate Is entered in the moodel as a positive p:armeter

which indicates MC rate increases as aircraft fix rate increases. This

is consistent with correlation analysis findings presented earlier.

TM=CS Rate Recression Model, The TNMCS rate mode.l is useful

at 0.10 and 0.05 significance levels. The 5.96 F-value is greater than

the F-Alpha values, and the 0.0115 Prob>F is less than the alpha

significance levels. Late take-offs, man-hours expended and aircraft
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TABLE 26

B-52H STEPWISE RECGESSION RESULTS

"Mission Ca2able Rate f -Va Prob>F

S0.34744 6.92 0.0208

MCR = 59.666 Model Useful (F>F-Alpha)
+ 0.252(AFR) F-Alpha Value

OAQ 0.05 LQL_

3.14 4.67 9.07

&te Rragusup F-Value ER~ogf.'
el Ft0.61927 5.96 0.0115

TNMCS = 51.698 Model Useful (F>F-Alpha)
- 0.096(LTO) F-Alpha Value
- 0.00007(MHE)
--0. 356 (AFR) .. 0 O,... 0.01

2.66 3.59 6.22

flRsuare F-Value Prob>F

MdlFr 0.17855 2.83 0.1166

TNhMCM = 15.864 Model Useful (F>F-Alpha)

+ 0.109(CNX) F-Alpha Value

0.10 05 aloL

3.14 4.67 9.07

* Constraint parameters rounded to the third decimal position
(exception: The TNMCS model MHE conistraint).

fix rate explain 61.93% of the total TNMCS rate variab 1lity. The "fNMCS

rate model is not useful at the 0.01 significance level. The F-value is

less than F-Alpha, and Prob>F is greater than alpha significance level.
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Three maintenance constraints late take-offs, man-hours expended

atnd aircraft fix rate are entered in the model. All three maintenance

constraints possess negative parameters which subtract from TNMCS rate.

As late take-offs increase TN1CS rate decreases. This finding is not

consistent with MC rate correlation analysis found for the KC-135R

aircraft. For the KC-135R, the MC rate is negatively correlated to late

take-off rate. For the findings to be consistent, the B-52H MCS rate

would be positively correlated to the late take-off rate. The man-hours

expended and aircraft fix rate negative parameters are consistent with

previous findings for other aircraft.

jHKtjate Regression Model. The TNhMC rate model is not

useful for predicting TNMOM rate at all three significance levels. The

2.83 F-value is less than the F-Alpha values, and the 0.1166 Prob>F is

greater than alpha significance levels. The R-squdre indicates

cancellations only explain 17.86% of the total TNMC" rate variability.

Residual Anaysis. Residual plots were studied and indicate the

models cannot be improved through the use of a quadratic maintenance

constraint term. None of the plots indicate a curvature in the residual

data.

Model Validation. The validation results computed by SAS for the

six months validation data are presented In Appendix G.7. A s~utaary of

the results is presented in Table 27.

The MC rate 90% confidence interval includes all observations

April-September 1990. The TNMCS rate observations for April-July 1990

are included in the 90% confidence interval, and the August and

September 1990 observations are in the 99% and 95% confidence intervals

respectively. The TNMC2 rate observations for April 1990 and
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TABLE 27

B-52H VALIDATION RFSULTS

S~Rate

Apr 90 79.2 * 79.13 11.4 • 9.24 16.6 * 17.07
May 90 82.0 * 79.26 9.3 * 10.49 14.4 ** 17.40
Jun 90 80.9 * 80.77 8.5 * 9.20 16.6 * 17.51
Jul 90 78.6 * 79.13 11.4 * 11.32 17.5 * 17.18
Aug 90 76.7 * 75.58 11.9 ** 15.93 17.4 * 17.94
Sep 90 81.8 * 79.12 10.5 ** 14.85 14.3 * 16.63

* 90% (0.10 alpha)

•* 95% (0.05 alpha)
•** 99% (0,01 alpha)

June-September 1990 are in the 90% confidence interval, and May 1990 is

in the 95% interval.

Correlation Analysis. The SAS correlation analysis output products

are presented in Appendix D.8. The correlation results summarized In

Tables 28 and 29 should be referenced for the following discussion.

1. WjjatP. Aircraft breaks and aircraft break rate are

positively correlated at 0.0001 significance level which indicates the

maintenance constraints are collinear providing similar information to

MC rate. The aircraft breaks and break rate are negatively correlated

to MC rate. As the number of aircraft breaks and break rate increases

MC rate decreases. As discussed previously for the EC-135, aircraft

breaks and break rate increases causing more aircyaft to require

maintenance or parts therefore spending less possessed time- as MC time.
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TABLE 28

B-52G CORRELATION ANALYSIS SUMMARY

INDEPENDENT

MC Rate TNMCS Rate TNMCM Rate

Aircraft Breaks -0.62154 0.54167 0.86276
0.0134 0.0370 0.0001

Aircraft Break Rate -0.68314 0.60517 0.84462
0.0050 0.0168 0,0001

Aircraft Sortie * * 0.59652
Utilization Rate 0.0189

Average Sortie Duration 0.61652
0.0144

Cannibalizations -0.53102 0.64310
0.0417 0.0097

Cannibalization Rate 0.578,9 *
0.023Sj

Aircraft Hours Flown * 0.84488
0.0001

Late Take-Offs -0.62215 0.54537
0,0133 0.0355

Man-Hours Expended -0.61074 0.60139 0.72716
0.0156 0.0177 0.0021

Possessed Aircraft 0459668
0.0189

Possessed Hours 0.54530 0.53198
0.0355 0.0412

"*" Indicates correlation p-value greatev than 0.05
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TABLE 29

B-52G CORRELATION ANALYSIS SUMMARY (continued)

INDEPEDEN~T

DPMENDENIT VARIABLE

MC Rate TNMCS Rate TNMCV Rate

Sorties Attempted **0.72069

0.0024

Sorties Flown * 0.73837
0. 0017

Sorties Scheduled **0.69945

0. 0037

Aircraft Fix Rate 0.57237 -0.54190*
0.0250 0.0369

Numiber Fixed in 18 Hours * 0.79853
0,0004

"*,Indicates correlation p--value greater than 0.05

The number of cannibalizations is negatively correlated to 14C rate.

The finding suggests as the number of cannibalizations Increase MC rate

decreases. Cannibalizations result from the inability of supply system

to deliver parts in time to meet mission requirements. Assuming a

designated aircraft is used for cannibalizations, cannibalizing to fix

broken aircraft intuitively should imp~rove MC rate. The negative

correlation may be due to the aircraft condition requiring

cannibalizations, not the result of cannibalization. Cannibalization

results fromn aircraft that are already broken and spent time NMC. As

more aircraft breaks occur and cannot be supported by the supply system,
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more NMC time is accumulated before the cannibalization action occurs

thereby decreasing MC rate.

The number of late take-offs is negatively correlated to MC rate.

This is consistent with findings for the KC-135A/D/E/Q aircraft and may

be reviewed for further understanding.

The MC rate is negatively correlated with man-hours expended. As

man-hours expended increases MC rate decreases. This finding is not

consistent with the KC-135A/D/E/QO; the relationship nature is opposite.

This finding would appear counter intuitive as confirmed by previous

findings. Man-hours expended Is highly positively correlated with

aircraft breaks at 0.0006. Aircraft breaks appears to be an intervening

maintenance constraint in the correlation between man-hours expended and

MC rate. As the number of aircraft breaks increases MC rate decreases,

and concurrently the man-hours expended will increase to fix broken

aircraft. Thus, as man-hours increase MC rate deczeases due to aircraft

breaks.

The aircraft fix rate is positively correlated to MC rate. This

finding is consistent with findings for the KC-135A/D/E/Q and B-52H

aircraft. These findings may be reviewed for further understanding.

2. T As discussed previously for MC rate, aircraft

breaks and aircraft break rate are highly positively :orrelated at a

significance level of 0.0001 which indicates the maintenance constraints

are collinear providing similar information to MC rate. The number of

aircraft breaks is positively correlated to TNMCS rate which is

consistent with findings for the EC-135 aircraft.

Number of cannibalizations and cannibalization rate are positively

correlated with TNMCS rate. As cannibalizations and cannibalization
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rate increases TNMCS rate increases. Cannibalizations and

cannibalization rate are highly correlated at a significance of 0.0001

indicating the maintenance constraints are collinear and providing

similar information to the correlation with TNWCS rate. An increased

number of cannibalizations would be in response to an increased number

of aircraft breaks requiring parts that the supply system cannot

provide. As this situation occurs more aircraft breaks are due to

supply thereby increasing TNMCS time. The cannibalizations occur after

NMC time has accumulated and TNMCS tin, ..As increased.

The TNMCS rate is positively correlated with number of late take-

offs. As late take-offs increase TNMCS rate increases. If a large

proportion of late take-offs are due to aircraft breaks requiring supply

support, then this correlation is correct.

Man-hours expended is positively correlated with TNMCS rate. This

finding is not consistent with findings for the KC-135A/D/E/Q and EC-135

aircraft but is opposite In nature. The same rationale given for the MC

rate findings applies with the exception that the intervening constraint

aircraft breaks causes an increase in TNMCS rate due to an increase in

parts required.

TNMCS rate is positively correlated with number of possessed

aircraft ard possessed hours, that is as possessed aircraft and

possessed hours increases TNMCS rate increases. The possessed aircraft

and hours are highly correlated at 0.0001 indicating the maintenance

constraints provide similar information to TNMCS rate The positive

correlation bt.tween TNMCS rate and these two maintenance constraints is

not consistent with the findings for the KC-135A/D/E/Q aircraft but is

opposite in nature. Recall that in the KC-135.VD/E/Q discussion the
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findings appeared Inconsistent with the MC rate ratio. With possessed

hours being the denominator in the MC rate ratio, it would appear the

correlation should be negative. As the denominator increases the rate

should decrease. The proposed rationale for the finding stated the

apparent relationship would not be true if a greater percentage of the

increased possessed time Is MN time rather than NMC time. As possessed

time increases the percentage of MC time also increases. Obviously, the

B-52G finding is consistent with the TNMCS rate ratio, and the

difference may be the result of the B-52G's more complex weapon systems

and dependence on spare parts relative to the KC-135A/D/E/Q.

Aircraft fix rate is negatively correlated with the TNMCS rate,

that is as aircraft fix rate increases TNMCS rate decreases. This is

consistent with findings for the KC-135A/D/E/Q and B-52H aircraft, and

these aircraft may be. reviewed for further understanding.

3. TM Rate. The rnumber of aircraft breaks and aircraft break

rate are highly correlated at 0.0001 Indicating the two constraints

provide similar information to TNMCM rate. The aircraft breaks and

TNMCI rate are positively correlated and is consistent with findings for

the EC-135 and B-lB aircraft. These aircraft may be reviewed for

further understanding.

TNKNM rate is positively correlated with aircraft sortie

utilization rate, aircraft hours flown, sorties attempted, sorties

flown, and sorties scheduled which are highly correlated with one

another. As any one of these five maintenance constraints increase

TNM(V rate increases. The TNMICM rate positive correlatioin with aircraft

hours flown is opposite to findings for the KC-135A/D/E/Q and EC-135,

and the correlation between the T!4MCX rate and sorties flown is opposite
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in nature to findings for the EC-135. The findings for the B-52G would

suggest the aircraft's break rate (mean value = 36.53) is higher than

the KC-135A/D/E/Q (mean value = 6.27) and EC-135 (mean value = 35.71)

causing more breaks and associated TNMCM time relative to the other two

aircraft. This idoa is supported in the case of the KC-135A/D/E/Q but

only marginally with the EC-135. The increase in B-52G sorties or hours

flown, represented by the five constraint measures above, leads to

increased aircraft breaks ard associated TNMCM time.

Average sortie duration is positively correlated with TNM(M rate,

that is as average sortie duration increases TNMCM rate increases. This

finding is consistent with the KC-135R ard may be reviewed for further

understanding.

TNMCM rate is positively correlated with number of man-hours

expended. As ran-hours expended increases TN1M'l rate increases. This

is not consistent with findings for the KC-135A/D/E/Q and EC-135

aircraft. The rationale for the positive correlation between TNMCM rate

and man-hours expended is the same as for the MC rate with reference to

the intervening constraint aircraft breaks.

Possessed hours is positively correlated to TNMCM rate, that is as

possessed hours increases IVNM(" rate increases. This is not consistent

with findings for the KC-135A/D/E/Q and E-4B aircraft but is opposite in

nature. The rationale given for correlation in the TNMCS rate

discusw ion is similar here except the B-52G is maintenance intensive

relative to the other two aircraft. The mean break rate for the

KC-135A/D/E/Q, E-4B and B-52G is 3.27, 18.00, and 36.53 respectively.

The r'umber fixed In 18 hours is positively correlated with TNMC4

rate. Th.s finding is consistent with that found for the EC-135 that as
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number fixed in 18 hours increases TNMCM rate increases. Reference the

EC-135 discussion for further understanding.

Stepwise REressioin. The SAS forward stapwise regression outputs

are presented in Appendix E.8. A summary of results is presented in

Table 30 and should be referenced for the following discussion.

MC Rate .Rearession Model. The measures of interest indicate

the model is useful at all three alpha values. The 8.47 F-value is

greater than the F-Alpha values, and the 0.0051 Prob>F is less than the

alpha significance levels. Although the measures indicate the model is

useful, only 58.53 percent of MC rate variability is explained by the

constraints; aircraft break rate and aircraft fix rate.

Aircraft break rate and aircraft fix rate are entered into the

Smodel with negative and positive parameters respectively. This supports

the correlation analysis which identified that aircraft break rate

decreases MC rate arJ aircraft fix rate increases MC rate.

_ TiNM Rate Reresion odel. The 9.17 F-value is greater than

the F-Alpha values, and the 0.0097 Prob>F is less than the alpha

significance levels. The model is useful at predicting the TNMCS rate

using the maintenance constraint cannibalizations. The R-square is

relatively low indicating only 41.39 percent of the total TNMCS rate

variability is explained by cannibalizations.

Cannibalizations Is entered into the model witti a positive

parameter. This is consistent with correlation analysis. As

cannibalizations increase TNMCS rate increases.

TNMc1 Rate Regression Model. The TNMCM rate model Teasures of

interest are significant and indicate the model is useful for all three

alphas selected. The 20.98 F-value is significantly greater than the
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TABLE 30

B-52G STEPWISE REGRESSION RESULTS

Mission Cable Rate E F-Valu Pr__ob_•>,

SModelorm 0.58525 8.47 0.0051

MCR = 72.669 Model Useful (F>F-Alpha)
- 0.219(ABR) F-Alpha Value
+ 0.175(AFR)

0.1 0.05 0.01

2.81 3.89 6.93

=e-&U F-Value at

Modl Fgm 0.41358 9.17 0.0097

TNMCS = 6.481 Model Useful (F>F-Alpha)

+ 0.024(CAN) F-Alpha Value

01 05_. 0.01

3.14 4.67 9.07

1U Rate R " F-Value Prob>

Model Forn 0.85123 20.98 0.0001

TNMCM= 3.925 Model Useful (F>F-Alpha)
+ 0.031(ABK) F-Alpha Value
+ i.260(ASD)
- 0.022(NFH) 010 0.05 21-U-

2.66 3.59 6.22

* Constraint parameters rounded to the third decimal position.

F-Alpha values, and the 0.0001 Prob>F is less than the alpha

significance levels. The R-square show3 that 85.12 percent of total

TNMCM rate variability is explained by the model.
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Aircraft breaks, average sortie duration, and the number fixed in

18 hours are entered in the model as maintenance constraints that

explain the occurrence of TNMCM rate. The positive relationship between

TNMHC rate and aircraft breaks and average sortie duration is consistent

with the correlation findings. The numbrer fixed in 18 hours negative

parameter is not consistent with the correlation and subtracts from the

•TN• rate in the regression model.

Residual Analzsis. Residual plots were studied and indicate the

models cannot be improved through the use of• a quadratic maintenance

constraint term. None of the residual plots indicate a curvature in

residual data which would indicate the need for a quadratic terrm.

Model Validation. The validation results corputed by SAS for the

six months validation data are presented in Appendix G.8. A summary of

.the results is presented in Table 31 and should be referenced for the

following discussion.

TABLE 31

B-52G VALIDATION RESULTS

MC t Tt Rate TH" Rate

Actual u. ca Pred. Ata rd

Apr 90 81.1 * 79.50 10.0 * 11.17 13.7 *** 15.34
May 90 77.4 * 78.44 12.5 * 11.84 16.9 * 16.40
Jun 90 79.2 * 80.16 11.5 * - 10.76 16.3 *** 14.74
Jul 90 79.0 * 78.19 11.0 * 10.09 15.1 * 14.93
Aug 90 81.4 75.73 9.3 * 10.35 13.0 16.17
Sep 90 77 6 * 75.70 12.8 * 11.76 15.3 * 15.26

9 90% (0.10 alpha)

•* 95% (0.05 alpha)
*** 99% (0.01 alpha)
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The MC rate 90% confidence interval included observations April-

July and Septvtter 1990. August 1990 is not included in any confidence

interval. The WI4MCS rate for observations April-September 1990 are

Included in the 90% confidence interval. The TNMhP rate observations

for May 1990, July 1990 ard September 1990 are included in the 90%

confidence interval, and April and June 1990 are Included in the 99%

interval. August 1190 is excluded from the intervals.

Correlation AnalvaUL The SAS correlation analysis output is

presented in Appendix D.9. The correlation results are summarized in

Table 32 and should be referenced for the following discussion.

TABLE 32

Fl-lIlA kORRFLATION ANALYSIS SUMMARY

INDEMWW
MNA DEPENUM vAIAME

MC Rate TNMCS Rate TNMCM Rate

Cancellations -0.81031 * 0.64527
0.0002 0.0094

Cancellation Rate -0.83483 * 0.67742
0.0001 '-.0055

Sorties Attempted * * -0.51568
0.0491

"*" Indicates correlation p-value greater than 0.05

1. WE.tt. Cancellations arkn cancellation rate are highly

correlated at 0.0001 level of significance. This indicates the two
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maintenance constraints are collinear providing similar information to

MC rate. MC rate is negatively correlated with number of carncellations

and cancellation rate. As number of cancellat'_ons and cancellation rate

increases MC rate decreases. This is consistent with findings for the

KC-.135R aircraft and may be reviewed for further understanding.

2. Rate, Cancellations ar.' -ancellation rate are positively

correlated with TNCMC rate. Az cancellations and cancellation rate

increases TNMCM rate increases. This finding is consistent with the

KC-135R correlation.

Sorties attempted is negatively correlated with TNMCM rate, that is

as sorties attempted increases TNMCM rate decreases. This finding is

not consistent with findings for the B-52G but is opposite in nature.

For the FB-IIIA, as TNMCM rate increases nore aircraft are available for

missions and is reflected tn a-greater utilization rate.

tie oression. The SAS forward stepwise regression output is

presented in Appendix E.9. A summary of the 2indings is presented in

Table 33 and should be referenced for the following discussion.

MCRte _eson Model,_ The measures of interest indicate

the model is useful at all three alpha values selected. The 19.55

F-value is greater than the F-Alpha values, and the 0.0001 Prob>F is

less than the alpha significance levels. The R-square indicates that

88.66 percent of MC rate variability is explained by the constraints;

rancellation rate, man-hours per flying hour, possessed aircraft and

possessed hours.

The nature of the paraneters indicate cancellation rate, man-hours

per flying hour and possessed aircraft reduce MC rate while possessed
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TABLE 33

FB-111A STEPWISE REGRESSION RESULTS

Misslon QDaable Rate Far Ez-V•i EQbŽ>Z_

M1delEFrm 0.08663 19.55 0.0001

NCR = 85.263 hodel Useful (F>F-Alpha)
- 1.070JCXR) F-Alpha Value

0.094(MHF)
- 0.823(PSA) iLL. 0 05
+ 0.001(PSH)

2.61 3,48 5.99

Rate 8§r F-Value PrgbJF

S0.21753 3.61 0.0797

TNMCS = 21.872 M&-el Useful (F>F-Alpha)
0.115(AFR) F-Alpha Value

3.14 4.67 9.07

7H= atefisgar? E=Ya1jj Prob>F

S0.86352 8.44 0.0041

TNMCM= - 4.083 Model Useful (F>F-Alpha)
+ 3.592(AAR) F-Alpha Value
- 3.145(ASD)
- 1.285(CIX) .19L 0.05 0.0L _
+ 4.871(CXR)
- 0.058(SAT) 2.67 3.58 6.37
+ 0.122(SSD)

• Constraint parameters rounded to the third decimal position.

hours increases MC rate. Man-hours per flying hour, possessed, aircraft

and possessed hours failed to identify during correlation analysis.

TNXCS Rate Reression Model, The model is useful at alpha

value 0.10 but not at alpha values 0.05 and 0.01. The 3.61. F-value is

100



greater than the 3.14 F-Alpha, and the 0.0797 Prob>F is less than the

0.10 alpha significance level. The F-value is less than the F-Alpha

values, and the Prob>F is greater than the alpha significance levels at

0.05 and 0.01. The R-square indicates aircraft fix rate explains 21.75

percent of the total TNMCS rate variability,

The aircraft fix rate's negative parameter suggests the constraint

reduces TNMCS rate as the constraint increases. This is logically

correct; as iore aircraft breaks are fixed in the first 18 hours the

less time aircraft accumulates NMC time reducing TNMCS rate.

TNcj Rate Reirepsion bodel. The measures of interest

indicate this model is useful at the three alpha values selected. The

8.44 F-value is greater than the F-Alpha values, and the 0.0041 Prob>F

is less than the alpha significance levels. The R-square indicates that

86.35% cf the total TNMCM rate variability is explained by constraints;

air abort rate, average sortie duration, cancellations, cancellation

rate, sorties attempted and sorties scheduled.

Of the maintenance constraints entered into the model, the only

constraints identified during correlation analysis were cancellations,

cancellation rate, and sorties attempted. The nature of the

correlations agree with the mode] constraint parameters for cancellation

rate and sorties attempted. The cancellations parameter nature in the

model is opposite that identified during correlation. Average sortie

duration, cancellations, and sorties attempted reduce the model TNMCM

rate while air aborts, cancellation rate, and sorties scheduled increase

TNMCM rate.

Residual Analysis. The SAS residual analysis cutput is presented

in Appendix F.9. The residual analysis findings indicate the TNMCS rate
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model aircraft fix rate residual plot is curved. The model can be

improved through the use of a quadratic aircraft fix rate term. A

sunmary of the modified regressicn model is presented in Table 34.

TABLE 34

FB-I11A STEPWISE REGRESSION
RESI DUAL MODIFICATIONS

atz REa&ýL& E -Value RPg

Form 0.6262 10.05 0.0027

TNMCS 154.404 Model Useful (F>F-Alpha)
- 3.544(AFR) F-Alpha Values
+ 0.022(SQAFR)

2.81 3.89 6.93

* Constraint parameters rounded to the third decimal position.

The quadratic term iraVroves the model's usefulness to now include 0.05

and 0.01 significance levels. The F-value increased to 10.05 and the

Prob>F decreased to 0.0027 improving the model's usefulness at the

significance levels indicated. The R-square improved indicating the

modified model explains 62.62% of TNMCS rate total variability. The

modified TNMCS rate model will be used in validation.

Model Validation. The validation results computed by SAS for the

six months validation data are presented in Appendix G.9. A summary of

the results is presented in Table 35 and should be referenced for the

following discussion.

The MC rate 90% confidence interval includes observations for April

and May 1990 and July-September 1990. June 1990 is included In the 99%
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TABLE 35

FB-IIIA VALIDATION RESULTS

Actual Pred. Wta Pgd Actual Ed.

Apr 90 74.4 * 75.93 16.2 12.03 16.6 ** 12.79
May 90 78.2 * 78.21 13.2 * 12.85 12.5 * 11.67
Jun 90 76.0 *** 80.09 15.3 *** 12.34 14.3 * 11.75
Jul 90 75.1 * 77.98 13.7 * 11.97 14.2 * 13.64
Aug 90 78.3 * 81.97 11.1 * 12.09 12.9 * 3.84
Sep 90 77.4 * 77.35 12.1 * 13.54 15.2 * -0.52

• 90% (0.10 alpha)
•* 95% (0.05 alpha)
•*** 99% (0.01 alpha)

confidence interval. The TNMCS rate for observations May 1990 and July-

September 1990 are included in the 90% confidence interval. June 1990

is included in the 99% interval, and April 1990 is excluded from the

intervals. The TNMCH rate observations for May-September 1990 are in

the 90% confidence interval, and April 1990 is in the 95% interval.

Aggregated Aircraft Data

The findings to this point are segregated by aircraft, and

inferences made about individual aircraft cannot be applied to the

general case. So, it is important to aggregate the findings to identify

maintenance constraints coommnalities for the three production output

measures that may be applied to the aircraft maintenance general case.

Tables 36, 38, and 40 includes those maintenance constraints identified

during correlation analysis for MC, TNMCS, and TNMCM rate respectively.

Tables 37, 39, and 41 identifies constraints by aircraft included in the

MC, TNMCS, and TNMCM rate regression models respectively.
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TABLE 36

MAINTEMANCE CONSTRAINTS A"MAEGTED FOR MC RATE
CORRELATION ANALYSIS

Aicf Maintenance Constraints

ABK AER AFR ASD CAN CWX CXR HFN

KC-135 + +

KC-135R

RC-135

EC-135 +

E-4B

B-lB

B-52H +

B-52G +

FB-11A

LTO MHE NFH PSA PSH SAT SFN SSD

KC-135 + + + + + +

KC-135R

RC-135

EC-135 + -+

E-4B

B-IB

B-52H

B-52G

FB-111A
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TABLE 37

MAINTENANCE CONSTRAINTS AGGREGATED FOR MC RATE
REGRESSION MODEL

SMaintenance Constraints

AAB ABR AFR ASD CNX CXR CAN CNR HFN

KC-135 + + +

KC-135R - +

RC-135

EC-135 + +

E-4B + +

B-lB

B-52H +

B-52G +

FB-i11A

LTO LTR MHE MHS MHF f-ieH PSA PSH SFN

KC-135 - - +

KC-135R

RC-135 +

EC-135 +

E-4B +

B-lB + +

B-52H

B-52G

FB-IlA - +
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TABLE 38

MAINTENANCS CONSTRAINTS AGGREGATED FOR TNMCS RATE
CORRELATION ANALYSIS

SMaintenance Const aif2ts

ABK ABR AFR CAN CNR CNX CXR HFN

KC-135

KC-135R + +

RC-135

EC-135 + +

E-4B

B-lB

B-52H

B-52G + + - + +

FB-11A

LTO MHE NFH PSA PSH SAT SFN SSD

KC-135 .. . . .

KC-135R

RC-135

EC-135 +

E-4B

B-lB

B-52H

B-52G + + + +

FB-IIIA
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TABLE 39

MAINTENANCE CONSTRAINTS AGGRCEGATE) FOR TMC-S RATE
REGRESSION MODEL

Aircraft Maintenance Constraints

ABR AFR ASD CXR CAN CNR LTO

KC-135 - -

KC-135R + +

RC-135 + +

EC-135 +

E-4B

B-lB

B-52h•

B-52G +

PM-111A

LTR MHE MHF PSA PSH SSD

KC-135 - +

KC-135R +

RC-135

EC-135

E--4B + +

B-lB

B-52H

B-52G

FB-1ItA
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TABLE, 40

MAiWMENANCE CONSTRAINTS AGGRECGATED FOR TN"C1 RATE
CORRELATION ANALYSIS

&LrcrMa intenance Constraints

ABK ABR AFR ASU ASD CNX CXR HFN

KC-135

KC-135R + + +

RC-135 +

EC-135 + +

E-4B

B-IB +

B-52H

B-52G + + + + +

FB.-11A + +

MHE NFH PSA PSH SAT SFN SSD

KC-135

KC-135R

RC-135

EC-135 +

E-4B

B-lB

B-52H

B-52G + + + + +

-FB-11A8
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TABLE 41

MAINT1ANCE CONSTRAINTS AGGREGATED FOR TNMCM RATE
REGRESSION MODEL

Wca t aintenance Costalints

AAB AAR ABK ABR ASD AFR CX G=

KC-135

KC-135R + +

RC-135 +

EC-135

E--4B

B-IB +

B-52H +

B-52G 4, +

FB-I1A + -+

CAN HFN MHF NFH PSA PSH SAT SSD

KC-135 + -

KC-135R

RC-135

EC-135 +

E-4B

B-lB

B-52H

B-52G

FB-I11A +
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MC Re Generally, the data indicates a lack of consistency

across the nine aircraft, although one maintenance constraint appears

prominent. Aircraft fix rate identified during correlation analysis for

the KC-135A/D/E/Q, B-52H, and B-52G aircraft and again during regression

modelling for the same three aircraft plus the E-4B. It appears for MC

rate, aircraft fix rate is an important maintenance constraint that

explains MC rate at least in the aircraft cited though possibly not to

the general case.

M Aircraft fix ratt identified three times during

correlation analysis. Once each for the KC-135A/D/E/Q, B-52H, and B-52G

aircraft. The regression models for the same aircraft with the addition

of the KC-135R included aircraft fix rate in the regression equation.

Again, though the data does not conclusively indicate aircraft fix

rate's generalizability to aircraft maintenance, the maintenance

constraint is prominent and shous to be a good indication of the TNICS

rate at least for the aircraft cited.

•MCM Rate. Aircraft fix rate does not appear prominent for the

TNMCM rate production measure. Cancellation rate appears prominent for

this data set. The correlation analysis for the nine aircraft

identified the KC-135R, RC-135, EC-135, and FB-1I1A aircraft as sharing

cancellation rate as a common maintenance constraint. The regression

modelling results show the same aircraft except the EC-135 sharing the

constraint. Once again, the results are not generalizable to aircraft

maintenance but do indicate cancellation rate is important to explaining

TNMC?4 rate.
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This chapter presented answers to the research q-restions and the

problem statement. The answer to research question 1 indicated many

performance measures exist and are available for maintenance manager '-

use. Next, aircraft statistical analysis and regression modelling

results were presented to answer research questions 2, 3 and 4. All

nine aircraft were discussed individually giv:ing correlation analysis

and regression modelling results.

A table identifying the maintenance constraint and production

output measure correlation with appropriate discussion was presented to

answer questions 2 and 3 as to which constraints limit or enhance

production capability and their statistical relationship.

In addition, twenty seven regression models were built using

forward stepwise regression, and four additional models were btilt using

residual analysis introducing quadratic terms where appropriate.

Finally, regression nodel validation results were presented with

90%, 95%, and 99% confidence intervals for the predicted value using the

six months validation data. Following the discussion of all nine

individual aircraft, conmmnalities between aircraft were presented.
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Y_- g=_- Rec=nmdat ions

This chapter presents conclusions and recommendations resulting

from the research effort conducted to identify maintenance constraint

indicators of production capability which could be used in a regression

model an predictors of maintenance production output. Additionally,

suggested future research is presented at the end of the chapter.

The conclusions are presented following a restatement of the

research questions presented in Chapter I.

1. What are the existing measures of aircraft maintenance

production capability in SAC? The production measures presented in

Appendix C are extracted front a spreadsheet currently used by HO SAC/LGY

to masure aircraft system and maintenance performance and from

SACP 66-17. Some measures that appear in SACP 66-17 do riot appear in

the HO SAC/LGY spreadsheet and visa versa. The list in Appendix C is a

conmilation of both sources.

2. What az:e the aircraft mainterance production constraints that

limit or enharce production capability? The research data faiJs to

conclusively identify any maintenance constraint measures that limit or

enhance production capability that can be used for all nine SAC aircraft

analyzed. The only indication of commonality is across four aircraft

for only two maintenance constraints. The remaining maintenance

constr:aints identified sporadically across the nine aircraft indicate an

absolute lack of comimronality. Though aircraft fix rate and cancellation
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rate appears prominent for MC and TNMCS rate and TNMCM rate

respectively, the finding cannot be generalized across all nine

aircraft.

The lack of commonality in the findings may be due to one or mare

of the following reasons:

a. The data sample of twenty-one observations (fifteen for

correlation and regression and six for regression validation) is not

large enough for the amunt of random variance present in the data. A

larger sample size may give more accurate results due to a larger

sample's tendency to compensate for the negative effects of random

variance.

b. The data may also pos3ess cyclical variance larger than the

fifteen month sample analyzed and out of phase between the aircraft.

The cycles may be induced by such occurrences as changing aircraft

mission requirements or changing management emphasis between categories

of production measures induced by changing Air Force leadership.

c. Aircraft maintenance is a complex and dynamic production sys.tem

in contrast to a relatively stable and controllable manufacturing

system. The aircraft maintenance system production flow appears

cyclical in contrast to an assembly line manufacturing system with an

identifiable material entry and exit point. The maintenance system

produces MC rate which is translated into sortie production to meet

mission requirements. The resulting sorties become the demand placed

back on the system in the frm of aircraft servicing and breaks. The

result is that higher MC rate produces more aircraft available for

sortie production which in-turn increases demand placed on production

system. Increased aircraft sorties increases demand on manpower,
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equipment and supplies to produce MC rate thereby Increasing possible

sortie production and the cycle continues. The cyclical nature of the

system increases interdependency and collinearity of production

measures. The Interdependency and collinearity of measures at the very

least frustrates the identification of mainternance constraints that

enhance or limit production, and at the most, renders the measures at

the aggregate level effectively nonexistent.

3. What are the statistical relationships between the maintenance

constraints and an organization's production capability? The findings

are inconclusive in this area as well. The measures are inconsistent

both in occurrence and in nature. Many aircraft failed to identify with

some constraints when other aircraft identified significantly. Also, in

some cases where commonality of occurrence did exist between two or more

aircraft, the nature of the occurrence disagreed. When the-occurrence

of one aircraft measure identified that production output should

increase, the same occurrence of the measure for another aircraft

indficated production output should decrease. These inconsistencies

occur for a significant percentage of the measures adding doubt to the

actual existence of common measures.

4. What maintenance constraints can be used in a predictive model

of a maintenance organization's sortie producing capability? The nine

aircraft models built for each of the three production output measures

of interest are dissimilar. The models global measures of usefulness

very widely in strength and are inconsistent with the results of

validation. Those models that appeared to possess strong global

measures had less observations present in the confidence intervals than

did models with weaker global measures. Additionally.. -validations for
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some models sho•ed a higher percentage of observations in the confidence

intervals, although the delta between actual and predicted values were

larger than for observations outside the confidence intervals in other

models. The maintenance constraints included iti the regression models

lacked commonality. The constraints included in the nmdels were not

consistent across all aircraft for the save production output measures.

Based on the research findings and conclusions cited above,

mainterance mAnager's use of productivity measures to evaluate aircraft

maintenance performance should be insightful and tempered with the

knowledge that aircraft maintenance is a dynamic environment that i,

difficult to define when postulating performance. Maintenance managers

that use performance measures blanketed across alJ. aircraft types and

mission environments to judge maintenance performance may find

evaluations divergent from reality.

Recogmndation

Maintenance managers in SAC need to be careful when evaluating

maintenance performance and should not evaluate all aircraft with one,

two or even a select group of Identical production measurement

indicators. Though customizing indicators for each aircraft system is

neither practical nor appropriate, insightful qualitative judgement

should be used when evaluating the host of indicators. Using one or two

irxicators for one aircraft type may indicate good performance, and for

another aircraft type the same indicators may indicate poor performance.

Suggested Future Research

The results of previous research presented in Chiapter II and this

thesis indicate that future research in this area at the aggregate level
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may not be appropriate. Research at a lower level, such as one

particular aircraft serial number of an aircraft system type using a

significantly larger data sample over a longer period of time may prove

to be profitable. The larger sample may reduce the random and cyr:lica!

variance that hindered this research. The methodology used in this

thesis appears sound and could help in any future efforts.

This chapter presented the conclusions, recommendations and

suggestion for future research. The findings of the research are

inconclusive as to what maintenance constraints are indicators of

production capability in aircraft maintenance. Maintenance production

is a complex dynamic system that is not easily definable in terms of

production inputs and outputs and makes maintenance performance

measurement difficult at best.
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Ampendix A: Aircraft Production Data Files

L KC-135A/D/E/Q

OBS AAB AAR ABK ABR ASU ASD C24X CXR CAN (NR HFN LTO LTR

1 9 0.4 132 6.4 6.6 3.9 27 1.6 259 0.13 8014 105 7.4
2 13 0.7 123 6.5 6.4 3.9 34 2.2 216 0.11 7395 99 7.6
3 20 0.8 170 7.0 8.2 4C0 42 2.2 264 0.11 9691 102 5.9
4 11 0.5 160 7.0 7.8 3.8 29 1.6 350 0.15 8739 97 6.1
5 18 0.8 109 4.6 8.1 3.9 34 1.8 285 0.12 9182 105 6.3
6 11 0.5 144 6.1 8.8 3.9 26 1.4 350 0.15 9289 124 7.5
7 9 0,5 118 6.2 6.5 3.9 28 1.9 279 0.15 7331 79 6.0
8 11 0.5 139 6.0 7.9 3.3 41 2.3 319 0.14 7706 124 7.8
9 19 0.9 123 5.5 7.8 4.2 19 1.1 262 0.12 9329 105 6.7

10 16 0.8 117 5.9 6.8 4.1 36 2.3 296 0.15 8178 95 6.8
11 16 0.9 100 5.4 6.6 3.8 36 2.3 295 0.16 7057 95 7.1
12 7 0.4 94 6.0 5.6 3.7 18 1.4 263 0.17 5787 72 7.0
13 13 0.7 141 7.5 6.7 3.9 28 1.9 295 0.16 7301 115 9.2
14 12 0.6 161 8.5 7.0 3.8 40 2.7 262 0.14 7293 109 8.5
15 15 0.7 1.23 5.5 8.6 3.8 19 1.1 261 0.12 8540 93 6.1
16 20 1.1 122 6.4 7.5 4.0 42 2.9 246 0.13 7586 110 8.5
17 18 0.9 102 4.9 8.4 4.1 37 2.5 255 0.12 8476 85 6.2
18 16 0.9 86 4.7 7.9 3.9 44 3.2 229 0.12 7241 90 7.2

.19 11 0.7 82 4.9 .70 4.1 32 2.5 221 0.13 6873 82 7.2
20 10 0.5 64 3.1 8.6 4.3 35 2.5 265 0.13 8715 73 6.0
21 11 0.7 58 3.6 6.7 4.5 *23 2.2 228 0.14 7183 58 6.2

OBS MHE MHS MHF NMB NMM NMS PMB PMM PMS PSA PSH

1 349755 169.7 43.6 3.4 4.2 2.8 0.8 6.4 5.2 314.3 233841
2 341479 180.8 46.2 3.5 6.3 4.3 0.4 4.9 5.4 293.4 204215
3 413371 169.6 42.7 4.4 5.3 3.8 0.5 4.2 6.6 296.3 220410
4 351867 153.4 40.3 4.9 4.8 3.5 0.5 3.8 7.6 294.0 211682
.5 341807 144.3 37.2 3.7 4.6 2.7 0.7 3.8 5.8 293.1 218049

6 309704 130.5 33.3 4.1 5.2 3.1 0.4 3.9 6.5 270.1 194460
7 315555 166.8 43.0 4.3 4.2 3.4 0.3 3.3 6.1 292.7 217749
8 370530 160.6 48.1 5.3 5.2 3.4 0.4 3.2 6.0 291.0 216475
9 327333 146.6 35.1 4.9 4.7 3.5 0.5 3.9 6.6 286.9 206585

10 349.317 176.0 42.7 5.0 5.4 3.5 0.4 4.1 6.5 292.2 217374
11 297988 160.4 42.2 4.1 5.9 4.7 0.9 2.8 9.9 283.2 203918
12 282229 180.1 48.8 5.9 6.7 6.3 0.4 3.3 7.4 281.7 209614
13 309668 163.8 42.4 4.8 5.4 6.3 0.7 3.6 6.9 280.7 208819
14 266575 14C.2 36.6 4.4 6.3 5.6 0.6 4.0 7.9 272.8 183294
15 302990 136.5 35.5 5.4 6.1 4.7 0.7 4.2 7.8 257.1 191290
16 317331 167.5 41.8 5.1 7.2 4.1 0.5 3.9 4.5 252.0 181437
17 291394 140.1 34.4 4.5 5.7 3.5 0.8 8.0 5.1 248.7 185015
18 211151 114.7 29.2 4.2 6.3 4.1 0.9 13.6 5.0 233.2 167914
19 241623 143.7 35.2 3.5 5.6 4.4 2.1 13.8 6.1 240.6 178986
20 229705 112.7 26.4 3.5 4.6 3.0 2.2 13.8 7.5 238.1 177118
21 179478 112.9 25.0 3.2 5.4 4.1 2.6 13.0 8.8 238.0 171342
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OBS SAT SFN SSD TNM TNS AFR FMC MC" NMC NFN PMC

1 1424 2061 1676 7.6 6.2 81.8 77.1 89.6 10.4 108 12.5
2 1296 1889 1556 9.8 7.8 74.8 75.3 85.9 14.1 92 10.7
3 1732 2438 1943 9.7 8.2 67.1 75.2 86.5 13.5 114 11.3
4 1592 2294 1785 9.7 8.4 70.6 74.9 86.8 13.2 113 11.9
5 1677 2368 1859 8.3 6.3 76.1 78.8 89.1 10.9 83 10.3
6 1662 2374 1842 9.3 7.2 79.2 76.8 87.6 12.4 114 10.8
7 1320 1892 1451 8.5 7.7 81.4 78.4 88.1 11.9 96 9.7
8 1592 2307 1786 10.5 8.6 74.8 76.4 86.2 13.9 104 9.7
9 1575 2233 1698 9.6 8.4 72.4 75.8 86.8 13.1 89 11.0

10 1404 1985 1597 10.4 8.5 72.6 75.2 86.1 13.9 85 11.0
11 1344 1858 1569 10.0 8.9 77.0 71.8 85.3 14.7 77 13.5
12 1028 1567 1303 12.6 12.2 68.1 70.0 81.1 18.9 64 11.1
13 1244 1890 1476 10.2 11.1 70.2 72.3 83.5 16.5 99 11.1
14 1280 1902 1489 10.8 10.0 57.7 71.2 83.7 16.3 109 12.5
15 1535 2220 1688 11.5 10.2 75.6 71.3 84.1 16.2 93 12.8
16 1296 1895 1471 12.2 9.2 71.3 74.8 83.6 16.4 87 8.8
17 1367 2080 1486 10.2 8.1 83.3 72.2 86.2 13.8 85 14.0
18 1244 1841 1374 10.5 8.3 76.7 65.9 85.4 14.6 66 19.6
19 1145 1682 1256 9.0 7.8 73.2 64.6 86.6 13.4 60 22.0
20 1219 2038 1400 8.0 6.5 84.4 65.3 88.9 11.1 54 23.5
21 943 -1590 1033 8.6 7.3 62.1 62.9 87.3 12.7 36 24.4

2. KC-135R

OBS AAB AAR ABK ABR ASU ASD C24X CXR CAN CNR HFN LTO LTR

1 3 0.3 49 5.3 7.2 4.0 7 1.0 122 0.13 3723.6 1.6 2.7
2 7 0.9 48 5.8 6.1 4.1 7 1.1 116 0.14 3411.6 24 4.6
3 4 0.3 63 5.4 8.6 4.1 11 1.3 135 0.12 4777.6 16 2.2
4 3 0.3 67 6.4 7.6 4.1 14 1.8 157 0.15 4271.0 19 2.8
5 15 1.4 53 4.8 7.5 4.3 7 0.8 165 0.15 4680.9 28 3.6
6 10 0.8 90 7.2 8.5 4.0 12 1.3 186 0.15 5004.8 30 3.7
7 3 0.3 67 6.5 6.8 4.1 8 1.0 148 0.14 4229.1 34 5.0
8 11 0.9 72 6.0 8.6 4.0 6 0.7 185 0.15 4738.6 38 4.9
9 10 0.8 70 5.9 7.4 4.2 7 0.9 125 0,11 4929.8 28 4.0

10 8 0.6 91 7.2 7.8 4.2 13 1.4 142 0.11 5388.6 31 3.7
11 9 0.8 59 5.3 7.0 4.1 13 1.6 167 0.15 4514.0 42 5.7
12 6 0.6 57 5.9 5.9 4.2 18 2.6 151 0.16 4080.9 38 7.4
13 4 0.3 63 5.2 7.6 4.2 23 2.5 161 0.13 5061.4 38 5.0
14 5 0.5 85 7.7 7.0 4.3 30 3.6 141 0.13 4721.1 44 6.4
15 6 0.4 75 5.3 8.7 4.4 22 2.2 151 0.11 6240.4 58 6.6
16 7 0.5 80 5.6 8.4 4.2 15 1.5 141 0.10 5944.8 49 5.5
17 8 0.5 57 3.8 8.6 4.2 15 1.5 214 0,14 6385.4 59 6.3
18 8 0.6 43 3.0 8.6 4.1 28 2.8 173 0.12 5975.9 67 7.4
19 15 1.1 46 3.4 6.9 4.0 19 2.2 141 0.10 5548.7 64 8.0
20 9 0.7 31 2.3 7.3 4.8 16 2.1 166 0.12 6593.2 41 6.2
21 12 1.0 21 1.7 6.6 4.2 7 1.1 IU6 0.09 5076.5 34 5.9
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OBS MHE mHS MHF NMB NMM NMS PMB PMM PMS PSA PSH

1 136797 148.5 36.7 4.2 3.5 4.5 1.3 4.3 14.8 128.5 95587
2 168823 205.1 49.5 5.6 4.1 5.4 2.2 3.7 15.7 134.0 90060
3 213753 183.6 44.7 5.5 5.1 3.4 1.5 3.7 17.4 134.7 100207
4 184776 177.7 43.3 4.4 3.8 4.2 1.8 2.5 16.0 137.4 98918
5 177826 161.5 38.0 3.9 4.0 3.1 1.0 2.6 14.2 147.4 106103
6 150798 120.9 30.1 3.2 3.2 3.5 1.0 3.2 17.3 146.5 105497
7 1.49952 145.7 35.5 3.3 3.0 3.3 1.1 3.5 16.1 151.3 112535
8 167856 140.3 35.4 3.6 3.6 2.9 1.2 3.5 14.0 139.7 103951
9 141175 119.6 28.6 5.0 5.2 2.9 0.9 5.4 17.9 159L6 114876

10 160140 125.9 29.7 3.8 5.8 4.1 1.3 6.3 12.2 163.9 121959
11 162244 145.9 35.9 5.4 5.4 3.0 1.8 6.9 11.9 158.8 114368
12 152927 158.6 37.5 4.6 6.5 5.2 2.4 12.1 11.4 162.0 120558
13 160430 132.3 31.7 4.3 5.8 5.9 3.0 8.1 14.6 160.1 119149
14 163499 147.6 34.6 5.0 6.5 7.2 2.3 7.2 10.2 157.3 105725
1.5 192674 135.8 30.9 4.4 6.1 5.1 2.9 9.0 10.8 163.2 121420
16 148597 104.1 25.0 4.2 3.8 4.3 1.7 8.1 8.7 169.9 122301
17 179388 118.1 28.1 4.7 5.4 3.5 1.1 4.8 9.5 176.5 131283
18 194682 134.9 32.6 3.1 4.6 3.1 2.1 3.8 11.9 167.9 120859
19 153994 112.3 27.8 3.3 4.6 3.5 1.6 3.7 11.1 199.9 148757
20 117190 86.0 17.8 2.1 2.8 2.2 1.5 5.2 12.4 187.1 139231
21 109105 89.4 21.5 1.5 3.2 3.3 1,3 4.5 15.8 185.1 133289

OBS SAT SFN SSD TNM TNS AFR FMC "MCR NMC NFH PMC

1 592 921 702 7.7 8.7 69.4 67.4 87.8 12.2 34 20.4
2 527 823 661 9.7 11.0 77.1 63.3 84.9 15.1 37 21.6
3 725 1164 841 10.6 8.9 50.8 63.3 86.0 14.0 32 22.6
4 688 1040 761 8.2 8.7 47.8 67.2 87.6 12.4 32 20.3
5 773 1101 870 8.0 7.0 58.5 71.2 88.9 11.1 31 17.8
6 821 1247 894 6.4 6.7 48.9 68.6 90.1 9.9 44 21.5
7 685 1029 764 6.3 6.6 68.7 69.7 90.4 9.6 46 20.7
8 778 1196 886 7.2 6.5 72.2 71.2 89.9 10.1 52 18.7
9 701 1180 769 10.1 7.9 81.4 62.7 86.9 13.1 57 24.2

10 838 1272 947 9.6 7.9 69.2 66.5 86.3 13.7 63 19.8
11 737 1112 834 10.8 8.4 74.6 65.5 86.2 13.8 44 20.7
12 517 964 705 11.1 9.8 57.9 57.8 83.7 16.3 33 25.9
13 754 1213 907 10.0 10.2 71.4 58.3 84.1 15.9 45 25.7
14 691 1108 823 11.5 12.2 72.9 61.5 81.3 18.7 62 19.8
15 878 1419 1021 10.5 9.4 65.3 61.8 84.5 15.5 49 22.7
16 891 1427 991 8.1 8.6 72.5 69.1 87.6 12.4 58 18.6
17 938 1519 1007 10.1 2.2 71.9 70.9 86.4 13.6 41 15.5
18 901 1443 983 7.6 6.1 69.8 71.6 89.3 10.7 30 17.7
19 799 1371 863 7.9 6.9 71.7 72.1 88.5 11.5 33 16.4
20 666 1362 761 5.0 4.4 61.3 73.7 92.8 7.2 19 19.0
21 580 1221 618 4.7 4.8 66.7 70.3 92.0 8.0 14 21.7

119



OBS AAB AAR ABK ABR ASU ASD C(X CXR CAN CNqR HFN LTO

1 3 3.5 15 17.4 8.0 7.3 2 2.8 13 0.15 628.3 7
2 2 2.3 22 25.6 8.1 7.2 3 4.3 7 0.08 623.4 7
3 2 1.7 22 18.3 11.5 7.8 8 7.8 4 0.03 931.3 7
4 1 1.0 8 7.8 9.7 8.6 1 1.1 13 0.13 889.7 12
5 5 4.1 29 23.8 11.1 7.5 5 4.6 3 0.02 912.3 5
6 3 2.5 33 28.0 10.7 8.1 2 2.1 23 0.19 955.5 8
7 3 3.1 22 22.9 9.5 9.1 4 4.3 8 0.08 869.7 5
8 2 2.2 20 22.5 3.7 8.2 6 7.3 10 0.11 733.2 9
9 0 0.0 22 21.8 9.2 8.4 3 3.2 13 0.13 852.7 7

10 1 0.9 25 23.4 10.1 8A4 5 5.0 10 0.09 903.7 9
11 1 1.2 18 21.7 6.9 8.7 6 7.4 13 0.16 724.0 3
12 0 0.0 15 17.6 8.7 3.3 1011.4 14 0.16 792.1 4
13 2 2.4 28 33.7 8.5 8.5 10 12.7 17 0.20 701.8 12
14 0 0.0 24 27.9 7.8 8.8 2 2.4 11 0.13 756.5 4
15 0 0.0 16 15.2 10.5 7.8 3 3.5 16 0.15 815.1 6
16 0 0.0 17 17.5 11.6 8.2 5 5.4 8 0.08 792.5 7
17 1 1.1 16 17.4 9.5 7.7 0 0.0 3 0.03 712.9 8
18 4 4.0 21 20.8 11.5 7.6 13 14.9 5 0.05 768.5 4
19 6 5.5 26 23.9 10.9 8.0 3 2.8 12 0.11 876.2 10
20 1 0.9 9 7.8 11.3 9.1 2 1.8 6 0.05 1053.8 5
21 0 0.0 12 14.6 7.6 9.7 3 3.8 6 0.07 792.8 3

OBS LTR MHE MHS MHF NMB NMM NMS PMB PMM PMS PSA

1 10.6 31673 368.3 50.4 12.2 15.3 6.0 1.8 10.9 9.5 10.8
2 11.3 33233 386.4 53.3 13.9 15.8 12.3 2.4 8.2 8.3 10.6
3 7.8 32798 273.3 35.2 9.8 16.3 11.9 7.5 8.8 9.5 10.4
4 13.3 31012 301.1 34.9 8.6 12.2 4.2 5.7 5.2 20.6 10.6
5 5.0 32302 264.8 35.4 9.5 16.8 5.0 5.0 5.7 18.8 10.9
6 8.9 30708 260.2 32.1 12.7 15.1 10.1 1.1 9.8 16.7 11.0
7 5.7 24102 251.1 27.7 7.8 14.7 4.8 1.7 4.0 4.6 10.1
8 12.0 28776 323.3 39.2 12.0 11.1 2.2 2.6 4.3 15.4 10.2
9 8.1 27925 276.5 32.7 13.5 13.9 2.1 1.4 6.3 11.4 11.0

10 10.1 31645 295.7 35.0 6.3 13.6 1.3 2.0 11.0 6.5 10.6
11 4.2 28365 341.7 39.2 13.7 10.2 1.8 1.9 3.8 9.7 12.1
12 5.2 26375 310.3 33.3 19.8 13.3 5.7 2.0 6.2 11.9 9.8
13 17.6 27316 329.1 38.9 23.2 9.7 15.6 0.8 4.3 5.5 9.8
14 5.1 26083 303.3 34.5 15.8 6.4 11.0 0.6 3.3 5.8 11.0
15 7.4 27082 257.9 33.2 13.1 13.5 11.6 2.0 8.0 13.7 10.0
16 8.1 25304 260.9 31.9 15.8 15.8 8.7 1.1 12.7 4.5 8.4
17 10.4 27843 302.6 39.1 9.6 16.7 10.2 0.7 4.2 20.2 9.7
18 5.7 26195 259.4 34.1 9.1 18.4 13.9 0.2 5.4 9.1 8.8
19 9.4 24315 223.1 27.8 16.4 11.1 6.0 2.2 11.0 20.4 10.0
20 4.6 17311 149.2 16.4 5.4 8.8 5.3 0.3 5.4 14.5 10.3
21 3.9 15768 192.3 19.9 16.7 10.4 6.2 0.5 7.2 4.3 10.9
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OBS PSH SAT SFN SSD TNM TNS AFIR FMC MWR NMC NFH PMC

1 8004 66 86 71 27.5 18.2 40.0 44.4 66.6 33.4 6 22.2
2 7391 62 86 69 29.7 26.2 50.0 39.0 58.0 42.0 11 18.9
3 7746 90 120 102 26.1 21.7 50.0 36.3 62.0 38.0 11 25.8
4 7616 90 103 91 20.8 12.8 12.5 43.6 75Wl 24.9 1 31.4
5 8144 101 122 108 26.3 14.5 34.5 39.3 68.7 31.3 10 29.4
6 7904 90 118 95 27.8 22.8 30.3 34.6 62.1 37.9 10 27.5
7 7547 87 96 94 22.6 12.6 59.1 62.5 72.7 27.3 13 10.2
8 7600 75 89 82 23.2 14.2 50.0 52.4 74.7 25.3 10 22.3
9 7913 86 101 93 27.4 15.6 40.9 51.4 70.5 29.5 9 19.1

10 7910 89 107 100 19.9 7.6 52.0 59.2 78.7 21.3 13 19.5
11 8676 72 83 81 23.9 15.5 44.4 58.9 74.3 25.7 8 15.4
12 7287 77 85 88 33.1 25.4 46.7 41.1 61.2 38.8 7 20.1
13 7294 68 83 79 32.9 38.8 53.6 40.9 51.5 48.5 15 10.6
14 7378 79 86 85 22.2 26.8 33.3 57.2 66.8 33.2 8 9.6
15 7439 81 105 86 26.6 24.7 43.8 38.2 61.8 38.2 7 23.6
16 6037 86 97 92 31.6 24.5 23.5 41.4 59.7 40.3 4 18.3
17 7199 77 92 78 26.3 19.8 43.8 38.4 63.5 36.5 7 25.1
18 6312 70 101 87 27.5 23.0 52.4 43.9 58.6 41.4 11 14.7
19 7440 106 109 109 27.5 22.4 30.8 32.9 66.5 33.5 8 33.7
20 7632 109 116 114 14.2 10.7 44.4 60.3 80.5 19.5 4 20.2
21 7817 76 82 79 27.1 22.8 16.7 54.8 66.7 33.3 2 12.0

4. EC-i35WAC/G/L9/ZY

OBS AAI AAR ASK ABR ASU ASD CWX CXR CAN CNR HFN LTO LTR

1 0 0.0 75 33.9 9.2 6.1 8 4.8 25 0.11 1352.3 11 7.6
2 2 0.9 62 29.4 9.3 5.8 17 9.7 29 0.14 1216.8 16 11.3
3 4 1.4 97 34.6 11.7 5.7 7 3.1 18 0.06 1584.8 23 11.4
4 5 1.9 73 27.9 10,5 5.5 7 3.7 43 0.16 1429.1 20 11.7
5 4 1.6 67 26.9 9.6 5.9 5 2.6 15 0.06 1457.8 10 5.6
6 2 0.8 79 30.9 9.3 5.6 9 407 47 0.18 1442.7 12 6.9
7 8 3.6 98 44.3 8.2 5.9 9 4,9 31 0.14 1314.3 16 9.4
8 2 0.8 84 3207 15.7 5.6 9 405 49 0.19 1449.5 11 6.0
9 2 1.0 85 41.3 5.9 6.3 8 4.7 37 0.18 1300.4 11 6.9
10 1 0.4 80 34.6 9.1 6.0 10 4.9 45 0.19 1392.8 16 8.7
11 0 0.0 75 34.7 8.6 5.8 11 6.4 43 0.20 1249.7 12 8.0
12 0 0.0 75 36.9 8.2 6.0 16 8.8 27 0.13 1i224.1 15 10.3
13 3 1.3 76 32.1 9,7 5.9 6 3.2 27 0.11 1398.9 33 7.4
14 0 0.0 101 52.6 7.5 6.1 9 5.4 35 0.18 1172.7 14 9.4
15 2 0.9 96 42.9 9.0 6.1 9 4,7 35 0,16 1372.7 18 10.8
16 0 0.0 140 59.1 9.9 5.9 0 0,0 24 0.10 1397.7 14 7.4
17 1 0.4 102 44.0 9.9 6.0 9 4.5 35 0.15 1401.8 16 8.6
18 0 0.0 71 30.5 10.0 5.7 2 1.1 15 0.06 1326.8 11 6.5
19 5 2.5 76 37.8 7.9 505 4 25 22 0.11 1112.5 12 8.0
20 3 1.6 58 31.9 7.4 4.3 9 6.6 32 0.18 789.5 16 12.7
21 0 0.0 41 26.5 6.7 4.4 3 2.7 12 0.08 685.7 11 10.3
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OBS MHE MHS MHF NMB NMM NMS PMB P21 PMS PSA PSH

1 51863 234.7 38.4 7.7 7,8 8.8 3.9 3.6 7.5 24.0 17884
2 52507 248.8 43.2 9.2 9.8 5.5 1.5 6.9 7.2 22.8 15865
3 56848 203.0 35.9 8.6 7.9 5.7 1.9 4.4 16.1 24.0 17855
4 51814 197.8 36.3 7.8 7.2 8.0 1.3 6.2 12.0 24.9 17914
5 59468 238.8 40.8 7.9 6.0 5.4 0.9 3.4 11.8 25.9 19273.
6 51335 200.5 35.6 11.3 10.5 6.6 0.9 12.7 7.9 27.6 19872
7 48852 221.0 37.2 11.9 7.9 11.7 1.5 7.1 3.3 27.0 20088
8 49162 191.3 33.9 7.7 7.7 9.7 1.9 4.6 14.3 16.3 12155
9 42840 208.C 32.9 6.9 10.7 11.5 0.9 2.7 7.6 35.1 25250
10 46774 202.5 33.6 9.0 11.5 3.6 3.8 6.4 8.9 25.3 18811
11 47958 222.0 38.4 10.3 15.4 5.4 0.8 6.6 5.5 25.0 18000
12 48227 237.6 39.4 12.2 17.4 8.4 1.1 5.4 3.9 24.7 18372
13 49173 207.5 35.2 10.8 11.7 8.0 2.3 4.8 6.0 24.3 18108
14 42723 222.5 36.4 15.9 11.6 13.3 1.1 1.9 4.6 25.8 17316
15 41411 184.9 30.2 15.5 7.0 5.7 1.2 4.9 4.1 25.0 18600
16 45238 190.9 32.4 11.0 20.0 9.8 0.7 2.3 8.6 24.0 17249
17 48887 210.7 34.9 9.2 13.8 6.8 1.1 2.1 7.6 23.4 17445
18 49600 212.9 37.4 8.5 12.2 7.7 2.0 3.9 7.4 23.2 16696
19 46554 231.6 41.8 6.1 17.4 10.2 1.3 4.2 9.9 25.5 18972
20 38184 209.8 48.4 9.9 7.3 8.8 3.3 2.2 9.4 24.5 18205
21 25392 163.8 37.0 9.2 6.3 8.4 1.0 7.5 6.8 23.2 16713

OBS SAT SFN SSD TNM TNS AFR FMC MCR NMC NFH PMC

A 145 221 167 15.5 16.5 62.7 60.7 75.7 24.3 47 15.0
2 141 211 175 19.0 14.7 66.1 59.9 75.5 24.5 41 15.6
3 201 280 223 16.4 A4.2 58.8 55.5 77.9 22.1 57 22.4
4 171 262 189 15.0 15.9 65.8 57.5 76.9 23.1 48 19.4
5 180 249 195 13.9 13.3 73.1 64.6 80.7 19.3 49 16.1
6 175 256 191 21.8 17.9 58.2 50.1 71.7 28.4 46 21.6
7 170 221 185 19.8 23.6 62.2 56.6 68.5 31.4 61 11.9
8 184 257 202 15.4 17.4 54.8 54.1 74.9 25.1 46 20.9
9 160 206 172 17.6 18.3 61.2 57.7 69.0 29.0 52 11.2
10 183 231 204 20.5 12.6 75.0 56.8 75.9 24.1 60 19.1
11 150 216 172 25.7 15.7 66.7 56.0 68.9 31.5 50 12.9
12 145 203 182 29.7 20.6 82.7 51.5 61.9 38.1 62 10.4
13 176 237 189 22.5 18.8 69.7 56.8 69.6 30.4 53 13.1
14 149 192 166 27.5 29.2 68.3 51.7 59.2 40.8 69 7.5
15 167 224 191 22.6 21.2 62.5 53.8 63.9 36.4 60 10.1
16 188 237 195 31.0 20.7 68.6 47.6 59.3 40.7 96 11.7
17 186 232 201 23.0 16.0 69.6 59.3 70.2 29.8 71 10.9
18 169 233 178 20.7 16.2 76.1 58.3 71.6 28.4 54 13.3
19 150 201 158 23.8 16.3 71.1 50.9 66.3 33.7 54 15.4
20 126 182 137 17.1 17.0 63.8 59,2 74.1 25.9 37 14.9
21 107 155 110 15.5 17.6 63.4 60,7 76.0 24.0 26 15.3
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OBS AAB AAR ABK ABR ASU ASD C(X CXR CAN CNR HFN LTO

1 2 5.9 6 17.6 11.3 3.8 0 0.0 1 0.03 128.1 4
2 2 6.9 5 17.2 10.0 4.9 1 3.6 1 0.03 143.4 8
3 2 5.4 6 16.2 12.3 4.2 4 11.8 0 0.00 156.1 2
4 0 0.0 8 24.2 8.3 5.1 1 3.1 2 0.06 169.4 3
5 3 8.3 10 27.8 12.0 3.9 6 15.8 0 0.00 142.1 3
6 0 0.0 4 13.8 9.7 3.7 2 6.3 1 0.03 108.3 1
7 1 3.7 8 29.6 11.6 3.7 2 9.1 0 0.00 101.2 1
8 1 1.8 17 30.9 18.3 3.3 5 11.1 3 0.05 179.3 3
9 0 0.0 8 19.0 12.1 3.6 0 0.0 2 0.05 150.7 4

10 0 0.0 4 10.0 13.0 4.0 1 2.7 1 0.03 161.8 2
11 0 0.0 4 12.1 11.0 3.6 1 3.8 3 0.09 119.9 6
12 1 3.4 4 13.8 9.7 4.8 0 0.0 1 0.03 139.2 2
13 0 0.0 10 25.6 13.0 3.8 2 5.9 3 0.08 150.1 1
14 0 0.0 4 8.3 16.0 3.5 3 6.8 3 0,06 168.9 2
15 0 0.0 2 3.9 17.0 3.4 1 2.3 0 0.00 175.5 5
16 0 0.0 4 9.1 11.8 4.3 1 2.4 9 0.20 190.4 1
17 0 0.0 6 12,5 13.1 3.6 1 2.4 4 0.08 173.9 1
18 1 2.4 2 4.8 14.0 2.6 3 7.7 3 0.07 109.8 0
19 1 2.6 1 2.6 13.0 3.3 0 0.0 0 0.00 129.4 3
20 0 0.0 14 32.6 14.3 3.2 4 9.3 4 0.09 137.1 2
21 0 0.0 18 36.0 14.1 3.5 3 6.5 7 0.14 175.9 0

OBS LTR MHE MS MHF NMB NMM NMS PMB PMM PMS PSA

1. 13.3 4670 137.4 36.5 4.2 14.1 0.6 4.3 0.5 7.5 3.0
2 29.6 9580 330.3 66.8 10.5 18.1 0.0 0.0 4.1 0.0 2.9
3 6.7 8104 219.0 51.9 0.0 21.6 0.0 0.0 2.7 0.0 3.0
4 9.7 8253 250.1 48.7 0.8 7.0 2.8 1.1 8.0 4.7 4.0
5 10.0 10527 292.4 74.1 9.8 17.7 4.2 1.3 4.6 0.3 3.0
6 4.0 10892 375.6 100.6 11.7 32.1 0.1 0.0 1.0 0.0 3.0
7 5.0 5869 217.4 58.0 12.5 14.8 0.0 0.0 0.6 0.0 2.3
8 7.5 15812 287.5 88.2 2.0 22.3 1.3 0,3 6.2 0.0 3.0
9 11.1 10929 260.2 72.5 4.5 6.7 5.9 1.0 10.0 2.2 3.5

10 5.6 18734 468.4 115.8 19.3 5.5 3.0 0.0 36.3 0.0 3.1
11 24.0 10777 326.6 89.9 25.0 5.1 4.1. 2.3 3.1 12.5 3.0
12 8.7 14262 491.8 102,5 1.2 7.1 0.0 13.3 3.6 47.0 3.0
13 3.2 11499 294.8 76.6 2.8 27.1 1.8 3.3 2.2 37.1 3.0
14 5.0 7849 163.5 46.5 4.5 18.0 0.0 9.6 5.9 26.2 3.0
15 11.6 9166 179.7 52.2 1.8 26.4 0.0 5.6 29.4 10.0 3.0
16 2.6 10561 240.0 55.5 10.0 14.8 0.0 0.1 17.1 12.7 3.7
17 2.5 9794 204.0 56.3 0.6 23.2 0.2 9.0 14.5 10.0 3.7
18 0.0 7606 181.1 69.3 0.0 27.5 0.0 1.5 4.4 24.8 3.0
19 8.8 6216 159.4 48.0 0.5 10.3 9.7 4.3 6.3 4.3 3.0
20 5.1 7896 183.6 57.6 11.4 18.2 7.8 1.3 11.5 2.7 3,0
21 0.0 6419 128.4 36.5 10.3 14.1 0.0 6.0 7.6 3.0.2 3.5
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OBS PSH SAT SFN SSD TNM TNS AFR FMC MCR NMC NFH PMC

1 2232 30 34 30 18.3 4.8 83.3 68.7 81.1 18.9 5 12.4
2 2016 27 29 28 28.6 10.5 80.0 67.3 71.4 28,6 4 4.1
3 2232 30 37 34 21.6 0.0 83.3 75.6 78.3 21.6 5 2.7
4 2864 31 33 32 7.8 3.6 62.5 75.5 89.4 10.6 5 13.8
5 2232 30 36 38 17.2 13.9 40.0 62.1 68.4 31.6 4 6.2
6 2160 25 29 32 43.8 11.8 50.0 55.1 56.1 43.8 2 1.0
7 1727 20 27 22 27.3 12.5 87.5 72.1 72.7 27.3 7 0.6
8 2232 40 55 45 24.3 3.2 64.7 68.0 74.5 25.5 11 6.5
9 2506 36 42 37 11.4 10.4 75.0 69.5 82.8 17.2 6 13.2

10 2290 36 40 37 24.8 22.3 75.0 35.9 72.2 27.8 3 36.3
11 2160 25 33 26 30.1 29.2 50.0 47.9 65.7 34.3 2 17.8
12 2232 23 29 23 8.3 1.2 100.0 27.8 91.7 8.3 4 63.9
13 2232 31 3S 34 29.9 4.7 40.0 25.7 68.3 31.7 4 42.6
14 2016 40 48 44 22.5 4.5 25.0 35.8 77.5 22.5 1 41.7
15 2232 43 51 44 28.2 1.8 0.0 26.7 71.8 28.2 0 45.1
16 2676 39 44 42 24.8 10.0 100.0 45.3 75.1 24.9 4 29.9
17 2723 40 48 41 23.8 0.8 0.0 42.5 76.0 24.0 0 33.5
18 2160 34 42 39 27.5 0.0 50.0 41.7 72.5 27.5 1 30.7
19 2232 34 39 36 10.8 10.1 100.0 64.6 79.5 20.5 1 14.9
20 2232 39 43 43 29.7 19.2 64.3 47.1 62.5 37.5 9 15.5
21 2549 41 50 46 24.4 10.3 50.0 51.8 75.6 24.4 9 23.8

OBS AAB AAR ABK ABR ASU ASD CNX CXR CAN CNR HFN LTO LTR

1 20 4.6 167 38.6 5.7 4.5 64 16.3 488 16.3 1930.9 57 21.3
2 22 5.6 160 40.5 5.1 4.7 58 15.2 476 15.2 1867.0 46 20.1
3 12 2.7 165 37.5 6.0 5.0 41 9.6 527 9.6 2206.6 50 19.9
4 29 6.3 154 33.5 6.1 4.9 38 8.9 378 8.9 2255.5 44 15.9
5 46 8.6 214 :39.9 7.2 4.7 51 10.9 519 10.9 2540.8 73 20.9
6 39 7.4 209 39.5 6.9 4.5 49 1.2.2 395 12.2 2362.3 68 20.4
7 34 7.5 159 34.9 6.0 4.4 30 8.7 535 8.7 2018.4 62 21.4
8 31 5.9 165 31.4 10.9 4.2 31 7.8 522 7.8 2200.9 57 17.1
9 22 4.9 119 26.7 4.6 4.1 26 8.3 350 8.3 1844.5 37 14.3

10 19 3.5 159 29.1 7.5 4.4 25 6.3 580 6.3 2381.8 54 15.7
11 24 5.2 123 26.6 6.4 4.4 60 16.3 397 16.3 2026.3 55 19.8
12 13 3.6 127 34.8 5.0 4.4 45 13.3 473 13.3 1602.3 44 22.1
13 22 4.4 185 36.8 7.0 4,8 48 12.6 363 12.6 2410.9 59 21.5
14 18 4.1 137 31.4 6.1 4.8 42 11.7 418 11.7 2080.6 49 19.2
15 28 5.1 181 32.8 7.7 4.5 43 10.7 470 10.7 2469.5 51 16.9
16 30 5.8 155 29.8 7.2 4.5 31 8.8 320 8.8 2331.8 44 15.6
17 29 5.6 173 33.2 7.2 4.4 32 8.3 369 8.3 2296.9 45 14.0
18 37 7.1 144 27.8 6.8 4.2 38 10.8 377 10.8 2175.1 65 21.3
19 25 5.0 156 31.0 7.0 4.1 21 6.5 223 6.5 2090.5 50 17.1
20 29 5.8 165 32.8 6.9 4.4 33 9.9 385 9.9 2208.3 59 20.0
21 15 4.0 95 25.6 4,9 4.5 17 6.8 426 6.8 1653.6 46 20.0
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OBS MHE MHS MHF NMB NMM NMS PMB PK4 PMS PSA PSH

1 118266 273.1 61.2 16.8 19.9 16.6 12.3 4.3 30.1 76.5 56937
2 120345 304.7 64.5 17.8 19.9 16.6 14.6 1.8 29.4 73.3 49277
3 142641 324.2 64.6 14.1 15.5 20.4 10.2 6.6 33.2 73.1 54361
4 139590 303.5 61.9 15.8 13.5 22.3 6.9 7.5 34.0 74.9 53935
5 131286 244A9 51.7 13.7 19.1 19.7 6.5 4.0 37.1 74.7 55544
6 117504 222.1 49.7 13.6 13.4 23.3 8.2 5.9 35.5 76.1 54813
7 134599 295.t 6S.7 15.3 11.7 18.6 11.6 8.2 34.6 75.3 56045
8 139845 265.9 63.5 15,8 15.4 18.6 18.8 6.1 24.2 48.3 35972
9 117344 263.1 63.6 13.7 13.7 21.0 12.8 2.8 36.0 97.7 70324

10 146929 269.1 61.7 12.6 14C6 23.4 15.5 6.9 27.0 72.7 54086
11 122053 264.2 60.2 13.8 11.1 23.7 16.4 6.3 28.7 71.7 51619
12 I18984 326.0 74.3 14.1 15.2 23.5 12.7 7.1 27.4 73.7 54815
13 131916 262.3 54.7 11.8 11.5 25.0 11,6 9.2 30.9 72.1 53662
14 121608 278.3 58.4 14.2 13.1 19.0 14.5 8.6 30.6 71.8 48263
15 136792 248.3 55.4 15.3 13.4 17.4 16.0 7.5 30.3 71.4 53099,
16 122392 235.4 52.5 11.8 12.3 16.8 17.1 8.3 33.8 72.0 51847
17 126619 243.0 55.1 8.0 11.5 18.3 21.0 9.1 32.1 71.6 53265
18 112866 217.9 51.9 11.5 14.1 18.1 15.6 7.8 32.9 76.0 54710
19 91634 181.8 43.8 9.8 12.3 18.9 19.6 10.4 29.0 71.5 53208
20 107997 214.7 48.9 9.7 13.2 20.4 18.5 13.3 24.9 72.5 53933
21 104257 281.0 63.0 9.2 11.4 21.6 16.8 10.3 30.7 75.2 54117

OBS SAT SFN SSD TNM TNS AFR FMC MCR NMC NFH PMC

1 267 433 392 36.7 33.4 49.7 0.0 46.7 53.3 83 46.7
2 229 395 381 37.6 34.4 55.0 0.0 45.8 54.2 88 45.8
3 251 440 425 29.6 34.5 52.7 0.0 50.0 50.0 87 50.0
4 276 460 427 29.3 38.2 61.7 0.0 48.4 51.6 95 48.4
5 349 536 468 32.8 33.4 41.1 0.0 47.5 52.5 88 47.5
6 334 529 401 27.0 36.9 43.1 0.3 49.7 50.3 90 49.6
7 290 455 343 27.0 33.9 51.6 0.0 54.4 45.6 82 54.4
8 333 526 396 31.3 34.4 54.5 '.1 50.2 49.8 90 49.1
9 259 446 314 27.4 34.6 61.3 0.0 51,6 48.4 73 51.6

10 343 546 396 27.3 36.1 60.4 0.0 49.3 50.7 96 49.3
11 278 462 368 24.9 37.5 58.5 C 1 51.4 48.6 72 51.4
12 199 365 339 29.3 37.6 42.5 0.0 47.2 52.8 54 47.2
13 275 503 381 23.3 36.7 66.5 0.0 51.7 48.3 123 51..7
14 255 437 358 27.3 33.1 58.4 0.0 53.7 46.3 80 53.7
15 302 551 402 28.7 32.8 64.1 0.0 53.9 46.1 116 53.9
16 282 520 353 24.1 28.6 61A9 0.0 59.2 40.9 96 59.2
17 322 521 3C6 19.5 26.3 63.0 0.0 62.2 3/.8 109 62.2
18 305 518 352 25.6 29.6 59.7 0.0 56.3 43.7 86 56.3
19 292 504 325 22.1 28.7 55.1 0.0 59.0 41.0 86 59.0
20 295 503 333 22.9 .30.1 60.0 0.0 56,7 43.3 99 56.7
21 230 371 250 20.6 30.8 45.3 0.0 57.9 42.1 43 57.9
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09 AAB AAR AEK ABR AMU ASD CNX CXR CAN CW HFN LTO LTR

1 3 0.7 206 47.2 5.3 6.1 13 3.6 291 0.46 2643.7 37 11.9
2 3 0.8 221 55.5 5.0 6.2 15 4.4 219 0.55 2463.5 45 16.4
3 5 0.9 243 43,7 6.9 6.8 17 3.4 124 0.22 3782.7 37 8.4
4 4 0.9 209 46.0 5.5 6.4 20 5.6 231 0.51 2896.3 29 9.2
5 6 1.3 232 49.9 5.7 6.5 19 5.2 223 0.48 3003.6 44 13.7
6 2 0.4 213 41.9 6.3 6.0 16 3.9 157 0.31 3047.1 41 11.3
7 2 0.5 205 47.3 5.3 6.3 2 0.6 184 0.42 2749.1 41 12.9
8 8 1.7 218 46.3 5.8 6.4 12 3.0 211 0.45 3027.8 26 7.1
9 0 0.0 165 37.2 5.4 6.1 8 2.1 255 0.58 2714.6 22 6.1
10 6 1.3 200 42.3 5.8 6o1 17 4.3 242 0.51 2896.4 44 12.0
11 8 1.8 158 35.1 5.4 6.3 12 3.1 177 0.39 2836.3 53 15.3
12 3 0.8 126 32.7 4.7 5.6 25 7.4 198 0.51 2147.1 50 18.1
13 6 1.3 173 38.3 5.5 6.3 10 2.7 253 0.56 2865.6 39 11.7
14 4 1.0 128 31.5 5.0 6.4 16 4.6 222 0.55 2586.4 35 11.4
15 8 1.6 161 31.9 6.2 6.0 24 5.4 223 0.44 3049.4 41 10.1
16 6 1.2 141. 29.3 6.0 5.9 11 2.9 178 0.37 2847.0 43 12.5
17 6 1.3 153 34.0 5.7 6.3 14 3.7 178 0.40 2852.2 32 9.4
18 5 1.1 167 36.3 6.0 6.0 15 4.3 171 0.37 2773.8 35 11.0
19 2 0.4 163 34.0 6.0 6.6 12 3.4 166 0.35 3144.0 37 11.1
20 3 0.6 182 35.2 6.3 6.2 19 4.6 227 0.44 3198.2 41 10.6
21 1 0.3 127 37.6 4.1 6.4 7 2.6 237 0.70 2174.5 33 13.2

OBS MHE MHS MHF NMB NMM NMS PMB PMM PMS PSA PSH

1 129268 296.5 48.9 8.4 9.1 3.6 0.2 5.1 3.7 81.8 60827
2 138319 347.5 56.1 9.4 11.1 3.8 0.4 7.5 4.1 79.4 55282
3 153242 275.6 40.5 9.9 9.41 4.5 1.0 4.9 6.3 81,0 60281
4 139782 307.9 48.3 10.1 7.6 8.4 0.6 2.9 6.2 82.0 59035
5 157972 339.7 52.6 8.1 9.7 4.e 0.9 2.2 8.5 82.1 61095
6 165596 326.0 54.3 8.2 8.1 2.9 1.0 5.5 7.0 81.1 58362
7 116320 268.6 42.3 8.9 9.0 6.1 1.2 4.3 10.4 81.5 60651
8 138618 294.3 45.8 7.5 7.9 6.1 0.5 7.1 10.3 81.8 60890
9 131319 296.4 48.4 8.9 7..3 6.6 0.9 4.8 8.9 82.2 59194

10 157346 332.7 54.3 9.5 9.G 6.6 0.9 4.5 5.4 82.0 61012
11 141864 315.3 50.0 8.3 9.1 5.8 0.9 6.3 8.7 82.7 59533
12 131103 340.5 61.1 8.5 9.4 3.9 1.7 8.9 12.2 82.4 61341
13 140604 311.1 49.1 8.0 10.9 3.6 2.0 7.1 10.2 82.6 61450
14 136068 335.1 52.6 7.3 8.6 4.9 1.3 7.3 11.6 80.7 54201
15 166691 330.1 54.7 7.6 10.2 3.5 3.4 9.3 10.2 81.8 60892
16 166383 345.2 58.4 7.2 9.4 4.2 1.0 10.1 4.3 80.2 57742
17 160629 357.0 56.3 5.7 8.7 3.6 0.8 8.2 7.5 79.4 59043
18 143260 311.4 51.6 6.0 10.6 2.5 1.7 6.9 6.1 76.9 55352
19 143220 298.4 45.6 7.4 10.1 3.9 1.8 6.1 5.0 80.1 59560
20 142783 276.2 44.6 6.0 11.5 5.9 1.4 8.1 10.5 82.0 60986
21 95571 282.8 44.0 6.6 7.7 3.9 1.6 7.5 18.2 82.1 59101
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OBS SAT SFN SSD TNM TNS AFR FMC MCP NMC NFH PMC

1 312 436 362 17.5 12.0 73.8 69.9 78.9 21.1 152 9.0
2 275 398 339 20.5 13.2 70,1 63.7 75.7 24.3 155 :11.9
3 442 556 494 19.3 14.4 66.3 64.0 76.3 23.7 161 .12.2
4 315 454 357 17.7 18.4 72.2 64.3 74.0 26.0 151 9.6
5 322 465 367 17.8 12.9 68.5 65.9 77.4 22.6 159 11.9
6 364 508 406 16.3 11.1 73.7 71.1 80.8 19.2 157 13.5
7 318 433 339 15.0 17.8 64.9 60.1 76.0 24.0 133 15.9
8 367 471 397 15.4 13.7 73.9 60.5 78.4 21.6 161 17.9
9 363 443 382 16.3 15.5 67.3 62.6 77.2 22.8 I1 14.5
10 368 473 395 19.2 16.1 60.0 63.4 74.2 25.8 120 10.8
11 346 450 390 17.3 14.0 69.0 60.9 76.9 23.1 109 16.0
12 277 385 339 17.9 12.4 70.6 55.4 78.2 21.8 89 22.8
13 333 452 364 18A8 11.5 76.9 58.3 77.6 22.4 133 19.3
14 306 406 347 15.9 12.2 74.2 59.0 79.2 20.8 95 20.2
15 407 505 447 17.8 11.0 68.9 55.8 78.7 21.3 111 22.9
16 344 482 384 16.6 11.4 77.3 63.8 79.2 20.8 109 15.4
17 339 450 377 14.4 9.3 77.8 65-.5 82.0 18.0 119 16.5
18 318 460 348 16.6 8.5 83.8 66.2 80.9 19.1 140 14.7
19 333 480 355 17.5 11.4 77.3 65.7 78.6 21.4 126 12.9
20 387 517 411 17.4 11.9 63.2 56.7 76.7 23,3 115 20.0
21 250 338 265 14.3 10.5 77.2 54.5 81.8 18.2 98 27.3

OBS AAB AAR ABK ABR ASU ASD CNX CXR CAN CNR HFN LTO LTR

1 7 0.9 299 37.5 5.3 6.3 '1 3.1 305 0.38 5029.9 85 14.5
2 11 1.5 256 35.7 4.8 6.9 21 3.1 288 0.40 4958.7 72 12.3
3 9 1.0 417 47.2 5.9 7.6 7 0.9 293 0.33 6741.0 80 11.3
4 6 0.7 348 40.9 5.9 6 7 6 0.9 294 0.35 5723.1 66 10.3
5 10 1.1 390 41.2 6.3 6.1 16 2.0 277 0.29 6485.1 71 9.4
6 7 0.8 337 40.2 6.5 6.4 14 2.0 292 0.35 5400.9 73 11.2
7 11 1.4 252 31.9 5.6 6.5 6 1.0 259 0.33 5128.4 53 8.9
8 6 0.7 316 39.0 5.8 6.5 9 1.4 246 0.30 5304.4 64 10.7
9 8 1.1 249 34,0 5.3 6.6 9 1.6 166 0.23 4837.7 44 8.3
10 6 0.8 309 38.8 5.8 6.9 10 1.5 227 0.29 5456.0 52 8.4
11 5 0.8 237 36.0 5.0 6.9 8 1.4 173 0.26 4525.0 65 12.4
12 7 1.2 182 29.9 4.7 6.3 18 3.6 197 0.32 3808.3 56 13.8
13 6 0.8 244 31.0 6.0 6.5 23 3.3 234 0.30 5138.7 66 10.7
14 6 0.9 224 33.3 5.1 6.6 10 1.8 157 0.23 4447.9 63 12.5
15 14 1.8 238 31.4 5.8 7.2 15 2.5 181 0.24 5457.9 59 10.9
16 11 1.7 225 33.8 5.2 6.8 22 3.9 196 0.29 4553.0 50 9.8
17 14 1.8 282 36.0 6.1 6.9 18 2.9 224 0.29 5398.1 70 12.3
18 5 0.8 189 28.8 5.0 6.6 9 1.8 179 0.27 4308.9 69 14.7
19 10 1.5 198 25.7 5.3 6.3 12 2.4 151 0.23 4201.4 59 12.4
20 8 1.4 249 43.5 4.8 6.8 8 1.8 162 0.28 3877.6 41 10.4
21 10 2.2 180 39.0 3.8 6.7 17 4.7 221 0.48 3067.8 54 17.0
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OBS MHE MHS MHF NMB N:M NMS PMB PM4 PMS PSA PSH

1 357,471 448.0 71.1 7.1 9.9 9.0 1.4 3.8 10.3 151.7 112880
2 349063 486.2 70.4 6.9 9.0 6.1 0.4 4.5 8.9 150.E 101226
3 385631 436.7 57.2 7.7 12.0 4.7 0.3 4.1 6.0 148.8 110719
4 300092 353.0 52.4 8.0 8.8 7.7 0.7 4.4 7.4 144.3 103905
5 347376 367.2 53.6 7.8 10.0 5.3 0.8 4A3 5A8 150.5 108328
6 300518 358.2 55.6 7.2 10.3 5.6 1.5 4.4 8.4 129.4 93199
7 285241 361.5 55.6 5.5 9.3 4.7 0.6 3.5 9.9 141.3 105096
8 310827 383.7 58.6 6.4 10.0 5.2 2.0 4.8 8.7 138.8 103251
9 278099 379.9 57.5 6.4 9.8 4.0 1.6. 5.3 11.0 137.5 98997
10 329771 414.3 60.4 7.5 10.4 6.3 1.3 4.8 10.7 136.2 101338
11 267714 406.9 59.2 5.1 10.0 7.1 1.1 4.8 7.7 130.7 94087
12 228803 376.3 60.1 4.9 9.8 6.0 1.2 5.2 6.5 128.1 95329
13 271986 346.0 52.9 5.1 10.2 4.4 0.3 4.2 4.3 130.0 96686
14 199468 296.8 44.8 4.8 10.6 5.7 0.2 2.8 2.9 131.4 88286
15 257753 340.5 47.2 4.8 12.2 5.9 0.2 5.2 2.6 129.4 96281
16 245059 368.5 53.8 4.8 8.9 5.2 0.8 4.4 4.1 127.9 92121
17 252337 321.9 46.7 6.9 10.0 5.7 0.2 4.0 4.3 129.2 96119
18 201887 307.3 46.9 7.1 9.2 4.4 0.7 3.0 3.7 130.4 93917
19 171569 257.6 40.8 5.1 10.0 6.0 0.2 3.7 2.9 124.8 92839
20 184586 322.1 47.6 3.7 9.3 5.6 0.3 4.1 4.1 119.5 88906
21 156881 340.3 51.1 5.7 9.6 7.1 0.4 3.5 4.3 122.6 88306

OBS SAT SF3 SSD TNM TNS AFR FmC 4MCR NMC NFH PMC

1 586 798 673 17.0 16.1 66.2 58.4 74.0 26.0 198 15.6
2 585 718 670 15.9 1.3.0 69.9 64.1 78.0 22.0 179 13.9
3 707 883 755 19.7 1.2.4 71.2 65.1 75.6 24.4 297 10.5
4 643 850 688 16.8 15.8 75.0 63,0 75.5 24.5 261 12.5
5 759 946 807 17.7 13.1 73.7 66.1 77.0 23.0 307 10.9
6 651 839 696 17.5 1.2.8 69.4 63.7 76.9 23.1 234 14.3
7 593 789 620 14.8 10.2 78.2 65.7 b3.5 19.5 197 14.0
8 598 810 644 16.4 11.6 73.5 63.0 78.5 21.5 226 15.5
9 532 732 574 16.2 10.4 76.3 61.9 79.8 20.2 190 18.0

10 621 796 674 17.8 13.8 77.0 59.1 75.9 24.1 238 16.8
11 523 658 584 15.1 12.1 74.7 64.3 77.9 22.1 177 13.6
12 407 608 499 14.7 10.9 73.6 66.4 79.3 20.7 134 12.8
13 616 786 700 15.3 9.5 81.6 71.5 80.3 19.7 199 8.8
14 503 672 565 15.3 10.5 76.3 73.0 78.9 21.1 171. 5.9
15 543 757 592 17.0 10.8 74.8 69.0 77.0 23.0 178 8.1
16 510 665 566 13.7 10.0 81.3 7?,7 81.1 18.9 1,83 9.4
17 570 784 613 16.9 12.6 78.0 68.8 77.4 22.6 220 8.6
13 470 65'7 493 16.3 11.5 78.8 71.8 79.2 20.8 149 7.4
19 476 666 509 15.1 11.0 68.7 72.2 79.0 21.0 136 6.8
20 393 573 440 13.0 9.3 71.9 72.9 81.4 18.6 179 8.5
21 318 461 358 15.3 12.8 66.1 69.4 77.6 22.4 119 8.2
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OBS AB AMR ABK AMR ASU ASD C"X OM CAN ( HF-N TLTO

1 4 1.0 83 20.3 8.3 3.1 21 6.4 109 0.27 1255.8 21
2 4 0.9 90 20.7 9.0 2.9 15 4.2 86 0.20 1256.2 21
3 3 0.6 102 19.6 10,2 3.3 25 6.4 123 0.24 1696.3 20
4 4 0.7 97 17A8 11.2 3.1 18 4.8 136 0.25 1689.1 15
5 2 0.4 82 14.6 114 2.6 10 2.7 138 0.25 1481.6 10
6 5 1.0 68 13.1 .10.7 3.3 19 5.0 162 0.31 1696.1 24
7 1 0.2 60 13.1 9.5 3.2 3 0.9 101 0.22 1446.9 28
8 1 0.2 88 18.4 9.7 3.2 8 2.3 233 0.49 1506.0 26
9 3 0.8 66 17.5 7.6 3.5 14 4.6 120 0.32 1335.3 12

10 4 0.9 72 15.8 9.4 3.5 10 2.8 170 0.37 1615.7 24
11 2 0.4 56 12.5 9.4 2.8 24 6.1 120 0.27 1265.3 18
12 2 0.5 62 16.6 7.6 3.3 31 9.9 141 0.38 1221.2 11
13 5 1.1 70 15.9 9.2 3.1 12 3.6 163 0.37 1374.4 15
14 3 0.6 63 12.6 10.7 3.3 13 3.4 128 0.26 1631.6 21
15 5 0.9 76 13.9 12.3 3.2 26 6.4 143 0.26 1751.9 22
16 0 0.0 62 13.3 10.3 3.3 18 4.8 147 0.31 1521.8 20
17 1 0.2 53 12.6 9.4 3.0 11 3.5 132 0.31 1252ý. 15
18 1 0.2 42 8.3 11.2 2.9 8 2.6 101 0.20 1463.2 22
19 1 0.3 43 11.7 8.9 3.0 13 5.3 80 0.22 1093.9 15
20 0 0.0 41 12.8 10.4 2.7 2 0.9 91 0.28 866.0 15
21 0 0.0 18 14.8 5.7 3.4 2 2.2 60 0.49 411.5 3

OBS L"R MHE tHS MHF NMB Nt NMS PMB PMM PMS PSA PSH

1 8.1 64171 156.9 51.1 6.2 11.9 8.8 0.2 1.6 12.0 49.2 36584
2 7.6 51011 117.5 40.6 5.5 12.6 6.8 0.5 2.4 5.8 48.3 33603
3 5.9 64972 124.7 38.3 4.4 11.4 8.2 1.3 2.6 2.2 50.9 37362
4 4.3 51026 93.6 30.2 8.6 8.1 8.0 0.0 2.1 3.2 48.7 35042
5 2.9 60141 106.8 40.6 6.2 8.3 6.7 0.0 1.8 0.7 49.2 36536
6 6.9 27664 53.4 16.3 5.1 9.8 8.4 0.0 1.7 2.9 48.4 34860
"7 8.8 45566 99.3 31.5 3.5 6.8 7.6 0.0 0.8 5.0 48,2 35852
8 7.9 56228 1,17.9 37.3 2.8 7.5 9.9 0.0 0.9 4.0 49.0 36434
9 4.3 42747 113.1 32.0 3.9 8.4 8.8 0.7 1.1 1.2 50.0 36000
10 7.6 51618 113.2 31.9 4.3 10.3 5.9 0.0 1.3 2.1 48.6 36170
11 5.7 46893 104.4 37.1 5.5 1.2.4 7,2 0.0 0.8 0.3 47.5 34221
12 4.6 38113 101.9 31.2 4.5 16.1 7.4 0.1 1.8 0.9 49.3 36651
13 5.6 52565 119.7 38.2 5.5 8.9 7.9 0.0 0.7 0.7 47A8 35598
14 6.8 49034 98.3 30.1 5.6 11.4 7.9 0.1 1.0 1.7 46.5 31266
15 6.4 56027 102.4 32.0 3.7 11.0 8.3 0.0 0.8 0.0 44.4 33019
16 6.2 56968 122.0 37.4 7.3 9.4 9.0 0.2 0.5 0.2 45.1 32488
17 5.2 51115 121.4 40.8 3.9 8,6 9.3 0.0 1.5 3.4 44.7 33275
18 7.8 26875 53.1 18.4 5.6 8.7 9.7 0.1 0.4 4.0 45.1 32497
19 6.6 24537 67.2 22.5 3.1 11,2 10.7 0.0 0.4 4.5 41.3 30750
20 7.5 24333 75.9 28.1 2.2 10.6 8.9 0.2 0.9 4.4 30.8 22884
21 3.4 22667 185.8 55.1 4.7 10.5 7.4 0.0 0.5 5.7 21.5 15450
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OS SAT SFN SSD ThM TNS APR Fmc MNCR NMC NFH PMC

1 259 409 330 18.1 15.0 71.1 59.3 73.1 26.9 59 13.8
2 278 434 356 18.1 12.3 76.7 66.3 75.1 24.9 69 8.8

3 340 521 389 15.3 12.5 80.4 70.0 76.0 23.9 82 6.1
4 347 545 376 16.7 16.7 66.0 69.9 75.3 24.7 64 5.3
5 347 563 374 14.5 12.9 73.2 76.3 78.9 21.1 60 2.6
6 348 518 378 14.9 13.5 83.8 72.1 76.7 23.3 57 4.6
7 317 459 340 10.3 11.1 80.0 76.3 82.1 17.9 48 5.8
8 331 477 348 10.3 12.7 87.5 74.9 79.8 20.2 77 4.9
9 279 378 305 12.2 12.7 78.8 76.0 79.0 21.0 52 3.0

10 317 456 354 14.4 10.0 81.9 76.2 79.7 20.3 59 3.4
11 318 449 395 17.9 12.7 71.4 73.7 74.9 25.1 40 102

12 236 374 313 20.7 11.9 74.2 69.1 71.9 28.1 46 2.9
13 270 439 329 18.9 13.4 80.0 76.2 77.8 22.3 56 1.4

14 310 499 387 16.9 13.5 88.9 72.4 75.2 24.8 56 2.7
15 343 547 406 14.7 12.0 81.6 76.1 77.0 23.0 62 0.8
16 322 467 373 16.6 16.2 82.3 73.5 74.4 25.6 51 0.9
17/ 287 421 312 12.5 13.2 86.8 73.4 78.2 21,8 46 4.9
18 282 506 312 14.3 15.3 76.2 71.4 76.0 24.0 32 4.6
19 229 366 247 14.2 13.7 81.4 70.1 75.1 24.9 35 4.9
20 200 320 214 12.9 11.1 82.9 72.8 78.3 21.7 34 5.5
21 89 122 92 15.2 12.1 88.9 71.3 77.4 22.6 16 6.2
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Appendix B: SAS Computer ProarZW

Correlation Analysis

options ls=80;
data maint;
infile "aircraft data file";

input aab aar abk abr asu asd cnx cxr can cnr
hfn ito ltr nihe whs mnhf nnb nmm nms pmb pm pros
psa psh sat sfn ssd tnm tns afr fmc mcr nmc nfh pmc;

label aab='Air Aborts';
label aar='Air Abort Rate';
label abk='Aircraft Breaks';
label abr='Aircraft Break Rate';
label asu='Aircraft Sortie Utilization Rate';
label asd='Averaqe Sortie Duration';
label cnx= 'Cancellations';
label cxr='Cancellation Rate';
label can='Cannibalizations';
label cnr='Cannibalization Rate';
label hfn='Aircraft Hours Flown';
label Ito='Late Take-Offs';
label ltr='Late Take-Off Rate';
label mhe= 'Manhours Expended';
label mhs='Manhours Per Sortie';
label mhf='Manhours Per Flying Hour';
label nmb='Not Mission Capable Both Rate';
label nmmi='Not Mission Capable Maintenance Ratc';
label nms='Not Mission Capable Supply Rate';
label pmb='Partially Mission Capable Both Rate"';
label pmn='Partially Mission Capable Maintenance Rate';
label pffs='Partially Mission Capable Supply Rate';
label psa='Possessed Aircraft';
label psh='Possessed Hours';
label sat='Sorties Attempted';
label sfn='Sorties Flo•n';
label ssd='Sorties Scheduled';
label tnm='TNMC24 Rate';
label tns='TNMCS Rate';
label afr='Aircraft Fix Rate';
label fmc='Full Mission Capable Rate';
label nm='Not Mission Capable Rate';
label nfh='Number Fixed in 18 Hours';
label mcr='Mission Capable Rate';
label pmc='Partially Mission Capable Rate';
proc print;

title "'Aircraft" Maintenance Data Set';
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proc corr;
var aab aar abk abr asu asd cnx cxr can cnr
hfn ito itr mhe mhs mhf nmb nvn nos pmb poro pms
psa psh sat sfn ssd tnm tns aft fmc mcr nmc nfh pmc;
title '"Aircraft" Maintenance Variable Correlation Analysis';

options ls=80;
data maint;
infile "aircraft data file";

input aab aar abk abr asu asd cnx cxr can cnr
hfn Ito Itr mhe mhs mhf ntmb mmr nms pmb prom pros
psa psh sat sfn ssd tnm tns afr fmc mcr nmc nfh pmc;

label aab='Air Aborts';label aar='Air Abort Rate';
label abk='Aircraft Breaks';
label abr='Aircraft Break Rate';
label asu='Aircraft Sortie Utilization Rate';
label asd='Average Sortie Duration' ;
label cnx= 'Cancellations 'D;
label cxr='Cancellation Rate';
label can= 'Cannibal izations ';
label cnr='Cannibalization Rate';
label hfn='Aircraft Hours Flown';
label "Ito='"Late Take-Offs 'F;
label Itr='Late Take-Off Rate';
label nthe='Manhours Expended';
label mhs='Manhours Per Sortie';
label mhf='Manhours Per rlying Hour';
label nmb='Not Mission Capable Both Rate';
label nru='Not Mission Capable Maintenance Rate';
label nms='Not Mission Capable Supply Rate';
label pmb='Partially Mission Capable Both Rate';
label pmb='Partially Mission Capable Maintenance Rate';
label pms='Partially Mission Capable Supply Rate':
label psa=' Possessed Aircraft' ;
label psh= 'Possessed Hoursc';
label sat='Sorties Atteprsted';
label sfn='Sorties Flown't ;
label ssd='Sorties Scheduled';
label tsnd=''TNMa4 Rated'u;
label tns='TNMCS Rate';
label afr='ATrcraft Fix Rate';
label fmc='Full Mission Capable Rate';
label nmc='Not Mission Capable Rate';
label nfh='Nuoter Fixed in 18 Hours';
label nmr='Mission Capable Rate' ;

label poc='Partially Mission Capable Rate';
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proc stepwise;
model mcr=aab aar abk abr asu asd cnx cxr can cnz
hfn ito ltr mhe mhs mhf psa psh sat sfn ssd afr nfh;
title '3tepwise Model "aircraft" Maintenance Production Variables';

proc stepwise;
model tns=aab aar abk abr asu asd cnx cxr can cnr
hfn ito ltr mhe nhs mhf psa psh sat sfn ssd afr nfh;
title 'Stepwise Model "aircraft" Maintenance Production Variables';

proc stepwise;
model tnm=aab aar abk abr asu asd cnx cxr can cnr
hfn lto ltr mhe nhs mhf psa psh sat sfn ssd afr nfh;
title 'Stepwise Model "aircraft" Maintenance Production Variables';

Residual Analysis Program

options ls=80;
data maint;
infile "aircraft data file";

input aab aar abk abr asu asd cnx cxr can cnr
hfn ito ltr fhe nmhs mhf nmb nmm n m prb pmro prs
psa psh sat sfn ssd tnm tns afr fmc ncr nmc nfh pmc;

label aab='Air Aborts';
label aar='Air Abort Rate';
,label abk='Aircraft Breaks';
label abr='Aircraft Break Rate';
label asu='Aircraft Sortie Utilization Rate';
label asd='Average Sortie Duration';
label cnx='Cancellations';
label cxr='Cancellation Rate';
label can= 'Cannibalizations ';
label cnr='Cannibalization Rate';
label hfn='Aircraft Hours Flown';
label lto='Late Take-Offs';
label ltr='Late Take-Off Rate';
label mhe= 'Manhours Expended';.
label mhs='Manhours Per Sortie';
label mhf='Manhours Per Flying Hour';
label mnb='Not Mission Capable Both Rate';
label nmm='Not Mission Capable Maintenance Rate';
label nms='Not Mission Capable Supply Rate';
label pmb='Partially Mission Capable Both Rate';
label prm='Partially Mission Capable Maintenance Rate';
label prs='Partlally Mission Capable Supply Rate';
label rsa='Possessed Aircraft';
label psh='Possessed Hours';
label sat='Sorties Attempted';
label sfn='Sorties Flown';
label ssd='Sorties Scheduled';
label tnm='TNMCtI RateI;
label tns='TNMC.S Rate';
label afr='Aircraft Fix Rate';
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label fmc='Full Mission Capable Rate';
label rurc='Not Mission Capable Rate';
label nfh='Number Fixed in 18 Hours';
label mcr='Mission Capable Rate';
label paxc='Partially Mission Capable Rate';
proc reg;

n-odel mr-"regression independent variables" / r;
plot student.*pred.='*' student.*cxr='*' student.*can='*' /

student.*aab= '*' student.*abr='*';
title 'Residuals for "aircraft" Maintenance Production Variables';
print cli;
title 'Prediction Limits "aircraft" Maintenance Production Variables';

proc req;
model tns="regression independent variables" / r;
plot student.*pred.='*' student.*cxr='*' student.*can='*' /

student.*mhf='*' student.*aftr='*';
title 'Residuals for "aircraft" Maintenance Production Variables';
print cli;
title 'Prediction Limits "aircraft" Maintenance Production Variables';

proc reg;
model tnmr="regression independent variables" / r;
plot student.*pred.='*' student.*cxr='*' student.*can='*' /

student.*aab='*' student.*abr='*';
title 'Residuals for "aircraft" Maintenance Production Variables';
print cli;
title 'Prediction Limits "aircraft" Maintenance Production Variablas';

Supplemental Regression for Residual Modifications

options ls=80;
data maint;
infile "aircraft data file";

input aab aar abk abr asu asd cnx cxr can cnr
hfn lto ltr nhe htis mhf nmb nmm nrm pmb pmm pros
psa psh sat sfn ssd tnm tns afr frmc rrcr nmc nfh pmc;

sqmhf=(Mhf*mhf);
label aab='Air Aborts';
label aar='Air Abort Rate' ;
label abk='Aircraft Breaks';
label abr='Aircraft Break Rate';
label asu='Aircraft Sortie Utilizatior Rate';
label asd='Average Sortie Duration';
label cnx='Cancellations';
label cxr='Cancellation Rate';
label can='Cannibalizations';
label cnr='Cannibalization Rate';
label hfn='Aircraft Hours Flown';
label lto='Late Take-Of fs';
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label itr='Late Take-Off Rate';
label mheu Manhoumes Expended';
label mhs='Manhours Per Sortie';
label mhf='Manhours Per Flying Hour';
label nmb='Not Mission Capable Both Rate';
label nnmm='Not Mission Capable Maintenance Rate';
label nms='Not Mission Capable Supply Rate';
label pnb='Partially Mission Capable Both Rate';
label. pnm='Partially Mission Capable Maintenance Rate';
label pms='Partially Mission Capable Supply Rate';
label psa='Possessed Aircraft';
label. psh= t Possessed Hours';
label sat='Sorties Attempted';
label sfn='Sorties Flown';
label ssd='Sorties Scheduled';
label tnr=' ITNhCH Rate';
label tns='IWMCS Rate';
label afr='AIrc'zaft Fix Rate'";
label fmc='Full Mission Capable Rate';
label i-='Not Mission Capable Rate';
label nfh='Number Fixed in 18 Hours';
label. mfr='Mission Capable Rate';
label pmc='Partially Mission Capable Rate';
proc reg;

model tns=cxr can. mhf sqmhf afr;
title 'Regression Model "aircraft" Maintenance Production Variables';

options ls=80;
data maint;
infile "aircraft data file";

input aab aar abk abr asu asd cnx cxr can cnr
hfn lto ltr Mhe aMhs mhf nmb nmn nns pUb pmiU pm
psa psh sat sfn ssd tnm tns afr fmc mcr nnr, nfh puc;

sqcnr = (cnr*cnr);
sqcxr= (cxr*cxr);
label aab='Air Aborts';
label aar='Air Abort Rate';
label abk='Aircraft Breaks';
label abr='Aircraft Break Rate';
label asu='Aircraft Sortie Utilization Rate';
label asd='Average Sortie Duration';
label cnx 'Cancellations';
label cxr='Cancellation Rate';
label can-='Cannibalizations';
label cnr='Cannibalization Rate';
label hfn='Aircraft Hours Flown';
label ito='Late Take-Of fs';
label ltr='Late Take-Off Rate';
label mhe='14anhours Expended';

135



label n*hz='Manhours Per Sortie';
label rr*f= Manhours Per Flying Hour';
label nuti='Not Mission Capable Both Rate';
label nimm='Not Mission Capable Maintenance Rate';
label nrre='Not Mission Capable Supply Rate';
label pmb='Partially Mission Capable Both Rate';
label pmmF'Partially Mission Capable Maintenance Rate';
label pms='Partially Mission Capable Supply Rate';
label psa='Possessed Aircraft';
label psh='Possessed Hours';
label sat='Sorti~es Attemp~ted';
label sfn='Sorties Flown';
label ssd='Sorties Scheduled';
label tra='TNHMC2 Rate';
label tns='TNHCS Rate';
label afr='Aiicraft Fix Rate';
label fmc='Full Mission Capable Rate';
label nmc.='Not Mission Capabl~e Rate':
label nfh='Nuntber Fixed in 18 Hours';
label mcr='Misvion Capable Rate';
label pni='Partially Mission Capable Rate';
proc reg;

model tns=cnr sqcnr psh;
title 'Regression Model "airczaft" Maintenance Production VAriables';

proc reg;
m~odel tnrunsqcxr;
title 'Regression Model '1-aircraft" Maintenance Production Variables';

options ls=80;
data maint;
infile "aircraft data file";

Input aab, aar abk abr asu asd cnx cxr can cnr
hf n lto ltr mhe irfis iri'f nrrtb nron nmk pnt pmm prii
psa psh sat sfn ssd tnm tns aft frmc rc~r nmc nfh pmc;

sqafr=(afr*afr);
label aab='Aiz Aborts';
label aar='Al.r Abort Rate';
label abk='Alrcraft B~reaks';
label abr='Aircraft Break Rate';
label asu=tAircraft Sortie Utilization Rate';
label asd='Average Sortie Duration';
label cnx= 'Cancellations';
label cxr='Cancellation Rate';
label can= 'Cannibaltizations';
label cnr='Cannibalization Rate';
label hfn='Aircraft Hours F~lown';
label ito='Late Take-Offs';
label itr='ELate Take-Off Rate';
label ohie='Manhours Expended';
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label mhts='Manhours Per Sortie';
label ntif= Manhours Per Flying Hour';
label nxmt='Not Mission Capable Both Rate';
label nnun='Not Mission Capable Maintenance Ra1te';
label nms='Not Mission Capable Supply Rate';
label pmb='Partially Mission Capable Both Rate';
label pemmp'Partial].y Mission Capable Maintenance Rate';
label plrv='PartialJly Mission Capable Supply Rate';
label psa=' Possesseld Aircraft';
label psh= 'Possessed Houro';
label sat='Sorties -Atteirlpted';
label sfn='Sorties Flown';
label ssd='Sorties Scheduled';
label tnmpIrV'MCM Rate';
label tns='TNMCS Rate';
label afr='Aircraft Fix Rate-;
label fmc='Full Mission Capable Rate';
label nmc='Not Mission Capable Rate';
label nth='Number Fixed in 18 Hours';
label mcr='Mission Capable Rate';
label prrc='Partially Mission Capable Rate';
proc reg;

model tns=afr :sqafr;
title 'Regression Model "aircraft" Maintenance Production Variables';

Model Validation

options ls=80;
data maint;
irnfile "aircra~ft data file";

input aab aar abk abr asu asd cnx c~xr can cnr
hfn lto ltr rite ntis ntf nntb onmi =3 prnb prim pIs
pea psh sat sfri esc tnm tns afr frrc mer nmrc nth pmc;

label aab='Air Aborts';
label aar='A~r Abort Rate';
label abk=AIrcraft Breaks';
label abr='Aircraft Break Rate';
label asu='Aircraft Sortie Utilization Rate';
label asd='Pmerage Sortie Duration';
label cnx='Ancellatioris';
labe:l cxr='Cancellatlon Rate';
label can= 'Cannibal izations';
label cnr=CAnnibalization Rate';
label hfn='Aircraft Hours Flown';
label lto='tEate Take-Of fs';
label ltr='Late Take-Off Rate';
label ntie= 'Manhours Expended';
label ntis='Manhours Per Sortie';
label ntW=M~anhours Per Flying Hour';
label nnb='Not Mission Capable Both Rate';
label nmm='Not Mission Capable Maintenance Rate';
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label nms='Not Mission Capable Supply Rate';
label pmb='Partially Mission Capable Both Rate';
label pmiw='Partially Mission Capable Maintenance Rate';
label prrs='Partially Mission Capable Supply Rate';
label psa='Possessed Aircraft';
label psh='Possessed Hours';
label sat='Sorties Atterpted';
label sfn='Sorties Flown';
label ssd='Sorties Scheduled';
label tnnm'TNMCM Rate';
label tns='TNMCS Rate';
label afr='Aircraft Fix Rate';
label fmc='Full Mission Capable Rate';
label nmrc='Not Mission Capable Rate';
label nfh='Number Fixed in 18 Hours';
label mcr='Mission Capable Rate';
label puw='Partially Mission Capable Rate';
p:roc glm;

model mcr="regression independent variables" / alpha=0.10 cli;
title '90% Prediction Limits "aircraft" Maintenance Production
Variables';

proc glm;
model mcr="regression independent variables" / cli;
title '95% Prediction Limits "aircraft" Maintenance Production
Variables';

proc g].m;
model mrcr="regression independent variables" / alpha=0.01 cli;
title '99% Prediction Limits "aircraft" Maintenance Production
Variables';

proc gim;
model tns="regression independent variables" / alpha=0.10 cli;
title '90% Prediction Limits "aircraft" Maintenance Production
Variables';

proc glm;
model tns="regression independent variables" / cli;
title '95% Prediction Limits "aircraft" Maintenance Production
Variables';

proc glm;
model tns=1"regression independent variables" / alpha=O.O1 cli;
title '99% Prediction Limits "aircraft" Maintenance Production
Variables';

proc glm;
model tnm="regression independent variables" / alpha=0.1O cli;
title '90% Prediction Limits "aircraft" Maintenance Production
Variables ';

proc glm;
model tnm="regression independent variables" / cli;
title '95% Prediction Limits "aircraft" Maintenance Production
Variables';

proc gim;
model tnm="regression independent variables" / alpha=0.O1 cli;
title '99% Prediction Limits "aircraft" Maintenance Production
Variables';
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SADDendix C: HQ S.AC\LGY Spreadsheet and SACP 66-17 Perfo _e Measures

HO SAC/LGY Sreadsheet

1) Air Aborts: Numeral

2) Air Abort Rate: (Air Aborts / Sorties Flown) X 100

3) Aircraft Breaks. Nwneral

4) Aircraft Break Rate: (Aircraft Breaks / Sorties Flown) X 100

5) Aircraft Fix Rate: (Number Fixed in 18 Hrs / Aircraft Breaks) X 100

6) Aircraft Sortie
Utilization Rate: (Sorties Flown / Possessed Aircraft) X 100

7) Average Sortie Duration: Hours Flown / Sorties Flown

8) Cancellations: Numeral

9) Cancellation Rate: (Cancellations/ Sorties Scheduled) X 100

10) Cannibalizations: Numeral

11) Cannibalization Rate:. (Cannibalizations / Sorties Flown) X 100

12) First Sortie After Ground Alert (FSAGA): Numeral

13) FSAGA
Effectlveness:(FSAGA Points Attained / FSA•3A Points Possible) X 100

14) Full Mission
Capable (FMC) Rate: (MC Hrs / Possessed Hrs) X 100

15) Engine Shutdowns: Numeral

16) Engine

Shutdown Rate: (Engine Shutdowns / Hrs Flown X Total Engines) X 100

17) Hours Flown: Numeral

18) Late Take-Offs: Numeral

19) Late Take-Off Rate: (Late Take-Offs / Sorties Attempted) X 100

20) Manhours Expended: Numeral

21) Manhours Per Sortie: (Mannours Expended / Sorties Flown) X 100
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22) Manhours Per Flying Hour: (Manhours Expended / Hours Flowai) X 100

23) Mission Capable (MC) Rate: [(FMC + PMC Hrs) / Possessed Hrs] X 100

24) Not Mission
Capable (NMC) Rate: (Total NMC hrs / Possessed lRis) X 100

* (Total WHC hours Is the suavation of tW traintenar•nce
NMC supply ard NMC both)

25) NMC Maintenance (MN"24) Rate: (NMNCM Hrs / Possessed Hrs) X 10G

26) NMC Supply (NMCS) Rate: (NMCS Hrs / Possessed firs) X 100

27) N&C Both (NMCB) Rate: (NMCB Hrs / Possessed Hts) X 100

28) Nuubzer Fixed In 18 Hours: Numeral

29) Partially Mission
Capable (PMC) Rate: (Total PMC Hrs / Possessed Hrs) X 100

* (Total PMC Hours is the sunumtion of PMC maintenance,
PWC supply and PMC both)

30) PMC Mlaintenance (PMC") Rate: (PMCM Rrs / Possessed Hrs) X 100

31) PME Supply (PMCS) R4te:. (PMCS Hrs / Possessed Hrs) X 100

32) PMC Both (PMCB) Rate: (PMCB Hrs / Possessed Hrs) X 100

33) Possessed Aircraft: Numeral

34) Possessed Hours: Numeral

35) Sorties Attempted: Sorties Scheduled - Cancellations

36) Sorties Flown: Numeral

37) Sorties Sch3duled: Numeral

38) Total NMW2 (TNMCM) Rate: (NMCM Rate + NMCB Rate)

39) Total NWXS (TNMCS) Rate: (NMCS Rate + NMCB Rate)
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6,6•-17 ([LGY AI-I, A.-2, Al-3, AI-4 )

NOTE: "*" indicates ratio defined in HQ S.!/LGY spreadsheet listing.

1) Cancellation Rate: *

2' Late Takeoff Rate: *

3) Materiel Air Abort Rate: See SACR 66-7, Vol 2.

4) Air Abort Rate: *

5) FSAGA Effectiveness: *

6) Cannibalization Rate: *

7) Man-Hours Per Flying Hour: *

8) Man-Hours Per Sortie: *

9) Direct Man-Hour
Utilization Rate: [MDC Direct Man-Hours /

(100 Assigned Man-Hours +
Total Overtime Hours )] X 100

10) Man--Hours Expended

Overtime Rate: (Total Overtime / 100 Labor Hrs Assigned) X 100

11) MC Rate: *

12) Short Range
Attack Missile
Reliability Rate: (Reliable Releases / Simul=ated Attefqpt5) X 100

13) Base
Self-Sufficiency: [(Total Repairs + Contractor Repair) /

(Total Repairs + NRTS 1,2,3,4,5,6,7,8,9)] X 100

14) Average Delayed
Discrepancy
Rate Per Aircraft: [(Awaiting Maintenance + Awaitilng Parts) /

Possessed Aircraft]

15) System
Reliability: (Nuuber Code 1 / NWuder Codes 1-5) X 100

16) System
Capabillty: (Number Codes 1+2 / Nunber Codes 1-5) X 100

17) Engine Shutdown Rate: *
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18) Unscheduled
Engine Change Rate: (Unscheduled Changes / Engines Changel) X 100

19) Test Cell

Reject Rate: (Test Cell Rejects / Engines Tested) X 100

20) NMC Rate: *

21) PMC Rate: *

22) Falling Object
Prevention (FOP) Rate: (Number of FOPs / Sorties Fliown) X 100

23) 60-9 Maintenance
Scheduling
Effectiveness: [(Sorties Scheduled + Additions - Mairnt Canx) /

(Sorties Scheduled + Additions)] X 100

24) Overall 60-9
Scheduling
Effectiveness: ((Sorties Scheduled + Aiditions - Deviatiorn) /

(Sorties Scheduled A iditicns)] X 100
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i. KC-135A/D/E/O

HFN MH PSA PSH SAT SFN

HFt4 1.00000 0.56967 0.06246 0.09747 0.93292 0.92243
Aircraft Hours 3.0 0.0266 0.8250 0.729? 0.0001 0.0001
Flow,

I IE 0,56967 1.00000 0.62734 0.67182 0.63971 0.62565
Manhours Expended 0.0266 0.0 0.0123 C.0061 0.0102 0.0126

PSA 0.06246 0.62734 1.00000 0.88452 0.08397 0.04922
Possessed Aii-raft 0.8250 0.0123 0.0 0.0001 0.7661 0.8617

PSH 0.09747 0.67182 0.88452 1.00000 0.14462 0.11595
Possessed Hours 0.7297 0M0061 0.0001 0.0 0.6071 0.6807

SAT 0.93292 0.63971 0.08397 0.14462 1.00000 0.98849
Sorties Atteapted 0.0001 0.0102 0.7661 0.6071 0.0 0.0001

M% 0.92243 0.62565 0.04922 0.11595 0.98849 1.00000
Sorties Flowm 0.0001 0.0126 0.8617 0.6307 0.0001 0.0

_BSD 0.89619 0.70029 0.16016 0.19908 0.97723 0.97063
Sorties Scheduled 0.0001 0.0036 0.5686 0.4769 0.0001 0.0001

TNM -0.46328 -0.39961 -0.62903 -0.53240 -0.44317 -0.40358
TNMCM Rate 0.0805 0.1400 0.0120 0o0410 0.0980 0.1358

ThS -0.59056 -0.51781 -0.56518 -0.45169 -0.62193 -0.56619
TNMCS Rate 0.0205 0.0480 0.0281 0.0910 0.0133 0.0278

AFR 0'.0-58 -0.01866 0.20210 0.26528 0.15354 0.10409
Aircraft Fix Rate 0."17 0.9474 0.4701 0.3393 0.5848 0.7120

Mm 0.61229 0.52863 1.58762 0.53538 0.63840 0.59090
Mission Capable 0M0153 0.0128 0.0212 0.0397 0.0104 0.0204
Rate
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SSD TNH TNS AVR MCR

HKN 0.89619 -0.46528 -0.59056 0.07458 0.61229
Aircraft Hours Flown 0.0001 0.0805 0.0205 0.7917 0.0153

MHE 0.70029 -0.39961 -0.51781 -0.01866 0.52863
Hanhours Expended 0.0036 0.1400 0.0430 0.9474 0.0428

PSA 0.16016 -0.62903 -0.56518 0.20210 0.58762
Possessed Aircraft 0.5686 0.0120 0.0281 0.4701 0.0212

PSH 0.19908 -0.53240 -0,45169 0.26528 0.53538
Possessed Hours 0.4769 0.0410 0.0910 0.3393 0.0397

SAT 0.97723 -0.44317 -0.62193 0.15354 0,63840
Sorties Attempted 0.0001 0.0980 0.0133 0.5848 0.0104

San 0.97063 -0,40358 -0.56619 0.10409 0.59090
Sorties Flown 0.0001 0.1358 0,0278 0.7120 0.0204

SSD 1.00000 -0.43499 -0,62498 0.10698 0.61622
Sorties Schedulei 0.0 0).1051 0.0127 0.7043 0.0144

TNM -0.43499 1.00000 0.89326 -0.63628 -0.91404
TNMM)K Rate 0.1051 0.0 0.0001 0.0108 0.0001

TNS -0,62498 0.89326 1,00000 -0.64096 -0.97189
TWICS Rate 0.0127 0.0001 0.0 0.0100 0.4001

AFp 0.10698 -0.63628 -0.64096 1.00000 0.66381
Aircraft Fix Rate 0.7043 0.0108 0.0100 0.0 0.0070

MCIP 5.61622 -0.93404 -0.97189 0.66381 1.00000
Mission Capable Rate 0.1144 0.0001 0.0001 0.0070 0.0

ASD CNX CXR LTR

ASP 1.00000 0.59127 0.52355 0.48250
Average Sortie Duration 0.0 0.0203 0.0452 0.0685

CUX 0.59124 1.00000 0.96994 0.57505
Cancellations 0.0203 0.0 0.0001 0.0249

CXR 0.52355 0.96994 1.00000 0.61139
Cancellation Rate 0.0452 0.0001 0.0 0.0154

LTR 0.48250 0.57505 0.61139 1.00000

LaLe Take-Off Rate 0.0685 0.0249 0.0154 0.0
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ASD CNX aXR LTR

TNM 0.57588 0.!9745 0.63982 0.44814

TNMCN Rate 0.0247 0.0187 0.0102 0.0939

TNS 0.40436 0.68762 0.76346 0.38736
TNMCS Rate 0.1349 0.0046 0.0009 0.1537

MR -0.58542 -0.77820 -0.82796 --0.51756
Mission Capable Rake 0.0219 0.)006 0.0001 0.0482

TNM TNS MCR

ASD 0.57588 0.40436 -0.58542
Average Sortie Duration 0.0247 0.1349 0.0219

CNX 0.59745 0.68762 -0.77820
Cancellations 0.0187 0.0046 0.0006

CXR 0.63982 0.76346 -0.82796
Cancellation Rate 0.0102 0.0009 0.0001

LTR 0.44814 0.38736 -0.51756
Late Take-Off Rate 0.0939 0.1537 0.0482

,w. 1.00000 0.74882 -0.90789
!R4NM• Rate 0.0 0.0013 0,0001

TNS 0.74882 1.00000 -0.93171
T•M•M Rate 0.0013 0.0 0.0001

MOR -0.90789 -0.93171 1.00000
Mission Capable Rate 0.0001 0.0001 0.0

3. Rc-135y/N

CXR PSH THM TNS MCR

CXR 1.00000 -0.20021 0.55942 0.45990 -0.41605
Cancellation Rate 0.0 0.4743 0.0301 0.0846 0.1230

PSH -0.20021 1.00000 -0.31443 -0.55316 0.50831
Possessed Hours 0.4743 0.0 0.2537 0.0324 0.0530

TNM 0.55942 -0.31443 1.00000 0.74437 -0.85270
TO•2 Rate 0.0301 0.2537 0.0 0.0015 0.0001
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CXt PSH TNM TNS

TNS 0.45990 -0.55316 0.74437 1.00000 -0.93275
TNMCS Rate 0.0846 0.0324 0.0015 0.0 0.0001

MCR -0.41605 0.50831 -0.85270 -0.93275 1.00000
Mission Capable 0.1230 0.0530 0.0001 0.0001 0.0
Rate

4. ZrL-135A/C/G/a/N/Y

AEK A13R CXR F" MHE

ABK 1.00000 0.81267 -0.30199 0.06760 -0.47470
Aircraft Breaks 0.0 0.0002 0.2740 0.8108 0.0738

ABR 0.81267 1.00000 0.09925 -0.50064 -0.73964
Aircraft Break 0.0002 0.0 0.7249 0.0573 0.0016
Rate

CXR -0.30199 0.09925 1.00000 -0.75034 -0.23483
Cancellation Rate 0.2740 0.7249 0.0 0.0013 0.3995

HFN 0.06760 -0.50064 -0.75034 1.00000 0.55368
Aircraft Hours 0.8108 0.0573 0.0013 0.0 0.0322
Flown

MHE -0.47470 -0.73964 -0.23483 0.55368 1.00000
Manhours Expended 0.0738 0.0016 0.3995 0.0322 0.0

SFN -0.04231 -0.60841 --0.62948 0.94620 0.63976
Sorties Flown- 0.8810 0.0161 0.0119 0.0001 0.0102

TNM 0.20877 0.52126 0.52566 -0.65143 -0.55959
TNMCM Rate 0.4553 0.0463 0.0442 0.0085 0.0301

TNS 0.64179 0.85050 0.12631 -0.53333 -0.61695
TNMCS Rate 0.0099 0.0001 0.6538 0.0406 0.0143

MCR -0.48707 -0.79694 -0.37248 0.67424 0.78529
Mission Capable 0.0656 0.0004 0.1715 0.0058 0.0005
Rate

NFH 0.72429 0.79784 --0.03979 -0.25912 -0.50465
Number Fixed 0.0023 0.0004 0.8880 0.3510 0.0550
in 18 Hours
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SFN TNM TNS MCR NFH

ABK -3.04233 01,20877 0.64179 -0.48707 0.72429
Aircraft Breaks 0.8810 0.4553 0.0099 0.0656 0.0023

AMR -0.60841 0.52126 0.85050 -0.79694 0.79784
Aircraft Break 0.0161 0.0463 0.0001 0.0004 0.0004
R3te

CIR -0.62948 0.52566 0.1,2631 -0.37248 -0.03979
Cincellatlon 0.0119 0.0442 0.6538 0.1715 0.8880
Rate

HFN 0.94620 -0.65143 -0.53333 0.67424 -0.25912
Aircraft Hours 0.0001 0.0085 0.0406 0.0058 0.3510
Flowm

0.6:3976 -0.55959 -0.61695 0.78529 -0.50465

Manhours Expended 0.0102 0.0301 0.0143 0.0005 0.05513

SFW 1.00000 -0.61780 -0.54377 0.70157 -0.37548
Sorties Flown 0.0 0.0141 0.0361 0.0036 0.1678

TNM -0.61780 1.00000 0.57460 -0.85802 0.58603
TNMOI Rate 0.0141 0.0 0.0251 0.0001 0.0217

TNS -0.54377 0.57460 1.00000 -0.85540 0.65C39
TNMCS Rate 0.0361 0.0251 0.0 0.0001 0.0087

MCR 0.70157 -0.85802 -0.85540 1.00000 -0.67129
Mission Capable 0.0036 0.0001 0.0001 0.0 0.0061
Rate

NFH -0.37548 0.58603 0.65039 -0.67129 1.00000
Number Fixed 0.1678 0.0217 0.0087 0.0061 0.0
in 18 Hours

PSA PSH TNM IL•S MCR

PSA 1.00000 0.96509 -0.52495 -0.14732 0.44974
Possessed 0.0 0.0001 0.0445 0.6003 0.0926
Aircraft

PSH 0.96509 1.00000 -0.55553 -0.17918 0.46321
Possessed Hours 0.0001 0.0 0.0316 0.5229 0.0821

TNM -0.52495 -0.55553 1.00000 0.33172 -0.91651
TNMCM Rate 0.0445 0.0316 0.0 0.2271 0.0001
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PSA PSH TV ftTS MCR

TtHS -0.14732 -0.17918 0.33172 100000 -0.50S57
ItW..,q Rate 0.6003 0.5229 0.2271 0.0 0.0540

wit 0.44974 0.46321 -0.91651 -0.50657 1.C0000

Mission Capable 0.0926 0.0821 0.0001 0.0540 0.0

Rate

ABR TNM 7NS MCR

AER 1.00000 0.53185 -0.17260 -0.49313
Aircraft Break 0.0 0.0413 0.5385 0.0618
Rate

TNm 0.53165 1.00000 -0.42869 -0.70532

TNhM Rate 0.0413 0.0 0.1109 0.0033

TNS -0.17260 -0.42869 1.00000 -0.24794
TNMCS Rate 0.5385 0.1109 0.0 0.3729

MCR -0.49313 -0.70532 -0.24794 1.00000
Mission CapaDle 0.0618 0.0033 0.3729 0.0

Rate

rrM TNS AFR MCR

THM 1.00000 -0.13213 -0.18774 -0.41383
TWhM Rate 0.0 0.6388 0.5028 0.1062

'NS -0.13213 1.00000 -0.54256 -0,81015
TNMCS Rate 0.6388 0.0 0.0366 0.0003

AFR -0.18774 --0.54256 1.00000 0.58944
Aircraft Fix 0.5028 0.0366 0.0 0.0208
Rate

MCR -0.43383 -0.81015 0.58944 1.00000
Mission Capable 0.1062 0.0003 0.0208 0.0
Rate
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ABK AER ASU ASD
S1.00000 0.94203 0.70339 0.43913

Aircraft Breaks 0.0 0.0001 0.0034 0.1015

ABR 0.94203 1.00000 0.49804 0.48070
Aircraft Break Rate 0.0001 0.0 0.0588 0.0697

AMJ 0.70339 0.49804 1.00000 0.16720
Aircraft Sortie Utilization 0.0034 0.0588 0.0 0.5514
Rate

ASD 0.43913 0.48070 0.16720 1.00000
Average Sortie Duration 0.1015 0,0697 0.55141 0.0

CAN 0.70190 0.62070 0.43947 0.02635
Cannibalizations 0.0035 0.0135 0.1012 0.9257

CNR 0.31142 0.31684 0.01878 -0.16965
Cannibalization Rate 0.2585 0.2499 0.9470 0.5455

HFN 0.91415 0.77962 0.75762 0.62957
Aircraft Hours Flom 0.0001 0.0006 0.0011 0.0119

LTO 0.52764 0.55492 0.20098 0.15794
Late Take-Offs 0.0432 0.0318 0.4726 0.5740

MHE 0.77861 0.75544 0.34724 0.39562
Manhours Expended 0.0006 0.0011 0.2048 0,1444

PSA 0.60659 0.57125 0.05621 0,25242
Possessed Aircraft 0.0165 0.0261 0.8423 0.3641

PSH 0.64638 0.55481 0.23538 0.22225
Possessed Hours 0.0092 0.0318 0.3984 0.4259

SAT 0.90823 0.76102 0.79109 0.40306
Sorties Attempted 0.0001. 0.0010 0.0004 0.1363

SFW 0.90827 0.72090 0.85380 0.29971
Sorties Flown 0.0001 0.0024 0.0001 0.2778

SSD 0.87246 0.73501 0.71611 0.36455
Sorties Scheduled 0.0001 0.0018 0.0027 0.1816

TNM 0.86276 0.84462 0.59652 0.61652
TNMCM Rate 0.0001 0.0001 0.0189 0.0144

TNS 0.54167 0.60517 0.13338 0.03176
TNMCS Rate 0.0370 0.0168 0,6356 0.9105
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AHK ABR ASU ASD

AMR -0.20270 -0.36947 0.18722 0.04915

Aircraft Fix Rate 0.4688 0.1753 0.5340 0.8619

HM1R -0.62154 --0.68314 -0.25947 -0.327M3
Mission Capable Rate 0.C134 0.0050 0.3504 0.2337

NI 0.96899 0.06768 0.75537 0,45772
Nunber Fixed in 18 Hours 0.0001 0.0001 0.0011 0.0862

CAN CNR HFN LTO

ABK 0.70.190 0.31142 0.91415 0.52764
Aircraft Breaks 0.0035 0.2585 0.0001 0,0432

ABR 0.62070 0.31684 0.77962 0.55492
Aircraft Break Rate 0.0135 0.2499 0.0006 0.0318

ASU 0.43947 001878 0.75762 0.20098
Aircraft Sortie Utilization 0.1012 0.9470 0.001.1 0.4726
Rate

ASD 0.02635 -0.16965 0.62957 0.15794
Average Sortie Duration 0.9257 0.5455 0.0119 0.5740

C AN 1.00000 0.8712.3 0.58666 0.68586
Cannibalizations 0.0 0.0001 0.0215 0.0048

(2R 0.87123 1.00000 0.15893 0.59764
Cannibalization Rate 0.0001 0,0 0.5716 0.0186

HFN 0.58666 0.15893 1.00000 0.40487
Aircraft Hours Flown 0.0215 0.5716 0.0 0.1344

LTO 0.68586 0.59764 0.40487 1.00000
Late Take-Offs 0.0048 0.0186 0.1344 0.0

MHE 0.79310 0.59784 0.72160 0.56806
Manhours Expended 0.0004 0.0186 0.0024 0.0272

PSA 0.70544 0.56300 0.55268 0.51014
Possessed Aircraft 0.0033 0.0289 0.0326 0.0520

PSH 0.70946 0.51196 0,62154 0.43343
Possessed Hours 0.0031 0.051.1 0.0134 0.1065

SAT 0.70097 0.29487 0,92969 0.47125
Sorties Attempted 0.0036 0.2960 0.0001 0.0762
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C-km CaR HFN L110

0.70135 0.26711 0.92839 0.41108
Sorties Fiown 0.0036 0.3359 0.0001 0.1280

SSD 0.75248 0.39618 0.87878 0.59002
Sorties Scheduled 0.0012 0.1438 0.0001 0.0206

Th 0.49873 0.16151 0.84488 0.44808
?NJW4 Rate 0.0584 0.5653 0.0001 0.0939

TNS 0,64310 04.7829 0.33016 0.54537
TNMM Rate 0.0097 0.0239 0.2294 0.0355

AFR --0.43858 -0.56754 0.02326 -0.59285
Aircraft Fix Rate 0.1020 0.0273 0.9344 0.0198

NOR -0.53102 -0.37961 -0.49429 -0.62215
Mission Capable Rate 0.0417 0.1628 0.0611 0.0133

MPH 0.60751 0.17862 0.93591 0.38713
Nunber Fixed in 18 Hours 0.0163 0.5242 0.0001 0.1540

MHE PSA PSH SAT

ABK 0.77861 0.60659 0.64638 0.90823
Aircraft Breaks 0.0006 0.0165 0.0092 0.0001

ABR 0.75544 0.57125 0.55481 0.76102
Aircraft Br:..k Rate 0.0011 0.0261 0.0318 0.0010

ASU ... 34724 0.05621 0.23538 0.79109
Aircraft Sortie Utilization 0.2048 0.8423 0.3984 0.0004
Rate

ASD 0.39562 0.25242 0.22225 0.40306
Average Sortie Duzation 0.1444 0.3641 0.4259 0.1363

CAN 0.79310 0.70544 0.70946 0.70097
Cannibalizations 0.0004 0.0033 0.0031 0.0036

Ca1,t 0.59784 0.56300 0.51196 0.29487
Cannibalization Rate 0.0186 0.0289 0.0511 0.2860

HFN 0.72160 6.55268 0.62154 0.92969
Aircraft Hours Flown 0.0024 0,0326 C.G134 0.0001

LTO 0.56806 0.51034 0.43343 0.47125
Late Take--Offs 0.0272 0.0520 o.i065 0.07S2
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MHE PSA PSH SAT

MHE 1.00000 0.81390 0.84157 0.74778
Manhours Expended 0.0 0.0002 0.0001 0,0013

PSA 0.81390 1.00000 0.86536 0.58515
Possessed Aircraft 0.0002 0.0 0.0001 0.0219

PSH 0.84157 0.86536 1.00000 0.59412
Possessed Hours 0.0001 0.0001 0.0 0.0195

SAT 0.74778 0.58515 0.59412 1.00000
Sorties Atteipted 0.0013 0.0219 0.0195 0.0

SFN 0.70226 0.56119 0,65487 0.95725
Sorties Flown 0.0035 0.0295 0.0081 0.0001

SSD 0.78577 0.62188 0.61178 0.97396
Sorties Scheduled 0.0005 0.0133 0.0154 0.0001

TNM 0.72716 0.44929 0.53190 0.72069
TNMMM Rate 0.0021 0.0929 0.0412 0.0024

TNS 0.60139 0.59668 0.54530 0.39034
T1¶MCS Rate 0.0177 0.0189 0.0355 0.1503

AIR -0.41159 -0.33182 -0.27142 0.04628
Aircraft Fix Rate 0.1274 0.2270 0.3278 0.8699

MCR -0.61074 -0.47983 -0.51236 -0.43180
Mission Capable Rate 0.0136 0.0703 0.0508 0.1080

NFH 0.69523 0.54860 0.59671 0.93790
Number Fixed in 18 Hours 0.0040 0.0342 0.0189 0.0001

SFN SSD TNM TNS

ABK 0.90827 0.87246 0.86276 0.54167
Aircraft Breaks 0.0001 0.0001 0.0001 0.0370

S0.72090 0.73501 0.84462 0.60517
Aircraft Break Rate 0.0024 0.0018 0.0001 0.0168

ASU 0.85380 0.71611 0.59652 0.13338
Aircraft Sortie Utilization 0.0001 0.0027 0.0189 0.6356
Rate

ASD 0.29971 0.36455 0.6.1652 0.03176
Average Sortie Duration 0.2778 0.1816 0.0144 0.9105
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SFm SSD TNM TNS

CAN 0.70135 0.75248 0.43873 0.64:310
Cannibalizations 0.0036 0.0012 0.0584 0.0097

-CNR 0.26711 0.39618 0.16151 0.57829
Cannibalization Rate 0.3359 0.1438 0.5653 0.0239

HER 0.92839 0.87878 0.84488 0.33016
Aircraft Hours Flown 0.0001 0.0001 0.0001 0.2294

LTO 0.41108 0.59002 0.44808 C.54537
Late Take-Offs 0.1280 0.0206 0.0939 0.U355

MHE 0.70226 0.78577 0.72716 0.60139
Manhours Expended 0.0035 0.0005 0.0021 0.0177

PSA 0.56119 0.62188 0.44929 0.59668
Possessed Aircraft 0,0295 0.0133 0.0929 0.0189

PSH 0.65407 0.61178 0.53198 0.54530
Possessed Hours 0.0081 0.0154 0.0412 0.0355

SAT 0.95725 0.97396 0.72069 0.39034
Sorties Attempted 0.0001 0.0001 0.0024 0.1503

SFN 1.00000 0.91142 0.73837 0.40454
Sorties Flown 0.0 0.0001 0.0017 0.1347

SSD 0.91142 1.00000 0.69945 0.44328
Sorties Scheduled 0.0001 0.0 0.0037 0.0979

TNM 0.73837 0.69945 1.00000 0.47705
TNM" Rate 0.0017 0.0037 0.0 0.0722

TNS 0.40454 0.44328 0.47705 1.00000
TNMCS Rate 0.1347 0.0979 0.0722 0.0

AFR 0.01657 -0.01110 -0.31246 -0.54190
Aircraft Fix Rate 0.9533 0.9687 0.25G9 0.0369

MCR -0.45964 -0.47398 -0.73030 -0.88214
Mission Capable Rate 0.0848 0.0743 0.0020 0.0001

NFH 0.93027 0.88843 0.79853 0.43233
Ntuwter Fixed in 18 Hours 0.0001 0.0001 0.0004 0.1075
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AFR K NFH

ABK -0.20270 *-,062tr4 0.96899
Aircraft Breaks 0.4688 0.0134 0.0001

ABR -0.36947 -0.68314 0.,86768
Aircraft Break Rate 0.1753 0.0050 0.0001

ASU 0.18722 -0.25947 0.75537
Aircraft Sortie Utilization Rate 0.5u40 0.3504 0.0011

ASD 0.04915 -0.32733 0.45772
Average Sortie Duration 0.8619 0.2337 0.0862

CW -0.43858 -0.53102 0.60751
Cannibalizations C.1020 0.0417 0.0163

Cm -0.56754 -0.37961 0.17862
Cannibalization Rate 0.0273 0.1628 0.5242

HFN 0.02326 -0.49429 0.93591
Aircraft Hours Flown 0.9344 0.0611 0.0001

LTO -0.59285 -0.62215 0.38713
Late Take-Offs 0.0198 0.0123 0.1540

M#E -0.41159 -0.61074 0.69523
Manhours Expended 0.1274 0.0156 0.0040

PS k -0.33182 --0.47983 0.54860
Possessed Aircraft 0.2270 0.0703 0.0342

PSK -0.27142 -0.51236 0.59671
Possessed Hours 0.3278 0.0508 0.Ciq9

SAT 0.04628 -0.43180 0.93790
Sorties Attempted 0.8699 0.1080 0.0001

SFN 0.01657 -0.45964 0.93027
Sorties Flowm 0.9533 0.0848 0.0001

SSD -0.01110 -0.47398 0.88843
Sorties Scheduled 0.9687 0.0743 0.0001

TNM -0.31246 -0.73030 0.79853
TNMCM Rate 0,2569 0.0020 0.0004

TNS -0.54190 -0.88214 0.43233
TNMCS Rate 0.0369 0.0001 0.1075

154



--- -- - -- -

AFR mm NFH

AFR 1.00000 0.57237 0.04204

AircTaft Fix Rate 0.0 0.0258 0.8818

MCk 0.57237 1.00000 -0.49822
mission Capable Rate 0.0250 0.0 0.0587

NFH 0.04204 -0.49822 1.00000
Nunmter Fixed in 18 Hours 0.8818 0.0587 0.0

CNX CXR SAT TNM TNS MCR

cNX 1.00000 0.97025 -0.19169 0.64527 0.18196 -0.81031
Cancellations 0.0 0.0001 0.4937 0.0094 0.5163 0.0002

CXR 0.97025 1.00000 -0.38476 0.67742 0.17037 -0.83433
Cancellation 0.0001 0.0 0.1567 0.0055 0.5438 0.0001
Rate

SAT -0.19169 -0.38476 1.00000 -0.51568 0.06757 0.42964
Sorties 0.4937 0.1567 0.0 0.0491 0.8109 0.1100
AttemVted

TNM" 0.64527 0.67742 -0.51568 1.00000 0.30037 -0.86358
TNM4CM Rate 0.0094 0.0055 0.0491 0.0 0.2767 0.0001

TNS 0.18196 0.17037 0.06757 0.30037 1.00000 -0.44362
TNMCS Rate 0.5163 0.5438 0.8109 0.2767 0.0 0.0976

MCR -0.81031 -0.83483 0.42964 -0.86358 -U.44362 1i00000
Mission 0.0002 0.0001 0.1100 0.0001 0.0976 0.0
Capable Rate
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Ar2d.LE: SAS SteUwl e RCespigne t

1. KC-135A/D/E/O

Stepwise Proc,-dure for Dependent Variable MCR

R-square 0.98744065 C(p)

DF Sum of Squares Mean Square F P%ob>F

Regression 6 69.88051671 11.64675278 104.83 0.0001
Fxror 8 0.88881662 0.11110208
Total 14 70.76933333

Parafeter Standard Type II
Variable Estimate Error Sum of Squares F Prob>P

IMRCEP 38.04622195 2.38444222 28.236C0728 254.59 0.0001
CXR 0.75877404 0.22775737 1.23311115 11.10 0.0104
IEM 0.00097751 0.00012426 6.87570170 61.89 0.0001
L'Io -0.01446777 0.008329'12 0.335170C6 3.02 0.1206
S.lS -0.04293796 0 01124485 1.61993435 14.58 0.0051

PSA 0.10113728 0.01137570 8.78189237 79.04 0.0001
AFP, 0.24319189 0.02170248 13.95088169 125.57 0.0001

S4 ;epwise Procedure for Dependent Variable TNS

R-square = 0.95600282 C(p) =

DF Sum of Squares Mean Square F Prob>F

Regression 5 36.80355913 7.36071183 39.11 0.0001
Error 9 1.69377421 0.18819713
Total 14 38.49733333

Parameter Standard Type II
Variable Estirate Error Sum of Squares F Prob>F

INTERCEP 51.32581732 3.60488601 38.15062715 202.72 0.0001
ASD -1.32164121 0.58975956 0.94512700 5.02 0.0518
PSA -0.10388939 0.01885950 5.71075456 30.34 0.0004
PSH 0.00007197 0.00002006 2.42385710 12.88 0.0058
SSD -0.00496849 0.00066817 10.40623053 55.29 0.0001
AFR -0.19832473 0.02556992 11.32160112 60.16 0.0001
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Stepwise Procedure for Dependent Variable TNM

R-square = 0.92365682 C(p) =

DF Sum ot Squares Mean Square F Prob>F

Regression 4 20.06182621 5.01545655 30.25 0.0001
Etror 10 1.65817379 0.16581738
Total 14 21.'12000000

Parameter Standard Type 1I
Variable Estimate Error Sum of Squares F Prob>F

INTERCP 33.94379560 2.65581546 27.08663547 163.35 0.0001
CNX -0.02507325 0.01484972 0.47273205 2.85 0.1222
MHF 0.15369301 0.02731124 5.25048013 31.66 0.0002
PSA -0.07321202 0.01027244 8.42262418 50.79 0.0001.
AFR -0.11659759 0.02498530 3.61110365 21.78 0.0009

Stepwise Procedure for Dependent Variable MCM

R-square = 0.92828033 C(p)

DF Sum of Squares Mean S(Tiare F Prob>F

Regression 4 M9,.6070720 22.29017680 32.36 0.0001
Error 10 6.8•862614 0.68686261
Total 14 96.01933333

Parameter Standard Type II
Variable Estimate Error Sum of Squares F Prob>P'

INTERCEP 80.19298923 2.16064641 948.93839839 1377.54 0.0001
AAB -0.19724352 0.07776295 4.43192739 6.43 0.0295
ABR 0.56448108 0.27571782 2.88736522 4.19 0.0678
CXR -3.18676447 0.31588910 70.10730464 101.77 0.0001
CAN 0.06275161 0.01199742 18.84546883 27.36 0.0004
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Stepwise Procedure for Dependent Variable TNS

R-square - 0.93067079 C(p) =

DF Svum of Squares Mean Square F Prob>F

Regression 4 36.31105169 9,07776292 33.56 0.0001
Error 10 2.70494831 0.27049483
Total 14 39.01600000

Parameter Standard Type II
Variable Estimate Error Sum of Squares F Prob>F

INTERCEP 3.26669287 2.66361146 0.40684954 1.50 0.2481
cm 1.67561051 0.1?293874 25.39338065 93.88 0.0001
CAN -0,02287072 0.00810153 2.15567771 7W97 0.0181
MHF 0.i0386524 C.02754043 3.84287464 14.21 0.0037
AFR 0.03676311 0.01570155 1.48285423 5.48 0.0412

Stepwise Procedure for Dependent Variable TKM

R-square = 0.74857707 Q(p) =

DF Sum of Squanes Mean Square F Prob>F

Regres3ion 4 31.36837357 7.842053 7.44 0.0048
Error 10 10,53562643 .1.05356264
Total 14 41.90400U00

Parameter Standard Type 11
Variable Estimate Errzcr Sum of Squares F Prob>F

INTERCEP 14.90912778 2.G7206841 32.93181750 31.26 0.C002
AAB 0.19902250 0.09616933 4.51223273 4.28 0.0653
ABR -0.6032345? 0.34097985 3.29742793 3.13 0.1073
CXR 1.90416680 0.39065961 25.03071943 23.76 0.0006
CAN -0.04359398 0.0h483719 9.09515694 A.63 0.0148
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Stepwise Procedure for Dependent Variable MCR

R-square = 0.25837765 C(p) =

DF Sum of Squares Mean Square F Piob>F

Regr:ession 1 205.11155058 205.11155058 4.53 0.0530
Error 13 588.73244942 45.28711149
Total 14 793.84400000

Parameter Standard Type I I
Variable Fstimate Error Sum of Squares F Prob>F

INiECEP -11.03150188 36.69764957 4.C9229949 0.09 0.7665
PSH 0.01010084 0.00474624 205.11155058 4.53 0.0530

Stepwise Procedure for Dependent Varlable TNS

R-square 0.59685876 C(p) =

DF Sum of Squares Mean Square F Prob>F

Regression 3 517.32693185 172.44231062 5.43 0.0155
Error it 349.42240148 31.76567286
Tctal 14 866.74933333

Parameter Standard Type I I
Variable Estimate Error Sum of Squares F Prob>F

INTERCEP 80.64843652 32.29190732 198.13562505 6.24 0.0296
ABR 0.47477789 0.24837145 116.07419879 3.65 0.0823
CNR 51.79067828 29.05015648 100.96347839 3.18 0.1022

PSH -0.01002689 0.00401020 198.589931.14 6.25 0.0295
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Stepwise Procedure for Dependent Variable TNM

R-square = 0.31295350 C(p) =

DF Sum of Squares Mean Square F Prob>F

Regression 1 69.51323133 69.51323133 5.92 0.0301
Error 13 152.60676867 11.73898221
Total 14 222.12000000

Parameter Standard Type I I
Variable Estimate Error Sum of Squares F Prob>F

INTERCEP 22.48229325 1.69478334 2065.77628609 175.98 0.0001
CXR 0.66039551 0.27138485 69.51323133 5,92 0.0301

4. EC-135A/C/G/L/N/Y

Stepwise Procedure for Dependent Variable MCR

R-square = 0.85793639 C(p) =

DF Sum of Squares Mean Square F Prob>F

Regression 4 468.29371,166 117.07342792 15.10 0.0003
Error 10 77.54362167 7.75436217
Total 14 545.83733333

Parameter Standard Type II
Variable Estimate Error Sum of Squares F Prob>F

INTERCEP -77.81496054 52.54836611 17.00410781 2.19 0.1695
CNR 61.84632562 36.18240968 22.65577447 2.92 0.1182
HFN 0.06939123 0.01748021 122.19741418 15.76 0.0026
MHS 0.26833042 0.09567562 60.99346653 7.87 0.0186
NFH -0.21846782 0.12694103 22.96767434 2.96 0.1160
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Stepwise Procedure for Dependent Variable TMNS

R-square = 0.72335314 C(p) =

DF Sum of Squares Mean Square F Prob>F

Regression 1 190.55243469 190.55243469 33.99 0.0001
Error 13 72.87689865 5.60591528
Total 14 263.42933333

Parameter Standard Type II
Variable Estimate Error Sum of Squares F Prob>F

INTERCEP -0.99820323 3.31430657 0,50850955 0.09 0.7680
ABR 0.53177720 0.09121069 190.55243169 33.99 0.0001

Stepwise Procedure for Dependent Variable TNM

R-square = 0.61097171 C(p) =

DF Sum of Squares Mean Square F Prob)F

Regression 2 196.82412973 98.41206486 9.42 0.0035
Error 12 125.32520361 10.44376697
Total 14 322.14933333

Parameter Standard Ty•pe II
Variable Fstimate Error Sum of Squares F Prob>F

INTERCEP 36.66665744 13.84495590 73.25152269 7.01 0.0212
IffN -0.02302460 0.00801483 86.18912545 8.25 0,0140
NFH 0.27671494 0.11533699 60.1.1532244 5.76 0.0336
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Stepwite Procedure for Dependent Variable MCM

R-squaLre = 0.67618578 C(P) =

DF Sum of Squares Miean Squdxe F Prob>F

Regression 4 790.81910210 1.97,70477553 5.22 0.0156
Error 10 378.71023123 37,87102312
Total 14 1169.52933333

Parameter Stardard Type ii
Variable Fstimate Error Sum of Squares F Prob>F

INTERC•P -S.70800897 21.61828706 7.63703563 0.20 0.6630
ASD 11.59708123 3.78416945 355.68314531 9.39 0.0119
MHE -0.00093483 0.00049423 135.49257598 3.58 0,0878
SFN 0.95309276 0.28209364 432.30553322 11.42 0.0070
AFR 0.20830*702 0,07822212 268.56887550 7.09 0.0238

Stepwise Procedure for Dependent Variable TNS

R-s5qw-e = 0.40499789 C(p)

DF Sum cf Squares Mean Square F *Prob>F

Regres•,sion 2 383.15878597 191.57939298 4.08 0.0444
Error 12 562.91721403 46.90976784
Total 14 946.07600000

Farameter Standard Type II
Variable Estimate 'rror Sum of Squares F Prob>F

INTERCEP -8.97003221 6.62014600 86.12240595 1.84 0.2004
LTR 0.44688887 0.24872680 151A43183706 3.23 0.0976
MHF 0.18475454 0.07808874 262.58912669 5.60 0.0357
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Stepwise Procedure for Dependent Var able TNM

R-square = 0.44768891 C(p) =

DF Sum of Squares Mean Square F Prob>F

Regression 2 560,53045670 280.26522835 4.86 0.0284
Error 12 691.52554330 57.62712861
Total 14 1252.05600000

Parameter Stmndard Type II
Variable Estimate Error Sum of Squares F Prob>e

INTERCFP 79.66043329 19.26564540 985.24714338 17.10 0.0014
PSH -0.02189886 0.00830735 400.44679037 6.95 0.0217
AFR -0.13117397 0.07546091 114,13185883 3.02 0.1077

Stepwise Procedure for Dependent Variablk MCR

R-square = 0.60859503 C(p) =

DF Sum of Squares Mean Square F Prob>F

Regression 4 61.66284844 15.41571211 3.89 0.0371
Error 10 39.65715156 3.96571516
Total 14 101.32000000

Parameter Standard Type II
Variable• Estimate Error Sum of Squares F Prob>F

INTERCEP 48.76243266 5.58909758 301.86228820 76.12 0.0001
ABR -0.50036148 0.16976295 34.45112719 8.69 0.0146
CNX -0.09931590 0.05771574 11.74277154 2.96 0.1160
LTR 0.79725166 0.34572386 21.08888816 5.32 0.0438
NFH 0.08617415 0.03563780 23.18749194 5.85 0.0362
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Stepwise Procedure for Dependent Variable TNS

R-square - 0).16579056 C(p) w

OF Sum of Squares Mean Square F Prob>F

Regression 1 7.70152411 7.70152411 2.58 0.1320
Error 13 38175180923 2.98090840
Total 14 46.4533j333

Parameter Sttandard Type II
Variable Estixate Error Sum of Squares F Prob>F

INTERCEP 39.94011536 3.00301100 527.29471203 176.89 0.0001
CAN -0.01039062 0.00646439 7.70152411 2.58 0.1320

Stepwise Procedure for Dependent Variable THN

R-square = 0.28286384 C(p) =

DF Sum of Squares Mean Square F Prob>F

Regression 1 61.63603169. 61.63E03169 5.13 0.0413
Error 13 156.26396831 12.02030525
Total 14 217.90000000

Parameter Standard Type II
Variable Estimate Error Sum of Squares F Prob>F

INTEREMP 13.66899532 6.96063531 46.35439589 3.86 0.0713
ABR 0.456157?2 0.20144451 61.63603169 5.13 0.0413
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Stepwise Procedure far Depaeadeht Variable nCR

R-square - 0.34744220 C(p) =

WF Svm of Squares Meaia Sqw-re F Prob>F

Regression 1 16.82315151 16.82315151 6.92 0.0208
Error 13 31.59684849 2A3052681
Total 14 48.42000000

Parameter Standard type I I
Variable Estimate Error Sum of Squares F Prob>F

INTERCEP 59.66591214 6.71477254 191.90680369 78.96 0.0001
AFR 0.25184359 0.09572545 16,82315151 6.92 0.0208

Stepwise Procedure for Dependent Variable TNS

R-square = 0.61927384 C(p) =

DF Sum of Squares Mean Square F Prob>F

Regression 3 46.48104277 15.49368092 5.96 0.0115
Error 11 28.57629056 2.519784460
Total 14 75.05733333

Parameter Standard '4pe II
Variable Estimate Error Sum of Squares F Prob>F

INTERCEP 51.69792248 9.07849851 84,.24250971 32.43 0.0001
LTO -0.09587816 0.U5314832 8.45421663 3.25 0.0987
MIE -0.00006511 0.00003067 11i70401527 4.51 0.0573
AFR -0.35578411 0.10179774 31.73291772 12.22 0.0050
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Stepwise Procedure for Dependent Variable TNM

R-square = 0.17854837 C(p) = I

DF Sum of Squares Mean Square F Prob>F

Regression 1 5.95232663 5.95232663 2.83 0.1166
Error 13 27.38500671 2.10653898
Total 14 33.33733333

Parameter Standard Type II
Variable Estimate Error Sum of Squares F Prob>F

INTERP 15.86436812 1.05010733 4EC.78142589 22t3.23 0.30010
CNX 0.10944459 0.06510820 5.q5232663 2.03 0.1166

Stepwise Procedure for Dependent Vaziable MCR

R-square = 0.58524529 C(p) =

DF Sum of Squares Mean Square F Prob>F

Regression 2 30.18070922 15.09035461 8.47 0.0051
Error 12 21.38862411 1.78238534
Total 14 51.56933333

Paramter Standard Type II
Variable Estimate Error Sum of Squares F Prob>F

INTERCE 72.66935753 8.55907242 128.48453034 72.09 0.0001
ABR -0.21910116 0,08025072 13.285S6533 7.45 0.0193
AFR 0.17509608 0.09453547 6.11455479 3.43 0.0887

166



Stepwise Procedure for Dependent Variable TNS

R-square : 0.41357868 C(p) =

DF Sum of Squares Mean Square F Prob>F

Regression 1 22.34153125 22.34153125 9.17 0.0097
Error 13 31.67846875 2.43680529
Total 14 54.02000000

Parameter Standard Type II
Variable L'stimte Error Sum of Squares F Prob>F

INTURCEP 6.48096319 1.9?128689 27.44140567 11.26 0.0052
CAm 0.02390236 0.00789395 22.34153125 9.17 0,0097

Stepwise Procedure fr Dependent Variable TNM

R-square = 0.85122927 C(p) =

IF Sum of Squares Mean Square F Prob>X?

Regression 3 22.45883308 7.48627769 20.98 0.0001
-Eror 11 3.92516092 0.35683336
Tbtal 14 26.38400000

Par mte Standard Type II
Vr•biJle btiimt* Error Sum of Squares F Prob>F

INUFiW 3.92490M93 3.12267164 0.56373108 1.58 0.2348
- 0.03091061 0.00982523 3.53183982 9.90 0.0093
Ow 1.25992810 0.50596579 2.21265989 6.20 0.0300
UN --0.02245105 0.01359281 0.97346575 2.73 0.1268
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i.Dfl1A

"•tepwise Procedure for Dependent Variable TNS

R-square = 0.88662924 C(p) =

DF Sum of Squares Mean Square F Prob>F

Regression 4 93.48027572 23.37006893 19.55 0.0001
Error 10 11.95305761 1.19530576
Total 14 105.43333333

Paraneter Standard Type II
Variable Estimate Error Sum of Squares F Prob>F

INTECP 85.26275582 9.66487610 93.02617466 77.83 0.0001
CXR -1.06911154 0.13250199 77.81803525 65.10 0.0001
MHF -0.09441557 0.04042323 6.52085161 5.46 0.0416
PSA -0.82283627 0.32863756 7.49327156 6.27 0.0312
PSH 0.0ni112162 0.00030033 16.67103759 13.95 0.0039

Stepwise Procedure for Dependent Variable TNS

R-square = 0.21753092 C(p) =

DF Sum of Squares Mean Square F Prob>F

Regression 1 7.37342819 7.37342819 3.61 0.0797
Error 13 26.52257181 2.04019783
Total 14 33.89600000

Parameter Standard Type II
Variable Estimate Error Sum of Squares F Prob>F

INTERCFP 21.87171224 4.75465640 43.17174199 21,16 0.0005
AFR -0.11499420 0.06048913 7.37342819 3.61 0.0797
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Stepwise Procedure for Dependent Variable TNM

R-iquare = 0.86351847 C(p) =

DF Sum of Squares Mean Square F Prob>F

Regression 6 111.6G099825 18.61C16630 8.44 0.0041
Error 8 17.64833508 2.20604189
Total 14 129.30933333

Parameter Standa.rd Type II
Variable Fstimate Error um of Squares F Prob>F

INITRCEP -4.08321842 18.64723348 0.10577674 0.05 0.8322
AAR 3.59195585 1.59816128 11.14383120 5.05 0.0548
ASD -3.14474941 1.85614252 6.33232508 2.87 0.128'7
CNX -1.28473194 0.77421895 6.07450927 2.75 0.1356
CXR 4.87101738 2.65326199 7.43520319 3.37 0.1037
SAT -0.05772736 0.02340772 13.41710553 6.08 0.0389
SSD 0.12219413 0.04865347 13.91511430 6.31 0.0363

169



Awandix F: Residual AnalvYsis £fu1j

Model: hODE.,!

Dependent Variable: TNS TNMCS Rate

Analysis of Variance

Sw of Mean
Source DF Square3 Square F Value Prob>F

Model 4 36..1105 9.07776 33.560 0.0001
Exror 10 2.70495 0.27049
C Total 14 39.01600

Root MSE 0.52009 R-square 0.9301
Dep Mean 8.66300 kdJ R-sq 0.9029
C.v. 6.00567

Parameter Estimates

Paxmeter Standard T for HO:
Variable DF Estimste Error Parameter=0 Prob > ITI

INTERCZ 1 3.266693 2.66361146 1.226 0.2481
CXR 1 1.675611 0.17293874 9.689 0.0001
CAN 1 -0.C22071 0.00810153 -2.823 0.0181
MIF 1 0.103805 ".0.02754043 3.769 0.0037
AMR 1 0.036763 70155 2.341 0.0412
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Dependent Variable: TNS TNHCS Rate

Analysis of Variance

Sum of Mean
Source DF Squares Square F Value Prob>F

Model 3 517.32693 172.44231 5.429 0.0155
Error 11 349.42240 31.76567
C Total 14 866.74933

Root MSE 5.63610 R-square 0.5969
Dep Mean 19.82667 Mj R-sq 0.4869
CV. 28.42689

Parameter Estimates

Parameter Standard T for HU:
Variable. DF Estimate Error Parameter=O Prob > ITI

INTERCEP 1 80.648437 32.29190732 2.497 0.0296
ABR 1 0.474778 0.24837145 1.912 0.0823
CNR 1 51.790678 29.05015648 1.783 0.1022
PSH 1 -0.010027 0.00401020 -2.500 0.0295
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Dependent Variable: ThN TW4C" Rate

Analysis of Variance

Sum of Mean
Source DF Squares Square F Value Prob>F

Model 1 69.51323 69.51323 5.922 0.0301
Ezror 13 152.60677 11.73898
C Total 14 222.12000

Root MSE 3.42621 R-square 0.3130
Dep Mean 26.00000 Adj [-sq 3.2601
C.V. 13.17777

Parameter Est imates

Parametex Standard T for HO:
Variable DF Estimate Error Parameter=0 Prob > ITI

INTERCEP 1 22.482293 1.69478334 13.266 0.0001
S1 0.660396 0.27138485 2.433 0.0301
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Depenent Variable: Th3 TN4CS Rate

Analysis of Variance

Sum of Mean
Source DF Squares Square F Value Prob>F

Model 1 7.37343 7.37343 3.614 0.0797
Error 13 26.52257 2.04020
C Total 14 33.89600

Root 1SE 1.42835 R-square 0.2175
Dep Mesn 12.86000 Adj R-sq 0.1573
C.V. 11.10696

Parmter Est Irntes

Parameter Standard T for HO:
Variable DF Estimate Error Paraaater=0 Pxob > ITI

IN- I R 1 21.871712 4.75465640 4.600 0.0005
APR 1 -0.114994 0.06048913 -1.901 0.0797
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ADoendix G: Regresslon Model Validation Results

90% Confidence Interval for Predicted Value

Dependent Variable: MCR WC Rate

Observation Observed Predicted Lower 90% CLI
Residual Upper 90% CLI

16 * 81.70468820 80.57573101
82.83364539

17 * 86.39390852 85.17230803
* 87.61550902

18 * 83.56341367 82.24689485
84.87993250

19 * 81.44033301 80.40112841
. 82.47953762

20 * 87.17310317 85.74463702
88.60156931

21 * 80.22305829 78.86500505
81.58111153

95% Confidence Interval for Predicted Value

Dependent Variable: MCR MC Rate

Observation Observed Predicted Lower 95% CLI
Residual Upper 95% CLI

16 * 81.70468820 80.30468678
* 83.10468962

17 * 86.39390852 84.87902164
87.90879540

18 * 83.56341367 81.93082012
85.19600723

19 * 81.44033301 80.15163231
82.72903372

20 * 87.17310317 85.40168557
88.94452076

21 * 80.22305829 78.53895859
81.90715800
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99% Confidence Interval for Predicted Value

Dependent Variable: M(M MC Rate

Observation Observed Predicted Lowr 99% CLI
Residual Upper 99% CLI

16 * 81.70468820 79.66763959
83.74173681

17 * 86.39390852 84.18969775
88.59811929

18 * 83.56341367 81.18793578
. 85.93889156

19 * . P1.44033301 79.56523065
* 83.31543537

20 * . 37.17310317 84.59563168
S. 89.75057466

21 * 80.22305829 77.77263724
82.67347935

90% Confidence Interval for Predicted Value

Dependent Variable: TNS TNMCS Rate

Observation Observed Predicted Lower 90% CLI
Residual Upper 90% CLI

16 11.46882022 10.44315319
* 12.49448724

17 9.48259121 8ý23717412
10.72800831

18 11.99177931 10.73469816
13.24886045

19 13.03599145 11.757934'74
. 14.31404816

20 9.96023831 8.48399410
. 11.43648252

21 * 15.53665107 13.S5333979
17.11996236
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95% Confidence Interval for Predicted Value

Dependent Variable: TNS TNMCS Rate

Observation Observed Predicted Lowr 95% MLI
Residual Upper 95% CLI

16 * 11.46882022 10.20310113
12.73453930

17 * 9.48259121 7.94569069
* 11.01949174

18 * 11.99177931 10.W4048481
13.54307380

19 13.03599145 11.45881218
• 14.61317072

20 9.96023831 8.13848677
• 11.78198984

21 15.53665107 13.58277397
17.49052818

99% Confidence Interval for Predicted Value

Dependent Variable: TNS TNMCS Rate

Observation Observed Predicted Lowr 99% CLI
Residual Upper 99% CLI

16 * 11.46882022 9.65051054
* 13.28712990

17 * 9.48259121 7.27470707
11.69047536

18 * 11.99177931 9.76321704
1 14.22034157

19 * 33.03599145 10.77024357
. 15.30173933

20 * . 9.96023831 7.34314224
12.57733438

21 * 15.53665107 12.72974574
18.34355640
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90% Confidence Interval for Predicted Value

Dependent Variable: TNM TNMCM Rate

Observation Observed Predicted Lower 90% CLI
Residual Upper 90% CLI

16 * . 12.55183119 11.47154507
13.63211731

17 * 10.38237178 9.19299458
11.57174898

18 * . 11.31203777 9.98076129
12.64331424

19 * . 12.40133749 11.32622394
13.47645104

20 * . 9.85084428 8.53203495
. 11.16965362

21 * 12.54401458 11.34367340
13.74435577

95% Confidence Interval for Predicted Value

Dependent Variable: TNM TNMCM Rate

Observation Observed Predicted Lower 95% CLI
Residual Upper 95% (CI

16 * 12.55183119 11.22379656
13.87986583

17 * 10.38237178 8.92022755
11.84451601

18 * 11.31203777 9.67545166
12.94862388

19 * 12.40133749 11.07966169
13.72301330

20 * 9.85084428 8.22958447
11.47210410

21 * 12.54401458 11.06839193
14.01963723
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99% Confidence Interval for Predicted Value

Dependent Variable: TNM TNMCM Rate

Observation Observed Predicted Lower 99% CLI
Residual Upper 99% CLI

16 * 12.55183119 10.66287859
14.44078379

17 * 10.38237178 8.30266612
12.46207743

18 * 11.31203777 8.98421174
13.63986379

19 * 12.40133749 10.52142948
14.28124550

20 * . 9.85084428 7.54481788
12.15687069

21 * 12.54401458 10.44513767
14.64289150

90% Confidence Interval for Predicted Value

Dependent Variable: MCR MC Rate

Observation Observed Predicted Lower 90% CLI
Residual Upper 90% CLI

16 * 86.04120939 84.46647786
e7.61594093

17 * 89.40876768 87.03597138
91.78156399

18 * 82.24157287 79.79810823
84.68503752

19 * . 80.99066772 78.50682053
83.47451490

20 * 83.44066643 80.90929953
85.97203333

21 * 81.93191489 79.09441519
84.76941459
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95% Confidence Interval for Predicted Value

Dependent Variable: MCR MC Rate

Observation Observed Predicted Lower 95% CLI
Residual Upper 95% CLI

16 * 86.04120939 84.10533520
87.97708358

17 * 89.40876768 86.49180373
. 92.32573164

18 * 82.24157287 79.23773379
* 85.24541196

19 * . 80.99066772 77.93718492
• 84.04415051

20 * . 83.44066643 80.32876594
* 86.55256692

21 * 81.93191489 78.44367432
85.42015546

99% Confidence Interval for Predicted Value

Dependent Variable: MCR MC Rate

Observation Observed Predicted Lower 99% CLI
Residual Upper 99% CLI

16 * 86.04120939 83.28768589
88.79473289

17 * 89.40876768 85.25977451
93.55776085

18 * 82.24157287 77.96901138
. 86.51413437

19 * 80.99066772 76.64749465
85.33384078

20 * 83.44066643 79.01440196
87.86693090

21 * 81.93191489 76.97035673
86.89347305
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90% Confidence Interval for Predicted Value

Dependent Variable: TNS TNMCS Rate

Observation Observed Predicted Lower 90% CLI
Residual Upper 90% CLI

16 * 8.75735582 7.53587521
9.97883643

17 * 7.28352165 5.96745964
8.59958366

18 * 10.10761,821 9.15877152
11.05646490

19 * 9.74168623 8.74885860
10.73451387

20 * 10.08518732 7.43121083
12.73916380

21 * 8.87627719 7.08842316
10.66413422

95% Confidence Interval for predicted Value

Dependent Variable: TNS TNMCS Rate

Observation Observed Predicted Lower 95% CLI
Residual Upper 95% CLI

16 * 8.75735582 7.24999399
10.26471765

17 * 7.28352165 5.65944213
8.90760117

18 * 10.10761821 8.93669886
11.27853757

19 * 9.74168623 8.51649243
. 10.96688004

20 * 10.08518732 6.81006136
• 13.36031327

21 * 8.87627719 6.66998147
11.08257291
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99% Confidence Interval for Predicted Value

Dependent Variable: TNS TNMCS Rate

Observation Observed Predicted Lower 99% CLI
Residual Upper 99% CLI

16 * 8.75735582 6.59190644
10.92280519

17 * 7.28352165 4.95039770
9.61664559

18 * 10.10761821 8.42549615
- .11.78974027

19 * 9.74168623 7.98159445
. 11.50177802

20 * . 10.08518732 5.38019923
. 14.79017540

21 * 8.87627719 5.70675173
12.04580265

90% Confidence Interval for Predicted Value

Dependent Variable: TNM TNM"M Rate

Observation Observed Predicted Lower 90% CLI
Residual Upper 90% CLI

16 * 9.66367097 7.71620267
11.61113928

17 * 7.76615507 4.83172117
10.70058898

18 * 12.51151270 9.48968336
15.53334204

19 * 13.91588367 10.84411330
16.98765404

20 * 12.10504047 8.97450253
15.23557841

21 * 13.77552068 10.26638874
17.28465262
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95% Confidence Interval for Predicted Value

Dependent Variable: TNM TN21 Rate

Observation Observed Predicted Lower 95% CLI
Residual tUpper 95% CLI

16 * 9.66367097 7.26957805
12.05776390

17 * 7.76615507 4.15874979
11.37356035

18 * 12.51151270 8.79666907
* 16.22635634

19 * 13.91588367 10.13964573
* 17.69212161

20 * 12.10504047 8.25655744
. 15.95352349

21 * 13.77552068 9.46161841
18.08942295

99% Confidence Interval for Predicted Value

Dependent Var iable: TNM TNMCM Rate

Observation Observed Predicted Lower 99% CLI
Residual Upper 99% CLI

16 * 9.66367097 6.25839228
13.06894967

17 * 7.76615507 2.63510096
12.89720918

18 * 12.51151270 7.22764183
* 17.79538358

19 * 13:91588367 8.54468756
19.28707978

20 * 12.10504047 6.63108534
17.57899560

21 * 13.77552068 7.63956858
19.91147278
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90% Confidence Interval for Predicted Value

Dependent Variable: i1C MC Rate

Observation Observed Predicted Lower 90% CLI
Residual Upper 90% CLI

16 * 49.94728562 31.17520201
68.71936922

17 * 61.68446486 48.61089499
'74.75803473

18 * 52.72501737 35.63085401
69.81918072

19 * 64.11876795 51.58207159
76.65546431

20 * 66.05812975 53.72572010
78.39053941

21 * 67.92678566 55.59306896
80.26050236

95% Confidence Interval for Predicted Value

Dependent Variable: MMR MC Rate

Observation Observed Predicted Lower 95% CLI
Residual Upper 95% CLI

16 * 49.94728562 27.04727605
72.84729519

17 * 61.68446486 45.73605543
'77.63287429

18 * 52.72501737 31.87189777
73.57813696

19 * 64.11876795 48.82528894
79.41224697

20 * 66.05812975 51.01385949
81 .10240002

21 * 67.92678566 52.88092093
82.97265038

191



99% Confidence Interval for Predicted Value

Dependent Variable: MCR MC Rate

Observation Observed Predicted Lower 99% (CI
Residual Upper 99% CLI

16 * 49.94728562 18.01696792
81.87760331

17 * 61.68446486 39.44701652
83.92191319

18 * 52.72501737 23.64875295
81.80128178

19 * 64:11876795 42.79451296
85.44302295

20 * 66.05812975 45.08135560
1 87.03490391

21 * 67.92678566 46.94778829
88.90578303

90% Confidence Interval for Predicted Value

Dependent Variable: TNS TNMCS Rate

Observation Observed Predicted Lower 90% CLI
Residual Upper 90% CLI

16 * 34.88564468 21.69661402
48.07467535

17 * 25.64994886 15.31865653
35.98124118

18 * 33,53656886 21.07241089
46.00072682

19 * 18.75376636 9.93657858
27.57095414

20 * 17.80203681 8.79492072
26.80915291

21 * 14.03074233 5.26834732
22.79313735
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95% Confidence Interval for Predicted Value

Dependent Variable: TNS TNMCS Rate

Observation Observed Predicted Lower 95% CLI
Residual Upper 95% CLI

16 * 34.88564468 18.72165444
51.04963493

17 * 25.64994886 12.98829748
38.31160024

18 * 33.53656886 18.26095589
48.81218182

19 * 18.75376636 7.94774575
29.55978697

20 * 17.80203681 6.76324706
28.84082657

21 * 14.03074233 3.29187371
24.76961096

99% Confidence Interval for Predicted Value

Dependent Variable: TNS TNMCS Rate

Observation Observed Predicted Lower 99% CLI
Residual Upper 99% CLI

16 * 34.88564468 12,07683662
57.69445275

17 * 25.64994886 7.78324814
43.51664958

18 * 33.53656886 11.98133906
55.09179865

19 * 18.75376636 3.50552342
34.00200930

20 * 17.80203681 2.22533620
33.37873743

21 * 14.03074233 -1.12274326
29.18422792
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90% Confidence Interval for Predicted Value

Depmient Vat rable: IMtI TI4M Rate

observation Observed Predicted Lower 90% CLI
Restdual Upper 90% .LI

16 * 25.48874578 19.55616767
1 31. 42132389

17 * 23.97358490 17.91792950
30.02924031

18 i 35.50927994 27.15490421
43.86365556

19 * 24.38095326 18.37253517
30.38937135

20 * 24.14193611 18.1C703663
30.17683559

21 * 24.72389091 18.74726254
30.70051927

95% Confidence Interval for Predicted Value

Depedent Vat rable: TMll T1 Rate

Observation Observed Predicted Lower 95% aII
Residual Upper 95% CLI

16 * 25.48874578 18.25161120
32.72588037

17 ' 23. p358490 16.58630869
31.36086112

18 * .35.50927994 25.31780169
45.70075819

19 * 24.38095326 17.05130171
31. 71060481

20 * . 24.14193611 16.77997999
31.50389223

21 * 24.72389091 17.43301955
32.01476227
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99% Confidence Interval for Predicted Value

Dependent Variable: TNM TNMC2 Rate

Observation Observed Predicted Lower 99% CLI
Residual Upper 99% CLI

16 25.48874578 15.39774535
35.57974621

1.7 * 23.37358490 13.67323652
34.27393328

18 * 35.50927994 21.29893049
49.71962938

19 * . 24.38095326 14.16095305
34.60095347

20 * 24.14193611 13.87689246
34.40697976

21 * . 24.72389091 14.55796333
34.88981848

4. EC-135AC/G/LAI/Y

90% Confidence Interval for Predicted Value

Dependent Variable: MCR MC Rate

Observation Observed Predicted Lower 90% CLI
Residual Upper 90% CLI

16 * 55.60915601 46.1.7084371
* 65.04746832

17 * . 69.76061420 62.70528198
76.81594643

18 * 63.29438279 54.80743894
. 71.78132665

19 * . 56.53393801 47.6210n889
65.44686713

20 * . 36.31416436 16.12601618
56.50231253

21 * 12.98666918 -25.13924381
51.11258216
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95% Confidence Interval for Predicted Value

Dependent Variable: MCR MC Rate

Observation Observed Predicted Lower 95% CLI
Residual Upper 95% CLI

16 * 55.60915601 44.00629879
67.21201323

17 * 69.76061420 61.08724022
. 78.43398819

18 * 63.29438279 52.86107707
73.72768851

19 * . 56.53393801 45.57695326
67.49092275

20 * 36.3141643G 11.49614677
61.13218194

21 * . 12.98666918 -33.88288870
59.85622705

99% Confidence Interval for Predicted Value

Dependent Variable: MCR MC Rate

Observation Observed Predicted Lower 99% CLI
Residual Upper 99% CLI

16 * 55.60915601 39.10563517
72.11267686

17 • 69.76061420 57.42389354
82.09733486

18 * 63.29438279 48.45439337
* 178.13437221

19 * 56.53393801 40.94908484
72.11879118

20 * 36.31416436 1.01383594
71.61449277

21 * 12:98666918 -53.67904173
79.65238008
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90% Confidence Interval for Predicted Value

Dependent Variable: TNS TNMCS Rate

Observation Observed Predicted Lower 90% CLI
Residual Upper 90% CLI

16 * 30.42982955 24.68317809
36.17648102

17 * 22.39999377 17.86730641
26.93268113

18 * 15.22100151 10.80934476
19.63265825

19 * 19.10297510 14.75933795
23.44661225

20 * 15.96548959 11.59136256
20.33961663

21 * 13.09389269 8.51476907
17.67301631

"95% Confidence Interval for Predicted Value

Dependent Variable: TNS TNMCS Rate

Observation Observed Predicted Lower 95% CLI
Residual Upper 95% CLI

16 * 30.42982955 23.41950633
37.44015277

17 * 22.39999377 16.87058179
27.92940575

18 * 15.22100151 9.83923442
20.60276859

19 * 19.10297510 13.80418491
24.40176529

20 * 15.96548559 10.62950489
21.30147429

21 * 13.09389269 7.50783326
18.67995212
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99% Confidence Interval for Predicted Value

Dependent Variable: TNS TNMCS Rate

Observation Observed Predicted Lower 99% CLI
Residual Upper 99% CLI

16 * 30.42982955 20.65508047
. 40.20457863

17 * 22:39999377 14.69013318
30.10985435

18 * 15.2210015i 7.71700758
22.72499544

19 * 19.10297510 11.71467889
* 26.49127131

20 * 15.96548959 8.52533171
23.40564747

21 13.09389269 5.30504650
. 20.88273888

90% Confidence Interval for Predicted Value

Dependent Variable: TNM TN"C? Rate

Observation Observed Predicted Lower 90% CLI
Residual Upper 90% CLI

16 * 31.04981465 20.32457053
41.77505877

17 * 24.03754031 16.96113005
31.11395056

18 * 21.06023098 15.09668683
27.02377513

19 * 25.99440178 19.10951753
32.87928604

20 28.72719213 17.47127400
39.98311025

21 28.07328079 14.39349207
41.75306951
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95% Confidence Interval for Predicted Value

Dependent Variable: TNM TICM Rate

Observation Observed Predicted Lower 95% CLI
Residual Upper 95% CLI

16 * 31.04981465 17.93848920
* 44.16114010

17 * 24.03754031 15.38681713
* 32.68826348

18 * 21.06023098 13.76995700
28.35050496

19 * 25.99440178 17.57781405
* 34.41098952

20 * 28.72719213 14.96713183
. 42.48725243

21 * 28.07328079 11.35010321
44.79645837

99% Confidence Interval for Predicted Value

Dependent Variable: TNM TNMCH Rate

Obiervation Observed Predicted Lower 99% CLI
Residual Upper 99% CLI

16 * 31.04981465 12.66872206
49.43090724

17 * 24.03754031 11.90987676
36.16520385

18 * 21.06023098 10.83981493
31.28064703

19 * 25.99440178 14.19497852
37.79382505

20 * 28.72719213 9.43662205
48.01776221

21 28.07328079 4.62864305
51.51791854
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90% Confidence Interval for Predicted Value

Dependent Variable: MCR MC Rate

Observation Observed Predicted Lower 90% CLI
Residual Upper 90% CLI

16 * 93.05346347 79.00492271
107.10200424

17 * . 68.63419172 55.15216211
82.11622133

18 * . 63.77931732 49.58469765
* 77.97393700

19 * 80.75276338 66.00254933
. 95.50297744

20 * 74.39834795 61.57003831
87.22665758

21 * 82.95107811 69.40955687
96.49259935

95% Confidence Interval for Predicted Value

Dependent Variable: MMR MC Rate

Observation Observed Predlcted Lower 95% CLI
Residual Upper 95% CLI

16 * 93.05346347 75.78308638
* 110.32384056

17 * 68.63419172 52.06024719
85.20813626

18 * 63.77931732 46.32936016
* 81.22927448

19 * 80.75276338 62.61979405
98.88573272

20 * 74.39834795 58.62804493
90.16865097

21 82.95107811 66.30399838
99.59815784
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99% Confidence Interval for Predicted Value

Dependent Variable: MCR MC Rate

Observation Observed Predicted Lower 99% CLI
Residual Upper 99% CLI

16 * 93.05346347 68.48864958
117.61827737

17 * 68.63419172 45.05996049
92.20842295

1i * 63.77931732 38.95907467
- 88.59955998

19 * 80.75276338 54.96102677
* 106.54449999

20 * 74.39834795 51.96718986
. 96.82950603

21 * 82.95107811 59.27282179
. 106.62933442

90% Confidence Interval for Predicted Value

Dependent Variable: TNS TNMCS Rate

Observation Observed Predicted Lower 90% CLI
Residual Upper 90% CLI

16 * 2.44575589 -10.87108347
15.76259524

17 * 2.54887063 -10.75885583
15.85659710

18 * 3.83345749 -9.59688714
17.26380212

19 * 3.83080783 -9.24588690
16.90750256

20 * 3.95096260 -9.05527709
16.95720230

21 * -2.22649146 -16.65679140
12.20380848
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95% Confidence Interval for Predicted Value

Depenrdent Variable: TNS TNMCS Rate

Observation Observed Predicted Lower 95% CLI
Residual Upper 95% CLI

16 2.44575589 -13.83372575
18.72523753

17 * 2.54887063 -13.71947074
18.81721201.

18 * 3.83345749 -12.58478133
20.25169631

19 * 3.83080783 -12.15510340
19.81671907

20 * 3.95096260 -11.94881922
19,85074443

21 * -2.22649146 -19.86714903
15.41416611

99% Confidence Interval for Predicted Value

Dependent Variable: TNS' TNMCS Rate

Observation Observed Predicted Lower 99% CLI
Residual Upper 99% CLI

3.6 * 2.44575589 -20.37685350
25.26836526

17 2.54887063 -20.25812095
25.35586221

18 3.83345749 -19.18367903
26.85059401

19 3.83080783 -18.58023792
26.24185358

20 3.95096260 -18.33933619
26.24126140

21 -2.22649146 -26.95736717
22.50438425
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90% Confidence Interval for Predicted Value

Dependent Variable. TNM TNMOM Rate

Observation Observed Predicted Lower 90% CLI
Residual Upper 90- CLI

16 * 7.94167694 -8.46928868
24.35264257

,17 * 20.02982736 2.31034741
37.74930731

18 * 25.80018913 11.71236817
39.88801009

19 * 17.66477244 2.74165996
32.58788492

20 * 22.34768317 8.36680443
36.32856192

21 * 17.28153114 2.44173363
32.12132866

95% Confidence Interval for Predicted Value

Dependent Variable: TNM TNMCM Rate

Observation Observed Predicted Lower 95% CLI
Residual Upper 95% CLI

16 * 7.94167694 -12.12029170
28.00364559

17 * 20.02982736 -1.63176522
41.69141994

18 * 25.80018913 8.57820300
43.02217527

19 * 17.66477244 -0.57833535
35.90788023

20 * 22.34768317 5.25643105
39.43893530

21 * 17.28153114 -0.85972631
35.42278860
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99% Confidence Interval for Predicted Value

Dependent Vaziable: TNh TNMCM Rate

Observation Observed Predicted Lower 99% MI
Residual Upper 99% CLI

16 * 7.94167694 -20.18369486
36.06704875

17 * 20.02982736 -10.33809695
50.39775167

18 * 2580018913 1.65625930
49.94411897

19 * 17.66A77244 -7.91069318
43.24023806

20 * 22.34768317 -1.61296741
46.30833375

21 * 17.281531.14 -8.15114798
42.71421026

90% Confidence Interval for Predicted Value

Dependent Variable: MCR MC Rate

Observation Observed Predicted Lower 90% CLI
Residual Upper 90% CLI

16 * 51.48271236 47.49753334
55.46789139

17 * 49.52682879 45.04983276
54.00382482

18 * 55.47081693 50.64209789
60.29953596

19 * 52.20957353 48.04676839
56.37237868

20 * 53.54942588 49.37453477
57.72431699

21 * 53.91533029 48.38691238
59.44374819
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95% Confidence Interval for Predicted Value

Dependent Variable: MCR. MC Rate

Observation Observed Predicted Lower 95% CLI
Residual Upper 95% CLI

16 * 51.48271236 46.58358827
56.381,83646

17 * 49.52682879 44.02309634
55.03056124

18 * 55.47081693 49.53469872
61.40693513

19 * 52.20957353 47.09208725
57.32705981

20 * 53.54942588 48.41708189
58.68176988

21 * 53.91533029 47.11904706
60.71161352

99% Confidence Interval for Predicted Value

Dependent Variable: MCR MC Rate

Observation Observed Predicted Lower 99% CLI
Residual Upper 99% CLI

16 * 51.48271236 44.51436008
58.45106465

17 * 49.52682879 41.69850155
57.35515603

18 * 55.47081693 47.02747848
63.91415538

19 * 52.20957353 44.93063009
59.48851698

20 * 53.54942588 46.24934932
60.84950245

21 * 53.91533029 44.24852152
63.58213905
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90% Confidence Interval for Predicted Value

Dependent Variable: TNS TNMCS Rate

Observation Observed Predicted Lower 99% CLI
Residual Upper 90% CLI

16 * 36.61511845 33.07691900
40.15331790

17 * 36.10597830 32.78285977
39.42909682

18 * 36.02285337 32.72710729
39.31859946

19 * 37.62300814 33.46413113
* 41.78188515

20 * 35.93972845 32.66901856
39.21043834

21 * 35.51371322 32.33278674
38.69463970

95% Confidence Interval for Predicted Value

Dependent Variable: TNS TNMCS Rate

Observation Observed Predicted Lower 95% CLI
Residual Upper 95% CLI

16 * 36.61511845 32.29887935
• 40.93135755

17 * 36.10597830 32.05211578
40.15984081

18 * 36.02285337 32.00238242
40.04332432

19 * 37.62300814 32.54960630
42.6964099*7

20 * 35.93972845 31.94979908
39.92965782

21 * 35.51371322 31.63331036
39,39411608
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99% Confidence Interval for Predicted Value

Dependent Variable: TNS TNMCS Rate

Observation Observed Predicted Lowex 99% CMI
Residual Upper 99% CLI

16 * 36.61511845 30.59682901
42.63340789

17 * 36.10597830 30.45353009
41.75842650

18 * 36.02285337 30.41696424
41.62874250

19 * 37.62300814 30.54897912
44.69703716

20 * 35.93972845 30.37642456
41.50303234

21 * 35.51371322 30.10312613
40.92430031

90% Confidence Interval for Predicted Value

Dependent Variable. TNM TNMC2• Rate

Observation Observed Predicted Lower 90% CLI
Residual Upper 90% CLI

16 * 27.26249550 20.72407828
33.80091272

17 * 28.81343176 22.46075032
. 35.16611321

18 * 26.35018005 19.60230409
33.09805601

19 * 27.80988477 21.36241617
34.25735336

20 * 28.63096867 22.26814488
34.99379246

21 * 25.34663306 18.29177579
32.401.49032
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95% Confidence Interval for Predicted Value

Depenent Variable: THM TYO Rate

Observation Observed Predicted Lower 95% CLI
Residual Upper 95% CLI

16 * 27.26249550 19.28629957
35.23869143

17 * 28.81343176 21.06381435
36.56304917

16 * 26.35018005 18.11846601
• 34.58189409

19 * . 27.80988477 19.94463680
* 35.6751,3274

20 * . 26.63096867 20.86897864
* 36.39295870

21 * 25.34663306 16.74043343
33.95283268

99% Confidence Interval for Predicted Value

Dependent Variable: ThM Iua Rate

Observation Observed Predicted Lower 99% CLI
Residual Upper 99% CLI

16 • 27.26249550 16.14099490
* 38.38399609

17 * 28.8134.3176 18.00785786
39.61900567

18 * 26.35018005 14.87240125
* 37.82795885

19 * 27.80988477 16.84308295
38.77668658

20 • 28.63096867 17-.80814317
39.45379417

21 * 25.34663306 13.34669536
37.34657076
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90% Confidence Tnterval for Predicted Value

Dependent Variable: MCR Mission Capable Rate

Observation Observed Predicted Lower 90% CLI
Residual Upper 90% CLI

16 * 79.13342130 76.02633565
82.24050695

17 * 79.25934310 76.11762669
* 82.40105950

18 * 80.770-40461 77.08421540
84.45659381

19 * 79.13342130 76.02633565
S. 82.24050695

20 * . 75.58242675 72.50548289
78.65937060

21 * 79.10823( 1 4 76.00784577
82.20862811

95% Confidence Interval for Predicted Value

Dependent Variable: MCR Mission Capable Rate

Observation Observed Predicted Lower 95% CLI
Residual Upper 95% CLI

16 * 79.13342130 75.34309666
82.92374595

17 * 79.25934310 75.42677250
83.09191369

18 * 80.77040461 76.27363324
85,26717598

19 * 79.13342130 75.34309666
82.92374595

20 * 75.58242675 71.82887199
79.33598151

21 * 79.10823694 75.32607887
82.89039501
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99% Confidence Interval for Predicted Value

Dependent Variable: MCM Mission Capable Rate

Observation Observed Predicted Lower 99% CLI
Residuail Upper 99% aLI

16 * 79.13342130 73.84843355
84.41840905

17 * 79.25934310 73.91545028
. 84.60323592

18 * 80.77040461 74.50039245
. 87.04041677

19 • 79.13342130 73.84843355
. 84.41840905

20 * 75.58242675 70.34870858
* 80.81614491

r21 * 79.10823694 73.83463615
84.38183774

90% Confidence Interval for Predicted Value

Dependent Variable: TNS TNMCS Rate

Observation Observed Predicted Lower 90% CLI
Residual Upper 90% CLI

16 * 9.240,41,082 5.65657402
12.82424762

17 * 10.49180214 6.96706188
14.01654240

18 * 9:20030031 5.32034342
13.08025720

19 * 11.32374499 8.06054356
. 14.58694642

20 * 15.98523995 12.75502725
* 19.21545265

21 * 14.84510257 10.79453452
18.89567061
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95% Confidence Interval for Predicted Value

Dependent Variable: 7TS TNMCS Rate

Observation Ob3erved Predicted Lower 95% CLI
Residual Upper 95% CLI

16 * 9.24041082 4.84819243
13.63262921

17 * 10.49180214 6.17201029
14.81159399

18 * 9.20030031 4.44516804
13.95543258

19 * 11.32374499 7.32448550
15.32:300448

20 * 15.98523995 12.02641023
19.94406967

21 * 14.84510257 9.88087555
19.80932959

99% Confidence Interval for Predicted Value

Dependent Variable: TNS TNCS. Rate

Observation Observed Predicted Lower 99% CLI
Residual Upper 99% CLI

16 * 9.24041082 3.04260540
15.43821623

17 * 10.49180214 4.39619692
16.58740736

18 * 9.20030031 2.49039158
15.91020904

19 * 11.32374499 5.68043906
16.96105092

20 * 15.98523995 10.391598396
21.57149594

23 * 14.84510257 7.84014280
21.85006233
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90% Confidence Interval for Predicted Value

Dependent Variable: TNM TNMCK Rate

Observation Observed Predicted Lower 99% CLI
Residual Upper 99% CLI

16 * 17.06825865 14.37253777
. 19.76397953

17 * 17.39659243 14.73911771
* 20.05406715

18 * 17.50603703 14.85139873
. 20.16067533

19 * 17.17770325 14.49963021
19.85577628

20 * 17.94381540 15.25072610
20.63690470

21 * 16.63048028 13.81762592
19.44333464

95% Confidence Interval for Predicted Value

Dependent Variable: TNM TNMC( Rate

Observation Observed Predicted Lower 95% CLI
Rezidual Upper 95% CLI

16 * 17.06e25865 13,77975668
* 20.35676062

17 * 17.39659243 14.15474684
20.63843803

18 * 17.50603703 14.26765157
• 20.74442248

19 * 17.17770325 13.91072983
20.44467666

20 * . 17.94381540 14.65852368
21.22910712

21 * 16.63048028 13.19908752
20.06187304
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99% Confidence Interval for Predicted Value

Dependent Varitable: TNM TNMCM Rate

Observation Observed Predicted Lower 99% CLI
Residual Upper 99% CLI

16 * 17.06825865 12.48298054
21.65353676

17 * 17.39659243 12.87636901
21.91681586

18 * 17.50603703 12.99063820
. 22.02143585

19 * 17.17770325 12.62244319
21.73296331

20 * 17.94381540 13036301346
22.52461734

21 * 16.63048028 11.84596433
21.41499622

90% Confidence IntervAl for Predicted Value

Dependent Variable: NHM Mission Capable Rate

Observation Observed Predicted Lower 90% CLI
Residual Upper 90% CLI

16 * 79.49904968 76.80741597
82.19068339

17 * 78.43921008 75.90937863
80.96904153

18 * 80.15681526 77.47003289
. 82.84359763

19 * 78.19115383 75.26481466
81.11749299

20 * 75.72786534 73.10146388
78.35426680

21 * 75.69826328 72.92162233
78.47490423
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95% Confidence Interval for Predicted Value

Dependent Variable: MCR Mission Capable Rate

Observation Observed Predicted Lower 95% CLI
Residual Upper 95% CLI

16 * 79.49904968 76.20859912
82.78950024

17 * 78.43921008 75.34655848
81.53186169

18 * 80.15681526 76.87229532
83.44133520

19 * 78.19115383 74.61378209
81.76852556

20 * 75.72786534 72.51715946
78.93857121

21 * 75.69826328 72.30389363
79.09263293

99% Confidence Interval for Predicted Value

Dependent Variable: MCR Mission Capable Rate

Observation Observed Predicted Lower 99% CLI
Residual Upper 99% CLI

16 * 79.49904968 74.88608537
84.11201400

17 * . 78.43921008 74.10354503
82.77487513

18 * . 80.15681526 75.55216524
9 784.76146528

19 * .78.19115283 73.17594759
83.20636006

20 * 75.72786534 71.22669708
80.22903360

21 * 75.69826328 70.93961221
80.45691435
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90% Confidence Interval for Predicted Value

Dependent Variable: TNS TNMCS Rate

Observation Observed Predicted Lower 90% CLI
Residual Upper 90% CLI

16 * . 11.16582477 8.24730746
14.08434208

17 * . 11.83509071 8.97197327
14.69820815

18 * 10.75948474 7.78262085
13.73634862

19 * . 10.09021880 6.97983107
13.20060653

20 * . 10.35314470 7.30049762
13. 40579178

21 * 11.76338365 8.89683484
14.62993245

95% Confidence Interval for Predicted Value

Dependent Variable: TIS TNMCS Rate

Observation Observed Predicted Lower 95% CLI
Residual Upper 95% CLI

16 * 11.16582477 7.60553409
14.72611546

17 * 11.83509071 8.34238217
1 8 15.32779926

18 * 10.75948474 7.12801724
14. 39095223

19 * 10.09021880 6.29586595
13.88457164

20 * 10.35314470 6. 62922950
14.07705990

21 * . 11.76338365 8.26648919
15.26027810
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99% Confidence Interval for Predicted Value

Dependent Variable: TNS 714MCS Rate

Observation Observed Predicted Lower 99% CLI
Residual Upper 99% CLI

16 * . 11.16582477 6.20158176
16.13006779

17 * . 11.83509071 6.96507994
16.70510149

18 * 10.75948474 5.69599730
15.82297218

19 * 10.09021880 4.79961438
15.38082321

20 * 10.35314470 5.16075406
15.54553534

21 * 11.76338365 6.88753630
16.63923099

90% Confidence Interval for Predicted Value

Dependent Variable: TNM TNMCM Rate

Observation Observed Predicted Lower 90% CLI
Residual Upper 90% CLI

16 * 15.33880992 14.13863313
16.53898671

17 * 16.39603004 15.24956151
17.54249856

18 * 14.73737089 13.54011470
15.93462707

19 * 14.92945346 13.70188197
16.15702495

20 * 15.17047362 15.02451565
17.31643159

21 * 15.25869799 13.95183770
16.56555828
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95% Corfidence Interval for Predicted Value

Dependent Variable: TNM TNMCM Rate

Observation Observed Predicted Lower 95% CLI
Residual Upper 95% CLI

16 * 15.33680992 13.86791745
16.80970239

17 * 16.39603004 14.99096043
17.80109964

18 * 14.73737089 13.27005779
16.20468398

19 * 14.92945346 13.42498705
16.43391986

20 * 16.17047362 14.76602974
17.57491750

21 * 15.25869799 13.65705814
16.86033783

99% Confidence Interval for Predicted Value

Dependent Variable: TNM TNMCM Rate

Obsezvation Observed Predicted Lower 99% CLI
Residual Upper 99% CLI

16 * 15.33880992 13.26325162
17.41436822

17 * 16.39603004 14.41335358
18.37870649

r 18 * 14.73737089 12.66686341
16.80787836

19 * 14.32945346 12.80651940
17.05238752

20 * 16.17047362 14.18868011
18.15226713

21 * 13.25869799 12.99864368
17.51875230
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90% Confidence Interval for Predicted Value

Deperdent Variable: MCR Mission Capable Rate

Observation Observed Predicted Lower 90% CLI
Residual Upper 90% CLI

16 * . 75.92908604 73.53479741
78.32337467

17 * 78.20976593 75.60845606
80.81107580

18 * 80.08512190 77.51607391
82.65416988

19 A 77.97872816 74.56351.148
81..39394484

20 * 81.97122579 'i6,17481909
8. 8.76763249

21 * 77.34642978 66.96278345
87.73007611

95% Confidence Interval fox Predlcted Value

Dependent Variable: MCQ Mission Capable Rate

Observation Observed Predicted Lower 95% CLI
Residual Upper 95% CLI

16 * . 75.92908604 72.98570080
78.87247128

17 * 78.20976593 75.01188203
81.40764983

18 * 80.08512190 76.92689869
83.24334511

19 * 77.97872816 73.78027930
82.17717702

20 * 81.97122579 73.61615827
90.32629331

21 * 77.34642978 64.58143940
90.11142017
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99% Confidence Interval for Predicted Value

Dependent Variable: MNC2 Mission Capable Rate

Observation Observed Predicted Lower 99% CLI
Residual Upper 99% CLI

16 * 75.92908604 71.74251211
80.11565998

17 * 78.20976593 73.66120150
62.75833036

18 * 80.68512190 75.59296953
84.57727427

19 * 77.97872816 72.00699319
83.95046313

20 * 81.97122579 70.08725374
93.855197,84

21 * 77.34642978 59.18992912
95.50293045

90% Confidence Interval for Predicted Value

Dependent Variable: TNS TNMCS Rate

Observation Observed Predicted Lower 90% CLI
Residual Upper 90% CLI

16 * 12.02922785 10.10435916
13.95409653

17 * 12.85231017 10.79579457
14.90882577

"18 * 12.33843986 10,40209555
14.27478417

19 * 11.97171372 10.04734694
13.89608049

20 * 12.08740437 10.15963734
M1401517139

21 * 13.54185523 11.28079547
15.80291499
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95% Confidence Interval for Predicted Value

Dependent Variable: TNS TNMCS Rate

Observation Observed Predicted Lower 95% CLI
Residual Upper 95% CLI

16 * 12.02922785 9.67612712
14.38232858

17 * 12.85231017 10.33827459
.8 15.36634575

18 12.33843986 9.97131048
14.70556924

19 11.97171372 9.61922656
14.32420087

20 12.08740437 9.73076050
14.44404824

21 13.54185523 10.77776986
16.30594060

99% Confidence Interval for Predicted Value

Dependent Variable: TNS TNMCS Rate

Observation Observed Predicted Lower 99% CLI
Residual Upper 99% CLI

16 * 12.02922785 8.73035753
15.32809817

17 * 12.85231017 9.32782129
16.37679905

18 * 12.33843986 9.01990243
15.65697729

19 * 11.97171372 8.67370358
15.26972385

20 * 12.0874C437 8.78356683
15.39124191

21 * 13.54185523 9.66681534
17.41689512
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90% Confidence Interval for Predicted Value

Dependent Variable: TNM TNMCI Rate

Observation Observed Predicted Lower 90% CLI
Residual Upper 90% CLI

16 * 12.78501618 9.15790440
16.41212797

17 * 11.67424906 7.79211491
15.55638322

18 * 11.74764099 7.72010921
15.77517278

19 * 13.63738072 9.05065539
18.22410604

20 * 3.84448096 -7.79310800
15.48206991

21 * -0.52446749 -16.38844047
15.33950549

95% Confidence Interval for Predicted Value

Dependent Variable: TNM TNMCM Rate

Observation Observed Predicted Lower 95% CLI
Residual Upper 95% CLI

16 * 12.78501618 8.28709393
17.28293843

17 * 11.67424906 6.86007773
16.48842040

18 * P .74764099 6.75316442
16.74211757

19 * 13.63738072 7.94945735
19.32530408

20 • 3.84448096 -10.58710357
18.27606548

21 * -0.52446749 -20.19712201
19.14818703
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99% Confidence Interval for Predicted Value

Depetnent Variable: 7Ml TW"CI Rate

Obmarvation Observed Predicted Lower 99% CLI
Residual Upper 99% CLI

16 12.78501618 6.24038979
19. 32964258

17 11.67424906 4.66946974
. 18.67902839

18 * 11.74764099 4.48051156
. 19.01477043

19 13.63738072 5.36126314
21.91349829

20 3.84448096 -17.15395426
24.84291617

21 * -0.52446749 -29.14883378
28.09989880
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