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ABSTRACT

~—

=2 This research evaluates the operational efficiency of the

in-house real property maintenance activity of the Tacticaj)

Air Command using a methodology called Data Envelopment
Analysis (DEA). Evaluations are undertaken in a variety of
ways -- reviewing annual data; checking for trends, stability,
and seasonal behavior using window type analyses; and
accomplishing a joint analysis with Air Training Command data.

Results include identifying sources and amounts of

inefficiencies for each base, command-wide trends, and special

\

\

operational characteristics of different bases.
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CHAPYTER 1

INTRODUCTION AND BACKGROUND

SECTION I - 1INTRODUCTI1ON

ine purpose of this research was to evaluate or measure the
operational efticiency of the in-house real property maintcnance
activity ot the Tactical Air Command. Here efficiency is defined
S the rutio of bencfits achieved (outputs) to resources used
(anuts).l

vlten, as in commercial accounting, efficiency is measured
by comparing an actually attained output to a standard or
predetermined output. In engineeriny, outputs and inputs are
customarily measured in terms of energy, so that a natural unit
is thcreby provided. Also the law of conservation of energy
regquires that the energy produced (output) must not exceed the
encrygy consumed (input). Since all units of mcasurement are the
same, a dimensionless ratio results with 0< Efficiency <1 in this
ratio ftorin,

Unfortunately these concepts are not normally applicable to
Air Force organizations. If we were able to specify a single
output like the maximum achievable production of flying hours of
a wing, given specitied levels of resources, then wing cfficiency

could be uetermined by comparing the actual productiocn of tlying

hours to the predetermined maximum achievable flying hour




pcoduction. wo production function has been developed which can
forecast the maximum number of flying hours achievable given the
multitude of resource combinations and environmental conditions.
Tnus, air Forcc organizations must rely on relative measures of
clliciency trom empirically based comparisons of input and output
measurcs.

tn economics, efficiency is usually assumed to havc been
acnieved by the force of market competition. In our case, we are
dealing with not-tor-protit military operations wnere tne
assunption of perfect competition is not tenable. Hence, for
this rcscarch we cannot make such an assumption and are thcrefore
forced to turn to an eiticiency measurement methodology called
Lata Envcliopment Analysis (DEA) to ascertain whether technical
etficiency has been achieved.

Uur research will proceed as follows. In the remainder of
this chapter we will briefly describe DEA and then identify ana
definc the uifterent input and output measures usea in this
research. Chapter 2 reports and interprets the results of
applyingy DEA to the Tactical Air Command's in-house real property
maintenance data. Our summary and conclusions are contained in

Chaptcer 3.
SECTION 11 - DATA ENVELOPMENT ANALYSIS
v now turn to a description of Data Envelopment Analysis

(Lu2r) os tne wmethou we will use to approach our rescarci.

Ccharnes, Cooper, and Rhodes (CCR) (6] and [7] devecloped LDEA to

0 30 W " A TS T PN SR *r e A




measure and evaluate the relative efficiency of operations in
not-for-profit programs. In order to keep this paper from
becoming too technical, we only summarize the DEA model and its

properties and characteristics.

Fractional Model

The followiny DEA model and its associated extremal
principals extend the normal single output to single input
efficiency definitions employed in the natural sciences to the

multiplc output and multiple input case we need.

Maximize: 2 Ur¥ro
=

(1)

Subject to:

where the terms represent:

hﬁ = The measure of efficiency for decision making
unit (DMU)2 "g", the member of the set of

j=1,...,n DMUs that is to be rated relative to the

others. The ratio on which h9 depends 1is




3

represented in the functional for optimization as
well as in the constraints. This DMU preserves
its original subscript identification in the
constraints but is distinguished by a "o"

subscript in the functional.

The variable for each type of output "r", which
will be optimally determined by the solution of
3

the model and assigned as a weight™ to the

observed output value, Yo

The variable for each type of input "i", which
will be determined by the solution of the model
and assigned as a "virtual multiplier" to the

observed input value, X

The known amount of output "r" produced by DMU "@"

during the period of observation.

The known amount of input "i" used by DMU "B"

during the period of observation.

The known amount of output "r" produced by DMU "j"

during the evaluation period.

The known amount of input "i" used by DMU "j"

during the period of observation.

A small "non-Archimedean®" constant.




All of the organizations are assumed to have common inputs
and outputs in positive amounts. Execution of the model requires
repeated computations which, in principle, must be done for each
DMU in the universe of organizations under evaluation. In each

case, the efficiency of each DMU is calculated in relation to all

other DMUs.

The resuliting efficiency value, h¥*, does not depend on the
units of measure in which the inputs and outputs are stated.
That is, if any input and output is measured in different units
then the value of na will not alter provided this same change is
made in the units ot measure for all DMUs.

Evidently the maximum value of ha is unity since the
constraints require ha <l. 1Indeed if ha <1, then some convex
combination of other DMUs could have done better and DMU "0" is
not efficient. Conversely, DMU "0" is efficient if and only if
h; =1,

We can relate this to the concept of Pareto optimality by
saying that a decision making unit is efficient if and only if it
is not possible to augment any output without either (a)
decreasing some other outputs or (b) augmenting some inputs.
Alternatively, it is inefficient if some input can be decremented
without worsening any output or without increasing some other
input. This does not preclude making tradeoffs after the
"efficiency frontier" is attained but it does require setting
them aside until after this frontier is identified.

Reference to Figure 1 will help to show what is involved.

The solid line connecting points A, B, and C represent a section

2



of the unit isoquant, i.e., the level of the production surface,
for one unit of a single output. For simplicity we restrict
ourselves to the case of one output (produced at unit level) and
two inputs, X, and X, The X, and X, coordinates of points A, B,
C, D, E, and F represent observed inputs used to produce the one
unit of output attained by each of the six DMUs associated with

these points.

Xa

Figure 1: DEA Efficiency In The Single Output - Two Input Case

Both D and E are inefficient since they are dominated by D!

4

and E', respectively. The latter are not actually observed

values but are obtained as convex combinations of A and B and

B and C, respectively, which represent elements of the efficient

*
0

for points D and E correspond to the ratios of the ray segments

frontier production possibility set. 1n fact, the values of h

d(0-D')/d(U-D) and d(0-E')/d(0-E) which are clearly less than
5

unity.




'The points A, B, and C from which these convex combinations
are obtained are all efficient and form an efficiency frontier.
There is no point that can be generated from convex combinations
of members of the production possibility set that will dominate
them. Conversely, any movement along this frontier requires
tradeoffs between Xy and Xy in order to stay on the frontier.

The DEA model evidently provides only relative evaluations
by creating an "efficient frontier" such as the one depicted in
Figure 1 that is generated from actual observations. It is
relative in the sense that the efficiency rating depends on the
DMUs used. Although DEA does depend on the DMUs used, it does
not depend on prior theoretical knowledge or explicit assumptions
about the value of the production process as in the model ¢
specifications used in statistical regression (and like)
approaches.

The u_ and vy values described in model (1) may be '

r
considered weights, but to avoid confusion with normal uses of a

priori weights, we refer to the u, and A variables as

transformation ratios. This name refers to the fact that they

transtorm real inputs (xiﬁ) to a "virtual" input (xﬂ) and real

outputs (yrﬂ) to a "virtual" output (Yg). In this way the DEA

approach reduces the multiple outputs and the multiple inputs to

a single scalar measure. Finally, the u, and v, choices made by

the DEA model are optimal in that the mathematical procedure y
places the UMU that is being evaluated "in the best possible

light"-- in the sense that no other u, and vy values can give a

more favorable efficiency ratio from this set of data.
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Reduction To Linear Programming Form

The model previously presented is a non-linear proyramming
problem. It is, in fact, a fractional programming problem with a
linear fractional objective and linear fractional constraints.

As such it is both nonlinear and nonconvex. However, Charnes,
Cooper, and Rhodes have shown that it in be transformed into an
equivalent linear programming problem by means of the theory of
linear tractional programming, developed by Charnes and Cooper.
In order to simplify matters we are bypassing the development of

the linear programming form and present it as follows:

Minimize: _ $ 4 o3
(2)
? M H = o0
Subject to: _g.yrjxj - 5, * Yro+ T lyceesS
J »
3§,xijxj - 91 + 8Xx309 = 0; i=l,...sm
Ajs Sps 81 2 03 @ unrestricted in sign
where

® = an intensity valuer or multiplier of the observed

input x,
s: = Qutput slack for output "r".
s; = Input slack for input "i".

R ER N P
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€ = A small positive valued non-Archimedian constant.

To enforce the non-Archimedean character of and avoid
possible troubles from using "small" real numbers we revert to
the procedure described in Charnes and Cooper [4) and first
minimize O with the constraints shown in (2) remaining unchanged.
Then we maximize the slack variables in the objective function
while constraining O to the value it already attained in the
first stage.

Model (2) is the form which is used in our research. For a
unit to be rated 149% eftficient 6* must equal one and all slack

-% *

. .+ .
variables, S and S ¢ must equal zero. Hence 8* <1 and /or

-
sy >0 means that the observable inputs were excessive and

efficiency was not achieved.

Efficient Input and Output Levels

If efficiency is not achieved, model (2) provides the
information for determining the input and output levels necessary
to attain erficient operations. This is done using the following

equations:

(3) ;[ =y, + s:*

(4) gi = Oxi - g=-%

where:
§r = Etficient level for output "r"
;i = Efficient level for input "i"

All other variables are as previously described.
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Comparison Sets

*
Also, from model (2), we have hj > B as a sutfficient but

h DMU to be a member of the

not necessary condition for the jt
comparison (=reference or neighborhood) set of the evaluated
unit. Recall that the optimization employed in (1) ensures that
the efficiency reference set provides thes "best"™ (=highest) hﬁ
value available for each DMU. Knowing the DMUs from which the
evaluation was made allows managers of inefficient units to check
with those organizations on possible corrective actions.

Finally, a DMU rated 190% efficient which does not appear in
the efficiency reference set of other DMUs which are rated
inefficient is a candidate for additional review. Since a
comparison set cannot contain any inefficient DMUs, failure to
appear in such a set is an indication that this DMU may be a
"self evaluator" and should not be considered efficient without
further investigation. The DMU may be wholly efficient because
it has special teatures distinguishing it from the others or it

is possible that the DMU is operating inefficiently.
SECTION I1I - SPECIFICATION OF DEA INPUT/OUTPUT MEASURES

Specification of the input and output measures to be used in
the DEA model was done in conjunction with civil engineering
officials from a second major air command (MAJCOM). The specific
measures chosen were based on the operational expertise of these

individuals and certain characteristics that the input and output
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measures should have in order to take advantage of the
capabilities of the DEA model.

There are four guidelines pertinent to the selection of the \
inputs and outputs. j

First, the inputs and outputs should be comprehensive. That
is, they should fully and properly measure the in-house real '
property maintenance activity.

Second, there should be some basis for believing that the ‘
relationship between inputs and outputs should be such that an
increase in an input can reasonably be expected to increase one
or more of the outputs.

Third, all input and output measures should exist in
positive amounts for each DMU.

Finally, the variables should be identifiable and defined
and controlled so that they cannot be manipulated in reports or t
at least the resulting data should be reviewed in order to remove )

these effects which might otherwise influence the results of the

TG

DEA model.

e

A number of possible input and output measures were reviewed
and discussed for possible inclusion in the Data Envelopment X
Analysis phase of this research. The pdtentially large number of
possibilities was narrowed to ones which seem to best fulfill the "
requirements of this study.

Eight outputs were considered which comprel.ensively reflect "
the accomplishments of the base civil engineering activity in
performing its in-house real property maintenance function. We

label and number these outputs as: (1) number of completed job

b el 4" -
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orders, (2) number of completed work orders, (3) number of

completed recurring work actions, (4) number of delingquent job
orders, (5) replacement value of structures and systems, (6)
percent of job orders completed, (7) percent of work orders
complieted, and (8) percent of recurring work actions
accomplished.

fhere are six inputs representing the resources consumed and
effort expended in producing the outputs. They are: (1) funds
available in terms of supply and equipment funding, (2) available
direct labor hours, (3) number of passenger carrying vehicles
assigned and available for use, and (4) three measures of the
amount of work available for accomplishment -- number of work
orders in the civil engineering system, number of job orders in
the civil engineering system, and number of scheduled recurring
work actions.

The results of our eftforts to gather data on these variables
was disappointing, in that an insufficient number of observations
were available for a stable Data Envelopment Analysis of more
than seven variables. Therefore, we reduced the number of actual

measures used to Outputs 1,2,3, and 4 and Inputs 1,2, and 3.

They are described in the following subsections.
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Selected Outputs And Inputs

In the following subsections we explain the four output and
three input measures which were finally settled on for inclusion
in our research. First we specify the outputs which are:
completed job orders, completed work orders, completed recurring
work actions, and delinquent job orders. Then we follow with
descriptions of the input measures which are labeled as: supply
and equipment funding, available direct labor hours, ana

available passenger carrying vehicles.

Output 1l: Completed Job Orders (CJO): The job order system was

designed to be a fast way to authorize work that does not require
detailed planning. Job orders are work that require little or
no planning, involve only one craft ;hop (e.g., masonry,
electrical, carpentry, plumbing, etc.), and materials are
normally readily available in bench stock. They represent
day-to-day maintenance and repair work such as repair of air
conditioning units, broken windows, and minor street pot holes.

The number of completed job orders measures the amount of

day-to-day work accomplished.

Output 2: Completed Work Orders (CWO): Work orders represent

activities that are more extensive and complex than that done
under job orders and usually result in capitalization of real
property records. Because of its complexity, preparation for

work accomplished under a work order involves gathering data for

neowy
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A N A I e T L G OVTLON RO MR K DO OO M ¢ O 0 XS O X (i MO e S 00 W I M o l,‘.!'.‘.\



14

review and analysis, detailed planning, coordination between many
craft snops, and ordering large amounts of material. A work
order is processed through production control, planning and
engineering, material control, base supply, and procurement. A
job order is normally only processed through production control.
Examples of work orders would be the construction of a new room

or the complete replacement of an electrical system.

Qutput 3: Completed Recurring Work Action (CRWA): Recurring

work items include recurring (preventive) maintenance,
operations, and services for which the scope and level of effort
is known without an earlier visit to the job site each time the
work is scneduled. The work is periodic in nature. It includes
all recurring work needed to prevent breakdown of critical
facilities, equipment, or utilities. Grass cutting and pavement
cleaning (operations), refuse collection and entomology
(services), and changing air conditioner filters and preventive
generator maintenance (maintenance) are examples of recurring

work.

Output 4: Delinquent Job Orders (DJO): The definition of a

delinquent job order depends on the type of job order of which
there are three: emergency, urgent, and routine. Thus, in
deftining DJO we first need to explain the three types of job

orders.
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(1) bmergency: An emergency job order is work which, if

not accomplished, will be detrimental to mission accomplishment
or reauce operational cffectiveness. This type of job order must
be accomplished within 48 hours of the identification of the

reguircment.

(2) Urgent: An urgent job order refers to work that impacts

mission accomplishment or reduces operational effectivencss less
scverely than work categorized as emergency. An urgent job order
is to completed within five work days of the iadentification of

the requirement.

{(3) rRoutine: Koutine job orders incluue work that shoula be

done within 30 days of identification of the requirement if no
material is required or 3b days after receipt of material if
material is recyuired. 1n order to reduce time lost to travel,
routine job orders are accumulated by geographic area and
scheduled as work packages rather than individual job orders.

‘«. 2150 need a category for scheduled (authorized) work
which was not completed in a timely manner. This work falls into

a class called "delinquent job orders".

(4) Lelinguent: A delinquent job order is one in any of the

above cateyories that is not completed within the specified time
by the ¢nd of the reporting month. Headquarters personnel
monitor tnis measure to check the timeliness of work

accomplishment which they feel is essential to maintaining




customer (organization or individual) satisfaction. However,

recognizing that delinquent job orders are not desired, we use
its reciprocal as the measure of this ocutput. It is almosc never
the casc that there are no delinguencies so we do not anticipate

a problenr of dealing with a zero denominator.

lpput i: Supply and Equipment Funding (COL): [rhis is a supply

support tactor. ‘The larger the supply and equipment tunding, the
greater the availability of supplies and equipment with which to
accomplish work. 1his includes not only equipment purcnases but
also eyuipment rentals. +The availability ot supplies and
eguipment should reasonably be expected to atfect output

production.

Input 2: Available birect Labor Hours (LAB HR): Available

uirect iabor hours measure the size of the availuble work force
which jcnerally varies proportionately with the level ol real
propcity maintenance activity at each base. This measure
represents the amount of time the work force is available for
accompliishing civil engineering work. LAB HR equals the total
work hours available (number ot employées times the work week
length) less an appropriate number of hours for sick leave,

vacation time, training, etc.

Input 5: Available Passenyer Carrying Vehicles (Vbi): Another

input variable is the number of passenger carrying vehicles

availatle to the base civil engineering function. Small vans,




pick-up trucks, and station wagons are examples of passcnger
carrying venicles. Vehicles such as road graders, back hoes, and
other spccialized equipment are not included in this category.
The measure of tnis input amount was computed by taking the
number of passenger carrying vehicles assigned to the buse real
property maintenance activity and reducing it by tne average
vchiclic maintenance down time (VDP and VDM). Headgquarters
ofticials believe that the nonavailability ot passenger carrying
vehicles i1s a major factor hindering work completion. without

velhicles, personnel are not able to get to the work site.
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CHAPTER 2

ANALYSIS AND INTERPRETATION

SECTION I - IRTRODUCT1ON

In this section we turn to the analysis of the Tactical Air
Command's in-house real property maintenance activities
operational efficiency. We propose to undertake these
evaluations in a variety of ways and will proceed to do this in
the following manner.

First, we describe our data collection procedures and some
of the problems encountered such as the nonavailability of a
sufficient number of bases for the number of inputs and outputs
to be used in the analyses. We also describe how we overcome
these problems through expanding our data base via (1) "window
type" analyses and (2) combining the data from two separate major
air commands into a single joint efficiency evaluation.

Next we report the results of our evaluation of the
efficiency of Tactical Air Command's operations. Our evaluation
of TAC begins with an analysis of its annual data. As might be
expected from the few degrees of freedom available, most bases
were rated 100% efficient. Therefore, in order to validate these
annual efficiency ratings and to test for stability, trends, and
other behavior over time, we proceeded to window type analyses.

Next, we proceed to combine the data points for TAC with data

from a second MAJCOM for a series of joint analyses which again

18




consists of an analysis of annual data and window type analyses.
ihis 1s done to further review the results obtained from
analyzing each command separately. L1n general, the joint
analysis of annual data supports our earlier findings for TAC
wonile the joint window analyses provided ncw information which

was not evident in the preceding evaluations.

SECTION II - DATA COLLECTION

Uur initial step was to gather fiscal year 1963 annual aata,
1 vctecber 19z through 36 September 1%83, for each base within
the two hiadCuMis. The TAC data were obtained from reports
avallatle uat TAC hecadyguarters and by direct communication with
the vascs.

Unfortunately these efforts produced complete input and
output information on only nine bases for TAC. A rule ot thumb
for imuintaining an adequate number of degrees of freedom when
using LLA is to obtain at least two DiUs for each input or output
mcasure. Wote, tor instance, that an insufficient numbcr obf D#HUSs
for the variables being used, would tend to produce a rcsult in
which all of the DilUs would be rateu as ibbdé efficient simply
pecause of an inadeguate number of degrees of frcedom.

For this research we would need a minimum of 14 bases (two
bitlls ftor each ot 7 inpqt and output measures) for each MAJCOUM to
avolu possibly meaningless results. Wwe used a variety ot

technigyues to overcome the problem of having an insufficient

nuinber ot WbiUs. I'ne number of DMUs was increased Lhrough "window
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enalysis" technigues and/or combining the data points irom IAC
with those of a second MAJCUNM into one overall analysis.

A "window analysis" is a way to increcase the number of UHUs,
anu thereby, introduce more degrees of freedom into an analysis.6
Tne procedures tor a window analysis involve subauividing each
LiW's data and identifying each new unit as a differently dated
Ll 1n order to create a new analysis set or "window" ftrom these
subunits. For example, annual data might be broken down into
monthly or yuarterly data, then each LMU (= Air Force base) could
ve represented as 12 or four difterent DMUs. A moving "window"
is tanen constructed in a way that provides overlaps and chiecks on
LU behuvior over a period of time. Such a moving window could
bc threc successive mronths, for example, in which case the ftirst
window would consist of data on each DMU for the first, second,
and third months. The second window would consist of data on
cach LHU Lor the second, third, and fourth months, and so on.

tiote that the data for month two is used twice, once in the
first window (months one, two, and three) and again in the second
winaow (munths two, three, and four). This provides a two way
comparison for each LMU reclative to its efficiency ratings (and
sources ol inefficiencies) from two different scts of data.

I'nus, moving over time one can check for stability, trends,
seasonxl behavior, or other properties of potential interest.
Morcover, further insight can be supplied by additional

conparisons with annual data or other ways of torming the

windows, and s0 on.
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Observed Inputs and Outputs

Tables A.1 and A.2 in Appendix A show the observed input and
output values used in this study for TAC and Air Training Command
(ATC). These tables contain annual and quarterly input and output
values for Fiscal Year (= FY) 83. 1In order to extend the window
analysis, we also obtained data on the first quarter of FY 84
which are also shown in Table A.1 and A.2 in column 8 as the

fifth quarter.

SECTION II1II - ANALYSIS OF TAC

Analysis Using Annual Data

I A

We initiate our efficiency evaluation of TAC by using annual
data for the seven input and output measures previously discussed
in a DEA. As expected, there was little discrimination between
the bases on their relative efficiencies since there were so few
DMUs relative to the number of inputs and outputs used. Using
only annual data, all bases were either rated as 100% efficient
or very close to 100% efficient (except Langley and Holloman).

That is, they had values of h; = 0% = 1 and slack variable

values were zero..7

Table 1 shows these results for TAC. Under the efficiency
*

rating, h0 in column 1, the slack variables for the three inputs

and four outputs used in our analyses are listed, while columns 2
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(1)
tfticiency

Table 1

Efficiency Measure Values - TAC

(2) (3) (4) (3)
Efficiency Measure values

22

(6)

Measure Name Luke Howard Langley George Moody
*
h = 6* l.o 927 . 668 1.6 l.vu
Slack
Variablus
- +*
(s] + 5, )
vili * * 16 * *
pUL * * * * *
LAL 1K * 58035 48206 * *
WO * 373 167 * *
CJuv * * * * *
CRwa * 6226 * * *
UdJ o * .00B131 L0P0 30 * *
dore

l. * tndicates there was no positive slack.

2. 'fhe pousitive slack values associated with delinquent
job orders have no intuitive meaning since we are using
a reciprical.

LEGEiD

lnguts:

VLEH

LOL

LAB HR
Jutputs:

CWO

CJo

CKwA

DJO

Fassenger Carrying Vehicles
Supply and Equipment Funding
Available Direct Labor Hours

Completed work Orders
Completed Job Orders
Completed Recurring work Action
Delinquent Job Orders




Table 1 continued
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(1) (2) (3) (4) (5)
Lfficicncy Lfficiency Measure Values
klicasurce Hame Shaw Myrtle Beach Holloman Bergstrom
*
b S o* 1.9 1.9 .624 l.u
Slack
vVariables
-% + %
(s’i ’ -)r )
VLii * * 6 *
pCL * * * *
LAB ik * * * *
Chwu * * 420 *
CJdu * * 3486 *
CRA * * * *
Ldu * * LudE1v6 *
rote

1. * Indicates there was no positive slack.

2. ** The positive slack values associated with
delinguent job orders have no intuitive meaning Ssince
are using a reciprical.

LLobib
Lnputs
VtH - Fassenger Carrying Vehicles
LOL - Supply and Equipment Funding
LAB HR - Available Direct Labor Hours
Cutputs
Cwu - Completed work uUrders
CJO - Completed Job Orders
CkwA - Completed Recurring wWork Action
bJu - Delinquent Job Orders
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LML OUyt, o ulspliy the optimul values obuvainca for cacn oi Lhose
vdrleeles.  ilic siack variables which appear under the cliicicncy
Culing 1o cach coluin relate to the input or output mecsurc wich
whicth cuy Siack vorsable is assoclated. For exaiaple, tuce lu in

-%
CUlUmi 4 Cppoilte viad 18 the vaiue of the slack variavic (s )

“vii
in ca. counstraint associateu with the passenyger cakryiny vebicle
¢ lipdo mlosulc Lor vangley. itne value of 54,usb 1n coluan

- . _ o o
LAB uu’ 1n the constraint fot

tei-lebonts the amount of sluck (s
Lire ovorlupice direct labour hours input measure Lor uowdiu.
woie from iable 1 tnat Luke, George, MOOUy, Lnaw, LyLLAd
plualll, iy wirgsteow ate rated lwws efticient. tnett ouplilihad
s0rUbLIUNS nave O% = | undg all sluck values are zero.
hioU ObServe Ltom this table that operational incilicionucies \
wiluln uli orgyanlistion drce identitied in two parts via tba. wno
patl 15 the ©% vaiues and che other gart 1s tuo opllmas Si1uack
' - +% . .
vt labie values (si P sr ). +dhe @* indicates scale ana
tecunical incriiciuvncies while slack values represent mix
lucllicloeneles (eiener ingut or outpuc).
UGwalu, bLuttyley, and dotloman are rateu less chan Lowvs

clileawnt by LLa ol tWwu grounus: Lirse, tucy nave 9% < 1 oand

Seevllu Liley also uave nNuh-2¢L0 siack varlable values. 1.0,

. - +%
¥ U las o* = L anid 31ac iables s . : 3.
UwdlU llads Yel anid 51lack val S 5| ab un YupLoyy Swo
+» + X , .
2io, o L= L,ecb, anu s = Jwkblol. {als means thal uOwdlu
CHuA [YNIY)

was, ul voest, ounly Ye.r% chiticient relative to the releroence scot |
Quta Ubta U3 300Uld be udle Lo reduct all ol 1es inputs Oy 7..5%
4l LULiid procuce chie same leved ot outgut. in wauition,

pdlllctial LhpultS (Lab ult) Can be turtier rcouced oy the input

BN
LA I
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Sluack vulilaubile valucs witnout eftecting a reauction in outpul.

Finally, 2ven with all 1nput reductlons maue, Lhe outpuls can
St11l Lo increasea by their siack values (UwU, Ckwh, LJu). unly
4lter wil ol tiaesce adjustments hove becen made wili tne base we
cLiteteint alld ac LS aust productive Scale oize (aveluJe
prouucuivity 1s maximized).

Recadl Lroi ocction 11, Cnapter 1, thac Ltreom tne LLA LESULLS
wC Call Colmpute Che 1nput anu output levels tiaaut an 1nefticicent
uflle  HieewS LU attdin in otder to be rated cefticient. countlinuing
wilithh thic aUwatd ot exanple, we use eguations (o) and (4) trom
Pes wltl COmpuUte tne erlicient input and output icevels. i'nese
CUmpul.iions and resalts are shown in 1rable 2. From column 4 ot
auble & we can Sce tanat Lot bowaru to be rated evideat ic woula
Neve L0 prouuce Yub colipleted work ovrders, 3u,lov cowpiecca Job
OLUCLYS, J,rl¢ CUNEleled rucurring work actions, and liuve no more
tuubh ,u<l uedinguent job coruers tor Lue year, in producinyg
tiucese culputs Howurd snould use no wore cwtnan J3Y passenict
Cutfylhniy veblcles, ve,070,32/7 worth ot supplies, and <Lu,ud¢
Jlteeir 1sbor nouts.

*

vl Ltinal obsctvation cbout llowaru aAlFb. oo W, o= @« v.uluc
UL sél (SVe.idw) Jludlly overstates Howaru's citicicency tating.
LbUL Lealdocteu 1 chat Lljure 1s cne Ltact that 1ot nus a
Lighilic.ntl akount oL lneliiciency uws reflected 1n chie LiceK
val luble valUcy LUL ui;cct lavor houtrs, Culiploted wOoln OLUCLS,
Cultp leted oLl sy WOLK actions, and dclinguent jow CtuctSe. tor

*
CACHpin, Cng uoo= VLt GOZs Not retlect that HOWulu pLUUUCCU UDLY

@ lltui wvlC Lhan one=tourth O L Cowus (dlud/owe) Lt should

Hu/C ahla Lov (wedve/Jiytiu) ol the CKeas 1L savulu nave.
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Table 2

Efficient Input/Output Levels For Howard AFS

(1) (2) (3) (4)
Observed Efficient
Measure Values®* Adjustment** Level

* ~

inputs (eq.4) xi or - si xi

vVisil 42 D 39
$2,v87,30¥ g 2,676,527

LAB HR 338,611 58,635 255,857

* ”~
Outputs (eq.3) yr s+ Yr

r
Clu 135 568
CJu 30,136 + (% 3u,1306

DJO ** LBUE202 +.060131 600333
(4,951) (3,021)

* Jaken ftrom Table A.l.
** raken from Table 1, column 3.

*** Recall from our earlier discussion that delinguent job orders
are not desired, and therefore, we use the reciprocal as the
output mcasure. Hence, for Howard the actual number of obkserved
delingquent job orders is 4,951 and its reciprocal which is used
in ettecting DEA is .0Ww202. Likewise, the efficient level
computed from the DEA results is 006333 which converts to 3,021
delinguint job orders.

8 T e - -

[ L}/

o 1 - . . - vy - - o P ot
B .qi?‘ ‘$‘ ".“‘\“')‘J‘,. ‘«‘Yl.‘.! “".“‘h ‘U’,"\ ’l.‘\\ ‘k‘.‘c‘ g'b.| .Q.h.b“.' ﬂ' ......!‘I'.. 0. l'..‘. ’ s Wy 'n lrl.c .“ 4""0"’ e VY, 1 L T T, "




As noted before Langley and Holloman are rated as
inefticicnt. We can follow the same procedures used for Howard,
and conpute the efficient input and output levels flor thesc
bases. f(he results of these calculations are shown in lable A.3
ot the Appendix.

Also, as previously noted, Moody, Shaw, and Bergstrom were
ratcd lvws efficient. However, there is evidence that their
efficient rating may be due to special features in their
operations. DEA provides a basis for relative efficiency
evaluations in that cfficient DMUs should generally appcar in the
reference set for inefficient DMUs. DMUs rated efticient which
o not appear in the efficiency set ot other DLMUs may not
actually be comparable with any of the other DMUs. This is the
case for lioody, Shaw, and Bergstrom. ‘They do not appear as a
nember of any inetficient unit's optimal basis set, and
therctource, warrant further investiyation before they should be
considereca 100% efficient.

Finally, reference sets of inefficient LMUs provide
information that is useful to the management of the incfticient
unit. I'he reflerence set rcpiesents the.efficient operations that
the inctficient base was compared to in arriving at its
efficiency rating. ‘Thus the manager of the inefficient civil
engincering unit can review the operations of the organizations
his unit was compared with to determine what actions can be taken
to improve the efficiency of his operations.

1o illustrate what we are saying here, we will use the

results tor Howard. The comparison set for Howard consisted of




the efticient bases —-- George and iyrtle Beach., Thus tloward's
civil enyineer and other interested individuals could review the
rcal prorerty maintenance activities at George and iiyrtle Beach
as sources of intormation for correcting Howard's ineffticiencies.
ilolloman's comparison set was Luke and Myrtle Beach and Langley's

reference set included Luke and George.

window analyses For TAC

A“1n¢ above analysis is only a start. By brecaking annual
intormation into quarterly data and undertaking window types of
analyses, we can obtain a series of efficiency ratings tor each
base's quarterly operations. Recall from our previous discussion

in this rcport that window analyses allow us to check the

validity ot the annual ratings while obtaining new information on

trunus, szasonal behavior, and stability within the data.

Virth tive guarters of data, we are able to perform threc

svparate three-gquarter window analyses which we reter to as

Anailysces #l, #2, and #3. Analysis 41 consists of data from each

bosc tor the first, second, and third qQuarters while Analysis #2

has seccnu, third, and fourth gquarter data, and Analysis #3 used

data firem the third, fourth, and fifth quarters.

we display partial results from these analyses as in Table

3.t

*
flere in columns 3. through 5 we have the nD (eftficicncy
measurc) value for each guarter in a particular analysis. tor
*
easy comparison, we show the hU resulting from the analysis of

annual dJdata in column 2. For example, Luke's guartcrly
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Table 3
TAC Efficiency Ratings
Window Analysis Using Three Quarters

(1) (2) ) (4) (5) (6) (7)
Base Annual 1st Qtr 2nd Qtr 3rd Qtr 4th ytr  5th gtr
Luke 1.6

Analysis #l .927 . 724 1.0

hnalysis #2 «697 1.6 .841

Analysis #3 1.0 +596 . 787
Howard .927

Analysis &l 1.6 «842 .819

Analysis #2 <743 . 736 .811

Analysis #3 .748 822
Langley . 668

Analysis #1l 720 .456 .533

Analysis #2 +469 .482 .578

Analysis #3 .451 578
George 1.v

Analysis #1 1.0 .989 1.0

Analysis #2 .858 . 854 1.0

Analysis #5 .835 l.y 1.0
Hoody 1.0

Analysis ¢l 1.0 1.9 1.0

Analysis #2 1.9 1.0 .932

Analysis #3 .688 <725 .839
Shaw 1.0

Malysis 41 1.0 «923 .828

Analysis $2 .847 . 708 l.v

RAL LNGS
1.0 = Efficiency
<l.¥ = lnefficiency
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Table 3 Continued

(1) (2) A3) (4) (5) (6) )
Busc Annual lst Qtr 2nd Qtr 3rd ¢tr 4th gtr  5th gtr
tyrtle ccach 1.0

Analysis #l 1.0 1.0 1.0

Analysis %< 1.0 1.0 o

Analysis #3 1.9 ] 1.0
Holloman .624

Analysis al .598 .437 .612

Analysis #2 .416 .612 «565

Analysis w3 .489 .51 .528
Berstrom 1.9

Analysis #§1 1.0 .905 .639

Analysis #2 .848 .838 .841

Analysis #3 .467 .44 .535
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operations in Analysis #1 received ratings of 92.7%, 72.4%, and
luvvs efficient for the first, second, and third quarters
respectively. Also note that Luke's second guarter is a DU in
Analysis #2. From this new reference set, Luke's second quarter
earncd un efficiency rating of 69.7%. All of these quarterly
ratings can be compared to Luke's annual efficiency rating of
16,03

we begin our review of the results of the window analyses
reporteu in lable 3 with some general observations.

First, for some bases there is a large variability in the
efficiency rating within quarters and between quarters. See, for
example, Shaw AFB in Table 3. Between quarters it's efficiency
ratings ranged from 10U% efficient to 40.7% efficient and within
the third quarter the ratings ranged from 82.b% efficient to
40.7% ctticient. This indicates that each gquarter's operation is
difterent from its other guarters and that the introduction of a
new gucrter into the analysis had an impact.

dc also reviewed the results to see if they supported two
different criticisms of the Air Force budgetary process that have
been voic.d in the past. One such criticism presented by
Congress and the press is that the Air Force's year-end spending
is unnccessarily large and accomplished only to avoid losing
money wnen the appropriation expires. The second criticism is
made by thc Air Force of the Congress and concerns the

programiirng problems caused by not having an appropriation at the

beginning of the fiscal year.
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10 reach a conclusion on these two problems, we anulyzed the

T e im re o e e

efiicicncy ratings presented in Table 3. We did this by
computing an average etficiency rating tor each guarter of a ;
fiscal yecar.irhese calculations resulted in the following
averages -- first quarter - .871, second qQuarter - .766, third
Juarter - .77¢, and tourth quarter - .763.9
0., we turn to analyzing the Air Force's year-@na spending.
1t the in-house real property maintenance activities we reviewed

were spoending unnecessarily large amounts of funds in the fourth

guarter, this would be reflected in a lower efficiency rating for

the Ltourtn guarter since the supply ana eguipment expensc input
mecasure would be yreater than in other periods and there would

oe no corresponding increase in output, oQur analysis ot the

} e - -

average efficiency ratings do not support this contention. The

averagt fourth yuarter cfficiency rating of .763 is not

g R g

signiticantly (only 3% or less) ditferent from the second and
third yuarters. Une might reasonably cxpect some variation in
ratings due to changes in reference sets and time periods, and
this ranyc of variations seems recasonable.

Next we turned to analyzing our results to determine it they

iuentiticd any resource programming problems which might be

ey

causcd by a lack of an appropriation at the beginning ot the

fiscal ycar. One possible way resource programning problems
would be cvidenced would be to have significantly higher than

average efticiency ratings in the tirst quarter followed by

T i e W -

significantly lower than average efficiency ratings in the second

Juarter. 1his couid occur because a base in-house rcal property

L)
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MullililichCe uClivity would progran work to be accouwplisacd 1n the
Lllrse yuaurter busca oun tue on-hand inventory of supplics dand not
a4CLomplloll WwOLR reguiring the purchase of auultional suppiies
LCaust oL nol knowing wilal their funus availabilicy woulu e,
LUUS LuC SURRLly capendituce lnput measure wouliu be low in the
L1rst Gualier tosudting 1n algher ellfilciency ratvings tor the
L1L8t Guirteer,

iu1s3 Lhoulu be rLollowcu by lower than avelege Seconu guat ter
CLliciuney tutings wue Lo an incrcase 1n supply cxpenuicurcs
Culdavu vyl {4) the need to roplenisn inventory ana /or (<) wnhe
dpj.lUpLlation s been gassed by this time and vascs huve begun
pULClacly Suppsles and cyuipment 1n anticipation oi ftuture work
LoyUlicwm:znls,

JuL Lesults do not support the above hypotnesizou prLocess.
nrthougu we dau a signiticantly higner than average erficicncy

. * . .

Lautlrn, \uv = .uf1) ftor tirst yguarter opcrations, lLue scoona
Yuarter Jveragoe elliicileoney rating of 706 was not signilicunily
luwll chon Lbe Lalry or tourth guarter ciliciency ratings.

wuw wi'ld turn to unalyzing the recsults LOor 1nuivicudal reul
FLOR L Ly walntenance activitices. we begin by teviewing tud
iniotmution provided via Lhe winuow analysls for Luke and tiow it
Felutes 1O Luke's anaual elticient rating (u: = 1 = jbouuv). wOte
from tacl. 3 tuat bLuke's quatterly ¢LElCLICnCy ratlungs alc
Unstauvlce ufu deplnd vn the time poetioud end reterence set. aLs

SeCUtiu whid L0UCth guurtol tdilngs ol Slighillicantiy (wll thuan

lus) wutiw 1l3 uluiual rating vihillo Lo L1USt atva Lindtd guottet

SLLLICLONGy Luillngd GURpOLE Lhe anfuael clldclont taling.  niso




yuarters and probably strongly influenced the annual rating.

Furtuner investigation into the third quarter rating to determine
1t it pussibly was caused by reporting errors is warranted. Due
to the variability of the window analysis results it is difficult
to verity the annual rating. udowever, since the results are not
conclusive as to the inappropriateness of the annual rating we
would stay with the lUw% efficient rating at this point in the
study.

Kecall ftrom our earlier discussion that there were
indications that lloward's annual rating of 92.7% cfficient was
too hiylh uue to large amounts of positive slack variable values.
rhe window analysis appears to support this contention. COutside
of the tirst quarter, the quarterly efticiency ratings wcre
consistontly in the 70-8u% range. This range appears to more
accurately retlect the efficiency of toward's in-house real
property naintenance activity.

Lunyley and holloman are clearly operating inefficiently.
Iheirr low annual cfficiency ratings are supported by the window
analysis walch shows consistently low quarterly ratings and
indicates consistently poor performance.

ishe window analysis tor George and lMoody snows somo
variability in the results but generally appear to support their
annual ratinys of louwe ecifficient. However, note that tnere is
the beyi1nning of a dowqward trend in efficicency in the tourth
quarter Lor woody.

Kecall Lrom our analysis of annual ratings that shaw and

Berystrom should not be considered as operating efficiently
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witnout turther investigation since they were not members of any
inefticient unit's comparison set. The window analysis tends to
support thut Bergstrom and Shaw should not be considered as
operacting efficiently. Although there is some variability in the
guarterly efficiency ratings for both bases, it appears that
tnelr opcrational efficlency is in the range of bBu-85%.

nyrtle beach appears to be operating very ctticiently. They
were rutced luvs efficient regardless of time period and reference
set.

the tindings discussed in this section are indicators of
operational efficiency (or inefficiency) in the in-house real
property maintenance function of the bases reviewed. inecse
indicators are a means to an end, which is efticient operations,
and not the end in themsclves. As such, the information should
scrve 4s a guide to management for further investigation. Such
tollow-up could be accomplished by base personnel, statf

auditors, or headquarters staff assistance visits.
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SECTION IV - JOINT ANALYSIS OF TAC AND ATC

To further review and validate the results obtained for TAC
from the previous analyses, we now bring in data on seven bases
from a second major air command, ATC, and combine these data with

TAC's data for joint analysis.10

With this approach we are able ¢
to introduce more observations into an analysis which should y
provide better efficiency evaluations. Even is the two sets of

data are not quite comparable this should show up in a consistent

B o al

separation of their efficiency evaluations.

] -

To further validate (and justify) our joint analyses, we

investigated the real property maintenance activities of the two

'

commands and could not find any real source of possible troubles

for the kinds of analyses we are conducting. The dimensions we

. eV

are looking at are the same across all major air commands. -

Maintenance of facilities, systems, and equipment are similar y

between the MAJCOMs. Both commands are required to follow the
same Air Force regulations and directives regarding real property
maintenance. Thus, base civil engineers from each MAJCOM should

interpret the input and output measures similarly and follow the

same procedures regardless of the primary mission of the base/

-.1

Joint Analysis of Annual Data

“\

Table 4 compares the efficiency ratings calculated from
using annual data when the major Air Commands were ~nalyzed '
gseparately (columns 2 and 3) and when they are combined (column

4). In the following discussion we highlight TAC in order to

>

'
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Table 4

Comparison Of Efficiency Ratings From Annual Data

(1) (2) (3) (4)
dase ATC TAC TJAC & ATT
Luke 1.6 .949
ijoward .927 .927
Lanyley .660 . 645
George 1.4 l.u
Moody 1.0 .967
Shaw 1.y .518 ’
tlyrtle Beach 1.9 1.0 '
liolloman .624 .551 .
bergstrom 1.8 .627 :
Xeesler 1.0 .Y75
Lowry 915 .915 §
Mather <975 .728 :
Reese l.v 1.9 J
Sheppard l.o L683
Vance 1.9 1.0

1

Williams l.v 1.0 )

\
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maintain continuity with our earlier discussions. As can be seen
} from this table, several TAC bases had their etficiency ratings
l crtfected by this joint analysis.

rhose bases that had their annual efficiency ratings
unchanyg>d or changed by less than 5% received strong support that
tne oriyinal ratings were valid since the introduction of
audltional observations did little to change those rating. ‘this
would 1include Luke, Howard, Langley, George, Moody, and iMyrtle
Beach.

llolloman's annual efficiency rating dropped by a little over
lus while Shaw's rating and Bergstroms's rating dropped
approximately 5us and 40% respectively. These results indicate

inefticiencies that were not identified in the previous analyses

anag thereby provide new information for study and analysis.

window Analyses Combining TAC And ATC

1o further test the results obtained from this expanded
analysis ol annual data, we turn to the window analysis technique
used in the previous sections. ''able 5 presents partial results
(h: values) from this series of anaiyses in the same format as

Table J.ll This series of window analyses are referred to as

Analysis &4 (tirst, scecond, and third quarters), Analysis #5
(second, third, and foqrth quarters) and Analysis #6 (third,
fourth, and fifth quacters).

Reviewing Table 5 we see that the results reported in Table

4 arc substantiated for some of the bases. The quarterly ratings



Table 5
TAC Efficiency Ratings - Combined Data
Window Analysis Using Three Quarters

(1) (2) 3) (4) (5) (6) (7)
Base Annual lst Qtr 2nd Qtr  3rd Qtr 4th (tr  5th Ctr
Luke .949

Analysis #4 .817 . 608 1.0

Anolysis 5 564 1.0 «0652

Analysis ib . 796 .573 <652
Howard .927

Analysis 44 1.0 .817 .887

Analysis #5 . 743 .736 .810

Analysis #b .747 .824
Langley «645

Analysis ¥4 .720 .456 .533

Analysis #5 .432 .471 .578

Analysis &0 .387 «529
George l.b

Analysis @4 1.0 . 989 l.bu

Analysis #5 .858 .848 1.0

Analysis #o . 768 1.0 1.0
Moody . 960

Analysis #4 976 .896 . 746

Analysis #5 .925 . 155 . 7188

Analysis #6 670 079 .818
Shaw .518

Analysis #4 .468 «496 <407

Analysis §5 « 500 460 550

Analysis #6 ] 407 .409 1.0

RAT INGS
1.0 = etficiency
<1l.0 = Inefficiency
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Table 5 Continued

1) 2) 3) 4) (5) (6) (7)
Base Annual lst Qtr 2nd ytr 3rd Qtr  4th (tr 5th Qtr
tiyrtle beach 1.0

Analysis #4 1.6 1.0 1.4

Analysis §5 1.0 1.0 1.0

Analysis #b 1.6 1.C l.e
Holloman 551

Analysis #4 .597 437 .531

Analysis #5 .416 <524 « 549

Analysis #b . 469 .518 .515
bergstrom « 627

Analysis 4 .826 .478 .504

Analysis #5 .469 .510 . 489

Analysis b . 394 . 389 .448
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for Lanyley, Shaw, Myrtle Beach, Holloman, and Bergstrom

genceralily support the annual rating as a reflection of the
orgunization's overall performance for the year.

For Luke, lloward,George, and Moody there is some question of
whethor their annual efficiency ratings are warranted. As was
the case when analyzing solely TAC data, Luke's results again
snow a wide range ot variability which makes it difficult to come
to any conclusion about its overall efficiency for the year. But
it uoes appear the annual efficiency rating of Y4.9% is
overstated. Also, we again note Luke's strong third guarter
performance when compared to its other quarters.

The joint window analysis results for Howard are similar to
thuse obtained from using solely TAC data and indicate a more
appropriate efticiency rating of around 8¢%.

Gecrge's efficiency ratings from the combinecd-data window
analysis are very similar, in fact almost exactly the same, as
the ratings computed when using solely TAC data and gencrally
support the annual efficient rating. 'This indicates some
stability in its ratings since the introduction of seven bases
trom AT7C hau little impact on its evaluations, llowever,
there still is a significant amount of'fluctuation of ratings
within quarters and between quarters.

I'ne combined-data window analysis results for doody do not
appear to support its|annual rating of 96%. its quarterly
ratings renyed from 07% to Y7.6% wilh only one rating above Y06%.
1t 1s aitficult to say with any confidence what exactly Moody's

etficiciucy evaluation should be, but it does appear from the

A TR G R L L L R



window analysis that a more realistic rating would be in the

j range ol 45-YP%. One more observation should be noted. Recall
troa our window analysis using solely TAC data that we noted the
beginning of a downward trend in efficiency for Moody. This
trend is even more pronounced in this joint analysis as can Le
scen Lrom the followiny average guarterly etficiency ratings:

Contribution Of rhe Joint Analysis

i'he purpose of combining the data from two separate major
air commonds into a single analysis was to introduce more
observations into our research and thereby obtain additional
insight into our DEA evaluations. Additional light is also shed
on the cvaluations obtained from the annual data or window
analyses for each separate command. We can confirm some of the
previous findings and raise doubts about others in ways that
provide additional ways of identifying possible inefficiencies
and trends that were concealed or not uncovered in the prececaing
analyses,.

In our research, the joint analyses coniormed to the
previous [indings for TAC in several cases. In both the joint
analyse¢s and the individual analyses, Several bases received the
same cificiency rating based on annual data. Also, the window
type anulyses from both approaches highlighted the instakbility

ot Lukc's ratings and its greater than normal third quarter

ctficironcy.
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Hyrtle Beach's 1U0% efficient rating across all time periods
was unatfected by the introduction of the data for MAJCOM #2.
I'ne combined-data analyses (both annual and window analyses)
also uncovered inefficiencies that were not apparent when using
solcly T'AC data. Shaw and Bergstrom were assigned greatly
diminished efficiency ratings. 1In addition, these combined-data
analyscs brought forth a downward trend in cfficiency for HMoody. )
Although we combined the data from two different major air
commalitas ror our research, this type of analysis 1s not readily
implementakble in the Air Force without a change in current real
property faintenance management procedures. The Air Force 1
uelegutes operational oversight of the real property maintenance
function to tne major air command while the base has operational )
control. Hg Air Force directorates are not involved with the |
opcrations of base-level, in-house real property maintenance
activicics and as a result, there are no procedures for
agyregating rcal property maintenance work-load data at Air Force
Heauquarters. At the same time, currently there are no
procedures for exchanging this type of information between major
air commands. Thus, for this kind of joint evaluations to be ]
possible, major air command officials must be willing to share
work-load and resource consumption information between commanas

anu establish procedures which will permit this exchange. )
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CHAPTER 3

SUMMARY AND CONCLUSIONS

ln tnis resecarch we reviewed and discussed cfticiency
ratings and trends for Air Force bases in the Tactical Air
Coimmana. Tne research is built around an etficiency measurcment
methoavloyy developed by Charnes, Cooper, and Rhodes (6] and
others called bata Envelopment Analysis (DEA). DUEA provides a
relative measure ot efficiency for organizations that have
multiple inputs and nmultiple outputs and for which an a priori
production function is not available,

we initiated this study by applying DEA Lo annual data from
TAC buses. As expected, almost all bases were rated lub%
elticient. ‘This was due to having an insufficient number ot
observations to effect a Data Envelopment Analysis which woula
giscriminate between efficient and less efficient bascs.

we increascd the available number of observations via a
three-yuarter window analysis and a joint analysis using data
from two commands. This allowed us to test the stability and
valiuity of the measures obtained from evaluating the bases using
solely annual data. It also provided éupplcmental information on
trenus anu cycles.

Using the three-quarter window analysis in conjunction withn
the snulysis ot annual data we can come to the following
conclusions on the opcrational efticiency of the bases included

in our analysis:

44

"
WY MY )

RAOMVINA AR ) ) 3 " » - "R o <
E AT AT a8 8 0, 0 G T D Uy ?'t‘.‘i'.\l‘.’l NP SO RN XU R T e YO M W Tyt o"ll.“u o, X} = ~. ’ﬂ N



45

(L) Myrtle uveach, George, and Moody sccm to be operating
efficicntly. However, there is an indication of diminishing
elticicncy for lioody.

(<) Langley and liolloman clearly have the most incfficient
operations.

() Shaw's, Bergstrom's, Howard's and Luke's results are
not quite as clear cut but they do indicate that they have some
operational inefficiencies. tiowever, they do not appear to be as
inefticient as either Langley or Holloman.

(4) Wwe investigated the allegation that year-end spending
was 1ncificient. e found no support for this concern with 1AC's
in-hcusc¢ real property maintenance activity for FKFY 83.

(5) we also checked the hypothesis that lack of an
appropriation at the beginning of the fiscal year created
resource programming problems. Again, our tests did not support
this hypothesis.

Finally, it is important to note that these findings are not
to be uscd solely as an end in themselves but also as a means to
an cnu. 7That end being efficient operations. Ihis informution
shoulc be used as guides for further investigation into how an
organization can become operationally étficicnt. Intormation
supplica via the identification of the amount of inefficiency in

cach innut and output and the bases in the in=2fficient unit's

conparison set can be used for this purpose.




AFPuliDLIX A

SUrPLEMENLAL TABLLES

1Ll uppenula containg supplemcntal tavles reporting the
Jutbta ubcd ill und tne results ob the etticiznoiy cvaliuations for

sucblicos aal coliand and dAJCOL Wi

TABLLS n.l ANV A.Z

tubics ALl und Aa.2 report tane observed input anu vutput
valuve iLour 1aC and mAdCurl <4 used 1n tuls research. Yhey are the
accual auwount vi rcgourcces consumea by a base 1n prouuciny 1ts
Ouipgoutl Gvetl the time pericd shown.

su. anhual values snown 1n column 3 or ltable a.l ave Lor
Fiscal revar (=rY) ovo. For example, Luke used inputs oL 44
pustseng .ol carrying vehicles (vel), $<4,444,7wu wortn uvi suppliles
anu cjyuipment (pulk), and 265,300 uirecg labor hours (LAL k) 1in
Y oo to proauce 15/ completcd work orders (LwWd), 1v,u/0
Cullpdeza Job orders (CJdu), Lle,ubu completed recurring wotk
actlons (CRua), and 4,4ub5 ucelinguent jJoo oruers (UJuv) us oulpuis
Lor Lu. yeabl. Replacing tine annual accomplishments and eftorces
with tuocll Ceported Juatterly values we hiave, LOCL CXample, Lukc
using 4 vohileles, 94ui,luw, and 27,043 dircect labor nouts to

Cullipluce D wulR GLucIS, J,o0ll joo orders, and <,%34 reeurilng
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work actions with 627 job orders being delinguent in the first
quarter of FY bs.

1ho other cells are similarly interpreted but, of course,
some ctrcatment ot these data may be needed for DEA. For example,
recall trom our earlier discussion in Chapter 1 that we need to
use the reciprocal of the number of delinquent job orders as our
measurce to reflect the fact that increases in delinquent job
orders are not desirable. Thus, the 627 delinguent job oraers
reported by Luke tor the first quarter in column 4 of Table A.l

would be replaced by 1/627 or .w¥wl59 in DEA development.

R RO e AL A N AN A
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Table A.1l

Observed Inputs and Outputs for TAC
FPiscal Year 1983 Data

(1) (<) (3) (4) (3) (6) (7) (6)
Input/
Base  Lutput Annual Ist ¢tr Znd gtr 3rd Qtr 4th (it Sth tr
Luke: Vi 44 44 44 44 14 44
L 2,444,700  4el,1¢0 684,600 474 ,0u0 825,000  437,6u0
' Las iR 265,866 57,645 76,334 69,028 68,859 61,913
0 197 52 53 bl 3l 36
Cdo 16,878 3,811 4,180 4,191 4,696 3,880
CRwa 12,866 2,554 . 2,277 4,756 3,213 2,863
e} 2,405 627 612 649 517 592
Howard VEH 42 42 42 42 4z
buL 2,887,300 599,800 781,600 748,800 758, 1l
LAB HK 338,611 74,158 81,969 87,1717 7158, 1uU
Cwd 135 32 46 14 43
C30 36,130 7,914 7,276 7,094 7,840
CRiA 3,492 873 873 873 473
o 4,951 1,694 791 993 1,473
LEGEND
inputs

vkl - Passenger Carrying Vehicles
DOL - Supply and Equipment Funding
LAB #HR - Available birect Labor Hours

Cutputs
CiW0 - Completed work Orders

CJO - Completed Job Orders
CRwWA - Completed Recurring Work Actions
DJO - belinguent Job Orders

l
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Table A.1 Continued o
i
)
(1) (2) (3 (4) (5) (6) (7) (8) 3
input/ ¢
bose  Lutput Annual 1st Qtr 2nd (tr 3rd Qir 4th Qtr 5th Qtr !
Langley vii 165 105 165 165 1u5 ,

Lol 4,3U04,1v 934,560 1,387,300 1,155,500 826, d0u
LAB uR 526,696 123,463 127,217 141,237 134,97v \
CelU 162 40 42 34 44 '
CJ 29,694 8,130 6,870 6,910 7,78y ;
CRWA 11,361 2,687 3,068 3,390 2,486 !
ndy 21,806 5,696 5,6u4 6,441 4,063 /
George  vihid 44 44 44 44 44 44 '
WL 2,352,469 693,200 667,300 554,606  367,3Lb 859,500 .
Las 1R 237,136 56,126 62,055 65,242 53,713 44,220 3
Chiv 327 65 74 72 116 97 \
C30 3u,11¢ 7,772 7,515 6,686 8,137 6,180 9]
CRuifs 7,675 2,7u6 1,314 2,230 825 7,158 ~
v 3,523 1,104 943 760 696 1,323 \
\
(

LEGEID
lnputs 3
Vil - Passenger Carrying Vehicles .
DUL - Supply and Equipment Funding 'y
LAB iR - Available Direct Labor Hours

vutputs 1Y
CWU -~ Conpleted Work Orders .
CdU - Completed Job Orders :
CRwWA - Completed Recurring work Actions .
LJO - Delinguent Job Orders R,
]
.l
{
4
'
(]
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‘able A.l Continued 0
(1) (2) (3) (4) (5) (6) (7) (8)
ingut/ '
Bause Lutput Annual Ist Qtr Z2nd gtr Jrd tr 4th gtr 5th (tr !
MOWly  VLti 19 17 17 26 23 23
VUL 1,787,000  4ul,5006 432,8u0 524, LU0 433,504 339,30
L 1R 214,809 44,674 53,978 57,680 54,537 53,162 .
il 193 15 71 35 2 74 3
Wy 12,344 2,815 3,133 3,255 3,145 3,672
' Ciahs 9,244 2,608 2,493 2,086 1,997 1,46v
o 2,405 739 6538 396 672 673
Shaw VLl 71 71 71 71 11 71
oL 3,823,0bu $57,3Uk 927,48 774,70Jd 1,164,400 763,200 \
LAt Lk 254,516 61,978 61,537 64,539 06,702 65,L67
Cols 122 21 3l 26 44 38 A
CJU 15,593 3,6u8 3,503 3,659 4,563 4,81y
CRaA 5,881 1,509 2,295 1,248 92Y 2,487 -
v 1,367 316 423 444 2u4d 7 ;
LEGEID ¢
irn L)U ts
VEh - Passenger Carrying vechicles
LUL ~ supply and Equipment Funding
LAL Uur - Available birect Labor Hours
3
Uutputs &
CwO - Completed work Orders \
CJu - Completed Job Orders ‘
CkwWhA - Completed Recurring Work Actions
DJOU - bLelinquent Job Orders !
i
y
¢
.‘G
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Table A.1l Continued

(1) (2) (3) 4) (5) (6) (7 (8)
Input/
Basc  uutout Annual lst tr 2nd Qtr 3rd ¢tr 4th Ctr 5th Qtr
Myrtle vl 14 14 14 14 14 14
Beach LuL 2,127,006 427,206 492,300 554, 5Ly 653,6u8  419,20u
L R 176,140 4v,209 40,245 46,132 49,604 46,734
Cwu 579 183 123 94 179 109
CJo 17,v00 3,169 4,408 4,561 4,491 3,437
Chind 9,750 2,692 837 3,171 3,050 2,195
Lo 3,724 560 835 1,uub 929 748
tollo- VvLii 35 39 37 32 32 32
man bl 3,00b,10v 674,50 953,60 1,b2l1,40w 1,uld,bub 614,200
LAB tIR 306,49 77,339 81,422 74,216 73,52u 63,785
G 190 43 58 65 24 34
LV 14,800 3,012 3,91 3,548 4,239 3,583
CrvA 1k, 546 3,162 1,584 3,1z1 2,679 2,854
LU 10,404 3,305 2,958 2,164 2,ull 1,596
LEGEND
inputs
VEH - Passenger Carrying Vehicles

DOL - Supply and Equipment Funding
LAB R - Available Direct Labor Hours

UUtEUtS
WO - Completed Work Orders

CJO - Completed Job Orders
CRWA - Completed Recurring work Actions
oJU - Delinquent Job Orders

g~ e —
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Table A.l1 Continued

17473 or

.Ub211 for Bergstrom,

first quarter.

Therefore,

(1) (2) ) (4) (3) (6) (7) (8)
Input/
Bage Lutput Annual 1st Qtr 2nd Qtr 3rd Qtr 4th Qtr Sth Qtr
Berg- vl 38 38 38 38 36 38
strom buL 2,406,900 382,200 619,704 593,560 811,586 665,40y
Lt dR 237,951 55,448 59,509 63,822 59,172 64,008
Ci 171 60 36 39 30 53
CJu b, 773 3,021 2,737 2,579 2,436 2,505
CRw&A 8,453 1,938 1,635 2,058 2,622 2,931
|SV]0 1,928 473 415 439 61 1,028
LEGEND
lnputs
Vil - Passenger Carrying Vehicles
DUL - Supply and Equipment Funding
LAB iR - Available Direct Labor Hours
vutputs
ChWO - Completed Work Orders
CJO - Completed Job Orders
CRwA - Completed Recurring wWork Actions
DJO - Lelinguent Job Orders

Note: Kecall from our earlier discussion that we nececd to
use the reciprocal of the DJO measure.
actual value used in effecting DEA would be,

the

for example




Table A.2

Observed Inputs and Outputs for AIC
Fiscal Year 1983 bData

53

(1) (<) (3) (4) (5) (6) (1) 8)
inputy :
Base  Uutput Annual lst Qtr 2nd Qtr 3rd Qtr 4th ytr Sth Ltr
LOL 3,247,600 779,240 810,450 838, 25¢ 827,750 616,015
LAl UK 453,951 1v6,022 115,u83 117,906l 114,945 96,247
BROT 308 81 81 77 69 71
CJo 25,451 5,983 6,307 6,530 6,631 6,882
CRna 15,962 4,072 3,578 4,1€6 4,126 4,443
o 3,029 613 977 912 827 283
Lowry Vi 33 33 33 33 33 33
oL 2,567,700 576,242 646,971 64b, LU 654,506 536,997
LA HR 256,169 57,364 62,821 62,878 67,1606 57,731
O 294 8y 52 76 717 56
CJu 14,697 3,045 3,804 3,986 3,862 4,136
CRiA 13,517 2,780 2,508 4,639 3,59 9,628
WU 2,105 982 599 355 769 1,838
LEGEND
lnputs
VLIl - Passenger Carrying Vehicles
LWL - Supply and Eguipment Funding
Lab IIR - Available Direct Labor Hours
Lutputs
Cwu - Completed work Orders
GJU - Completed Job Orders
CkwhA - Completed Recurring Work Actions
WO - belinguent Job Orders

S
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) ‘Table A.2 Continued
(1) (2) (3) (4) (5) (6) (7) (8)
lngut/
base  Cutput Annual lst Qtr 2nd Qtr 3rd Qtr 4th (tr Sth Qtr
Mather viLi 29 29 29 29 2y 29
LOL 3,491,600 916,270 875,762  780,080L0 925,006 501,000
Laws HR 265,344 62,219 66,201 65,0845 71,079 68,024
Cwo 251 68 68 63 52 28
CJo 18,940 6,434 4,6u8 3,341 4,557 4,223
CR.JA 5,222 1,851 909 986 1,485 3,294
v 2,366 590 246 601 669 538
Rease  vtal 24 24 24 24 24 24
oL 1,846,700 450,250 396,450 525,600 475,008 237,511
LA HR 158,677 31,322 34,315 41,269 43,772 34,243
G 215 54 5y 54 57 58
CJo 9,341 1,943 2,293 2,522 2,583 2,515
CRias 5,672 1,352 1,362 1,558 1,380 1,586
(V) 394 52 82 89 lot 224
LEGEND
inpucs

vLll - Passcnyer Carrying Vehicles

LOL - supply and Equipment Funding
LAb Hk - Available Direct Labor Hours
Outputs
Cwl = Completed work Orders
CJu - Conpleted Job Orders
CRhiwa = Completea Recurring work Actions
LU - Delinguent Job Orders
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(1) (2) (3)

(4)

Table A.2 Continued

(5)

(6)

(7)

(8)

Input/
Base Output  Annual 1st Qtr 2nd Qtr 3rd Qtr 4th Qtr 5th Qtr
Sheppard VEH 40 40 40 40 40 40
DOL 3,153,300 810,070 791,683 775,000 776,550 575,368
LAB HR 368,356 85,692 91,261 96,540 94,864 85,552
CwWo 513 120 135 120 138 121
CJo 27,141 6,147 5,913 7,743 7,338 6,039
CRWA 6,748 1,936 1,391 894 2,527 2,207
DJo 1,860 495 468 537 360 364
Vance VEH 23 23 23 23 23 23
DOL 1,691,700 402,964 391,242 456,270 441,250 392,206
LAB HR 197,939 45,675 47,141 51,552 53,572 47,515
CWO 539 128 132 141 138 134
CJo 6,790 1,770 1,520 1,700 1,800 1,708
CRWA 4,267 1,228 668 1,094 1,277 1,536
DJO 941 253 297 246 145 110
LEGEND
Inputs
VEH Passenger Carrying Vehicles
DOL - Supply and Equipment Funding
LAB HR - Available Direct Labor Hours
Outputs

CWO - Completed Work Orders

CJO0 - Completed Job Orders

CRWA - Completed Recurring Work Actions
DJO - Delinquent Job Orders
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Table A.2 Continued

(1) (2) (3) (4) (5) (6) (7) (8)

Input/
Base Qutput  Annual 1st Qtr 2nd Qtr 3rd Qtr 4th Qtr 5th Qtr
Williams VEH 22 22 22 22 22 22
poL 1,848,600 471,983 461,298 465,070 450,291 376,362
LAB HR 126,060 28,484 35,013 29,453 33,110 31,414
CWO 242 62 62 60 58 30
CcJo 11,940 2,589 2,893 2,869 3,589 3,214
CRWA 10,886 2,767 1,665 3,081 3,373 3,650
DJO 1,323 431 302 304 286 346
LEGEND
Inputs

VEH - Passenger Carrying Vehicles
DOL - Supply and Equipment Funding
LAB HR - Available Direct Labor Hours

Outputs
CWO -~ Completed Work Orders

CJO - Completed Job Orders
CRWA - Completed Recurring Work Actions
DJO - Delinquent Job Orders
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Tables A.3

Table A.3 contains the input and output levels that each
inefficient unit would have needed to attain in order to be rated
l10vw% efticient. These levels were computed using equations (3)

and (4) on p.9.
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inputs

vit
LOL
LAB Ik

Outguts

Cho
CJu
CKA
DJo

LEGuliL

Ingputs

Vi

bOL

LA HR
UutEuts

CwoO

CJO

CRwA

LJo

Table A.3

Efficient Input/Output Levels

Langley Holloman

53 16
2,840,706 2,288,894
299,545 196,u29
329 6l0
29,690 18,286
11,361 10,546
2,461 3,425

- Passenger Carrying vehicles
- Supply and Equipment Expenses
- Available Direct Labor Hours

- Completed work Orders
- Completed Job Orders

- Completed Recurring Work Actions
- Delinquent Job Orders
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Table A.4 displays the two factors, 8* and optimal slack

variable values, which compose the efficiency rating tor the
tiitce series of window analyses undertaken for TAC, Analysis #1
consisls of data from the first, second, and third gquarters for
each base. Data trom the second, third, and fourth guarters form
the windows in Analysis 42 while Analysis #3 involves data trom
the thiru, fourth, and fifth guarters.

fne 9% values listed for Analyses #1, #2, and #35 in columns
4 through 8 are the same as those reported in Table 3. They are
repcated here so as to show both parts of the efficiency analysis
in one place. Note that ©* = h; when the non-Archimcdean
conditions are fulfilled.

ine slack variable values which appear under the efticiency
ratings in each column correspond to the input or output measure
witn wnicn the slack variable is associated for each analysis
shown in column 3.

we will use Luke to illustrate how to read this table. 1In
Analysis $1, Luke's second quarter received an efficiency rating,
er = h:, of .724 with zero values for 511 slack variables except
for VEi which egualed 5 vehicles. Luke's second quarter is also
a DMU 1n Analysis #2. From this new reference set, Luke's,
second yuarter had o* = ,097 with positive slack variable values
of CwU = Y work oraers.

As discussed in Chapter 1 when we describea the delinguent.

job ordor output measurc, we use a reciprocal of the number of

FERATDUDL DA A7DLY 9 D L OLO : ’ W Y " x y w:
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delinguent job orders as the actual DJU measure when eftecting
DLA. ilonce, the DJO slack variable values shown in this table
have little intuitive meaning.

Finally, the * in column indicates that the slack variable

haa a valuec of zero for that analysis.
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Table A.4 £

{)

Efficiency Measures For TAC !

Window Analyses )

A

(1) (2) (3) (4) (5) (6) (7 (b) :
Base icasures  Analysis  Ist (btr  2nd Qtr  Jrd Qtr  4th Qtr 5th ¢tr !

*

Luke o* = h, $1 927 724 1.9 .
§2 .697 1.0 L8641 3

3 1.0 .596 .7817 ;}

§

()

slack ::
values ,
VEU il 5 5 * X
2 * * 4 v

£3 . * 2 &}

i\

LOUL #1 * * * &
$2 * * 7993 ',

*J * * * q

{
LAl LR #1 * * * (¥
#2 * * * J

#3 * X * a

WO #1 1 * * ‘1‘;
§2 9 * 51 4

#3 * 59 2u 4

CJu 41 * * *

*2 * * * i‘

§3 * * *

'
CRwA #l * * * :‘
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‘fable A.4 Continued

(1) (2) (3) (4) (3) (6) ) (8)
Base icasures  Analysis 1st Qtr 2nd Qtr  3rd Qtr  4th Qtr  Sth Qtr
Howsrd  ©% = hy #l 1.u .843 .819

#2 .743 «736 .bll

#3 .748 .822
Slack
vValues
vhil #1 * * *

#2 * * *

#3 * *
oL #l * * *

§2 * * *

ﬂj * *
LA HR i * 805 5624

#2 3688 9352 15536

#3 9879 16215
Chio $1 * 57 67

2 17 133 120

i3 145 134
Cuo #1 * * *

$2 * * *

#J * *
CRWA il * 536 207

i 187 141 255

k3 1210 146l
LJU ¥l * * *

i2 < 00037 . b0Y56 U1U6

43 : LULi35 <Libb2
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* Table A.4 Continued
(1) (<) (3) (4) (5) (6) (7) (8) '
Buse [casures Analysis lst Qtr 2nd Qtr Jra tr 4th Jtr Sth (tr :
*
Langley ©* = hi) %1l « 720 . 456 533
$#2 . 469 .4062 574
#3 .451 .570 \
slack j
values y
Ve #l 22 5 6
#2 21 8 lu
$3 * 14
wL' #l * * *
§2 20722 * *
43 * * 1
U
LAL M #1 9693 * *
2 * * 1451
#J3 * 1v451
t
Qw0 #l 47 21 42 '
#e 82 73 o7 \
i3 6b 67
Cdu $l * * * \
dz * * * 4
#3
$
CRnA %l * * *
#2 * * *
#3 * *
v #l «WLl37 L0685 00137
§2 0Ul2i .Uiild6 JWulds
3 . IRy .ubldd
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Table A.4 Continued

(1) (2) (3) (4) (5) (6) (7) (8)
Lase heasures  analysis 1st Qtr 2nd Qtr 3rd ptr 4th tr 5th tr
*
Goorge wx = hD #1 1.0 .969 1.9
$2 .458 <854 1.C
i3 .835 1.0 1.0
cviack
values
vt 1 * * *
#2 * 2 *
*J * * *
ol j'l * * *
#2 1235%u * *
#3 * * *
LA Bk #l * * *
*2 * * *
*J * * *
ChO #l * * *
#2 57 34 *
§3 44 * *
CIL 1 * * *
*Z * * *
#3 * * *
Chwid #1 * 1149 *
“Z * * *
#3 * * *®
w'\) #l x * *x
%2 +0BU31 T *
#3 Jubulb * *
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Base tHoasures

Table A.4 Continued

x

rloody ot = hL

vlack
values

viu

LAL HR

CvO

Wu

(3) (4) (5) (0) (7) (8)
Analysis  lst Qtr 2nd Qtr  3rd Qtr  4th Qtr 5th Gtr

#1 1.0 1.6 1.0

#2 l.0 1.0 e 202

#3 .688 L1725 L83Y

#l * * *

$2 * * *

#J * * *

#l * * *

&2 3 * *

#3 * *

#_]_ * * *

#2 * * *

#3 2246 1963 9378

#l * * *

#2 * * *

§3 48 5 i

41 * * *

#2 * * 751

#3 * * *

#1 * * *

#2 * * *

#_‘ * * ®

1l * * *

ﬁ2 * * x

*3 * * *
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Table A.4 Continued
(1) (2) (3) (4) (5) (6) (7) ()
Base Mcasures  Analysis  lst Qtr 2nd Qtr  3rd gtr  4th Gtr 5th Jtr
lolionan &* = h; #1 .598 .437 .612
#2 .416 .612 565
#3 .489 .bly 528
vlack
values
Viid #1 * * 6
#2 * 6 4
#J * * ®
LUL #1 * * 79125
#2 15169 79125 92489
#3 14915 18472 *
LA HK #1 * * *
£2 * * *
43 * * *
Cwo #l 54 11 24
32 48 28 ol
$3 1v 100 38
CJou il 294 * 242
#2 * 842 *
43 238 * *
CRwA £l * * *
#2 * * *
‘3 * * *
LJY #1 <oB77 06042 ULU52
$2 . BU45 -E0Y52 42
#3 W29 LUBU3Z2  LEUudl3




(1) (2)
Busc tieasures

(3)
Analysis

Table A.4 Continued

(4) (5)
lst Qtr  2nd Qtr

(6)

3rd Ltr

(7)
4th 19144

(8)
5th Qtr

Stiuw o* = h

slack
values

VizH

LAts iR

CRINA

Myrtle
Beach

£l
$2
#3

)
#2
k3

#l
#2
k3

kl
#2
43

¥l
$2
#3

il
12
#3

#l
k2
#3

#l
#2
i3

#l
$2
#3

1.0 923

.847

* 19 27
19 12

* 118388
147976
54547

* 26 39

1.0

All slack values equal zero for all windows
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.828
. 708
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.469
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Table A.4 Continued
(1) (2) (3) (4) (5) (6) (7) (8)
buse iicasures Analysis  lst gtr  2nd Qtr  Jrd Qtr  4th Qtr  5th Qtr
Berg-  o* = n: §1 1.0 .995 .839
stroi #2 .48 .838 841
#3 407 .449 535
Llack
! values
Vit #1 * 7 12
#2 8 11 *
#3 * * *
UUL #l * o *
#2 * * 155967
*3 * * %*
LAL HR §1 * * *
82 * * *
£3 * 4983 3w)
S #1 * * *
#2 * * 21
#3 12 9 *
CJo il * 356 515
" #2 386 557 1164
$3 * 272 274
CriAA #l * 228 *
ﬁz * * *
#3 * * *
DIU #l %* * *
#2 * * *
“J * * *
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Table A.5

Tatle A.5 exhibits the €* and optimum slack variable values
resulting from the window analyses of the combined TAC and MAJCOH

#2 daca. It uses the same format as Table A.d4 except that the

three window analyses are referred to as Analyses #4, #5, and #6.




Table A.5

Efficiency Measures For TAC

Joint wWindow Analyses
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(1) (2) (3) (4) (5) (6) (7) (8)
Base licasures  Analysis 1st Gtr  2nd Qtr  3rd wtr  4th tr  5th Qtr
Luke  ©* = h # 817 .68  l.u

#5 .564 1.0 .652

#6 .796 <573 .652
Slack
Values
VEH i4 S * *

45 *® * *

#o 7 * 4
LAUL #4 * * *

‘5 * * *

’6 * * *
LaB HR #4 * * *

'5 * * *

#6 11054 * 5864
CO 4 * * *

#5 19 * 57

#6 * 4] 18
(W] #4 * * *

#5 * * *

#6 * * *
CRvA #4 * * *

#5 * * *

#6 * * *
WU #4 * * *

#5 * * .U

*6 * * *
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Table A.5 Continued
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(1) (<) {3) (4) (5) (0) (7) ()
LuS ueasures  Analysis  dst wbr  2nd wbr osrd wtr 4th .t oto gtr
*
BUWLLU  ©% = [ #4 leb JUL/ Y
£ o 142 e /b eLiv
#0 . 146 s0Z4
wlach
Values
visd #4 * * *
#5 * * *
#0 * * x
[PV/P $4 * * *
‘b * * *
bo * * *
Lo ik 4 * * 44061
5 Joil 9352 155350
F1Y) Yo 16215
(WYY %4 * 37 . 58
#5 1u? 133 12v
®L 144 134
o ¥4 * * *
T * * *
#0 * * *
(TN 4 * 210 (7%
%o iy/ i4al 49>
#v lélb 1401
uJJ é * * *
) R UWYRIY) ewulub
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Table A.5 Continued
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(1 (2) (3) (4) (5) (6) (7 (®)
Basc licasures  Analysis lst gytr 2nd Qtr  3rd Qtr  4th otr  5th Qtr
Langley ©* = n: i4 .72 .456 .533

#5 .432 .471 578

6 .387 .529
black
Values
vLH #4 22 5 6

#5 2 1 16

#o * 1L
DOL #4 * *  J

#5 * * *

#6 * * *
LAB HR #4 9093 * *

#5 * * 10451

#6 * 14647
W #4 47 21 42

#5 71 69 67

#6 62 06
CJdu #4 * * *

*5 * * ]

#6 * * *
CRwA $#4 * * *

#5 * * *

#6 * * *
LJo #4 LU¥137  .00UBS +00137

#5 Lbv223 00144

i6

00633

bUll2 LWU117
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Table A.5 Continued

(1) (2) (3) (4) (5) (6) (7 (8)
Base Mcusures Analysis lst Qtr 2nd Gtr 3rd Qtr 4th Ltr 5th Qtr
*
Georye ©* = hﬁ #4 1.0 . 948 1.0
#5 .858 .848 1.0
#6 .788 l.u 1.0
alack
values
vei #4 * * *
#5 * * *
#6 * * *
oL #4 * * * f
#5 123590 * *
i6 * * *
LAB HR #4 * * *
#5 * * *
#6 127 * *
o #4 * * *
45 57 33 *
$6 30 * *
Cuu ¥4 * * * ‘
#5 * * * 1
16 * * * :
CRWA #4 * 1195 *
‘5 * * *
'6 %* * *
t
v #4 * * * y
#5 L0031 08035 *
#6 A * ® *

e -

3
: L A ] A op g PR T L N »
R ‘, ,‘.“ AERSX "’"ﬂ LA t!' b' R4 l‘ -"’. ,0.1‘ R " 2 G’- L) '.C.~ l‘- » Jn " l‘s l'o.l.; 0'0 0'- f l.a (S PS L W s‘)‘-.A'a NN .'l'-‘ -'I.- 2.



(1)

(2)

(3)

Table A.5 Continued

(4) (3 (6)

(7)

(8)

Base Mcasures Analysis lst Qtr 2nd gtr 3rd wtr 4th Ctr 5th gtr
*
tooay ot = hu $4 .976 .496 . 746

#5 925 . 755 . 788

1 14 070 679 .818
Slack
values
VEH #4 * * *

*5 * * *

#6 * * *
LOL #4 * * *

“5 * * *

#b * * *
LaAB HR #4 3799 11527 8291

#5 13270 88Y5 8148

#6 7149 4603 9596
i $#4 133 * 27

#5 * 29 *

#6 26 * *
CIv 44 150 * *

#5 * *® *

#6 * * *
CR~A #4 * * *

#5 * * *

#6 x * *
o #4 * * *

#5 * * *

$6
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Table A.5 Continued

(1) (2) (3) (4) (5) () 7) (8)
Base Measures Analysis 1st Qtr 2nd Qtr 3rd Qtr  4ch Qtr  Sth Qtr
*

Shaw O* = hg #4 .468 .496 .467

#5 + 500 .460 .553

#6 <487 .469 1.0
Slack
Values
VEH #4 11 12 10

- #5 12 9 19

#6 6 7 *
DOL #4 80606 32261 *

#5 66986 58112 30201

#6 54547 2717859 *

Slack Values
All slack variable values are equal to zero.
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Table A.5 Continued X

(1) (2) (3) (4) (3) (6) (N (8) ',

Base Measures Analysis lst Qtr 2nd Qtr  3rd Qtr  4th Gtr  Sth Qtr
Holloman o* = h: §4 .597 .437 .531
#5 .416 .524 . 545
$6 .46Y .518 .515
Hlack i
values :
viH #4 * * * :
#5 * * *
#6 * * *
]
LOL #4 * * 25923
#5 15169 41730 79873 :
#6 494y 18472 *
* * *
* * * :
* * * 1
b}
t
71 1l 15 !
48 11 59
41 luo 32 }
b
198 * 262 /]
* * * ;;
]
* * *® f
* * *
* * ®
* * * b
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Table A.S5 Continued
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*

ot = hu #4 AT 418 «oud

45 ) Olu

#0 o«
ULLCK
Values
VLil ta 9 * *
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1, i¢ 1s Lipoltant not to coniuse efiicicney witn ettoectivoness
Ut ploprlicty. uhitectiveness is the ability to state anu ainicve
vujuvkblives., Propricly issues arc concoerned wiltih wnether
OLjevilives are ieyal, moral, or ethical and even wanen tnis 1s the
Casie, ptupricty 1lssues can arise arounu Lhe methods uscd to

| attalli tae objectives. See nonler's bDictionary For accountunts

| o) o 120 & 4wb.

£. Luls Lerm is used to indicate a nocv-for-protit encity in
willCihl o lanager has some treedom of uwecision muking on 1ts 1nputs
Jitu CulpUts.

J. lneose «re referred to as “virtual multiplicrs" or
"transcLoiamation rates™ by Chatnes, Looper, anu khoues (v].

*
“a. tuus b < 1 ror both 0ot these bLiids.

5. 1hv Lunctions a{u-u')/d(v-L) and G(U,L')/u(u,k) are to be
UnLi<srstoeda as measures ol distance from the origin in 4 wuciiucan
TR RN

e this cechnigue was used 1n cCharnes, Clark, Cooper, uha GLolany
3} alter having been 1ntroduced in Chatnes, Cooper, vivine,
hlopg, dna otutz |LH).

7. ocu cnarnes, Cooper, and khodes (L) p. 433 LOr & plLoot.

U. Cuniplete resules for the window analyses, incluulng tne slack
val luble values, are contalined in Yable A4 1n Appendix o,

Ye For vammple, Liae average elticiency rating Lor bthe scconu
Juarter waS uctormined oy summing the two second yuartet
crlilclency racings in column 4 op Yable 3 tor cacth buse ana
Jividlnyg Ly che numpber ot obsceivations —--i.e.,

(o Fcdt. v/t vbct, 7143+.450+,. 4094, udb+ tbo+loutl.ubiYestooditlout
Louvtoas/toalot.uubt.bdo)/sle, wne averaye etficiency rating for
the tulra ana fouruh guaiters were computed similariy. uowevel,
tor cue L1est guacter avetrage we included the retings trom the
tirst end r1fth guarters (cuiunns 3 and 7 trom luble 3) since alil
oL thuese obscrvations i1nvolvea first quarter data.

lve Ketor o Llabie Aol anu A2 in appendix A for the okscvrvou
1ngut une output velues 1n tnis jolnt analysis.
o

li, Taulle n.D teportling ali efticiency measures (8% anuy slack
Vil 1abiles) Lor oll ot the bases is locatcu in appenuix o,
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