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Abstract

Currently, the measures of performance used by the Mili-
tary Airlift Command, in particular departure reliability,
emphasize activities. In so doing the productivity of the
MAC airlift system is overlooked. A factorial design experi-
ment was conducted with a simulation model of a portion of
the MAC airlift system. Results from this experiment indi-
cate that an activity index like departure reliability does
not track system output, and, consequently, should not be re-
garded as a measure of sysfem productivity. A set of pro-
ductivity ratio indices was computed using the model input/
output data from the system simulation. By emphasizing the
relationship between output and input these ratio indices
highlight system productivity and enable the MAC Commander
or the airlift managers to make appropriate decisions regard-
ing system productivity. 1In addition, productivity ratio
measures have the potential for improving contingency plan-
ning by providing planners the ability to relate required
output capacity to needed input resources, and also to deter-

mine output capacities constrained by input resources.
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AN INVESTIGATION OF PRODUCTIVITY MEASURES
FOR THE PEACETIME MAC AIRLIFT SYSTEM
USING SYSTEM SIMULATION

I Introduction

The mission of the Military Airlift Command (MAC),
broadly stated, is to develop and maintain "in a constant
state of readiness" an airlift system capable of responding
expeditiously to any contingency airlift requirement, but
especially strategic mobility. (Ref 1:1) To accomplish this,
MAC operates a fleet of jet transport aircraft including 70
wide-bodied C-5s whose theoretical maximum capacity is some
100 tons and practical capacity 50 tons, and 234 C-1l41s,
whose maximum capacity is some 30 tons. MAC also maintains
a network of aerial ports and support bases throughout the
United States, Europe and the Pacific. MAC is "manned at a
level and exercised at an appropriate peacetime flying rate
to insure the success of (this) airlift system. The peace-
time use of the airlift system creates a by-product of airlift
that is applied to satisfy (the Depariment of Defense (DOD))
airlift requirements.” (Ref 2:1)

The term "by product" stresses that routine peacetime
airlift is not the principal mission of MAC. Rather, because
a certain amount of flying must be done to maintain crew pro-

ficiency as well as to exercise the maintenance and aerial
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port capacities ¢f the system, the airlift capability pro-
duced is incidental.

While this peacetime "by-product®™ airlift is incidental
to training, in the strictest sense, it is a valuable and
needed service made available to DOD users either through di-
rect funding as for Joint Chiefs of Staff (JCS) sponsored
exercises and Joint Airborne and Air Transportability Train-
ing (JA/ATT) or through the Airlift Service Industrial Fund
(ASIF), in broad service type groups or accounts: 1) the
Special Assignment Airlift Mission (SAAM), and 2) Channel
Traffic. The SAAM account provides for unique mission re-
quirements or unusual airlift support needs, whereas, the
Channel mission provides recurring support for overseas lo-

gistics functions and DOD installations.

TABLE 1-1

MAC Channel Military Capability and Utilization
(Ton-Miles in Millions) (Ref 16:1)

Ton-Mile Actual Capability
Capability Ton-Mile Utilization
Requirement

1974 1853.6 1056.1 .57
1975 1802.3 967.5 .54
1976 1680.0 921.4 .55
1977T L18.4 196.5 47
1977 1916.6 788.6 Al
1978 1763.0 778.2 Al
1979 1742.4 778.0 45
(Projected)

While even peacetime aircraft utilization rates produce

significant airlift capability this capability is not entire-

ly productive.‘ Table 1-1 lists ton-mile capabilities and

-2-
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actual ton-mile requirements for Fiscal Years 1974 through
1978 with budget projections for 1979. These capability fig-
ures represent what the airlift (force) fleet engaged in the
Chammel airlift mission could have transported if fully uti-
lized. The actual requirements are what was actually trans-
ported for various DOD users. Note that these figures do

not include SAAM, JAAT or Aeromedical Evacuations since these
three mission areas are managed differently than the Channel
mission. While the MAC airlift system is primarily poised in

readiness for contingency airlift support the system does

vprovide a valuable commodity. Furthermore, when this airlift

commodity is not available to DOD customers they must turn to
other transportation sources, even commercial air transport,
to meet their needs. It is conceivable that a marginal im-
provement in MAC airlift system productivity would attract
more DOD cargo in turn improving ASIF returns. Airlift ton-
miles represent only a small portion of total DOD transpor-
tation requirements. Thus by making a larger portion of DOD
cargo available for air transportation utilization of MAC
capacity would not necessarily threaten commercial cargo con-
tracts. There are many reasons why MAC peacetime airlift
capacity is not more fully utilized and why the ASIF is often
in deficit, however, at least part of the reason is that the
productivity of the airlift system is not being totally har-
nessed.

At the present time system performance is measured by
departure reliability primarily and by cargo age secondarily.

Departure reliability is an indication of how well the indi-

-3-
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vidual flying units are at meeting flying schedules. The
departure reliability index is computed as the ratio of suc-
cessful on time departures (that is, departures within some
interval defined about the scheduled mission take-off time)
to the number of scheduled departures. The cargo age is a
measure of how long cargo items remain in some portion of the
MAC airlift system. The system-wide cargo age or "pipeline"
time is measured from the time an item is consigned to MAC
for delivery until the time that the user actually takes de-
livery of the item at the destination port. (Ref 22: i; Ref
22: 3) From the unit commander's point of view the departure
reliability index measures how well the unit is able to mar-
shall its resources to successfully execute a flying sche-
dule. This reliability index lends itself to the way pre-mis-
sion activities follow one another from aircraft generation,
to fueling and cargo loading, aircrew preflight and actual
mission departure. Generally, late departures are further
identified by assigning responsibility for the late departure
to one of the major unit functional areas, specifically, Op-
erations, Maintenance, Transportation or other support area.
The local unit's cargo age, or "port hold" time includes

port processing time and awaiting transportation time. The
local port hold time is a representation of how fast cargo
goes through the local port "system".

There are perceptions that these measures do not portray

the whole system productivity/performance picture. Firstly,

departure reliability measures an activity only--that of de-

parting on time. This measure does not capture the impact
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on other system components. Secondly, there may be an actual
conflict between measuring and emphasizing on-time departures
on one hand and trying to improve total system productivity
on the other. Thirdly, this departure reliability index and
even port hold timecs are not used by the airlift managers
and schedulers to allocate airlift support but rather port
level measures and user established frequency levels. (Ref
14:8) What is needed then is some manner of gauging the air-
1lift system's condition as well as response to specific ma-
nagement actions and decisions. |

This thesis proposes to consider and develop an approach
to the measure of performance for the peacetime airlift force.
Since, as stated above, the mission of MAC is to prepare and
be ready to provide contingency airlift support, the primary
measure of performance for MAC is whether this goal of readi-
ness and responsiveness is being met. This is largely a
judgemental question based on the commander's assessment. Ra-
ther than attempt to address this overwhelming question this
thesis aims at illuminating a more day-to-day problem en-
countered by airlift managers and unit commanders, that of
measuring the productivity of peacetime airlift. The idea
being that if productivity can be measured and the relevant
factors can be understood, then the Commander of MAC can man-
age the system to enhance its productivity. A further limi-
tation on the scope of the study is that only Channel mission
productivity is investigated here. The Channel mission is
the most open-ended of the three ASIF accounts. With both
the JA/ATT and the SAAM accounts the users contract and pay

-5~




for a dedicated capability, whereas reimbursement for Channel
mission support is only for the actual capability used. Con-
sequently, there is more room for productivity management in
the area of Channel mission support. It is with these limi-

tations, then, that this study is undertaken.

Methodology and Research Design

This study consisted of two separate phases. The first
phase, or literature search, delved into the background of
the problem itself and attempted to answer a number of ques-

.tionss Why is the measure of productivity a problem in MAC?

What has been done to measure MAC system productivity? What

ideas have been developed concerning productivity in general

and productivity measurement in particular? The results of
this literature search are presented in Chaptér IT--System
Productivity.

The second phase of this study consisted of system si-
mulation experiments. The research design for these experi-
ments consisted of answering the questions: What is going
to be measured? How is it going to be measured? From Beer
(Ref 7) we find that one way to establish system controls is

to determine the factors that affect productivity most.

Shannon explains that "Most systems operate according to the
Pareto principle, that in terms of performance and effective-
ness there are a few significant factors and many insignifi-
cant ones. In fact, the rule of thumb is that in most systems
20% of the factors will account for 80% of the performance,

whereas the other 80% of the factors contribute the remain-

-6-
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ing 20% of the performance. Our problem is to decide which are
the significant few.” (Ref 40:153-154)

In line with this then a computer simulation model of
the airlift system was defined and developed using Q-GERT
techniques and computer codes. In his work on productivity
(discussed in Chapter II) Paul Mali asserts that productivi-
ty is a relationship between system input and system output.
Consequently, the model was designed with a view to relating
particular system output levels of ton-miles, "pipeline" time,
and departure reliability to system inputs such as flying
hours, maintenance and port man hours and fuel. This effort
is detailed in Chapter III--System Structural Model. To
determine the significant factors and significant interactions
a number of experiments were conducted consisting of operat-
ing the model with different combinations of factor levels.
The particular experiments conducted are described in Chapter
IV--Experimental Design. The results of each experiment were
fhen analyzed for factor significance and interaction signi-
ficance. The analytical techniques are described in Chapter
IV, and the results are discussed in Chapter V--Experimental

Results.

Thesis Report Organization

This report is organized as such. Chapter I--Introduc-
tion discusses the problem under study and the method em-
ployed to study it. Chapter II--System Productivity presents
background material on the problem as well as on possible so-

lutions. Chapter III--System Structural Model describes the
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airlift system computer simulation model used, how it was de-
veloped, the system assumptions made, the parameters used and
the language employed. Chapter IV--Experimental Design dis-
cusses the experiments that were conducted using the system
simulation model as well as the approach used to analyze the
results. Chapter V--Experimental Results presents the re-
sults and analysis of the experiments described in Chapter
IV. Finally, Chapter VI--Conclusions and Recommendations
lists a number of conclusions derived from the observations
in Chapter V, some recommendations for applications of the

productivity measures described, and some recommendations

for further study.
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IT System Productivity

Productivity is a concept that can have many different
meanings. Basically, productivity is defined as: "The ef-
ficiency with which economic resources (men, materials and
mach.nes) are employed to produce goods and services." (Ref
461332) That is, productivity is not merely production but
production and resource consumption taken together. Two men
are tasked to haul certain items on foot, one man is equipped
with a shopping bag, the other with a wheelbafrow with a ca-
pacity of one-half cubic yard. If the task is to haul a
couple loaves of bread the shopping bag is well suited and ac-
tually more efficient than the wheelbarrow. Both men are al-
so capable of hauling a given amount of dirt, but the man

with the wheelbarrow in hauling more than the gentleman with

the shopping bag with essentially the same effort is being
more productive. Now the man with the shopping bag could
conceivably pile one-half yard of sand into, and out of, his
shopping bag and try dragging it, but then the spillage and
destruction to the bag would detract from his overall effect-
iveness. Consequently, then, productivity is related both

to efficiency, as well as, effectiveness. In more complex
situations involving many people, an extensive inventory of
equipment and supplies, and a large budget productivity in- %

volves many kinds of inputs and many kinds of outputs.

These inputs and outputs depend on an extensive set of in-
\ A terrelationships. Clearly, in such situations and organiza-

tions productivity is a system phenomenon. The parts inter-
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act to produce and this interaction must be exploited to in-

BEEEDURY S

crease output while maintaining control over inputs. Dis-
cussed in this chapter are the idea of a system, what it is
and how MAC airlift is a system. Also covered is producti-

vity in general, and system productivity in particular.

System Concept

b

E ! The concept of a system can have many different mani-
festations. To some it is an array of mechanical or electron-
ic components which has a well-defined function and observ-

able process. To others "system" denotes a biological enti-

ty, which has unique powers of growth and reproduction. Still

others perceive "system" as a mere interplay between concep-
f» tual entities as a system of equations. These examples of

*system"” understanding bespeak more an analytical framework

than a truly "system" framework. Current thinking on "sys-
tem" as exemplified by the General System Theory (GST) can
trace its origins to a biological/organismic outlook. Ber-
talanffy, an early developer of GST, propounded that "In con-
trast to physical phenomena, like gravity and electricity the

8 T Faaw 7 s b 3o i 5 A Lo b 41 ORI ST T T AT A Y £ 3

phenomena of life are found only in individual entities call-
ed organisms. Any organism is a system, that is, a dynamic
order of parts and processes standing in mutual interaction."
. (Ref 39:9)
Furthermore, systems manifest certain characteristics

(Ref 39:13-14):

; 1) interrelationships and interdependence of objects,
! attributes and events. 4

2) Holism, that is, the system is a unit rather than a

-10-




mere assemblage of constituent parts.

3) goal-seeking--the interaction of parts leads to a
final result.

%) inputs and outputs--systems depend on inputs to ge-
nerate the activity that results in goal attainment.
Furthermore, all systems produce some kind of output.

5) transformation--all systems transform inputs into out-
puts in some way.

6) entropy or thermodynamic disorder--this is a patho-
logic characteristic of a rundown system as brought
about by lack of input, information or formal organ-
ization.

7) regulation--interacting components of a system must
be regulated in some fashion to insure goal attain-
ment--this regulation includes the establishment of
objectives, norms, plans and systems of control.

8) hierarchy--systems are generally comprised of several
smaller sub-systems.

9) differentiation--specialized units in complex systems
perform specialized functions. :

10) equifinality--in open systems a particular final state
can be attained from different starting points and by
different paths.

In general then the main thrust of the systems outlook
is that systems, and in particular organizations, are viable
because of the characteristics outlined above. To effect-
ively control an organization, then, these system character-

istics must be considered and taken advantage of, not ignored

and circumvented.

The MAC Airlift System

How, then, is the MAC airlift system a system? The MAC
airlift system can be depicted in a number of schematic fash-
ions. Figure 2-1 represents the MAC airlift system, at a very

macro-level, as comprising of inputs, activities and services

-1]1-

o ek s e O

e -




R

D

SoTTETE T TEmEARRET R DI L TR Ty e
L

SR L e i L
: A,
v

peculiar to MAC, and outputs. The dotted line serves as a

boundary indicator between the airlift system over which MAC
exerts direct control and the environment over which direct

control, as opposed to mere influence, is minimal. Note that

o :
} '
4 |
INPUT: PROCESS: OUTPUT:
*Training *Flight Oper. #User
*Mission b *Port Oper. ‘ o4 ¥*Readiness
#Resources *Maintenance *Ajirlift
*FHP Service
*User Req.
! T
! )
' .
| MAC AIRLIFT SYSTEM J
l s wb - - . e - - -yt > way it o) WY GNP P D Sy = D N - o b
lﬁ ENVIRONMENT

Fig 2-1 Input-Output Model of MAC Airlift System

# portion of the input and output blocks are depicted as part
of the environment, this suggests interfaces with other sys-
tems, users, logistics, transportation, and so forth. The
input block to the MAC system consists of, but is not 1limi-
ted to, readiness training requirements and goals, user air-
1lift requirements, and the funds to accomplish these. The
MAC airlift system contained within the borders consists of
the personnel, capital equipment, supplies, funds, and or-
ganization needed to convert the inputs into desired outputs,
thereby attaining its goal. The peculiar processes by which

the MAC airlift system converts inputs into outputs includes

<12-
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flying aircraft, repairing and maintaining aircraft, operat-

ing an aerial port. The outputs of the MAC airlift system

e e
—~

consist of a state of readiness, determined by both the a-

acaaia. SEC

vailability and sustainability of airlift forces, and cargo L
tonnages and passengers moved in response to specific user ;f
requirements. : . ;:

Figure 2-2 is an attempt to depict the airlift system,

TR T R

in particular the area within the borders of figure 2-1, with
a causal loop diagram, as consisting of discrete components
and activities interconnected and interrelated by flows (ar-
rows) of material funds, personnel, requirements, information
and so on. In general, a positive sign (+) indicates a di-
rect correspondence between the two connected components,
that is, an increase in one results in an increase in the

other. Conversely, a negative sign (-) indicates an inverse

relationship, an increase in one resulting in a decrease in

the other.
Referring to Figure 2-2: The airlift system is set in

: motion by the requirement for readiness which generates fly-

ing training requirements. Airlift capacity generated by

this training is programmed through ASIF at scheduling/pro-

f gramming which balances and coordinates training requirements
and user airlift needs. Operations and logistics are related

] through the flying hour program. This program is an allot-

ment of flying hours, actually the wherewithal to accomplish

ToTmRTE e e oo

a specified number of flying hours including crew salaries,
maintenance facilities and personnel, port facilities and h

manning, and the organization with which MAC must accomplish

t’
.
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its mission. When the scheduling operation schedules a mis-
sion, a demand is made on transportation, logistics, and on
operations. As mission demands are made in each of these
functional areas as the sorties actually depart there is mar-
ginally less capability to meet further demands. Demands

must balance with capabilites. As the sorties actually de-

part and the missions operate, costs in terms of fuel, crew

per diem, and labor man-hours are accrued. As cargo is moved
ASIF revenues are génerated to offset costs. Periodically

ASIF revenues and expenses must be reviewed to set appropriate
tariff rates. Excessively high tariffs act as disincentives
to customers. As missions are completed training is accomp-
lished which decreases the total training requirements. The
only completely exogenous element is the readiness require-
ment. Training and user airlift requirements are partly con-
ditioned by the system output. For the most part, then, the
system establishes its performance levels. As various parts
df the system are "speeded"” up the other parts of the system

must respond. When there is a lag or discrepancy in some

part of the system the entire output is affected. Producti-
vity is related to how well the interaction is managed and

The existence of a tariff structure relating only

exploited.
to costs and revenues with no feedback for improved controls
and . management can drive this system to even less producti-

vity. That is less ton-mile or poorer pipeline performance

at the same level of input.

Table 2-1 tabulates several examples from the MAC air-

1ift system of each of the systems characteristics.
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TABLE 2-1

Examples of Systems Characteristics
in MAC Airlift System

GST Systems

Examples from MAC

Characteristics Airlift System
1. Interrelationship MAC organization, com-
and Interdependence mand and control
of Components
2. Holism MAC single manager
of airlift resources
3. Goal-seeking Readiness, User Satis-
faction
L., Inputs and Outputs AFM 2-21, AFM 3-21,

Transformation

Entropy

Regulation

Hierarchy

Differentiation

AFR 23-17, DOD airlift
requirements/readiness,
ton-miles cargo, pas-
senger-miles, user sa-
tisfaction, ASIF reve-
nues

Cargo and passengers
are moved from one
place to another

Decrease in user de-
mand due to high tar-
iffs, budget cutback,
organizational break-
down,

UMMIPS standards. MAC
and AF series regula-
tions governing every
aspect of MAC activity

MAJCOM headquarters,
Numbered Air Force,
chain of command

functional areas, o-
perations, transpor-




VRSP S

€ TABLE 2-1 (continued)

10. Equifinality

tation, logistics,
Plans

MAC offers many air-
1lift servicess Chan-
nel, Special Assign-
ment Airlift Mission,
Joint Airborne Airlift
Training
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Productivity

As delineated above every system in general and the MAC

airlift system in particular, is characterized by among other
things, a transformation of inputs into outputs and and by
goal-seeking behavior. Corporate manufacturing systems em-
ploy manufacturing processes to transform inputs of raw ma-
terials into outputs of usable goods so as to meet a goal of
customer satisfaction and profit generation. At some points
in its development an organization becomes concerned with in-
creasing its output and thus goal satisfaction while lowering
resource consumption and utilization. What is being sought
in this endeavor is higher productivity.

Paul Mali has written an excellent book on the subject
of productivity (Ref 26) and in particular on the subject of
managing productivity. He describes current productivity at
large as being in a state of crisis and that the productivity
management environment itself has changed considerably be-
céuse of a change in human expectations, technology, and ac-
countability.

In his investigations Mali has identified some twelve
causes for the current productivity crisis, however, the num-
ber one cause he cites is the "shocking wastes of resources
result(ing) from (an) inability to measure evaluate, and man-
age the productivity of a growing white-collar force." (Ref
26:25) The other eleven causes deal with the gamut of human
motivational problems, government intrusion and overregulation,
and the rapid obsolescence of skills and practice brought

about by technological change. Table 2-2 summarizes these

-18-
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twelve causes.
Fortunately, Mali perceives a solution to the problems.

He asserts that the productivity crisis can be resolved by
the development of a productivity management ethic and disci-
pline, which he describes in three parts: 1) a basic concept-
ual framework of organizationsl productivity, 2) productivity
as a synergistic or system-process, 3) 10 principles of de-

veloping the productivity discipline.

Mission
or > Planning Results
responsibility
Input resources Transformation Output

3 [ o
ﬂ

Output/input
measurement

Figure 2-3 The Productivity Process (Ref 26:40)

In his conceptual framework of productivity Mali asserts
that productivity is attained by taking action to achieve it:
"Productivity in an organization is a managed process that i-
dentifies and relates all the events and activities necessary
to accomplish productivity objectives. It deliberately seeks
an efficient way to transform or convert resources into re-
sults." (Ref 26i145) This process is illustrated in Figure
2-3. Note that this diagram is effectively an enhancement of

-20-
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the first diagram of the MAC airlift system in Figure 2-1 to
which planmning and measuring functions have been added. From
the diagram the process starts with a mission statement or
objective definition. This action then leads to a master
plan for operating the organization and to identification of
inputs to the system. Planning delineates where the resources
come from, how they are transformed by the organization and
what form the output will take. The measurement cycle is an
integral part of the system and acts as a feedback loop.

An important aspect of productivity, according to Mali,

is that it is synergistic, that is, systemic. By synergism

is meant the phenomenon that occurs when the well-ordered com-
ponents of a system produce a result that is more than the
mere assembly of the parts. Furthermore the organization of
the gystem provides an infrastructure which enables the sys-
tem to accomplish and produce at a level not possible by any
one component or mere combination of components. Consequent-
ly, then the productivity that a system strives for must con-
sider this synergism. Why? "“Unused capacity, stored potential
or low level of effectiveness are released or greatly enhanced
when the parts or factors of the synergistic phenomena are
made to work well."” (Ref 26:54) Mali has identified some
thirty factors at four different levels of directness which
affect productivity. Table 2-3 summarizes these findings.

The way these factors interact and impact may vary from
organization to organization. Furthermore, changes in factors
at lower levels affect productivity by altering factors at

levels just above them; and so on. Operating something like

-21-




e oo e s

Levels of Factors Effecting Productivity (Ref 26:54)

TABLE 2-3

Level

Effect on Productivity

Most Direct Effectiveness and effi-
A ciency

skills, motivation, me-~
thods, costs

leadership, experience,
climate, incentives,
schedules, organizationd
al structure, technolo-
gy and materials

abilities, style, train-
ing, knowledge, physi-
cal conditions, unions, i
4 social awareness, as-
Least Direct piration levels, pro-~
cesses, job design,
goals, policies, R&D,
plant and equipment,
standards and quality.

i i
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the wheels of an odometer.

Finally, Mali rounds out his plan for developing the
*productivity discipline” by describing his "principles of
productivity growth" (Ref 26:62-73). Of particular interest
and applicability to the MAC airlift system are:

--principle of ratio time measurement.

--principle of expectancy alignment.

--principle of worker accountability.

--principle of focus.

--principle of continuance.

--principle of resource priority.

The principle of ratio time measurement states that
"Productivity is more likely to improve when expected results
are measured and made greater in the same time frame that ex-
pected resources are measured and made less."” (Ref 26:62)

Measurement here is the key. Mali asserts that if a
phenomena can be measured it carn, also be controlled and
manipulated. No goal of productivity management is to in-

crease output with a decrease in input. If productivity is

expressed as a ratio of output to input then productivity in-

creases it output increases and input decreases, stays level,*

or even increases but at a lower rate. Productivity still
increases if total output decreases where input also decreas-
es but at a higher rate.

Mali's principle of expectancy alignment asserts that
"the greater the alignment of employee expectancies (needs)
with organizational objectives (targets), the greater the mo-
tivation to accomplish both." (Ref 26:65) Along the same

vein the principle of worker accountability states that "ac-

countability for productivity is more likely to happen when

-23-
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employees understand, participate in, and are held responsible
for productivity objectives, measurements, and evaluation.”
(Ref 26:65) At the very bottom of any effort to change an
organization consideration must be given to the people in-

volved. These persons are often viewed as the obstacles to

ultimate productivity when in fact they are the most flexible
and promising resource an organization has. Productivity
management should hinge on personnel involvement and com-
mitment.

The principle of focus is that "the greater the focus
toward productivity objectives on a time scale, the greater
the likelihood of achieving these objectives." (Ref 26:66).
The stunning accomplishments of the Manhattan Project and of

1 ' v the manned space program came about because of this principle.
3 ﬂ Lately, public councern over energy shortages and prices has

led to a concerted investigation of options to conserve ener-

gy, to tap alternate energy sources, and to alter our con-
sciousness of energy problems. Similarly, when productivity
becomes the "only game in town" interest and creative solu-
tions inevitably follow.

The principle of continuance states that "productivity
tends to continue when achieving an objective does not inca-
pacitate or destroy any of the factors which produced it."
(Ref 26:170)., Fundamental to Mali's development of productiv-
ity is its systemic nature. Because of the interconnection
and interdependence of the elements of a viable system it is

u | impossible to modify one part of the system without also af-

fecting the rest of the system. If system productivity is

8 ~24-




based upon a selective process of drawing down and building
up the components of a system then the continued productivity
of the system cannot be assured. At some point entropy, ther-
modynamic disorder, will bring the system to a halt.

Finally, and probably most importantly is the principle
of resource priority which is that "productivity increases
when objectives for productivity set the priorities for re-
source allocation." (Ref 26:73). In every organization there
is some resource that acts as a constraint on the operation
so that the resource must be carefully managed in order to
optimize benefits and attain organizational goals. How
these resources are meted out to various projects and object-
ives should be a measure of what the expected or perceived
benefit of the objective is. Since an organization logically
pursues greater benefits Lhen resources must be allcocated to
produce this greatest benefit. A simple and straightforward
measure of agreement between marginal benefit return of an
objective and its resource allocation is the rank-order corre-

lation. (Ref 26:73):

e =1 - 6gd2 (l)

N(N? - 1)

where (.) is the rank-order correlation, and d is the difference
between the benefit priority of an objective and its resource
allocation priority, and N is the total number of objectives

considered.

The benefit priority of an objective may be determined
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by marginal analysis of an operation or by consulting a pan-

el of experts. Similarly, the resource allocation priority
of an objective can be determined by observing the actual
process or by having a panel assign a value. Observing a
value directly in an actual operation or determining one
democratically or arbitrarily depends on whether one is eval-
uating an ongoing operation or planning a future operation.

The other four principles of productivity growth are:
principle of shared gain, principle of creating potential
productivity and principle of work justice, and finally the
principle of elasticity. While these four principles are no-
table in themselves they were not deemed to have the same di-
rect applicability to the MAC airlift system.

How then do the other principles apply to the MAC air-
1lift system? The principle of ratio time measurement speaks
of increasing output and the same terms that input is de-
creased to insure productivity growth. I+t has been the MAC
eiperience, discussed briefly at the end of this chapter,that
productivity enhancements dealt with either input or output
at any given time and then only one aspect of the input or
output. Consequently, when the results fell short of expect-
ations interest waned. What was overlooked was the synergism
of the productivity effort. Various factors of input and
output work in concert to produce noticeable productivity
gains.

The principle of expectancy alignment and the principle
of worker accountability have direct application to the MAC

airlift system. Because of the nature of military service
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personnel turn-over is relatively high, resulting generally
in low experience. Furthermore, when low morale is coupled
to this, productivity can be expected to suffer. Consequent-
ly, an enlightened review of personnel policies is important
not only for the stability of the military force but also for
the productivity of the military work force. Additionally,
the involvement and encouragement of personnel participation
in productivity enhancement, as through the suggestion pro-
gram, can achieve both worker satisfaction and increased sys-
tem productivity.

The principle of focus is not new to the airlift system.
The traditional emphasis on departure reliability as a meas-
ure of performance has resulted in remarkable efforts on the
part of every functional area of the airlift system to im-
ity index Consequen 1y
pected that if a concerted and coordinated effort is made to
stress productivity enhancement that the results will follow.

The principle of continuance is of particular importance
and applicability to the peacetime MAC airlift system. It
has been observed that with the emphasis on departure relia-
bility a considerable effort is made to improve the reliabi-
lity standing. At times this effort has included circumvent-
ing the actual operational process when a problem arose to
insure that at least the index itself would not be adversely
affected. For example, last minute scheduled departure
changes would be made to make up for a maintenance abort.
While such an effort might be appropriate for a departure

reliability indexed operation the same effort would not be

\
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appropriate in a productivity based operation. Productivity
enhancement would demand that the effort and resources be
allocated where the maximum productivity could be realized.

A short term gain in the productivity index caused by "jug-
gling" the operation could well manifest itself at some other
point in the system as a net loss.

Similarly, the principle of resource priority is critical
to MAC airlift system productivity. If one considers flying
hours as MAC's principal resource, being comprised of fuel al-
locations, as well as maintenance, port and operations (crew)
man-hours, then how these flying hours are allocated to va-
rious objectives, missions in this case, determines the net
productivity of the.airlift system. While it is true that

the primary mission of MAC is to insure readiness to meet

~.

contingency airlift requirements and that féwmilying hours
can be translated into crew aging and thus readinééé}“DOD
also depends on the MAC airlift system to provide a transpor-
tation service. Consequently, when that service capability
is not available DOD agencies contract other transportation
means to fulfill their requirements. This translates to pay-
ing for the same transportation twice because the airlift
capability is not available where it is needed when it is
needed for whatever reason. An airlift system oriented to
productivity enhancement and improvement would seek out an
optimum or, at least more satisfying allocation of its re-
sources.

If it can be said that Mali's treatment of the theoret-

ical basis of productivity and productivity improvement is
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complete then his treatment of the practical aspects of pro-
ductivity is even more so. As has been observed and iterated
above one of the principal causes of the productivity crisis
in Mali's view, has been the inability to properly measure
productivity. Therefore, it should not be surprising to
realize that central to productivity improvement is measure-
ment: "To be effective any system of productivity requires
evaluation--evaluation readily understood, simple to imple-
ment, easy to administer, and clearly cost effective. This
means that the evaluation system must have a basis of meas-
urement that must be agreed upon and designed into the sys-
tem for evaluation to work." (Ref 26:78)

To be sure productivity measurement is not easy, as Mali
points out (Ref 26:79-80). For one thing simple measures
tend to oversimplify the aclual processes and dynamism in a
system. A measure of productivity is important not just for
indicating whether productivity has advanced or retreated but
also why. Furthermore, if productivity has advanced, a good
measure should help an organization capitalize on the process.
If a retreat in productivity has occurred, appropriate measures
help to locate problem areas and to reverse the situation.
What is needed then is not a measure but several measures
for different functional areas as well as for various levels
of management. Another problem described is that measure-
ment is generally appended to an operation rather than incor-
porated into the operations. Consequently, such measures
offer excellent hindsight if not foresight. Still another

difficulty in measuring is the all encompassing breadth of
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productivity and objective descriptions, such as cost-effect-
ive, responsive, "lean and mean", high "teeth or tail" ratio
and so forth. While such expressions conjure up any number
of salutory images of a system, in particular a military
system, deciding whether a system has accomplished any of
this is another matter. Measures should be unambiguous and
unequivocal. Objectives and goals should also be stated in
terms of concrete measures as well, for example, a ton-mile-
age increase of five percent this year, and so on. Another
area that makes measuring productivity difficult is the ten-
dency to focus in on activities rather than results. Any
operation is comprised of several activities. Involvement
with all of these bogs a system down in meaningless trivia.
In many MAC offices piles of computer print-out detail a my-
riad of activity discrepancies and problems. The more im-
portant question of what substantive effect these anomalies
have on overall output is often overlooked. A measure needs
to be results oriented. PFinally, traditional productivity
measures have tried to emphasize the highest levels of aggre-
gation, the most macro of levels, rendering the measure quite
useless for lower organizational echelons. Measures, then,
should be appropriately scaled to the level at which they
will be used.

Mali then describes several forms that productivity
measures may take including productivity ratios, total fact-
or productivity indices, use of management by objectives,
and the use of productivity checklists, and productivity aud-

its. The ratio measures involve identifying the critical
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outputs and inputs of a system and computing the ratio of
outputs to inputs. The total factor productivity index can
be expressed either as total output over total input or as a

total productivity link series, given by (Ref 26:93):

Total Productivity _ %E El +_§+Ej+ "k (2)
link series n=1 3 Ry

where P.is the productivity of a particular functional area
and R its particular resource allocation.

In other words, the link series measure is a linear com-
bination of disparate productivity measures and is useful in
comparing index values with a given base value. The measure-
ment of productivity using management of objectives (MBO) is
known, if not necessarily appreciated, in the military ser-
vices. At its basis MBO involves establishing concrete per-
formance goals for each functional area and each level down
to each irdividual and then observing how these specific ob-
jectives are attained. The difficulties associated with de-
fining precise benchmarks for every job probably result more
from a lack of experience with the method than any other
factor. The use of checklists is a well established practice
in the Air Force particularly in flight operations and in mair.-
tenance. The development of checklists delineating specific
actions and responsibilities for each position is the basis
of this approach. The productivity audit is "a process of
monitoring and evaluating organizational practices to deter-

mine whether functional units, programs, and the organization
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itself are utilizing their resources effectively and efficient-
ly to accomplish objectives.” (Ref 26:132)

Up to this point the concepts and principles of systems
theory and productivity improvement and the manner in which
these describe the MAC peacetime airlift system have been re-
viewed, Additionally, the approach to productivity improve-
ment as developed by Paul Mali was described together with
its implication for the MAC airlift system. What follows is
a discussion of the efforts and recommendations that have
actually been made to measure and improve MAC peacetime air-

1lift system productivity.

MAC Airlift System Productivity

The trend of the MAC Airlift System Productivity has been
the topic of much discussion and study. This section of
Chapter II briefly discusses the productivity constraints
encountered by MAC operations and reviews some of the studies
undertaken to improve MAC productivity. As described already
in Chapter I the airlift capability of the MAC airlift system
in ton-miles is derived as a by-product from MAC readiness
training requirements. These requirements, comprise the Fly-
ing Hour Program, and reflect the raw flying hours to allow
every crew member to accomplish specific training events as
well as to experience a certain level of flying calculated
to age them. This "aging" process is a critical factor in
the development and training of aircrews to insure safe oper-
ation. Consequently, the flying hour requirements are es-

tablished on more than just the absolute minimum number of
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hours needed to accomplish specific training events. The
productivity of the MAC airlift system hinges on the effect-
iveness and efficiency with which these flying hours are
generated and utilized.

The management of this flying hour generation at utili-

zation cycle occurs at different levels. Essentially, the
flying hours are generated at the wing level while they are
scheduled or utilized at Major Command level. That is, the
wing is responsible for transportation and logistic support
resources to "produce" flying hours. The operations re-
sources include aircrews, operations support staff personnel.
The maintenance resources include maintenance man-hours per-
forming scheduled and unscheduled maintenance and scheduled
periodic inspections, eqguipment and tool resources and vehi-
cle resources. The transportation resources include port
dock and warehouse facilities, port man-hours to process car-
g0 including receiving, documenting, writing, marshalling,
palletizing and uploading, and vehicle resources including

L463L Material Handling Equipment (MHE) utility vehicles, and

‘ associated maintenance and POL costs. The logistic support
resources include capital equipment including the aircraft
themselves, supply stockage, and supply man-hours to manage
and operate the supply system including receiving, inspecting
and documenting supply items, reparable assets control, and
supply warehousing facilities. Added to this are the other
support functions which serve as infrastructure to the

f | entire process. It should be obvious that Figure 2-2 barely

scratches the surface in depicting the interaction of com-
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ponents in the MAC airlift system.

Actual management actions in each of the functional areas
decribed above rely on the information derived from specifi-
cally tailored performance or effectiveness measures. A va-
riety of performance measures is used in the "Commander's
Management Information Summary" a volume of data on various
aspects of MAC operations published by Headquarters MAC. 1In
this volume operations focuses on departure reliability, that
is, getting the aircraft airborne on time. Maintenance,
while also concerned with departure reliability, is more
concerned with maintenance man-hours per flying hours and un-
scheduled maintenance man-hours to scheduled or total main-
tenance man-hours. Transportation is concerned with the le-
vel of cargo in the port awaiting transportation, port pro-
cessing times and port holding times. Logistics supply sup-
port is concerned with a host of measures that track docu-
mentation errors, delinquencies in receiving reparable assets
from base repair facilities and various stockage rates. Ob-
viously, the idea of an aggregated measure of productivity
index is buried in considerable detail.

The utilization of MAC's flying hour capability is per-
formed at Headquarters MAC and at the Numbered Air Force Head-
quarters. Headquarters Military Airlift Command (HQMAC) as-
sumes the responsibility of programming or allocating the
flying hours to various mission areas and functional areas.
The Numbered Air Force's concern themselves with developing
a workable schedule and workflow for all of the wings direct-

ly subordinate to them. It is in the process of implimenting
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these schedules that the Wings generate the flying hours as
described above.

The chief tool used by HQMAC in programming the flying
resources is actually a budgeting process. Since 1958 MAC
(then MATS, Military Air Transport Service) has provided air-
1lift service through the Airlift Service Industrial Fund
(ASIF). The industrial fund was a management process de-
vised by DOD to insure effective and equitable management of
resources and industrial-type services used by several branch-
es in DOD. Narragon and Neil have compiled a thorough ana-
lysis of the Transportation Industrial Funds in their report
for The Logistics Management Institute (Ref 28).

The HQMAC flying hour programming cycle begins with the
identification of training requirements in flying hours which
become the airlift resource when transformed by the airlift
system. Next, projected DOD requirements for passenger and
cargo airlift also expressed in flying hours, are obtained.
Additionally, JCS sponsored exercises, as well as Joint Air-
borne and Air Transportability Training (JA/ATT) requirements
are identified in flying hours. Then the programming and
allocation begins, once the proper deductions have been made
for direct training requirements. This amounts to some 25%
of the total flying hours [some 117,374 flying hours (Refs 16-
20) was projected for direct training in FY 1980]. These
direct training requirements as well as the JCS exercises
and JA/ATT missions will generate no by-product airlift.
Consequently, funding is direct for these three categories of

flying-hours. What is left at this point [260,281 flying
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hours projected for FY 1980 (Refs 16-20)] is programmed
through the ASIF. There are two categories of services in
ASIF--Channel Mission and Special Assignment Airlift Mis-
sions (SAAM). The Channel Mission consists of securing lo~
gistic support service to.overseas bases. The frequency for
this service is based either on a validated frequency basis,
that is, a minimum frequency established on the basis of col-
lateral requirements including national policy and morale

as well as the primary basis of logistic support need, or re-
quirements basis which reflects actual support needs. Reim-
bursement for Channel service is on a ton-mile basis for car-
g€o or a set fee for passengers. The SAAM consist of unique
airlift requirements and amount to chartering an airplane

for a length of time. Presidential support missions and some
disaster relief support missions are examples of SAAMs. Re-
imbursement for a SAAM is on the basis of a flat hourly fee
based on aircraft operating costs. Rate structures are es-
tablished to recapture expenses of operating the fleet.

There is no incentive or attempt to make a profit.

While the ASIF was established as a means of managing
industrial type service effectively the ASIF structure has
had a pejorative effect on MAC productivity. Several fea-
tures of the ASIF plan, including the validated frequency
Channel missions over non-productive routes, make the MAC
system inefficient. Consequently, when tariff rates are es-
tablished to balance revenues and expenses the impact of in-
efficient utilization of Channel service results in rates

which cannot compete with surface transportation rates, par-
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f; ticularly ships. Service transportation managers are then

| disinclined to ship by air, leading to even poorer utilization
overall and thus a recurrence of the initial problem (Ref 28:
30).

Studies and recommendations in this area of airlift sys-

; tem productivity have fallen into two principal areas: 1)
; creation of greater airlift requirements by removal or re-
duction of tariff disincentives, 2) enhancement of mission
or sortie productivity. Narragon and Neil (Ref 28) have re-
viewed several proposals made over the years to remove ASIF
disincentives to more product employment of airlift capabi-
lity. These have included rate stabilization, token tariff
rates, flooring of funds, and direct funding. Some efforts
have been made to establish rate stabilization and opportu-

nities for token tariffs. The case for flooring of funds

and direct funding seems harder to make since both can be
demonstrated to cause other problems in the general DOD trans-
portation system. The General Accounting Office has also
studied the problem from a costs versus revenue standpoint
and recommended that tariffs be made to more closely reflect

expenses. As indicated above this would introduce an econom-

Rl anails all SR Sk s B

ic disincentive to the use of airlift. Another important
F area of study has dealt with the validated frequency Channel
‘ mission, particularly when mission scheduling is driven by

the minimum frequency rather than actual movement require-

e TR TTReeEE s T

ments. The constraints on many of these validated frequency
( missions are collateral to airlift management and involve

morale, power projection and foreign policy.
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The other area of study has emphasized mission/sortie
productivity. Studies of this type have been performed by
Lockheed, HQMAGC/DO, Operation and HQMAC/XPSR, Studies and
Analysis-Operations Research. These three are discussed in
the Airlift Management Procedures Study (AMPS) published by
HQMAC/XPSR in 1972 (Ref 23). The Lockheed study emphasized
the need to better utilize aircraft cabin space by improving
the design of pallet loads. Their study pointed out that a
survey indicated that poor management practices allowed too
many inefficient palletized loads be uploaded in C-141 air-
craft. Their proposed solution was to more closely monitor
pallet capacity utilization. The MAC/DO study conducted in
the early 1970s assailed the emphasis placed on effective-
ness performance measures, in particular departure reliabili-
ty, to the detriment of other important measures, in parti-
cular airlift efficiency. The study proposed the implemen-
tation of a deliberate aircraft delay when the delay would
mean greater payloads. The proposal was based on an analysis
of payload and mission efficiency factors and involved sever-
al interesting mathematical relationships and decision graphs.
The emphasis of the AMPS was again on the exclusion of effi-
ciency considerations when measuring MAC performance. The
study findings were never formally implemented by MAC.

A more recent investigation of sortie productivity has
looked into the relationship between port levels and capaci-
ty utilization, the greater of volume capacity or weight ca-
pacity utilization. The report findings and recommendation

(Ref 27) reflect a nonrigorous analysis of such factors as
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selectivity and the time-series nature of cargo generation.
Basically, the report identifies a direct relationship be-

tween port levels and capacity utilization and between day of
This

the week of mission operation and capacity utilization.
latter finding reflects weekend cargo policies, wherein few
cargo deliveries are made on weekends so that port levels are
drawn down over the weekends resulting in low port levels
and lower capacity utilization at the start of the new week.
The report was hastily accomplished but did point up an area
that might be successfully exploited for productivity gains.
Outside of the MAC community other studies have been

In particular, several

made to enhance MAC productivity.

Army studies conducted during the late 1960s and early 1970s.
These involved the Routine Economic Airlift (REAL) study
which proposed to identify whole new classes of air-eligible

cargo. The aim was to associate an equipment item's overseas

stock priority with a tariff rate ceiling. Thus a particular

item or group of items could be shipped by air if the tariff

charged was less than or equal to this maximum tariff value.
The idea was that various savings could be realized in crating
and packing certain items for sea shipment if they were sent

It was hoped that implementation of the proposal

by air.

would lower overseas stock levels and thus DOD equipment in-
vestment by lowering the "pipeline" time for more classes of

equipment. This "pipeline" concept is a measure of the time

an item spends in a particular transportation system from

the time the item is received for shipment to the time it is

consigned to the receiver at destination. Another Army idea
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that has received continued study has been the Air Line of
Communication (ALOC) concept. Again, by relying on the more
rapid shipment times available with an air transportation sys-
tem the Army could alter overseas logistics policies to take
advantage of the shorter “pipeline” time. One of the more
persuasive criticisms of the ALOC concept speculates on the
possible impact on the ALOC of airlift emergencies or contin-
gencies. With lower stock levels, accommodated by the avail-
ability of rapid and responsive airlift, the Army could find
itself in a desperately short position if an emergency divert-
ed airlift away from the ALOC.

The 1973 oil embargo %;ought to MAC a new-found fuel
conservation concern. A stidy was conducted of fuel conserv-
ation techniques. The study was particularly concerned with
highlighting the problem for aircrews responsible for fuel
planning.

A new study program undertaken by MAC in 1974 promises
to provide a methodology for evaluating MAC system performance
and productivity over the long range. The study program,
entitled Military Airlift Command Resource Optimization
(MACRO), employs an extensive simulation model to model and
characterizes the effects on the MAC airlift system in peace-
time or wartime of any of numerous system factors. The model
employs a micro-perspective and considers resource interac-
tions and constraints at a very detailed level., Effectively
by modeling "reality" the program aims to elicit a response
about any aspect of the MAC airlift system, present or future

within twenty-four hours. The program is currently still und-
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er development with an initial capability predicted for late

5 ( 1980.

Summary
This chapter has developed the background to the thesis

study. Entitled "System Productivity" the chapter has dis-

cussed the systems concept and its characteristics, as well
as, their application to the MAC airlift system. System pro-
ductivity as embodied in the work by Paul Mali was discussed.
System productivity is the result, it was found, of the rich

¥ interactions of a system. Consequently, productivity is
necessarily a system response. Productivity improvement

takes a concerted and committed effort. Basic to any product-
ivity management effort is a means of measuring productivity.
These means must make the productivity procesées transparent

to management inspection, so that problem areas can be worked

out and particularly productive interactions enhanced and ex-
ploited. The means of measuring productivity may be broken
down into five areas: 1) ratio measures of system output to

input; 2) total factor indeces, particularly useful in com-

paring a given year with a base year, 3) management of pro-
ductivity by objective, 4) productivity checklists, and
5) productivity audits.

Next, the MAC airlift system productivity environment
was discussed. MAC airlift capability is essentially a by-
product of readiness training. What is not needed for direct

training or JCS exercises and Joint Training is made available

( to DOD customers through the ASIF. Because of the mechanics

|
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of the ASIF MAC finds itself in a constrained market. Low

operations efficiency coupled with a tariff rate structure

that is high when compared to alternate surface transportation

means has resulted in many customers being driven to surface
transportation-~-further aggravating the situation.

The constrained productivity of MAC has been the sub-
ject of several studies including several that aimed to re-
move ASIF disincentives in order to attract more customers.
A number of studies by MAC and Lockheed to improve sortie
productivity by better utilizing pallet capacity and by wait-
ing . for cargo. A recent study suggests a relationship be-
tween mission efficiency and port levels.

A number of Army studies have attempted to identify
classes of cargo for economic routine airlift, while other
Army studies have proposed an ALOC system aimed at reducing
overseas stock levels and thus costs.

The most recent addition to the productivity study ef-
fort has been MACRO. The aim of the undertaking is to cap-
ture MAC airlift system dynamics through computer simulation
modeling and to use this facility to answer guestions about
the MAC system. From the title of the program the optimiza-

tion of resource allocation promises to impact productivity

of the MAC system.




IIT SYSTEM STRUCTURE

Discussed in this chapter is the principal tool used in

the investigation of productivity measures, an airlif+t sys-

tem simulation. Part of the problem discussed in Chapter I

is the reliance of departure reliability as a measure of sys-

The objective of the simulation model is

tem performance.

to illustrates 1) that departure reliability is not a meas-

ure of productivity and that it does not reflect many of the

forces acting in the airlift system, and 2) that relatively

simple and straightforward ratio measures of productivity can

be developed, which can impért more knowledge about the sys-~

With this objective in

tem's dynamics and capabilities.

mind the model was designed to behave as a portion of the

MAC airlift system in such a way that productivity could be

measured as different ratios of output to input. The output

of the MAC system model is ton-miles, pipeline times, and de-

parture reliability. Input to the model system consists of

maintenance man hours, port man hours, flying hours, and fuel.

The scope of the model is limited to the United States to

Europe Channel missions. This was done so that sufficient

detail could be captured about the interaction between opera-

tions maintenance and transportation/aerial port. The assump-

tion here is that the manner in which inputs are transformed

into outputs in a portion of the MAC system is essentially

the same process for the entire MAC system but on a larger

{ scale. What can be concluded, then, from looking at a suf-

ficiently well-represented portion of the system can also be

~43-




BRI S

? DR
- i S e

concluded about the MAC system at large. Sections in this
chapter include Simulation Rationale, Model Assumptions and
Limitations, Determination of Model Parameters, Q-GERT Ap-

proach, Model Output, and Model Verification and Validation.

Simulation Raticnale

- The overall objective of the study is to develop a meth-
od and an approach to measuring performance, in particular
productivity, of the MAC peacetime airlift system. Beer in
his essay on "Control Systems"” asserts that system measures
are suggested by "The most important features of the system."”
(Ref 7:153) That is, key features which enhance or retard
productivity. Then features can be identified from experience
and observation as well as from a concerted investigation of
system factors and interactions. This investigation can
consist of evaluating actual system inputs and outputs using
statistical significance testing techniques. However, the
MAC airlift system is a large enterprise and obtaining com-
prehensive data can be a colossal task. Additionally, as
Easterfield suggests, "The origin and meaning of any figures
found in firms should be scrutinized very carefully before
they are used for purposes other than those for which they
were intended.” (Ref 12:41) That is to say input and output
figures may appear to indicate one thing but may actually re-
late to some other perspective because of the way in which
they were defined, calculated and reported. To insure vali-
dity and consistency the environment of the investigation

must be carefully controlled. Unfortunately, the MAC airlift
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system is a large system to deal with. Furthermore, to ob-
tain particular data points tampering with the system could
disrupt the very processes that are being observed. The
Heisenberg principle deals with the ambiguity engendered by
the disruptive effects of the act of measuring. (Ref 40:11)
The use of a simulation model, however, appears to offer a
reasonable compromise to experimentation with the actual MAC
system itself. There are a number of advantages to using si-
mulation to study a system. First of all, the process of
reducing real system behavior to computer model system be-
havior imparts insight to the real system. Secondly, the
computer "system" can be exercised over a wide range of con-
ditions, not practical or possible when dealing with the real
system, in order to investigate unique relationships and dy-
namics. Third, time frames can be greatly compressed. Long
periods of time can be simulated in relatively little simula-

tion time. (Ref 40:11-12)

Model Assumptions and ILimitations

The simulation model developed here is designed to mea-
sure output and input of the MAC system. That is, the model
emulates the real system in that missions are flown subject
to a scheduling policy, modeled by a probability density
function. The value of the model is in comparing one set of
circumstances, system environment, management policy with
another, not in determining "real"” parameters. The model pa-
rameters are based on observation of the system and from data

obtained from a month's Channel operations. The model flows
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aircraft and cargo through the "system” in a manner compar-
able to the real system. However, values for maintenance
man-hours and port man-hours represent estimations of direét
Channel mission support. Pipeline times are computed from
simple assumptions. The value of these parameters, then, is
not in comparing them with actual system parameters but in
comparing them with the parameters generated by the model un-
der a diffent set of circumstances. Figure 3-1 depicts a
schematic of the model's flow. Cargo arrives to the port
with a particular frequency. This frequency is one of the
parameters varied to determine the effect of low port levels
and selectivity. Missions are generated with a normally dis-
tributed "interarrival time" based on observation of the sys-
tem and from the mission data collected. Aircraft and crews
are scheduled at mission generation time with appropriate
delays. There is no limitation to the number of crews or to
the number of aircraft, although system parameters are based
oh certain assumptions about fleet size. The Channel mission
is between the US port, an aggregation of Eastern MAC bases,
and the European port, an aggregation of NATO installations.
The mission flight time is drawn from a distribution of times
representing all MAC Channel missions operating between East-
ern US bases and Europe. The variation in time accounts for
differences in destination as well as enroute winds. Aircraft
transactions will proceed through loading with no load at all
or only a partial load if the port level is low. The aircraft
do not wait for cargo. The cargo waits for the aircraft.

This models the aircraft capacity utilization dependence on
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port levels and selectivity. Furthermore, from analysis of

the actual system data 66% of the total cargo was transported

by C-141 and 34% of the cargo by C-5. Consequently the car-
go is split up into C-141 and C-5 queues, with 66% going to
the C-141s and 34% to the C-5s. Cargo arrives in discrete

parcels, five of which comprise a C-141 load and nine of

which comprise a C-5 load. The aircraft is subject to un-

W -5 O ¢ TR T T 5 g 2 o £ s+ a1+

scheduled maintenance due to discrepancies noted during the
crew preflight. This predeparture nonscheduled maintenance
rate is also one of the factors manipulated in the experiments
described in Chapter IV. The manning of the system for crews
and support personnel is established at an arbitrary level
and does not constitute a constraint on the system in gene-
ral. This reflects the policy of manning the MAC system at

a high enough level to meet contingency surge requirements.

Furthermore, these missions are all scheduled so that ade-
quate support is assumed available. Once again the aim of
the model is to measure input and output of the MAC system
in general. There is no advantage to be gained by adding de-
tail and refinements such as resource constraints. The same
general processes are involved.

As stated above the model represents an aggregation of
eastern US bases with a Channel mission to an aggregation to
European bases. The level of detail is such that maintenance
man-hours are sensitive to workload as are the port man-hours.

The base nonscheduled maintenance rate represents a lower

workload than the high nonscheduled maintenance rate and the

man-hours reflect this. Similarly port man-hours depend on
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how much cargo needs to be processed and how many aircraft
need to be loaded. By varying the factors that govern these
workloads the inputs and outputs of the system vary as well.

The added detail of a day-in-the-life-of-a-man-and-a-
tool-box type model would only add more bulk without necess-
arily adding conceptual refinement or system insight. The
model is intended to measure differences in system outputs
and inputs resulting from different environmental and manage-
ment conditions. Exactly how all of this is brought about
in the system is not at issue.

As Pritsker puts it:

"In modeling and simulation, what is important

is relative. Models are built to be explanatory

devices... The purpose for which the model is

built should be reflected in the amount of detail

included in the model. By knowing the purpose for

which a model is built, the relative worth of in-

cluding specific details can be assessed. Only

those elements that could cause significant differ-

ences in decision making resulting from the out-
puts of the model need be considered.” (Ref 36:387)

Determination of Model Parameters

Model parameters were derived from system observation as
a crewnmember and as a Command Post duty controller, from con-
versations with experienced airlift personnel at HQMAC and
at the MAC Airlift System Programming Office (SP0) at Wright-
Patterson AFB, from data contained in AFR 76-2, Airlift Plan-
ning Factors, and, finally, from an analysis of a Military
Air Integrated Reporting System (MAIRS) printout from HQMAC/DC
representing thirty-days (Julian days 301 to 331 1979) of MAC
Channel missions. The first two sources helped to round out

the conceptual framework and to determine parameter ranges

-50-

SR




when hard data was not available. AFR 76-2 was useful in de-
termining various aircraft capability and performance data
as well as Channel route information. Finally, the actual
MAIRS data were used to establish average cargo weights, de-
parture frequencies and flight times. In using the MAIRS
data all C-5 and C-141 flights operating from east coast bas-
es to European destinations were identified. These were then
taken to represent the aggregated mission data base of the
"conceptual” port model. As an aid in the analysis of the
MAIRS data a computer program, DATANAL, was written. The
computer FORTRAN code listing and printouts are included in
Appendix A. The mission parameters derived in this manner
and used in the model are summarized in Table 3-1. In addi-
tion to giving average parameter values the program also com-
puted frequency data and printed this out to give a "picture”
of the general distribution of the data. All of these fact-
ors were taken into consideration in establishing the para-
meters and distributions used in the model.

Truck cargo unloading times on a per ton basis were de-
rived both from Porte's study (Ref 34) and system observation.
Aircraft cargo loading and unloading service times in hours
per ton were determined in a similar manner. The maintenance
service times are assumed to be uniformly distributed. This
assumption is based on system observations, as well as, from
conversations with the personnel at the MAC SPO. The fueling
times are computed from AFR 76-2 information and from fueling
rate capabilities obtained from the MAC SPO. The fuel plan-

ning procedures outlined in AFR 76-2, while not directive
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TABLE 3-1

Simulation Parameters Derived From MAIRS Data
. (US-to-Europe Missions)

1 A PARAMETERS c-5 C-141
Mean 8Std Dev Mean Std Dev

Cargo Weight (tons) 27.9 6.8 15.6 5.6

Flight Time (hours) 7.6 0.4 7.3 1.2

Interdeparture Time 13.3 10.6 3.8 3.6
(hours)

Cargo 1592.0 3120.0

(tons,total for 30 :

days)

Mission Sorties 57 200

(total for 30 days)
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upon aircrews, are useful as heuristics for this type model-
ing. According to AFR 76-2, enough fuel must be uploaded to
allow for 10% over planned flight time plus thirty minutes
departure and approach and forty-five minutes holding. Fuel
consumption was taken to be the average fuel consumption fi-
bures cited in AFR 76-2, that is 2025 gallons per hour for
the C-141 and 3375 gallons per hour for the C~5. Data from
the SPO indicates that fueling rates are some 500 gallons per
minute, or 30,000 gallons per hour, from either fueling trucks
or from fuel hydrants. Consequently, the fueling service

time (FST) relationships become:
FST((_141)= 0-0675 [Flying Time x 1.1 + 1.25] (3)

FST(g_5)= 0.1125 [Flying Time x 1.1 + 1.25] (4)

Total fuel consumption is simply this fueling service time
multiplied by 30,000,

The mission generation rate is based on an assumption
regarding fleet size. Actual MAC operations involve many
different kinds of missions so that there is no dedicated air-
craft fleet for Channel. However, for the purpose of this
study it was assumed that the C-141 fleet, consisting of 30
aircraft, and the C-5 fleet, consisting of 16 aircraft, were
dedicated to the European Channel mission. This is based on
the observation that roughly half of the total mission acti-
vity is Channel mission and that roughly half of the Channel
missions are to Europe.

The mission generation rate is computed from the rela-

tions
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Simulation Period FT
MGR = E UR = (5)
Simulation Period FS
24.0
where
UR = utilization rate in hours per unit equipment air-
craft per day.
: FT = flying time for fleet
;'i FS = fleet size

Since FT was observed from the MAIRS data to be a normal-
ly distributed random variable then MGR is also a normally
distributed random variable with expected value given by

24,0 E[FT]

E[MGR] = « (6)
(UR) (FS)

Substituting the specific values of the C-141 and C-5 fleet

slzess 0.8 E[FT ~ N(7.3,1.22)]
E[MGR]C_Ml = = (7)
1.5 E[FT ~ N(7.6,0.45)]
E[MGR];_g = - (8) %

The standard deviation of this distribution is estimated
to be one-fourth of the range between the maximum value ob- }

served and the minimum value observed.

Tables 3-2 a,b, and ¢ summarize the model parameters P

A

employed.

Model Language

! To model this system the Q-GERT modeling language was
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used. Q-GERT represents Graphical Evaluation and Review
Technique with a capability for modeling waiting Queues.

This particular language was chosen because the MAC airlift
system is a queue service-queue-service type system. Since
Q-GERT has an established power for handling queueing systems,
its language and technique were selected. Q-GERT represents
more than a language. It is also an approach to conceptual-
izing systems as well as simulating them.

The Q-GERT tochnique consists of two parts. First, the
pertinent activities and servers in a system are identified.
Then these system elements are represented by a Q-GERT flow
diagram. This diagram inclﬁdes server numbers, service rates,
queue selection rules, and transaction flow information.
Second, this graphical representation is translated into a
series of Q-GERT instruction codes which correspond to the
different kinds of nodes, service/activities, and branching
options. The actual system simulation is done by the Q-GERT
Analysis Program. This program uses the coded instructions
to compile and analyze the network being modeled. After ter-
mination of the simulation the Analysis Program prints out
an extensive list of simulation results and statistics. (Ref
36)

There are two basic symbols in Q-GERT, the node and the
activity/service. The nodes represent "milestones, decision
points and queues." (Ref 33:3) Generally, there are three
parts to a Q-GERT node symbol: the left sector, which des-

ignates node release conditions or queue capacity informa-

tion and is drawn as a hemisphere, a center sector, which may

-57-

DR AP T SNy S

sy




be comprised of several different boxes which determine how
a transaction is treated when the node is released and a
right sector which specifies branching type: queue, deter-
ministe, probablistic, or conditional. Nodes must at least
specify release conditions and branching type so that some
nodes may appear without center sectors. The center sector
may contain information that relates to queue discipline,
statistics to be collected, how multiple transactions are to
be managed, assignment of values to attributes, and so forth
depending on the specific node being described and the op-
tions selected. Table 3-3 summarizes the Q-GERT symbols used
in the accompanying flow chart.

Transactions which originate or pass through nodes are
routed along activity branches represented by arrows drawn
between nodes. An activity may represent a time delay or a
service process. A time delay type activity begins when the
start node is released, whereas a service type activity which
emanates from a queue node, is constrained by the number of
servers serving a given activity. As a result, a service
type activity starts only when a server is free, subject to
queue discipline and server selection constraints. Activi-
ties are labeled with time delay or service time information
enclosed in parentheses. Referring to Figure 3-2, this infor-
mation may specify that time delay is a constant value, (a),
a sample from a probability distribution, (b), or determined
by a call to a user function; (c). Additionally, activities
may be labeled with a server identification number, the num-
ber of parallel servers, and stochastic or conditional se-
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(C0,5.0)

" (a) time delay type activity
with constant value
(Rgf 33:18-48)

0.3 0O mvo,1) @ . or
% __- parallel
servers
0.4 Distribution Type

al (mw,2) @

Server Id. Number

0.3 —
—>
Probabilitg/f i (ro0,3) QD

of selectin Parameter Set
branch

(b) service type activity with
probabilistic branching and service times
(Ref 33:26-27)
TNOW.GT. 120,0 «#—— condition

(0F, 12) —P code

call to user function
Al1.GT.16.5

(UF.i) »
unction call argument

Al.GE.A2
(UF,3)

(c) activity with conditional branching
(take-all) time delay determined by
call to user function (Ref 33:145-153)

—>

( Figure 3-2 Q-GERT Activity Types
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lection information. Stochastic selection information is pro-

vided on all activities that emanate from any probabilistic

node. This information consists of a number between 0 and 1
which characterizes how often a particular activity is select-
ed in a random sampling, Figure 3-2 (b). Of course the sum
of the probabilities of all branches coming from a particular
probabilistic node must be one. Conditional selection infor-
mation consists of a FORTRAN type IF selection statement,
Figure 3-2 (c).

Figure 3-3 is a presentation of the Q-GERT network using
the symbols just described. The flow of transactions and
parameters used together with the word picture presented a-
bove should serve to clarify the approach taken to model the
MAC airlift system. 1In addition, the Q-GERT coding that cor-
responds to this network is included in Appendix B.

While Q-GERT is a powerful language, that is, capable
of capturing a wide range of behavior with minimal coding,
special action must be taken to extend the flexibility of the
technique. This is provided for with the inclusion of FORTRAN
coded program inserts. There are three basic program inserts:
FUNCTION UF (IFN), SUBROUTINE UI, and SUBROUTINE UO. FUNC-
TION UF uses a computed GO TO statement to branch control to
different areas of the function. Calls to FUNCTION UF(IFN)
may be made at an attribute assignment or at activity sched-
uling.

Besides returning a value for the activity or for an at-
tribute the call may also serve to initiate other activities.
This effort is facilitated by the provision of Q-GERT sub-

-6l
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F ( routines. Pritsker (Ref 36:235-295) describes in detail the

use of program inserts as well as of the Q-GERT subroutines.

SUBROUTINE UI is a subroutine that is called by the Q-GERT

Analysis Program at the beginning of an individual run.

For this reason SUBROUTINE UI is used to initialize variables

that will be used during a run. SUBROUTINE UO is called at
the termination oi i run and is employed by the analyst to

(Ref 33:253-25k4)

output desired results and statistics.

Table 3-4 describes the Q-GERT variables accessed and the in-

ternal Q-GERT subroutines employed in the program inserts

written.

The FORTRAN code listing for FUNCTION UF(IFN) is in Ap-

pendix C. The sixteen different sections of FUNCTION UF(IFN)

are summarized in Table 3-5.

Model Output
There are two kinds of output generated by this model,

the standard Q-GERT analysis program output and the user

The Q-GERT output consists of a

(analyst) specified output.

statistical recap of all of the nodes and activities and in-

dicates utilization of servers, average waiting time exper-

ienced in waiting queues, average between-times of statisti-

cal node releases, and so forth. The user'output consists of

total ton-miles, pipeline time and so forth and is described

in Chapter V. Because they represent inputs to the airlift

system the significant factors here are flying hours, main-

tenance man-hours, port man-hours, and fuel in gallons as in-

puts. The pertinent system output responses are departure
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TABLE 3-4

Q-GERT Variable Accessed and Subroutines Used

(Ref 36)

VARIABLE/
SUBROUTINE
NAME

DESCRIPTION
OF VALUE
OR FUNCTION

ARGUMENT
LIST

GATRB(J)

NO(J)

NREL (NODE)

NRUN

NRUNS

NTC(NODE)

PATRB(ATTR,J)

PTIN (NODE,
TIME, TIMEM,
ATT)

Returns value of
Jth attribute of
transaction being
processed.

Returns random va-
riate from normal
distribution

Value either of
number in queue
of Q-node NODE,
of remaining re-
quirements for
release of node
NODE

current run num-
ber

total number of
runs requested

number of trans-
actions that have
gone through node
NODE since begin-
ning of simulation

assigns value of
ATTR to attribute
J of transaction
being processed

puts a transaction
into network at
node NODE, at time
TNOW+TIME, mark
time is TIMEM,ATT
is the attribute
vector

<,
u

attribute num-
ber

o
"

parameter set

NODE = node number
of interest

NODE = node number
of interest

J = attribute num-
ber

ATTR value to be

assigned

node number
of interest

NODE

TIME time delay

for initiat-

ing trans-
action

B . = . |




TABLE 3-4 (continued)

VARIABLE/ DESCRIPTION ARGUMENT
SUBROUTINE OF VALUE LIST
NAME OR FUNCTION
TIMEM = mark time
of trans-
action
ATT = attribute
vector for
new trans-
action
TMARK(IDUM) returns TMARK as IDUM = dummy ar-
the time the cur- gument
rent transaction
was marked
TNOW current simula-

tion time
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TABLE 3-5

FUNCTION UF(IFN) Description

CALLED AT

USE

Nodes: 125,225,145
and 245

ACT,6,7

ACT,106,110

ACT, 206,210

Nodes 62 and 72

ACT,120,121
ACT, 220,221

Nodes 128 and 228

ACT,131,132
ACT, 231,232

Nodes 141 and 142

ACT,141,142
AC" ,241,242

Assigns value of TNOW to at-
tribute

Assigns value to UF of nor-
mally distributed random va-
riate Jfor maintenance ser-

vice type and aircraft type

Computer fueling time from
aircraft type and flying
time

Used to pass attribute va-
lues through a SELECT Node
because both transactions
have unique values that
must be retained. Uses air-
craft type and destination

Takes values stored in UF 4
and assigns them to new tran-
saction that emerges from
SELECT node. Computes air-
craft loading time based on
load weight

Takes crew show time to pass
through MATCH node.

Assigns crew show time saved
from UF 6 to aircraft trans-
action

Used to determine departure
reliability if on-time UF =
1.0, if late UF = 2.0

Departure release time is
computed and returned in UF.
If transaction is late UF =
0.0. If on~time or early
aircraft is held for:
UF=TMARK (FDUM) +15, 5--TNOW
time units
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TABLE 3-5 (continued)

IFN

CALLED AT

USE

10

ACT, 80,81

ACT, 81,85

ACT, 54,56

ACT, 61,62
ACT,71,72

Nodes 60 and 70

Nodes 110 and
210

Computes aircraft offloading
time and returns it in UF and
updates aircraft arrival
counters and delivery ton

counters.

Mission report.

Computes

values for mission ton miles,
crew day, capacity utilization,

etc.

Generates port report. In-
dicates numbers of truck ar-

rivals and tons delivered,
aircraft arrivals and tons
delivered, and port level in

tons.

Computes truck unloading time
and updates truck arrivals,
truck tons delivered, and port

level.

Used to accumulate load weights
for C-141 and C-5 loads. As-

sembles 5 loads for C-141 and
computes weight of 5 loads, as-
sembles 9 loads for C-5 and

computes weight.

port maintenance man hours.

Passes load weights computed in
UF14 to the assembled load

Also tallies

transaction which represents an

aircraft "load".

Used to simulate effect on low

on hand port levels. A check
is made of load queue, the as-
sembly node is checked and dum-
my loads generated until the
assembly node releases to the

load queue.




reliability, total ton miles, and pipeline time. Maintenance
man-hours are tallied in UF2, as unscheduled maintenance, as
service hours times crew size where crew size for each type
of maintenance work is specified in Table 3-2. Maintenance
man-hours are also tallied in UF3, where fueling occurs, man-
hours here is crew size times fueling time as determined a-
bove, Additionally, a constant is added to account for rou-
tine maintenance items, 3 hours for C-1l4ls and 6 hours for
C-5s. Port man-hours are tallied in UF13, UF14, UF10 and UF8.
Here again man-hours are computed as either a constant value
or as the product of service time and crew size. The res-
ponse parameters are determined in UFll, the mission report
area of FUNCTION UF, and in SUBROUTINE UO. Departure relia-
bility is taken as the quotient of the number of releases of
node 143 to the number of releases of node 145 for C-141
launch reliability and the quotient of the number of releases
of node 243 to the number of releases of node 245 for C-5
launch reliability. Total ton-miles is the summation of in-
dividual mission ton-miles, both values are calculated in
UFll. Mission ton-miles is computed as the product of cargo
weight (attribute 6) and the distance flown. The distance
flown is not as straight forward as would seem. That is,

the distributicn in flying time is due to the wide variety of
Channel missions flown from the east coast to Europe as well
as the differences in the same mission due to wind differen-
ces. Distance flown, then, is the product of flying time and
block speed, where block speed is defined as the average speed
¢cf a mission from block-out, parking spot departure, to block-

~Pl-

sk it
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in, destination parking spot arrival. The longer a mission
leg is, the relatively more time spent at enroute cruise speed
and therefore the faster is the block speed. Equations for

relating total flight time to block distance flown (BDF) were

determined from a least squares fit of data in AFR 76-2 using
values of 0,76 MACH enroute airspeed for C-5s and 0.74 MACH

enroute airspeed for C-141ls. These equations are:

BDF_y3; = [424,78 x Flying time - 176.79 miles] (9)

BDFg_g = [445.98 x Flying time - 185.88 miles]  (10)

Finally, pipeline time, measure of cargo time in MAC system,
is measured from the time cérgo arrives at the port truck ter-
minal to the time the cargo arrives at destination. In ac-
tuality, pipeline time continues until the cargo is actually
consigned to the user at destination. This was not modeled.
In addition, the pipeline time is that of the oldest cargo

on the aircraft, since aircraft loads are comprised of sever-

al truck loads.

Model Verification and Validation

This section describes the efforts made to establish mo-
del credibility. Model credibility is established in two
steps, verification and validation. Verification is the deter-
} mination that the model flow or algorithm performs as planned.
That is, the values are computed as they should be and the
transactions occur as they should. In essence the model does

( what the modeler wants it to do. The second step is consi-

¥ derably more difficult. Validation is the process of es-




tablishing that the model does what the real system does,

that is, it behaves as the real system behaves given the con-

(Ref 48:247)

ditions subsumed by the model parameters.

Verification can be accomplished by using numerous print

Diagnostic outputs

statements to follow a transaction along.

can also be scrutinized to insure reasonableness of results.

In addition the Q-GERT Analysis Program has a "trace" option

which actually prints out the flow of all transactions from

node to node and along one service activity after another as

determined by the network. This simplifies verification con-

siderably.

Somehow the model results

Validation is another matter.

must be compared to actual system results for the same condi-

tion, that is, same value of critical input factors. To va-

lidate the model twelve runs of the network were made using

the parameters and distributions derived from the MAIRS data.

The Q-GERT Analysis Program printout from one of these runs

is in Appendix D. Table 3-6a summarizes the input parameters.

Table 3-6b summarizes the output parameters. The actual to-

tal flying hours for the activity described by the MAIRS data

were 1893.2 and the actual total ton-miles were 16,044,700.
Note that when the ton-mile algorithm described in (9) and

(10) above is used the total ton-miles become 14,310,400,

Note that the total ton-miles for the model is very sensitive

This is one of the factors mani-

to the cargo arrival rate.

Generally, the model generated

pulated in the experiments.

output parameters compare favorably with actual system data,

80 that one can have reasonable confidence in the model's
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ability to portray system behavior at the macro level. Fur-

ther validation could be accomplished using a "Turing" approach.

(Ref 48:1252)

Summary

This chapter has described the system simulation model

used in the study. The rationale and objectives of the simu-
lation study were discussed. System assumptions and model
limitations were presented. Next the process by which the
model itself was constructed was described. This included a
‘discussion of how parameters were determined and a descrip-
tion of Q-GERT terminology and symnbols. Following this was

a discussion of the user function/subroutine inserts, as well
as, some of the computational algorithms. Finally, a brief

discussion of model verification and validation was included.

Verification of the model was accomplished by the use of
print statements to analyze computation and output reason-
ableness and by the use of the Q-GERT trace feature. Vali-
dation of the model was by comparing system output parameters
including flying hours, sorties generated, and ton-miles
carried to actual values reported in the MAIRS data. When
allowances were made for the ton-mile algorithms employed as
well as the cargo arrivai rate it was found that the agree-
ment between the two sets of parameters was good so that an
assumption of functional validity is not an unreasonable one.
The next chapter, Chapter IV, Research Design, discusses how

experiments were conducted with the system simulation and how

the results of these experiments were treated.
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IV Experimental Design

Chapter III discussed the system simulation model that
was developed to investigate productivity measures. This
chapter discusses how the system model was used and the ex-

periments that were coﬂducted.

Experimental Objective and Approach

The objective of the experiments was to determine which
factors affect system output, as measured by ton—miles, pipe-
line time and departure reliability.

The simulation model of the MAC airlift system has many
factors that can be independently varied. Table 4-1 lists
some 24 of these factors. The list is not an exhaustive one.
A two level factorial design experiment with each of these
factors and all their various combinations would require 224'
or nearly 17 million, computer runs. Furthermore, not all

224 combinations are significantly different from one

of the
another. As a result, an aggregated factorial design was
selected.

The three aggregate factors that were selected for the
experiment were: 1) Pre-departure nonscheduled maintenance
rate {PDNMR), 2) cargo arrival rate (CAR), and 3) mission ge-
neration rate (MGR). The pre~departure nonscheduled mainfe—
nance rate is defined here as the rate at which last minute
aircraft discrepancies requiring maintenance are discovered
during the crew's preflight of immediately before take off
during engine start and taxi. With reference to the Q-GERT

network, Figure 3-3, the nonscheduled maintenance rate is the
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TABLE 4-1

List of Variable Factors

l. Cargo Arrival Rate

2. Aircraft/Mission Generation Rate--C-141

3. Aircraft/Mission Generation Rate--C-5

L, Pre-departure Unscheduled Mainteanace Rate--C-141
5. Pre-departure Unscheduled Maintenance Rate--C-5
6. Service Times--Truck Unloading 1
7. Service Times--Cargo Processing "
8. Service Times--Cargo Movement
?’ 9. Service Times--Aircraft Cargo Loading/Unloading
F 10. C-141 Engine Maintenance

11. C-141 Hydraulic Maintenance
12. C-141 Electrical Maintenance
13. C-141 "Other" Maintenance
14, C-5 Engine Maintenance

1l5. C-5 Hydraulic Maintenance %
16, C-5 Electrical Maintenance
17. C-5 "Other"” Maintenance ]
18. Server Numbers (Mamning) Truck Unloading Crews
19. Server Numbers (Manning) Cargo Processing Crews

20. Server Number (Manning) Engine Maintenance Crews

21. Server Numbers (Manning) Hydraulic Maintenance Crews é

22, Server Numbers (Manning) Electrical Maintenance Crews

( 23. Server Numbers (Manning) "Other” Maintenance Crews

1 24, Server Numbers (Manning) Aircraft Loading Crews ¢




fraction of the time an aircraft transaction takes the branch
from Pre-departure Node 132, to Maintenance Node 1, for C-llls,
or from Pre-departure Node 232 to Maintenance Node 1, for C-5s.
The cargo arrival rate is defined as the speed at which cargo
arrives at the port. The rate is established by setting the
mean and standard deviation of the normal distribution func-
tion which governs cargo interarrival. In Figure 3-3, this
cargo arrival rate corresponds to the normally distributed
activity that goes from Arrival Node 50 and loops back to it-
self to schedule a new arrival. The mission generation rate
is established by defining the mean and standard deviation

for the normal distribution function which governs the time
between mission generations. Referring to the same Q-GERT
network the mission generation rate governs the flow of
transactions from mission generation Nodes 105, for C-1li4ls,
and 205, for C-5s, back to themselves.

These three particular aggregate factors were chosen
because each represents a particular stress on the system and
a demand on a resource. The unscheduled maintenance rate fun-
nels aircraft transactions through the maintenance complex
causing delays and requiring manhours for service. The cargo
arrival rate creates a demand on port man hours for unloading
and port processing. There are also storage expenses asso-
ciated with given rates of cargo, although these are not spe-
cifically modeled. The mission generation rate is a reflec-
tion of the burden placed on the maintenance personnel to ge-
nerate aircraft, on the port personnel to load them, and the

flight crews to fly them.
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Two discrete levels for each factor, PDNMR, CAR, and MGR,

were determined. Table 4-2 illustrates the parameters select-

ed for each level of each factor.

- TABLE 4-2

Simulation Experimental Parameters

FACTOR

LEVEL

VALUE

PDNMR

1

2

C-5/C-141
C-5/C-141

0.2
0.5

mean sigma min max
CAR 1 1.5 0.3 0.375 L.s
2 0.5 0.1 0.125 1.5

mean sigma min max ute rate# i
MGR 1 C-51 6.333 7.5 0.0 30.0 1.8
C-141: 1.825 3.0 0.0 13.0 3.2 |
2 C-5: 3.8 6.75 0.0 27.5 3.0 1
C-141: 1.168 2.0 0.0 9.0 5.0 ,

* where the "ute rate"” or utilization rate is as de-
fined in Chapter III, that is, flying hours per fleet
aircraft per day. In this instance the C-5 "Channel

fleet” consists of 16 aircraft and the C-141 "Channel g

fleet" consists of 30 aircraft as determined in Chap-

ter III.

( With the factors and levels determined a series of runs

was made with all possible combinations of each factor at
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each level. Table 4-3 depicts the run number and the level

value for each factor. The same run numbers are used in re-

porting the results in Chapter V.

TABLE 4-3

Computer Experiment Cases

RUN # LEVELS
PDNMR CAR MGR
1l 1 1 1l
2 1 2 2
3 1 1 2
L 2 2 1l
5 2 1 1
6 1 2 1
7 2 2 2
8 2 1 2

It should be noted that the cases do not necessarily
correspond to an actual real situation. In fact some of the
cases may correspond to a pathological instance of the system,
as, say, in case #8 which represents a high non-scheduled
maintenance rate, a low cargo generation rate, and a high mis-
sion generation rate. One can almost visualize the confusion!

This is an example of the capability of a simulation model

investigating an infeasible or undesirable system condition.
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Data Analysis

Three iterations of each of the simulation runs depicted
in Table 4-3 were run with a particular random number seed
for each interation. The results of these runs are tabulated
in Table 5-1. The data obtained from the simulation were
analyzed graphically by plotting the results of each case
against cases corresponding to different levels of one or
other of the factors. Then productivity ratio indices were
computed for each run. These were ratios of ton-miles to fly-
ing hours, and so forth. The results observed by comparing
these indices are compared with the results surmised from
the graphical evaluation. The data results, as well as, the
graphical analysis and the analysis of indices are described

in Chapter V--Experimental Results.

Summary

This chapter described the experimental design employed }
to exercise the simulation model. Because of the large number
of discrete factors involved in the model a factorial design
involving three aggregated factors, pre~departure nonsched-
uled maintenance rate, cargo arrival rate, and mission gene-
ration rate was selected. These three factors were chosen
on the basis of their potential impact on the total system.
Eight distinct cases (different combinations) of the factors
were simulated. The data analysis consisted of graphical
evaluation and comparison of these results with observations
from comparison of productivity indices. The results of the

experiment and the analysis are presented in Chapter V.
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V Experimental Results

Described in this Chapter are the results of the simula-
tion experiments that were conducted. Described in Chapter
IV, the experiments were conducted in order to identify sig-
nificant factor and factor interrelationships impact on total
system productivity. The results of the graphical analysis

of simulation results are depicted here.

Simulation Qutput

The output from the system simulation consisted of the
Q-GERT Analysis Program statistical output, an example of
which is included in Appendix D, and the user specified out-
put, which is tgbulated in Table 5-1. It should be empha-
sized that the maintenance man-hours and port man-hours are
not illustrative of actual values. In reality there are many
activities apart from direct Channel mission'support that add
to total man-hours. What the values in Table 5-1 represent
are an estimation of direct Channel mission support man-hours.
The other values represent reasonable estimations of actual
system parameters within the bounds of the assumptions and

objectives discussed in Chapter III.

Data Analysis
The simulation results were plotted so that the impact

of each factor and factor level could be assessed. The cir-

cled number refers to the run number and is situated at the

-87-
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mean of the three iterations for that run. Note that the

! launch reliability scale has been translated in going from
the base PDNMR to the high PDNMR. Also the size of the scale
for launch reliability was chosen to reflect the same rela-

tive amount of change in .the launch reliability index as in

the ton-mile output or as in pipeline output. Figures 5-la
and b are the plots of ton-miles versus cargo arrival rate. i
Figure 5-la corresponds to the base pre-departure nonsched-
uled maintenance rate while Figure 5-1b corresponds to the
high pre-departure nonscheduled maintenance rate. In both
figures the effect of the higher cargo rate on total output
is apparent. At higher cargo arrival rates port levels, and
hence load selectivity, are higher so that aircraft capacity
utilization is higher. Similarly, at higher mission genera-

tion rates, corresponding to higher aircraft utilization rates,

total output in ton-miles is higher. Note that this relation-
ship holds whether the pre-departure nonscheduled maintenance
rate is high or low.

Figures 5-la and b also depict plots of launch (depart-

ure) reliability versus cargo rate. In either case the cor-
respondence between departure reliability and mission gene-
ration rate or cargo arrival rate is not certain. When the
transition is made from low unscheduled maintenance rate to
high unscheduled maintenance rates the drop in departure re-
liability is evident and expected. With more aircraft need-
ing unplanned pre-departure maintenance more aircraft will be
f delayed beyond scheduled departure time.

Figures 5-2a and b illustrate the relationship between '

-89-
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Figure 5-1a Base PDNMR: Ton-Miles
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Figure 5-1b High PDNMR: Ton-Miles
and Launch Reliability Versus Cargo Arrival Rate
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Figure 5-2a Base PDNMR: Pipeline Time and Launch
Reliability Versus Cargo Arrival Rate
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pipeline time, cargo arrival rate and pre-departure unsched-
uled maintenance rate. It should be noted that the pipeline
times are useful only for the purposes of comparing different
model environments and policies. The model values do not re-
late to actual pipeline times which are typically several
times higher because they include transshipment times and
more complicated interaction. The most obvious relationship
noted from Figures 5-2a and b is that pipe line time increas-
es as the cargo arrival rate increases. This should not be
surprising as cargo arrives faster unless mission generation
keeps pace the cargo will stagnate. Note that whereas the
high cargo arrival rate is three times that of the low cargo
arrival rate, the high mission generation rate is not quite
twice the lower rate.

In figure 5-2a there appears to be no relationship be-
tween the pipeline time and departure reliability. Similar-
ly, in Figure 5-2b it is seen that while high unscheduled
maintenance rates lengthen the pipeline time, the departure
reliability index improves in one instance and remains level
in the other.

It can be concluded from these experiments that under
the circumstances described and modeled the departure relia-
bility index is not a measure of system productivity. In
fact there appears to be no correlation between departure
reliability and system output in general. This can be at-
tributed to the fact that departure reliability measures only
one activity, departure, against one standard, scheduled de-

parture time. This is not to suggest that departure reliabi-

-9l




lity is not a worthwhile goal but only that it does not cap-
ture any of the output dynamics of the system. For that
matter neither dies concentration on pure output measures.
In general output measures indicate how much, or how long.
There is no indication of cost or general effectiveness of
effort.

To compare the different simulation runs from a produc-
tivity point of view a number of productivity indices were
devised and calsulated for each run, each iteration. The re-

sults are displayed in Table 5-2. The indices were calculat-

'ed as follows:

Total Ton-Miles

INDEX (A) =
Total Maintenance Man-Hour
Total Ton-Miles
INDEX (B) =
Total Port Man-Hour
Total Ton-Miles
INDEX (C) =
Total Fuel Consumption
Total Ton-Miles
INDEX (D) =
-Total Flying Hours
Total Ton-Miles
INDEX (E) =
(Total Maintenance And Port Man-Hours)
Total Ton-Miles
INDEX (F) =

Total C-5 and C-141 Sorties

P .
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Pipeline Time

INDEX (G) = 100.0
Port Man-Hours
Total Departure Reliability
INDEX (H) =
Total Maintenance Man-Hours
(Total Ton-Miles + Total On-Time Departures)
INDEX (I) =

100.0

The value of these indices is in comparing apparently
equivalent situations. That is, two or more instances where
the output is about the same. By considering the input lev-
els or the fesources consumed, together with the output level
a better idea emerges of how effectively resources including
man-hours, are utilized.

For example, runs 2 and 7 in Table 5-1 have comparable
ton-mile output. Run 2 represents a situation in which the
PDNMR is at the base rate, while both the cargo arrival rate
and the mission generation rate are high. Run 7 represents
a similar situation except that the PDNMR is also high, con-
sequently the direct maintenance man-hour requirements to
support the Channel mission would be higher. This becomes
more evident when the values of index A, ton-miles per main-
tenance man-hour, for runs 2 and 7 are compared. Index A for
7 is only seventy percent of what index A is for 2. The si-
tuation in run 7 could be expected to breakdown over a period
of time unless the pre-departure maintenance rate could be
improved.

Comparisons between other situations can also be made.
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There is nothing magical about an index. The usefulness of
an index is in putting complex situations into a simpler

framework for easier comparison. Productivity indices may
also be used for comparing the performance of a single unit

over a period of time. Integrated into a program of sta-

tistical analysis the productivity index can serve as a con-
trol device for initiating management action or closer scru-
tiny. Well constructed indices can also measure inertia of

a system, how well or how poorly the system adjusts to changes [

in conditions. As such, a series of indices could be devel-
oped to predict system capacity under given conditions.

An appropriate set of productivity rates measures for
the MAC system depends on both the critical processes and MAC

Commander's assessment. For example, one of the critical

processes of the MAC airlift system is the generation of air-
craft to support mission requirements. Therefore, maintain-
ing sortie productivity ratios for particular channels could
point up patterns for decreasing actual aircraft requirements

while maintaining training levels and ton-mile output levels.

Summary

Chapter V has presented the results of the simulation

experiments conducted as described in Chapter IV. The con-
clusion from the experiments is that departure reliability ;
does not track system output. Consequently, departure relia-

bility as a system measure of productivity is inadequate. A

number of productivity ratio indices were described and com-

puted for each of the runs and tabulated in Table 5-2. The
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indices can be used for comparing instances with similar

output or for comparing the same conditions with varying out-

puts. As a ratio of system output to system input the indices

are also useful for flagging management action and attention

and in guiding management planning.




VI Conclusions and Recommendations

This study has examined the MAC peacetime airlift system.
In particular, the objective has been to develop a measure

of productivity or rather an approach to measuring system

productivity. In the process considerable pains were taken

to define the MAC system, its environment and its system pro-

ductivity. A simulation model was developed to study how

operations, maintenance and transportation interact to gene-

A number of experiments were

rate output from the system.

conducted with the model to examine what happens to system

input and output under certain circumstances. From this ef-

fort a number of conclusions can be drawn and a number of re-

commendations can be made. This Chapter presents both.

Conclusions

1. Departure reliability is not suitable as a productivity

measure because it is not sensitive to system output. As an

effectiveness measure it is limited to the assessment of an

Furthermore, unduly emphasizing de-

activity not an output.

parture reliability actually works against system producti-

vity by neglecting output.

2. The use of indices to measure output level to input level

ratios can serve as a tool to compare one unit with another

in terms of productivity. Additionally, a unit can gauge its

own productivity over a period of time by the use of produc-

tivity ratios. The exact formulation of the ratio depends on

the situation at hand. However, a particular resource or

-100-~




B

2
i
|
!

A s A R S AR ORI N e 1D vt e et L e deeds g e o P L e e

manpower shortage would suggest designing a ratio measure to
track output as a function of critical resources.

3. The real impact of productivity management comes from
focusing on productivity and the approaches to its enhance-

ment.

Recommendations

The areas of productivity measurement and of productivi-
ty management appear to offer potential for exploitation
by the MAC system in general and bear further investigation.
By focusing airlift management attention on system output
and the means to increase this output rather than on the sys-
tem constraints, productivity management in MAC could open
new avenues for capability enhancement. Contingency planning
could be improved if planning factors were derived from es-
tablished productivity measures. In line with this, airlift
training exercises plamned and executed with an eye to system
productivity would benefit contingency planners and airlift
managers alike by pointing up the real costs and limitations.

Finally, the findings of this study could be enhanced
by the inclusion of the return leg from Europe as well as mul-
tiple destinations, in the MAC system model. Furthermore,
by employing a blocking experimental design many more factors
in the model could be investigated and controlled. With more
iterations of each case the results could be analyzed using
analysis of variance, statistical significance testing and

linear regression techniques.
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Appendix A
FORTRAN Code Listing of DATANAL Program

and Sample Output
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PROGRAM DATANAL (INPUT,OUTPUT, ATES=QUTPUT, TASFE=INPUT)
, REAL DAY (250), HCUR (2500, FL YT ( 257 ) ,PAX (259) ,CAT GO(267)
£BTIM(257),BDEV (257 ), FDIV(Z5") , DOEV(255) ,CIFT( 25 )
_ 2JHOUR (25C) 5 8C11) 5F (1115 (4 91y % (11)
& INTEGER KB(1C) 9KF(13)4KP {15} 5 VC(15) 4HH
B DIMENSICON ACODE (&)
! DATA ACODZ/EHRTUTIMEL,SHFLYTI VEt, SHPASSNGR ¢y BHCARCIFDE/
' 88 READ(5,939) OUMAME JPANAME
| IF(EOF (SLINPUT) NEO4C) 30 T9 9
~ I =0
- SFLYT = ¢
: SPAX
: SCARS
3 SBTIM
s8Nty
SFDEV
\ SPOEV
] SCOEV = G.
1 I=14+1
READ®, DAY (1), HOUR(CT) ,FLY T(T) ,~A¥(T),CARGOIT)
IF(DAY (1) oLTe% o) GO TO 2
-+ H = HOUR(I) 71040
* IH = H
HHH = TH
HM = (H = HHH) *£04C
HOUR(I) = H + HM
JEOUR(I) = DAY (I)~24,7 + HCUR(T)
SFLYT = SFLYT *+ FLYT(I)
SPAX = SPAX + DAX(I)
SCARGO ‘= SCARGD + CARGI(T
GO TO 1
2 I=1-1
A = FLOAT(I)
FBAR = SFLYT/4
PBAR = SPAX/A
CBAR = SCARGO/A
CALL SORT(I,JHOUR)
CALL SOPT(I,FLYT)
CALL SORT(I,PAX)
CALL SOFT(T,C:RGO)
CALL SORT(IDAY)
BTIM(1) = JHOUR(1) = DAY (1)%2 o0
SBTIM = BTIM(1)
00 2 J = 2y I
BTIM(J) = JHOUR(J) = JHOUS (J=1)
3 SBTIM = SBTI¥ ¢ BTIMCJ)
i : CALL SORT(I,3TIM
' BRAR = SBTIM/A
- DO & K = 1, I
8DEV(K) = (BTIM(K)=98AR)*" 2,9

QN
(L I
(e
-
(=4

e.0

"N
[~+]
o
-

-

[ T}
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APPENDIX At DATANAL FORTRAN LISTING

FDEV(K) = (FLYT(K) ~FRAR)I™**2,
PDEV(K) = (PAX(K) = P3aR)**2,
CDIV(K) = (CARGO(K) = C3AR )¢*2,°0

SBDEV = SRDEV + BLEV(K)
SFDEVY = SFDZV + FNEV(X)
SPDEV = SFDEV ¢ PLEV(X)
4 SCDEV = SNDEV + CDEV(K)

BVAR = SBDEV/(A=1)

o FVAR = SFDEV/(A=1)

| PVAR = SFDEV/(A-1)

- CVAR = SCNEV/(A-1)

: B840 = (3ITIM(I) = STIM(1))/71",
Fi0 = (FLYT(T) = FLYT(1))/1f,
P16 = (PAX(I) = PAX(1))/1 ..
240 = (CARGO(T) = CarGI(1) )71 oF
WRITE(Fa135°) I RUNAME,2ANAME
NRITS(E,1004) ACOJE(L) 43CAP,3VAT,8TIM (1) ,3TI4(I),F1.

WRITE(E,1531)
WRITE (€ 41091)
HRITE(F,10C1)

8(1) = 3TIM(1)
F(1) = FLYT (1)
P (1) = PAX())
(1) = CARGO(1)
DOS L = 2y 14
8(L) = 3(L-1) + Bi1"?
F(L) = F(L=1) + F1iC
P(L) = P(L-1) + P1C
5 C(L) = C(L-1) ¢+ C1l
207 M = 1, 10
Ke(M) = 0
KF(M) = 8
KP(M) = ¢
14 KC(M) = )

N0 8 N =1, 13
008NM=1,I

IF(BTIM(NM) G=o

IFC(FLYT (N*) .GE
IF(PAX (NM) ¢GZo
IF(CAPGC (MM) 6
8 CONTINUE
WRITE(S5,13C2)
NRITE(E, 150034

NRITE(S 4102 ACODT(2) 9 (KF(M) g N=14917)
WRITE(F41323)ACODE(3I)y (KF(H) 4=1,41D)
WRITE(f ,1523)AC0ODEZ (4) 9 (KCUN)y " =1y1C)
GO TO &8
c Sa35485433FOOMAT
992 FCRMAT (2A1))
FORMAT (1H1, 12X

1019

ACODE(2) 4 F iy FVAT FLYT (1) ,5LY (1) 4F1.
ACODE(3) 4P Q2 2, D VAT, PAX(1) 428 ¥ (1), P17
ACODE(y) yCEAFy 5 VAT CAFGG (1), CARGO(T),C1

QUN) AND STTMIMM) GLTB(N+1))IXI(N) KR(N) + 1

o FUNY AN FL YT (M) o LTeF (N+1) ) KT (N) KF(NY + 1
PUN) AND P XM YL ToPIN+L)ICF (L) = KFE(N) + &
EeCUN) ohND o 2257 (NM) oLTeC(N#1)) KC(N) = KC(H) + 1

(‘(, K=1,11)
CCDE (1) (KR M), N=1,1D)

STATENMZNTS #resnvssny

y I3, TRAIMSACTIICNS CBSERVIN/™y2ALly /747X,y
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1 AIANTITY AVERAGE VAR "ANCE MIN=VALUE MEX-VELUE RTEN
2T H™)
1271 FOPMAT (1H0 3 GXy A8y 3XgF7ed y2 X F 1201 43XyFB8alytXyFBed1yIXyFEsl)
1992  FORMAT (1H? 429Xy “FREQUENCY CAT 3, //420X417(3X912))
1213 FCRMAT (1H? 49X, A8,2X41L(2X,13))
99 SONTINUE
STOP “END OF PROGRAM"™
END

L i i iy b




37

QUANTITY
BYWTIMES
FLYTIME®
PASSNReS

CAR52P0Y

BTHWTIME?
FLYTIMES
PASSNGP?

CARSJPINS

51

QUANTITY

BTWTIMES
FLYTIMF?
PASSNGR?
CAR39PDY

BTWITMES
FLYTTIME?
PASSNGR?
CAR3IPO1

AVERAGE
1246
9.6
28.6
54221.°%

22

2v

VARIANCE

MI t=VA

1554 4

of

751. 4

39193431549

FREQUENCY D AT #

& 5 6
+ 5 4
15 12 2
3 5 i
» 3 22

~111-

LUt

o3
83
0.0
0.0

&

i6

TPANSACTIONS OSSERVED/C =t (US=FUR) MAX RNG
AVERAGE VARIANCE MI M=VALUE  MAX=VALUE
13,3 1134 ¢ ok 37.5
7.6 o2 6e3 be?
2641 YV 0.2 7443
55860,2 187181992,9 19165 40 9073240
FREOUENCY DAT?

1 2 3 4 ¢ € 7 ¢ 3

15 7 g 5 5 A L 2 3

1 v 2 1) 8 24 3 ! 1

25 5 4 3 7 3 3 2 2

1 2 & 18 w12 ¢ 4 1

TRANSACTIOMS ORSERVEDR/C =5 (SLR-US) MAX RG

YAX-VALUE
543

12.2

PTENTH
3.7

o2

© Tl

A K |

1€

wo= N

RTENTH
5.6

o

T
938647

i1
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=IO

O
A ottt

2 n
QUANTITY
BYWTIMEL
FLYTIMFY
PASSNGRS

CAR50PI?

BYWTTIVES
FLYTIME?
PASINGRS

CAR50PD?

132

QUANTTITY

STWTIMES
FLYTIMES
PASSNGR?

CARSOPD!

BTHTIMES
FLYTIMES

PASSNAR?

CARGOPOD?

AVEF

3119

AVER

8¢
i

110

AGe
3.8
73
7.7

9.7

AGE

bel

2
43

VARIANCE
12, ¢
i.¢
285.7

1265623224 ¢

FREQUENCY DAT?

3 4
21 17
2 13
s 5
16 11

VARIANCE
i7.2
242
163, 8
T4H7 34443, ¢

TRANSACTIONS OBSERVED/141 (1)J<=FUR)

MIN=-VALUE

o0

he7

30

Gol
5 9]
17 12
£2 €7
Iy 2
7 "3

TRANSACTIONS OBSERVEDL/141 (S1(R=-US)

MIN=YALUE

FREQUENCY DAaT ¢

3 9
21 13
0 3
16 5
8 N

ol
58
0eC
0.0

MAX QNG
MAX-VALUE
18.6
iC.3
8540
3028240
7 & 9
8 r '
i1 2 7
3 2 3
46 It 13
MAX NE
MAX=VALUE
2146
11.9
321
37734.3
7 8 S
5 y 2
35 33 21
1 1 i
i8 56 65

FTENTH

RTENTH
2.2
o5

8.2
377C.1

19
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Appendix B

' Q-GERT Code Listing of Airlift Model Network
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APPFNDIX Bt N-GERY CODE LISTING

GEN,PICHARD y THESIS PROCRAM2y 1~ 918°75,15,29C00, 727, [41yFyDy 7"
SET91,36R9221 4295003719392 L GL22RE Ry Gth 32741574
SCT g Ry th7 330284 3£ 97245213 49847 438 FCENB832,8,995L 7 3E 24564
SEZ 43, 286372E4077,17,5544277363

S3Uy13,46,1" . DISJZINT NETHWORK

ACT 310 9414009204 0%
RSG, 11 ’19 i
VES,11,1,UF ,12%
) ACT,‘li.i'l,CO,'I--]"
E ! Sy 30,01 PORT NETHORK

A‘,‘T,’O sF 04 NO,y 1+

PARy191e09)enaGgles 9025 CIRG  ARRIVAL PARLYITERS
ATT 4 5Y 464"

QIEZCL/TRKOFFLD®

VAS ;54 914ND, 2%

PARy 2532012y Ne1yTehy1,12% C ARG ( WEIGHT PARIMTTERS
A:T, ."" ’56,”“-’13, ’1-:‘

RF5y3S59lylyF-

AST 3 R 3F0,30,140,(3) NE6¢

RES9EI 91,14

V&S,G"l 923sC9181,1,UFy14%

BCT R 919204060

STA "1/‘.0&3"‘1 "91,9,; ] ’B| (9)F‘

ACT 84,62, UF, 45e

OUE, 52/L0ANN141, (13) 124%

VAS,8241,UF, " »
CACT 955475900916 89(8) Da347

RFE397091414

VES,373929C0 " 31 )UFy14*

ACT,70,71*

CSTA,71/7LNATME 4Gy39,43,(9)F%

ACT 371 47243UF415*

NUE,T2/7L0ANDY,(10)220%

VAS, 7291) UF,*"

LB PR ITEE ko C~1i4 1 CENERATION METWORK
ACT 9190175 ,C0y4 ¢, "

RFG,iﬂﬁglgi,D,H'*

VAS 3 iN5319CCy1%1929INy1gtyNIy 3" C=1 1 MISSION PIKA{ETER ASSIGUMFNT

PAD )2y 7035k e7 91003, 142% C-144 FLYING TIYT PATAMITERS
APT 94065102 4NOy "™ C-14 ¢ SISSION GENFRATOR
PARy%y3e8,LeNs1l aby 346" C+ihi INTERNEPARTIPI PARAMETERS

ACT 41384114 ,C0y0,9%
ACT 31054127 4C0y124C*
QU410 6/FJZLOLNL"
ACT 106,11, IF434(7)102
REG, 11041417

? VAS 1240y 3yUF, 16"

{ ACT 431041159 C04 0607
QUT 311 & /ACFTLCQ, (10)122*
SEL120M,ASY,49B/14y9E24115%

2mn
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APPENNIX Bt N=-GERT CODE LISTING

ACT 120,121 4UF,5,(7)10*
OUZHI21/7ACTT0101, (1301 2%
RES912%,1,1*
V83,125,5,UF, 1%
kCT,iZEsiZ?,CO,G.O*
QUT4128/CRIUNLLL,,(17))120%
VAS,128,4,UF, 6"

MAT 3 43(042,123/143141217121"
RE5 9131424524 (7)3/46%

ACT 4 121,132,UF,7*

RE5, 132,141 ,0%

ACT 343241%u 4 (8)C48* C 14 PREDEPT 046 WTZ
ACT 5 132415 (3)0,2* C=1ih1 PREDEFT NOVSTHED MAINT PATE
S0J,200,741% C<5 CEMERATION MNITWIRK

ACT 3230452057 yC042%e0i*
953,?0591’1,1,”*

VAS 920841 4C09C929INyiy49NOy53* 2«5 MIGSION PARA4FTIR ASSIGNMENT

PARy Ry Tef 9362927y eis5? C=5 FLYING TIMZ SF2AVMETEF SET

ACT 92354225 4N0yE ™ C=3 PMCSSION GENZRETIR '
PEyRg 13639 Nely375,107% C <> TNTERDEPARTURE PARAMETERS t

: ACT 420 9216 g L0970 ™

j ACT 42054225 4004120 ¢

E QUE, 2L E/FUELOS*

AT 420845243 yUF,34(75 40
RES9240,1,1%*

VA3, 2104 2,1F, 10* 1
ACT 9y210,215* i
QUE § 24E/ASFTLENS,(410) 220% 7
SEL, 22U, ASM 9 9E/1497 2,4215*
ACT, 22042213 UF 54 (7)) 40"
NUE S 221/7AC TIN5, (1) 230>
RES9 229141

VAS 422545 ,UF, 41~

ACT, 225,225~ ;
NUZ, 228/CREWNG, (19) 220* 1
VBS9228404UF4€*

MEY g 73092¢222/72319221/7234"
REG 2344242, (7)3/u*

P

ACT,231,232,UF,7>*
QEG,’329191,C“
; ACT 4232424y (3)C 0" C=3 CREDEPT OsRe RATE i
i ACT,23241,(2)C.2" C =3 FPFDEPT HNONSSHE) MAINT RATE
n RES919191,P" MATNTEIANCE METWI2K
' ACTy1,24(8)0,2% ENGI.'E MAINTENANDE

ST“,?/ENqu,i ,1.0,9"
VA3 ,2,3,C0,1"
ACT51934(3)C,2° HYDR "ULIC MAINTENANSE
STAYI/HYDMX 914140, %
\ VAS,3,3,00,24
ACT,1,4Ly(9) %1% ELECTPIC/AVIONICS MAINTENANCE
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APPENDTX B: 0~GERT CODE LISTING

4” STALUL/7ELECTRMXy1,1,0,8*

] VBS 454 2,C0, 7
ACT 91954 (3) 745+ TCTH R MAINTEMNANCE FREQUIREMENTS
STA,£/CTH€RMX,19190,B‘

k. VAS 4" 9 34CNys*

i : ACT 9296400, o O+

1 ACT 4 3,64C0, 140>

k- AC',“,&,CO,Q.L‘

| . ACT 4545€,4C0, ¢, 0%

4 NAUZ 4 A/ MINORMX™

ACT 3Ry TyUUF g2y (T) 1N

STA,7/SYSTHYMX g1y1yF, 1%

ACT 979132, (Y)AL.ED. L1 01*

STA,1LC/SYSTM1G1449140,1*

ACT 914 T9141,C0,245"

: PFGy 1 14141

; VAS,14%1,2,UF, 8% C-131 PELAY STATJS JETERMINATION

' ACT y141,142 UF,0%

RES9)16 241,41 ,F*

ACT g1 241453, 20,y 40y (@)AITLE0e1 ¥

STA,IL3/70NTH1LLy191 40,14

ACT 94625144 4C0yely (B)A34GTel™

STA,4L4/LATELL1,1,2,D,1%

ACT 3 443,145+

ACT ) th G145+

STh, 445/PDST1414141,0,1I%

VAS,145,3,UF, 1+

ACT 185,80, AT 0% C-14 1 FLIGHT TO {ESTEUR

QU= 89 /70FFLON® WEST FUP PORT NETAORK

ACT 4y %3,81,UF413,(7)10*

REGy£141,1,F*

ACT 4Ry 485 4)UF 911y () ALeEQedbkt® C~141 MTSSICN REPIRT

SINYO®3/STNKIB1,149190,40* Ceqi 4 MISSION TPANSECTION SINK

ACT 97,232,(C)A1EQe5*

ST, 2uC/SYSTIMES y1914041I%

ACT y2LC,y20L1+

RES9 2449141

VAS 924142yUF,8" Ce% fELAY STATUS DCTERAINATION

ACT, 201,242 yUF,3+

RE5926424141,%*

ACT 9242424345 (9)0T,TNe1"

STA,2L3/70MTIME 319149 D,1I%

ACT 3 22922449 (3)A2,GT 01"

STAZ2LL/LATECE 1 ,414N,1%

] ACT 9 24 3,245*

4 ACT o 254y 2005 »

‘. STQ,ZZS/POSTE,lgi,D,I'

: \ ACT920E,80, AT 44" C-5 FLYGHT TO WESTFUR
VIS g 245,3,UF, 1*
ACT,y 21 ,S09UFy11, (3)A1,EQ.5® L5 PITSION REPORT
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SINyGQ/SINYT 41,140y 3% C-% ~ISSIOMN TRANIACTION SIHNK
PARy 10940059305 * CC EN(IPE MAINT PYRI4ETERS
PARg11990e592403% C5 HYIRAULI C MX 2ARAKETEZRS
PARy 12492059248 " Ch SLECTGHAVIONINS MY PARABYETERS
PARy13ve8eF42.50% C5 "D THER®™ MAINTENLHNTE PARBMETERS
PARyIbLggNe5 4L ,4TE+ C1il "HEINE MAINT PARELMETFRS
PARGIB 49 UeT 9 2.2)% Citi +YDPRAULIC MY FAIAMETERS
PARy1Bgyfieislebl* CLil1 :ELFCTOYAVIONITS MX PERAMETIRS
PARy17 99065 92.GC+ €14l "OTHER"™ MAINFENANCE PARAMET ZKS
FINY
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APPENDIX Ct PROGRAM INSEKTS FIORTPEN LISTING

BYENIERGDEIBL A G BAN RSP AN ECRINREY FH VLY FHCRBPRP R NI R RALER AN
BENEY sR AR LS LA BEDRARANLER SR RGP R 3K RS ENZREENXL S I RBpdaN
SYRBNRESYXEYMCTION UF (IFN) MAIN FR0 7R/ M INSERTHF#ruraser
¥esex3v¥srCONTROL TO VAKIOUS AST/S 7S BY COMP-re-bew-vsy
*"“"“"‘”TED Go TO STATEHENT N]Tq A!‘GUM:_'NT REXB XD RLRN
RUBT R NERILTEN, ) LU X XIS ey
BEURP ARV S PR PRI L BIR X IR LENB Y o Y8 IRY R ANEFE4GHRP I TLRLXCHE
FUGPEr USSR IR AP 4N FHEVRAR$XY IT RS ASH: KX JRESERIF LS LRV E
FUNCTICH UF(IFN)
BENPRREREEEN V2 4R X P DR SRRES LS IE A RN FLERRRRRE RS BBRD
BENELrJEBDYREIS B AN XY BRAFEGE (¥ L SR A BBZPRREARRE L. XM ¢
Exemsgxss  FUNSTIOM UF(IFN) VATTAFLT LIST  ~r&sssx.¥e
BUNERBE LIS PELTALRE P RIS RABANSRP R AR NS BJAB FEPT R PRI "SR
NEVCEBPRIESARAER P IBD SRS RRBBEN JU UGS NBIN BB 4BRREY RGN AR Y
L ¥

. ARFTIM ¢ DESTINATIIN A FRIVAL TIME v
" ATT t ATTRIQUTE VECZTIR (CF Pe 70) ¥
v CATi41 * CAPGU ARRIVAL TIME FOR (=141 v
¥ caTe t CAFGO AFFIVAL TIVF FOR C=% *
> CRG141 ¢ WEIGHT FCR £-1.1 LMPAD TRX v
. CRGH t WEIGHT FOR £-F L (A" TRX ¥
. CRUDAY ¢ CREWDAY ([N H(I? ) OF TRX v
¥ CSHiLg ¢ CRAEW SHOWTIMZ 07 =141 TRX *
. CSH5 ! CAEW SHOWTIM™ FN: F=b TRX b
¥ EASPORT ! PORT LEVEL IM TO4S OF EASTUS PORT d
. ESTNDL ¢ TONS DELIYER=C 3v TRUCK TC TASTUS ¥
* FTIM t FLYING TIME OF TrX v
. I00Y t SIMULATIGCU ZAY COUMTER M
» I3uv $ NeGERT VARIARLET (CF, P, 71) v
¢ TECOUNT ¢ WUMBER OF TRUMK B8RFIVALS AT IL35TJS -
- IFP t NUMBER OF EvF 1Y “PALLETS™ ¥
* IFN $ FUNCTION CALL ARCGUMEINT ¢
. IMXTYP ¢ MAINTENANCE TYPET OFDE *
. IP t MISSION ARRIVIL ™RINT CPTION v
e ITY? ? AIRCXAFT TYFZ !5 = C=%, 141 = O-141 °*
. INACNT t AIRCRAFT ARSIVAL CCUNT AT WESTIUS ¥
. K $ C=141 LOAD ACTUMLL’TION COUNTER ¥
. L t C=% LCAD ACSUMJLATION COUNTER v
. MSNNO ¢ MISSIQON NJMIIF NF TRANSACTLION .
. NOE t D«GEiT VARIYRIE -~h0T USED=~ *
. NFTBU ¢ 0-GEnT VARIARLE -«MNOT USEC=-~ ¥
» NK ! D0 LCOP CIUNTF? ¥
. NL t DO LOOP CIUNT E? »
g NREL § N=GErT VERIARLS (€S, P, /() .
. NRELP ¢ N=GZRT VARIAR IS =-<20T UScD=-- .
. NEL2 ! N-GERT VvERIABLE -=¥0T USED=- *
. NRUN t N=GERT VARIAALE (TF, P, TH) .
. NRUNS ¢ N=GERT vajIanls C%, P, 73) v
. NT O t N=GERT VARIAQ S +=V0T USED=~- .
g PARAM t N=GIRT DISTRISYTTCN PARAMETE? SIT .
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APPENDPIX Ct PROGRAM INSERTS FORTR N LISTING

. °IPE t AVERAGE PIPEL INE TIME FOR RWY ¥
L4 PIPTIMES PIFELINE TIV: FN° ONE MISSINN ¥
* TREG t N=GERT VARIABLT +=ti0T7T USEDw= ¥
A4 TCS t TOTAL CArGO ATRL "FTEND BY C-5 ¢
s TS141 ¢t TOTAL CARS0 AIRLFT BY C-int ¥
L TFLY 2 TOTAL RUN FLY NG TTME *
i TFUEL ¢ TOTAL RUM FLEL SCNSUMPTION (SPLLONS)®
. TMXHR ¢ TNTAL RUIY MATNTZMAHNCE KOURS ¥
> TNOW t N-GERT VARATAPLT (ICF, Pe 7 1) ¥
& TORMILES TOTAL RPUN TCNMTLES "
» TPMHR ¢ T2TAL WN PCRT 4 ENKHOURS .
» TRWi4H41 3 TRANSFER Yz IGHT "F Ce-1i4 LON) T v
L4 TUE t TRANSFER WEIGHET °'F C-5 LIDAD TRYX x
. THWAL41 ¢ TOTAL RUN C=1+41 ARTIVALS IN AFSTEUR *
L THEE t TOTAL RUN C=F AARIVALS 1IN WZ3TIVs .
s THiud ¢ LOAD WTIGHT A UMM ATION VARC-1ti @
L4 TuE t LOAD WEIGHTY ACYUVYULATION VARP=C=3 *
» yrF $ FUNCTION HANME -
& UTF14% ¢ AVERAGE FUN Cei4” CAPACITY UTTL, ¥
* urtes $ AVERAGE RUN C 5 TAPACITY UTILIZATIUNT
L4 WESCEL ¢t TONS OF CARGO AISLIFTED TO WISTEZJUR ¢
¥ WGTUTE ¢ WEIGHT UTILIZATICN .
L3 ®
BRPER XN NN Y AW F L 2L B AR AR EANNLBY LMV Y PEISEIRFTIRER G g
smsynxxaarTRY = TRANSACTION sy e yaney
¥ere¥resr4EASTUS = ZASTERN UsSe FIR” SRRV RERY
saBRsXRXISWESTEUR = WESTEPN SUROFEAY FORT FrussLavan

BOFU NP LEP L+ I BORIRT S F 4R 48 TR AUB IR B QRRY S KT BENLLAPRLE
RREBGAG AN B R R SAN AN SR AR XA BY 57 028 R BAFIRRPXERFELBL w v b &

COMMON/NVAR/NDEGNFTIU(SG 1) 4R L (D07 4 NRELI(590) yNTEL2 (57 1) yNPUN,

ANRUNS, NTC(540) 9 PARAM(1IT y4) 4 7T PFL, TNOW

SOMMON/USER/EASPORTZIESCUNT,y TWACNTyESTNOL) NE3220L 9Kyl g TWEV S, THE,
LTRWLAL y TRUD yTONGPIPSHTHA By THA 1813 TMXHRyTOP1HR, TFUEL, TFLY,UTELD,

2UTE141 ,IFP,TCH,TC1LY

REAL UN

DIMENSION ATT(3)

GC TO (19292y3 ) 9c 979599531 (,114,12,1%,14,145,15),1IFN
BEBUENYRPB AN T A FX SRR RS ASNARAGRL B %S P AR FSRERR AR KT K44
BERPYARBEI NS AP HEBAS S RASIEIRL S S EX 2P B R AERZLAERF RV LANSL BN
sysegrerrsyF { RETURHS VALUE 0F NOW FOR UF IEETXI L4
REB SR IR Y P PR N A BARQNL Y 1) BV N JrHARL L EREAI "L AL ARR S
BERIRNENRREAIL SRR SAP RS ASORERGRBY IF R N R RANSARAREEAIBNRLSR

1 UF = TNOW
RETUR!!

BUPORTFEBR MBI SARNR SR, R Y RRRE4PP 68 Y. 2R E RP2PNEB38528340 "AFRIAR
PRRE R BB RPN AFAXRELFEL NP LEERERELY N IS BARPEBIYIRBEINERIALLES
sysvsxsrsnyr 2 DETEAMINES MAINTE MNCE SERVICE #f¥sssxarsy
BHIRBXEBINTINES, CF. TEXT P, 72 AR LREL L
Y I Y Y R P IS LRI IR RN PP PY YR WY ARPART I LYY Y YRR YR YR YRR Y]
I IIAS R RS RRR LRSI RES LR RY ER LIRS MINTIARIINY I YN FINR BT Y FY ¥
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APPENDIX C$% PPCGRAM INSERTS FORTP BN LISTING

2 IMXTYP = GATRR(2)

3 IF(GATRB(1) ,EQ,€) GO TJ 1?7

' GO TO (2242392442%) fIMXTYP

i 22 UF = UN(14)

' TMXHR = TMXHR ¢ UF*3.¢
RETURN

: 23 UF = UN(15)

! TMXHR = THMXHK + UF*¥2,3
RETURN

24 UF = UN(1€)
TMXHR = TMXHR + UF#1,6
RETURN

28 UF = UM(4T)
TMXHR = TMXHR + UF*2,0
RETURN

30 GO TO (32,33,3535),IMXTYP

32 UF = UNCLE)
TMXHR = TMXHR + UF#3,0
RETURN

33 UF = Un(11)
TMXHR = TMXHR & UF¥2,C
QRETURN

34 UF = UN(12)
THXHI = TMXHR + UF*1,0
RETURN

35 UF = UN(1D)
THXHR = TMXHR + UF*2,0
RETURN

LI T S Y PR Py P Y Yy PR P YS Y ETE LT W P e e P I P TR e
ITEASSIR PSR IFIITR Y WY FE T TIERAY METRY ¥ 3 PRYY L 1LE-RE FY Y P
BEVFRXREBEYF 3 DETEPMINZS FUSL ING SEIRVICE ¥prrayryre

BEuRR2B2R4TYI ME AND TOTAL FUEL NEEYS, P, 72 REEXRIL 4o
SPUGRIPINFBRFLBAF AR LML LEEPN LY S7 4% B NUFERBPIRBPL XA LAJN 140

EEGFELESIF 425D SREGFPEBRIRABPALY VY 283 KL JPBFYPRERRY 3259428

3 FTIM = GATRR{(s)
IF(GATRB(1) EN+5) GO TO 4t
UF = (FTIN®141 + 142%) %7 €75

b S

TFUEL = TFYUSL + UF*330)2
TMXHR = TMXHR ¢+ UF + 3.1
RETURN

b0 UF = (FTIM™4.1 4 1,25)%(.11425
TFUEL = TFUSL + UF*30"93
TMXHR = TMXHR ¢ UF ¢ Le0
RETURN

FIIYYETRIYRIRVRYRSVOWEY PYYYTRVYEIERE S BF TIPYITFFFE T YL Y ¥ ¥Vl
BENBLIFIVEGB NI JR SRS PERVSRONEE BY I8E ENEHEISBARBESLLE 2R E

Bsxe¥28a84UF & USED TO PASS WEIGHT F CARGD  Sstxevsexy
BESEBEBAVSAETNG ONLOAGED TO AISCRAFT TRX FOR *"*“sxssss

230028882 INCLUSION IN TRX ATTRIFIT IS, Py T2 Arvsiioaes
Y L YT Y I Y Y Y VP VPP Y P Y Y Y Y YR L TV RV PPV TP PR Yy 'Y ¥ Y YO Y ¥
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APPENDIX Ct PROGRAM INSERTS FORTRAN LISTING

23T RIS PRI LT RS LRSS LY RS RSN RISIE I E T IIT IR SRR S R L L 3 ]

" 4 IF(GATS3(2) ¢SQ45) GO T 4Wé
SRG1H#1 = GATRR (1)
, CAT1i31 = TMARK (IDUM)
: UF = 2,0
b RETURN
- %8 SRGS = GATRS(1)
CATS = TMARK(IDUM)
E UF = D"
by RETURN

BEISBBRGIRAPN VA BUBACIRER SBENANRG RE AT S RURIABFFA 2B AT4EFanY
L BUPRRNGRIRPE R AR B NP R AL P LT Y I TSR VAV B RN AL RO XN A BB 4

¥svyyxpaxnyys 5 USED TO SET AIRCIIFT T7X ATTRI-vrénsbedey
v Snpenreny®xBYTE A ENYAL TO CANED WETGHT, P72 Mo Ribty o™
BRI E VG ER I AR T SRR R A B R4S IRLRE RA GY S0 AR ER AR P AR RIS RSN
Y T P R YY YT ITY LI R AT VI NP P P HEY PR Ty SOy S |

5 IF(GATR(1) ENL%) GO TI 5%
CALL PATPBI{CRG141.5)
CALL PATRR(CATIULL,7)
EASPORT = ZASOORT < CPRG1LLY

g UF = CRG141 * .06

TPMHR = TPMHR + UF*2.L

; RETURN

CALL PATRBIORG5,45)

CALL PETRE(CATS 7)

EASPORT = EASPIORT = CRGS

UF = CEGYS * ), %0

TPMHR = TPMHR + UF%2,0

1 RETURN

BEVPRABNEBF IRV KARABL BY PSRRI AE T2 508 Rr BN SFRAKRRE NS¢ & AN Y
BEVBE RPN IR I L Ba b FALRRASERYINES AR ANE AT NG RRFARRRPN LAY R ARY
$EFENEEFLRYF 5 USED TO FASS CREN SH(WTIME TQ #rr'srsdrs
SHLr R ¥3nATOCRACT TRANSASTIOMN FCR "NOLUSION #rh st eon
ssnpwnsanray ATTRIBUTE SET, Py 7 24 RE&2-- 02120
PPPI R EIYV IOy PO T R VYR PV PV P S PR T IFTY R T Y Py Y VY Y Y R )
SRYBBRRFNE RV L L PRE SARNBRABRG 4% 3% A% A L R BBERRIIJLE SRR 4ABY

6 IF(GATRI(1) «EN,2) GO TN %6
SSH141 = GATK3(5)
UF = .0

s RETURN

i 3¢ 0SHE = GATRSB(S)

] UF = (1,1

‘ RETURN

BUVPEBP RSO BINELP UL B BB JPEB83 3388 AN SRBER SN0 5.28
SURERIGIRPRPILPAVL QB L BT PAYEPL GG JF L3S ARTFRJFFLIABI S AYBEES
Bpussyaua3yr T USED TO SET BINRCH/IFT ATYHRIPRUTE FR.EpMRagER
sssvmmnrses F ENUAL TO AIRCCZIW SHAMTIME, P,T2 #t+rsveancs
BOVLERJPRP SRR ISR P L RBSINNUBIP8 3K F2B BT RBBB2EISIIARRQs0E
' [ YRR YY Y PYSWYYRIY WP FY IV PEEE I TR YL I YS LY IRNE Y X R

? IF(GATR3(1) «SN,5) GO TO A%

i
hbi )

E
i

|
i
k|
i
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APPENNIX Ct PROGRAM INSERTS FIRTRAN LITTING

. CALL PATRB(CSH141,5)
F UF = 1,2
RETURN
54 CALL PATRO(CSHS,5)
X UF = 2.3
& RETUWN
f PPV PURJRI BB X BRRISAYURJAEIALBY VK LR BPrYPEEFIRG RPN RARALLS
RSP UL P~ B GIB DA PREPRRNAI Ry JEILE B P PRNLANEAL S L LB RN
: ¥ExsssxresF 8 USED TO DETEFAINE IM-TTME ORS¢ ssvnxaxy
" muspuans¥s| ATE STATUS OF AIRCRAFT T-X QEPAR=~ *#+-absaxe
SENERANENSTYPE Pel 2 REVCEEHARY
BEBEBLER RIS I AR RARRIRNEINEEN B 28 F Br YRS AA SR ST Sy BaXs
FETTY STE PP PR Y IIY Y FIPWPEE I VTR T ETS TR T TV Peeny Py yg Yy
) UF = 1.7
TF(TNOW.GT+ (TMARK (IDUM) 4 15.7)) UF = 2,9
RETURN

FYYY X FIR TSP YRR VY EYP YV FEE FT N Y'Y PV TN TR Y YER Fes
BARPBRBYP ARV IR S IEIB LR R G BRARACN AP Jy AVNE BT QERIBRIERER A lP Nup ¥
S3sysaxpuyvF 9 YSEN TO SCHEDUL ¢ FIRTPAFT DE= 2exxtesnyx
#ersuxsra¥DARTURES 3ASED ON ITLAY SIATUL, P,723F %~ senvey

BREYREFEPY LI SRR GR SR Y RXARB IR 4T Ha b X RRGFRRIFAIDE LB LNV
I ZXIEEIF Y P YR PR NV PP Y YW ESE IS EFIZITIIIYRY YR REF YR P R

r

g Q 9 IF(GATR3(2) 45T o1) GO TO 741

) UF = TMIRK(TAUM) + 15,53 = TNO
g r RETURN

'“' 74 UF = S,

: RETURN

e T T T e T YR T T s o BT LT e S AR R S 5w e e g

; BUSRBBERIESBE LG EXRI UL B ENGN IS YL YR A B LN BRYLBEBERLSL B 4RE
o P Y Y Y L R T O Ry g T S N P YT ETR I W E Y.
svenmsgassyyr 10 USIN TO COMPUTZ PIRRRAFT (QFF= Bems3riexy
serynyprisI NAD SERVICE TIME AND TO LONATE TON ¥r#xseycanm

Brrencps¥nnC )  TVERY TOTALS. Pe7 2 AL RN Al s
ABBORNERPIREY D ABY B ARG A S SLYPET n S¢ LBS BV R G aXB R4 BFRIIERIANR

BEFVARGRABBS SR BB AB L R ERBRRRNGL VR IF ) Y RBRENRRNIE RS SR LY

15 UF = GATER(E) * 0,95
Th TWACNT = IWACNT + ¢
' WESDZL = WESDEL ¢ GATR3(6)
5 TEMHQ = TPMHR + UF*2,10
’ RETURN

Y Il I IS T VYV T PRY P YPEST P TS s X P YV IS Y F'Y FFW FESIryy |
1 REVRPPEBASBRITEFEDIRT S 24 JAPH AN 19 48 K FEBEARIEBFEZICEBL 5V
; Syseysvanayr 141 UYSED AS MISSION FEP T CENTER #E X¥#4 sk
' synvpandseprne AIRCRAFT ARRIVING AT PESTEUR Sr3- b 4s0e
savearasssAND LPDATES OVERALL FATAMTTIRS,P 73 #erctedrax

BEESBAGEPINE) ~ SARAYY X4 QB JRGRNE YR 2R EFGRAPRRALRAIF R ALESLNS S
SUREPAB PR PPA XL FIRAIS 4 RG4FABN 40 I5 348 REABKINI441B68 73008

| 11 MSNMO = GATRR(2)

o a0 LIS i A

i ITYP = GATKB(1)
ARRTIY = GATRO(3) + GATR3(#)
CRUDAY = TNOW = GATRS(5)
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PIPTIME = TNOW <« GATRR(7)
IF(GATRR(1) 4ENe%) GO 10 °F

TONMILE = GATRA(R) *(GATRI(L)I* 20,738 = 17R79)

WGTUTE
UTEL41
THALNL
TCi41 =
G0 TO 795
75 TONMILE
TC5 =

= GATRA(G)*(GATKZ( )" LF,88 -
TCH + GATRB(6)

GATRI(€) /3242
UTELL 1 ¢ NGTUTE
TWALLL + 1.0

TCi41 + GATR3(d)

185.65)

WOGTUTE = GATR3 (k) /58ed
UTES = UTEL + WGTUTE
THBG = TWAS + 1.9

76 TON = TCN + TCNMILE
PIFE = FIPT ¢ PIPTIME
TFLY = TFLY & GATR™ (&)
IF(IP.5T.1) GO TO 77

WRITZ(G o 10M YL TYPWMSHNND g TN My TATKB(2) y AXRTIYMyGATER(5) oGATRB(E),
IHGTUTS , TONMILE, FIFTIME,,C SUNAY
FORMAT (1H o AXgI39iXeIl g3 (L X F: 1) 92(aX9F" 1) y1XgFhe29iXy4FEadiyiX,
12(F5.1,1X))
7?7 CONTINUE
UF = n,v
RETURN
REBRBIPRRLRE X L QIRJALRBY 4N 44N N}V 343 BTBN XL IR BN ALY RSN
[ I AR NI AZY NP PP PYVNREIIY RIS SN R Y IIY IR ST IS Y PR I FHFE I P
AurXAXNIIEYF 12 USED TO GENFRATE PORT REPORTS ™/ n3sl xrva
2¥uv e rusdaAND TO REINTTIALIZI FCRT CAF AMETERS #vsés¥¥ere
¥xsvaxnerr0y £ DAILY BASISe P72 UL S
(I XA XRES RS ELEY RIY RS LR L EPEII SRR PR IR Y RYF S SR IR ENY N 3 4
BUBE BRI BAFEI LY QLB IR} SRR RRPENGR B 20 % RARRAPBEGRBY LRRR PR

12 ICAY = TNOW/2:u .2
TECOUNT = 1

1662

ESTNNL = 0.C
WESDEL = CeD
IHWACNT = ¢
UF = 0,7
RETURN

PUEBSR NG JEP ST TENB PP RBRARRXEAETY LX P ANY R7 R ARARRABREREC L5 AL EALY
SRPUS SV EUPE S QR AZPIBNRRLFBN 40 40 INE IBIPBERIINIRELLLB K o0

¥ssemanuraUF 13 COMPIYTES TRUSK CFEL (A™ SERVICERS Y ¢¥¥ vaen
#ssvsrynvaTIMES AND UFDATES O03T LEVEL DATA, Rrr-sévecxs
Bangpypryxxap, 73 BEBPTLANRR Y
YRY YRV XY IR YT RS YPYIPRYFIVY YITY VTRV L PV YV PYEEy ¥ ERY YWery
BUIEPNRBINIVD 4 1 APV AP BAVELBAR LG V7 243 A SBRABHGINPNRUGLNBY
13 IECOUNT = IECOUNT ¢ 1

ESTHOL = ESTNOL ¢+ GATR3(1)

UF = GATR®(1) * (0,16

( TPMHR = TPMHR ¢ UF*4{,(
RETURN
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APPENNIX Ct PROGRAM INSERTS FORTRIN LISTING

BENBERSLFEUB L SEB B UGB AR PIIBINGEBEIER ARG FSRER I RYREE%D
BEFBBHIBNLES PRIV A B RPAEAI SR BE ARG L JANRIAPRAFGLBE N4V 0388 *
ssxyrressx)F 14 USEND TO ACSUMULATE NISCRETE  *r¥exssare
#EEE2IINONITIYCK LOADS INTO FLANI LN INSY FIVE sexxessiss

¥amsuasursF)R C=1u1S AND NINZ FOF SRS, P, 73 %er sxsxay
BEYUR CBRBAVAY A7 BBNR 4B 2B FBI4BY A AR NI ERE2Y g B’ LRGPy

o BEPBE I AN G ARSI RA PSP R G T REBEKINE IF A K “Fi ¢ P FAPABEAY AL N LN

14 IF(GATRA(2) «EMe5) GO TO €3

K=K +1
IF(KeLT«B) GO TO 82
| K =1
THi141 = 0.0
82 TWisgd = TWia1 + GATRAB(1L)

FASPORT = EZASPORT + GATR=(1)
IF(KeENLS)TRWL41 = TW1ib2
UF = 3ATRA(Y)
TPMHR = TPMHR + 1.3
RETURN
82 L =L + 1
IF(L.LT.15) GC TO 84
L =1
THE = (40
Bk THWH = TWE + GATRB(1)
EASPORT = EASPORT + GETRE( 9
TFU .FN.G) TRYUZ = THY
UF = GATRB(1)
TPMHR = TPMHR + 1,2
RETURN

BYUSPUNERR AP AN YL RRR LN R BEFNIE BE TED D SANFRALNRER T R g ¥ ¥
o BABE B AN BUEASS LB R VLU NALSALASIRFE RN RPKARYSE 2w BEE 42 SFEY

F¥suymzea¥ri)F 45 USED TO ASSIGH LCAD WIIGHY TO ®efv-sbsx3yy
BB RARIRBI I OAD TREANSACTLICNS iHAT WILL RE LIOAD=Rest1érscsr
J Exrvn u4%83ED0 ONTO A1 CRLIFTe P, 72 FFLEC D NN
BELPRAYBABEN T ARSI FARA RN O LIRA L LY SXE M ERRERLPARNUN R H1D X
cBREBE IR B AP X AFRE AR A RS BEEAEE I XX LIRS R A RNARNERE LR L Y n N

i5 IF(GATRR(2) +EN.%) GO T AF
CALL PATRB(TRW1i41,1)
UF = 7,4 i
g TFMHR = TPMHR #+ 0,5 !
RETURN 3
AR CALL PATP3(TRWS5,1) ‘
UF = 3,5
TPMHR = TPMHR + 3,5
RETURN

BRANRBAY ST NS ANA PR SN . F oS ARBUE AR $U 58 M- L RRARNR NP L ALY S50 N
NI E SR AP BRI R T B A IBAIAR G RGBS (1 .68 B R BAYP SRR LN S el
: ssspxnpavryr 46 USED TO GENERATI “NLMMY LCADS"*rx=ndatxr . -
E | sexenzyazagpAceEpn ON PORT LEVEL ANT LCAT SELECTI-® "vtaxctex |
= BESBOAVESSYITY, P73 RO i S BANY 1
BASURIB IR PN A A SRR L RE LB IPBBILED VL AL B RAJLNSAIB KA TR 6820

~125-




APPENDTYX €t PIQOGRAM INSERTS FORTRIN LISTING

Py Y IRV YT Y YT YR PEFFYY Y TR I TR R N P PY PYEPEY PP ey

1€ ATT(L) = £43

ATT(%) = 542

ATT(R) = 2,9

i ATT(5) = 5.0
E ATT(7) = 1,9

' IF(GATRS (1) +EN,.%) GO TO ¢
33 IF(NRIL(62) 46Z61) GI TI S
' IF(NREL(61) «204C) GO TO 2
g TEC = NIEL(51)
DO 94 NK = 1, IEP
ATT(2) 1%41,°
ATT(D) 22
K=K + 1
3% CALL pTIN(::)i, L 03, TNOH’AT kp)
TRW1iL1 = TWisl
35 UF = 7,%
RETURN
IR TIF(NRIL(72) «GEL1) GO T 0
TF(NREL(71) «FN L) GO TO I8
TEP = MREL(71)
DO 87 NL = 1, TEP
ATT(2) = S,3
ATT(3) = 2.3
L =L + 1%
37 CALL PTIN(T1,7 42y TNOWLATT)
TPHE = THF
Q8 UF = J."N
! RETURN
END

BRGERIFBYEEFE S5 N Y AR R p QLG BRNEEYL S 1 A3 X R UFJAI L LI T . QP RS
BEBERBERVF RN DL FJERXEE UL RER LT 2 BRI JAR (RIB G EREALRBYNRCX RS
srnayayyeeSYPPOYTINEG UL ¢ USID TC INITIALI7E ®er<3xivas
s3earsvsaryARTABLES INTERNAL T0 FUNT TION UF ATSFr+ésxssen
sxxvasna¥aTyE BEGINMTING OF ZACH RN, xEAEES AR
BERERXBFRYUPE S ARFIREPARBALIERRY. 4 RE VB BT GUBRE XX AIL X3 a0 ¥
I I X3S RIS RS RSN TP RIER RS R YRE Y Y 2 RIS R RS SRR PN R AN
SUBROJTINE UI
CCHMMON/NVAR/NDEC 4 NFTSU(SE )) yNREL (LI 3) yNRCLP(GIL) 4 NRELZ2(5 1) 4y MRUN,
INFRUNS,NTC(Sud) yPARAM( L1374 )y TIFERy TNOW
CCMMOI/USER JEASFORT G IET0UH Ty T “ANNT yESTNCLy WESTELy Ky Ly THY +4,4THE,
3 ITRWLGL s TRWS g TONGPIPEyTHAS,, THALLG Ly TMXMHE , TPAHS, TFUTLy TFLYZUTE L,
4 2UTEL41,TF,TC5,TCLM1
G BAYFUXRRPRBI L - PR BN BEBER LGS $E 20§ RTFEFFEBIGERRT G LSRN
BPIIEBIVRRQBEBP IR BN PV BRB e FIBRERY AY S0 B S5 B4 FRYBBE I A28 45 0

r
Y

T

sryvrsrpars MISSION REPORT FRINT NPTION Yrasarendw

P Y YIYYY REBXES pany

’ (ST LY YIS IP = 4 t FOINT FY TP R

g ! Syyvanpyna IP > 1 t NO PR NT Y PP Y PP X1

Py Yy Y Yy L TR T PPy YR




‘ APPENNIX Ct PROGFAM INSERTS FIRTR I LITTING

BRNGBISRNPBUY R PR BE RERLGRI N e IN TS LIV PBIBENLRGAISXN KV
- BEFBENGEIRPY A I BLFRPR B ORNBT SO UK IRE NP YR BEUPREFFE B I8 Y
4 IP =1
* TCS = (.0
TCi41 = (e
EASPORT = 049
K =n

IWACNT
IECOUT = 2
ESTNDL = 6,3

THS = .
TRWiLL = @,
TRHS = 1,0
TON = P,.0
PIPE = a40
TEA = (o0
THAS = 7,9
THALLY = G,
TMXHR = 3.5
TPMHR = (.°"
TFUEL = 0.0
TFLY = D40
UTES = N0
UTEL141 = 0.0

IF(NRUNCENL 1) REWIND 7
WRITZ(6,1G20)

100Y FORMAT (1HL, * A/C MSN, PRTI7 DEPT ARRe FLY
i PIPE CREW™ ,/42Xy"TYF MIJ°e TIME TimE
2 MILES LINS DAY?™ 4 7,2X,13("===2=""))
RETURN
END

BRXPRVBREIRRLE . NPARBAL AR ERBRUBAY YV 20 E B RBRTUB4XIEYRL ALY
BEUYV B IR ERY BY A2 BAKIFABD UL RAER4Y B 3% % RrLEBRP A 4R BERIB2 NN
WHruEIRERYSYARQOYTING UO? USED TO COVRUTE AVER-™E:"fndxay
BEMENXEXRLASE RUN PLRAMETZAS FL2 LAUNCH RELIA-SFm-tts4vs
¥exrr-anurgTIITY, CAPACITY UTILIZATICN, AND  XF  ssiseys
SN RO FTLTHE TIMES, AS WELL A~ 70 FOINT *fxcde¥rtuy
BESBEALBINONT VALUSS CF RUN PARPMETTDC QF IN- %177 s¥adan
QOHOAIOQOUTEQESTQ TOY&L TONHILES,QVEF:GE PIPE-‘“”“"**‘
exmsuue sy INT TIME, CVERALL LAUMH RFLIA- ¥eruar Ry
BESRORRRFIQTLITY, TOGTAL MAIKTENAMCT MINHOURS, %3¢ otedse
FIBEBL22¥2TOTAL PORT MANHOUFS, TCTA'! FUEL, JOe3rXxtraeur
BasyewexsaTAL FLYING TIME, AVERAGE TACACITY  #e¥ xtuxsxs
FERXRBABXSFPYTILIZATION VALUZS, TOTAL ATRCKRAFT ¥ xaskxrxe
BrErsreaeeARCTIVALSy AND TCTAL TOKS CATRIED A b i
Ky BssunNzeqyY - ACH A:,QCR;\FT TYPE, P 24N R BEY
BEBEEBIZENFEPELBARIPL LR LS B855I IRB BAJENNERB4IYUT SR80
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APPENDIX C% PRUGRAM INSERTS FORTPIN LISTING

X2 X RS ISR RR PRI PR PRI R LR E N LTI IS L IR X T P YN

SUBROUTINE 10
COMMON/NVAR/NDE ZNFTBU(330) yNRTLIBGI) g NRZLP(ZIC) yNKELZ2 (57 ) g NRUN
ANRUNS HTC(S5 ) g PARAM(11G 94 )y T EEGy TNOW
COCMMON/ZUSER ZEASPOR ToIFCO U Ty TWANNT g ESTNDLyWESDEL YKL g TWA VS 3 THE,
ITRHI4L g TRUS s TOINGPIPE, THA 59 THAL LY s THXHR g TPAH?, TFUE Ly TFLY,UTC Y,
eUTEL1LL,TP,TCE, TC1: 4

FUFREAGRELRN A SFRXRA ARE SRS ARGL Fb XX D R R RARPEERT L PRpT XN

BEECEBENBRGE AN BRALII SNBSS bo I8 JIBIBr SR XLBNB+8E 22 5F £ 54N

C OB x¥xxa2ONNMR 1 PRENZPARTUE MOISTHEDULED RERILL IR

2exrrxre¥sMAINTENANGCE RATE FTERY TRy

PUVERIEPES snres BEERBENTED

sesnyparu¥r  CHR ¢ CARGO ARRIVAL RATS: BEAnRy £l

REXEBREPNSE Ayrrde ¥ X LY R Y ¥

sunryurx¥y  MGR t MTSSION GENERLTION TATE BEX M Ay

L Y I TSN N T Y N O R Py Y A I T Y YY R Y R Py P

P IR TP NIRRT Y PP PP PN T AT VAR YIS PY FEYR PR P

REAL PDNMR,GCAR 4 MGR

FLOAT(NTC(113))
FLOAT(MNTC(145))
FLOAT(NTC(2:3))
FLOAT(NTC(245))
c/0
= A3
(A +C)/7(8 + D)
PIPE/(THAS + TWA1L1)
(UTES ¢ UTEL41)/7(TWES 4 THALLY)
= UTZ141/7THALALL
UTE3/THAE
HRITE(F 43500) POMURyCAA, ML Fy T My PIPE,RELF, RTL1LGL)RELOHYUTESEy UTEL YL,
ATHMXHRy TPMHR yTFUEL 2 TRLYyTHWAT 4 T VAL A,TCH ,TOLE L
FORMAT (1H1, Xy “RUDM RECAP 1" (/9 Xy "PONMR = 92,395 %X9"C2EF = "yF 24y
ISXs"™MOP = " F2 40/ g iX g "TCHMILES = "yl ¥yFl 343y /91Xy "PIPFLINE TIME
2= 9 OXyFDe2y/ 9 iXe"C=5 DEPT, “ElL, = "y iuXpF5e42y/,41%4"C=in3 DIFT. R
FELe = My BUGF-e33/791Xe™0 VM FALL PEPTY RKELe = "y X970 29/51Xy
L*C=5 CAPACITY UTE = *y Xy FSe i9/791Xy"C=1n01l CAPACITY UTE = "y BX,yF3
Fe39/791iXe"TOTAL MAIN MANHCUFRS = *y AXyF7e1y/91Xy"TIT Al PORT MANHOUR
6S = "y IX9T 713 /91X%y"TATAIL FUSLIGALLCONS) = "y 55Xy 851659794 Xe"TOTAL
7 FLYING TiMcE = *y 3XyFTady /91 "TOTEL C=0% AZRRIVALS = ™y "YsFh el o/
BeIXe"TOTLL Ce=1u i ARKRIVALS = "y 2YyFlheug /9yl "TLTAL TCNS BY C=5 = *,
O IX3F7 o1 9/31Xy"TOTAL TIANS FY (=41 = "y 1X4F7,1)
IF(NRUN.EQ4sNKUNS) REWIND 7
RETURN
END




Appendix D
Sample Q-GERT Analysis Program Output i
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