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reduce the amcunt of time which an aircraft svent in an inoperative |
Ltate due Lo engine repair time.

Analytical models have been develooned by the DOD to calculate
spare engine requirements throughout the systen. The models require
assumptions be made about certain parts of the system. One lmpovtant
rensumption ds that carrpicers are atsumed to be continuously connected
ter Lhe repalr system. This assumptlon lgpnores the fact that in
eality their only connectlion to the repalr system 1s at a port. 'Th
implication is that under thils assumption, cgv”lcr* may swap a falle
cngine for a serviceable one at any time, directly with the repair
location.

In the“real situations, carrlers perform this trade using the
port as an intermediary and only at its tim= of its docking. The
effect is that in reality, ports see more engines in their stock thah
they do in analytical models. If the port supports a flying
a~tivity at that location, the additional engine availability increal
its flying performance and may decrease that c¢f the carriers.

A Simulation for the Performance of Aircraft Engine Repair
System (SPAERS) was developed to simulate different configurations
of an aircraft repair system. The analysis section of this report
shows a comparison between the two situations described above, namel
the - analytical rendering of the repair system, and a situation more
closely resembling the real system dynamics.

To a significant level (.05), differences in the performance
“ritvrion* were detected between the two configurations of the same

tem at the port whech supported flying activity, and on one of the
moLw active carriers.

Further study of similar repair systems should be made to suppo
more general statements and observations concerning the relations
of carriers and ports to the entire system.

It was shown, however, that SPAERS can be used as a tool for
VH”IIYIHT the performance predicted by analdv*cal models for

ylected repailr systems, and enables thier subsequent statistical
mparison.

S e

Criterion is defined as: average dowrn aircraft at a base divided
oy number of aircraft at that base. A down aircraft is defined as
an aircraf't unable to 'fly' due to the failure of one of its engines
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PREFACE

In any system where the availability of physical
components determines the operational quality of the system,
inventory management plays a key role. The United States
Navy's alrcraft operation is an example of this situation.
The physical components in this case are aircraft engines,
and the operational quality of the system is measured by
alrcraft readiness. Here the components fall over time and
can be subsequently recovered through the repair system. A
failed engine renders an aircraft inoperative until a
serviceable engine becomes available as a replacement. When
a demand for an engire is not met, it is said to be back-
ordered and met at a later date. To compensate for the time
assoclated with repairing an englne, spare engines are
pre-positioned at various locations. These locations which
support repair, supply, and flylng activity are called bases.

The Department of Defense presently uses a method,
described in DODI 4230.4 [1], to establish spare engine
stock levels for each base. The method's objective is to
stock each base so that the base has outstanding backorders
for only a small proportion of time.

The DODI 4230.4 method of establishing spare stock

levels at a particular base does not consider an important

i1




system interaction. In particular, it does not account for
the manner in which resupply times may vary with the spare
stock levels at resupply bases.

Consequently, a model called NAVMET [2] was developed
which explicitly considers the effect of stocking inventory
at one location on the availability of engines at other loca-
tions. NAVMET's objective 1is to optimize the quantity and
allocation of spare engine with respect to a constraint on
average down aircraft. It is applied in the environment of
the Navy's multi-echelon repair system.

The dyramic nature of the Navy's repair system,
particularly the alrcraft carriers' relation to the system
have raised some questions concerning both models' assumptions
about the demand process. These questions, which will be
developed more fully in this report, formed the basis for a
Masters of Engineering at Cornell University. The project
involves modelling the dynamics of the actual system by
means of a digital computer simulation. The simulation will
be used to study the effect of an assumption made in the
analytic models regarding carrier operations on expected
system performance.

This simulation, called SPAERS (Simulation for the
Performance of Aircraft Engine Repailr §ystems), was developed
for the Naval Weapons Engineering Support Activity (ESA-19).
It was designed as a tool for observing the long run

performance of a repair system gilven its system parameters.

2l
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SPAERS input may be adjusted to simulate the
environment in either the configuration assumed by the
analytical models, or the one which more closely resembles
the real system. This will enable a comparison of the
system's performance to be made between the two modes of
operation, given the same spare engine stock levels.

The authors wish to thank the faculty and members of
the School of Operations Research and Industrial Engineering
at Cornell University for theilr valuable consultation. In
particular: Professors John Muckstadt, William Maxwell and
Thomas Santner; and Dr. James Matthesen and Mr. William

Booth of the Naval Weapons Engineering Support Activity.

H.S.G. and R.A.S.
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ABSTRACT

The allocation of spare aircraft engines 1is critical
| to the U.S. Naval aircraft operation's performance. An
alrcraft in this system becomes inoperative in the event of
an engine failure and remains in that state until it is

1 replaced by a serviceable engine. An engine is removed upon
% failure and subsequently is recovered by repairing it at the
; location's repair faclilities or elsewhere. However, the

% availabllity of a spare engine at the location could reduce

4 the amount of time which an aircraft spent in an inoperative

L{ state due to engine repair time.

Analytical models have been developed by the DOD to

—

1 calculate spare engine requirements throughout the system.
‘ The models require assumptions be made about certain parts
of the system. One important assumption is that carriers
{ are assumed to be continuously connected to the repair
system. This assumption lignores the fact that in reality
1 their only connection to the repair system is at a port.

The implication 1s that under this assumption, carriers may

| { swap a failed englne for a serviceable one at any time,
g directly with the repalr location.
In the real situations, carriers perform thls trade

. using the port as an intermediary and only at its time of

\%
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its docking. The effect 1s that in reality, ports see more
engines in thelir stock than they do in analytical models.

If the port supports a flying activity at that location, the
additional engine availability increases its flying per-
formance and may decrease that of the carriers.

A Simulation for the Performance of Aircraft Engine
Repair System (SPAERS) was developed to simulate different
configurations of an aircraft repair system. The analysis
sectlon of this report shows a comparison between the two
situations described above, namely the analytical rendering
of the repair system, and a situation more closely resembling
the real system dynamics.

To a significant level (.05), differences in the
performance criterion¥* were detected between the two
configurations of the same system at the por% which supported
flying activity, and on one of the more active carriers.

Further study of similar repair systems should be
made to support more general statements and observations
concerning the relations of carriers and ports to the entire
system.

It was shown, however, that SPAERS can be used as a

tool for verifying the performance predicted by analytical

¥Criterion 1is defined as: average down aircraft at
a base divided by number of sircraft at that base. A down
ailrcraft is defined as an aircraft unable to 'fly' due to
the failure of one of its engines.
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L models for selected repair systems, and enables their

subsequent statistical comparison.
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INTRODUCTION

United States Naval aircraft operations depend on
the quantity and distribution of spare aircraft engines

throughout its aircraft engine repair systems. As aircrafc

fall over time, the falled engines are subsequently recovered

{ by the repair system. Alrcraft down time due to repair

i ‘ system lead times can be reduced by allocating spare engines
|

to particular system locations (bases). An engine failure

1 is consldered a demand upon the system which can only be

saéisfied by a serviceable engine. If a demand cannot be

: satlisfied immediately, 1t is backordered and filled as csoon

as possible.

SO

One method of spare englne allocation presently usad

by the Navy is described in the Department of Defense

Instruction 4230.4 [1]. 1Its objective is to stock each bass

A for a small proportion of time. This method, however,
ignores the effect of the spare engine supply levels on

resupply times.

NAVMET [2] takes stock dependent resupply times into

a—h

conslderation. Its objective 1s to maintaln the expected

number of backorders to flying activity at specified minimal

—ia A

1évels. NAVMET prouuces an optimal solution to the problam

4




of allocating quantities of spare engines within the Navy's
four echelon repalr systems with respect to a constraint on
average time weighted downed aircraft.

The system dynamics, particularly those involving
alrcraft carriers, present some reasonable doubt as to the
validity of the demand process that is assumed for carriers
in_both of these models.

The following report presents the development of a
computer simulation model, called SPAERS (Simulation for the
Performance of Alrcraft Engine Repair Systems), which serves
to statistically compare the actual operation of the repair
system wilth the manner in which it is assumed to operate by
the analytical models. The purpose of this report is %o
present the system characteristics which are relevant to
model formulation, a discussion of the analytical methods
for establishing stock levels in the system, and the mcti-
vatlon for a computer simulation of the system. As SPAERS
wlll be used by the Naval Weapons Engineering Support
Activity, as a selective verification procedure for predicted
system performance, the manner in which the simulation
treats the real system is discussed in detail. This dis-
cussion includes the simulation's initial conditions, model
assumptions, and user availlabllitles.

Analysis includes the results of a specific system

simulation. Stock levels were computed for the system using

the DODI calculatlon, and two runs were performed. One
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operated the system in the manner which is assumed by the
model, and the second run operated the system using the
actual system dynamics. Finally, some observations were made

concerning the role of the port in computation of stock

levels.




035 1
RELEVANT SYSTEM CHARACTERISTICS

In order to aid the discussion of the repair system
in later sections of this report, some feétures of the é
aircraft engine repair environment which are important and
often assumed by a mathematical formulation will be described.

A base is defined as a location where supply, repair,

or flying activity occurs. The base's flying activity gener-

ates falled engines which are sent to the repair function.

If the repair function at this base does not have the

facilities to perform the repair required, the engine is
sent to another repair base in exchange for a serviceable
(operational) engine.

Engines which complete repair at a base become part

of the base's serviceable stock supply. The supply function

is responsible for maintaining the flying activity at its

own base. In addition, it must exchange a serviceable

engine for a failure which is sent to its own location for
repalir (see figure 1).

The base repair facility's ability to deal with
fallures depends on the sophistication of its repair

equipment. A base is identified by the most complex repair
N
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that i1t can accomplish. Five degrees describe engine repair:

4° no repair
3° minor repair
2° moderately complex repair
1° major repair
0° overhaul¥*; major repair
If an engine falls at a base which cannot perform
the required degree of repair, the engine is sent to a
higher echelon (lower degree) repair base. 1In this case the
flying activity at which the failure occurred demands an
engine from the supply function at its base. The fact that
an engine was sent for repair to another base requires that
the repair base return a serviceable engine to the supply at
the base which experienced the failure (see figure 2). The
repalr system is fixed in the sense that all j° failures
which occur at base 1 afe always repaired at a base K for
ail I and J%*%.
A supply function's inability to meet any demands is

registered as a backorder and filled as soon as possible,

A repair system (see figure 3) is defined as a set
of bases having a common 0° repair base for a particular
engine model type. The types of bases which comprise a

system are described as follows.

¥Periodically, engines are removed from aircraft for
scheduled overhaul even though they have not failed.

¥%¥Occasionally, in the real system, a 2° failure
occurring at a 2° repair base will be sent to a 1° repair
base. A similar situation occurs with 1° failures and
overhaul locations.
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Figure 2

In the above figure, base A is a 2° repair
base and B 1s a 1° base. Suppose the flying activity
at A has experienced a 1° failure. A
facility cannot repair the engine, and it must be

U N -..E FA

sent to B. The two demands which occur are:

1) Flying activity on Supply Func
2) Supply Function at A on Supply

tion at A, and
Function at B.

Thus A's repair

B(1°)




1) A carrier has 1its own "on board" supply function
and flying activity. When a carrier ié deployed, its 1link
with higher echelon repair is broken and its flying activity
performs. A non-deployed carrier is connected to the repair
system, but its flying is inactive.

Due to the carrier’s particular relationship with
the rest of the repair system, on-board engine failures
which the carrier 1s unable to repair will not enter the
repair system until the carrier becomes non-deployed
(docked)¥*.

During the dock time, the port sends the carrier's
failed engines to theilr respective repair bases in exchange
for serviceable engines. If some carrier demands are not
satisfied durings its docking, they are backordered at the
port.

2) A port has full responsibility for supplying
carriers before they are deployed. A port may have any
number of carriers to service, but a carrier is always
serviced by one port. The port may also support its own
flying activity.

3) The depot performs overhauls (0° repair) for the
system and does not generally support its own flying activity.

The "pipeline" describes the connections between
bases or intra-base functions and 1s measured in time

durations. Engines may be sald to flow through the pipeline

¥In special cases in the acutal system, a serviceable
engine may be delivered to a carrier while it 1s deployed.
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at a constant rate.

A "twisted pipeline" is used to explain the
connection between carriers and port. When the carrier is
deployed, its pipeline to the port is cut off, or in a sense,
"twisted" so that the flow of engines may not reach the port
until the carriér docks. It may be noted here that present
models for determining spare engine requifements at a base
ignore the twisted pipeline configuration. Rather, they
assume a fixed, continuous resupply time for a carrier (as
if it were a ground base). The term, “continuous pipeline"
will be used to designate the treatment of carrier activity
assumed by the analytical models. (The motivation for this
study is the validation of the continuous pipeline
assumptions.)

Resupply time 1s defined to be the average amount of

-

time which it takes for a failed engine to be replaced by a
{ serviceable one at each base.
A base is said to have custody of an engine, in the
3_ sense of ownership, if the engine 1s en route to the base,

or in the base's repailr or supply activity. Only serviceable

—y

engines may be used to satisfy a demand.

oy
- ’

n
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SYSTEM PARAMETERS

The previous section described system activity which
is relevant to mathematical formulation. This section will
explaln the parameters which describe the repair system
operation.

One engine model type 1s a necessary constraint in
defining a system. Relevant flying activity, then, consists
of those aircraft types having the system engine. These
alrcraft are considered a base's permanent property.

The combination code describes the aircraft type's
use of the system engine. It 1s associated with failure
rates and the probability of j°© failure for the system engine
where j=0, 1, 2, 3.

The various rates, probabllities and times which are
used as parameters for the system can be found in computer
output from the U. S. Navy's PASER¥. The system "geography"
1s described by a matrix N where nij is the base number to
which a j degree fallure 1s sent given that it occurs at

base 1. N 1s easily derived from the PASER data.

¥Projection of Aircraft Spare Engine Requirements
is a set of computer software used by the U. S. Navy for
computing Spare Engine Requirements.

11
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A specific flying rate (in hours per month) is
assigned to aircraft types at a base. Any number of aircraft
types and numbers of that alrcraft type may be found at a
base. A daily flying rate is assumed to be 1/30 of the
flying nours per menth.

Travel time from base I to base J 1s assumed to be
constant as are repair times for a given failure degree
regardless of where that repair takes place.

. The discrete probability distributions describing
the probability of a j° faillure are available from the same
PASER computer records as are mean times between removal for
a given combination code.

Other system 1nputs include the number of engines
per aircraft (UPA) and the desired performance criterion.
The criterion will be defined by the average time weighted
downed aircraft which are due to engine failures divided by

the total number of aircraft which utilize the system engine

at that base.




T
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BACKGROUND

The system described in the previous section operates
for the purpose of maintaining flying activity. Measures
which indicate the system's effectiveness are in number of
down aircraft at any point in time and in the durations of
inoperative aircraft. Other measures of effectiveness would
be described by a supply function's ability to meet demand,
and the numbers and durations of its backorders.

An obvious limitation on the performance of a supply
system is the number of spare engines that are in the system
to compensate for repair and travel times which are involved
in recovering engines. At the same time, it 1s equally
important that spare engines are located at the "correct"
supply function in order to achieve acceptable levels of

flying performance.

This section will describe some of the performance
measures and explain two models that are used by the
Department of Defense to allocate the appropriate number of
spare engines in an attempt to optimlze using these criterion

measures. Furthermore, the need for a simulation model to

statistically verify some of the assumptions made by the DOD
13
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models will be demonstrated.

Measures of Performance

The ready rate may be defined by the probability
that there are less than S units in resupply at a base where
: S 1s a decision variable.

S
RR = Jp(x|AT),
x=0 |

where p(xIAT) i1s the probability of having x units in
resupply.

The major assumption here is that demands follow a
Poisson distribution with rate AT, where A = daily failure
rate and T = average resupply time. Resupply at a base is
defined to be physical, on-hand engines plus the number of

engines in base repair plus serviceable stock from other

e o

é bases, less backorders.
Fill rate 1s the proportion of demands that can be

filled immediately, or the probability that S - 1 units are

in resupply

S-1

FR = ] p(x|AT)

x=0

Again the demand process 1s assumed to be Poisson.
Although these measures are used extensively by the

DOD to compute requirements, they do not reflect system
performance in a complete sense. Neither the number nor the

duration of backorders can be inferred from these measurements.

A more suitable measurement for both planning and
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evaluation purposes is a base's time-weighted average
backorders, measured in backorder-days per day. A mathe-

matical rendering of this measurement is given by:
©
B(S) = ] (x-S)p(x|AT)
x=S+1

where S 1s the on-hand stock at the repair base. The
measure has relevance only at bases with flying activity.
Therefore, a non-flying base would not calculate a backorder
criterion. Its stock, however, effects the performance of
the flying bases 1t resupplies.

This criterion can be normalized over all bases by
dividing it by the total aircraft at the base. Note that a
convenlent aspect of thls measurement is its convexity in S,

given T, making it a reasonable objective in optimization

models.

Spare Stock Level Determination

Given the above performance measures and the Poisson
demand assumption, the Department of Defense rationale for
supplying safety stock can be illustrated. First, the
parameters A and T are approximated. Daily Demand Rate (1))
for engines at a base can be approximated by multiplying
average flyjng hours per month by the number of aircraft at
the base, by the failure rate per engine times the average

number of engines per aircraft at the base. This quantity

is in terms of engine fallures per day. The average resupply
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time T 1is derived by multiplying the probability of a j°
failure at a base by the J travel time to the j° repair base
and summing over all j plus the repair time at base A times
the probability of repair at base A (see figure 4). By
using the desired ready rate criterion of a, the safety

stock level S can be calculated for the base A by solving
- .

A
xzop(xleTA) 2 o

This, in fact, is the method used by the Department of
Defense. :

It becomes clear, that for any value of o, S is
fixed, and the other performance measures are implicitly
determined.

The difficulty with determining an S (spare stock
level) using the method above lies in the fact that the
average resupply time T is not truly represented. Clearly,
if the J° repair base had some on-hand stock, resupply time
from a j° repair base could be shortened by the time it
takes to repair an engine. That is, instead of incurring a
delay due to repair time, an engine could be sent off

immediately. 1In a probabilistic sense, this delay would

vary with the amount of spare stock which the repair base had.

TA might now be represented as

iy JgopJ(tJ + H(sJ))

where SJ 1s the amount of safety stock at base J. H(SJ) can
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be defined as the number of backorder days per demand such
that, 1
H(S,) = & § (x = S, )p(x|AT,) ¢
37 A x=8n1 J J
where A = X pJAJ or the system demand on the repair base.
Thus, 1t can be seen that system interdspendence is
considered by describing the resupply time as a function of

the repair base stock. The NAVMET [2] model employs the

above function and develops an algorithm for determining the
optimal quantity and distribution of spare aircraft engines.

The application of this model to a four eczhelon
system involves a dynamic approach whereby subproblems which
segregate bases into j° "families" are solved. Full
exposition of the algorithm is beyond the scope of this
report. The Interested reader is referred to Naval
Publication R-7511 (NAVMET)[2].

The optimality of a solution obtained from the NAVMET
algorithm requires the validation of some assumptions about
the system. One which requires discussion at this point,
and serves ag the motivation for this investigation concerns
the continuous pipeline.

Recall that 1n the actual system, aircraft carriers
leave port, and for all practical purposes, are not in
contact with the repair system for the duration of their
deployment. 1In this way, the repalr pipeline 1is paid to be
twisted.

The NAVMET and the DODI 4230.4 approach, both assume
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that carriers resemble ground bases and are always connected
to the repair system with a fixed resupply time. Carrier
resupply times are approximated by the average resupply time
which they would experience in the actual, twisted pipeline
situation.

Clearly, the surges and lags which the twisted
pipeline carriers impose upon the repair éystem cast
aspersious on the ability of the Poisson process to describe
the demand process. Since the description of the demand
process 1is crucial to finding an optimal solution to the
allocation problem, it is desirable to note the conditions
under which the continuous pipeline is a valid approximation
to the twisted pipeline.

The question, then, is one of degree. On the basis
of performance measures, especially the backorder criterion,
how closely does the continuous pipeline configuration
resemble the twisted plpeline? Other questions might be
posed: What parts of a repair system feel the effect of a
twisted pipeline? If any, what relationships do carriers'
continuous pipeline performance have with its demand
rate and deployment schedules in the twisted pipeline?

The dynamics of a twisted pipeline renders it too
complex to model analytically. A digital computer simulation
seemed to provide the most convenient approach to an effec-
tive comparison. SPAERS or the Simulation for the

Performance of Aircraft Engine Repalr Systems was developed
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to statistically compare performance of a twisted pipeline
configuration with that of the continuous. In addition, the
NAVMET performance predictions could also be compared with

those of SPAERS.

s S b Al s x5 1 A i it

1




¥~

\'s

SPAERS

In the previous section the present methodology for
determining spare aircraft engines was diécussed. It was
pointed out that a procedure that would test the validity of
the analytical models was needed. Furthermore, it was
determined that a simulation approach could adequately
accomplish this task.

The SPAERS model is designed to examine the
performance of the "optimal" spare stock levels determined
by the anaylitical model, NAVMET, under dynamic conditions.

In this section the SPAERS model is discussed. First
the underlying assumptions and initial conditions of the
model are outlined. SPAERS options and capabilities along
with SPAERS data output are briefly described next. The
model's breakdown of the real-world system in terms of
entities (objects of the system), their attributes (charac-
teristics of the entities) and events (changes in the state
of a system entity) is provided at the end of the section.

A detailed description of the construction and
functioning characteristics of the model may be found in
Appendix A. User instructlions for operation are provided in

Appendix B.
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A. Assumptions

Some assumptions were made in SPAERS regarding the -
following entitles:

Engines/Aircraft

SPAERS assumes that engines are not removed from one
inoperative aircraft to put another aircraft up (no cannibali-
zation). Only serviceable engines removed from stock may be
used in this capacity. Nor 1s any distinction made between
engines in stock 1in terms of their life or age. The choice
of which engine services which aircraft is totally random in
that a failure time 1s generated only after installation.
Engines which are servicing aircraft with same combination
codes will deteriorate at the same rate (flying hours between
removals). Likewise, two engines on the same aircraft will
deteriorate at the same rate.

The engine failure (demand) process is assumed to be
a Polsson process, implying exponential failure times.¥* A
Poisson process also supports other basic assumptions,
namely, that engines will be found uniformly distributed
throughout system pipelines. Secondly, the memoryless
property of the exponential distribution allows fallure times
to be generated according to the same distribution regardless

of the engine's past experience.

¥NAVMET argues against Polsson demands because of
the uncertainty in predicting the demand rate.
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Repair times and travel times between bases are
4 assumed to be constant. Thils serves to reduce the system
- variance and improve the statistical accuracy of the
- performance measures.

Average repair times were interpreted to include the
waiting time which an engine would experience in the repair
function. For this reason, the repair fuﬁction is assumed
to have an infinite number of repair facilities and pro-
cessing times will include average waiting times.

The discipline for filling backorders at a base is
first in first out. At bases which are not ports, no engine
may be in stock while a backorder exists at that base.

Aircraft flying rates are given in flying hours per
month for a given aircraft at a given base. 1In determining
a failure date, SPAERS assumes thils flying rate to be
uniformly distributed throughout the month.

Carriers

The repair system is described as a tree in which
all failures of type J occurling at base i are always
repalred at the same base. In the case of a port which
supports no flying or repair activity, the same relationship
holds as if the carrier failures occurred at the port. That
is to say, that jth degree failures which are delivered to
the port from any carrler are sent to the same repalr base.

The fact that a carrier's flying activity 1s only

active during deployment supports the following assumptions.
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1) No failures can occur during a carrier's port
time.

2) Statistical observations are made on a carrier
only during deployment. (Backorders or other system condi-
tions do not affect carrier's performance during its docking.)

Although a carrier's flying activity is dormant in
port, its repalr function is not. It is not unlikely, then
for an engine to become available on board a carrier through
the efforts of the on-board repair function. All other
resupply, however, 1is accomplished by the port concurrent
with the time of deployment. No resupply, external to that
of the carrier's own, can be performed during its deployment.

Engines on hoard a docked carrier cannot be used by
the port to supply an out going carrier, nor can it use
those engines for 1ts own flying activity.

SPAERS incorporates some variability in a carrier's
port/deployment schedule by using the normal distribution.

It was believed that a fixed, non-varying carrier schedule
would make the demand process too regular. No information

is readily available on carrier schedules except, perhaps,

for average port or deployment times. So the intuitive appeal
in using the normal distribution to vary the schedule lies

in the ability to control the mean and variance according to
the information available, without introducing any special

assumptions about the particulars of the scheduling activity.¥

¥*The ability to use fixed schedules is available.
(See Appendix B on user availability.)
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SPAERS event scheduling introduces some assumptions

concerning the repalr system in the chance that two events
may occur simultaneously in the simulation. The event
priority 1is as follows:

1) Engine becomes available.

2) An aircraft fails.

3) A carrier will dock or.deploy.

4) A sampling event occurs. :

Engine availability is executed first to avoild the
unnecessary deactivation of an aircraft or the deployment of
an under-stocked carrier.

An aircraft is allowed to fail before a carrier
docks to avoid the event that an engine fails on board a
docked carrier.

The sampling activity is considered last so that all
pending events may occur before the system statistics are
calculated.

Simultaneity of events 1s a rare event, both in
SPAERS and in reality, but this priority rationale prevents

any difficulty in executing the simulation events.

B Initial Conditions

As in many simulation studies, SPAERS 1is concerned
with investigating the 'long run' or 'equilibrium' behavior

of the system. Unfortunately, a simulation model must be

started and stopped. Because of the factitiousness introduced
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by the abrupt beginning of a simulation run, the performance
of the simulated system does not becomebrepresentative of the A %
corresponding real-world system until it has essentially |
reached a "steady-state"¥ corndition. Thus, we must be o’ ]
concerned with the problem of how to obtain data that are

relevant for predicting the 'steady-state' behavior of the

real system. 1In other words, we would like to observe data

from a system onerating under 'chance causes'--random

variation, and not a system whose underlying probabilistic L

behavior 1s dependent on initial conditions.
There are two traditional ways of dealing with the
'initial conditions' problem:

* Run the simulation model for some time without
collecting data until the simulated system has
"essentially" reached a state representative of
steady-state conditions. This time 1s usually
referred to as a 'run-in' or 'stabilization' period.

i + Start system in a state as representative of steady-
state conditions as possible to minimize the required
length of the 'run-in' period.

It 1is difficult to estimate how long this 'run-in'
period needs to be. Furthermore, some data are not available

to fully start the system in a state representative of

¥*The term "steady-state'" has the probability theory
definition of describing the state of a system as having
| reached a limiting equilibrium probabilistiec behavior,
| independent of time.
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steady-state conditions.

The authors have included in SPAERS a hueristic
method for calculating a 'run-in' period. Also, some
knowledge 1is known about the system to accurately initialize
portions of the system state sufficiently close to steady-
state conditions. They are discussed below.

Initial States of Certain Entities:

 Alrcraft #1, 1 =1, 2, * * «, total number of aircraft.
Since no data are available on how many aircraft on
the average are down at any particular base, all
alrcraft are initialized as being "operative." This
means the down aircraft queue is empty and the
failtime queue is full. Thus, initially SPAERS
calculates the 1life of each engine on aircraft i. The
previous history of an engine need not be considered
since the exponential distribution has the memoryless
property.

A failure time must also be computed for aircraft 1.

* Base #i, 1 =1, 2, * * *, total number of bases.

Since all aircraft are initialized as being in an
‘operative' state, the number of backorders and the
number of down alrcraft at base 1 are both equal to
zero. Furthermore, the stock level at base 1 equals
the number of spare englnes belonging to base 1.

There are two components of base 1 stock:

(1) Safety stock
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(2) Pipeline stock

Both of these quantities are either computed in the
initialization using the 'DOD requirements' method or
are data inputs (user option--see Appendix B). The
on-hand stock level of base 1 is initialized to equul
the safety stock. Each engine of pipeline stock, on
the other hand, 1s initialized uniformly in base 1's
pipeline. Thus, by scheduling the availability of
these engines to base i1 in the future, we are closer
to attaining steady-state conditions; that is, in the
real system you expect to observe a certain number of
engines in base 1i's pipeline (resupply) and rarely
will all engines exist as on-hand stock.
Carrier #1, 1 = 1, 2, ° ° °, total number of carriers

The state of carrier i (deployment or docked) is
randomly determined with Probability {STATE(i) =
'AT SEA'} = wean time at sea/(mean time at sea + mean
time at port) and Probability {STATE(i) = 'AT PORT'} =
1 - Probability {STATE(i) = 'AT SEA'}.

The time of next state change of carrier 1 is

initialized at a fraction of its first schedule time.

This schedule time may be deterministic or probabilistic

(user option--see Appendix B).

Thus,
Time of next deployment = U -« first deployment
time
if STATE(i1) = 'AT PORT'
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Time of next docking = U +« first docking time,
if STATE(1i) = 'AT SEA'
where U 1s (0, 1) uniformly distributed random
i variable. |
RUN-In period: |
i‘ At any point 1n time an engine may exist as |
on-hand stcck, pipeline stock or as an operating unit on
L an ailrcraft. The spare engines have appropriately been
classified and located in the system accordingly as an
attempt to achieve steady-state conditions. Due to the
E‘ lack of information, we were forced to initialize the
remaining engines in the system as 'operating units on
aircrafts.' To alleviate this artificial condition, it

k| seems intuiltively appealing to allow all these engines

to fail at least once before any collection of system

data. By allowing all engines in the system to exist as
on-hand or pipeline stock or as operating units, the

system has come one step closer to achieving steady-

1 state conditions.
Specifically, the run-in period is computed by:
! (1) Calculating the average time 1t takes for all

'operating' engines to fail at base {i.

(2) Obtaining the maximum time over all 'flying'
bases.

(3) Advancing the calculation to the nearest whole

day.
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It should be noted that during SPAERS initialization a

3 report of system parameters and spare stock levels 1s printed.

C. SPAERS Options and Availabilities

Variations of system parameters accomplished through
data input provide the user the opportunity to study a
z system's performance and sensitivity under different
conditions.

Some examples are:

+ Twisted vs. Continuous Pipeline Configurations
+ Probabilistic vs. Deterministic Carrier Deployment and

Dock Times

« If probabilistic carrier times are employed, then the
effect of high variance or instability may be studied.

» The effects of over or under stocking various bases
may be examined.

« DODI-4230.4 [1] calculated spare stock levels with some
confidence level vs. user data input spare stock
yevels:

+ Effects of including (excluding) a port which maintains
neither a flying nor a maintenance activity.

For a detailed discussion or. these and other SPAERS

avallabilities the reader should refer to Appendix B.
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D. Data Output

At the termination of the simulation, SPAERS reports
statistical measures which summarize base performance
activity during the simulation run.

Measures such as the ready rate, fill rate, average
on-hand stock, average backorders, average down aircraft,
average backorder time, average down aircraft time along
with non-zero distribution values of net inventory (on-hand
stock—backorders) and down aircraft are printed for each
base. Furthermore, the sample mean and standard deviation
of the mean along with a confidence interval of the criterion
(average down aircraft/total number of aircraft) for each
base are provided.

Finally, two measures of system criterion are
reported to the user. A detalled discussion of the meaning

and implications of these measures is provided in Appendix C.

E. SPAERS System Breakdown

Entities and their Attributes

Entity: Attribute:

(1) System--

* Engine Model Type

* Total number of bases

* Total number of carriers
* Total number of alrcraft

* Total number of alrcraft types




Entity:

(11) Engine Model Type--

(1i11i) Base--

L
I
!‘

Attribute:

Name

Total number of 'combination
codes'

Repair time for each degree of

failure

Name

Assigned 'base' number

Assigned 'carrier' number ('0'
if ground base)

On-hand stock level at any
point in time

Number of backorders at any
point in time

Total number of backorders up
to any point in time

Number of down aircraft at any
point in time

Total number of down aircraft
up to any point 1in time

Number of aircraft types

Number of alrcraft of each type

Total number of aircraft

Total number of engines
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Entity: Attribute:

« Travel time to every base in
system

+ Base at which an engine will
be repaired when failure

degree i occurs. (-1 £ 1 € 3)

? « Desired criterion

o ¢« Weight of importance

: * Highest repair degree

L (iv) Carrier--

& + Time of next deployment or

4 docking

- + State (deployment or docking)
-: at any point in time

e « Port at which carrier docks
“ *+ PFuture Deployment and Docking
¥ Schedules

3 * Number of engines that have
:: been sent off to be repaired
L but have not been satisfied
- + Number of demands (engines)
T that were not satisfied by
g carrier's port during last
-

} 'docking'

(v) Alrcraft--

. * Assligned number




Entity:

(vi) Type of Aircraft--

(vii) Combination Code--

Events and their Schedulilng

Attribute:

Base to which aircraft belongs

Type of aircraft

Next failure time

Remaining life time of engine(s)
on aircraft at time of
failure (in terms of flying
hours)

Flying Activity in terms of

flying hours per month

Name
Assigned number
Combination code

Engine capacity

Actual code number used by NAVY

Assigned number

th

Probability of 1~ degree

failure for all i (-1 S 1 < 3)

Mean time between removal (in

terms of flying hours)

An endogenous event takes place as a result of its

being scheduled during the course of the simulation

, : .

¢
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run.* SPAERS endogenous events are as follows:

* The time at which an engine failure causes an aircraft
to become inoperative. This event 1s appropriately
referred to as PLANEFAILEVENT.

* The time at which an engine in a particular pipeline
becomes available as on-hand serviceable stock at a
base. This event is referred to as ENGAVAILEVENT.

* The time at which the state of a particular carrier
changes. This event is referred to as SHIPEVENT.

An exdgenous event 1s made to occur by specifying the
type of event and simulated time at which it is to occur
through data input prior to the start of a simulation run.¥
This type of event usually serves as a means of controlling
a desired aspect of the simulation run. SPAERS exogenous
events are as follows:

* The time at which appropriate statistics are to be
gathered for analysis purposes (see Appendix AIII for
discussion). This event is referred to as SAMPLE.

* The time at which the simulation run is to be
terminated and final statistics are reported. This
event 1s appropriately labeled REPORT.

SPAERS synchronization, that is, the identification
of the event occurring next and 1lts time of occurrence, is
based on asynchronous timing--~the search for a minimum among

event times (see Flowchart in Appendix AII).

¥Reference [6], pp. 232-233.
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VI
ANALYSIS

To illustrate SPAERS' treatment of the two pipeline
configurations, an actual repair system wés analyzed. The
U. S. Navy's PASER data were used to calculate DODI spare
stock levels. PASER also provided system parameters that
served as SPAERS input.

AIRPAC Command's Engine type model T58GE-series
8B and 8F in the North Island Naval Aircraft Rework Facility

System (Combination Codes 731, 733 and 735) defined the

repalr system which was simulated by SPAERS in this analysis.

The DODI calculation was performed using the
followlng consideration. According to PASER, ports which do
not fly or repair will not enter into spare stock level
computations. That is, carriers are connected directly to
thelr repair echelons, ignoring the port. The implication
here is that the port 1s not equipped to satisfy carrier
demands, but the carrier repair echelons are.

A 0.9 ready rate criterion was used for all bases.
SPAERS showed that the conflguration assumed by DODI and
stocked accordingly, did, in fact produce ready rates close
to 0.9.

36
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To demonstrate the effect of introducing the port to
a continuous pipeline situation, the following configurations
were run by SPAERS.

1) Continuous carrier pipelines without ports

(DOD spares calculation included)

2) Continuous carrier pipelines with ports

3) Twisted carrier pipelines with ports

Comparisons of the down aircraft criterion were made
in each case using the test of the hypothesis that the means
of two Normal Distributions are equal, assuming that the
standard deviations are not known and not necessarily equal¥
(.05 level). The test was performed between corresponding
bases in two different configurations.

The first comparison involved 1) and 2) to show any
significant effect on performance by the introduction of
ports to the original DODI system.

As the results in table 1 indicate, only Cubi Point,
a port, shows a significant difference in performance. In
reality, Cubi Polnt repairs and supports its own flying
acetlivity. By virtue of its port activity, it experiences
higher engine availability by storing engines for carriers.
But these engines may be used for Cubi Point's own flying
activity and serve to decrease its down alrcraft time.

Another comparison was made between configuration

¥Reference [5], pp. 240-242.




38

2) and 3). Here the singular effect of a twisted pipeline
is contrasted with the continuous pipeline. Again, Cubi
Point is significantly different from the continuous
situation. The effect of increased engine availability at
this port is enhanced by the twisted pipeline behavior of
carriers. Since carriers demand englines before they deploy
instead of continuously as in the case of.the continuous
pipeline, the engines which are stocked at the port in
anticipation of carrier demands may also be used for the
port's flying activity. The results of this comparison appear
in table 2.

Table 2 also shows that the CV-PAC-1 carrier
performs significantly worse in the twisted pipeline. It
was noted that this carrier supports a more extensive flying
activity with a yearly failure rate of 28.17 engines
than other system carriers. These other carriers produce
3 or 4 failures per year.

The statistical comparison between 1) and 3)
compounds the situation of ports and twisted carrier
plipelines. Once again, the port and its most active carrier

demonstrate significantly different performances (table 3).

Another system, ldentified by engine model type
J52P - series 8A and 8B in the Jacksonville Naval Aircraft ;
Facility System (Airlaut Command, Combination Codes 102 and ’
104) was observed in the same manner. Stock levels close to

DOD requirements were used for each base and in both the
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continuous and the twisted pipeline situations were run
(including ports). The three carriers in this system were
particularly active, with 51.6 yearly engine failures. As
table 4 shows, carriers are significantly different in terms
of their performance measures in each configuration.

It should be noted that no other repair system
locations exhibit criterion differences using this test of

hypothesic for equal means in either of the two systems

observed.
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TABLE 1

Comparison of Mean Criterion--Continuous Pipeline
Without Ports vs. Continuous Pipeline with Ports:
Engine Model Type TS58GE 8B, 8F

mean criterion in Continuous
Pipeline Configuration without
non-flying/maintenance ports
81: standard deviation of Yl
Xé: mean criterion in Continuous Pipe-
line Configuration with non-flying/
maintenance ports

32: standard deviation of ié
Base Spare Stock X ) Eé 32 Test Signifid
Level Statistic cant?
Adak i 0.04428 00,0051 0.04197 0.,00581 0,298
Alameda it 0.01397 0,00216 0.01179 0.,00216 0.713
Barbers

Point 2 0.01145 0.00243 0.00685 0.00134 1.658
Cubi

Point b 0.,01314 o0,00414 0,02821 0.0053 2.24 Y
CV-PAC-1¥% 3 0.01211 0.00236 0,01133 0.00331 00,1918
CV-PAC-UL¥* 1 0.006 0,00353 0,00315 0,00171 0.,7266
Imperial

Beach 0 0.01163 0,00494 0,01559 0.0036 0.6478
Kadena-

AFB 0 0.03174 0.,00924 0.0233 0.,00703 0.,7269
Kauai-

PMREF* ¥ - - - - - -
NAV-PAC-1% 1 0.01931 0.00968 0.00587 0.0044 1.264
NAV-PAC-2% 1 0.02074 0.01112 0,00652 0.,00533 1.153
NAV-PAC-3¥ 1 0.01609 0,00791 0,01117 0.,00554 0.509
NAV-PAC-L4* i 0.00815 0,00566 0.00650 0.,00453 0,227
NAV-PAC-5% 1 0.01894 0,009 0.01156 0.00546 0,701
North

Island 10 0.00473 0.00071 0,00494 0,00078 0.199
Point Mugu 1 0.00328 0,00177 0,00289 0.00149 0,173
Widfey

Island 1 0.00771 0,00248 0.,00436 0.00149 1,157
Iwakuni-MC 1 0.01781 0.,0051 0.02116 0.00447 0.4939
Kaneohe-MC 1 0.00248 0,00105 0,00327 0.,00115 0.507

% Carrier
*® pAircraft do not 'fly!
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TABLE 2

Comparison of Mean Criterion--Continuous Pipeline
With Ports vs. Twisted Pipeline With Ports: 2
Engine Model Type T58GE 8B, 8F

Zi: mean criterion in Continuous Plpeline
Configuration with non-flying/mainten-
ance ports

61: standard deviation of Xi
% X,: mean criterion in Twisted Pipeline
Configuration with non-flying/
maintenance ports
62: standard deviation of fz
Base Spare Stock fl f2 31 52 Test Signifi-
Level Statistic cant?
Adak 1 0.04197 0.04707 0.00581 0.00672 0.5741
Alameda 4 0.01129 0.01008 0.00216 0.00208 0.4035
Barbers
. Point 2 0.00685 0.00770 0.00134 0.00165 0.39989
ubi

Point il 0.02821 0.00169 0.00530 0.00073 4.9569 v
CV-PAC-1% 3 0.01133 0.,03818 0.00331 0.00551 4.177 4
CV-PAC-4¥ 1 0.00315 0.00847 0.00171 0.0034 1.3978
Imperial

Beach 0 0.01559 0.00890 ©.0036 0.00353 1.326
Kadena-AFB 0 0. 023300 0.02111 0500703 0.00655 0.2279
Kauai-

PMRF # ¥ - does not fly - - -
NAV-PAC-1% 1 0.00587 0.02187 0.0044 0.00856 1.662
NAV-PAC-2¥ 1 0.00652 0.01802 0.00533 0.00594 1.441
NAV-PAC-3%* 1l 0.01117 0.00460 0.00554 0.00342 1.009
NAV-PAC-4¥ 1 0.0065 g.01122 ©0.00853 0.00551 0.661
NAV-PAC-5% 1 0.01156 0.02503 0.00546 0.01214 1.012
North

Island 10 0.00494 0.00601 0.00078 0.00069 1.027
Point Mugu i 0.00289 0.00310 0.00149 0.00146 0.10067
Widfey

Island 1 0.00436 0.00435 0.00149
Iwakuni-MC 1 0.02116 0.02605 0.00447
Kaneohe-MC 1 0.00327 0.,00703 @©.0011L5

.00118 0.00526
00575 06714
.00209 1.576

O OO

¥ Carrier
** Alrcraft do not 'fly'




42

TABLE 3

Comparison of Mean Criterion--Continuous Pipeline ,
Without Ports vs. Twisted Pipeline With Ports: ;

Base Spare Stock

Engine Model Type T58GE 8B, 8F

1: mean criterion in Continuous Pipeline

Configuration without non-flying/ ]
maintenance ports

maintenance ports
32: standard deviation of 22

X

%5

[

1: standard deviation of ii

X,: mean criterion in Twisted Pipeline
Configuration with non-flying/

g

Test Signifi-

Level 1 1 2 Statistic cant?
Adak 1 0.04428 0.04707 0.0051 0.00672 0.33
Alameda y 0.01397 0.01008 0.00216 0.00208 1.297
Barbers

Pgint 2 0.01145 0.00770 0.00243 0.00165 1.276
Cub

Point 4 0.01314 0.00169 o0.00414 0.00073 2.72 v
CV-PAC-1% 3 0.01211 0.03818 0.00236 0.00551 4.349 Y
CV-PAC-4% 1 0.006 0.00847 0.00353 0.0034 0.503
Imperial

Beach 0] 0.01163 0.00890 0.00494 0.00353 0.449
Kadena-

AFB 0 0.03174 0.02111 0.00924 0.00655 0.919
Kauai-

PMRF * # - does not fly - - -
NAV-PAC-1% b 0.01931 0.02187 0.00968 0.00856 0.198
NAV-PAC-2% 1 0.02074 0.01802 0.01112 0.00594 0.216
NAV-~PAC-3¥% ik 0.01609 0.0046 0.00791 0.00342 1.333
NAV-PAC-L4¥ ik 0.00815 0.01122 0.00566 0.00551 0.388
NAV-PAC-5% il 0.01894 0.02503 0.009 0.01214 o0.4029
North

Island 10 0.00473 0.00601 0.00071 0.00069 1.293
Point Mugu 1 0.00328 0.0031 0.00177 0.00146 0.078
Widfey

Island 1 0.00771 0.00435 0.00248 0.00118 1.22
Iwakuni-MC 1 0.01781 0.02605 0.00510 0.00575 1.072
Kaneohe-MC 1 0.00248 0.00703 0.00105 0.00209 1.945

*¥ Carrier
¥*% pircraft do not 'fly'
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TABLE 4

Comparison of Mean Criterion--Continuous Pipeline
With Ports vs. Twisted Pipeline With Ports:

Engine Model Type J52P 8A, 8B

»|

maintenance ports

Ql

»
N

standard deviation of X

maintenance ports

al

ot standard deviation of X

i

mean criterion in Continuous Pipeline
Configuration with non-flying/

mean criterion in Twisted Pipeline
Configuration with non-flying/

2
Base Spare Stock ii iz Ul 62 Test Signif:-
Level Statistic cant®

CV-LANT 1% 5 0.00357 0.01909 0.00109 0.00206 -6.6592 v
CV-LANT 2% 5 0.00477 0.01535 0.00081 0.00159 -5.93 v
CV-LANT 3% 0.00750 0.01947 0.00124 0.00204 -5.014 v
Cherry

Point 6 0.00897 0.00838 0.001 0.00078 0.4652
South

Weymouth 1 0.01809 0.01840 0.00153 0.00171 -0.135
Oceana 25 0.02737 0.02624 0.00214 0.00178 0.4059
Key West 1 0.00915 0.00893 0.00272 0.00267 0.0577
Norfolk 2 0.01326 0.01360 0.00226 0.00232 -0.1049
Paxtuxent

Riv 1 0.00116 0.00323 0.0071 0.00183 -0.1895
Willow

Grove 1 0.02324 0.02118 0.00231 0.00204 0.668
Memphis N 0.0036 0.00644 0.00157 0.00241 -0.428

¥ Carrier




VII

RECOMMENDATIONS AND GENERAL REMARKS

The previous section demonstrated the use of SPAERS in

computing performance of repair system configurations.

Based on the runs of two actual repair system, it was
observed that some carriers and ports in a twisted pipéline
perform significantly differently from the same carriers and
ports in the continuous case. The remainder of the system (in
these cases) appeared to perform independently of carrier
behavior.

It was also suggested that the extent to which a carrier
in the twisted pipeline configuration will perform differently
from the continuous one is somehow indicated by the carrier's
failure rate. The nature of the twisted pipeline carrier
activity resembles that of a periodic review inventory system
where each inventory review occurs during a carrier's dock time.
When thils is contrasted with the continuous review analog for
the continuous pipeline, 1nventory requirements for the twisted
pipeline would be higher. If the carrier's flying activity (and
so the fallure rate) is low, the two inventory systems have
similar stock requirements. On the other hand, if activity 1is
high, the periodic review will require more stock to adequately

support its flying.

by
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Stronger statements about expected performances for a
general system would require more extensive investigation.
The authors recommend the following:

1) A variety of systems should be compared in fhis way to
support some general statements concerning carrier activity.
DOD stock levels are adequate for this investigation.

2) NAVMET levels should be used as input stock levels to
SPAERS simulation of repair systems, noting the difference
between this system performance with DOD levels.

3) Ports and their activity with carrier operations should

be considered in analytical spare stock level allocation to

account for their role in carrier performance.

e 4
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AI. Linked Listing/Queue Mechanism

Linked listing is a common technique used in SPAERS
even scheduling. The invariant relation in a linked 1list is
the fact that all the entries in the list are ordered
according to some discipline. The method of ordering relies
on a system of "pointers," or attributes of each list entry
which indicates the address of the next entry in the list.
Each entry is identified by only one address. 1Its position
in the list 1is identified by the "pointers" or system links.

The application of linked lists to computer
information management is crucial to efficiency. A new entry,
for instance, does not require re-shifting any part of the
list. Only two "pointers" need to be changed. Similarly,
removal of an item from the list requires only "pointer"
changes. The expected number of comparisons in a list search
is the same as any other linear search (1/2 N, where N is the
average size of the 1list),

Let the following 1llustration represent computer

1 2!3 s | 5| 6| 7| 8| 9| 10 |e<—address

| <——attribute

{"_——_—I
i

Al
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storage in the form of an array.

A2

For the purpose of this example, ordering attributes

can be event times which will enter and leave the list.

To maintain the list ordering, an auxiliary array is

required.

the entry following it in the list:

0 1 2 3 4 6
Scheduler
9999 [ 11:00 | 11:30 | 11:20 | 11:25
e v-.( i =t
0 1 2 3 4 6
|
Link 1
o 3 0 4 2 1
EMPTY ADDRESS--5
active empty

Note that the linked
active and an empty section.
those addresses whose attributes
empty section consists of those addresses whose

are not part of the active list.

Each entry in this array indicates the address of

<«—address

<«<—attribute
(time)

<—address

<«—attribute

(address of the
attribute
immediately

following)

list may be divided into an

The active section consists of

are in the schedule.

Both sections

The

attributes

are linked

and the leading element of both sectlions can be identified.

It 1s convenient to have the zero entry

ian the Linlk

system so that its link attribute 1ldentifies the address of
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of the leading entry in the active 1list. The 1link of the
final entry in the schedule is back to the zero address, thus
forming a linked cycle. The zero address schedule attribute
should be of a magnitude so that it will always be at the

end of the schedule. In this way, the zero entry acts as a
schedule "anchor" in that any other entry in the list must
preceed it, and 1its 1link attribute always identifies the top
of the 1list. (A special case wortih mentioning occurs when
the zero link attribute identifies ifs own address, signify-

ing an empty schedule list.)

To add an element to a linked list:

1) enter the attribute in the first address availaﬁle
in the empty 1list, retaining the address.

2) change the empty address identifier to the next empty
address.

3) identify the point of insertion for the new item by
searching the ordering attribute list and utilizing
the 1link system. The address of the preceeding
entry will identify an insertion point (B in the
figure).

4) 1link the new item with the old address link of B.

Link B to the address of the new item. Insertion 1is

complete and the invariant relation still holds.




S — — —old link
[IB [ ' new link
it T

|
!
o

To insert N between B and A

In deleting an element N from the list,
1) Locate the item to be deleted by identifying its
address N and the address of its preceeding link B.
(In event schedules, the outgoing item is usually
the leading entry.)
2) Link B to A retaining the address of N.
3) Link N with the address of the first empty element

and identify N as the new first empty element.

Variations on this technique involve the use of
"backpointers'" to facilitate a search which starts at the
end of the list. Other attribute lists may be used to de-
scribe the elements which are found in a specific ordering.

SPAERS event scheduling relies on linked list systems
(later referred to as queues). Engine availability, aircraft
failure, and carrier events are each queued in their own link
systems in order of their schedule occurrence. The leading
entry in each link system 1s the next event which will occur

of that type. 1In order to determine the next event, only the

leading elements of each link system require comparison.
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Alprcraft fallure gueue

Any aircraft which is not in the down state will be
assigned a fallure date. All operational aircraft can be
found in the failure queue and ordered by fallure dates.

Most of the system aircraft are expected to be in an
operational state at any point in time making the active
portion of this queue large. It can be seen that by
permanently addressing the aircraft's failure time by its

actual aircraft number, maintenance of an empty queue can be

avoided.
0 1 2 3 4 5 6 7 «—aj/c number
R T R R
9999 %20 23 »_26 _34 X0 JS_Q «——fail date
0 -} 1 2 3 4 5 6 1
1 "“3”- _..-,;_. “-4—' ‘_E_ 0 7 1 «———alc with next
22 SR fail date

Note that in the above queue link system, aircraft
numbers "2" and "6" are in the down state and are not part
of the link system.

Identifiers used in the failure queue.

ACFAILQFPT (N) 1s the address (a/c number)
which will fail after aircraft N.
ACFAILQBPT (N) is the address of the aircraft

which will fail before N.

ACFAILQBOT identifiles the aircraft number to

PO PreTIe |
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fail last.

BASEQ 1identifies the base location of an a/c.

Availability Queue

Availability Queue sequences the times of engine
availability throughout the system. Since engines are not
specifically identified by number, they have no readily made
address as 1n the case of the failure queue. An engine which
enters the system pipeline as a result of a demand or a
failure is queued in order of 1its availlability date. The
base at which an engine will become available is also an
attribute associated with the address of a queued engine.

Relevant identifiers for this system include:

BASENGAVAIL (N)--the base where the engine
identifled by address N will become available.

ENGAVAILBPT (N)--the address of the engine which
will become available in the system prior to the engine with
address N.

ENGAVAILQFPT--the address of the engine which
will become available in the system after the engine whose
address 1s N.

ENGAVAILQNT--1identifies the address of the first
avallable array position.

ENGAVAILQHOLD--retains addresses durilng
insertion cr extraction.

ENGAVAILQBOT--1dentifies the engine address




AT

which will experience the last avallability date.

ENGAVAILTIME (N)--availability date of the

engine with address N.

Ship queue
Ship queue orders carrier events by date. All - é

carriers will always occupy this queue, since they always

have an event pending. In this case, the carrier number is
k| its queue address.
Identirfiers used in queue maintenance are:
SHIPTIME (N) is the time when the next event
(dock or deploy) will occur for carrier N.
SHIPQPT (N) identifies the carrier which will
experience an event after carrier N.

INSRT and LINSRT retain addresses during

reslinsertion process.
Note that SHIPQPT (O0) identifies the carrier

| with the earliest future carrier event.

Backorders

It was stated earlier that demands that cannot be
leveirled (filled) immediately are logged as backorders to be

! filled on a first come first served basis as engine avail- i

ability permits. This requires that the backorder commit- ]

ments be queued at each base in the order of which they occur.

-
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The queued attribute is that base to which the backorder 1is

due.

In this case, queue insertion always occurs at the

"bottom" of the 1list and removal is done at the "top." Thus

only the leading and the final backordered base address need

to be 1ldentified with the base which logged the backorder.

The mechanism may be pictured as follows:

BOQTOP

r;-) — -L_:—_\* _ e yBoQmMT

.

BOQBOT

BOQTOP (N) identifies (points to) the address of

Base N's first backorder commitment.

BOQBOT (N) i1dentifies the address of the base N's

last backorder commitment. (Note: If both the above

variables are zero for some N, no backorders are outstanding

at that base.)

A special case of the backorder situation occurs

when a base must backorder to itself (its own flying activity).

A self-backorder 1s the same as a downed aircraft, and is

queued as both. Simllar to the backorder case, down alrcraft
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are re-installed in the samé order in which they occurred.
The queuing mechanism has a similar operation to the back-
order mechanism (see page A8). The difference with the down
alrcraft queue 1is that aircraft addresses are actual aircraft
numbers (as in the case of the aircraft failure event
schedule.

DACQPT (N) indicates the next aircraft in some
base's down queue.

DACQTOP (N) identifies the first down aircraft
number at basé N (zero if no down aircraft exist at base N).

DACQBOT (N) identifies the last down aircraft

number at base N (zero if no down aircraft exist at base N).




AII. SPAERS Flowchart

The task of developing a computer program is
facilitated by preparing a layout of the logical flow of
operations. This layout serves as a basis for which the
source instructions are written.

An assortment of symbols for the basic types of
internal operations are used for the preparation of flowcharts.

SPAERS flowchart symbols are as follows:

BEGIN\’— >

ke Phe slot:

Used to denote the beginning or end of the
program. It serves as a point of reference and does
not represent any particular operation.

2. The rectangle:

il

Y=4/X —

Al10




All

Used to indicate an internal operation which
corresponds to one or more assignment statements.
The contents of the box may be either of symbolic/
mathematical form or of narrative form.

A hexagonal shaped box:

S X>0?

Used to describe an internal operation requiring

a decision. The decision point 1s stated as a

yes-or-no question. P

-8
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AIII. Description of Procedures

(1) PLANEFAILEVENT
This procedure 1s invoked at the time an engine fails
which renders an aircraft inoperative.

Nomenclature:

* BASEFAILEDAC--the base number of the base at which
aircraft has failed.

+ DESTINBASE--the base number of the base at which
failed engine 1s to be repaired.

* FAILEDAC--aircraft number of failed aircraft.

+ FATLDEGREE--failure degree of engine

* HD(I)--the highest degree failure which base I can
repair. ('4' denotes no maintenance activity at
base I.)

« LIFENG(I,J)--the number of flying hours before
failure of an engine in the EFh position on aircraft
J. (I =1, 2, + »+ » , N: N £ engine capacity.)

*« NEXTECH(I,J)--base number of base that repairs base
I's degree J failed englnes.

* REPAIRTIME(I)--repair time, in days, of an ;Fh degree
failed engine.

« SHIPNUM(I)--the carrier (ship) number of base I ('O’

if a ground base).

A16
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* STOCKLEVEL(I)--number of serviceable engines on hand

at base I.

CCDIST(I,J)--cumulative distribution of failure

degree of combination code I, i.e., Pr {FAILDEGREE
£J) for 3 = <1, 0, 1, 2, 3.

* DUMMYTIME--time remaining in carrier's deployment 1if -5
BASEFAILEDAC 1is a carrier in 'Twisted Pipeline
Configuration.'

--0 otherwise.
Synopsis:
--Determine FAILEDAC and BASEFAILEDAC from FAILTIME
and BASEQ queues, respectively.
--Remove FAILEDAC from FAILTIME queue by appropriately
rearranging the pointer mechanism.
--Determine FAILDEGREE:
* Generate a random variable, U, uniformly
distributed between (0, 1).
« FAILDEGREE will then equal the largest integer
K, such that {K: U S CCDIST(I,K),
K= 1, 0, 1, 2, 3}). 1 £ combination ¢code of
the aircraft type of FAILEDAC.
--Attempt to make FAILEDAC o~nerational.
« If STOCKLEVEL (BASEFAILEDAC) > 0, then:

1) Remove a repaired engine from stock and

place the engine on FAILEDAC.

2) Determine the 1ife of the engine, LIFENG
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- (1, FAILEDAC) (i.e., number of flying
hours before failure), by invoking the
RNG function proccdure (see (x) below). 1
3) Determine the next failure time (in days)
of the aircraft by invoking FAILGEN
procedure with parameters: (FAILEDAC,
SHIPNUM(BASEFAILEDAC); BASEFAILEDAC)

2 (see (vii) below).
« If STOCKLEVEL(BASEFAILEDAC) = 0, then:
1) Place FAILEDAC in the down aircraft
queue utilizing DACQPT, DACBOT and DACTOP.

2) Record a backorder to BASEFAILEDAC from

Ly T Hp—

BASEFAILEDAC by utilizing BASEBO queue.
L 3) Queue backorder accordingly by invoking
BACKORDQ procedure with parameter:
(BASEFAILEDAC) (see (ix) below).
f_ --Engine Transaction
« If HD(DESTINBASE) > FAILDEGREE, i.e.,
DESTINBASE cannot repalr the englne as in the
case of a port which has neither maintenance
nor flying activity but 1s required to serve
as an intermedliary point for all its carriers
(user option--see Appendix B), then provisions
must be made for demand accounting:

1) The transaction of the falled engine

will be between the port and the
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appropriate maintenance base.
BASEFAILEDAC will demand an engine from
the port immediately in the "Continuous
Pipeline" configuration or at the time
of its next deployment in the "Twisted

Pipeline" configuration.

+ If BASEFAILEDAC cannot repair the failed

engine, 1.e., BASEFAILEDAC # DESTINBASE, then:

1)

2)

Schedule the availability of the engine
at DESTINBASE by invoking AVAILQ
procedure (see (vi) below) with para-
meters: (DESTINBASE, BASEFAILEDAC,
SHIPNUM (BASEFAILEDAC), REPAIRTIME(FAIL-
DEGREE) ) .

(Note: 1In the case of a port which serves
as an intermediary point for its carriers,
provisions are made to include the time
remaining in a carrier's deployment by
using DUMMYTIME.)

If STOCKLEVEL(DESTINBASE) > 0, then
schedule the availability of a service-
able engine of DESTINBASE stock at
BASEFAILEDAC by invoking AVAILQ procedure
(see (vi) below) with parameters:
(BASEFAILEDAC, DESTINBASE, 0,0).

If on-hand stock does not exist at
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DESTINBASE, then record a backorder to
BASEFAILEDAC from DESTINBASE by utilizing
BASEBO queue. Queue backorder accordingly
by invoking BACKORDQ procedure with
parameter: (DESTINBASE) (see (ix) below).
» If BASEFAILEDAC can repair the failed engine,
i.e., BASEFAILEDAC = DESTINBASE, then:
schedule the availability of this engine at
BASEFAILEDAC by invoking AVAILQ procedure with
parameters: (BASEFAILEDAC, BASEFAILEDAC, O,
REPAIRTIME (FAILDEGREE)).
(11) ENGAVAILEVENT
This procedure is invoked at the time an engine 1in a
particular pipeline becomes available as on-hand
serviceable stock.

Nomenclature:

* BASEAVAIL-~-the base number of the base at which an

engine has become available.
Synopsis:

--Determine BASEAVAIL from BASENGAVAIL queue and
rearrange pointer mechanism.

--If BASEAVAIL has a backorder to satisfy, then:
(The following is performed utilizing backorder
queue mechanisms.)

« If the backorder exists to BASEAVAIL, then:
If there are any down aircraft, then:

1) Place engine on first aircraft in down
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aircraft queue.
2) Determine the 1life of the engine (flying
hours).
3) Determine the next failure time of the
alrcraft.
If there are no down aircraft at BASEAVAIL,
then place the available engine in BASEAVAIL's
on-hand stock.

« If the backorder exists to an outside base,
then schedule the availability of the engine
at the backordered base by invokirng AVAILQ
procedure (see (vi) below) with parameters:
(backordered base, BASEAVAIL, O, O).

--If there are no backorders to satisfy, place
avallable engine in BASEAVAIL's on-hand stock.
(1i1i) SHIPEVENT
This procedure is invoked at the time the state of a
particular carrier changes.

Nomenclature:

¢ BASENUM (I)--base number of carrier (ship) number I.

* PORTSCHED (I,J), SEASCHED (I,J)--dock time,
deployment time of carrier (ship) number I during
gth schedule: J =1, 2, ¢ ¢ ¢« , schedule length.
(Note: schedule may be either deterministic or

probabilistic--user option: see Appendix B.)

e SHIPTIME (I)--time of next state change of carrier

s ik b
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(ship) number I.
* STATE (I)--current state of carrier number I.
Synopsis:
--Determine which carrier 1s changing states by

utilizing SHIPQPT mechanism.

) PN S em

--If this carrier's state change is from 'AT SEA' to
YAT POGRT,' then:

[ |

* Determine how long it will be docked and set

e

W SHIPTIME accordingly.
--If the carrier's state change is from 'AT PORT' to
'AT SEA,' then:
* Determine how long it will be at sea and set
SHIPTIME accordingly.
L5 * Carrier's port attempts to restock carrier
£ with the number of engines sent out during
P last deployment plus any backorders from any
previous deployments.
The order of restocking is as follows:
1) Rejuvenate any down aircraft on board
carrier and determine the 1life of the
new engine plus the failure time of the
aircraft.
2) If there are no down aircraft, then
place engine in carriler's on-hand stock.
r If at any time during the restocking the port's

stock 1is depleted, the appropriate number of

ha . .
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backorders are recorded at the port.
--SHIPTIME (carrier) is appropriately queue by

rearranging SHIPQPT mechanism accordingly.

—

(iv) SAMPLE

SAMPLE procedure 1s invoked every SI simulation days

L s |

where SI is the proposed current independent time length

el

(see Appendix B).

Nomenclature:

e NUMSAMPS--identifies the current sample number.

¢ TOTSAMPLES--total number of samples desired
(user option--see Appendix B).

* PASSFAIL (K)--is 1 if samples taken at base K

R N i £ ki B

passed the independence test; is 0O otherwise.

* PASSBASE--the number of bases which passed.

ol

* TOTNUMACB--the number of bases which support their
own flying activity.

* PF--the proportion of aircraft flylng bases which
passed the 1independence test.

* SAMPSEATIME (I,J)--the amount of time which carrier
number I has spent in a deployed state during
sample number J.

Synopsis:

Its main function 1s to segregate average down

aircraft observations into independent observations. If

1 the specified number of samples were taken, SAMPLE

arranges for thelr independence tests.,




(v)

(vi)

A2Y

When SAMPLE 1is called all time distributions and
time related measurements are updated to this point.
The sample number 1is then advanced.

If SAMPLE 1s called to terminate the final observa-
tion (NUMSAMPS = TOTSAMPLES), each base's down aircraft
observations are tested for independence. The results
of the test are found in the PASSFALL array.

The proportion of passing bases is calculated and
then program control is sent to IND_OUT (see (xiv)). If
control returns to SAMPLE, more observations are required
and further sampling is executed.

REPORT

This procedure is invoked at the termination of the
simulation run. Final statistics are reported to the
user.

AVAILQ

Parameters: (BASETO, BASEFROM, SHIPINDEX, REPTIME)
This procedure is invoked from either PLANEFAILEVENT or
ENGAVAILEVENT,

Synopsis:

AVAILQ queues the time at which an engine becomes

avallable at BASETO utilizing the ENGAVAILTIME and

BASENGAVAIL queue mechanisms,

The availability time may be of the form:

* Time of englne avallabllity =

Present time plus travel time from BASEFROM to
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BASETO plus REPTIME. REPTIME can take on any
positive value, For example, in the case of
transporting a new engine from one base to another,
REPTIME = 0. In the case of transporting a failed
engine to be repaired, REPTIME = repair time of
failed engine.

« SHIPINDEX > 0 designates that BASEFROM is a carrier
and 1s sending a failed engine to be repaired at
BASETO. Since a carrier plane failure occurs only
during deployment, an engine cannot be transported
to BASETO until the carrier has docked. Thus,
time of engine availability = SHIPTIME (carrier)
plus travel time from the port of the carrier to
BASETO plus repair time of the failed englne.

(vii) FAILGEN

Parameters: (PLANEN, SHIPN, BASEN)

This procedure is invoked from PLANEFAILEVENT,
ENGAVAZLEVENT or SHIPEVENT.

Nomenclature:

* DAYSTILFAIL--number of days before a failed engine
causes PLANEN to become inoperative,

* FAILTIME--failure time of PLANEN.

* FLYHRS-~flying hours of the engine with the minimum
life on PLANEN,

e FOHM (I,J)=--flying hours per month of aircraft

type 1 at base number J.

A gee— a—
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* LIFENG (I,J)--number of flying hours before failure
of an engine in the IFh position on aircraft J.
(I =1, 2, « » ¢« , N: N = engine capacity.)
Synopsis:

FAILGEN is called at the time an aircraft is removed

from the 'down aircraft' gueue and made operational.

--Determine the position i1 of the engine with the
minimum 1ife, i.e., FLYHRS = LIFENG (i, PLANEN) and
place this engine in the first position.

—-Decfease the 1life of all engines on PLANEN by
FLYHRS.

—--Determine DAYSTILFAIL from the expression FLYHRS/
FOHM (PLANEN type, BASEN).

--If SHIPN > 0 (BASEN is a carrier), then we have to
'pad' DAYSTILFAIL so as to make sure PLANEN fails
during deployment.

--Set FAILTIME = DAYSTILFAIL plus present time and
queue this time accordingly utilizing ACFAIL queue

mechanism.

(viii) DISTRIBUTIONS

Parameters: (BASE, DIST)
This procedure 1s invoked from either PLANEFAILEVENT,
ENGAVAILEVENT, SHIPEVENT or SAMPLE.
Synopsis:

DISTRIBUTIONS 1s called at the time the present stock

level, number of backorders or number of down aircraft
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is about to change at any base.
DISTRIBUTIONS updates the weighted time frequency
distributicn and the area under frequency distribution
curve at BASE,
Measurements:
1) STOCKDIST (I,J) = the amount of time spent

at stock level J at base 1.

Stock Level 4
at 3_l
Base [ |
|
2 I
|
|
1 B
| : |
A i G D
0 1 ! by
e e Time
'o t ty ty t, ;
at time E, STOCKDIST (I,l) = (tl - to} +

(tg = t5) + (t = t),
2) STOCKAREA (I) = area under the frequency
distribution curve of base 1I.
See above figure:
at time t, STOCKAREA (I)
= (tl-to)-l + (t2-tl)-2 + (t3-t2)-1

+ (tu-t3)-0 + (t-tu)-l

=A+B+C+0D

o et T
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A28

BODIST (I,J) = the amount of time spent at

backorder level J at a base I.

BOAREA (I) = area under the frequency
distribution curve of base I.

DACDIST (I,J) = the amount of time spent at
down aircraft level J at base I which has
flying activity.

DACAREA (I,K) = area under the frequency
distribution curve of base I which supports
flying activity during sample K.

By dividing the total simulation time in
equal samples and testing for independence
among the samples, we hope to perform
statistlical analysis on the 'criterion value'
at each base which is obtained directly from
DACAREA, The test for independence among
samples 1s crucial for obtaining variances
and confidence intervals (see Appendix D for
a discussion on the independence test).
(Note: criterion value = average down

aircraft at base i / total number of aircraft

at base 1.)




!

Down ACFT

+ >
to t, t t3 t‘ ! Time

lc— sample1-—+:‘—— sample 2———<«sample 3—

at time t, DACAREA (I,1) = A + B
DACAREA (I,2) = B' + C + C!
DACAREA (I,3) =D

DIST is the parameter that indicates which calcula-
tions are to be performed. The values it may take on
are as follows:

* 'STOCK'--indicates stock level measurements are to

be updated.

* '"BO'--indicates backorder measurements are to be

updated.

* '"DAC'--indicates down aircraft measurements are to
F be updated.

(1x) BACKORDQ
Parameter: (BASE)

This procedure 1s invoked from PLANEFAILEVENT when a

backorder 1s recorded at BASE.

BACKORDQ appropriately queues the backorder,

s —
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(x) RNG
Parameters: (MEAN, U)
This function procedure 1s invoked from either
PLANEFAILEVENT, ENGAVAILEVENT or SHIPEVENT.
Synopsis:
RNG returns an exponentially distributed random
variable with mean MEAN. .
This is achieved by using the "inverse transfor-
mation" technigue of random number generation:
» Generate a random number, U, uniformly
distributed between (0,1).
* Return the value of F'(U) where F'(U) = inverse

of the exponential distribution function.

RNG 1is used to generate the number of flying
hours untii failure of an engine on an aircraft.
MTBR of the combination code of the aircraft, where
MTBR = mean time between removal, is the argument
which corresponds to MEAN,

(x1) SHIPTIME_RNG
Parameters: (MU, SIGMA, U)
This function procedure is invoked from SHIPEVENT.
Synopsis:

SHIPTIME_RNG returns a normally distributed

random variable with mean MU and standard deviation

SIGMA.

This 1s achieved by using one of the most
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efficient stochastic variate generation techniques
for a normally distributed random variable. This »
technique, like most random number generation 1
techniques, is based on the generation of a random
number, U, uniformly distributed between (0,1).
SHIPTIME RNG is used when probabilistic 'dock'
and 'deployment' carrier times are desired (user
option--see Appendix B).
The arguments corresponding to MU and SIGMA for
each carrier are user inputs.
(xi1) SAFETY_STOCK
Parameters: (LAMDA, C)
This function procedure is invoked once for each base
during the initialization stage.
Synopsis:
SAFETY_STOCK returns the largest integer, S,
such that:
Probability {x £ s} 2 ¢,
where x is defined as the number of engines 1in
resupply. We assume that the probability distri-
bution of x 1s Polsson with mean LAMDA. Thus, C is
the desired probability of having no outstanding
backorders at an arbitrary point in time.
* LAMDA = Daily Demand Rate x Average Resupply . 1

Time

* C i1s a user input for each base.
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SAFETY_STOCK 1s used in the event a 'DOD-

requirement' calculated spare stock level is desired
instead of a user inputed level (user option--see
Appendix B).
(x11i) IND_TEST
Parameters: (DACAREA, CRIT_BASE)
IND_TEST is a function procedure invoked from SAMPLE.

Nomenclature:

* XBAR--the averagc of all sample values taken at
the base.

* DACAREA--a one dimensional vector in this proce-
dure consisting of ordered sample observations.

* CRIT_BASE--the base whose observations are being

tested.
2
e SUM l--the statistic Z(Xi - X4,44)
* SUM 2--the statistic J(x; - x)2
+ CN(K)--the statistic SUM1 _ at base K.

OIS TH
Synopsis:

IND TEST tests the observations at CRIT_BASE for
independence and returns a value of "1" if the series
is independent and "O" otherwise.

IND_TEST uses Flshman's technique of time series
independence testing [3] (see Appendix D for
discussion).

(xiv) IND_OUT

IND_OUT 1is 1invoked from SAMPLE, and determines
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whether enough bases have passed independence tests (user
option)

Nomenclature:

* NUMFAILS--the number of times the independence
test has failed.
¢ LIMTEST--the user's 1limit on number of tests
desired.
Synopsis:

If user specifications were met, test results
are printed, listing number of samples, sample
interval, bases, their pass/fail status, and its
test statistic calculated by IND_TEST. The report
of entire simulation statistics then follows.

Otherwise, i1f more tests are allowed, successive
observations of downed aircraft are pairedland
regrouped, sample intervals are doubled, and
TOTSAMPLES/2 more samples are regrouped. Again test
results are printed as in the above paragraph.

If the 1limit on tests was reached, test results
are printed in addition to some warnings and
suggestions for achieving acceptance of independence,

A report 1is then printed.

(xv) RES_OUT

RES_OUT is 1nvoked from IND_OUT. It simply prints
the results of the independence test each time the test
is performed. It includes the base name, a pass/fail

status, and the CN test statistlic for each base.
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APPENDIX B: User Instructions for Data Input




Through the specification of the input values, many
options in the system structure, performance and control are
avallable,

Input information is in the form of a stream of data
cards. Data can appear in any column but‘a blank must follow
each piece of data. Quotation marxs are required for some
data inputs (shown on example card). The data cards must be
in the order given below.

Instructions for coding along with an example 'coded!'

card are provided below:

Data Set #1l: System Attributes

(one card)

t352e" '"NARF JAX' 16 3 296 6 2 2 30 30

| | AR v SRl e oY DR e -
(a) (b) (e} - (&) “Gey (2) (&) (h) &) A3

(a) Engine model type for which system is being simulated
(no more than 20 characters long).

(b) Depot name (no more than 20 characters long).
(c) Total number of bases.

(d) Total number of carriers, if Twisted Pipeline Configur-
ation 1is desired:

"O" if Continuous Pipeline Configuration is desired.

Bl
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O

(e)

. (f)
L (g)
: (h)

[ )

(1)

B oy
)

()

Total number of aircraft (number of aircraft at some
bases may not be an integer and should be rounded up
when figuring total number of aircraft in system).
Total number of aircraft type.

Total number of NAVY combination codes associated with
system,

Tne maximum engine capacity of all aircraft in system.
The maximum schedule length of all carriers (carrier
schedules are discussed in the explanation of Data Set
#6), in Twisted Pipeline Configuration.

"O" in Continuous Pipeline Configuration

Total number of samples. This quantity is used for
statistical analysis purposes and must be a number

divisible by 2. The larger the value entered, the higher

the confidence in the simulation output data along with
a higher cost associated with a longer computer run,

This quantity should be at least 20 and a value of 30 1is
usually adequate,

Data Set #2: Base Random Number Seeds

(As many cards as needed)

(a)
(b)

(k)

.09225305 +E65I0T00L © ¥ & & & ¢  JO503A5127 & » @
I I |

(a) (b) Sl e es e e (k) bk 3

Random number seed for base #1.

Random number seed for base #2.

Random number seed for base #k.
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k=1, 2, 3, » » » , total number of bases
Each value entered must be a 9-digit number between

"0" and "1" with an odd last digit.

Data Set #3: Analysls Parameters

(one card)

90 2 0 1.65 .05 2.045 .05

ns peoi l l I I
SR DR S B (£) ()

Before any statistical analysis can be performed on
the cobserved values for each base's 'criterion' (= average
down aircraft/total number of aircraft), the variances of
these observed quantities must be estimated. The problem
arises from the fact that the data are serially correlated
(that is, time dependent). In other words, if we let
x4 () = number of down aircraft at base 1 at time t, then
xi(t + s) could be dependent on xi(t) and xi(t) could be
dependent on xi(t -~ s) and so on. The simple formulas for

computing sample varlances are based on independent

observations. It would seem reasonable to say that there
may exist a value 's' (sometimes very large) such that

xi(t + s) is independent of xi(t). If we could find such a
value 's' and then took observations 's' time units apart,

the values obtained would be independent and the simple

ey

as
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varlance formulas would be applicable.

For a given value of 's,' SPAERS tests the null
hypothesis for each base 1, that xi(tl), xi(tz), xi(t3),
SN T xi(tn) is 2 random stream (i.e., xi(tJ)'s are

independent) where t‘+l - tJ =8 for 4 = 1,25 & & e SNie 1
J

and N = total number of samples specified on Data Set #1.
The test of independence is said to have 'failed’ if the
null hypothesis 1s rejected.

The technique employed in testing the null hypothesis
and choosing a new 's' if the test fails is outlined in

Appendix D.

(a) Initial length of sample interval. This quantity
represents the user's guess to the value of 's.' If the
Zest of independence using this value of 's' fails, then
's' is increased automatically in the program, more data
are collected, and the new 's' is tested for independence.
This procedure is repeated until the test of independence
passes or the 1limit of tests performed is reached (item
(b) on this card). An initial guess would be to set 's'
equal to twice the maximum depot cycle time of all
bases. Since depot cycle time is typically the longest,
the system performance is probably most affected by
depot activity. Thus, by letting s = 2 ¢ maximum depot
cycle time, we are allowing for the system to 'flush!
itself out.

(b) The maximum number of independence tests to be performed.
SPAERS is constructed so that the total number of samples
specified on Data Set #1 1s constant no matter how many
tests of independence are performed. For each successive
test performed, sample interval 1s actually doubled (see
Appendix D), Thus, actual simulation time = Run-in
period + total number of samples x initial sample interval
(1tem (a) above) x 2k-1 days, where k is the number of
tests performed. The purpose of including this quantity
is to provide an upper bound and hence a stopping
criterion (in the interest of computer time) if inde-
pendence may not be found within a reasonable number of
times.

If twice the depot cycle time 1s used for the

Jroven
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initial sample interval, then more than 3 independence
tests should not be executed without further investi-
gation into the reasons for 'high dependence.'

In general, if a small initial sample interval is

of rejecting the null hypothesis initially, so more inde-

pendence tests should be allowed.

(¢) 0, if all bases are required to pass independence test.

Base number of a 'critical' base which is believed to be
the highest candidate for failure of independence. In
choosing a 'critical' base it is the belief that if this
base passes the test for independence, then it is
reasonable that the remaining bases would also pass the
test. Thus, 1t 1s only necessary to require that the
independence test pass at the 'critical' base.

(d) and (e) Parameters for the test of independence.

Let z denote the value entered in (d) and a the value
entered in (e).

Then, z is the 1 - a significance point of the standard
normal distribution.
Graphically:

Z is the test statistic and a is the significance
level for testing the aull hypothesis, H , that x(tl),
x(t,), ¢ = ¢, x(ty) are independent.

First, the user must choose a significance level a.
We note that:

o = Probability (rejecting Hy when Hy 1is true). A
small o level means that there 1is a higher probability
of accepting H, when it 1is false and would lead to an
underestimation of the varlance of Xjy. On the other
hand, a large o level means that there is a higher
probability of rejecting H., when 1t 1s true and would
lead to a less efficlent estimate of the confidence

chosen (< 2 x depot cycle time), there is a higher probability
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interval of Xy.* Significance levels of 0.05 and 0,10
are typically used. Levels smaller than 0.025 and
larger than 0.25 should be avoided.

Z 1s obtained from standard normal tables such that:
Probability (standard normal £ Z) = 1 - a.

It would seem reasonable to accept the hypothesis of
independence for all bases if: the number of bases that
failed the test of independence divided by the total
number of bases tested 1s less than a, since there is an
error 'a' of rejecting Hy. This is in fact the passing
criterion for system independence used by SPAERS.

and (g) Confidence interval parameters,

Let t denote the value entered in (f) and y the value
entered in (g).

t and y are used to compute confidence intervals on the
mean criterion at each base.
Interpretation of t and y 1s as follows:

(1) PriL, S u 2L} =1-7,

where: L] =X - &5
’ /n
Ly=x+ £
/n
H = true mean
and, X = sample (observed mean)
S = sample standard deviation
n = number of samples observed
t = 100(1 - ;) percentile of

the student's t-distribu-~
tion with n - 1 degrees of
freedom, *#
In short, equation (1) defines limits L. and L, such
that there 1is 100 (1 - y)% confidence that the trué mean

lies between these bounds,
Commonly used values for y are 0.05 and 0,01 to give

* Reference [3], page 7.

¥* Refererce [U4].




(a)

(b)
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a "confidence interval" of 95% and 99%, respectively.
Once a Yy level has been chosen, a t value may be
obtained from t-distribution tables., t 1s chosen such

that: %

Pr{x $ t} =1 - %
where x is a student's t-distributed random variable with

n - 1 degrees of freedom. (n = total number samples;
entered on Data Set #1.)

Data Set #4: System Combination Codes

(As many cards as needed)

102 104 O G G 108 OO

| l I
(a) (b) Ao e (k) e

Navy combination code. Throughout the remainder of this
section and in the simulation, CC1l02 will be indexed by
a Ill."

Navy combination code. Throughout the remainder of this
section and in the simulation, CCl04 will be indexed by
a "2.H

Navy combination code., Throughout the remainder of this
section and in the simulation, CC108 will be indexed by
a "k. n

k=1, 2, 3, « » + , total number of combination codes
in system

Es

o
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Data Set #5: Aircraft Type Attributes

(one card for each aircraft type)

'AGE" 2 2

l I I
(a) (®) ()

(a) Navy aircraft type name (no more than 7 characters long).
(b) Engine capacity.
(c) Combination Code index (see Data Set #4). In this case
the combination code of AGE is 104,
For the remaindér of this section and in the simu-
lation, an aircraft type will be indexed by the order number

in which it was 'inputed.'

Data Set #6: Carrier Attributes

(one card(s) for each carrier)

0 0 0 1L Y 5 15 20 60 10 30 10 15
ol R e e = s
|

(a) (b) (ec) (d) (e) (f)

(a) Mean ‘'docking' time (time spent in port) in days, if
probabilistic times are desired;

0, 1f deterministic 'docking' times are desired.

(b) Mean 'deployment' time (time spent at sea) in days, if
probabilistic time are desired;

0, if deterministic 'deployment' times are desired.
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(c) Standard deviation (in days) of docking and deployment
time' 1s probabilistic times are desired;

0, if deterministic docking and deployment times are
desired.

(d) 0, if probabilistic carrier times are desired. Docking -
and deployment times will thus be random variables,
normally distributed with mean (a) and (b) and standard
deviation (c). o

1, 1f deterministic schedules are desired.
(e) 30, if (d) is equal to 0;

The desired number of times before deterministic schedule
is repeated, if (d) 1s equal to 1. “

The two numbers in (e) have different meaning and
should not be confused. In the probabilistic case, we
need to know the future docking and deployment times when
determining a failure time for an aircraft since a
failure during the 'docking' state is not permitted
(aircraft does not fly). Thus, the number entered in
this case indicates that we may be safe in not scheduling
a failure during the 'docking' state if this number of
future docking and deployment times are known. The
number 30 is sufficient for MTBR (mean time between
removal) = 226 but should be increased if a MTBR much
larger than 226 is used.

On the other handy, the deterministic schedule
repeats in cycles and thus knowledge of future carrier
times 1s present at all times. The number entered here
thus, designates the schedule cycle length or in other
words, the number of schedules in the deployment (docking)
cycle,

A probabilistic schedule may be desired when a
particular carrier has unusual but consistent and/or
required deployment and docking times, as may be the
case during wartime. y

(f) a blank, i.e., no numbers entered, if (d) equals 0;

Docking time of first schedule,
Deployment time of first schedule,

Docking time of ith schedule,

Deployment time If ith schedule, where 1 = 1, 2, « + ¢ | '
schedule length (value entered in (e)), if (d) equals 1. !

(Note: docking time = time spent in port; deployment

time = time spant at sea,)
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The order of the cards of Data Set #6 should be the
same as the ship numbers of the carriers (see Data Set #10
for ship numbers).
(Important: Data Set #6 is omitted if item (d) on Data
Set #1 equals 0, i.e., Continuous Pipeline

Configuration,)

Data Set #7: Mean Time Between Removal (MTBR's)

(As many cards as needed)

187 226 e o o 3)42 e o o

I I l
(a) (b) S (k) =

(a) MTBR ascociated with the combination code indexed by 1
(see Card Set #U4).

\\(b) MTBR associated with the combination code indexed by 2.

(k) MTBR associated with the combination code indexed by k.

e o o , total number of combination codes




Bl1l

Data Set #8: Combination Code Maintenance

Probabilities
(one card for each combination code) %
S EG .362 .230 115 o117
I l l | I
(a) (b) (c) (d) (e)

Probability that, given an engine failure, the
degree of maintenance is:
(a) 3rd degree
(b) 2nd degree
(c) 1st degree

(d) (-1)st degree (maintenance performed at depot on a 1lst
degree failed engine)

h

(e) overhaul or 0t degree,

The order of the cards of Data Set #8 should

correspond tc the index of the respective combination code(s).

Data Set #9: Engine Repair Times

(one card)

19 19 24 23 30

l I | l l
(a} (B} (&) (&) (e}

The repair time (in days) required for the following
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degree maintenance:
(a) 3rd degree

(b) 2nd degree

u (c) 1st degree

(d) (-1)st degree

il (e) overhaul or oth degree.

Data Set #10: Base Synopsis

(one data set for each base)

Data Set #10A: Base Attributes

(one card)

LI 'CHERRY POINT' b 0 0 2 0 - 3 1 .01 2

I e e Ul W e VIR S e SRR
(a) (b) (c) (d) (e) (£) (g) (h) (1) (J) (k)

(a) Base name (cannot exceed 20 characters in length).

{ (b) Base number or the order the base's data set, In this
example, CHERRY POINT is the 4th base to be read.

[ (¢c) Carrier number or the order in which it is read in
-3 comparison to other carriers, if the base is a carrier
and Twisted Pipeline Configuration is desired;
IA 0, if the base 1s not a carrier or if the base is a
carrier but a Continuous Pipeline Configuration is
i desired.
(d) 1, if base is an ‘tacting' port;

,‘ 0, otherwise,
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'Acting' port 1is defined as a port which serves as
an intermediary point for all engine transactions between 4
its carriers and the appropriate higher echelon maintenance =]
bases.

This concept was introduced to allcw for the
3 inclusion of a base which neither supports flying activity
3 nor maintenance activity but serves as a port to one or il
several carriers, This type of base, in many cases, is -3
currently ignored in the analytical models. The reason for

i,

this is that the pipeline length from a carrier to base
say, 1is equal to the sum of the pipeline length from a carrier
to 1ts port and the pipeline length from that port to base 1.

The pipeline lengths in a continuous pipeline configuration

remain constant and since this port supports neither flying
nor maintenance activity, it serves no computational purpose.

On the other hand, in the real world system this type of

port does serve as an intermediary point and although its
exclusion may have no apparent effect in the analytical
model, the potential hazards in a twisted pipeline configur-
ation are worth noting.

Excluding this port in a twisted pipeline configur-
ation would mean to consider the carrier's next echelon
maintenance base as 1its port. Thls would mean that this
tartificial' base has accesslbility to the carrier engines
that were in repair at the time of a carrier departure from

port but have become available as serviceable on-hand stock
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since. This accessibility would last until the time of the

carrier's next deployment (i.e., the time remaining in

present deployment plus the time spent in port). Further-
more, the fact that this base employs the carrier engines
increases the probability that the carrier will depart with
backorders. These factors will, of course, affect the
performance of the system, especilally if this base serves
as the maintenance activity for many other bases,

Even in the continuous pipeline configuration, the
artificial port should be avoided, since increasing the spare
stock level at this port to compensate for poor carrier
performance would have similar effects to that of the twisted
pipeline configuration: this port would have accessibility
to these engines when not in demand from the carrier.

It is the belief of the authors that all "real"
ports should be included whether continuous or twisted
pipeline configurations are desired since their inclusion is
meore representative of the real-word system. These "real"
ports would, as noted, have a "1" under item (d) (a "O"

would be entered for artificial ports).

(e) number of aircraft type.

(f) base number of the base which serves as a port for this
base, if this base is a carrier and Twisted Pipeline
Configuration 1s being employed;

0, 1f base 1is not a carrier or Continuous Plpeline
Configuration is being employed.

(g) 0, if it 1is desired to have the program compute spare
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stock level for this base, using the DODI 4230.4
calculation;
1, if it 1s desired to 'input' the spare stock level.

(n) 0, if (g), above, is at level 0.

Bomd  eed e e

Desired spare stock level, if (g), above, 1is at level 1.

il

(1) A desired probability of having no outstanding backorders

at an arbitrary point in time, if (g), above, is at -
Tevel Fgi
; 0, if (g), above, is at level 1. o

(J) Desired criterion. -
(k) Weight of importance relative to other bases. (A desired %
criterion of 0.01 at base i and 0.02 at base j would mean
that base i is seen as being twice as important as base j

and consequently the weight of base 1 would be twice that
of base j.)

Data Set #10B: Base Maintenance Activity

(one card)

7 7 6 8

I | I | l
ta}) () (e} (@) (e

Maintenance activity (base number) of this baée's
engine failures of degree:
(a) 3
(b) 2
) 2

(d) (-1) (always the same as (e))

B

(e) overhaul or 0




B16

(Important: 1) For a carrier which 1s assoclated with a
base having ‘'acting' port indicator equal

- to 1 (see Data Set #10A, (d)), the values

-.1 entered for degree failures unable to be

L E maintained by the carrier should correspond

to the base number of its ncting' port (i.e.,

‘B the base with 'acting' port indicator equal
to 1). Similarly, the values entered for

: degree failures of a base with 'acting' port

base number of the appropriate carrier

maintenance base.

'[2 ' indicator equal to 1 should correspond to the
[ 2) For a base which does not support flying

activity, its base number should be entered
l} under its highest repair degree and "O"

everywhere else.)

{E Data Set #10C: Base Travel Times

(As many cards as needed)

I 0 0] 0 10 3 e« o o 0 e« o o
I l | I l I
[ G B (o) @) ey » v 7 S &
[E Travel time (in days) to:
[ (a) Base #1
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(b) Base #2
(¢c) Base #3
(d) Base #4

(e) Base #5

(k) Base #k

K=1, 2, 3, « * ¢« , total number of bases.
(Note: Travel time from base 1 to base i is,

of course, equal to 0.

Ail carrier in Twisted Pipeline Configuration

have 0 travel time to all bases in system.)

Data Set #10D: Base Aircraft Type Attributes
(one card for each aircraft type)
1 27.29 e}
| | |
(a) (b) (c)

(a) The order number or index of aircraft type (see Data
Set #5).

(b) Flying hours per month per aircraft of thils type.

(Note: Given the fact that carriers in Twisted Pipeline
Configuration may only support flying activity
during deployment, this value is adjusted in the
program such that the average total flying
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activity in both the Twisted and Continuous
Pipeline Configurations are the same.)

(¢) Number of aircraft of this type at base,
(Non-integer values should not be rounded up. The
program performs the 'roundIng up' of number of aircraft
and adjusts the flying activity such that total flying
activity is the same.)

Set

Set

Set

Set

Set

Set

Set

Set

Set

Set

#2 -

#3 -
#4 -

#5 -

#6 -

#T -

#8 -

#9 -
#10-

Summary

System Attributes (one card)

Random Number Seeds (one for each base; as
many cards as needed)

Analysis Parameters (one card)

System Combination Codes (as many cards as
needed)

Aircraft Type Attributes (one card for each
aircraft type in system)

Carrier Attributes (one card for each carrier;
this set is omitted in Continuous Pipeline
Configurations)

MTBR's (one for each combination code--in
same order as Data Set #4; as many cards as
needed)

Combination Code Maintenance Probabilities
(one card for each combination code--same
order as Data Set #4)

Engine Repair Times (one card)

Base Synopsis (one data set for each base)

o et i 2

e A o il £ 0 i



Data

Data

Data

Data

Set #10A

Set #10B

Set #10C

Set #10D

B19

Base Attributes (one card)

Base Maintenance Activity (one

card)

“«r

Base Travel Times (as many cards

as needed)

Base Aircraft Type Attributes
(one card for each aircraft type; -t
data set omitted if base does not

support flying activity)

S S SO .s‘
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CI. Performance Measures: Data Output

At the end of the simulation run statistics summar-
izing the performance of each base and the overall system
are reported to the user.

A discussion of these performance measures follows:

* Ready Rate 1s the probability that no backorders exist at
1 ; any one point in time, If we let NI represent net
| inventory: that is, on-hand stock--backorders, then
ready rate is gliven by
Probability {NI 2 0},
Expressed in another way, ready rate is the proportion
of time the base has spent in a state of '0 backorders,'
or equivalently, the proportion of time spent in a state
of 'net inventory 2 0.!
« Fill Rate 1s the proportion of demands that can be satis-
fied immediately. Equivalently, fill rate is the
probability that an engine is available when a demand
occurss ‘Thus, £fill rate is glven by

Probability {NI > 0},

We note that Ready Rate = Fill Rate + Pr{NI = 0},
Expressed in another way, fill rate is the proportion of
time the base has spent in a state of 'net inventory 2 1.! i

Cl
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* Immedliate Satisfaction Rate is the proportion of demands

that were satisfied immediately during the simulation
run., Immediate satisfaction rate is a measure of

‘ frequency: total number of demands satisfied

93 immediately/total number of demands., Fill Rate is a

measure of time.

g

! Note that as time + =, Immediate Satisfaction
Rate + Fill Rate.

L : * Average On-Hand Stock

STOCKAREA (base 1)
simulation time

This quanfity is obtained from
(see section B. (2)(viii)).

* Average Backorders

Similarly, this quantity is obtained from

§ BOAREA (base 1)
simulation time

e Average Backorder Time 1is defined as the average time until

a backorder 1s satisfied,

* Average Down Aircraft

DACAREA (base 1)

This quantity 1s obtained from Sinalation time

* Average Down Aircraft Time 1s defined as the average time

a down aircraft remained inoperative.

average down aircraft

[ * Criterion 1s defined as ¢otai number of aircraft

The standard deviation along with a (1 - a)% confidence
interval are reported.

(o 1s a user input--see Appendix B.)

e Non-Zero Distribution Values for net inventory and down

i aircraft are reported. Distribution value of a variable
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is defined here as the proportion of time the variable

spent at some level 1.

--For a base which repairs only its own engines, the back-~
order and down aircraft statistics are equivalent.

--Down aircraft statistics are omitted for bases with rno

'flying activity.'

--Special provisions must be made for the reporting of a
base which serves as a port in the Twisted Pipeline
Configuration. The two events: backorders > 0 and
on-hand stock > 0, are mutually exclusive for all other
bases since backorders must be satisfied at the time an
engine becomes available, In the case of a port, the
carrier for which 1t 1is backordered to may be in deploy-
ment state when an engine becomes available and thus,
the possibility of on-hand stock > 0 and backorders > 0.

Because of this characteristic, it would not make
sense to talk about net inventory at a port since 'net
inventory' = 0 could mean on-hand stock = 1 and backorders
= 1, or on-hand stock = 2 and backorders = 2, etc. Thus,
non-zero distribution values are reported for 'on-hand
stock' and 'backorders' separately.

Furthermore, the 'ready rate' and 'fill rate' are
omitted since these measures have no meaning under the

'unique' conditions of a port in the Twisted Pipeline

Confilguration.
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* System Performance

The criterion value obtained from the simulation

run is compared to the desired criterion (user input--

see Appendix B) fcr each base with flying activity.

Furthermore, two system measures are reported:

)

(2)

System Performance is defined as:

average down aircraft at base 1
1 s

e~

i

=

number of alrcraft at base 1

Il o~

i=1
where k = number of bases with flying
activity.

Weighted Average Performance is defined as:

Kk
1 W Criterion of base 1

;1 1

p |

n

where w1 = welght of importance of base 1

(user input--see Appendix B).




CII. Example Listing of SPAERS Output

The format of SPAERS output 1is as follows:

First, a report of system parameters is printed.
This serves as a check for user input errors.

The spare stock level for each base along with an
indicator to whether this level was an input or a DODI-42304
calculation is reported next.

A synopsis of each test for independence follows.
The synopsis inciudes the number of samples, the sample
interval, the pass/fail status for each base and the value
of its test statlistic for each test performed, If the 1limit
on tests 1is reached, some warnings and suggestions for
achleving acceptance of independence are also printed.

Finally, performance measures for each base followed
by system measures are reported.

An example of SPAERS output follows.

C5
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o~




e

best available copy.

\ Reproduced from

_— =3

- ——

- —

[ 00°4% 00°0% b4 401 CSTH
0 c (% 0 0 :3wll 3AvVEL 00°21 CG° 0% 4 4501 39v
Gl s1 91 91 b4 t# 3svy|
IMNVHLSA0 HO/930-LST 23C-1ST 93G-CONZ 9230-Ck€ $I3A37 INT9W] 142V # 132V /Ch /Hd vdn 92 3¢Al
====S31 11A}13Y FINVNIIANI]IVH====laeece-c==-57J]¥§y130 13VE2Y1]y======
S3A =¢ALIAILIOV ONIATS € =33%930 ¥Ivd3d 1SIHOIH
9l# 3SVE :1¥0d Seddle¥vd
LS°9 =3WIl1 %200 NV3W 2 ¥ u3lyevd
CO®CZ =3wll - ¥3S NV3W 2 :# 3SvS
Z=INVI=-A) :3n¥N 2S%3
I 00°% co°0% b4 401 09N
0 o} 0 0 0 :3WIL 13AVR2LI 00°21 00°0% 4 401 9y
91 51 91 9 1 # 3svel
ANYHYIAD KO/S3G-LST 930-1ST 93G-QNZ 23G-03¥E $I3A37 INIVW] 14 # 152V /U /HS vdén 20 3dAl
e SR B UG (IR AR ) e G AR BT ERGO (Aot oo S R S U R T R U R R R R
S3A =LALIAILIV ONIATZ € =33%930 ¥Ivd3¥ 1SSHOIH
914 3SVE :1d0¢ Se+¥3Jd%7I
L9°9  =2iIi %300 NV3w 1 :# ¥3layvd
CC°0C =3R11 V3$ NV3Y 1 :# 35ve
1=IN7T=A3 :23WEN ZSVE
CG°uE 00°€2 00°%2 00°61 0061 :3wltelvaeln
Gl1%¢ 601°0 612°0C 12€°0 oLt 1INIVA €02d
MNTHEIAU HO/93C=-1S1 920-1S1 930=-GN2 93C-UvE $I5A37 INIVA
00°622 =(aSNI *INIINCia %Cl =2)
cCect 00°¢2 00°%¢ 00°61 QU el :3Wllelvdia
L6 §11°0 0¢£2°C 29€°0 S11°0 tINIVA H0bg
INVERIAC 10/930-1S1 930-1S1 930-0M2 930-02E TISA3T INTVW
00°Lt1 =(gSNL °*ONT Y < 201 =22
(3NI1T3d1d G31SIM1
Y34v8 a26F  I300W=3dAl SNIONF 30 XYL S8¥UN =10d20 ¥0J sxN1INBLS wW3ILSAS




™
u o n 3 u.,n ”.,h ; .n »i‘u : n ! m § ok ¢ n § @ i ¥ § o L . it e -
4
ot el L L 0 TIWIL 3AVAHL 0021 (URR ¥4 1 201 4y
4 61 51 9 9 g 2# dswvid
MNTHC2AD HO/OC0=15T Su0-1ST 93C-0GNZ 93G-0¥¢€ $3A3T ANTVR 14DV ¥ 142V/UN/HI vdn b} 3¢Al
== ==5S 31 :iAMILI3SY S3INMVYNILNIVRKS===-|-========5731%V 130§ 1dV 388 1]V~-====-=
§ S3IA —¢ALIAILIV ONIATI € =334930 ¥Ivd3a LSZHOIH
0 & 1¥Cc 9ONILOIV
0 3 ¥IIuwv
S tm 3SVE
HINCWKASM HINCS :3AVYN 3STE
, 3 00°9 52°862 b4 401 vovs
(o ¢ ct 9 s} 0 00° 6% 62°i2 b4 401 397
51 <1 S %1 51
WVH=IAD HC/O50=-1ST 9320-1ST 93G-CNZ $2C-0ut 130V # 132V/0n/HS vdn 33 3cAl
- = ~=5 3 L & LANTITLIYV FJINVNIILN - -=-=-===-=-5$171VvV 13C 13Vdgl2vlilv-=-----
S3A =¢ALIATLOV ONIATS % =33¥93CQ ¥IVd3Y LISIKOIK
0 gy 1%0d ONILIV
C :# ¥3luyyvd
% iy 35v8
INIOd AS¥3HI) :3ATN 35VvE
'8 | 00°% 15°9% - 2 0 Q9% %
4 0 (o ¢} 0 0 $3WIL I3AYGLL 00° 2t 00°G¥ 2 »Cl 9oV
91 91 91 S 1 c t4 3SyR|
INYHEIAT HG/93C=15T 95C-4ST 93G-0GNZ 93G-QHdE $I3A37 INIVA| 140V # 132V/0in/ H4 vdn 39 3¢A L
-~ == =533 1 1A1132%7 SOINVNSILNIVYVA==-=-|a==c=caoca=571%vv130 14V053281V=====

i STA —ZALIALLIV ONIATS € =529930 d91Vds¥ iS3HOIH
Q1# 3Sv8 :1¥0d S¥31aBV3
LY*S  =3nll XILO N5 € 31 ¥uV)
CC*C2 =3wil v3S NVIA % ¥ 3SvE

€=INVI=AD :3a%N 3SVE




- =~ — ———— - Y - —— - -~ -~ - - -

Tt e - - H $3NIL SAVYL) ce8 01°6¢ b4 401 vor:s
S1 < z1 £l €1 ¢ dsvdl
MNV¥HIIA3 HO/Y3T=1ST 920-1ST 93C-CiZ 94C-CYE $13A537 INIVW] 1420V # L4IV/0W/HS ven 22 3cAL
Ao L e () AR TR (R e R = | s - ) R T (R ARV H e o I R S e R R [ R TR T A e T G R
SIA =¢ALIAILIV SNIATS % =333930 ¥IVd3y 1S3HIINH
0 :# 140d ONILOIV
: 0 :# ¥314¥YD
3 § 4 3396
NIDJEON :3WEN 3SVS
! ; 01 01 9 9 9 :3nlL 3AvHL 00°% 00°0¢ 1 201 3yy
Sl Gl 21 21 21 ¥ 3sval|
CINYHE3AD KC/93C-1S1 93G-1ST 930-ChZ 930-0%€ t13A37 INIVW 1307 # 142%/0W/H3 vdn 23 3dAL
= ===5311IA1492Y 33NYNIINIVAN=-===le=ceceee==5T7T1V 130 133V 3IY] Ve === ==
W SIA —¢ALIAILIV SNIATS % =33%¥930 wIvd3s LS3HIIH
i 0 :# 1w0d ONILIY
i C ¥ ¥31¥yvd
L 4 3SvR
1S3M AN :3IWVN 3SVE
| 00°¢1 ¥0°%2 b4 $C1 Gov Y
| 00°0% ©6°92 - b4 %01 397
i 11 11 (o) (o] 0 t3wll T3AVEL] 00°1 00°Ct 1 201 4%y
31 <1 9 9 9 4 3Svel
| IOAYHEZAD HO/23C-151 930-151 93G-GNZ 930-GyE $1=A37 INIVH] 130V # 142Y/Cn/H4 vdn ) 2dAl
=== 3] L IAL LIV 3 INYNIINIIVH===le===c====57]IVLI3i0 14YVEIV]L V==©=o=a
S3A =¢ALIATLIV SNIATS 1 =334930 ¥Ivd3d IS3HOIH
0 :# 1%0d 9ONILOV
0 :# ¥3I1¥uvd
9 4 35SV
YNV3IO :3AVN 3SVe

- - - - - - ——— - - - - - - - -

IS - L




- e~ -~ ——— 2 - T T 1

S35l T3AVNLY

53G~CAhC 93C-QuE $TI3A3T NIV

=¢ALTATLIOV ONIATS

00°2 L1=%e 1 201 447

140V # 142V /0w /H3 vden 23 3<2Al
- = ===5 J IV 1308 L1JdJYUIYI V=== == =

=33%¥9350 d¥Ivd3y 1S3HOIH

0 4 1lwld ONILDY

0 :# 311ddV3

11 :4# 3SvE
SIHJdASA $3AVN 3S%6

.

23wl TJ3AVREL]

9z0-0N2 93G-03¢E

SN e

=¢ALIATLDY

-

n

— b et e

A UL NIRLDY

00*21 €9 % 1 ¢C1 S

133V # 14D%/CH/ k3 van 3D 3¢AL
~=-=-=--5S171%v 130 13Vuyd)alyr----~-

=33¥930 v1Vd3% 1S3HOIH

¢ 1v0d 2NIL3V

‘A
0 % a31d¥Vd
Cl % 5Sv¢
3AD¥9 MIITNIM :3WWYN 55VE

T

40V /0W/H4d vdn 23 2dAl

=33%93U ¥lVds3as 1SZHOIH

0 ¢ Loud ONI1DV
O 3 ¥31¥avsd
6 s# 3Sve

Al¥ INIXNIXVd :35W¥N 3SVE




ON =¢ALIAILIV SNIATI ¢ =33¥950 ¥IVe3wr 1SSHOIH

0 :# 1¥0d ONIL1DV

0 :# d315¥VD

%1 ¥4 3Svg
CZ-NO¥YRVH :3WEN 3SVE

ON =¢ALIALLIV ONIATS 1 =33¥930 ¥Ive3y LS2HIIH

0 :# 1¥0d ONILIV

0 4 N5Iuxv)

¢l :# 35Svd
XTU3cON 4¥UN S3WUN 3576

ON =cALIATLIV ONIATS 1 =33¥930 wvlvd3y AS3IHIIN

0 :# 1rld SNILDV
0 % d31¥u¥vd
21 % 3sve

123D :3mV¥N 3SV8

- ——— - - —— - -

o dand




62
S1
MVEESAD

- - - =3

1079zl

=<¢ALTALLDY

————

P3WIL T5AvVEL]

2§ 3Svel
A3 INTVM |
z|:u-_

SN1Ad » =32¥93Q ¥1vVd3% LS3HOIN

T :# 1bvCd SNIL1DV
0O :# ¥313%V)
91 :#4 3SVvE
S3TdYN :3n¥N 3STE

o - = " T S — 0 " —— - -~ - — —— - ——————— ———

=¢ALIATLDY

ONTATS 0 =43%¥930 JIVeSs 1SaHIIH

O

o]

Xvf 4¥TN I3WEN 357E

- - = = - o~ - e = = - . = - = =~ . - - = = - - - - - - -

SRR




ajdwexe aurjadid paisim} @yy ut jndu! ejep se paIsn die v,
(340d aoueuadjutew /bulk|j.uou ® —sajdeN Buipn|doxa)uoijesnbijuos duijadid snonuljuod

ay} Japun sjudwWaiinbas QOQ Y} 2JT S|aAd| OAOQEe 9Yyy :JIpEas ay; O3 0N

(10SNT 38N ¥ SI I3A3INI0LS 3¥vdS 3H1 LIvHLI S3LON30 ONIQVZH ONDJJ3S 2HL ¥3ONN WXs NV 3TIHM *SIN3W3¥INC3>~CC0
SNISP vveS0¥d SHL NI G31NdW03J N3Z8 SVH I3A3INI0LS 35VeS SHL LIVHL S3LUNSG INIAVY3IH LS¥I3 341 ¥3INA «Xs NV 310N)

e R AV B F s LA e R e e e L R e e L e i i R e s e e e i et

s = =
® X 0 S37¢VN 91 =
% X 12 XV duvh St =
* X L 0Z-NCO¥WVH %1 *
% % & HI0420N 3aViN el =
= X 1 1939 21 s
% b4 0 SIHdwW3IwW il =
= X 1 3A08O0 MOTIM 01 *
* X Q AlY IN3X{i1lXVd 6 =
% X 1 XILInON ! *
* b4 1 LSZM ASH L 3
= X o¢ VNV 350 9 2
* X 1 HLINOWASM HINLS S *
* X 3 INING A¥z3b) Y -
¥ X & €=INVI=AD € *
* X L Z=AINVI=~AD ' *
* X L 1=INVI=AD 1 -
o B
= 1NaNt NOILVINgkOd G0G $2A37 :3nWN3SVE :¥3Sve =
x L 3
CRMUT IR IR LT RGNS YRRy ook koo et kg xew s urx SIIA3 T FIOLS APVES At eI e Rt U AR AR AR I YR I UR K ER I II DAY NIV AR VIRSE S

-




A
L

@b
=
v

A5 30MV3I3 1N

®S1531 3IN3GN3d3GNI SSVe L1SNW O3 AivVIIQNI

86C*
Ge0*0-
£i11°0-
89¢ 7€
2610
hedl hele
SRR
996 0=
66t °0
81 o
2ite 0o

{NJ) 911S11VviIS 1S31

*S3Sva IWANSIAIGNI

§0°0 Vv LMlIM SIS3l

ooc*c

ALIATLODY
ALLI AL LDV
ALIATLOYV
ALIATLDN
ALIATLOV

=>N2

ONIATS
ONTAS
OivlAg
ONI AT
ONTATS

SSv¢e
SSvd
SSvd

SSV

SSVd
Ssvd
SSvd
SSve

11V

3

SSvd

Tivs

S1S21 3IMN3UN3d3ONI
40 Ze00LING

Lv S1S31 3IN3CN3d3CN

:SSvd 1S31 3INZC?
S3SvE8 40 Z(0C°65 =

ON
on
ON
ON
ON

pe G ED

- UWn

=y

N3c¢30NI

S3TCTN

Xyl JA%N
CZ~-0EwVH
¥I04d0N daTN
w333

Sludnzan

SA339 MO V=
Alo INZXNIXVce
¥ludsiiva

L33 Adde
VAhVZO0%
HINOWASY HIN2Se
INIDe AN=3ds
C=INVI-ADx=
Z=INY1=A2=
1=15V1=A0n
35v8

! 40 S1INS3¥

TudwQ) SAVD C6
330 $37<¢nvS OF
33W 10 S3u0 SiML
J1ND3» 4C 228°18
ITNSUNIc3CNI




01C°*0-
€6C°0-
el U=
61C°0
€Lc*0
691°0C
1qc=0=
LIE 0=
20%°0
QET"C
8L€°0

06Z2°0 =>NJ :SSvd 1S3L 32N3GN342CNI
*S1S31 3IN3CON3d30N] SSVd LSNW U31VIICNI S3Sve 340 200°S6 =
ALIAILZY ONIAIS ON S37a7N
ALIALILDV UNIATS ON XVl devN
ALIAILO% SNIATS ON C2-NOcAVH
ALIAILOV UNIATS ON H10380N J¥UN
ALIAIL2V 9NIAT3 ON 11232
SSvd SlHdaZn=
SSVd 3A0¥S 2171 =
SSvd Ald LR3XNIX7¢a
SSvd ¥4 2Uhe
SSvd 1S3% A2»=
SSvd VAV3IOw
SSVo HINOWA3IM HL1NUSe
SSye INI0E Anoskiz
lvd E=INVI=ADx
SSvd C=INVI=-AT%
alvy 1=INVI~AD»

S1S31 3TNICN3d20NI 23V3

(NJ) DJI1SILVLS 1S31

40 3WUING

*S3SvVE TVNAGIATONI IV S1S31 3IN5ON3d30NI 40 S1InS3y

*3A27 3ONVOIZINOIS S0°0 v HLIIM SIS3L

*IVAUILIND 37dwVS 3HL 03S1¥dnDD SAVQ OB1
*CdA03590 33¥3™ S37eAVS OF

*033in0358 & 00°S6

Se»3SN JHL L1434

13N S3Ud SIHYL

3ON3ION343AONT 03SS¥d 3AVH S:tSvw 03xINO4d 40 228°18
¢ 1S31 3IN3UN343CNI




SOSNCILVIITdon] 202 A¥Od3s S¥y3vdS 32S)  °1S31 3ON3CN3IC3IANI NG 13A37 32NVIIZINDIS X¥I3r (2

*S1S41 30 ¥3BWNN

MOIT04 HIIHM SOILSILVILIS NOILVINAIS

-5¥d NIHL1IM 230VW 3%3M SNOILVABSSEC IN3UNSHION] OV “UIHIVI¥

:3

ONIIONI

803 SLIKIT SSV3ININI (1

S31C3w3¥ 371315S0d

N338 SVH S1S31 32M3CN3d3UNI

06¢°0

*S1S31 3ON3GN3d3ONI SSvd L1SNW

€G2°0~
i ¢50°0
Uy 0=
B0
GLC 0~
ELG°0
1 A=0=
€€EC 0~
HH9 =0
9e1°0
6620
GNII S I LSTLVLSE A Sia:
*S3sSve

ALIAILDYW
ALIALLDY
ALIALLDY
ALLIATLIOY
ALINTAQY
SSY
SSv

=>ND

ONIATS
OnlAT2
SN1ATS
ONIAT
ONTATS
d

a

SSvd
SSVa

SSv

d

SSVe

SSv

SSv

qiv
SSv

TIv

2N

S1S3

AVACIAICNT Lv SiS51

*IvA¥IUINTI 3awVS
3

*GININD3Y ¥ 00°66

L
30 2wJd1n0

d
d
a3
~
<

<}

*03svI1Y 35 NIM

*S¥3lSWVeVd 02214808

¥D4 1IRIT 254

:SSVd 1S31 3DN30N3430N1
U31VIIGNI

ON
CN
oN
ON
ON

3CN3d3GNT

S

3Sve6 30 ¥C0°S6 =

$31a7N

Xyl d¥vN

O -NOBWVH
N104s0N 2

FAJBO MDTIMe
Al¥ INSXNIAVes
Yid2=otix
1S=M A3xxs
VY3202
HINOWASY HINDS=
ANIGa Ak 34Ox
C=INVI=ADs
C=INVI=-ADx
[=INVI-ADx

a5%8

33N=CUN3d30NI 40 SinsS3e

-arOUm»"caom
43% SINanYS ©

3o 10 5200 SIHL
elNBbs% 40 22R°18

FINICN3asUNT




—

100°0
ec
r4 ol ERd v}
£ 0°0
L1000
%¢C0°0
L0 0
c¢Hge
980
3vll 30 hOI1L1s0dC0ed

SO aNMmM Lt NOMN®

-4
w
us

130V NMCO

BIVPTAFRE G ARG E LR G ARE G ARy a g aantea2S I N TV

662€0°0 >

=AV3A 3HL 1IN
%€508°0

0¢8°0

!
|
!
I
!
1
|
|
|
!
|
|
|
|
|
|
|

-~

A NOIlINSI¥ylSIGC 0O¥3 27~

NOI%341¥D 39VY3AV > GT1110°0

0Cv TVAYJUINI 3IIN3ATINDD 266°3
=NV3IW 40 NGILVIA3QO QO¥VONVIS®3
L0CZ0°0 =NY3A°'V

SNOT¥21i¥35°X]

G601 =3WIL LDV NHICG 3C0¥3AV°IIIA
GE°C  =140Y NMUQ ZUV¥IAVCIIA
€9°0T =3IANIL YIZCWOMIVE ICunZAVTIA
GE*C  =S430%0%3V3 39VLsAY°A
Y€ =XI0LS Cuvd NO S9VYIAVCAL
=31VY¥ NOTLIY4S11AvS SLVIOEWnI®Ill
€08°0 =44VE 113°11i
29¢°0 =2ivY AQV3y°l

T=1INV1I=AD s1 #3Sve

CO®CCEOT =3wll NOILIVINAIS
SITLSILVLS wnid

3Wll 20 NOI.1x¥0d0¥d

ELEN!

~
<+
o
.
(=]
-
WD INTMN~OD~NMIENDO~
|

1SY2C0IMIVE-NIOLS ONVH NI

N O Nt sar s u s eIt ss s st S0 sons sy

B UB B UN Y I I B U R R A S U AN AT R R AR E NN AU B YR LR A A AL F YT UMM A A AN YA UXB AU FRZUZE I ARUAUI IR SBUR IV I U IVE VR I BB IPOR O RS

svkxu( SAVG ©

G€ 40 COIndd NI Ny v Svm

ER VR E T EE




¢ o

€ O S
.

A )
D DN DO DD

.

{ oy ) - s
« ¢ o

€Y~
.

7 N e G DD OO
LED D OO O

-

£ N~
O C

—

a
Q
o
a
—
uw

BEULER S ENEEE

D -
— -

SO~ O~ oC

sedunprnxeezzxeS S NI VA NO1I 1 NE TN LS TIO 0O3Y¥ 3

€92%0°0 > NOIY3LIMI 3IVU3IAV > 19510°0

I 32N3814NOD 2S6°D
O NOILVIA3G O¥VONVLIS®H
216¢0°0 =AVIA°V

TEsdt s X1
20°T1 =3nwli 147 3OUNSAVCLLIA
Ly =2l ASVYIAVCTIA
SOYT1 =awll ¥su JOVE3AV 1A
Vi)t =5uz FUVRIAV A
60°¢  =XOOILS N7 JUUNIAV AL
SLL>0 =31V NQELSYsSid IVIOaw.l 111
S0 =31v8 V1411
918°0 =31vy AQv3B°1i

C=INVI-AD tZ  walsve

IWIL 40

eLO® 0
sZl*0
C¥1°0
210
<110
€600
cP2°0

:S¥30u0MIVE-=NI0LS GNVH NO

O Nt sax it s dussssssagageaxssns:

D

LM OOCTROVNNLIENNAO NN NNO N~
]

-
>




- - - - D T RS ——

| 140°0 L+ |
| €€1°0 S + |
| %1°0 G + m
! §421°0 v o+ |
| 801°0 € + |
| $60°0 Z -
| 160°0 1 +
000°0 6 | Z2L0°0 0
£00°0 g | 64%0°0 1 -
200 °0 1l | LEC®0 Z -
Y660 9 { 610°0 € -
cic o S I 810°0 v -
- G10°0 4 | 010°0 s -
610°C € | »00°0 9 -
LZC*0 2 | 400°0 L -
€U0 1 | 40C°0 g -
«ce*0 0 | €00°0 6 -
3vil1 33 N2 11wldQud 3437 { Skil 40 NUI1u04&0Y¥¢d 15430
142V NMGQ :SY3ICYONIVE=HIULS ONVH NU

LRGEEIFAEEATEARE oot AR nBxuwaRtx%cxS 3 A TV A N O I 1L N8 1 ¥ 1S 10 D Y3 Z = NO Nessssxdagddasddgstdsssssdssusssss

1L49€0°0 > NGI¥3LI¥D 39VH3AV > 91110°0

=NY3K 341 LN0U%Y IVAY3LINI 33N3QI4NOD 766°D
€2S00°0 =NV3Iwn 4U NOIivIA3G GYVGAVLIS® Y
$6220°0 =NY¥3IW®
INOTwW321¥2°XI
€01 =3wll 132V NMOC "SnuiAv IlIlIA
3€°0 =142Y N#OC JH3IAVCIIA
YE°0T =5AlL d=CcONIVE JUVBIATTIA
gE*0  =SzZ3C=0N2Ve 39YN3IAVCA
82°€ =%IUIS GAVH NG 39VUIAV AL 7
€18°0 =3ive NOIL2373S11lVvS 3iVICSWnI®lIl
€8L°0 =3ivy 113°11
S58°0 =31Vd ACV3Y°1]

E~INVI=-A2 $€  H#3Sve

P g S g S g S S —————— i

.
s




—————— . - o

| LL1°0 £ %
! £0E°O "
| €c2°e 1 +

cooce 1 | L5110 0
1ce® S | 4560 g =
T ey S | 2e0*0 Z -
eSS Y | %10°0 £ -
%160 € | 5C0o°C y -
G0 Z | 100°0 5 =
8990 1 | 1C0°C g -
156°C 0 [ 030°C £ =

3Wll 42 MoullyddCud AELER | 3wl i 40 W211%0d0Y¥4 13A31
: 143V NKGO $S¥ICEOY¥IVO~NIULS GNVH NO

SAFEAR OIS prOCN L X Ry sr kg mynxkanS 3N TV A ONDO T L NG ) d L ST 0 DY 32 = ND NUOKs et sttt RAns TR

6L%0C°0 > NCI¥311d) 39V¥SAY > %8¢00°0

=Nv3W 3H1 LNCEV VAR UINI 3IN3CGI3NDD 2€6°D
8%C00°0 =NV3k 20 NOILvwIA3Q CevOANVLIS*SE
C8RCU°0 =NVIW®'V

NOI¥s311¥8)°X1

6L°1 =Zwnll 132% NMUO 3Cv¥s3AYCIIIA
12°C =142% NMOQ 32%83AV°IIA
6l "1 =341 2ICUNDIVE 3SVEIAYCIA
HN C =S353GMLA3 <¢ GVEIAT A
6E " 2NIGLS ERNIR 49VE3AV° AL
[EL*C m» 5 :rwb-.hﬂ~»(4 LV ICAAWE 111
»eL°C =354vd 11i4°11
anm.c =31Y5 ACV3I®®l
AINIZE A ¥3HT ) #35ve

- e - - o = e e = -~ = A - . - - - — - - - -




102 A
e

- - - - - ——— - - - ——— - - ——— -

| 6£9°0 1 +
100°0 (3 I 9L2°0 c
€C0°0 4 l. €10°0 I
s5L0°0 1 { EGO°0 L=
516°0 (6] | 160°0 £ =
JN1Ll 40 NCIL130o0¥d 13A37 | SWIL J40 NOI1¥0dO¥d I5A37
130V NMOQ $Se30¥0¥JIVvE-X201S ONVH NO

-

2peRaATRSESENGT ARG U Aw G Rt kkuesszn2S I N YV A N O 1 LN E€ 1 ¥ 1 S I A 0¥ 3 7 =N O Nexeossdesseassvostsdsagtsssssss

66600°0 > NCI¥31I%¥D 39VY¥3AY > 2€500°0

=NV34 3HL 1N03V TVAYILINT 3IN3QI3INID 266°2
19C00°0 =Nv3k 30 NCILVIA30 QYVUNVLIS®E
66L00°0 =NV3IW°V
SNOI 3Ll ¥ XI
1€°6  =3wll 130V NMDC 39vE3Av°IIIA
01°0 =142V NMOQ 39VE3AV° LA
" 1€°G  =3WIL J30r0%IVE IOVXEIAV IA
OT°C =$43CB0AIVE JOVHIAV° A
%9°0 =MJ01S UNYH NO 39VEJAV°Al
S€9°0 =21Vy NOILIVSSILVS 3LVIG3wnl®I11
GE9°0 =31vy 1113°11
G16°0 =31Vy AOV3IE°®l

HINOWA3M HLINOS 1S #3SVE

-~ —— - - —_— -

.
-

X
i
.
=
T
‘e
LR
.
s
.
.




~

MmO DN et O
« s s e
~

M oy et (D DO
Lol & s W o Wb I o Wi o T

.

0 o
FOCOO0OROOO
O =t NN Sy

-

%€200°0 > NGI¥s5114D

"
L
w
<

oy

Q-

~-

|
|
|
!
}
|
|
!
i
!
!
|
|
|
|
l
!
|
|
|
|
|
{
)
|
!
|
|
!
l
|
|
|

3n

U R L U D R R e
39VY3AY > 1%100°C
IVALSANT 3DON3TI4NDD 456°2
40 NCI1LVIA3IC G»vGNVIS*e
$c L/
J*X1
3 VOlLIIA
&) YU11A
2 IWUSAVTIA
Q TH_AVCA
= AV Al

- B
8 Aliviec®l

14

i

nyhkmnca
. L
FO0DO00O0O00DECOUODOD OO o

L T U )

QO OO N SIS =t FNLNANRL

P O O00CO0 OO~ oy &

(7

COCOO0COOOCOO0OOO0COOOVO

40 11¥3d2%c

$S¥YSCEONIVE-ND0LS ONVH NO

- -~ L o T~ - -

- =

-

L S I R R R R S S

I3A37

N O N32us3ass4 000t et ssstdesototgeyss




- =~ ——— ——

) 948 °0
20°6 4 _ 0£1°0
o 1 | €20°0
516°0 0 ! 20070
3W1l 40 NG11e¢0d0¥d 13437 I 3WIl 30 NO11v0dO¥d

140V WNMCQ

FSFRBIBIXAKFEIXUBNE KGR HAKEEH%S I N ATV A NOT LN @ T ¥ 1S 10 0OUYI Z =NDO Nesosasnsttssnssssssnssssnusssnnss

L6010°0 > NOI¥311¥D 29V¥3AV > G€200°0

=NV3W 3HL INCBV TIVAN3IUNT 5INICIINOD %66°D
11200°0 =NVZa 40 NOILVIA3Q QuvOANVLIS®E
99900°C =NV3h°Y
PNOI¥3116D°X1
66°L =3WIL 140V KMOG 3YVG3AVCILIA
£€0°0 =153V NMUQ 39VI3AV° IIA
=3dnall ¥=CrONJVE 3CVMIAV'IA
€0°0 =S¥ACHINIVE 49vn2AV° A
68°C =XJ0IS ONVH WO 39VU3IAV° AL
L28°0 =3L1vn NOILOVSSILIVS 2UVIG3WnI®lll
$96°0 =31v¥ 11i3°I1l
SL6°0C =31Vay AQVIN©]

¥ 66°L

1S3M A3 il #3Svg

- - - - - -

I3A37

N~ O

$SYSCU0MIVE=-XIOLS ONVH NU

-



PS8 28R R R-RIR/2 3 RVECEEV

sl

'
-

cCG°0
6CC*°C
0€G6°C
SyeLTC

40 NOI4i¢(0c0ca 15

Eb

wdoeksExxuS N BTN A ONO T R T M LS ITIO 0¥ 3

BEIC0°C > NJIr3LI¥D 39V¥3AY > 01€00°0

=Nv3W 3HL INCRV IVAHILIND 3DN3QIINDD 266°D

Z5C00°0C =NV3m 3C KNUILVIAIG GAVANVIS©®E

66%00°0 =NVZW°N
INOT 331183 X1
02%2 =3Al4L 1479 WVOG 3SVESAVCIILA
S%0°0 =L23V NMPO JOVEIAYC1IA
02°2 =32als 2z030%IV9 232VYs63AT*IA
SO0  =S553UsINIve 39V
il*e =NJULS Clved KO 2<Vaus
L1°0 =231VY NDILOVSILVS 31VIGSww 11
OLLS0 =3lve 1113°1 17
596°0 =a1Vy» ALVIo®l

¥IU3eCN 13 FISVu

0Ll 1
S61°0 0
0£0°0 1
sCo*0 =
GCO°0 €
11 30 N3 ild0d0yd 3

$SYICBUMNIVE=YMIOLS CNVH NO

7 = N 0 N30y s syt s g ssassdsaesess




- e 2 - —————

1 850°0 1 2%6°0 o
2%6°0 0 €S0° 0 1 -
SWI1 53U NUILledd0wd I3A37 3Wll 30 NOIL¥0d0OY¥a I3A37

VEBHAIIEBY O UG DR EEXDNGEF A oxnqzxxS I N TV A

- -

$149% NMCGQ

62GL0°0 > NOIW31I¥D 3SYYIAV > L60%0°C

=NV3IW 3HL L1OCEVY IVAE3IN]I SION3GI4NDD %56°D
6£€00°0 =NvIW 40 NOILVIASQ CO¥VANVIS°*E
€18SC°0 =NV3IK°V
SNOI¥3LIwd°X1
20°61 =3WIl 142V NMOQ 39V =3AV° ITIA
GO0 =149% NMDG 39vH3AVelIA
CO0°61 =2Wwll ¥5QudX2ve 3UVYR3IAVCIA
GG°C =SuZTsuAIYE 3OVe5AV A
00°0 =M20LS GAVH NO Z9v53AV° Al
000°0 =51vs NUTLIOVSSILAVS 34vVIQ3IanI®1ll
CCO°C =31iVvE I113°11
Z56°0 =31VvY ANv3iy°l

Alv LIN3XNiXVd :h HISVE

$SY3CUONIVE-NIOLS ONVH NC

NC I 2N 81T ¥ LS T Q8 0¥ 3T =N U Nesoshustsonsstosessssesessseosscsce

o e e e o e e e o o o e e e e e e o e e e -




- - o - -~ - - ——— - - - A - - - ————

%09°0
662°0
030°0C
9160
r4¢lvhgo]
vgo 0
3h1l 30 NJUI1¥040%d 13A37

(@ IR R
NN ~O ~
'

Wil 40 NC11¥0d0d¥d I3A37

142V NMO0Q $SE3CHONIVE=MIT0LS CNYH NO

SEFABTAABAAT LK u T ke akxankwxnxS 2 N TV A N O T L NG T Y 1S I A 0¥ 3 Z =N 0O Neatseksdsdsessssstnssvinssvssssass

%2110°0 > NOI¥2118J 39vEIAV > €£L100°0

=hv a3k 3dl LN0AV IvAHIINI SON3GISNOD 2
10100°0 =NVY3n 40 NGIAIVIA3AQ Q3VONY
8L600°C =N\

w

(V9

O D
4
s

ity

il w
4 er
LR

o S >

U
= S

W = <F <7 77 q «2
.
>
-

«[ «
o

C Ju e
el

&r
>

u

IADHY MIOTININ 0T £3Svy

B A A A S ’ - . - -




- ———

eaeete 4

$30°0 1

1¢6°C 0
3dll 40 NCI1%0d0¥d T3A31

1€6°0 c

990°0 1=

200°0 O =
3wll 30 NO11¥0d0ud RELER]

$SY¥30¥0XIVE=-X20LS CNVH NO

: 140V NMOQ

EBVUALPACEBR LI PR TS I ULy s e yxxxnexnS I N 1V A

- ———— - - —— " - —— -

1=

Z8E%0°0 > NOIY3il¥d 39V¥3IAV > 80LZ20°C

=NV3k 3HL 100&Y IVAEIINI 3INICIINDD %266°D

60%00°0 =NVZW JU NIOILVIA3G O¥VOANVIS*E
CHGEQ®D =NV3W*V
INUT¥3i100°X1
GH*6 =3All1 142V NMOC 3UVE3AVCIILIA
L0°0 =340V NMDQ 39VUIAV IIA
G%°6 =3Al1l b2GEOMIVL 39YE3AVTIA
L0°0 =S%HI0%0%3V3 JOVUIAV A
CO0°0 =XJ04S CONVH NO S97Y3AV° AL
000°0 =3.ive NCILJVSSIiVvVS SAVIQZWWiI®111
0C0°0 =31vyd 1713°11
1£6°0 =34Y9 AQV3E®]

SIHdk3W $11 #3SvY

NGBl LNEeTdLsla 0¥832

= N O Naxasiossdasssdsst st sdsssssosassss

A A A AT T AN A S L b O S st Rl S it SN s

e A bt 200 e A




289°0 1

L8 A ¢ o

7£0°0 1

6LC*C C =

iC6°0 €
3nllL 22 n011¥3d0¥d 13

$SY3CEONIVE-YNINLS CNVH NC

senurrunnnav by vkr v ety nrswsueS I N TV A N C 1 1 N E 1 ¥ 1 ST 0 U Y 3 7 =N 0 Nossststansnststosstsessasuscasson

3O9VE3AVTLIA
G ] JOUVEIAVCA
2U4S CN D 3OVY3IAV AL
CCL°0 =34VY WOI1i3V3SILVS 3LVIG3w 1%
cB9'0 =34ve 11 11
9¢6°0 =31VY ACV3e*1]




|
L
i
|
4
1

BEF R LLIRGRFH LA e e nennwnnexkxeS I N IV A N OI 1 NE i ¥YL1LSI1IQO U¥w32

. s

€68°0

091°0
LezC
1920
RL1°O
%L0°0
9c 00
cl0°C
€00 °C
000°C

S5nll 30 NUILYGH0Yd

+ + + 4+

WE M ~«0—~am

-t

A3

$S¥308INIVE-HICLS ONVH NO

€92°9 =3WIl »30¥ONIVY 397483AV° 1A

50°0 =Sz230¥IUIVY JIVAHIAV° A

02°7 =X301S OANVH

SRE°0

W) JOVESAVT 2!
=51v> NDQILD¥4SIAVS 31vI05vial®111

=31V

1713°11

196 °0 =341vy AQVIL'1

¥703d0N JavN

el

#3Svg

- -

= N O N2 sntotssustnsssssgnssssssennnsnse

B e D T ——




o " o . . . . = 2~ . . T T T s

FeExgT LU nEg S

sxuvynraswsaveranzerixsS 3 N 1V

2L3°0

Locc L+
260°0 9 +
521°0 Gil =
961°0 b +
602°0 .
$91°0 A
ST 0 T
€70°0 0
LEOT0 1 -
128 Hol¢] Z -
F00°0 5 =
gece ¢ b -
106G°C s -
1¢cc*°C S -
3wil 40 NOI1¥0d0Nd 13437

SSH5J¥OMIVE-XI0LS ONVH NO

A NOT L0 6T 3% 1S 10 C 837 =N O Nasxsgdsdsssrisstidnsssascessassss

$L°€ =syil ¥Y3CNONTYE 3QVHIAVCIA
1820 =SHICYONIVE 39VEIAVEA
LE®Z =MDI0LS ONVH NO 29¥WM3AVEAL
=5 av ¥ NITASVAST IVS sivIOzwxi® Tl
HIR*O =31vyE ANTS*11
Le6°0 =31ve AGivIe*l
CZ-NCYe ¥ H 91 K3SVE




"

FASRSEIRENLC I a kxR vy AT EseeeunreS I N V¥V

009°0

0CC*¢
1C23°C
¢090°0
s00°0
110°0
810°0
620°C
8£0°0
0s0°C
690°0
£20°0
§60°0
960°0
260°0
868G °0
6L0°C
190°0
csCc*0
vc*eC
c€C*0
$¢0%0
sio*C
620 °0
S00°C
«00°0
100 °0
100°0
0000
0C0°0

214+
i+

O~
o
+ 4+

++

o~ OVVEFN NN O ~NOFTNO~DO

SWIl 20 NOILiv0d0¥d I3A37

:S¥20¥U0XMIVE~-¥I0LS ONVH NO

A NGO T LnNE TN

BRI (R e [

04°9 =3Wll M3CHONIVE 2OVu3IAV®IA

0T°1 =SY%3C40N
2%°¢  =MJ01S CNvR

Ve ISVYUSAT A
ND 3OVHIAV° AL

=31Vy NCILOV4STILIVS 3ivIQ3wwl®Ill

165°0
6L7°0

XVl JuVN

=30ve 31321
=31%%¥ AQVzu°l

:G1 #3Sve

= N O Nagd#s 220t 3eosssessdssossosnss




1
\
|
i
|

swll 40

L r e NN Ay

o

A0 -
ot P

B2 I o

o~
3 0 eh
WO 2o O

0
Qoo

-

—

Vs ]

i~

o

—-— e pd e 4 OO

.
(%
(44
(58]
(@}
24

oo s
(o (= ]

. . . . . . . . . .
OO DO S 'CH S

x

.

P

<.

C

a

O

o

o

a

b
(8]

2

a)

-
w

tutanseFrUnteve s uatu v n sunewvganzaS 3 N1

NO~MOe O~

&

>0 <~

w

=)

Lol
v

e

—

A

E-INVI=AD
Z=ANVI=AD
I=-INVI=AD

wun SY3I¥uVI Selx0d ==x

€ =3wll N30¥IN
CE°9 =5uz0eOM
€ =MJTU1S Chwuw
Vo NCL23V4SILY
AN TR
AL U S

wy
w
-~
a
~
“

Zeeco 4 |
€00 ° 11

SWIl 3C NOI11v¥0<Csd

2A201S ONVYK NO

ST U U ¥ 3 7 =N O NAtnttsssinssgnlsasssngoseencessns

3OVESAVCIA
29V¥U3ATA
J9VEeSAVeAL
IvIG3am]c11l
Ve TA14°11
vy ACvie*l]




c10°0+
cic° G-
cEa*C+
Geat =
€00 "0~
ecol-
2iC L=
Oy “C=
SIS0
6lC*Ce
2o C#

NuliviAsd

—— e o Wt e - — o —— — —

NOI¥311d2

«r

czc*o
(74 Al0]
C1G*d
ci0°d
CiGg°0
C10°9
¢20°0
c10°0
0100
010°0
c1o°0

0o1Cc*0

Q3¥1S30 NOIYSL1YY

110°0 =3ONVWY03I¥3d 39VYIAV O3L1HOIZM
=3INVWY03Y¥3d W3LSAS

se0°0
otcco
860°0
sC0°0
L00°0
200°0
€c0°0
%CC*°0
¥2C°0
$20°0
2¢0tn

3INVWE03¥3d W31SAS

TOO0OOOO0DO0OOOO0O0
C o o o o o o 0 0 0 4 0
PN N NN~ NN
. p—

IvNL 2V

[

A b Rt R R e T T T T Rt R sttt Ittt

SIHEr3alll
SA0¥9 PO (GT
ALY INSXNIXTcib

RINCAASM HIM3SI(S
INIOd A¥e3mdi(e
C=iNVI=ADLE
Z=INT =212
I=AIN7 =05 (1

3Sve




i

Appendix D: The Test for Independence




The technique employed by SPAERS for deriving
interval estimates of sample means from the output of a
simulation run was presented by George S. Fishman in a
technical report in August 1975.%¥ The development of the
method 1s based upon the concept of 'batch means.' A sample
sequence is divided into batches of equal size from which a
sample mean in each batch is computed along with an estimate
of the variande of the grand sample mean over all batches.
The underlying assumption 1s that the batch means are
independent. The technique uses the von Neumann ration¥*¥ to
test for independence among batches.

Let x LI X, be a sequence of identically

1’ x2, ) ]
distributed random variables. We want to test the hypothesis

that the x; are independent. Consider the statistic:¥*¥

n
where X, = n )

* Reference [3].

¥* Reference [7].
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If Ehe Xy are independent, then
E(Cn) = 0,
Furthermore, if the data are also from a normal population,

then

(n - 2)
(ne = 1)

Var(Cn) =

Certain properties show that Cn asymptotically has
the same "principal distributional characteristics"¥ as in
the normal case (i.e., even if the x; are not from a normal
population). Cn can, thus, be treated as though the x4 were
normal, for large n. Furthermore, becuase of this good

approximation of the normal distribution to the distribution

of C in the normal case, C /Y (n-2)/(n< - 1) may be treated
as a standard normal (that is, normal with mean = 0, standard
deviation = 1) when n is large. For the 0.05 significance
level and n 2 8, this approximation introduces an error of
less than 0,2% %%

Thus, Cn may be regarded as being symmetrically
distributed about 0 (in samples from a normal population).
Significant departure of Cn from 0 may be taken as indicating
non-randomness in the time series. In general, positive

values of Cn indicate the presence of positive correlation

while negative values indicate negative correlation,***

* Reference [3].
¥*% Reference (8].

%% Reference [9].

R —
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The test of hypothesis then 1s: Accept Ho’ where
Hj: X9, X5, * ¢ ¢, x, are independent, if Cn//ln-257ln2-15 -
Za, where Za is the 1 - a significance point of the standard
normal distribution. Here o denotes the Type I error: a =

Probability of rejecting HO when HO is true. The reason why

the test is one-sided is that only positive correlation is
typlcally present in simulation time series of the kind
found in SPAERS. That is, if many 'down' aircraft are
observed at time t, one would not expect to see few or no J
'down' aircraft at time t+e and again at time t+2e (where € is
some small time interval). Rather, i1f many 'down' aircraft ;
are observed at time t, then many 'down' aircraft will .
probably be observed at time t + € and time t + 2e., Thus,
negative values of Cn will not be significant to reject the
null hypothesis.,

The original study of Cn involved a single test. ]
George S. Fishman outlined in his technical report [3] an
iterative procedure, It 1s this procedure which SPAERS
employs.

The set up is as follows:

— i em S e — e e e = 1 e

o '
|

Run ] }

in Sample Sample A Sample et Sample ;

Period 1 2 i l n |
[ s R =

k- SIMULATION TIME ey 1
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1 iT
x, = /J Y(t)dt 1 =1, 2, *e*o, n
(1-1)T
where Y(t) = number of down aircraft at time t
n = total number of samples
Xy = time weighted average down

alrcraft of sample 1
The estimate of average down aircraft over the total
simulation time:
nT

n
X = Y (t)dt
121 1 nT fo

X=nt

If xi's are 1lndependent, then the variance estimate

2

= [n(n - DI ) (xy -7,

it

he—s

1

To test 1f the Xy are independent, compute Cn and

accept the hypothesis of independence if C_/v(n-2)/(ne-I) = Zy e
If the hypothesis 1s rejected, then create a new

sequence x'l, x'2, s x'n/2 by averaging pairs of

non-overlapping successive samples. That is: Let

x’1 = (xl + x2)/2, x'2 = (x3 + xu)/2, T S

x'n/2 = (xn_1 + xn)/2. We now have n/2 samples of length

2T and thus n/2 observations. Test the new C'n. I el

hypothesis 1s again rejected, then create a new sequence

n

Xl,

successive samples., We now have n/l! observations. As the

x"2, LU x"n/u by average palrs of non-overlapping

procedure continues, the data are effectively batched in
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groups of 1, 2, 4, 8, 16, . . . non-overlapping observations.
As the batches increase in size, one would expect the
correlation between the observations to decrease. Eventually
the null hypothesis is accepted. When it 1is accepted, the
sample variance 1is computed and a confidence interval for X
may be determined using the t-distribution., (It should be
noted that n in this case must be a power of 2.)

One problem with this iterative approach 1s that
the number of observations decreases rapidly as the number of
tests that have to be performed increases. The fewer the
observations, the less confident we are in our observed
values., To alleviate this potential problem, the number of
samples, n (observations), remains constant in SPAERS no
matter how many tests are performed. What is dependent on
the number of tests performed i1s simulation time. That is,
if ihe first test of independence fails (reject null
hypothesis), then create a new sequence x'l, x'2, I GO

x'n/2’ as before. The time interval of x', 1s 2T and we

i
have n/2 observations. At this point, the simulation is
continued and n/2 more observations, 2T time units apart, are
collected. Thus, at the time the next test of independence
is performed, we will have n observations. This procedure
continues until the test of independence passes or the limit

of tests performed is reached (user input--see Appendix B).

(It should be noted that the only restriction on n, total

number of samples, 1s that it be divisible by 2.)
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