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Abstract: With the current FAA, Operational Evolution Plan
and the US Department of Transportation, Integrated
National Plan for the Next Generation Air Transportation
System (NGATS) currently focused on the need to ensure
that the U.S. NAS meets safety, security, mobility, efficiency
and capacity needs of the future, the continued development
of improved resources for the study of new NAS concepts to
support this initiative are required. These resources take on
many forms, but as primary tools for evaluating new
concepts to meet these objectives, simulation tools for NAS
concept operations continue to play a key role. These tools,
if properly designed and progressively upgraded to provide
improved real-world capabilities are essential to this effort.
One such tool, NASA’s Airspace Concept Evaluation
System (ACES), is an example of a simulation environment
that has proven very effective for these concept studies, and
which has continued to undergo improvements to enhance its
capabilities. One recent improvement that ACES has
adopted, is the inclusion of CNS system modeling
capabilities. These systems, legacy systems currently used in
the NAS and newer technology systems that are under
consideration, are in a state considerable evolution and
evaluation for their ability to support NAS and CNS
architectures that will support the functional reality of future
airspace operations. With the addition of CNS system
models in ACES, CNS systems performance can be
evaluated in large-scale simulations and for simulations
directed at specific details of NAS operations. Also with this
system simulations and analysis can be done that addresses
the performance of the CNS systems themselves to support
future NAS operations.

With the completion of the development effort to integrate
Voice Communication, CPDLC, SSR and ADS-B
surveillance, and GPS and VOR/DME navigations system
models, and improvements to their configurability for CNS
simulations by late FY06, many new simulation
opportunities will exist in ACES. For future NAS concept
studies, this paper presents information describing the new
ACES CNS modeling capabilities and their configuration
options. The paper presents ideas on how concept studies
with ACES can be augmented by parallel CNS systems
simulations. Also identified are ideas on what new CNS
studies could be considered to evaluate CNS system
operation and CNS architecture definition. Results of sample
concept scenarios are included to support these
opportunities.
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Introduction

Concepts to investigate solutions to air traffic capacity
increases in the future National Airspace System will not
only require evaluations of physical aircraft dynamics to
demonstrate successful proof-of-concept, but will also
require evaluations of the ATM supporting infrastructure to
support these concepts. The Airspace Concepts Evaluation
System (ACES), developed as a simulation tool to provide
NAS concept investigations, identifies this as a basic
objective as presented in its system definition stating that,
“Concept studies that ACES models fall into one of three
basic categories: Agent, Infrastructure, or Environment”,
and continues to say, “Put simply, NAS Agents operate
within the NAS Environment and communicate with each
other and the NAS Environment through the NAS
Infrastructure”. That infrastructure, which includes systems
to communicate with pilots, systems to communicate
information to and from aircraft, systems that provide
information onboard aircraft to the cockpit, and systems
that provide awareness of traffic conditions to controllers
on the ground, (i.e. Communication, Navigation and
Surveillance systems), are essential systems whose ability
to support a concept may dictate concept success or failure
if not properly implemented.

To provide added infrastructure simulation capabilities in
ACES, a baseline set of CNS models were integrated
during FY05, and enhancements and new models that are
currently in the process of being added as a deliverable to
ACES by NASA GRC.

This paper provides a brief overview of the CNS system
models and enhanced capabilities that make use of these
system models to add more realistic infrastructure airspace
operations in ACES. Results of testing of select systems are
provided as well as results from selected enhanced features.
Also presented is an assessment of a simulation, presented
as a sample concept idea, with results to indicate how
communications simulations can be applied for studies with
ACES that previously could not have been considered.

Model Descriptions and Enhanced Features
Communication System Model

For Air Traffic Management, voice communication is the
primary communication mechanism between the pilot and
Air Traffic Control facilities (Tower, TRACON, ARTCC,
etc.) in the present NAS. Message exchanges for directing
airport gate departures, ground traffic instructions, take-off
clearances, landing sequences, air route change information
and aircraft maneuvers as well as air-space, region and
sector-to-sector transitions are typical voice sequences that
occur via voice communication.

As the default communication model component, a voice
communication system model is provided, simulating voice
message exchanges that are typical for gate-to-gate



aircraft/flight operations. The simulated voice
communication system transmits messages using a VHF
radio model to provide voice message delivery with
exchange characteristics and protocols that provide
representative delay and message collision handling
capabilities.

During FY06, Controller-Pilot Data Link Communication
(CPDLC), an application that provides a means of
communicating digital data messages directly between
computers on the ground and computers on board the aircraft
for ATC communications, is being added. Use of this system
for communicating messages for Air Traffic Management
will help to alleviate frequency congestion problems, and
allow the controller to handle more traffic. In its simulated
implementation in ACES, the CPDLC system model will
represent CPDLC messaging for air-to-ground services as
derived from a combination of CPDLC, Baseline 1/2 and
RTCA DO-269 specifications. The CPDLC messages will be
applied to be consistent with the message set and airspace
operations for the modeled VVoice Communication system.
The data link radio model employed for the CPDLC system
is a VHF Data Link - Mode 2 (VDL-2) model.

For both Voice and CPDLC Data link communications the
modeled systems provide equivalent message sequences
synchronized with ACES Flight events for each aircraft.
Message sequences are provided for surface operations,
departure and arrival TRACON operations and en route
events where communications with the aircraft are normally
conveyed for ATC-to-Pilot instructions. Message context
and control parameters used by the radio models for
simulated transmission of messages are available to both
systems from user-reconfigurable configuration files, and
other data such as ground station locations, ground station
radio parameters, aircraft equipage,... can also be modified
as required.

The Voice and CPDLC system models operate in a similar
manner within ACES, distinguished by their message type
and the radio model used for message transmission. As
ACES timing or events dictate, transmission of messages are
directed from a flight or ATC Agent (as the sender agent)
through the appropriate communication/Radio link model
and on to the destination flight or ATC agent (as the receiver
agent). Both the transfer of a particular communication
message to the communication model and subsequent
movement of the message from the model to its destination
are handled using the publish/subscribe operations provided
in the Agent-based simulation environment. Output
parameters that identify message delivery success and
performance characteristics of the end-to-end (sender to
receiver) transmission of a message will be stored in output
databases for experimenter analysis.

As well as providing operation of the communication system
models, three additional features have been added that can be
used in parallel with communication system modeling to
more realistically simulate its NAS implementation. These
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include: 1) Communication Activated Maneuvers - which
provides a sequence of ATC/Pilot, instruction and
instruction acknowledgement messages that are required to
be delivered successfully before an aircraft maneuver can
be initiated, 2) Enhanced Frequency/Channel allocations
that provides more realistic distribution of voice messages
over multiple channels within the TRACON and airport
airspace for specific airports, and 3) a Short Sector
Transition Time feature that mimics ATC control of
whether a new frequency is communicated to an aircraft
when the length of time the aircraft will reside in a portion
of a sector is limited.

Navigation System Models

System models for VHF Omni-directional Range/Data
Measuring Equipment (VOR/DME) and Global Positioning
System (GPS) will be available as Navigation systems in
ACES.

Used as a standard technology for navigation in the
National Airspace System, VOR/DME is a ground based
electronic navigation system that is provided as the default
Navigation model to generate simulated latitude/longitude
information available to the aircraft. In its operation, VOR
facilities transmit signals at the same time and
electronically compare the difference to interpret the result
as a radial from the station. VOR is enhanced through use
of DME systems. DME equipment onboard the aircraft
transmits a stream of interrogations to the ground station,
comprised of a pair of RF pulses, which are responded to
by the ground stations. The airborne DME equipment
receives the reply and measures the elapsed time (transmit
to reply) to calculate the round-trip time. From this, it can
determine exact distance from the ground station to
augment position information available to the aircraft.

The VOR/DME model provided is a statistical model
implemented as a navigation activity of the Flight Agent.
The true position (state information) of the flight is used by
the navigation activity to compute the reported position by
adding a VOR/DME equipment error to the true position.
Also during the simulation, slant distance is calculated by
the navigation activity for every aircraft location update
using the next VOR/DME ground station location
encountered by an aircraft.

With the increasing use of GPS navigation equipment
onboard aircraft to augment traditional systems, a GPS
statistical model is in the process of being added as a
second Navigation system model. GPS is a satellite-based
navigation system made up of a network of 24 satellites
placed into orbit by the U.S. Department of Defense. GPS
was originally intended for military applications, but is now
available for civilian use. GPS works in any weather
conditions, anywhere in the world, 24 hours a day. GPS
receivers placed onboard aircraft are beginning to see more
widespread use as secondary navigation devices for use



within the NAS. GPS data on board aircraft can be provided
to other onboard systems.

The GPS model that will be introduced in ACES is also a
statistical model implemented as an activity of the ACES
flight agent, as an onboard system. As with the VOR/DME
model, the GPS model obtains true position data by
subscribing to flight agent, flight physics activity, state
messages. The GPS model will provide varied GPS system
accuracies, implementing Local Area Augmentation System
(LAAS) accuracies for airport airspace and Wide Area
Augmentation System (WAAS) accuracies for en-route
airspace.

As an added capability to enhance the use of the navigation
modeling in ACES, a closed loop operation feature was
recently introduced. With closed loop operation for
navigation, the system provides feedback of the navigation
system model output (reported position) to the aircraft flight
agent. With this information, as would be the case where a
pilot or autopilot would use the data for steering, the aircraft
will see its position varied somewhat from its desired
position (due to the imprecision of the navigation system),
and therefore steer the aircraft to correct for the errant
location. With this feedback, and depending on the accuracy
of the navigation system information, it is anticipated that a
more accurate representation of flight trajectories and flight
times may be realized.

Surveillance System Models
For Surveillance, two surveillance system models will be
available, Secondary Surveillance Radar (SSR) and

Automatic Dependent Surveillance — Broadcast (ADS-B).

In the current NAS, ground-based, Primary Radar systems
are complimented by Secondary Surveillance Radar (SSR).

Both systems are used to determine the presence and position

of planes in the airspace allowing controllers to track each
plane precisely and efficiently.

For surveillance system modeling in ACES, an SSR model is

implemented as the default system. The SSR model operates
in a similar manner to navigation models, using Flight Agent
true state data as input, and applying statistical performance
characteristics to provide a new reported position. The model
is integrated as an activity of a Surveillance Agent,
represented as ground based agent due to the inherent
surveillance system ground based data processing and
subsequent delivery of these systems data to air traffic
controllers. For its operation, the SSR model receives ACES
aircraft state data as its input for processing using a
publish/subscribe operation, and simulates delivery of data
as available to ATC on the ground.

ADS-B equipped aircraft automatically broadcast latitude
and longitude, velocity, altitude, heading, identification and,
optionally, intent as determined by the avionics on board.
This information is broadcast via data link to ADS-B ground
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stations, other ADS-B equipped aircraft and ground
vehicles. The data captured by ADS-B ground stations is
distributed to Air Traffic Management (ATM) and other
control systems. As a modeled surveillance application,
ADS-B is simulated for Air-to-Ground broadcast only (i.e.
Aircraft Transmit, Ground Station Receive) using Mode S,
extended squitter as the communication link. Onboard the
aircraft ADS-B will use simulated Navigation system
output data (VOR/DME or GPS) for the aircraft position
(i.e. latitude, longitude), and ACES flight physics model
output for aircraft altitude, velocity, heading, and aircraft
Flight ID as input for messages.

In adapting the ADS-B application to the ACES
environment, this system model uses a combination of the
methods used for communication systems and for the SSR
model, and takes input from the navigation system that is
selected for the simulation. For ADS-B an activity of the
flight agent was created as a sender activity that receives
data from the Navigation model. The output of the sender
activity (as a published message) then provides an ADS-B
message to a communication agent, Modes S Radio Model
activity. If the Mode S model determines that favorable
conditions exist for message delivery success, the ADS-B
message is then transferred to an ADS-B receiver activity
of the Surveillance Agent. This system therefore represents
the monitoring and reception of ADS-B data again at the
ATC location where the tracking of the aircraft is taking
place.

Similar to the closed loop operation feature added for
navigation after the baseline development, an added
capability to enhance the use of the surveillance modeling
data in ACES was also implemented. With the surveillance
system closed loop operation, a simulation can be
configured to provide feedback of the reported surveillance
system model output (reported position) to ATC agents in
ACES. With this information, as would be the case where a
controller would see an aircraft out of expected position,
ACES NAS agents might use the data to generate new
maneuvers for the aircraft, or may identify traffic
restriction violations due to the variation of the aircraft
from it anticipated/desired position, leading to more
realistic and dynamic flight scenario.

System Model tests results

Testing of the Voice Communication, SSR and VOR/DME
modeling was completed in September of 2005.
Requirements test simulations were done to verify the
system model operation and system/model configuration
capabilities. Additional characterization tests were also run
with varied Flight Data Sets (FDS) to identify trends in
simulation results from multiple aircraft simulations for
each system. After completion of the enhancements earlier
this year, testing was also completed to exercise the six
new enhanced capabilities. This section provides a
description of selected tests and results from those
simulation runs.



From the characterization tests for voice communications, a
test case was configured to fly 122 flights, selected randomly
from a standard 4800 flight, Flight Data Set. From the
resulting output message data files, data was collected for
specific messages that made up the message sequences for
terminal/surface communication, TRACON maneuver
communications and for select, en route, Center boundary-
to-Center boundary messages.

Shown in Figure 1 are results of the simulation for two of the
flights for the surface message sequences. For each of the
two flights, the sequence of messages begins with a ‘gate
clearance request’ message and ends with a departure
TRACON, ‘frequency assignment instruction acknowledge’
message that occurs just before takeoff. What can be seen in
these data is the message transmission sequencing,
coordinated by the use of message timing data from the
message scenario configuration file, and synchronized by
ACES timing based on ACES NAS Agent events and
decisions. In some cases for the message sequences, gaps
will occur between messages due to built-in delay decisions
that are a function of when a specific next-message/event
will occur. An example of this is the gap between the ‘ramp
instruction ackmessage’ and the ‘taxi request message’ for
flight 431. These gaps are dynamic and vary in length based
on ACES NAS agent decisions for sequencing of flight
departures, and their function to maintain traffic flow.

Atlanta - Terminal/Ground Messages (Flights DAL431 / CAA476)

ario Message Number

[canaze mitiated | s

00 1000 2000 3000 4000 5000 6000 7000 8000

[DAL431 Tritiated | Time (Seconds)
Figure 1: Surface Message Sequences (departure)

Also indicated in this chart is an instance that occurred
where two messages, the flight 431 “TRACON frequency
instruction’ message and the flight 476 ‘ramp instruction
message’ initiate at the same time causing a radio model
interference situation. For this type of message collision, the
VHF communication link protocol sets the Ground to Air
message as a higher priority message, and the three
associated messages sequence for the ramp request are
allowed to retransmit first, followed by the retransmission of
the TRACON frequency instruction message. Similar type
retransmissions of messages are also handled for step-on
situations.

426

From the same voice communication simulation, Figure 2
shows results for three en-route flights passing boundary to
boundary through ZOB Center. Shown in this chart are the
frequency handoff instruction message sequences that
routinely occur. For each flight, and preceding their entry
into the Center, a new frequency has already been assigned
to the flight for its use in the new center, therefore the first
two messages observed after entry into the Center are a
“first contact message’ sent to ATC to identify itself in the
Center, and a response from ATC to acknowledge the
aircraft. A similar sequence of message exchanges also
occurs for each sector that each flight enters. It can be seen
here that these three flights flew through one, two and three
sectors and for each transition the four-message frequency
handoff sequence has taken place. The final two messages
for each flight are the “frequency instruction” message from
ATC and a ‘frequencyassignmentacknowledgement’
message from the aircraft just before entering the next
Center.

ZOB Center Boundary to Center Boundary Messages - Enroute
( Flights COM262 / COA172 / NWA396 )

coM262| | COA1T26

aaaaa
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00 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000  6000.0
Time (Seconds)

Figure 2: Center/Sector Freq. Transition Messages

From characterization testing for the VOR/DME navigation
model, a simulation test case was run with 144 flights that
traversed the US between several of the largest airports.
From each airport, 2 identical flights were flown to each of
the remaining 8 airports to be able to compare information
for similar flight path data. The graph in Figure 3 is a
typical plot of the results for one of the flight pairs flown
between Los Angeles and Atlanta. The chart indicates the
position delta (i.e. the distance between the ACES true
position and the Navigation system reported position
lat/lon) in nautical miles for each state message generated
by the flight, gate-to-gate, for every minute.

Of interest in this plot is the pattern that can be seen
(which was typical for all flight pairs) that shows a cyclical
variation in the data due to the models use of the slant
range in deriving a new reported position. The reason for
this is that as the aircraft follows its flight path, it uses
different navaid sites, to perform the reported position
calculation. With the aircraft proximity to the navaid
ground stations varying this has the effect of varying the
accuracy of the reported position data provided by the
VOR/DME model.
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Figure 3: VOR/DME Navigation Results

In order to characterize the effect of slant range on reported
position for the VOR/DME model, data was analyzed from a
simulation run with a 122 flight FDS. These results are
shown in Figure 4 where each column represents a 5 nm
range of slant distances, with the height of the column
indicating the average position difference found for each
range.

VOR/DME Slant Distance vs. Position Delta (True vs Reported)

1250-300 Nm.

nnnnnnnn g Slant Distance

Figure 4: Slant Range vs. Reported Position Deviation

Also, from the results for the 144 flight VOR/DME model
test simulation, a statistical evaluation of the data showed
that the average reported position difference provided by the
model is .51 nm, with a standard deviation of .692.

From Surveillance system model requirements tests, Figure 5
shows a plot of the data for three flights simulated with the
122 flight, Flight Data Set and surveillance enabled. The
chart shows the difference between the ACES true aircraft
position and the SSR system model, recorded position
logged for these flights. Since the SSR model is a statistical
model, the model simply converts the true position based on
the models operation and there is no other external input that
influences the result. The data for these three flights was
found to be very typical of all flights in the simulation.
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Figure 5: SSR Surveillance Results

Statistical information evaluated from the data set of all
flights in this simulation found that the average variation of
the reported vs. true position was .148 nm, with a standard
deviation of .11.

All Flights in Simulation

Std Deviation =

Average =  0.148127388
Variance = 0.012211818
Min = 0.000464986
Max = 1.19096608

0.110507095

Table 1: Surveillance Simulation Statistics
Enhancements - Test Results
Voice Activated Maneuvers

Two tests were run to verify operation of the Voice
Activated Maneuver feature, one to set restricted regions of
airspace where aircraft would need to be directed to
perform a maneuver to avoid creating a flight rule
restriction, and one to test an instance where an ACES
CDR event directs an aircraft maneuver to avoid a flight
conflict. The results of the second test are shown in Figure
6, where two flights were configured in a FDS to fly
directly at each other through matching waypoints reversed
in direction.

For this situation, two maneuvers were generated by ACES.
Indicated in the diagram are the rerouted flight paths that
each aircraft flew in the simulation, and the points at which
ACES maneuvers were initiated (1,4), the points at which
the communication maneuver message sequences (ATC
instruction plus pilot acknowledgement) completed (2,5),
and at the same time the actual start time of the aircraft
maneuvers in ACES (3,6). In this instance a more dramatic
maneuver can be seen being made by the northern-most
flight (black aircraft), and the second maneuver is issued to
the southern aircraft at a later time, possibly to complete
the ACES conflict resolution.

For both ACES maneuvers in this example the time that
each maneuver was delayed was 18 seconds which is the
total duration of the ATC maneuver instruction and aircraft



instruction acknowledgement messages that were
transmitted.

ACES Initiates e
Flight 2

ACES Initiates

Flight 2
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Required Flight 3
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Exchange
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Required Flight 2

ZMP19 HighSector

Figure 6: Voice Activated Maneuver Illustration
Short Sector Transition

To test the Short Sector transition time capability, a single
flight was simulated with navigation enabled. Results from
the simulation provided the flight path shown in Figure 7.
From that simulation the three, circled areas in the figure
were identified as the type of sector transitions that would
not necessarily require ATC frequency transitions, and
where frequencies of previous sectors may likely be used to
cover communications through those airspace.

Based on the airspeed of the simulated aircraft (found in the
FDS) and by determining the distance of the longer of the
three transitions, five minutes was selected for the transition
time to cover all three instances. This value was entered into
the simulation and it was rerun with the short sector option
enabled.

ZAU76H

L

Figure 7: Short Sector Transition Illustration

The results of the simulation are shown in Table 2, with each
of the frequencylIntruction message/radarContact message
pairs identified in the table. These messages occur just
before a sector/center crossing and just after, to initiate the
frequency hand-off or confirm communication on a new
frequency. As indicated in the notes on the right side of the
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table, the three anticipated short regions all were skipped
over in the simulation.

As an interpretation of Table 2 related to the map in Figure
7, the simulation detected that the 5 minute short sector
transition time would be met for the small section of
ZAUT6H that the aircraft would fly through. Therefore, the
frequency for the next transition that the aircraft would
need to make (as it crossed into ZAU75H) was sent by the
ZAUB4H controller (G-A) as a ZAU75H frequency, with
the controllers understanding that they would communicate
with the aircraft through ZAU76H. Once the aircraft
crossed over into ZAU75H, the pilot makes contact with
that ZAU75H sector ATC by communicating a
radarSectorContact (A-G) message to the ATC in
ZAU75H.

SectorFreglnstruc ArtccAtc.ZID GtoA  ZID87
CommunicationAgent. ARTCC.ZID GtoA  ZID87
SectorContactRequest Flight2 AtoG  ZID88
CommunicationAgent. ARTCC.ZID AtoG ZID88
ARTCCFreqlnstruc ArtccAtc.ZID GtoA  ZID88
CommunicationAgent. ARTCC.ZID GtoA  ZID88 Skips
ARTCCContactRequest  Flight2 AtoG  ZAU34 ZAU36
CommunicationAgent. ARTCC.ZAU AtoG ZAU34
SectorFregnstruc ArtccAte.ZAU GtoA  ZAU34
CommunicationAgent. ARTCC.ZAU GtoA  ZAU34
SectorContactRequest Flight2 AtoG  ZAU84
CommunicationAgent. ARTCC.ZAU AtoG  ZAU84
ARTCCFreqlnstruc ArtccAtc.ZAU GtoA  ZAUB4
CommunicationAgent. ARTCC.ZAU GtoA  ZAU84 Skips
ARTCCContactRequest  Flight2 AtoG  ZAUT5 ZAU76
CommunicationAgent. ARTCC.ZAU AtoG ZAUT5
SectorFregnstruc ArtccAtc.ZAU GtoA  ZAU75
CommunicationAgent. ARTCC.ZAU GtoA  ZAU75
SectorContactRequest Flight2 AtoG  ZMP17
CommunicationAgent. ARTCC.ZMP AtoG ZMP17
SectorFregnstruc ArtccAtc.ZMP GtoA  ZMP17
CommunicationAgentARTCC.ZMP  GtoA  ZMP17
SectorContactRequest Flight2 AtoG ZMP19
CommunicationAgentARTCC.ZMP  AtoG  ZMP19
SectorFreglnstruc ArtccAtc.ZMP GtoA  ZMP19
CommunicationAgent ARTCC.ZMP GtoA  ZMP19 Skips
SectorContactRequest  Flight2 AtoG  ZMP20 ZMP11
CommunicationAgent.ARTCC.ZMP AtoG ZMP20
SectorFreglnstruc ArtccAtc.ZMP GtoA  ZMP20
CommunicationAgent ARTCC.ZMP GtoA  ZMP20
SectorContactRequest Flight2 AtoG  ZLC17

CommunicationAgent. ARTCC.ZLC AtoG ZLC17
Table 2: Short Sector Transition Message Results
Navigation System Closed Loop

Since closed loop navigation operation should result in
varied flight paths for an aircraft that is tracking navigation
system data vs. one that is tracking ideally between
waypoints, a simulation with one aircraft was used with and
without this capability enabled to test its effect. For the
tests one flight was flown from Dulles to Seattle, and the
navigation statistics data were plotted for both flights.
Results were compared to verify that tracking was
occurring differently for the two cases. A section of the
flight path from both flights is shown in Figure 8, with a
section of that expanded to highlight a detailed region.




As can be seen in the inset, the data clearly indicate
differences in the aircraft flight paths from the two
simulations, which was also seen in many other instances
throughout the data. Furthermore, and although we are not
trying here to assess in any way the performance of this
implementation as related to the ACES flight model, the
results also clearly indicated that the aircraft did always
return to a track that allowed the flight to meet its waypoint
objectives and arrive at its destination.

ZSE74
High
Sector

Dashed Line
True Position w/o Nav
Closed Loop

Solid Line
Reported Positior
with Nav Closed Loop

Detail Area

Dotted Line - True Position
with Nav Closed Loop

Figure 8: Navigation Closed Loop Illustration

As an additional check of the performance of closed loop, it
was also believed that if this capability was operating as
expected, and the aircraft were constantly adjusting flight
paths to accommodate the varied reported position, that the
aircraft flight times would be lengthened.

To test this, a 122 flight, simulation was run with and
without closed loop enabled, and the actual flight times from
the simulations were compared. For the simulation without

closed loop navigation the average flight times were found to

be .07 min longer than their planned flight times, and from
the simulation with closed loop, flight times were found to
average 6.33 min longer, which at least, in this limited test,
seems to verify that the navigation system feedback was
making an impact on the flight simulation results as would
be expected.

NAS Concept Studies

Through the use of CNS models in ACES, analysis of NAS
concepts for air traffic operations efficiencies as well as an
ability to evaluate the NAS infrastructure to support them
can be performed. As an example of the systems use,
consider the following sample simulation and evaluation of
results to provide an assessment of air traffic controller,
voice communication workload in the airport/ TRACON
airspace for two airports.

For this example, a Flight Data Set (FDS) that identifies all

of the aircraft that will fly for the simulation was built from a
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standard 4800 flight FDS routinely used for testing. The
FDS is comprised of flights traveling between Chicago
O’Hare Airport (ORD) and Newark International (EWR)
airports, and all flights that either departed from or arrived
at ORD and EWR to concentrate traffic in these airports for
the evaluation. The final FDS was made up of 6 flights
flying from EWR to ORD, 6 flights from ORD to EWR,
104 flights departing EWR for other destinations, 87 flights
arriving at EWR from other destinations, 201 flights
departing from ORD to other destinations, and 229 flights
arriving at ORD from other destinations. Also in
constructing the flight data set, and to create a heavier
traffic load than existed with the standard flight definitions,
all of the flights scheduled departure times for flights
departing from Chicago and Newark (317 of the 632
flights) were modified to be evenly spaced for 10 minute,
Scheduled Gate Departure Time intervals which was not
the case in the original file.

In order to provide more detailed output data for the voice
message traffic in the specific phases of the flight that
would be evaluated, the enhanced terminal frequency
assignment capability was used for the simulation. In using
this feature, messages are discriminated for transmission by
arrival and departure and by airport surface/gate operations,
airport taxiway/takeoff operations and TRACON
operations. The standard TerminalConfiguration,
configuration file provides this setup by default, identifying
six ground stations representing six individual frequencies
for messages transmitted to/from appropriate controllers
(represented as separate frequencies) for these operations.

The simulation was run with voice communications
enabled and was completed in approximately 20 minutes.

Since the focus of the evaluation was on the time that was
required in servicing aircraft in the airport airspace and
TRACON at both airports, output data was collected for the
specific message sequences that occur in these airspace for
both airports. For the airport airspace, this included the
Gate Clearance message through the first TRACON
Frequency Instruction message for departure, and the
Landing Clearance Request message through the final Gate
Arrival Acknowledgement message for arrival. For the
TRACON airspace these included, the first TRACON
Frequency Contact message through the first Center
Frequency Instruction Acknowledgement message for
departure, and the Approach TRACON Frequency Contact
message through the Airport Frequency Instruction
Acknowledgement messages for arrival. These data were
sorted to include only those that were handled by the
appropriate frequency assignments for ORD and EWR. The
results of the assessment are shown in Tables 3 and 4.



ORD - Departures Airport Airspace

Time Span Handling Operations: 6.85 Hrs

(A-G) Pilot Total # of (G-A) ATC
Total # of A-G Combined On- G-A On-Air Time
messages Air Time (Hrs) messages (Hrs)
1293 2.12 650 1.79
ORD - Arrival Airport Airspace
Time Span Handling Operations: 6.12 Hrs
(A-G) Pilot Total # of (G-A) ATC
Total # of A-G Combined On- G-A On-Air Time
messages Air Time (Hrs) messages (Hrs)
496 0.59 331 0.56
ORD - Departures TRACON Airspace
Time Span Handling Operations: 7.07 Hrs
(A-G) Pilot Total # of (G-A) ATC
Total # of A-G Combined On- G-A On-Air Time
messages Air Time (Hrs) messages (Hrs)
457 0.57 578 1.26
ORD - Arrivals TRACON Airspace
Time Span Handling Operations: 6.18 Hrs
(A-G) Pilot Total # of (G-A) ATC
Total # of A-G Combined On- G-A On-Air Time
messages Air Time (Hrs) messages (Hrs)
705 1.51 721 1.49

Table 3: Chicago (ORD) Workload Results

EWR - Departures Airport Airspace

Time Span Handling Operations: 4.05 Hrs

(A-G) Pilot Total # of (G-A) ATC
Total # of A-G Combined On-Air G-A On-Air Time
messages Time (Hrs) messages (Hrs)
851 1.34 386 1.04
EWR - Arrival Airport Airspace
Time Span Handling Operations: 6.87 Hrs
(A-G) Pilot Total # of (G-A) ATC
Total # of A-G Combined On-Air G-A On-Air Time
messages Time (Hrs) messages (Hrs)
277 0.32 222 0.36
EWR - Departures TRACON Airspace
Time Span Handling Operations: 4.24 Hrs
(A-G) Pilot Total # of (G-A) ATC
Total # of A-G Combined On-Air G-A On-Air Time
messages Time (Hrs) messages (Hrs)
536 0.65 450 0.85
EWR - Arrivals TRACON Airspace
Time Span Handling Operations: 6.68 Hrs
(A-G) Pilot Total # of (G-A) ATC
Total # of A-G Combined On-Air G-A On-Air Time
messages Time (Hrs) messages (Hrs)
433 0.93 379 0.73

Table 4: Newark (EWR) Workload Results

In the tables, five values are indicated for each of the four
ORD and EWR operations. The first is the time span
required to handle that operation. This value was derived by
finding the timestamps for the first occurrence of the first
message transmitted in the appropriate message sequence,
and the final occurrence of the last message in the sequence
for each airspace. This number represents the end-to-end,
duration of time that would have been required to service the
particular operation for the duration of the simulation. This
could be viewed as the time that a controller would be sitting
at a console to service the communications required for the
operation category.
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The remaining four values for each operations category
identify a count of the voice messages that occurred, and
the “‘On-air’ time that was required to deliver them. These
are broken down by Air-Ground (combined Pilot) messages
and Ground-to-Air (ATC) messages. These times therefore
represent the amount of time required to communicate the
messages during the span of time to service the operation,
for both ATC and Pilots. These numbers also include
message counts and times for any retransmitted message
that were required.

Following the initial simulation, the Flight Data Set was
modified again to demonstrate some of the other analysis
information provided. The modification consisted of
increasing the traffic load of the total simulation by
doubling the number of flights departing from both the
Chicago and Newark airports, and further congesting the
air traffic by reducing the scheduled departure times for all
of those flights (twice the number of the previous FDS) to
five minute intervals. The new FDS that was created now
consisted of 929 flights.

After the second simulation was run, data from several
communication system statistics files were collected.
Tabulated results from both simulations for message failure
category data that is available are shown in Table 5. The
table indicates the message failure counts for interference
(i.e. congestion) failures, message step-on failures, and
messages that expired (were never transmitted) after all
retransmission attempts failed. Data are shown for both the
original (632 flight) and the 929 flight simulation, and for
occurrences within the different airspaces at each airport.
As would be expected, for all channels, the instances of
transmission errors show an increase. Important in this
information is that the number of errors indicated for
channel congestion and step-on does not necessarily
indicate or translate to messages that was not delivered.
Since a protocol exists in the VHF radio model for
retransmission of message that incur these errors, many of
these will result in a second or third attempts to transmit the
message that may be successful. This would account for the
low number of actual messages that expired in both
simulations.

632 Flight 929 Flight
Message Failed Due to: Airspace Simulation Simulation
Congestion KEWR 89 316
NIONY 297 1000
KORD 209 299
C90 1340 1969
Step-On KEWR 130 200
NIONY 126 246
KORD 362 432
C90 470 920
Transmission Expired KEWR 4 4
NIONY 5 15
KORD 10 10
C90 27 56

Table 5;: Reported Message Error Summary



Finally from this simulation, samples of communication
system results that are recorded in the output for channel
availability and channel utilization are shown in Table 6 and
Figure 9. For the channel availability data the information is
provided for each designator used for the six frequency
assignments at each airport for both sample simulations for
comparison. The channel utilization plot is for the Chicago
O’Hare (ORD) ground/gate departure frequency from the
first sample simulation. Both are provided here to indicate
the variety of data collected during a simulation and
available for analysis to the user.

avg Offered Load avg Offered Load in

channelld in Erlangs Erlangs (x2 Sim)
KORD_AG 0.43944 0.29750
KORD_AT 0.80194 0.73722
KORD_DG 3.95333 5.35777
KORD_DT 0.25972 0.34527

C90_A 3.35611 3.04277

C90_D 2.46944 4.56833
KEWR_AG 0.34055 0.30250
KEWR_AT 0.38888 0.39361
KEWR_DG 2.27611 3.00444
KEWR_DT 0.14305 0.12444
NIONY_A 1.61583 1.56055
NOONY_D 1.58333 2.63472

Table 6: ORD/EWR Arpt./TRACON Channel Availability

KORD_DG - Channel Utilization

0.30000
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0.20000

0.15000

0.10000
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0.00000

Figure 9: KORD Airport Surface Channel Utilization
Summary

ACES with CNS system models offers a diverse array of
experimentation possibilities to investigate the NAS
infrastructure using a proven, NAS-wide simulation tool.
Testing of the recent effort to integrate the CNS modeled
systems has provided very positive results. With these new
modeling capabilities and their continued improvements and
additions, existing concepts and new concepts that target
NAS Infrastructure operations can now directly apply
options to include NAS infrastructure components, and apply
their results to evaluations of the concept to support their
objectives.

431

Author(s) Information

Greg Kubat

Communications Technology Branch, Branch Manager
Electrical/Communication Systems Engineer

Analex Corporation

21000 Brookpark Road MS: GES AOS

Brook Park, Ohio 44135
Gregory.Kubat@Analex.com

Phone: 216-433-8123

Fax: 216-433-8656

Donald Van Drei

AWCNS Project Manager

NASA - Glenn Research Center
21000 Brookpark Road MS: 54-5
Brook Park, Ohio 44135
Donald.E.VanDrei@nasa.qov
Phone 216-433-9089

Acknowledgements:

The authors of this paper would like to thank Intelligent
Automation, Inc., Computer Networks and Software, Inc.,
and Comptel, Inc. for their assistance with, and
contributions to this paper.



p|al4 SIMaT 1e Ja1ua) yoseasay uus|o

(D9 VSVN) 12ipueA uoq ‘(‘dioD xajeuy) regny 6319 isioyiny

(rduioD xajeuy) reqny| baio — i1sjussald

9002 ‘p:€ Ybnouyy ,sT Aey
90U3J3jJu0d SNO-|

S}|nsay uolp|nWIS 4dasouo) 2jdwog pup sinsay 4sa|

S3DV Ul S|2pOoW 2a5up||12AdnS
pup uol4DBIADN ‘SuU014DIIUNWWO)



p|al4 SIMaT 1e Ja1ua) yoseasay uus|o

Juswabeuey uoneanbljuod aremljos — 'ou|l ‘SISY

uonelbalu| |9po / ubisaq [9POIN SND - '9U]l ‘'SND

Juswdo|anaq asemyjos / ubiseq walsAS - “ouj uonewolNy 1uabijelu]
Bulieaulbug uoneibalu| PO / WBISAS - "di0D Xxajeuy

uolredllIa/A pue 1sa] / uswabeue 198[oid - DY VSVN

woa| 4o2fouy

suoneneAs 1daauo) / uoneibalu| BPON SND Yllm anunuo) :L0Ad

SIapoN SND (18s pug) paoueyu3 jo uoneubalu| pue ubisaq (g
S30V Ul sanljiqeded uonenwis paosueyu3 waws|dwi (T :90Ad
S3OV 01Ul S|9POJN SND 40 18s auljdseq jo uoleibalul / ubisaq :SOA
Juswdo|aAag 19POIN SNO Y0Ad

saAl}2alqo 492fouyd |pnuuy

buiwpa | pup saAld2lgqo 422foud Y9



p|al4 SIMaT 1e Ja1ua) yoseasay uus|o

sallljigeded ajelisuowap 01 1daouo) ajdwes e Jo S}jnsal jusasald

alep 0] paia|dwod
Sjuawaouryu3g Buldpoy WalSAS SND JO S1Nsay 1S9 1uasald

alep 0] pala|dwod Bulldpo|N WaISAS SND JO S1INSay 1S9 1uasald
Sjuawadueyug

BuijopoN pue S|9poN WeISAS SND / STV 8U3 JO MBIAIBAQ

saAl492(gO uolgpiuasauy



p|al4 SIMaT 1e Ja1ua) yoseasay uus|o

‘1ndino se uonisod paliodal ‘(MaIA-D 1Y) [eapl-uou Bunnsal sbo

elep indul ‘eoualalal Se elep alels [eapl ‘1usby 1ybij4 SIOV Sasn

uoneoo| D1V a|qisuodsal 01 (buo/re) uonisod paliodal ‘[eapl-uou SapIAOId
(IopON [e211S11e1S) D1V 01 paliwsuel) eleq adue||IdAINSg pale|nwis

|2POW W24SAS 22uD||12AUNS (JYSS) JDPDY 22uUD||12AUNG AUDPU0I2S

indino se (8oue)sip) abuey 1ue|S pue uonisod paliodal bunnsal sboq .

uolel1s punols preaeN 01 Allwixold uo paseq abuey 1ue|S pale|NIRI SBSN
(er1eQ VV4) SuolelS punois) preaep Jo Ylomlau paddew e sasn e

10|1d @yl Ag pamalA ag p|nom se (BuoT/re) uonisod paliodal ‘[eapl-uou SOPIAOIH
elep 1ndul ‘eoualajel se elep alels [eapl ‘1uaby 1ybij4 STDV SosN o

(]opow [eonsne1s) walsAs uonebiAeN pleog-uQ SaleInwIS .

|2poW WaisAS uoiobiAbN JWQ/JOA

eiep 1ndino se so11SeIS "WwWod
pue uoISSIWSURIIBI % UOIRUIWIBISP 92UdI8Ia1UI ‘uoieInp abessaw ‘Aejap SapINOId

(S'H‘ 1) 10198S ® NODVHL ‘Modiy AlaAs 10) SUOIRIS punols Jo YJioMmiau paddew e sasn .
suolssiwsuel) abessaw Bune|nwis 10} [9po\ uonebedold ‘oipey 4HA © SasM e
uoneodIuNWWOo 3210A (D1V) V-9 pue (101d) 9-V 10J seouanbas abesss|N a2I10A Sae|nwiIsS

|2POW OIPDY JHA Y4!M UOLLDIIUNWWOD 210/

uoi4diudsaq s|2pow SN 2uljaspg



p|al4 SIMaT 1e Ja1ua) yoseasay uus|o

1d110S 9210/ 1ybiy) 916UIS Wo4) paAlIBp seouanbas abessow/sabueyoxs abessaw ajes-01-a1es)

(uoneayuap (suoneayyuiap)
J9BJUOD WWoO)) (uoneayiap JaAnaue
NOOVAL 10B}UOD "Ww0) NOOVHL (uoneoyuap
(suoneanuap) yoeouddy 103098 ainuedag J9BJUOD ‘WWOY)
19Anaue NOOV¥L
NoovaL 59 0100 59 01008 dnamoiB oo sdng MoV A ogng motin
1adng/mo I I !
SOadng oepaddy sodng/moUBIH JodngimoT/uBIH S B $2AnSIMOTABIH  (opeoyen
Mo s (annsuj “oa13) 19BJU0D *WWoY) (uonesyuan
m_._ (-onxysu] bauq) 103098 13U JoBJUOY ‘WWO)) (-onuysu| *boeud)
HPIH 18mo) 0} 18)u8) (supponusuf) NOOVAL
Hoduy 103098 [anssuj *baid) J3Anauey aunpedeq
b4 FEIIETS) NOOVYL
NOOVYL 0} 43)ua9 (-onuysu *bau4) ainyedag
(uoneoyuap yoeosddy (suononysuy) (-n3su] Buyg *basg) FE UED)
19BJUOD “WWOD) aoueIE3|D/IGANBUBN NOOVdL 'dsay(en) dsaxpuan) o} (sabossayy
aoedsay UM yoseouaddy /vy yoeouddy JaAnauepn J3Anaueiy [dsoy[juap) [dsayruap) NOOVHL :oiu:;..,m:b
: o) oy o 19AnaUEy 1oAnauel }jo-250)
193u3) o o ‘1xp) 'dwpy ‘2409
(sabossay (uoponzsu)) :
X
UoI4ONULSUT) (eBessayy) (uononsu)) ._w.”«h“uwc_v 19AnauE
ubissy 2409 ‘1x0) 21y wouy 1aAnauei o W o 4
abessap v 7
210/ 9|bulg (uonanssuy)
: : J19ANauEp /
o / \
/ \
\
Uo14I1SUDY, /
soodsaty +U , 1N | \ \_ 2dvdsuy nn/
. 4amo_| /yavouddy
aamo syovouddy T \ \\ \
Auv%u % & Am@u < W@u _m%ﬁ < W@u AM%D A= < W@u A*H_ % & A“Hﬁm | |
CECEE od (g) NOOVYIL abossaw J24U2D, [ ) i |
0U4UO, sdodury < Jajua) s € 2 |odsuon
_n..:o..w o1 m._u>=u.“_._.w<« addy v :o.:.m_m:wg.r J2AN2UDWY Lowwuw b 5 JoAnauDYY ol o4 St ZnOoM(M..F e \
2D0J 0. 1 J144S2;
$9 NoovaL Y i + ¢ 6 > 104925 35UDploAY saguzy  NOOWAL  aunpuodaQ | oduy /
NOOVL “addy 424u2) oI5y o $2114u0D \ SO
2 poday JaY4oa M\ \ NOOVL /
N ® podary /
/
\
(joAtLly) 9 (24ngundaq) )y
N
s
NODVL ~_ NOOVIL -
=~ ~ _ -

€# 20.14V/JALNID 2# 2oL13dv/d31N3ID I# 20.13dV/d31N3D

1H9I1d VIIdAL - S39VSSIW NOILVIINNWWOD Q3LVINWIS

sabossayy uoILDIIUNWWO) H1QdD PuP 2910/



avix
avix

avix
avix

avixi
avixi

avixi
avixi

avix
avix

avix
avix

avixi
avixi

avixi
avix

avixi
avixi

avix
avixi

avix
avixi

avixi
avix

avixi
avixi

avixi
avix

avixi
avix

avixi
avixi

avix
avix

al Aupoeo

seu

p|al4 SIMaT 1e Ja1ua) yoseasay uus|o

D01 AV LHOddIV usbyuonesiunuwod € 2000CT.LVV9OTTT
o0 2wbid YVO0LTTLVVITTT
VY019 avid L40dd v usbyuonesiunwwod € €00LTTLVVOTTT
Vo019 avix owuodiy O00VTTLVVOTTT
D01V avidl’ LdOd v iusbyuonesiunwwod € TTOS90LPPOTTT
D01V 2bi4 800290V ¥9TTT
VvOo19 avid’ LdO0dd v iuabyuonesiunwwod € 2002907 ¥9TTT
VvOo19 avix orvuodiy #00LSOLVPOTTT
D01V AVIX LHOdH IV IUSf=u oo
[5Ye3\ p18]e abessapyoyuononisulAauanbaldNOIVYL 1T
Sov AV LHOdN IV 1US) abessapyuononisulAousnbaidNOIVYL 9T
D0 2 abessapoaNel ST
vOo19 AVIA LHOdHIVIUS w@«wwwo_\/_wocm‘_mm_UtOmv_m.—. YT
(o) jre)

e S abessapyOae 01 Apeay €T
D01V aAvid LHO0ddIV US| abessayayuononasu|femixe | T
D01V Falle

afessapjuononnsujAemixe | 11
Do avid' 140ddIvIud
P zud abessapisanbayixe | 0T

afessapavuondNIsujduey 6
vo19 avid' L40ddIvIud
VoI5 aAvid o afessapuononnsujdwey 8

abessapisanbayduwe;

D01V avid' 140ddIvIud Wy Hdwed L
D01V pall]e abessapovUononIsupdegysnd 9
Sony AV LHOdN IV IUS abessapjuononsupoegysnd S
e S aBessepsanbayoeaysnd ¥
<m ASO'U011d110S80LIBUSISIOIOA WO} abessapyoyuonoNIIsu|oURIed|) I
Vor TvToTroT

afessapjuononisujaaueea|) 2z
D01 AV LHOddIvVIuUS abessaisanbayaoueIea)) 1
D01V pall]e
D0V avidl’ LYdOddIviusbyuonesiunwwod € ETOESYOPYOTTT
D01V 2bid 0TO8ZVIr¥OTTT
Vo199 avil’ LdOdydIviusbyuonesiunuwiwod € 6008ZV9VVOTTT
vOo19 avix orvuodiy 900E0V9P¥OTTT
D01V avid’ LdO0dd IV uabyuonesiunwwod € SOOEOVIVYOTTT
D01V 2bid 20000797 ¥9TTT

uonoalla pnpuabe (sw) swl ] uoneInwis
Hwsuen Kejag
abessa

ANAIDYUOIIRDIUNWWODSDI0A
762 9190AD ANANROWIO|IdYBIIH

ANANOYUONEDIUNWWODSIIOA
Auanoyainuedaqguiodiy

ANADWYUOREDIUNWWODSDION
762 2199AD AlABOWIONdIUBIIH

ANANDYUOIEDIUNWWOD3DION
Aunnovaanuedsguodany

AIANDYUOIEDIUNWWOD3DION
762 2199AD AlABOWVIONdIYBIIH
AIANDYUOIEeDIUNWWOD3DION
62 2199AD AlAnOWvIONdIUBIId

ALANDWYUONED IUNWIWODIDION
Annowyainuedasguodany

ANANDYUONEDIUNWWODSDION
62 2199AD AlAROWIONdIUBIIH

ANANDYUONEDIUNWWODSDION
62 °199AD AlAnowviIoNdiubiig

AIANDWYUORED IUNWWODIDIOA
Annowyainuedaguodiny

AIANDWYUORED IUNWWODIDION
62 2199AD ANAROWIONdIUBIIL

ALARDYUOITED IUNWILIODSDIOA
Y62 21904AD ANANDVIONIUBIIH

Krrnmms o

A
ve

1S
1T

_ lisu| bai4 NOOVHL dag _

LT
9T _
ST
vT
€T
T
T

oT

9

@ouanbas
yoaxel
‘ixe] ‘areso

mocw:mmm abesso

S JJodXe] 01 91e9 ainuedaq

ALAIDWYUONEDIUNWWODSDION
Aunnovwyaanuedsguodany

AIANDWYUOIIEeDIUNWWOD3DION
762 2199AD AlAROWIONdIUBIIH

plIAlAnoe

Y6114 9|6buIS v3S 01 AV

- ©

- M

al

aouanbas

S}|NS2Yy UOI4D|NWIS - UOILDIIUNWWOD) 2D10A

‘ _

T _ A3LVILINI LHOIT4 _

# bas
olueuad’s

uonduosag



p|al4 SIMaT 1e Ja1ua) yoseasay uus|o

(spuo2ss) awil _ Pa4DluT ﬂm¢\_<a_
0002 0009 0°00S 000V 0°00€ 0°00¢ 0°00T 00
- (1) abessapisanbayasueles|d T
1€ 446114 /
04 Jorud und20 =— _ pa4oitiu ON¢<<U_ (¢) sbessajyuonoNASUIRIULE3ID 4
sabossau 3o Bl (&) obesSaNYIYUONONISUIBOURIED|D) M - €
1sanbaydwoy
P24DI20SSD - (1) obessaNisanbayoeqysnd m %
pup / 2bbssay
9/¥ +ybij4 Jo L (5) abessajyuonoNISUPORAYSNd  mm g

UOISSIWISUDJL2Y

- (9) abessadoyUONINASUORAYSNd gy L9

g
B 2bossawonuisubaidNODVAIL TEY HYBIId Yim (2) sbessapNisanboydurey = - L 3
b nbayd 6 =
Y Sa42jJ424ul 2bossayy 1sanbaydwioy 9/ 1ybi4 (2)/sbessopliononnsuiurey = g ©
<
M
- () abessanyoyuononnsujdwey m L6 n%
&
= (QT) obessaisanbayixe | - 0T M
c
dwoy 9/ 44614 [ ] (TT) abessapuononisuifemixe | L TT M.
J244D S4N220 @

i [ ] (zT) abessandOvUOnINISUlkemixe | L 21

QT # 2bbssay jo
v =8 (1) oessopyoare 01 Apeay SAD[2Q 4SaNDRRIXD -04-$§0oDL NG

%9Dqysnd ui-4|ing o} 2nQq dog

uw (4T) 2BESSONBOUERIEOIOH0RYE L PUD %90qysng PauIquwio) ui-4|ing o4 2nq dog -

m  (GT) abessapyoade L - GT

—a | (9T) abessaponasulbaIdNODVY YL - 9T
= (21) 9fessappovonnsulbaldNODVH L 4T
8T

(9.¥VVO / TEP1VA S1yBi|d) sebessay punoto/feuiwisl - eluely

2ouanbag bsy }joaxp| 04 jupdaQ 24b9 - uoip|NWIS 4Yybi4 221
S}|NSay uolD|NWIS - UOILDIIUNWWOD 3J10A



p|al4 SIMaT 1e Ja1ua) yoseasay uus|o

V019 DAz D01 dV uabyuonesiunwwod T G8/.T8E8YYITTT AUAROYUONEDIUNWIWODSDION .8
€00dz V019 DAZ AVIIUY ¥828.E8VVITTT 2az Aunnovybuissold € T-62
£004dz D0 DAz D01 dV usbyuonesiunwwod T €8/28.€8VVITTT ANAOYUONEDIUNWIWODSDION €8
€00dz o0 zwbid 28.€L€8VVITTT AunnovenoyuInybi4 -8¢

10109S 1XaN SsJa1ug — 101995 01 101995
5004z D0 DAz ' D01 dV usbyuonediunwwod T S8/¥228vV9TTT ANAOYUONEDIUNWWODSDION =74
s00Adz D01V zwbid 821228V V9TTT AnnnoyemnoyuInybi4 14 T-22
5004z V019 DAz DD 1 HV usbyuopesiunwwod T €8/T22Z8VY9ITTT AUAOWYUOIEDIUNWIWODSDION zL
5004z V019 DAZ 2WVIIUY 28,8128V ¥9TTT oaz Aunnovbuissold z 1-92
S00dz D01 2AZ DD 1y usbyuoesiunwiwion L 28719087 FZOTTT AAIIDWYUOIEDIUNWIWOD3DION 6
s00az D01 afiessa\10eIU0D /ePRYI0}09S 6¢ AinnovemnoyuIybi4 € sz
s0oaz vo19 fola pareYo) afiessapisaNhayIdeIL0)I003S 8¢ ANAOYUOIEDIUNWWODSII0A 9
so0oaz VO19 DAZ 21VIOUY ¥8.E€S08VVOTTT oaz Annovbuissoid T ve (soedsiny sinoiug
s00dz D01 2Az'00 afiessappoyuononsulAouanbal4ioloss 12 AUAOYUONEOIUNWIWODSIIOA 5 ML_W wm:Nz Mw%@m%...
O AAOVYLINOHU 3] zZ g :
ez e afessayuononasulousnbai10108S 92 SRR [ 121090 T S1oIUg ge ainuredaq wouy
s
avidl D01V avIdL' NO aBeSSANOYUONINASUIUIAIFEIUODIBPEYDD LMY 74 ANANDYUONEDIUNWLLO D200 _‘ uonisuen O/
avidL D0V AIANDWYIUBDSYIYBIIH 9 22
alesSapUoRONASUIIMITEIL0DIBPRIDD LY 174
avidiL VvOo19 AVIXL NO aBessapIsanbayiorIu0) D) L HYISIH Y4 AUAROYUONEDIUNWWODSDION o€
avidL Vo119 Aunnoyainuedagreuiuua | [ Tz
avidL D01 AvIM L NO| ALARDWYUONEDIUNWWODIDION 12
afessajpoyuopanisulfouanbal Sl o T :
avidiL ooy INYIYUORINASU| 40014vIsil4 144 AIANOWIUSOSYIUBIL S a9
aviMi V019 AvIML NO| afessapyuononnsujfousnbai4d0 1 4vIsIH 12 AUARDYUOREDIUNWIWODDION ve
avidiiL V019 h d Auanoyainuedagreunwia | v 9
avidiit D01y avix1L NO ebessapvISANaUe NRIMEdeq 9 ALANDYUONEDIUNWIWODADION 12 sabessan
aviiL 901y mmmmmm_\,_‘_m>_._mcm_>_m‘_:tmgmm_ 9 L£rianAacniinnacwnniRn . ~a I~ AnaLy
avidi V019 avix1l’ NO / @ —U
avisiL Vo159 abieSSaNOYUONINASUILHIMIIRI0DBPRYNODYY Lainedag 0z mm m m m m _\/_ u_.u_. O U Cm _I_ m L H_ I
aviiL D01V avidL NO| 9feSSa\UORINAISUIUIIANIIEIL0DBPRINOI VY Lainiedaq 6T /
avisi 201 6 b ]
aviiL V019 aviXL’ NO 80essa\1SanbaYy10.IUODNOI VY Lainedsq 87 /4
aviiL V019 AVI>IL OlvuooelL 09¢/Z6e/vvOLLlL C O _ H _ m C,m .hl_l ‘_ Ou_.owm
aviiL 201 AVIXL NODVH L usbyuopediunuwod T S002€CLVYITTT /
aviiL o0 zwbid 00,22,V V9TTT B Cm C O _”_._ m Cm.hl_l l_mu. Cmo
aviiL V019 AVIXL NODVH L usbyuonediunuwod T €00.22.7¥9TTT / " »
avidiL V019 AV d1vuodel | ZO00ETZLVYITTT ANARDVSINUEASA[EUIWIS | T 6T Y Emt
avisiL D01y avidL NODVY 1L usbyuonesiunwwod T TOOETZLYYOTTT AUANOYUONEDIUNWIWODSDI0N € uonisuell o/ v
avisil 20 b4 0006022V V9TTT AUAnowviIua2sviybi-4 T 8T NODVYL ‘ded sieug _
al Aujeq  uonodaug pnusbe (sw) awlll uonenwis pIAnAnoe al # bag Ty o
seu Jwsuen Kelaa 2ouanbas oueuass
abessa

1y6114 81buIS v3S 01 VI
S4|NS2Yy UOILD|NWIS - UOILDIIUNWWO) 3I10A



p|al4 SIMaT 1e Ja1ua) yoseasay uus|o

(spuo2as) awil

0'0009 0'00SS 0°000S 0°00s1 0'000% 0°'00s€ 0°'000¢ 0'00S¢ 0°000¢ 0°00ST 0°000T 0°00S (N0}
: : : : : : : : : : : sz
£980Z s 6¥80Z 6v80Z = LyEOZ =
. L i (92) aBessapuononIsu|bal410199S i T - . - 9¢
- 9807 i 8¥80z - 99902 o L3902
G S H U (22) ebessapyovuononnsulbai4io)oes s T oL e
AH_E A ]| A 100 A ]| A ] AH_E
.. [ - | I .. [ I - - 82
. = M (82) abessaNIsanbay10eIu0D10109S : - .
: . . . 8vy80Z = /G40Z . 0
. H o 3 . - o
: : : : : . g
s H s . . . (62) abessaI0RIU0DIBPRYHI0108S e . e = s . - 6¢c 2
5 g 8 5 . 5 o
19902 s's s*®s Ly80Z = 8280Z 9v80Z s-s s-s 99802 s-s =
. (0g) abessapuononisuifouanbal4d D 1YY S-S [ ] a - 0€ %
=R ST = S
. £
- (tg) abessaoyuonoNIsulfousnbaI4dD 1YY a [ ] L 1€ 5
o
82802 16802 19807 2
- (2€) abessSaNISaNDaYIoLIU0D DD L HY iy ce
(ot (o} (o
- ] = e
(c€) abessap1oRIUODIBPEHDD LYY
96EVMN 92LIV02  292WOD
14
Gge

(96EVMN / 22TVOD / 2Z92INOD sybil4)
a1noJuu3g - sabessaN Arepunog Jaiua) 01 Alepunog J91uad 907

s2ouanbag bsy jjopupH Asuanbaug Jo432g pup Jajua) - uolLNWIS Jybi4 221
S4|NSay UoI4D|NWIS - UOoILDIIUNWWOD 3J10A



p|al4 SIMaT 1e Ja1ua) yoseasay uus|o

(2
w6I) Bay
“NOW 190 G e

(e
wBI) By
“NO 180 G e

S B4 —

2 B4 —

aoue)sig Jue|s Buisealou|

269'= A@pIS  wu TG =e)8ap BAy «

("wN) eYj3Q UONISOH

(e2uaiay)ip uonisod
lapIMm — aouelsip 1ue|s 1ablie|) l@ap uolisod
‘SA abuey 1uer|S JO sabuel sajedlpu| «

‘WN 052-002

WN 00€-052

uone|nwis 1ybiIj) ZZT Wodj 1reyd JaMmo

(pa110day SA ani1) Bl UoNISOd “SA d9uelsIq JUe|S JNA/HOA

T9¢ TSC TvZ TEZ T2C TT¢ T0C T6T T8T TLT HMMQ“HJMWMMWMM”MHOH 16 18 T2 19 IS Tv 1€ T2 1T T >om.hsoo.m _GUOE Co How%%w w:_.m> mmcmm
: 1ue|S 01 anp s10(d [[e ul uiaired [eda1]9AD «

(urwyt) abessaw
are)s aby ybi4 yoes Joj (eldp uonisod
‘9°1) uonisod paliodal pue anl] usamiaq

aoualajip Buimoys 10|d Bunjnsal eoldAl «

(1wu) ey@p uoISod

‘syiodire sn Jolew [el1aAas Usamla( Salnol
awes Buojfe s1ybij) oM] M3]} UOIR|NWIS 1SS

S€

BlUR|lY 01 'V

S4NSaY 4521 U0NDZII21ODUDYD (IWQ/PIOA) UolLbiDN



p|al4 SIMaT 1e Ja1ua) yoseasay uus|o

(saInuIN) dwiL uone|NwIs

B A R AR Al S I N I R IR I R U RV
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, .
W ‘ U\z al -
< < \ | ‘ t | i : < : )
S60.0S0TT 0 = uoneinaqg MIS I ' | 4 T =¢ ‘ ' &0
8099606T'T = xew ‘ c ‘ Lo &
986%9¥000°0 = U 86TETVY — g
BITTIVY — _ 50 9
8T8TTZZI00 = oouelRA OT Y g
oz
88€.2T8YT0 = afesony 903
uoneInWIS ul SIBIH |1V .
80
r60

LS 01 XV1-86TETVY ‘XHd 03 M4A - 6TTTIVY ‘Md4d 03 3710 - LL0TIVY
UOI}ISOd 8NJ] "SA UOINISOd palioday HSS

TT = A@pPIS wWu 8yT =eleg bAay "si1ybiyl e 10} synsal [ealdA] «

s1yb1y € wody — (ulwyT) paresausb
abessaw alel1S Yyoes 10J Sa1nuiw ul awil "wis ‘SA (eyep uonisod a°1) uonisod paliodal
|[9PO\ d2ur||IBAINS pue uonisod anJl ‘[pow 1ybij4 STV Ul 83UBIBYIP SMOYS 1eyD «

Bunsal Joj uone|nwis 1ybi4 2zT pasn e

S4|NS3ayY 452 UO14DZ1J249DuDY) (YSS) 22uUD||12AUNG



p|al4 SIMaT 1e Ja1ua) yoseasay uus|o

‘Buyew uoIsIo|p pue
suolelado D1V 01Ul Pa123|jal 8¢ 0] S|9POW WSISAS 8ouUR||IBAINS JO AdeINd2. SMO|[R D »

‘Buew uoIsIo|p pue suoljelado D1V 10) awWil-[eal pasn S| UOITRW.IOLUI SIUB|[IBAINS
SJ3||0J1U0D J1)jel] 11y 01 uolewlojul uolisod apinoid SWBISAS 8UR||IBAINS «

uoijouadp doo paso|) - 2oup||12Adng

‘solwreuAp 1ybi) 19edwi 01 uolrewojul WAISAS uonebiAeu Jo Aoeindoe ayl SMOJe 1D
10|1d-01nVy 10 10(1d JBy1Io Sk 1Jeldlie ayl JO Bullaals 10) awil-[eal pas «
Jeldlly 01 uonew.Jojul uonisod apinoid swoalsAs uolebineN e

uolyouadp doo paso|H - uoi4pbiabpN

's110dJre paloa|as J0) Sjuswubisse |auueyd/So JO UoiNgLISIP

panoidwi ue Buipinoid Ag pasealoul salouanbail uoneIIUNWWOD 8210A JO JISQUINN e
‘JJelolie ||e 0] suolelado aleljuaaliip pue awn|oA dljjel) ajpuey

0] W31SAS suoiedluNWwWod a|gixXa|} e uo Ajal adedsiie [euiwial ayl ul suoljesado 1eldlly «

sjuawubissy Asuanbau, |puiwuaj p2soubyu]

‘]Jeloldie ay) 01 paniwsuel) sabfessaw uoeIIUNWWOID JO Jaquinu [e10]) 8yl S8duan|ju| «
‘'suolsIoap Jusawubisse Aouanbalil mau diys 01 Ja1oweled e Se HUIl1eS awlil 1ISURI] d|qelIBA
‘9WI] 1Isuel] 10198S 1oys buipinold Aq seouanbas abessaw Jjopuey baiy Jo Jlaquinu S8onpay .

(sabossay }jopuoH baug) a2wi] uoijisubu] J0492G JUOYS

solweuAp 1ybijy 1o yred 1ybijl palrea areniul o1 sabessow Bunnoual
SN SUOIIIPUOD UOI101IISal uolbay/aoedslly pue uoIIN|0SayY pue uoi1231aq 191|JU0) SN -

SU2AN2UDW P24DAILOY 2D10A

uoirydiuasaq sai4ljigodo) p2suobyu]



p|al4 SIMaT 1e Ja1ua) yoseasay uus|o

404225YbIH 61dWZ

404225YbIH 02dWZ
29s 0y68 =1
JaAnaue

2 yBij4 paiinbay
sayuap| S0V

995 £0'8598 =1
9j9jdwon
abueyox3y

obessa|y uep 235 0p9g =}

olid / 0LV JaAnauepy

€ JyBi14 paunboy
sayyusp| S0V

1

J404925YbIH [TdWZ

@ 99s £0'8568 =}

9j9jdwon

abueyox3y
abessay uey

Jolid / o1V

29s $0'0¥68 =}
JaAnauep
[AULIIE]
sejeniu| 30V

29s $0'8598 =3
JaAnauep
[AU1JIE
sejenIu| S0V °

‘suolssiwsue.
abessaw a210A BuIMO||0) paleniul alam Yylog “SiaAnauew oM] palelausab SOV «

‘saffessall 9210/ JUBWALBPa|MOUNIY UOIIDNIISU] V-9 pue UodNIISU| 9-Y
JI9AI[ap 0] Aejap 23s QT Jalje palinado eyl (s)isAnauey SJDV JO S1nsal smoys diydelo «

"uUo peaH — 13S eleq 1ybi4 ul sjuitodAem Buniaaul Ag pasianal syled 1ybij4 e
"'suonoalip alisoddo BulAl) suodiy sajIng pue aj11eas usamiaq pale|nwis siybijy om] e

S{|NS2y - JU2W2OUDYU] SUANUDW PLDAILOY UOILDIIUNWWO)



p|al4 SIMaT 1e Ja1ua) yoseasay uus|o

11012 90 97Z'00.L4y 2usbyuonEsIuNWWOY
L1012 901y 246114 159nbay10eIU0)10398S
0zdNzZ Y019 diNZ:001 4y IusbyuonealuNWWod
02dNZ V019 dINZ 91Uy anuysu|bai4103983
0zdNZ 901 dINZ:001 4y 3usbyuoealuNWWod
TTdINZ 0zdNzZ 901y AUIE! 159nbaY19LIL0DI01083
sdiis 6TdNZ Y019 dZ 001y JusbyuoieIIUNWWOY
6TdNZ Y019 dINZ 91001y on13sulbai4103085
6TdNZ 901 dINZ:001 4y usbyuoiealuNWWod
6TdNZ 901V AUIE! 159nbaY19LIL0DI01083
LTdNZ Y019 dINZ:001 v 3usbyuoedluNWW0d
LTdNZ V019 dNZ 9120y ansujbai410108s
ITdNZ 901 dINZ:001 4y usbyuoiealuNWWod
LTdNZ 901y FAUIE! 159nbaY19LIL0DI01083
SINVZ Y019 NYZ'00. ¥y 3usbyuoiresiunwuwio)
S/NVZ V019 NYZ 920Uy ansujbai410108s
SINVZ 90 NYZ"001 ¥y 3usbyuoiresiunwiuwo)
9/NVZ SINvZ 90 2614 153nbax19eIU0DID LUV
sdiis v8Nvz V019 NVZ' 00 Ly Jusbyuoieslunwwod
v8NvZ V019 NYZ'91y00UY onnsulbal49 LMY
v8Nvz 90N NYZ"001 ¥y 3usbyuoiresiunwiuwo)
¥8NvZ 901y 24114 159nbay10eIU0)10198S
vENVZ V019 NYZ'00L ¥ Jusbyuoireoiunwuwio)
vENVZ Y019 NYZ'9y29UY aniisubal4101088
venvz 90w NYZ"001 ¥y 3usbyuoiresiunwiuwo)
9ENVZ venvz 9o 2614 153nbaY19eIU0DID LUV
sdiis 8801z Y019 Ql1Z'00L¥Y JusbyuoneaIuNWWOo)
8801z Y019 Q1Z91y90UY onnsulbal40 LMY
8801z 90 Q1Z:0014v"3usbyuoiredlunwwiod
8801z 90 FAVITE 153nbax19e1U00101088
[8Q1Z Y019 Q1Z:0014v 3usbyuoirealunwiwiod
/8017 Y01 Q1Z'9y29uy aniisubal4101088

HO.ZNvZ

(9.NVZ 01 ¥8NVZ 40 pealsul

G/NVZ 01 ¥y8NVZ :9|dwexs 10J) ‘siuswbas

1J0YS ay] puoAag suoillisuel] 10199S pue Ia1ua)d
10} 1n220 sjjopuey Aouanbai) 1eyl smoys ajgel «

sabessaw Jjopuey
balj 101085 pue J91Ud) 10} BIRp PB123||0D

uoIR|NWIS Ul UIW G = aWI] uolnisuel] 189S
paadsire D)y uo paseq awi 1ybij) pauiwialag
Juswbas 1salbuo| Jo aour]SIp paulwliala(

(TTdWZ pue 9.NVZ ‘9ENV2)
S10129S JO S1uaWbas 110YS JIS9A0 M3|} 1Jeldlle

ay] aJayMm aulwlialap o1 wis by a|buis e mal4

S§|NSay - $U2W20UDYU] 2WI| UOI4ISUDJ| JOLI2G LJOYS



p|al4 SIMaT 1e Ja1ua) yoseasay uus|o

doo] paso|D ABN UiMm
uonisod ani1 - aur pafod

ealy [leleq

dooT paso|D ABN UM )
uonisod papoday
aur pljos

o W g

eay [B1oq

dooT paso|)
ABN O/M UOIISOd &nJ|
aur paysea

10)08S
ybIH
¥/3SZ

sa1nuiw ¢'9 Aq pasealoul suoneinp 1ybij abeiany «
( pauayibua| suonreinp 1ybi) J1 83s 01 Bunsal ) sA4 ‘1ybijl 22T Yim uone|nwis wolH e

leuonounj swaas dooj |011u0d — siulodAem pauue|d 01 paulnial Yelolly «
(mo|aqg MaIA [le1ap Ul UMOYS) "paAlasqo alam yred 1ybij) SOV W04l SUOIRBIASP [RIBASS «

‘yred 1ybi1j) ul uoneeA paledionue ay) UO 199}J8 Byl dUIWIBIBP 0] paj|geua uonebineN
dooT paso|D Inoyum/yiim pue pajgeus JNA/HOA yim 1ybijy ajbuls e pare|nwis e

s}|nsay - juaw2asuoyuy doo] paso|) uol4bbiAbN



p|al4 SIMaT 1e Ja1ua) yoseasay uus|o

indino se elep sbo .
uoneoo| D1V 9|gisuodsal 01eIRq g-SAV JO AIDAIIBp SaRINWIS
(4SS ‘SYOL1) ul| swes JISA0 pallied elep WalsAs S PO [euonippy
aoualapioiul + Alljigeqoud alnje)/ssadons AlaAljop abessaw Saulwialap [9pOW S SPOIN e
suolIsSsiwsuel) abessaw Bule|nwis 10} [9pow olpey S 89P0\ SOSN
(010 ‘poads ‘epnin|y ‘BuipesH ‘Buo/e) abessaw yoea
ul eyep aels 1ybi4 + SynNsal [opow AN SHWSUeI] — WaISAS pieoquQO Se pare|nwis .
|2POW W24SAS 22UD||12AUNG LSDIPDOUG - 22UD||12AJNS juapuadaq diiowoiny

indino se (soueisip) abuel/a|bue 1ue|sS pue uonisod paliodal Bunjnsal sbHo
10|1d @yl Ag pamaIAa aqg pjhom se (BuoT/re) uonisod paliodal ‘[eapl-uou SapInoid
elep indul ‘eoualalal Se elep alels [eapl ‘1usby 1ybij4 SIOV Sasn
(SYV/MW SVYVT - [apow [eansie1s) walsAs uonebineN Sd9 pJeoq-uQ sare|nuwis
|2pow waisAs uonpbiAoN S49
elep
1nd1no Se SJ11S11eIS "WWOo)D pue UuoISSIWSuURIIaI ‘UoIleUIW I91ap 82UdI8)Ia1ul ‘Ae|ap SOpPIAOId
suoleIS punous Jo yilomiau paddew (a|geinbijuod 1asn) € S8s e
suolssiwsuel) abessaw Bule|nwis 10} [9PO olpey Z-1dA B SOSN

692-0d VOL1¥4 ¥ ‘Z pue T auljaseg D1Ad)D wou) paAliap sabessaw [e11big e
soouanbas abessaw [apow 3210/ 01 paddew sabessaw [e1IBIp D1AdD SaRINWIS .

|[2PoW o1pDY 2-1QA Y4M uoipdiunwwo) (3ul] 04o0Q) 21Qd2
(90Ad) uondiudsaq sjapow SND MaN



p|al4 SIMaT 1e Ja1ua) yoseasay uus|o

£L'0 6.8 £6'0 [ 6Vl 222 1S} S0L
(s1H) seBessew (s1H) ewiy) sebessew H-y Jo # €10 (saH) sabessaw (suH) awry sobessow 9-v JO # [ejoL
awi) ay-uo V-9 JO #[ejoL JI=UQ pAUIqUOD suwil Jiy-uo V-DJ0#|€jol JIv-UQ psuiquod
o1V (v-9) 101d (9-V) o1V (v-9) 10d (9-v)
suH §9°9 :suopesedp BujpueH ueds swiL SuH 81°9 :suonesedQ BulpueH ueds ewiy
eoedsily NOOWH L SIEALLY - HM3I ooedslly NOOV.L S[EALLY - ONO
G680 [0+ 4 990 9€sS 9Tl 8.9 190 1Sy
(s4H) seBessew (s1H) ewiy) sebessew H-y Jo # €10 (s4H) sabessow (suH) s, sobessow 9-y Jo # (€101
swl| Jiv-uo V-9 Jo#(ejoL dIy-uQ pauiquod suwlj JIiv-uo V-DJo#lejol Jiv-UQ psuiquod
o1V (v-9) 101d (9-V) o1V (v-9) iod (9-V)
SIH 2t :suoiesedQ BujpueH ueds swil SIH 20°Z :suoneiedQ BunpueH uedg ewi
eoedsily NOOVYL seindedeq - YM3I soedsily NOOVRL sainyedsq - Q¥O
9€'0 zee ze0 y¥r4 960 Lee 650 96y
(84H) sefessow (s4H) swiL safiessew 9-Y JO # [eJoL (siH) sabessawl (suH) swirL sobessaw 9-y Jo # [ejoL
swil Jiy-uo V-9 Jo#eoL JI-uQ psuiquod suwil Jiy-uo V-DJo#[ejol Jiv-UO psuiquo)d
o1V (v-9) 101id (9-V) o1V (v-9) iod (9-v)
SuH 28°9 :suonesadp BuipueH ueds awiy SIH Z1'9 :suoneladQ Bulpuey uedg i)
ededsuly Hoduly [BAILY - HMI aoedsuly Hodlly [EALLY - QHO
o'l 98¢ Vel 158 6L'L 0S9 cle €6cl
(saH) sabessow (sJH) swiy Jsiy-uQ sabessaw 9-v J0 # [ejoL (siH) sabessaw (s4H) swL sabessaw H-y JO # [E10L
awl] Jiy-uo V-9Jo# el pauiquo) 10]id (9-v) awil JIy-uo V-9 0 #[E]0L  JIY-UQ PaUIqWo)
o1V (v-9) o1V (v-9) 1od (9-v)
SJH GO'P :suonjessdo BuipueH ueds auiL SIH 6g8'9 :suoneiadQ Buipuey uedg i)
_ eoedsuly Jodiy seunyedeq - M3 eoedsuly Jodily seinpedsq - Q¥O

dnoub yoes 10) sAejap ‘suoneinp pajelo|

‘Sobessaw panliwsuellal/m sabessaw pajelo] «
(bauy AQ) sabessauw 10|14 se sadA) abessaw y-9 pue ‘Q1V Se sodA) abessaw 9-y pajeledss «

‘syiodire yioq e [eAlise

10} 9129 01 NODVYL ‘sainiredap 10) NODVYYL NIY) 910 - saouanbas abessaw panaliey «

pajqeus juswadueyug "ubissy bai4 [euiwlia] ‘pajgeus SUoNRIIUNWWOD SII0A

S[eAlalul ainltedap ulw QT e padeds (s1ybiy) 2TE) sainuedaq YM3I pue aHO -

d/M3 pue aYOo e sainuedaq pue S[eAllIY U0 Pasndo0y) dljjeld] Jre /m sa- 1ybij) zg9 e

“dM3 pue g0 40} d1jjell Jelalre Jo peo| Aneay AjaAne|al e 10}
suolesadQ aoedsiiy 110dily 10) PRO[¥IOAA UOIRIIUNWWOD ‘IIY-UQ D1V aulwialag :8A1n93lqo

S4|nsay/4dasuo) ajdwog - poopom JLY NOJVYL/4doduly



p|al4 SIMaT 1e Ja1ua) yoseasay uus|o

9 4 060
]! (]! QHOM
Sl S ANOBN
14 4 UMIN paudx3
uo|ss|wsuel ]
026 0Ly 060
zey z9¢ ayo
ore 9zl ANO6N
00z o€l HMI uQ-deys
6961 oveL 060
66¢C 602 QO
0001 162 ANOBN
9le 68 UMIN uoysabuoy
uojje|nuig uopeInwIS aoedsily :0}
WbId 626 Wbi4 ze9 an( pajied sbessapy

uonenwis 1ybi} 626 pue geg 1o} erep paredwod «
(Juas Janau sabessaw "o°|) suolIssIwWSURL]
palidx3 pue sloli3 uo-dais ‘s10443 (82ualiagiaiu]) uonsabuo) JO Jagunu ayl paploday «

dM3 pue gyo bunsedap s1ybijs jre 10} Buioreds ulw G 01 Sawl) ainliedap ayl 18S .

( s1yb1) 626 ) "S82UBIINDD0
uo-dels pue aduala)ialul 8besSaw uoIeIIUNWWOD U0 10348 8yl arenjeAa 01 YM\3
pue a4oO woJy sybiyy Bunredsq jo Jaqunu ayl Buljgnop Aq aiyyeuy are Sg4 ayl pasealou|

S4nsay 4daduo) 2|dwog - poopuOM D1V NOIVYL/+Joduly



p|al4 SIMaT 1e Ja1ua) yoseasay uus|o

eleg uonezi|nn [guueyd sonsiels Alljige|leay [guueyd
s B NN SR NN EEE e s e . 2ve9z eeesg' a ANOBN
R 8 9 8332868l 888 )R 228352388838 83¢8888
G HEdEE 888 EE 088000088888 E888dHe G5005'1 €8519°1 v ANO6N
el o Soerl'0 10" ¥M3IN
400500 ¥¥y00°€ a2z O ¥MI
L9E6E0 8888€°0 1V UMD
000010 0S20€0 SS0VE0 OV UMM
€€89G°Y v69v°c a-060
| e llzvo'e LLasee V 060
12S¥e0 216620 la aqyoM
| 000020 1116€°G €€EG6'C Oa QoM
¢cleL’0 61080 1V QoM
‘ 1 ) 052620 vveer'o OV QyOM
I- 000520
(wis gx) sbueuy sBuey3 uj p||suueys
U} peot paisyQ Bae peoT paisyQ Bae
0000€°0

uorezI|N |puueyd - 9 AYOM

(Remixe] /dwey/ores ainledap
ado 1o} ereq) "uone|nwis 1ybijy g9 wolj paureiqo jojd uoirezijnn |puuey

wis (gx) b1y 626 "SA 1ybIjy 2£9 woly erep smoys ajgel Aljige|rene [puueyd

uole|nNWIS suolediunwwo)
yoea WoJj Paiols Uoljewlojul Sa1ISIIeIS suoleaiunwwo) Jo sajdwexy .

D4DQ W24SAS UOILDIIUNWIWO)
4dasuoy 2|dwog - poopjoM ILY NOIVYL/+doduly



p|al4 SIMaT 1e Ja1ua) yoseasay uus|o

‘aoedsire NOO VY L/Hodiy ayy ul Alljigeded JaAnsuew SJIV 4O UOIIPPY
(SI9pOIN SND 10) @2uUaIajal Se pasn) sajepdn abessaw a1els [opow 1ybij) 1uanbal) 10N
(pey aney 01 83| p|jnom am) sjuswsAoldw] / suonippy SIOV

suollen|ens
uolre|nwis pue elep buljidwos yiim diay o1 suoneaijdde sisApeue pjing o1 AllunyioddQ -

Siuawanoidwi palinbai
aulwJalap 0] (suole|nwis aiow uni) alow walsAs ayl asiolaxa 01 AllunyioddQ

Mull elep 8yl se 1 YN 3sn eyl s|9pojN WaisAS g-Si4 pue g-SiL PpY

(Aluo ©-v Ajpualind) uoneiuswa|dwi g-SAV Heldlly-01-1Jeldlly ppy

g-SAv 10} [9POIA uoledIuUNWWOo) 1VN PPY -
‘papaau

Se s)|nsal Jl1Sijeal aiow 10j 1snlpe pue sjunod abessaw Jo Aoeindoe 91ehbl1SaAU| .
papaau

se s[apo\ Jo Alapl) ayl Buisealoul a1ebilsaAul pue S1INSsal JO UOIIRDIJIIBA WI0JIad e

suswaAoldw] / suonIppyY SI9PON SND Ylm S3IOV

sjuawanoudwI |DI4U2404 - S|2POW SN2 Y4m SOV



p|al4 SIMaT 1e Ja1ua) yoseasay uus|o

‘uoneluswa|duwili
S1daou09 e Jo ainjie) 10 SS822NS aUIWIBIBP PINOI eyl SONSSI WalsAs
SND 1e paldallp S1ynsal ulelqo Ajsnoaueljnwis pjnoa saipnis 1dasuo)d

(s30V)
JUBWUOJIAUS uone|nWIS SYN uaaolid e ul suosiedwod ABojouyoaal SND 10

suolneltado ainyoniiseljul SNO SYN arebnsaaul o) AliunuioddQ ue sapinold

sanljiqissod uonejuawiiadxs Jo Aelre apim e SI9}J0 SIBPOIN SND YlIM STDV

AJowwng - sjapow SN2 Y4M SOV





