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C-17 TEST DATA ARCHIVE EFFORT

Major James (Monty) Greer Mr. Dwight Fuqua
412 TW/DRP, Edwards AFB, CA 412 TW/ENIO, Edwards AFB, CA

The C-17 Test Director, Major James (Monty) Greer is currently deployed to the
Southwest Asian Area of Responsibility (AOR). In his absence, First Lieutenant Mike
Perez, Glenn Sakamoto, Jeff Armbruster, Bill Kubel, and | completed this paper with
contributions by many others cited herein; we hope it meets his goals. Major Greer is a
boss one looks up to; we anxiously await his safe return to the CONUS.

ABSTRACT.

During the era 2000-2002, the U.S. Air Force C-17 Follow-on Flight Test Program
(FOFTP) transitioned to total bulk data collection employing the Veridian OMEGA™
Intelligent Multiplexer (IMUX) and associated Series 3000 Telemetry Processor.
Advanced planning for the data management was deficient; engineers and analysts
were overwhelmed by the actual quantity of instrumentation data collected, at a rate of
2- to 3-gigabytes per flight test hour.

In fiscal year (FY) 2003, the Test Director initiated comprehensive planning for
management of the C-17 data elements. Including the bulk instrumentation data
collected, this plan also addressed the management of programmatic information and
correlation from the test definition program phase through the archiving of test reporting
Information. The envisioned end-state of the C-17 test data archive effort, also referred
to as the C-17 Enterprise Test Data Management System (ETDMS), seeks to provide
the C-17 Test Team with cradle-to-grave data management at a level unprecedented in
the flight test community and is described herein.

With Congressionally directed funding for the effort, the C-17 Integrated Product Team
(IPT) has aggressively moved into deploying the C-17 ETDMS at the Air Force Flight
Test Center (AFFTC) located at Edwards Air Force Base, California. Five modest
objectives were set for the effort at initiation; these were:

o Objective 1: Establish C-17 Technical Library; Complete Deployment of LiveLink
Distribution System

o Objective 2: Improve Data Analysis (Telemetry) Toolset and Products; Train
Users

o Objective 3: Modernize Legacy Databases/Applications (Measurands,
Calibrations, Generation of the Test Parameter Requirements [TPR] Document)

o Objective 4: Fix the Test Planning and Test Point Tracking User Interface

o Objective 5: Implement the Approved ETDMS Framework

The C-17 ETDMS will link the many geographically separated users of C-17 test results
in near real-time. Thus, providing the program decision-makers with the information
required to support the current worldwide combat operations tempo by joint force
elements as exhibited during the recent deployments and sustainment of operations in
the Southwest Asian AOR. Collaterally, the C-17 ETDMS will support the efforts of our
co-located NASA-Dryden colleagues seeking to improve the abilities of our National
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Airspace System (NAS) to support industry initiatives such as aircraft health monitoring
and “call-ahead” maintenance planning.

Currently ahead of schedule and within projected costs boundaries, the C-17 ETDMS
will provide government off-the-shelf (GOTS)/commercial off-the-shelf (COTS) solutions
to the C-17 test community during FY 2004.

PROBLEM STATEMENT.

C-17 data management encompasses: (1) programmatic information elements; and (2)
flight test data elements. Programmatic information includes the test plans, flight cards,
Type-2 (T-2) modification packages, program schedules, and test reports. Flight test
data elements include instrumentation data, video and audio data, completed flight
cards, range support data, and time-space-position information (TSPI).

The problem is twofold: (1) management of over 10 years of historical data complicated
by deployment of total bulk data capture capability; and (2) access to the information
from a broad, geographically separated C-17 IPT, as shown in Exhibit A. Large amounts
of information and data are required to be linked to the users shown; data
communications capabilities were limited to electronic mail and 10 Base T network
access to a LiveLink™ Document Management System.

Exhibit A: The Problem

Users

o C-17 IPT
« Global Reach CTF

« Program Office

 Air Mobility Command

* Boeing

« NASA-Dryden and Ames Centers
* WSMR Partnership
« Others

Programmatic Test Data
Information Raw and Processed

[~
\ i CTIWR N e o o - - » Bulk Data (Analog and Digital)

» Test Plans « Video and Audio Data

» Test Reports

* The “Job Books”

« Everything Else
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IHow much information/data are we talking aboutj.

Programmatic_Information Elements. We currently show a short-term need to manage
3- to 5-Terabytes (TB) of information which will grow to 25 TB over the life of the C-17
FOFTP. Exhibit B shows typical programmatic information elements.

Exhibit B: Amount of Programmatic Information

Program Job Book: Approval of the T/WR initiates

ic Inform
Programmatic Information Elements establishment of the Job Book for the effort at hand.

Test/Work Request (TWR
:Test pa,ame,grs Re(quirerrzems The Job Books for individual C-17 FOFTP elements
Document (TPR) reside on the Edwards Business Enterprise Network

« Type T-2 Modification Package accessible at http://www.bsx.edwards.af.mil.

* Approach and Procedures (A&P,
. ?I‘i)ght Cards (FC) os (ASP) Projects in draft reside on the local G: drive.

P " Each Job Book is the centralized repository
Detailed Test Information Sheet (DTIS . ) 3 .
: SZfe;y Package ation Shest ( ) for all information associated with the TWR;

this information includes the Approach and Procedures,
P t
) Dgiﬂﬁ:nmgigeme" and Schedule Flight Cards, Detailed Test Information Sheet,

« Completed Flight Cards Safety Package, and Reports.

* Test Report
» Archived Files ~ \

I 3-5 Terabytes of Information I

Flight Test Data Elements. Our current flight test data processing baseline is 3- to 6-TB
on any given day. We anticipate this to double before the close of FY 2004, and
quadruple by end of FY 2005. By FY 2006, we expect to manage an estimated 25 TB of
information per year. We can only hope to stay ahead of this data deluge. Exhibit C
outlines flight test data elements being collected per mission flight hour.

INTRODUCTION.

The key to success in any effort is a “common vision.” Those involved have the same
viewpoint and expectations of the anticipated results and a mutual understanding of
requirements. We now work in the so-called “spiral development” mode, anticipating
block-type upgrades to capabilities incrementally delivered, which may be modified as
requirements become more defined, and integrating the most recent technologies as
they become available.

Using this approach, the C-17 test data archive effort establishes a baseline for future
data management at the AFFTC, strategies and tactics to address C-17 program
management objectives, but also, addresses the broader concerns faced by future
programs including the Joint Strike Fighter (JSF), and C-130 Avionics Modernization
Program (AMP).
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Exhibit C: Amount of Flight Test Data

Flight Test Data Elements

¢ ILIAD Database

» OMEGA Database

« Display Files

» OMEGA Output Files

(DRU & ODE)

« Dolce Output Files

* Range Data Files

» Weather Data Files

« Video (Digital & Analog}

* Audio (Digital & Analog)

* Photos

« OMEGA Files

* CSV Files

« MATLAB® Files

« DDD Files

*HD4 and 5 Files

« MPEG Files

« Other Special Data
Products

¢ Archived Files

MIL-STD-1553 Data Bus: Currently seven busses are instrumented

on the designated test aircraft; two additional communications data

busses will be instrumented in the future.

s« M1/M2busses produce ~ 350 MB per hour each

e F1/F2/F3/F4 produce ~ 250 MB per hour each *
e W1 ~ 300 MB per hour

. Total 1553 ~ 2GB per hour

ARINC 429 Data Bus: On the designated test aircraft, 36 high and low
speed busses are captured.

«  Aggregate total ~ 300 MB per hour

Pulse Code Modulated (PCM) Analog Data: Three PCM streams
are captured on the designated test aircraft, each at a data rate

of 640KBPS.

. te tofal ~ MB per r

Analog and Digital Video Data: Currently VHS and Super 8 tape cassettes
record audiovisual data; transition to solid state digital recorders has been
implemented on the second test aircraft.
e On demand copy of VHS to DVD format capability exists
* Converted VHS/Super 8 Data ~ 2 GB per
hour for specified time slices consolidating
3 video streams
» Digital Solid State Recorder (Heim Brand)
~1.1 GB per hour per video stream.

More to come -

Exhibit C: Amount of Flight Test Data (Concluded)

Flight Test Data Elements

* [LIAD Database

* OMEGA Database

» Display Files

* OMEGA Output Files

(DRU & ODE)

* Dolce Output Files

* Range Data Files

» Weather Data Files

* Video (Digital & Analog)

» Audio (Digital & Analog)

* Photos

» OMEGA Files

* CSV Files

» MATLAB® Files

* DDD Files

* HD4 and § Files

» MPEG Files

« Other Special Data
Products

« Archived Files

ILIAD and OMEGA Databases: For sach test series profile, assume 100GB
of supporting data.

Data Products: For data bus and PCM instrumentation, archives will be twice
the size of data/light hour collected (best case). Video experience to date is
on the same level of magnitude.

Still Photo Data: On-aircraft, in-flight or post-mission digital camera data .
indicates a file size ~ 0.5 GB per photo for high quality archives.

Range Radar/Beacon TSPI Data: Recent parachute airdrops collected

FPS-16 data from a single range radar. . -
Processed, this data indicates a file size ~ 1 MB/mission. -
Additional data processing reduces this to ~ of 0.5 MB/mission.

Range Video Support: White Sands Missile Range (WSMR), New Mexico,
provides state-of-the-ant digital video in support of munitions programs.
This capability is coming soon to other DOD ranges.

Up to six cameras are used to score Air Force bomb drops and guided
air-to-ground missile performance.

Typically 8 seconds is recorded for each test point or event.

Our colleagues have provided the following information. Current digital
camera is 1 MB/rame (1024x1024), 1,000 frames per second, net result on
the order of 62.9 GB/minute/camera.

If we have 20 cameras deployed, then we're looking at ~1.26 TB/minute.
The next generation cameras are 4 MB/frame & higher frame rates.

But assume still 1,000 frames per second, and then we're looking in

the neighborhood of 5 TB/minute.

The principle sponsors for the effort are Major James (Monty) Greer and Major Paul
Waters. Major Greer was the C-17 Test Director for the US Air Force through August of
2004; he is currently deployed in the Southwest Asian AOR with Major Landon
Henderson is now holding the reins of authority and continuing the program.

Major Waters is vested as the AFFTC lead for formulation of Joint Center strategies to
tackle upcoming test and evaluation programs. First Lieutenant Miguel (Mike) Perez is
the U.S. Air Force designated Program Manager for the C-17 test data archive effort.

Approved for public release: distribution is unlimited. 4
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Mr. Steve Parker leads the Instrumentation Team assigned to the C-17 effort; he also
leads associated efforts for platforms including the C-130 and C-135.

Mr. Dwight Fuqua and Mr. Jeff Armbruster are First Lieutenant Perez’s technical
advisors bringing over 10 years of post-military career industry experience to bear on
integration of commercial and Government-developed technologies to meet the mission
needs. Glenn Sakamoto coordinates activities with our NASA-Dryden Center
colleagues.

Directed line item congressional funding on the order of $2.7M was provided for
FY 2004, specifically earmarked to establish and implement the C-17 test data archive
effort. Previously, during the era 2000-2003, the C-17 FOFTP invested over $2M in bulk
data collection and processing capabilities. Anticipated funding for FY 2005 is
earmarked at $3M.

BACKGROUND.

Programmatic Information Elements.

The existing technical library was swamped with over 12,000 documents, many in
duplicate, and available in paper copy only. The C-17 information was interspersed with
other heavy aircraft programs dating back to 1968. Information was not indexed or
readily available; information resident at the System Program Office and/or Boeing Long
Beach was not readily accessible.

A meager 25 Gigabytes (GB) of storage crippled the LiveLink™ Document Management
System and low bandwidth accessibility by those geographically separated IPT users
needing information right now.

Flight Test Data Elements.

Legacy elements residing in the technical library consisted of 1,800 14-inch magnetic
reel-to-reel tapes; 3,800 videotape cartridges; and over 200 volumes of completed flight
test cards in paper-only media. As mentioned, C-17 information was interspersed with
other heavy aircraft programs dating back to 1968.

The deployment of the Veridian bulk data collection system onto the dedicated C-17
airframe (airframe designation T-1) was initially a disaster; the US Air Force purchased
three complete systems, as of January 2002: one was operational, one unit was partially
operational, and one was still sitting in the box. On the post-mission data processing
side, an equal challenge faced the team, collecting 3 GB of flight data per hour,
processing was swamped with only 35 GB of total storage space to disseminate the
information to the flight test engineers and cognizant, discipline engineers.

On the data processing side (i.e., input-output) files had to be deleted to take care of the
next job, then re-processed from raw data tapes, as the information was needed. Here,
the data management concept was wholly inadequate; capacity could not handle
production of data items.

Approved for public release: distribution is unlimited. 5
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All issues were addressed in parallel. Three Veridian systems were activated by
September 2002: one supported the dedicated test aircraft T-1; another palletized
system used to test designated production aircraft; and a third hot-bench system was
employed for preflight checkout of instrumentation configuration changes. Ms. Kim
Lathrop, our Type-2 Modification Manager led this assault supported by Leo Gross, Bill
Wambganns, and Bill Huang. Subsequently, this team deployed a fourth system for the
second dedicated test C-17 deployed to Edwards in mid-2004.

Exhibit D highlights the C-17 data chain for the resultant instrumentation-data processing
capabilities now in-use. The IMUX collects analog and digital data bus elements, time-
tagging and archiving this bulk data capture onto digital linear tape (DLT) cartridges; the
IMUX forwards the information to the on-board Series 3000 OMEGA™ processor where
engineering unit (EU) conversion takes place for real time display to the flight test crew
on client notebook PCs. Redundant archive to removable hard disk drive (HDD) is
performed; post-mission the HDD is transported to the data processing facility for
detailed processing and analysis, and data product generation. The other data sources,
video, audio, range, and TSPI sources are not shown here.

Exhibit D: C-17 Instrumentation-Data Processing Chain

On the Aircraft Bidg 1830
IRIG Local
Time Display
TPR I |
Analogs —— Series 3000 Archive Series 3000
ARINC 429 IMUX OMEGA [— R D'Skbl »|  OMEGA
MIL-STD-1553 — Processor emoyable Processor
DLT
Recorder Operational Specialized
| Data Data
v Environment Products
OMEGA | | OMEGA OMEGA
Client Client Client Quick Detailed

1 l Look Follow
Up

Data Log Feature using Pen Stick
“Archive Client Display”: CSV Quick Look

In parallel to making this process and system operational, an emulator facility was
established allowing our cognizant engineers to pre-fly a mission, configure their
displays, and dry run the test mission before flying it, thus avoiding the errors with
“winging it.” Mr. Reuben Nelson was the instrumental figure in this initiative.

As a “gap-iller,” Mr. Christopher Coleman solved the data storage dilemma with the
recommendation to employ temporarily the Universal Serial Bus (USB) Version 2.0
Buslink™ portable drives to warehouse data. Mr. Coleman’s recommendations went into
place within 24 hours and data storage capacity rose from the 35 GB baseline to over
1.2 TB in one week, albeit segmented on multiple drives.

Approved for public release: distribution is unlimited. 6
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To meet this challenge, five objectives were initially established; these were:

o Objective 1: Establish C-17 Technical Library; Complete Deployment of Livelink
Distribution System

o Objective 2: Improve Data Analysis (Telemetry) Toolset and Products; Train
Users

o Objective 3: Modernize Legacy Databases/Applications (Measurands,
Calibrations, Generation of the Test Parameter Requirements [TPR] Document

o Objective 4: Fix the Test Planning and Test Point Tracking User Interface

a Objective 5: Implement the Approved ETDMS Framework

Research and bid-sample testing was conducted to support development of the
technical approach, schedule, and budget allocations. Government off-the-shelf and
COTS tools were identified to support the technical approach. Examples are: (1)
OMEGA™ data environment; (2) instrumentation loading, integration, analysis, and
decommutation (ILIAD); (3) Microsoft Sharepoint™; and (4) FOXPRO™ Version 8.0.

A three-phase technical approach was adopted to meet urgent, critical shortcomings

aimed at reaching the end-state in FY 2005 fielding the needed capabilities as fast as
possible. Exhibit H highlights the technical approach.

Exhibit H: Technical Approach

PHASE 0 PHASE | PHASE 1l . PHASE il
Start TIGARS/
ILIAD
Work — TPADS
Feb 2004 Deployment User Interface Implement
Approved
— ETDMS Operations
I ODE Deployment and Training | Technical -and-
Approach Maintenance
ETDMS -with-
: Team
Requirements Trainin
Definition Approval 9

Technical Library
and LiveLink Distribution System

Sustain Current Databases Support
And Systems until Phaseout Deployment

RESULTS TO DATE.
What we have achieved to date is discussed by objective below.

Objective 1: Establish C-17 Technical Library; Complete Deployment of Live Link
Distribution System.

Approved for public release: distribution is unlimited. 9
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DEFINITION OF THE ROADMAP.

We then proceeded to define and address the core problems with a spiral development
approach: (1) management of over 10 years of historical data complicated by
deployment of total bulk data capture capability; and (2) access to the information from a
broad, geographically separated C-17 |IPT, as previously shown in Exhibit A.

Messrs. Paul Ferrill, Bill Kubel, Jerry Gross, and Ken Ray defined our end-state
information management and data processing architecture needs with assistance from
the entire team. Ms. Michelle Baldonado coordinated range requirements. This team
was assisted with world-class expertise from General Dynamics (formerly Veridian),
EMC? (formerly Data General), Symvionics, and our JT3 support contract team
members.

DISCUSSION OF THE TECHINICAL SOLUTION.

The end result was a coordinated deployment plan approved by management on
February 18, 2004, and since then, has been effectively prosecuted under the
management of now First Lieutenant Perez.

Detailed decomposition of the mission support process was performed; from test
definition through test reporting for any individual C-17 FOFTP element. A summary of
the typical C-17 FOFTP mission process is provided in Exhibit E. Inter-relationships and
dependencies were established. Common tools were identified and mapped; these
became the basis for the requirements for an end-state ETDMS.

Exhibit E: Mission Support Processes

1.0 Test |—% Test/Work —>| Test Parameter
Definition Je— Request [«— Requirements Document

L_. 2.0 Test " Type T-2 —* Detailed Test 1+ Safety * Generate | Flight
Planning |+— Modification Package [— Information Sheet #— Package @ Calibrations e~ Cards

I_' 3.0 System [—* Flight Developmental —* Instrumentation — OMEGA
Configuration |+— Engineering Orders w— Work Requests «— Database Updates

L, 4.0 System 1 Simulator —>| Hot Bench t—* On Aircraft — Preflight
Validation —{ VV&A #—| Checkout #— Checkout j«— Checkout

6.0 Test |—* Quick Look —> Instrumentation +— Postflight
Execution J*— Reporting [«— Health Analysis — Checkout

’_' 6.0 Data | Data Product +— Raw and EU Processed
Processing Generation & Validation fe— Data Archiving

,‘—‘ 7.0 Data | Refined —* Information Product
Analysis f— Analysis [+ Generation

L—" 8.0 Test |—"| Products —* Technical Library
Reporting f+—| Delivery «— Archiving

The C-17 FOFTP business process was then mapped with the stakeholders identified
for each phase: (1) test planning; (2) test execution; and (3) test reporting. This created
our subject matter expert pool and the business flow needed to support the C-17 FOFTP

Approved for public release: distribution is unlimited. 7
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mission. Exhibit F documents that business process. This also set the ‘goal’ for the
C-17 test data archive project.

Exhibit F: C-17 Business Process

Mission Flow

Planning

Test rme—— Test

Test

Execution

 Z

Reporting

Programmatic Information Elements

* Test/Work Request

» Test Parameters Requirements
Document

* Type T-2 Modification Package

« Approach and Procedures

« Flight Cards

« Detailed Test Information Sheet

« Safety Package

« Program Management and Schedule
Documentation

Programmatic Information Elements
« Flight Card Tracking
* Schedules

|

Flight Test Data Elements

* Completed Flight Cards

+« OMEGA Output Files
(DRU & ODE)

« Dolce Output Files

* Range Data Files

= Weather Data Files

« Video (Digital & Analog)

|

Flight Test Data Elements

* ILIAD Database
* OMEGA Database
¢ Display Files

« Audio (Digital & Analog)
* Photos

Programmatic information Elements

* Test Report

« Archived Files

« Completed Test Points
* Open Test Points

l

Flight Test Data Elements

* OMEGA Files

* CSV Files

* MATLABR® Files

* DDD Files

* HD4 and 5 Files

* MPEG Files

» Other Special Data
Products

* Archived Files

The ‘goal’ was set at correlation and traceability between all program phases matching
the programmatic information with flight test data elements from cradle-to-grave for any
C-17 FOFTP element. Exhibit G provides an overview of our definition of the C-17 test
data archive solution.

Exhibit G: Goal: Correlation and Traceability

Mission Flow
Test —————— Test Test
Planning Execution Reporting
Test — | Data Test
Measure (s) Elements Results

Programmatic information Elements

« TestWork Request

« Test Parameters Requirements
Document

* Type T-2 Modification Package

« Approach and Procedures

« Flight Cards

« Detailed Test Information Sheet

« Safety Package

« Program Management and Schedule
Documentation

Flight Test Data Elements

Programmatic Information Elements

« Completed Flight Cards
* OMEGA Output Files

(DRU & ODE)

«Test Report
« Archived Files
= Completed Test Points

« Dolce Qutput Files

« Range Data Files

« Weather Data Files

« Video (Digital & Analog)
* Audio (Digital & Analog)

. . C-17 Test Data Archive
Photos | Archived ) .Guecaries
+CSV Fites
*Mat Lab Files
| Archived +DDO Files

« Open Test Points
« Program Reports

!

+HD4 and 5 Files

=MPEG Files

« Other Special Data
Products

+ Archived Files Programmatic
Information
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This initiative managed by Ms. Karen Richards, supported by our part-time helper
Ms. Shirley Sakamoto organized and indexed over 12,000 documents and other
data media. Over 14 tons of excess document copies were shipped and
shredded. Critical reports were digitized and available now in electronic format to
engineers. On-demand scanning of total program reporting is institutionalized
and available upon request. Eighteen hundred 14-inch magnetic tapes in storage
were shipped and consolidated with 3,800 tapes in the Boeing Full Scale
Engineering Development (FSED) Library. A few thousand VHS and super-8
videotapes were sorted, indexed by year and tail number, and are now available

within 5 hours of data request.

Information is now available to engineers in less than 5 hours upon request. In
addition to C-17 FOFTP information, Ms. Richards and Ms. Sakamoto expanded
the effort on their own initiative and indexed all heavy aircraft flight test programs
conducted at Edwards AFB. These include C-130, C-135, HH-60, and C-5

airframes.

We seek to address concerns with our LiveLink™ deployment configuration in FY
2005 with a “standalone instance” basing, mirroring that which is currently
deployed for the Airborne Laser Laboratory (ABL) test platform.

Objective 2: Improve Data Analysis (Telemetry) Toolset and Products; Train Users.

We set multiple goals here and have obtained both. We deployed the General
Dynamics-Veridian Operational Data Environment tool with 6 TB of on-line
storage utilizing the Series 3000 Leading Edge processor. Combined with use of
the current OMEGA™ product line, we reduced data processing time by an order
of magnitude. We deployed a parallel 1 GB network and an additional 12 TB
storage array to meet the challenge of processing digital video data collected in
IRIG Chapter 10 format. Messrs. Paul Ferrill, Reuben Nelson, Christopher
Coleman, Dennis Rhods, and Paul Ward spearhead these activities.

Mr. Reuben Nelson addressed the training issue. He established a training hub
that allows engineers to pre-fly missions using archived flight-test data. Now,
engineers can pre-mission validate displays and data products, walking off the
test aircraft with quick look products.

Objective 3: Modernize Legacy Databases/Applications (Measurands, Calibrations,
Generation of the Test Parameter Requirements [TPR] Document).

We were managing this information using an Oracle™ toolset resident from the
mid-1990s. Three separate, non-relational databases where in use. We
modified the existing instrumentation loading, integration, analysis, and
decommutation (ILIAD) tool to track our parameters, issue the TPR, and
integrate the business process. Final verification and accreditation is now in
progress with switchover due in late 2004.

Obijective 4: Fix the Test Planning and Test Point Tracking User Interface
Initial solution of this problem area proved trivial. An existing Test Integration

Generation and Reporting System (TIGARS) tool existed in FOXPRO™ database

Approved for public release: distribution is unlimited. 10
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format; however, not supported in the current Government IT world. We
purchased the last remaining used copy of FOXPRO™ Version 8.0 from
www.amazon.com to provide immediate local access by Government users.

Subsequently, we found that nobody wants to use the tool and they have
transitioned to other tools; we therefore went forward and eliminated this
requirement integrating its replacement under Objective 5, Implement the
Approved ETDMS Framework.

Objective 5: Implement the Approved ETDMS Framework.

Faced with multiple problems in implementation and deployment, our team
created a commercial website to garner feedback from the user community
(www.etdms.com). At a cost of approximately $200 per year, we successfully
fielded prototype capabilities to encourage user feedback.

We altered our initial design to meet IT requirements for security certification and
accreditation (C&A).

The desired end-state is shown in Exhibit |; we seek to achieve this by the end of
FY 2005. Four semi-linked networks are defined: (1) Edwards 2K Domain; (2)
Edwards BSX Domain (Business Enterprise Network); (3) Building 1830A Data
Net 2 Domain; and (4) the Boeing Long Beach Domain. We hope to link the
Edwards 2K Domain with the Boeing Long Beach Domain via Virtual Private
Network (VPN) type interface before the end of 2004. Both already have
access to the existing LivelLink™ repository via the worldwide web
(www.bsx.edwards.af.mil). Data Net 2 Domain will remain unlinked due to the
large volumes of data processed; data and products can be selectively placed on
the indicated networks employing the USB 2 Buslink “sneaker net” method.

Exhibit J shows one initial success increasing online storage from 95 GB to over
15 TB available as of this writing.

Exhibit I: FY 2005 Architecture End State

VPN-Like Access

Sneaker Net Access — Buslink USB 2.0 Transportable Drives
Web Access '

i) L

T

k 2
Edwards2K Edwards BSX Bldg 1830A Data Net 2 Boeing Long Beach
Domain Domain Domain Domain
I ] I ]
l I l I
* 10 Base T Net « LiveLink (Business * iLIAD GFE

— | «MS Office Enterprise Network) *« OMEGA «ILIAD

T + MATLAB® « Standalone Instance *« ODE « OMEGA

O | | «Web Access * 25 T8 Storage * MS Office «ODE

o + ETDMS Client * Accessible from all * MATLAB® « ETDMS Client

L | | »12 T8 Storage locations *1GB Net “ 1278

S * 2-Series 3000 LE
_‘ « 1 Series 3000

* 16-20 User Terminals
+ 18-50 TB Storage
P | TAWR Coordination Measurands Index T/WR Generation
g Approach & Procedures Calibrations
Flight Cards TPR Generau_on

C | Test Point Tracking Data Processing

E | DTIS Generation Data Analysis

s Safety Package Generation
1S | Business Continulty

Approved for public release: distribution is unlimited. 11
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Exhibit J: FY 2004 Status and Vector

FY 2002-3 Resources

« G:/Drive-Business Operations-35GB

« BSX Live Link-Business Operations-25GB
* FLTS5$ Server-35GB

*95GB Total

TODAY

« G:/Drive-Business Operations-35GB
now upgraded to 1.2TB for all GRCTF
* BSX LiveLink-Business Operations-25GB
* FLTS5$ Server-35GB
« Data Net 2 (1GB Network-CTF Internal)
* Over 15TB Total

SUMMARY.

We stand on schedule and within cost boundaries as of September 5, 2004. Technical
implementation has been hindered by the many Government imposed regulations in the
IT arena, but in most cases, adequate workarounds were available. Use of the USB 2.0
Buslink drives allows transport of data between networks while we await VPN-type
access; we currently study methods of data transport from remote sites utilizing
approved NIPRNET and SIPRNET protocols. Also, we advanced recently, processing
video data in the IRIG Chapter 10 format producing both DVD-based and MPEG data
products; next, we seek to next correlate these with mission data bus information for
post-mission playback. Additionally, we have achieved our goals of making historical
information available to our engineers. Finally, as a consequence to much labor and
innovation, the vision of making data and information available at individuals’
workstations appears achievable.

Approved for public release: distribution is unlimited. 12




00z Atenigag - aeq jeulblQ

vO ‘ddVv spiemp3 ‘OINI/ML CLy
| enbn4 ybimQq

VO ‘d4V SPieMpT ‘dHa/ML 2L
zasod oNIN 17

002 Jequiaydes /

pajiwiljun S1 uonRNqSIp :dsedjad dijqnd 10} ponroaddy

Wa)SAs juswdbeuep ejeq 3sol pue :o_un.E._ou_:H LT-D
asi1diajug ssauisng ayj jo juswAiojdaqg

SAIYIIY Bleq ISOL LT-D




- frewwns

9|NPaydsS
yoeouddy |eoluyoo |

2d0og/wWwa|qo.d

epuaby

U U




ejeq s4010eH UeWNH e

eieq abuey e
ejeq OIpny pue OspIA o
(jenbiqg pue bojeuy) ejeq ing e

PosSsad0.id pue mey
eleq 1S9l

S}UI] SUOIEIIUNWWO)

\

SI9Y30 e
diyssoupied YWSM e
SJ9IUD) SaWY pue uspAIg-YSYN e
buisog e

puewwo) AYIqON A1y e

. 00 welbold e

410 Yoeay [eqo|D e
1dI LT-D e

S19S()

wa|qo.id 0-.__._.

i

9S|3 BuIylAIDAT «
$300d qO[,, 9yl
SHO0daY 150
sue|d 1S9 e
UM/L e

uoneuwIojuy
snewwelbold




bunioday sisAjeuy buissan0.d uoRnNdax3 - uonNIaX3

181 0’8 eleq 0/ eleqg 09 : 181 0'S UOISSI
‘ uonepl|ea | uonenbiyuo)
WiasAsS 0’ WANSAS 0°¢ _ A WBIeId
| buiuueld uoniuyaq
! R buluue
191 0'C 191 0°F <= oS

| 1sfoid amupuy ereq 3saL £1-0 _

34NJONJ}S UMop)ea.gd YIOM




g -~ buianiyly » AlBAIPQ buiodoy
Aleig [eo1uyos] e spnpoud 1521 0'8
uoneJausn) > m_m>_mc< m,m>_mc<
PNpOo.Id uonew.loju] Umccmm Smn_ \WA

\ AR

Buiaiyoy ejeq

uonepljeA g uoneauso)
1PNpo.d eleq

»| Buissa00.4

| eeq 09

passa20.d N3 pue mey

==

NOXO3YD SisAjeuy UijeoH »| Bunuodoy »| uonnoaxg
WBIASOd [« uonejuswniisu] e %007 X2IND |« _ 1591 0'S
NO}IBYD >  INoMIBYD |l InoxdBU) VBAA uonepijen _
WbIRId e Peniy UD l«—! youag 10H |<«—! Jorejnuwis |e _ WaISAS O [
sajepdn aseqejleq |—» Ssisenbay JIOM slopiQ buussuibul llv_ uoneinbyuo)
VO3INWO «— uonejuswnIisut e« [eyuswdojeasqg ybi4 Wa3sAS 0°¢
SpIED [—» suoneiqlied | abeyoed 199YS uonew.our obeyoed uoREdYIPOW +—» Buiuue|d
WOl [« 8lIBUSD | AJeS e 1591 pajlered |« -1 9dA) —| L0
JUBWND0( Sjuswalinbay » 1sonbay |Iv_ uoniuyaq
ojoweled 1591 +— HOM/IS3L e—] 1591 0'T

$95S320.d Hoddns uoissip




S8JI4 PBAIYDIY
sjonpoid

ele( [e10ads 18yl0 »

Solld O3dN »

$9|l4 G pue yaH

se|l4 aade

S9|l4 @AV1LVIN »

S8IId ASO »

$9]ld VOINO »

sluawa|3 ejeq 1sa] b4

Sjulod 18] uadQ
SjuIod 1s9} pae|dwor) «
S|4 PAAIYDLY

uodey 19

sjuswe|g uonew.oju| onewweboid

SOJOyd
(Bojeuy 3 (eubiq) oipny «
(Bojeuy 3 [eubiq) ospIA «

S9|id4 eje(] JoUleap «

saji4 eyeq abuey .

sajl4 IndinO 8910 «
(300 ® NyQ)

s9|l4 IndinO YOINO »

sjuawsa|3 ejeq 1sa1 ybil4

I

sa|i4 Aeidsiq «
eseqeleq VOINO »
oseqeleq Qvii «

sjuswaiz eleq 1sa1 1ybi4

q

spieD Wbl|4 peje|dwo) «

sjuawajz uonewJou snewwelbold

uoleuaWN20(
a|npayds pue juswabeuepy weibold «
abexoed Ajojes «
198S uonewloju| }sa] pajielaq «
spieD b4 «
$8INpadoid pue yoeoiddy e
abeyoed uoneoyipo g-1 adA|
uawinoog
sjuewalinbay sielaweled 1S9] e
1sonbay JIOA\1SO] e

sjuswia|g uonew.sou] onewwelbold

A

A

A

Buipodey
1S9

»S

uonnoexg

Buiuue|d

1s81 <

1S9

o MO| UOISSI}

S$S920.d ssauisng /T-) — 3dods




‘ uoljeuwloju] Jo sajAgela| G-¢

‘'spoday pue ‘abeyoed Ajejes

‘Joays uolewloju| }se pajrelaq ‘spred b4
sainpedold pue yoeoiddy ayj sepnjoul uoieuwioul siy}
‘HM/L 84l yim pajeioosse uoljewlojul ||e 1o}

Aioysodal pazijenuad sy sl yoog qor yoeg

"9AlIP 1K) [BD0| 8} UO apisal Jelp ui syoslold

‘I yerspIrempa Xsq-mmm//:diy 1e e|qissasoe
3lomiaN esudiajug sseuisng spJemps 8yl uo apisal
SjueWale 41404 Z1-O [eNpIAIpUI IO} S$Y00g qor 8y |

"PuBY Je LOYe By} 10} J0oog qor 8y} JO Juswysi|gelss
sajeniul YA/L 8y} Jo [eaoiddy :joog qop welboid

S9|l4 PAAIYDLY o

podey 1s9]

spseD Wbi4 psis|dwo) «
uoljejuswinoog

a|npayos pue juswabeuey welbold «

abeyoed Ajojes «

(S1LQ) 198YS UOHEULIOlU] 1S8] pajeleq .

(0d) spred b4 »

(dey) sainpasoid pue yoeoiddy

abexored uonesylpoi 2-1 odA] «
("Hd1) wewnoog

sjuswalinbay siajeweled 18] e

(dM/L) 1senbay yiopasa o

sjuawa|3 uojjewoju] snewwesbold

uoljewriojug jo Junouwy — 3dods




-« w09 0] 8o

‘wealis ospla Jad Jnoy Jed go ||~
(pueig wieH) Jopiooey ajelg pIoS [enbiq =
sweal)s O9pIA €
Buirepijosuoo sealjs swiy payoads 1oy inoy
lad g9 2 ~ ejeQq 8 1odng/SHA POUSAUOY) =
sisixe Ajijiqeded yewo} gAQ O} SHA J0 Adoo puewep uQ .
"Jeldle 1S8) puooss ay) uo pajusws|dul
usaq sey siapiooal [e}bip 8)els pIjos 0} uolIsuURl} ‘elep [enSIAOIPNE Pl0dal
sajlesseo ade)} g Jadng pue SHA Apuaung :ejeq oapip jenbig pue Bojeuy

1noy 13d gy 006 ~ jejoj ojebaibby .

'SdaM0v9 jo

8jel Blep e je yoes ‘Yyelolie 1se} pajeubisep oy uo painjdes ale
swealls NOd 991y] :ejeq Bojeuy (NOd) palejnpop apo) asind

Inoy iad gy 00¢ ~ |ejo] o1ebaibby .
‘painyden ale sassnq poads
moj pue ybiy 9 ‘yelose ise} pajeubisep sy} UQ :sng eled 62y INIHY

inoy1ad g5z ~ €GGL [€]0L

anoy Jed gIN 00E ~ LM o

yoes unoy tod g§ 052 ~@onpoud y4 /€4 /24 /14 e

yoes Inoy Jad g 0Se ~ aonpoid sessnq 2N / LA .

"8injnj ay} ul psjuswiniisul 8q ||Im sessnq

BlEp suoiedlunwiwod [euonippe om) 1jelole }se} pajeubisap ay) uo
pajuswiniisul ere sessnqg usAes Ajuaiinyd :sng eyeq €55 1-aAlS-1IN

S9|l4 PBAIYDIY

sjonpold
eje( fe1oeds JayiQ «
SO|ld ©D3dIN «
S9|l4 G pue ygH »
S9ll4 daq e«
SO|ld @GVILVIN »
SOI4 ASD »
S9|l4 VOINO
SOJoUd o
(boreuy g [enbiq) oipny «
(Boreuy 3 [enbiq) ospIA «
S3|l4 Bleq Jayjeap) «
so|i4 ejeq abuey «
s8|l4 IndinQ 82j0Q

(3ao ® nya)

s9|l4 IndinO YOIWO »
sa|i4 Aeidsiq «
aseqeleq VYOINO »
oseqeleq Qv »

sjuawal|3 ejeq 1s9] ybi4

uoIeW.IOUT JO JuUnowy — 2dodS




"gjnulw/g L G jo pooyloqybiau ay}

Ul Bupjoo| 81,8m usy) pue ‘puodss Jad sswel) 000" | ||liS SWNSSE Ing

"sejel sweyy Jaybly B swely/gn t ale sesswed uoneisush 1xeu ay|
‘alnuiw/g] 92 L~ ¥e Bupjoo] a1,.em usy) ‘pakojdep seiawed Oz aAey om J|
"BlaWeD/eINUIL/FY) 629 1O J1apio 8y}

uo }jnsai jau ‘puooas Jad sawels 000‘ | ‘(Y20 LX¥201) swely/gn | S! eiowed
[enbip Juaiing -uoneuwojul Buimoj|oy sy} pepinoid aaey senbes||0o INQ
"JUSA® 10 Julod 1s8) yoee o) paplodal S| spuodas g AjjeoidA |

‘eouewIopad ejissiw punolb-o}-le

papinb pue sdoip quioq 82104 iy 8109S O} pasn ale selawed Xis o} dn
‘'sebuel QOQ J8yio 0} uoos Bulwod si Ayjiqeded siy |

‘swieiboid suounw jo poddns ui oapia [elbip ue-ay-jo-aels sepiroid
‘0o1xa|\] MaN ‘(HINSM) ebuey ajissiiN spues sy :Hoddng oapip abuey
‘uoissIW/gIN G'0 JO ~ 01 siyl seonpal Buissadsold eyep jeuolippy
"uoIsSSiW/gIA | ~ 9zIS 9]l B s8jedipul Blep SIy) ‘passad0id

"repe. abuel o|buis e woly ejep 91-Sd4

pajosjioo sdoipire ajnyoeled Juaday :eleq |dS1 uooeag/iepey abuey

'saniyose Ayjenb ybiy Joy oyoyd Jed go G0 ~ 8zIS 9|1} & sejedipul
elep eiawed [eybip uoissiw-jsod 10 Jybijj-ul ‘yesole-uQ eyeq oioyd |Ins

‘apnyubew Jo [aA8] swes a8y} uo
s| ajep o} @ousuadxe oapiA ‘(eseo jseq) pe1os||oo Jnoy ybijerep Jo azis eyl
90IM] 8] ||IM SBAIYDIR ‘UonBIUBWINIISUI NDd PUE SNq elep 10 :S}onpoud eleq

‘eyep Buipoddns jo
99001} awnsse ‘sjjoid sauos 188} Yoes 104 :saseqeled YOIWO Pue aviil

S9|I4 POAIYDIY o
S10NpoId

eleq [eoadg 18Yyi0

SOjl4 DA »

s9|l4 G pue yQH »

sojl4 ddqg -

$9|l4 @AV 1LY »

- SOI4ASD e

$9|ld VOINO

sojoyd

(Boreuy 3 reubia) oipny »

(Bojeuy g [enbiq) ospIA o

S|4 Bleq JoYleapA o

soji4 ereq abuey .

sa|i4 IndinQ 8910 »

(3ao ® nya)

s9|l4 INdINO YHIANO »

so|I4 Aeidsiq «

oseqeleq YOINO »

oseqgeleq Avil »

sjuawa|3 ejeq 1sa1 wbi4

uoneuw.ojut Jo junowy — 3dods




0]

G002 Ad Apes ul uonesisuowsp aredionuy e
| MOU paulwexa Buiag suondo g-9

1dNHdIS PUe ] INHJIN
BIA BlEep JO J8jSsuel) 10} spoyiaw BulApniS e

W9)I ISo49juUg _m_uwn_.m




b
uoieulIoU}
onewweiBoid Sejld PoAIYOLY «
S1oNpoid
Bleq |B108dS 18UI0 «
sajld D3I »
Solid G PUe yaH «
sojid Aaq « h W\—-Ngwl
sa|ld @AV 1LY »
Salid ASD » :
Sold vOINo - POATYDITY sojoud
Snioly Eied 1sel £1-9 (Boreuy 3 [ey6Iq) opNYy «
(Boreuy g [enbiq) ospIA e
h 4 so|l4 Ble( JOYIBOM o
suoday welbold e so|l4 eleq abuey
SjuI0d 1561 uadQ « N | so|l4 IndinO 8910Q «

SJUI0d 1S9 paja|dwo) «
$9]14 PSAIYDIY
Hoday 1S3

sjuawalgz uonew.ojuj snewweibold

S)NSoY

(3a0 ® NHA)
9|14 INdINO YHINO «
spseD b1l peis|dwio) «

sjuawd|3 ejeq 1sa1 1ybi4

uoneaWwNo0Qq
a|npayog pue juswabeuepy weibold e
abeyord A19jeS «
198US UolleUWLIO| 188 pajiela( «
spieD JubiH
$8INpadonld pue yoeoiddy e
abexoed UOBOIPON g-1 8dA) «
uawnoo(q
sjuswalinbay sie)oweled 1s8] «
1senbay YIOMNSO] e

sjuswajg uonew.oju] snewwelbold

SjuUSWs|g

1591

4

eleg |«

(S) 24nsea|y

A 4

1591

Buiuoday

uolNoax3

se1  |*

A

Buluue|d

CCT R

19

MOJ{ UOISSI

Ajljiqesde.l] pue uoileja.iio) jeon




AN

(weysAs Juswabeueyy ejeq 1say asudiaiug = SWAL)
}iomauweld SINALT panrosddy juswaidwy «

90BLIBIU| JoSN SHYDIL 9} XI «

(4d1 ‘suoneiqijes ‘spueinsesjy)
suonesijddy/seseqeleq Aoeba] aziuiapoyy .

S19S() ulel] -sjonpo.d
pue }asjoo] (Anawaja]) sisAjeuy ereqg anoiduwj «

walsAs :o::n_‘:m_n._ )UITaAIT Jo JuswAholdag
9191dwo) :Aleiqi [edluydsal /-0 ysliqelsy .

SaAnDRIqO 00T A4




€l

Aewwng
a|npayos
yoeo.uddy [eoiuyoa |

2doog / we|qoid

epusaby

B0OOO




vl

_ HcmE>o_amD.F _ jnosseyd |nun swalsAg puy

poddng | seseqereq aung ureisng
w | wesAs uonnquisia surtear pue | |
w n Areigr [eoluyos | [
eAoldd uohiuled
m Bulures| m _ | Emmh< T sjuswalinbay :
m -UHm- | SWAL3 m
soueuayuep | | yoeoiddy
-pue- [edIUYOS | i | Bulures) pue yuswAhoidag 30 _AII
suoneladQ SWAai3 .
m panoiddy . [ooepom) sos - o
Juswa|dwi| M QUA_H_ N n _ swholdeq F vo@wo\ﬂ 3
| /suvolL L av || ues
MaISvAd | TSSVAd | T3SVHd . 03SVHd

yoeo.ddy jesiuyds ._. |




Gl

Emgm\»m uonnguisig Mui]aAii jo juswAiojde(
19|dwo) *Aseiqi [eoluyos] /-0 ysliqeis

T @AdR([qO0




91

Aleigi] d.1404/a3s4 paiepljosuod ul paAiyaie mou sadey 0oz’T Buiuleway e
Su03 9°¢-ade) Jad spunod T e ‘s1ep 03 paaow sade} 008’T JO 009 e
paysi|dwodoe Buixapul a19|dwoy) e
sollelqi| adej opaubew ,pT 41404 pue d3sd JO UOREepIoSUO) e
saJinbal Jawolsno JI ‘pajusws|dwl Jewio) H34L 03 UBDS puBWwSp-uQ e
:S1senbal ojul 0} puodsau 03 palinbal sInoyY G uey) Sso e
.1eaA pue Jaquinu |1 AQ paxapul Ajjened e
sydeibojoyd /1-D 000’0T JO J9pJO 3Y3 UO PIUOS e
salinbal Jawoisnd Ji ‘pajuswsidwi Ajljigeded UOISISAUOD Y+gAQ pueWwSp-uQ e
s1senbau ojul 0} puodsas 03 paJinbai sinoy g ueyy Sso e
1eaA pue Jaquinu |1e} Ag paxapu] e
sadejospiA /T-D 008’E JO JOpJo BY) UO paOS e
paonpal yiomiaded
SS20Xa JO spunod 000’z = uopued/spunod O X SUoLEed Q9 e
| ‘BuIppaJys 10} JUSS SUOHED 009 e
SjuBWnNOOop ed||dnp pue palinbai Jou paACWSY e
OALIQ :9 BU} UO d|gejieAe apejy e
SJUBWINJ0P D144V o|gejieAe |je pauueds Ajjejibiq e
‘Slequiaw wea) /T1-D) Wolj
S3senbal uofew.ojul 0OZ 49A0 0} papuodsal S0UIS :SJUBINJ0QJ Y} POXSpU] e
"paulwexa syuswndop snid 000‘ZT :S9|i4 padnols pue palios e

9}eq 03 sjusawysijdwoddy




yA

swedlboud 41D ||e a3eubajul 03 paseaoul 2dooS e

93eq 03 sjuswysijdwoddy




81

S19S ulel] :S1onpoid pue

18s|00] (Allowla]) sisAleuy eleq anoidwi|

¢ @AnRIqo




6}

A

3007 X0IND ASD :Ae[dsIq uslD BAIYdIY,,

Heloldly ayj up

€SS 1-AdLS-TIN
«—— 62 ONIJVY

sbojeuy

ddl

uleyp ejeq £L1-0

d n ¥ons uad Buisn ainjea4 607 eleQg
mojog | yoo1 | | i
pajlelaq ! ) kellale) m elD Wuslo el
m m vHINO vOIWO | | VOIWO:
s|onpoid | | | uswuoiAug | A
eleq m eleQ ! ﬂ H
pazieloeds | i | leuopesedQ |i 19pPI003dY
| | 17d
10SS©00.d o_nm>oE®m J0SS820.1d
VOaNO |«— ys1g |+ VO3INO XNNI
000€ sales ONYOIY 000€ saues —
m Aeidsiq swll]
m il Olt=|
0€8L bpig w

\4




0¢

pala|dwo9 s1asn 81090 Jo Buluiel | e

SS800.4d Ul SjuswBUlBY e

elep 1sa1 1ybijy Jo sisAjeur 10} 8sn-ul 18S|00 ] e
S|Npayos JO peaye syluow ¢ 19s|00} pako|da(] «

(3@0) wawuoliaug eleg VYOINO

9jeq 0] sjusawysijdwioddy




I

(Hd1 ‘suoneiqie) ‘spueinses|y)
sasegeleq Aoebo aziuiepoy

€ 9AI3([q0




¢é

0 Jequisldag Buunp Buluiel) Jos( e

0 das o€ Aq DQ| redionuy e
uoljepljeA pue uolresliaa buiobispun Ajjuaiing «
9]e| SY98M ¢ PaIaAI|ap 18S[00 ] e

(avi11) uoneinwwodsaq pue ‘sisAjeuy ‘uoneibayu| ‘Guipeo uoljejuawinsuj

9}eq 03 sjuswysijdwoddy




€

}lomawelq SINALT panrosddy juswajduwi i 9seud

90BLIgIU| JOSN SHVYDIL aYl X1 :| aseyd

S pue $ sanndB[qO




ve

sAelre abelo]s Jo salhqelal G| Yyum 1oueiul go) | pekojdaq e
S19SN WOJ} Yoeqpes) uieqo o} a)isgqam uoljelisuowsap e dn 180G «

Juswaoe|dal SHYD|L JO uoIsIaA elaq Buiss| e
SUJB2UO0D BjelpawW] SSaIppe 01dXx04 paseyoind Ajjeiolawwon) «

(SHvHI1L) wasAs bunioday pue uonelauan uoneibaju] 1sa)

93eq 0] sjusuwysijduioddy






9¢

Allnunuo) ssauisng

uoieleusr) sbexoed Ajejeg M
sisAjeuy ejeq uonelsusy siLa | g
Buisseoold eleq Bunoes] juiod 1se | 5
uoljesausr) Ydi spies 1ybij4 o
suoleiqien $8INPo00Id % Yoroiddy o
uoljelsuss) Ya/L X8pu| SpuBINSEs|)| UOITeUIPIOO] HAM/L d
abeiois g1 06-81 »
sjeulllia] 18sn 0z-91 »
000¢ soulssg |
gLzl e 37 000¢ seues-¢ « S
uslD SINALT e BNGD L e Suol1eo0| abeio)lg g1 zZ| e 1
. 300 @aVYILYIN ¢ [|e Wolj 9|qISS829Y » sl SNGL3 - 0
OO0 S obeio}g gl Gz« SS800Y QO o 0
<OM$_%_ ” dd0 - BSOUBISU| BUOIBPUE]S @AV 1LY e 1
395 VOINO e (>1omiaN esudioug 90O SIAl »
avi e SsouISNg) YUITBAIT o 18N | 8seg Ol e
ulrewod ulrewoq ulrewo urewiog
yoeeg Buo Buleog ¢ 19N Bied VYOE81 Bpig | | XSg spiempT | | Mgspiemp3
N

R

t

i

§8800Y qo/A

SoAl(] mEmton:S 1 0°Z gSN Aqulsng — SS800y 1o Jexeaus

| SO oo

$5800Y OYIT-NdA

9]E3}S pud 24njosliydly S00Z Ad




LC

jelo]l 9161 19A0 «

(leussiu] 410-30MIBN g91) g 18N Breq e

gOGE-19NM8S $GS 17 »

dogg-suoneiadQ ssauIsng-julion] XSg e
4104D |[e 1o} g1z | o} papelbidn mou

doge-suoleiadQ ssauIsng-oAlUQ L) e

AvVado.l

[B10L 9DG6 »
g9G€-19M9S $GS 11

g9Gg-suoleladQ sseuisng-yuI] oA XS e
goge-suoneiad SsauISNg-aAlIQ D) e

$82.n0S3Y €-200¢ Ad

10]09A pue snjels £00¢ Ad




8¢

Alrewwng
9|NPayYoSg
yoreoiddy [eoiuyos |

9d00S / we|go.id

epuaby

B[]




62

002 1equada( ylomawel) SINGLT paroidde wuswa|duwiy c
(#0 4dv G| pae|dwo))
| 9J0BUdlU| 1S SHVYDIL 8yl XIH 1%
00¢ aunr
(0 Inr 0g perejdwo)) (Hdl ‘suoneiqien ‘spurinses)y)
\4 soseqeje( Aoeba] aziuiopo e
00¢ aunr
(#0 4dy | pasjdwo)) SJ19SM Uikl ] ‘s)onpold pue
|~§ 002 aunp 19S]00| (Anawsja]) sisAjeuy eieq anoidw ¢
$00Z 18qWe8(] WalSAg uonnguisiq MulgaAI Jo JuswAoldep _‘
919|dwo9 ‘Aleiqi] |eoluyoa | ZL-0 ysiigeisg
aje( 18bael H0| Bdly Shoo4 annoalqo

°INP3aYIs




0€

Arewwng
9|NPayods
yoeouddy |eoluyoa |

2d0oog/Ww8|goid

epusby

]
al
al




L€

Buiisa) seyeig-sall | -S|8ayM
GE -0 1Usdal pauoddns yoegpses) abps Bulpeo]
A|leonewalsAs passalppe
Buleq aJ1e pue paliluapl ale SalouaIdIjep [BOIUYID | e
Sjuswalinbal jeulblio aulo.
0] pasn Buiaq yoeqpao) Josn pue suoielisuowa( e
sSuoleo0||e 19bpng UIYIIM UIBWBY e
soAljoalgo
9|Npayds ||e bunsaw jo sAep Og | UIYUAA e

Alewwnsg




43

Aljiqixaly ul pling — s1oeu0)
slaquiaw wesl ||e yim uo-spuey or) — uoddng
laj1eq s 8Jow ‘erewnisalapun 10U 0] — UOHBUIPIO0N)

%001 1e PBIBAIBp
Buiyiou ‘esinoidwi 0} 10adxg — s10Npoid S10D/S1OD

1u0Jj dn youeasay — siuswalinbay A1inoeg qog
gny elep SnsiaA ¥sap sJeauibug — sjuswaiinbay iesn

PolLieoT SU0SSOT




€e

Aewwng
9|NpPayods
yoeoiddy |eoluyos |

2d09og / wa|gqo.d

epuaby

R




34




