AD=AO40 315 TELCOM INC VIENNA VA F/e 17/2
NETWORK ARCHITECTURE OF NATIONAL AIRSPACE DATA INTERCHANGE NETW==ETC(U)
ocT 75 DOT=FAT4WA=3264

UNCLASSIFIED FAA=RD=74=200




l”” 10 &2 i

ol

o e

e

2 s ne

I




e
=z

T

Au NO.——
DDC Fie copy,

Report No. FAA-RD-74-200

ADAGC4G315S

NETWORK ARCHITECTURE OF
NATIONAL AIRSPACE DATA
INTERCHANGE NETWORK (NADIN)

~any AVES : ‘z-‘"*‘\i‘iﬂ
s ' A Juébi

3 3 (bbeas 8 M

arndiT by Lo
{hiid ikt

October 1975

Final Report

Document is available to the public through the
National Technical Information Service
Springfield, Virginia 22151

Prepared for

U.S. DEPARTMENT OF TRANSPORTATION

FEDERAL AVIATION ADMINISTRATION
Systems Research & Development Service
Washington, D.C. 20590




v WA e

KR =

NOTICE

This document is disseminated under the sponsorship of
the Department of Transportation in the interest of infor-
mation exchange. The United States Government assumes no
liability for its contents or use thereof.

R —— i SR R R TS R R SR W 6 e v W W




/ 7) Technical Report Documentation Page

S

L[ Ropov' No. y 2. Government Accession No. 3. Recipient's Catalog No.

l
|

'

‘ T_Lﬂl.ﬂnd.iub.ullt_..“,_ B 5. Report Date . e
OF || A OCToBBR=1975

 NETWORK ARCHITECTURE OF . e —sh
NATIONAL _AIRSPACE DATA e T

INTERCHANGE NETWORK (NADIN), ek .
e Ca s el B 8. Performing Organization f_ﬂ!g" No.
7. Author’s) = (72 ) :—- . |
ol . !
9. Performing Organization Nome and Address i 10. Work Unit No. (TRAI,‘) !
Telcom, Inc. v
11._Contrg GrantNo.
8027 LEESBURG PIKE - ster
VIENNA, VIRGINIA 22180 /= )__DOT-FAT4WA-3264 [

N— 13. Type of Report and Pericd Covered

12. Sponsoring Agency Name ond Address

DEPARTMENT OF TRANSPORTATION FINAL REPORT
FEDERAL AVIATION ADMINISTRATION .
SYSTEMS RESEARCH AND DEVELOPMENT 14. Sponsoring Agency Code

WASHINGTON, D.C. 20590

15. Supplementary Notes
——

s
7 | o ?
Lo / y 3 y
/ o
16. Abstract .

TR

iThe currently proposed National Airspace Data Interchange
Network (NADIN) is to be a common user network to serve FAA data
communication requirements. The initial development of the network
must be oriented towards improving existing services as well as
accommodating future requirements. The FAA has suggested the
Service B network and the Aeronautical Fixed Telecommunications
Network (AFTN) as two existing services whose integration is
technically feasible, operationally attractive and financially
beneficial. In particular, the need for improvement of the two
services is urgent since the current load on the existing networks
is near saturation.

The purpose of this study is to examine the operational and
technical feasibility of achieving the above objectives by develop-
ing an integrated network architecture. The study has resulted in
a proposed network architecture which satisfies the objectives
of Service B and AFTN and serves as a base for. further NADIN
development. V

17. Kay Words 18. Distribution Statement

NADIN, FAA Data Communications Document is available b§ the public

through the National Technical
Information Service, Springfield,
Virginia 22151

e S e s bk

. .

19. Security Classif. (of this report) 20. Security Classif. (of this page) 2). No. of Pages | 22. Price
UNCLASSIFIED UNCLASSIFIED
Y2 d
Form DOT F 1700.7 (8-72) Reproduction of completed page outhorized ~ . &

/

s 2 R R R e wa" e Tl L ‘!’ v huns o L “




i de S = = H
aof o8 09 o) oz ° 0z- ov— Bl e AU 57 26 9114 “Samsey DuE S ew 10 T
L 1 n 1 1 1 1 1 ey 1 1 1 1 i = . € 0ET iang ‘38 G @as Sai0E 16%8 IO M4 AR §E T
T T T T ey T = =
002 o9l ozl A_ o8 3_ [ oy- B ullnlu E
e 986 2€ o - (¢
de X = = s ainiesedway Buiioengns 8injesadwe)
w = = 3, snis8) aye) 65 ayusiyey .,
auniesadwel (Z€ ppe simesadwel = -
Veyuaney ueyl) §/6 snis|e) o) - ] —
= = (19ex3) 3¥N1vEIdWIL
(13ex3) 3YNLIVHI4WIL o = = « o ssstow 21gnd a0 spiek 21gnd o4
= - W $i818w 21N £0°0 188 21qno B
P —— o ' 8'E suoijeb o8 ¥
SpieA 21gnd £ S3318W 21qND K S s | $6°0 suend b o 8
183§ 21gno SE s1319w 21qnd w ke o | 0 siud v M ]
suoyjed 920 siony” ! = = = ! vZ'o sdno > a
suend 9L s1a11) \ = = - 1w ot $92uUno pinyy 0 3 5
S0l vz a1 | & == = W Sl suoodsa|qel dsq) -
$85un0 pingy £0°0 SHOL W w w i e ssaqp s SU0Odsee) ds1 ‘
" = T } 1
IANI0A Bt IANI0A 4
5 == o .
LIS - a1 0002) - R
o= = 1 Sauuo) 60 SLO01 130ys
5U0} LOYS L (6% 000L) seuvol 1 - P —
= = 6: Sweibo i
spunod ' Sweibo| 1y 6y = = =— “ e 2.._““ s7°0 spunod a
SR SE0°0 sweib 8 = - 82 $a0uno 10 ‘ J
% === e
_—= — (yb1am) SSYW
TigBiem) SSVYIN - —= = ,od [
.nillr'M = ey sei109y o seide h
= —= o 2 S4ai8wo| iy aienbs 9z $3(1w asenbs oW 58
i Sz (7w 000°01) sam138y L - == AL K Sialew asenbs 80 spieh sienbs P i
$A1y dienbs vo SHFIU0 (1Y dienbs NEx .,.HH|| .u.| ~E Sialew ssenbs 600 189} aiendbs ~: “ 4
Spued asenbs [ S13law asends P & = e Jwo $,913W1Ua5 Bienbs 59 seyoul esenbs S s
sayoul esenbs 90 SIRNBWIUFD aienbs ) e = - e : ﬁ‘ 3
= —_— 5 —— i 8
@ R CEl'L] PR
vidv S, S ~
3 = e wy S1318U0) 1Y at so|w ne .T
. Vel I " AR T e e = — w siew 60 SpaRA ph 4
3w w.o $B1owo| ¥ uny - = - e wo $1010WIIUe ot 199} u 5
spueh 58 sia1aw w o Eay iy wo $48)2UITUGD sz seyour u
wey £e S w = — .
soyun yo S 108D uwo = |‘<W Soetnss
sagsan "0 SIBVOw | I Ay e - -
. e = HLON3T
S = o
—— — ®
HLI9NTT s pe
~ = =
== == 1oqwis puiy o) Ay Mgy mouy o) weyM joquig
puiy o} Ay sy Moy o) NOYM roquisg 5 —_— -
b B | sl
seins 1 A = —
WO 3113 WO SUOISIFAUDD rwixoiddy 5 = = . SIINSRAW D13 0) SUOISIBAUDD Blrwixoiddy

|
|

SHOL13V4 NOISHIANOD DJiHI3IW

B o e




AL i

PREFACE

Telcom wishes to acknowledge the substantial con-
tribution to this report of Lynn Hopewell and Patrick McGregar
of Network Analysis Corporation, Glen Cove, New York, sub-
contractor in network design.

Also, we wish to express our appreciation to the
following FAA personnel in acknowledgement of their continuing
guidance: R. Decker, D. Rhoades, and C. LaRue, ARD-220;

V. White and R. Huffer, AAT-360; and W. Mood, AAT-430.

e Spciien

L'l Seciion

L TRIBCTION ApRLan
i HOALRLTY popes

st

iii




SECTION 1

SECTION 2

SECTION 3

SECTION 4

v AL A S

PN

T NG T T A S R S Rl T e B e

TABLE OF CONTENTS

INTRODUCTION

BACKGROUND
SYSTEMS AND CONCEPTS

Service B Network

RAeronautical Fixed Telecommunications
Network

National Airspace Data Interchange
Network

Common ICAO Data TInterchange Network «

STUDY STRUCTURE
OPEPATIONAL REQUIREMENTS

PRESENT SITUATION
PROJECTED REQUIREMENTS
OPERATIONAL OBJECTIVES

FEASIBILITY APPRAISAL

TECHNICAL FEASIBILITY
ADMINISTRATIVE FEASIBILITY

ARCHITECTURE ALTERNATIVES AND EVALUATION
CRITERIA

EVALUATION CRITERIA

Performance

Cost

Reliability

Growth

Consistency With Objectives For NADIN

CONCLUSIONS OF PREVIOUS STUDY AND THEIR
VALIDITY

Number of Switching Centers
Line Mix

Multiplexers and Concentrators
Reliability

PAGE

=il




4.3 ARCHITECTURE VARIABLES 4-6

SECTION 5 DESIGN CONSIDERATIONS i 5=1

SYSTEM CONSTRAINTS
TOPOLOGICAL CONSTRAINTS

Local Constraints
Intraregion Constraints
Interregion Constraints

TRAFFIC CONSIDERATIONS

Message Length Distribution
Message Arrival Distribution
Message Arrival Rates
Message Routing

PERFORMANCE-RELATED CONSTRAINTS
RELIABILITY CONSIDERATIONS
COST CONSIDERATIONS

S U b WWWW W DN D

|
H H W OO U e W -
o o

.
.
w N+

> w N
[

g oo L LTt O
1

o U0 L1 LUkt L1t LT L1 U
w
I

w
I

SECTLON 6 EVALUATION OF NETWORK ARCHITECTURES

N
|
—

INTRODUCTION
CONUS

Baseline System

ARTCC Constraint
Multipoint Concentrators
Switching Center Locations
Growth Cost Analysis

ALASKA, PACIFIC, AND CARIBBEAN REGIONS
NADIN ARCHITECTURE

.
1

O O OO OO O O
I
N U s WWND N

O O OO OO O O
. .
C IR S S ESESENEE N
.
b wN =

1

SECTION 7 CONCLUSIONS 7-1
I SUMMARY 7-1 1
7.2 OPERATIONAL REQUIREMENTS 7-1 ’
74 NETWORK ARCHITECTURE 7-4
e Switching Center Location 7-4
T s ok Quantity of Switching Centers 7-4 {
teded Non-CONUS Locations 7-4 \
7.4 DESIGN EFFECTS 7-5 !
by . 0 ) Concentration 7-5
el o2 Operational Compatibility 7-6

vi

N

: .7 I I T T4 i 5 20 S S A Tl BT ¢ et ©




PAGE

7.5 ECONOMIC CONSIDERATIONS 7-6
7:5.1 Immediate Savings 7-6
y L Growth 7-7
SECTION 8 ADDITIONAL CONSIDERATIONS 8-1
8.1 INTRODUCTION 8~1
8.2 LINK CONSIDERATIONS 8-2
8.2.1 Error Control Procedures 8-2
8§.2.2.1 Error Detection With Five Level Code 8-2
8.2.1.2 Error Detection With Seven Level Code 8-3
8.2.1.3 Error Correction 8-4
8.2.2 Line Efficiency 8-5
g-2.3 Quality Monitoring 8-6
8.2.4 Accountability 8-6
8.2.5 Survivability 8=7
8.3 TERMINAL CONSIDERATIONS ] 8-7
8.4 ADDRESSING AND ROUTING CONSIDERATIONS 8-10
8.4.1 Address Conventions 8-10
8.4.1.0 Service B 8-10
8.4. 1.2 AFTN 8-10
8.4.1.3 Proposed NADIN 8-10
8.4.1.3.1 Explicit Addressing 8-10
8.4.1.3:1.1 Abbreviated Addressing 8~11
8.4.1.3.1.2 Multiple Addresses 8-11
§.4.1.3:%.3 Address Stripping 8-11
8.4.1.3.1.4 Group Codes © 8-11
8.4.1,3.2 Implicity Addressing 8-12
8.5 MESSAGE FORMAT 8-12

vii

o L TN TR SR . ST T L S D e T e B0



- T T U
Py
APPENDICES
SECTION PAGE
A SYSTEM CONSTRAINTS A-1
A-1 INTRODUCTION A-1
A-2 SERVICE B A-2
A-2.1 General A-2
A-2.2 Service B Subnetworks A-2
A-2.3 Area B A-3
A=2.3.1 Utility B A-13
B~2:3.2 Center B A-15
BA-2.3.3 Computer B A-15
A-3 AFTN A-16
A-3.1 CONUS . A=22
A-3.2 Alaska . A=22
A=3.3 Pacific =24
A-3.3.1 Hawaii A-24
A-3.3.2 Other Pacific Switches A-26
A-3.4 Caribbean A-26
A-3.5 International A=27
A-4 NADIN A=27
A~-4.1 Preliminary Considerations A-28
A-4.2 CONUS A-30
A-4.3 Alaska A-33
A-4.4 Pacific A-33
A-4.5 ' Caribbean A-35
A-5 SUMMARY A-35
B TOPOLOGICAL CONSTRAINTS B-1
B-1 INTRODUCTION B-1
B-2 LOCAL CIRCUITS B-1
B=2 .1 Airline Terminals at Airports B-1
B-2.2 Terminals Co-located With a CF B-2
B-3 INTRAREGION CONSTRAINTS B-2
B-3.1 CONUS B-3
B-3.2 Alaska B=5
B-3.3 Pacific B-5
B-3.4 Caribbean B-6
B-4 INTERREGION CONSTRAINTS B-6
C TRAFFIC CONSIDERATIONS C-1

viii

R W

* - n‘-n“’."ngﬂmhﬂﬁﬁfl$»4%%%k&ﬁﬂﬁ?‘kﬁ%ﬂ&k‘?’h.V | Tash

L




SECTION
c-1 INTRODUCTION C-1
c-2 MESSAGE LENGTH DISTRIBUTIONS c-2
Cc-2.1 Service B Cc-2
c-2.2 AFTN C-9
€-2.3 NADIN c-12
c-3 MESSAGE ARRIVAL DISTRIBUTION 6;13
C-4 MESSAGE ARRIVAL RATES c-14
CcC-4.1 Service B C=-16
CcC-4.2 AFTN c-18
C=5 MESSAGE ROUTING c-19
D PERFORMANCE ANALYSIS D-1
b~-1 INTRODUCTION D-1
D=2 TRAVERSAL TIME : D-1
D-2.1 Network Operation . D-2
D=2.2 Traversal Time Components D=5
D-3 TERMINAL CIRCUITS D-9 i
D-3.1 Basic Analysis D-10
D-3.1.1 Timing Definitions D-10
D-3.1.2 Waiting Time D-11
B=3.1.3 Service Time D-14
D-3.2 Service B Circuits D-16
D-3.3 AFTN Circuits D-25
b-3.4 NADIN Circuits D-31
D-3.4.1 Circuit Types D-34
D-3.4.2 Modem Operation D-39
D-3.4.3 Basic Timing Relationships D-42
D-3.4.4 Delay Analysis D-46
D-4 CONCENTRATOR - SWITCH CIRCUITS D-52
P=5 SWITCH - SWITCH CIRCUITS D-57
D-6 NADIN PERFORMANCE D-58
E RELIABILITY ANALYSIS E-1
E-1 INTRODUCTION s E-1
E-2 RELIABILITY MEASURES E-1
E-3 BASIC ASSUMPTIONS E-2 {
E-4 ANALYSIS PROCEDURE E-3 !
. E-4.1 General Procedure E-4
4
g ix
i
¥
[

O . Mot 7o, T AT SR S T R TR e BT e




TR

|

I | i i

"ﬁ"ﬂ"j"j"’]":j”ﬂ")”’]"’!"’l
O LTLITLT LT B B W N

Q

[

OC)OQOOOOG’?O Q QOO0 @

I
NN N HFHEHEEEE

.2 Aralysis Algorithm
BASIC RESULTS

=k Use of Concentrators

.2

Impact of Concentrator Switching

DESIGNING RELIABLE NETWORKS
SYNTHESIZING A RELIABLE NETWORK

CONCLUSION

EQUIPMENT CONSIDERATIONS

INTRODUCTION
TERMINALS
MODEMS
MULTIPLEXERS

CONCENTRATORS

Cost of Concentrator
MESSAGE SWITCH

MESSAGE FORMATS

INTRODUCTION

Link Control
Network Control

.
NDNDNDNN -
> W N+

.

Message Heading
Destination Line(s)

.
.
.

.
.

Priority Indicator
Address Indicator(s)

N
N
5 I YR

Alignment Function
Origin Line

. .
NNONNDDNDNDNDNDND -
B .
.

1 Freguency Division Multiplexing
<2 Time Division Multiplexers

1 General Function of Concentrator
-2 Functions of Concentrator for NADIN
3

Design of a Message Communication System
Communication Control Envelopes

Communications Message Control
Data Processing Control

PROPOSED MESSAGE FORMAT FOR NADIN

Design Considerations
Message Format Structure

Start of Header Signal

End of Address Indicator

S g 47 S vy UL R

B e 2 S e g i

hjhjhl'ﬂm'lfl*q*d'fl“lhj
H Voo O w N N -

1
=
=

OOOOOOOOC}C')OOOOOOOO @
HHEOWOWWVWWOAONAU & BWWWHH
(==&




¢ ARG e

SECTION

i
NN DNDNDNDNDNDNDNNND

WWwwwr =
. .

I
.

|
> w N -

QOO0 O QOQAQAQQ CI') OO QNM

@
|

QO Q
N
NS S
[

i |
N Oy Ut U o BaaEEE B WLWWWW W DN NDNDNDNDNDNDNDN

@
1

s o]

.
WWWWwwWwWwhoNNNDFHHE

.
wN =

.
D =

. .
e wN =

N NN

w N =

Filing Time

Originator Indicator
Operational Heading Information
Message Text

Information Processing

NADIN Data Processing Envelope
Message Ender

Alignment Function

End of Text

Additional Communication Information
Alignment Function

End of Transmission

LINK AND DEVICE CONTROL ENVELOPE

Link Control

Device Control :

Message Accountability

Message Numbering

Automated Message Exchange

Message Sequence Numbering in the NADIN

CODE AND FORMAT CONVERSION

Service B to NADIN
NADIN to Service B
AFTN to NADIN
NADIN to AFTN

PRIORITY

General
NADIN Priority Requirements
Response Time vs. Priorities

ADDRESSING
AUTOMATED ASSISTANCE TO TERMINALS

SERVICE B TERMINALS

BIBLIOGRAPHY

xi

P T T e Tl T e e S I AT E R

PAGE

G-10
G-10
G-10
G-10
G=11
G=11
C-12
G—12
G-12
G-12
G-13
G=13

G=13

G-13
G-13
G-14
G-14
G—1'5
G=15

G=i
G=Lki
G—18
&=19
c-19
G-20
G=20
G-20
G211
G-21
G=22




LIST OF FIGURES

% FIGURE

=ik INTERRELATION OF SYSTEMS AND CONCEPTS

6-10 FLIGHT PLANS ORIGINATED

611 BASELINE DESIGN

6-2 COMPARISION SYSTEM

6—=3 VARIATION A

6-4 VARIATION B

6-5 VARIATION C

6-6 VARIATION D

6-7 VARIATION D1

6-8 VARIATION D2

6-9 VARIATION D3

6-11A NADIN DESIGN, 1975 TRAFFIC

6-11B NADIN (HAWAII), 1975 TRAFFIC

6=11C NADIN (ALASKA), 1975 TRAFFIC

6-12A NADIN DESIGN, 1984 TRAFFIC

6-12B NADIN (HAWAII), 1984 TRAFFIC

6-12C NADIN (ALASKA), 1984 TRAFFIC

A-1 AREA B FUNCTIONAL DIAGRAM

A-2 FUNCTIONAL ALTERNATIVES FOR NADIN

A-3 FUNCTIONAL DIAGRAM OF NADIN CONTERMINOUS
U. S. DESIGN

B-1 AIR TRAFFIC CONTROL REGIONS

C=1 HISTOGRAMS OF AFTN LENGTH MESSAGES

C=2 FUNCTIONAL TRAFFIC FLOW MODEL

D-1 QUEUEING MODEL FOR NADIN

D-2 TIMING RELATIONS IN MESSAGE TRAVERSAL

D-3 TERMINAL PERFORMANCE - EXISTING SERVICE B
EQUIPMENT

D-4 CONCENTRATOR PERFORMANCE - EXISTING SERVICE E
EQUIPMENT

D=5 TERMINAL PERFORMANCE - OPTIMIZED SERVICE B
EQUIPMENT

v AIRA, AT

xii

B A N R . e T, TS S Y Pl R o R b

PAGE

L=
6-6
e-=17
6-18
6—19

6-20 '

6=21.
6=22
6=
6-24
6=25
6-26
6=27
6-28
6=29
6-30
6=3d

2-31
A-34

B-4
c=11
C=15
D-4

D-19

D-20

D-22




FIGURE

B=77
D-8

D=10
D-11
BD=12
D=3
D-14
D-15
D-16
D-17
D-18
D-19
D-20
D-21
D-22
E=ik

E-4
E=5
E-6
E-7
E-8
E-9
E-10

EXISTING SERVICE B TERMINAL PERFORMANCE
SENSITIVITY

AFTN TERMINAL PERFORMANCE

AFTN CONCENTRATOR PERFORMANCE

AFTN TERMINAL PERFORMANCE SENSITIVITY
FULL DUPLEX ORGANIZATION

HALF DUPLEX ORGANIZATION

SUBCATEGORY 2.6

SUBCATEGORY A2

MODEM INTERFACE SIGNALS

MODEM CONTROL SIGNALS

MODEM CONTROL TIMING

NADIN TERMINAL PERFORMANCE

NADIN CONCENTRATOR PERFORMANCE

NADIN TERMINAL PERFORMANCE SENSITIVITY
PRIMARY/PRIMARY LINK

CONCENTRATOR - SWITCH PERFORMANCE

CCF BASIC FORMAT

EXPECTED FRACTION OF TERMINAL PAIRS NOT
COMMUNICATING WHEN ALL SWITCHES ARE OPERATING

EXPECTED FRACTION OF TERMINALS NOT
COMMUNICATING WITH SWITCHES

EXPECTED FRACTION OF TERMINAL PAIRS NOT
COMMUNICATING IN NON-REDUNDANT CONCENTRATOR
DESIGN

LINK DOWNTIME (=CONCENTRATORS DOWNTIME)
LINK DOWNTIME (=CONCENTRATOR DOWNTIME)

LINK DOWNTIME (=CONCENTRATOR DOWNTIME)
LINK DOWNTIME
LINK DOWNTIME
LINK DOWNTIME

EXPECTED FRACTION OF NODES NOT COMMUNICATING
WITH SWITCHES IN NON-REDUNDANT CONCENTRATOR
DESIGN

xiii

0 A NI . e T T Vo, D e Th W B e e

PAGE

BD=23

D-28
D-29
D-30
D-35
D-36
B-37
D-38
D-40
D-41
D-44
D-49
D-50
D=51
D-62
D63
D-64
E-11

E-14
E=15
E-16
E=17
E-18
E=19
E=23




e

e i

FIGURE

BE-11

AVERAGE FRACTION OF NODES NOT COMMUNICATING
WITH SWITCHES IN CONCENTRATOR DESIGN WITH
BACKUP

EXPECTED FRACTION OF TERMINAL PAIRS NOT
COMMUNICATING IN CONCENTRATOR DESIGN WITH
DIALUP BACKUP

EXPECTED FRACTION OF TERMINAL PAIRS NOT
COMMUNICATING IN CONCENTRATOR DESIGN WITH
MULTIPLEXER AND DIAL-UP BACKUP

HIERARCHY OF MESSAGE ENVELOPE

xiv

e T A A R AR TR W BT ¢ dae

PAGE

E-24




LIST OF TABLFS

TABLE PAGE
5-1 SUMMARY OF EQUIPMENT COST 5-11
6-1 BASELINE DESIGN 6-8
6-2 COMPARISON SYSTEM 6-9
6-3 VARIATION A 6-10
6-4 VARIATION B 6-11
6-5 VARIATION C 6-12
6-6 VARIATION D 6-13
6-7 VARIATION D1 6-14
6-8 VARIATION D2 ' 6-15
6-9 VARIATION D3 6-16
8-1 MESSAGE FORMAT OPTIONS 8-12
A-1 CONTROL CHARACTER SYMBOLS AND MEANINGS A-6
A-2 CATEGORIES OF MESSAGES A-10
A-3 SERVICE "B ASYNCHRONOUS CHANNEL CONTROL A-12
CODES

4 A-4 AFTN PRECEDENCE LEVELS A~17
c-1 MEAN MESSAGE LENGTHS FROM TOTAL SAMPLE c-3
Cc-2 DATA FOR TOTAL SAMPLE c-4
c-3 DOMESTIC MESSAGE LENGTHS c-6
c-4 TRAFFIC PROJECTIONS IN NUMBER OF MESSAGES Cc-20

PER PEAK HOUR

D-1 AFTN NEGATIVE POLL TIME D-26
D-2 AFTN POSITIVE POLL TIME D-26

] D-3 CONCENTRATOR DELIVERY TIME D-27 ;

: D-4 ESTABLISHMENT AND TERMINATION SUBCATEGORIES D-32
D-5 HALF~DUPLEX TIMING D-45
D-6 CONCENTRATOR - SWITCH LINE SPEED SELECTIONS D-65
D-7 BASIC CCF INDICATORS D-66
F-1 TYPICAL MODEM COSTS F-13
G-1 NADIN MESSAGE FORMAT G-7
G-2 CONTROL CHARACTER SYMBOLS AND MEANINGS G-8

T M e
3

. e

NN T IE T S N N S e e R B v b 2 .




e

o

SECTION 1

INTRODUCTION

.1 BACXGROUND

The currently proposed National Airspace Data In-
terchange Network (NADIN) is to be a common user network to
serve FAA data communication requirements. Although the NADIN
concept extends beyond existing services in scope and function,
the initial development of the network must be oriented to-
wards improving existing services as needed where technologi-
cally feasible, operationally attractive, and financially bene-~
ficial. The FAA has identified the Service B network and the
Aeronautical Fixed Telecommunications Network (AFTN) as two
existing services whose integration is most likely to satis-
fy the above objectives as well as establish a kernel for fur-
ther development of the NADIN. 1In particular, the need for im-
provement of the two services is urgent. The current load on
the existing networks is near saturation. Load projections
indicate complete saturation and, consequently, intolerable
performance in the immediate future. The historical procedure
for prolonging the satisfactory performance of the networks
by introducing additional circuits has reached a point of lim-
ited effectiveness and immense expense. The networks appear
operationally similar and technology appears available for
achieving cost-effective integration. Because the Service B
and AFTN networks are well established, operational, highly
utilized, and represent a significant investment in dollars
and human resources for operation, their improvement must come
through a snooth evolution of operational procedures and hard-
ware transitions. The purpose of this study is to examine

the operational and technical feasibility of achieving the
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above objectives by developing an integrated network archi-
tecture. The study has resulted in a proposed network
architecture which not only satisfies the objectives for Ser-
vice B and AFTN, but also serves as a kernel for further
NADIN development.

1.2 SYSTEMS AND CONCEPTS

The message transfer networks operated by the FAA
present a complex and somewhat confusing configuration of
multiple nets that create the appearance of having grown at
random. Actually, the networks were developed over a period
of years in response to rapidly increasing- demand, thus pro-
viding little opportunity for consolidation. Two of these
networks are the subject of this study: AFTN and Service B.
The NADIN concept is a result of FAA efforts to consolidate
planning, operation, and control of data communication systems
in order to meet the challenge of rapidly increasing demand
in an effective way. The international message transfer
networks have also been recognized as increasing in complexity
while decreasing in efficiency; consequently, the International
Civil Aviation Organization (ICAO) is developing the concept
of a Common ICAO Data Interchange Network (CIDIN). In this
section, each of these systems and concepts is briefly

described and related to the others.

LEeZel Service B Network

The Service B system is a common user low speed
teletypewriter network used primarily for the transfer of the
major share of flight planning information. It also serves
a variety of other functional needs. The network is composed
of several sub-networks described in terms of the circuits
in the subnets. The subnets and circuits are categorized
below:
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Area B Subnetwork
Area B Circuits

Supplemental Circuits

Utility B Subnetwork
Air Carrier Circuits

Military Circuits

Center B Subnetwork
Center B Circuits

Computer B Subnetwork
Computer B Low Speed Circuits
Computer B High Speed Circuits

The most common circuit in Service B is a 75 bps
(100 wpm) multipoint line connecting Model 28 teletypewriter
terminals. Although the circuits have a common line protocol,
they may serve different functional needs. It is on the basis
of these differences that the above categories are formed.

The Area B subnetwork forms the backbone of the
Service B System with the primary mission of exchanging flight
planning messages between domestic air traffic facilities of
the FAA. The network is also used to transfer administra-
tive and other types of messages on a time-available and pre-
cedence basis. The Service B network, serving approximately
500 FAA facilities, consists of approximately 36 multipoint
send/receive (S/R) 75 bps circuits interconnected by a 750 bps
high speed circuit, and approximately 4 receive only (R/0O)
multipoint 75 bps circuits similarly attached to the 750 bps
high speed circuit to relieve the heavy traffic load on the
S/R circuits. The basic S/R circuits are called Area B cir-
cuits, and the R/0O circuits are called supplemental circuits.
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The Utility B subnet is used to transfer mili-
tary and commercial carrier IFR flight plans to the center
responsible for the area in which the flight originates.

The circuits in the subnet are 75 bps (100 wpm) half-duplex
facilities. They are intended to provide stations which have
frequent daily insertions of IFR flight plans a direct con-
nection to the responsible NAS 9020 computer.

The Center B network is primarily used for the
exchange of flight movement and control messages normally
related to IFR flights between the areas controlled by the
contermiiious ARTCCs and the Systems Commaﬁd Center~Airport
Reservations Office (SCC-ARO). Serving all ARTCCs and the
SCC-ARO the Center B subnet is composed of five (100 wpm)
circuits, interconnected through the DS 714 AFTN switch
at NATCOM in Kansas City.

The Computer B network is composed of low speed
and medium speed circuits interconnecting all the NAS 9020
computers on a point-to-point basis. The network is intended
only for computer-computer communications, is not part of the
common user message transfer system, and is not included in

the scope of this study.

Ev2e2 Aeronautical Fixed Telecommunications Network

The Aeronautical Fixed Telecommunications Net-
work (AFTN) is a world wide teletypewriter communications sys-
tem intended primarily for the exchange of messages concerning
the safety of air navigation and regqular, efficient, economi-
cal operation of international air services. The AFTN pro-
vides communications service for international aircraft move-
ments, administrative messages, and Meteorological data be-
tween the U. S. and ICAO nations. The present portion of AFTN
for which FAA has responsibilities is divided into two major
areas,- the North Atlantic and Caribbean Area and the Alaskan
anc. Pacific Area; each being quite different in crganization.

The Alaskan and Pacific Area is served by multiple switchinc

1-4
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centers at uachorage and Honolulu. These centers operate

in a fully automatic mode. 1In 1970, the FAA replaced the
manual switching centers associated with the North Atlantic -
and Caribbean Area by an automated central distribution
center at Kansas City, Missouri. Its function is the relay
of international meteorological and aeronautical traffic
which was originally performed at each of four locations:
New York, Miami, San Juan, and Balboa. These four locations
have now become hubs which feed the Kansas City center.

The Honolulu IATSC has been converted to the same type of

hubbed operation as Kansas city.

The most common terminal in the AFTN network is
the Model 28 teletypewriter. There is a large number of

both point-to-point circuits and multipoint circuits.

Le243 National Airspace Data Interchange Network

The NADIN concept is aimed at meeting the new
and evolving communications requirements of the upgraded third
generation National Airspace System (NAS). Included within
the concept are the data transfer communication requirements
for central flow control, modernized Flight Service Stations
(FSS), and those elements of the terminal and enroute NAS
dealing with ground-to-ground transfer of digital data. The
NADIN is a conceptual framework for integrated data communi-
cations in FAA. The integration is on the levels of planning,
operation, and control. It does not preclude dedicated
systems, but rather denotes a coherent perspective. A natural
result of such integration is an awareness of where facilities
may be effectively shared and the ability to institute such
sharing. This study, with its proposed common network
architecture for AFTN and Service B, is a step toward such

integration.




ot oy Common ICAO Data Interchange Network

The CIDIN concept is that of a high level, packet
switching, international network serving the exchange of
flight related messages between the ICAC member states. Stan-
dards and Recommended Practices (SARPS) for CIDIN are cur-
rently being developed by the Automatic Data Interchange
Systems (ADIS) Panel of ICAC. Major message switching cen-
ters in the NADIN are envisioned as functioning also as the
CIDIN centers operated by the United States. The interrela-
tion of the systems and concepts described above is shown in
Figure 1ivl. As portrayed in the figure, the result of this
study is a proposed network architecture that satisfies the
basic objectives for improving AFTN and Service B, and will
serve well as a kernel for further NADIN develcpment. The

architecture is referred to in this report as NADIN.,

12 STUDY STRUCTURE

The goal for this study has been to develop a net-
work architecture to satisfy FAA message transfer requirements
(throughput, delay, reliability, economics) as defined by pro-
jected Service B and AFTN demands. Pursuit of the goal was
guided by the objectives of:

Continuous operation transitions,
Consistency with the NADIN concepts,

Economic evolution from the existing system

to eventual system,
Consistency with CIDIN.

The structure of the study was first to determine the opera-

tional reguirements for the AFTN and Service B networks, then
appraise the feasibility of satisfying these requirements with
a common network architecture, and finally to develop a recom-

mended architecture.
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In Section 2 of this report, the operational re-
quirements are briefly reviewed, and in Section 3 a brief dis-
cussion is given of the feasibility considerations. In Sec--
tions 4,5, and 6 the process of developing a NADIN architec-
ture is presented; in Section 7 the conclusions of the study
are presented; and in Section 8 recommendations and design
considerations are presented. The basic sections of the re-
port are written in brief form, and the detailed supporting
analysis and discussion is found in the Appendices.
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SECTION 2

OPERATIONAL REQUIREMENTS

24l PRESENT SITUATION

The design and engineering of a telecommunications
network is dependent upon the form of the information to be
carried, the desired distribution of the information, and the
desired speed of information transfer. The AFTN and Service
B network (except for the Computer B subnetwork not considered
in this study) share many fundamental operational requirements.

These common requirements are listed below:

ae The traffic is basically non-conversational
i.e. immediate reply is not a requirement of the

majority of messages.

b. The traffic has multi-addressed messages
requiring simultaneocus action.

(o2 A proportion of the messages is concerned
with aircraft operations but not in the main with
aircraft which are active in the ATC system or in
flight. For this reason the end-to-end delivery
times required are of the order of minutes rather

than seconds.

d. The traffic content and precedence vary widely,
e. The traffic is offered on a random basis.
) 4 The traffic includes a proportion of messages

in plain language in which errors are self-evident.

g. Almost all of the textual information conveyed |
is manually interpreted by the recipient; presentation

is therefore geared to slow speed printers.

Y R R R R T T S M 0 S TRl R B0 v e




o vy

v AP et R

P 1, (o8 e, . N BN M T T -*.'»‘f-. ;\.w*o J..

These requirements have been met by the AFTN and

Service B networks which share the following network charac-

teristics:

&, They are common user networks.

b. Access to the networks is random and

traffic loads therefore vary widely with time.

(S They are message relay networks in which
the addressing instructions are contained within
the message.

g. The networks are composed primarily of
low speed telegraph channels operating at 100
words per minute.

e. The code used in each network is the

International Telegraph Alphabet No. 2 (Baudot).

£. There is no widespread employment of

error detection and correction in either network.

The fundamental similarities of the networks as

described above appear to make integration quite attractive.
However, the networks also have significant differences. These
are listed below:

& s The AFTN network handles messages primarily rela-

ted to international flight activity, whereas the Service
B network handles messages primarily related to domestic

flight activity.

b. The AFTN network uses seven precedence levels,

whereas the Service B network uses five precedence levels.

Sy The message formats used in the two networks
are different.
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. The geographical dispersion of AFTN terminals
includes the Pacific, Alaska, and Caribbean regions, as
well as the conterminous United States (CONUS), whereas

Service B terminals are all located within the CONUS.

e. The message format and the device control Pro-
cedures for the two networks are different.

T Although both networks use Model 28 teletype
terminals, the terminals are currently configured

for different operating procedures and consequently
AFTN terminals and Service B terminals cannot now be

placed on a common circuit.

The operational requirements for an integrated net-
work must include support of these differences until adminis-
trative decisions and equipment transitions lead smoothly to

their resolution.

2a2 PROJECTED REQUIREMENTS

There is reason to believe that there exists con-
siderable demand for additional access to a common user sysS-
tem within FAA. Flight Service Stations now accept over the
phone many messages from various FAA administrative facilities.
It is reasonable to assume that some administration facili-
ties could effectively use direct access to a common user sys-
tem. Generally we believe that because the present systems
are overloaded demand has been inhibited and the availability
of a new modernized system will reveal hitherto suppressed

requirements. We discuss this further below.

Future demand for an existing service can be es-
timated fairly well based on operating experience. However,
an improvement in service will usually generate new demand.
For example, prior to the introduction of computer operated
store-and-forward message switching, many manual tape relay
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networks exhibited a stabilized growth curve. When computer

message switches were introduced in these networks (usually
for economic reasons), they were sized based on handling exis-
ting traffic with a modest growth capability determined by
existing trends. However, in most of these systems, the
traffic took a step-function increase considerably above exis-
ting levels. This happened because the improved speed of de-
livery offered by the network stimulated demand. This pheno-
menon has been readily observed following other well-known
service improvements, e.g., overseas radio-telephone and ca-
bles, direct distance dialing, and communiéations satellites.

Demand for entirely new services is even more
difficult to estimate because potential users are notoriously
unreliable in predicting their own needs and usage for a new
service, mostly, it seems, because they cannot visualize doing
their business in a new way. Innovation in telecommunica-
tions has almost always come from the supplier and not the
customer. It takes someone with knowledge of technological
feasibilities to determine appropriate new services. This
expertise has traditionally been found in the supplier who
is also eager to market his service or equipment.

Because demand is difficult to predict, communi-
cation system planners have always found it necessary to de-
sign open-ended systems, that is to say, systems that are de-
signed to allow expansion and growth.

In this study, use has been made of existing stu-
dies characterizing the present system and its growth require-
ments. This existing work is primarily contained in MITRE
Corporation Reports MTR 4158 and MTR 1673. Appendix C pre-
sents the detailed traffic analysis that has led to the re-

quirements used in this study.
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We determined to our satisfaction that the rela-
tive growth predicted for traffic by station is a good basis
for system planning. However, we offer an almost certain dic-
tum for systems planning: absolute traffic projections will
almost always be wrong. The reasons for this are many, but
the most important is the phenomenon of new service awareness
as discussed above.

The proper design strategy for large scale common
user systems is to incorporate as a major design criterion
the ability to expand network size economically.

Thus, we know from experience in planning many
such networks that detailed knowledge of traffic flows at a
message-by-message level is unnecessary. If such knowledge
is necessary for a postulated design, then it is almost a cer-
tainty that the design is improper and the resulting network
inadequate; it will never be able to survive the uncertainties

of actual traffic flow in the real world of a dynamic network.

2.3 OPERATIONAL OBJECTIVES

It is clear that the FAA has a continuing require-
ment for a generalized common-user record communications faci-
lity whose basic operational requirements stem from current
needs. A modernized system to meet those needs must have the
capability to grow in an economical fashion and to utilize
technological improvements that lower costs and improve ser-
vice in an acceptable cost-beneficial manner.

The long term objective is a common user network
in which operator procedures, message formats, and priobrities
are consistent within classes and in which terminals within -
classes are consistent in operation to the point of being able
to share circuits. It is recognized that a single terminal
class designed to meet the requirements of all users may not
be cost effective. However, the introduction of different
types of terminals that form inconsistent classes should occur
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only after a deliberate decision based on consideration of

the technical, operational, and economic factors involved. A
variety of terminal classes must not occur by default. How-~
ever, the short term objective must include support of the
existing differences with continuous operational transitions.
Thus, to develop a network architecture that satisfies the
short term objectives and permits eventual satisfaction of the
long term objectives, the following operational objectives are

used as guidelines:

Cost effective improvement of the existing
services,

Continuous operational transitions,

Basic architectural consistency with
the NADIN concept,

Operational consistency with CIDIN guide-
lines where appropriate,

Economic evolution from the existing
system to the eventual system.
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SECTION 3
FEASIBILITY APPRAISAL
5 TECHNICAL FEASIBILITY
Two major questions of technical feasibility were
considered:
& Is the technology available for a network ar-

chitecture that will achieve cost-effective improve-
ment of Service B and AFTN through the use of common fa-
cilities?
Bis Is the technology available for a network ar-
chitecture which will not only achieve cost-effec-
tive improvement of Service B and AFTN through the use of
common facilities, but which will also allow smooth
evolution into a common user network that will serve
well as a kernel for NADIN development?

The first question deals with a limited scope ob-

jective of satisfying the immediate reguirements of improving

the existing services; the second question deals with a broad
T scope objective of not only satisfying the immediate require-
ments, but satisfying them in such a way as to permit satis-
!‘ fying the long term objectives. The answer to both questions
is affirmative.

The rapid advances in the technology of multi-
plexers, concentrators, and message switching computers have
brought an available level of technology that clearly indi-
cates technical feasibility of cost effective architectures for
message switching networks satisfying the general FAA require-

ments. Several networks satisfying similar requirements for

other organizations are currently in existence. The opera- |

R

tional transparency of multiplexers guarantees, at least, the
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feasibility of reducing current operating costs by sharing

leased lines. The software flexibility of concentrators and
message switching computers makes it feasible for the existing
services, with their incompatible differences, to share these
facilities permitting possibly greater cost reductions. It
is, in fact, the flexibility and efficiency of the software
approach to concentrators and message switching computers

that permits an affirmative answer to the second question.

In a previous study, reported in DOT/FAWA2707,
Network Analysis Corporation and Telcom presented a network
architecture for modernizing Service B that satisfied the ba-
sic objectives of cost effective improvement in service, and
flexibility in vertical growth to satisfy growing service
demands and horizontal growth to satisfy a broadening scope
of services. The architecture used mini computer concentra-
tors and switches to establish a backbone network for data
communications. The capability of this architecture to satis-
fy the combined requirements of AFTN and Service B depends on
the level of throughput it can support and the potential of
the concentrators servicing the operationally incompatible
terminal sets. The referenced study indicated more than
enough potential throughput capacity, while the software
flexibility of the concentrators ensured feasibility of serving
the distinct terminal sets. Thus, this architecture represents
one feasible alternative for satisfying the broad objectives
raised in the second question of feasibility.

With the feasibility of satisfying the overall ob-
jectives for integrating AFTN and Service B with available
technology identified as affirmative, it remains to develop the
most approporate architecture for the integrated network.

The remaining secticns of this report present this development.
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3.2 ADMINISTRATIVE FEASIBILITY

The network architecture presented in this report
for the integration of AFTN and Service B has the potential
for evolving to satisfy the long range objectives identified
in the NADIN concept. Implementation of the network will satis-
fy the short term objectives. However, satisfaction of the
long term objectives will require an affirmative action pro-
gram on the part of FAA administration to evolve operational

consistency and integrated planning, operation, and control.
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SECTION 4

ARCHITECTURE ALTERNATIVES AND EVALUATION CRITERIA

4.1 EVALUATION CRITERIA '

There are several network architectures that may
be considered for NADIN I. The selection of an appropriate
architecture must be based on evaluation of the alternatives

according to many criteria, including:
Performance,
Cost,
Reliability,
Growth,
Consistency with objectives for NADIN.

These criteria are used in the evaluations made in this report
as they are the ones that can be appraised on a technical ba-
sis. The criteria are briefly discussed below. However, it
should be noted that FAA must make its own evaluation based
not only on the above criteria, but on other criteria outside
the scope of a technical appraisal. These include location
problems, personnel difficulties, administrative requirements,

etc.

4q1:1 Performance
For a network such as envisioned here, "perfor-

mance" is usually defined in terms of the time it takes a

i Ao

message to traverse the network from entry to exit (which

will be called traversal time) and the traffic level the net-

work experiences (which is called the throughput). These

two attributes of a network are interrelated, and performance
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is usually characterized by the average traversal time as a

function of the throughput.

In general, network design 1is oriented towards
achieving an "acceptable performance" specified as an average
traversal time for a given throughput. However, in NADIN,
many of the physical aspects of the network affecting the per-
formance are fixed (i.e., Model 28 teletypes). Without know-
ing the impact of this limitation it is very difficult and
even dangerous to specify a priori a required performance for
the network design. An appropriate alternative is to investi-
gate the factors that will contribute to the traversal time
in terms of the given equipment constraints and, on the basis
of this investigation, develop design constraints and require-
ments that are consistent with the overall network objectives
and good engineering. It is this course which has been taken
here. Following this approach, the designs considered have
been evaluated on the basis of their basic throughput capa-
city, while not exceeding traversal delays achievable by good
engineering, but subject to existing equipment constraints. In
all cases considered, the alternative designs were calculated
to have acceptable delays in terms of the operational require-

ments outlined previously.

41,2 Cost
The cost of the network designs may be viewed as

composed of three basic components:
Leased lines cost,
Transmission equipment cost,
Intelligence cost.

The leased lines cost is simply the monthly charge for use of
the teletype and voice grade lines employed in a design. The
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transmission equipment cost includes the multiplexers and mo-
dems required to realize the designs. The intelligence cost
includes the cost of concentrators and message switching com-
puters. The concentrators are included in this component ras
ther than as part of the transmission equipment because of the
direct impact they have on the characteristics of the central
switch required. The intelligence cost includes both hard-
ware and software cost based on turnkey implementation.

In all cases, the resultant cost for a design is
expressed as a monthly charge based on a 10-year amortization
schedule at 10%. This permits an easy comparison of the al-=

ternatives.

4.1.3 Reliability

The reliability of a data communications network
such as NADIN I may be characterized in a great many ways. It
is dependent on two fundamentally distinct factors: the hard-
ware component reliability and the structural properties of
the network. The vendors of hardware have historically been
conscious of the reliability aspects of their products (al-
though not always concerned). Unfortunately, many networks
are being designed today with little consciousness on the part
of the designer of the reliability impact of the network
structure. The three.measures of reliability used in this
study reflect both the reliability aspects of the network
structure and the reliability impact of equipment failures.

The three measures of reliability are:

FNP - The fraction of node pairs that can
communicate,

FNC - The fraction of nodes that can commu-
nicate with a central switch,

WID - The worst-case probability that a ter-

minal will be disconnected from a switch.

oy
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The FNP measures the general reliability of the
network, whereas the WITD measures the worst-case reliability
that may result from the design. The FNC measures the relia-
bility in terms of the users' capability to communicate with an
intelligent center, at which network status messages and other
general administrative messages are generated and received.
These three measures were chosen over other reliability
measures as these three are most indicative of the disruption
of service brought about by random failures of components

within the system.

& 2 Growth

The term, growth, is interpreted as having both a
vertical and a horizontal component in the network. Verti-
cal growth is the ability to handle more terminals and heavier
traffic. Horizontal growth is the ability to handle a broader
variety of service requirements. The vertical growth poten-
tial is easily measured as the basic throughput capacity of
the system, subject to delay constraints. The horizontal
growth potential is not easily measured and consequently is

appraised in more qualitative terms.

1.5 Consistency With Objectives For NADIN

The network designs are also appraised in terms
of their consistency with the basic objectives of the NADIN
concept. In particular, they are appraised in terms of their
potential for serving as a kernel for development into a basic

integrated common user network in a cost-effective manner.

4.2 CONCLUSIONS OF PREVIOUS STUDY AND THEIR VALIDITY
A previous study referred to above was conducted

by Telcom and Network Analvsis Corporation to "synthesize re-
quirements, technology, and analysis to recommend the most

viable technical development strateqgy for modernizing Service B"

(DOT/FAWA2707). Several conclusions were drawn in the study
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which bear directly on the subject of this study. In this

section, these conclusions are reviewed and their validity with

respect to an integrated AFTN and Service B network are examined.

4.2.1 Number of Switching Centers

The previous study examined several different ar-
chitectures for a modernized Service B network, evaluating
each in terms of the basic criteria presented above. The num-
ber of switching centers considered for the new network was
varied from one to ten. It was found that neither line cost
nor reliability was significantly affected by the number of
centers, except that more than one center was necessary to
ensure reliability in the event of catastrophic disasters eli-
minating a center. Thus, because of the expense of centers,
the recommended architecture was based on two geographically
dispersed centers.

For the early phases of the portion of NADIN located
in the CONUS, this conclusion appears quite valid also. The
number of AFTN terminals in this region is small in com-
parison to the number of Service B terminals and does not
appear to impact the basic conclusion. Thus only architec-
tures of two geographically dispersed switching centers for the
CONUS portion of NADIN are considered in this study.

4 o242 Line Mix

The previous study examined three possible line ﬁ
configurations: all teletype, all voice grade, and a mixture ‘
based on traffic. The last was found favorable in all respects.
The validity of this conclusion for NADIN appears clear and

is the only alternative considered in the design study.

&:243 Multiplexers and Concentrators

The previous study examined the trade-off between
multiplexers and concentrators and concluded that designs with

either were uniformly better than designs with neither.
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Concentrators gave designs of basically the same cost as
multiplexers, but achieved considerably better growth poten-
tial with much less sensitivity to possible chance in traffic
characteristics. This conclusion has been reviewed in this .
study and found to be quite valid for NADIN. It is reinforced
by the objective of NADIN to establish a kernel for further
development as a common user network. The utilization of
concentrators provides a cost-effective means of evolving

[ an increasing capacity and broadening of scope. The use of
multiplexers is much less flexible.

4.2.4 Reliability

A basic insight provided in the previous study was

that concentration devices tend to improve network reliability
characteristics by reducing the average number of links mes-

| sages must traverse to reach a switching center, even when

the concentration devices themselves are less reliable than
the links. This conclusion reinforces the basic conclusion |
favoring designs with concentration devices over designs

‘ without concentration devices.

4.3 ARCHITECTURE VARIABLES
! The results of the previous study give considerable

it T s s e ) it i

‘ justification for an architectural strategy of two major

f switching centers in the CONUS and the use of concentrators. 1

However, it left for subsequent development a network design

for the extended system which verifies these conclusions and

which also appropriately answers several additional questions,

including: a
Where should the switching centers be located?
Where should the concentrators be located?
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Should there be switching centers, concentrators,

or multiplexers in the Alaska and Hawaii regions?

What is the cost of a network resulting from the

integration of Service B and AFTN?

The answers to these questions as well as an
appropriate design for NADIN are developed in the next two

sections.
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| SECTION 5

DESIGN CONSIDERATIONS

5l SYSTEM CONSTRAINTS
The initial phase of the NADIN is to be a common ;
user network serving the FAA data communication requirements
currently being served by the Service B and AFTN networks.
Because these existing networks are well established, opera- |
tional, highly utilized, and represent a significant investment '
in dollars and human resources for operation, their upgrading
and integration as the initial phase of NADIN must be done as
efficiently as possible. This not only must encompass a smooth
evolution of operational procedures and hardware transitions,
but must also be done in a manner consistent with the basic ob-
jectives for NADIN. This implies a guiding principle of using
existing facilities and operating procedures where such usage

does not impair achievement of the communication requirements.

In this study, several constraints for NADIN designs have been
developed on the basis of the above guiding principle and the

following observations:

The equipment characteristics and operating
procedures for terminals in the existing net-
works are not uniform, prohibiting indiscri-
minate placement of terminals on multidrop

circuits.

New terminals operationally consistent with

ANSI standards and with each other will re-

place the older terminals as either traffic

P

or operational considerations require
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The constraints have been determined by dividing
the terminals into categories, such that all terminals in any
particular category will be compatible to the point of being-
able to be placed on a common multidrop circuit, but terminals
in different categories cannot share a circuit. The basis for
division includes physical characteristics of the terminals,
compatibility of operating procedures, and administrative pol-
icies.

NADIN is to provide an integrated telecommunications

service to locations distributed in four major regions:
CONUS
Alaska
Pacific
Caribbean

In order to use existing equipment within each region, twelve
categories of terminals have been defined that permit design
based on existing facilities and operational restrictions.

The development of these categories is detailed in Appendix

A. For locations requiring terminals other than those currently
available, a medium speed, ANSI-consistent terminal is assumed.

The twelve basic categories are summarized below:
CONUS

2 All Area B, Supplemental B, and Center B

locations.

25 All Military Air Base Operations Offices

(BASOPs) currently served by Service B circuits.

35 All airline locations currently served by
Service B circuits.

4. All AFTN terminals.




S Alaska outlying locations.
6. Anchorage non-airline locations.
7 Anchorage airline locations.
PACIFIC
8. Hawaiian Island non-airline locations.
a5 Honolulu airline locations.

10. Pacific outlying locations.
CARIBBEAN

11. Caribbean non-airline locations.

12. Caribbean airline locations.

A listing of all locations in each category is contained in

Appendix H.

ava TOPOLOGICAL CONSTRAINTS

As part of the NADIN design process various topo-
logies of circuits interconnecting terminals, concentration
facilities (CFs), and switching centers (SCs) are evolved.
There are many constraints on the topolocgies resulting
from traffic, performance, and reliability considerations.
However, there are also many practical considerations on the
feasibility of obtaining circuits that also lead to con-
straints on the topologies. Furthermore, there are practical
considerations which also simplify the topological design
cess. In this section, these various practicel considera
and their impact on the NADIN topology aesign ) o

cussed.
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1 Local Constraints

There are several situations in which terminals
in the immediate proximity of one another are connected. These
situations are easily divided into two categories: airline

facilities at airports and terminals collocated with a Con-
centration Facility (CF). The circuit layout for such termi-
nals is primarily dictated by local cost considerations and

the cost of connecting circuits to a CF.

5.2e2 Intraregion Constraints

In order to determine topological constraints
based on practical considerations of obtaining circuits, it is
appropriate to examine each of the four NADIN regions indi-
vidually. Within each of these regions, there are practical
considerations affecting the availability of circuits. These
considerations are discussed in detail in Appendix B. One
optional constraint is of particular interest, the possibility
of developing circuits on an ARTCC-region basis. This con-
straint reflects administrative considerations of the FAA. The
following statement is a formal specification of the constraints
for this option, which will be called the ARTCC constraint op-

tion.
ARTCC Constraint Option
h Every ARTCC is to have a CF of some form.

2 All terminals in the region of responsi-
bility of an ARTCC are to be connected to the CF
at the ARTCC.

This option will differ from the unconstrained case in both
cost and traffic characteristics for the high level side of
the network. These differences are appraised in Section 6. The
locations subject to this constraint are listed in Appendix |

H on a regional basis.
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5:,2:3 Interregion Constraints

The four regions of NADIN are geographically dis-
joint. The options available for the interconnection of these
regions are determined by the presence of existing communica-

tion facilities. The options are described below.
Pacific-Alaska
Cable between Honolulu and Anchorage
Satellite between Honolulu and Anchorage
Pacific=CONUS
Cable between Honolulu and San Francisco
Cable between Honolulu and Los Angeles
Satellite between Honolulu and San Francisco
Alaska-CONUS

LOS microwave combined with cable from An-

chorage to Seattle

Satellite between Anchorage and Seattle

LOS microwave between Anchorage and Montana
CONUS-Caribbean

Cable between Miami and San Juan

Cable and microwave facilities are to be preferred over satel-
lites where economics permit due to the propagation delay

(about 250 ms originator to destination) in satellite systems.

5w O TRAFFIC CONSIDERATIONS

In order to design a cost effective network with
satisfactory performance, appropriate traffic information des-
cribing the expected load for the network is required. How-
ever, it should be emphasized that proper network design does
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not result from tailoring the design to detailed knowledge

of traffic flows at a message-by-message level. Any network
designed on such a basis will never be able to survive the
uncertainties of actual traffic flow in the real world of a
dynamic network. Thus, in the NADIN design process, the traf-
fic projections on a per station basis were used and

the resulting designs were carefully appraised for sensitivity
to traffic variations and growth.

An appropriate traffic portrait for use in design-
ing networks such as NADIN includes considerations of message
length distribution, distribution of message arrivals at ter-
minals, the rates at which messages arrive at the terminals,
and the source-destination characteristics of the messages.

It is often both impossible and inappropriate to determine and
use these traffic characteristics in detail. As noted above,

the network design should be tolerant with respect to changes

in these characteristics, which will occur as the system evol-
ves. However, it is necessary to formulate a reasonable, con-
servative portrait of the traffic characteristics in order to

determine the necessary capacity of network components. In

. Appendix C, such a portrait is fabricated. Its major charac-

teristics are discussed below.

S Message Length Distribution

E Terminals in the NADIN are expected to handle sev-

eral different categories of messages, including all those cur-

s rently handled by Service B and AFTN terminals, and possibly

some new categories.

————y

The message length distributions for the two dif-

ferent existing systems are different, due to differences in

both format and content. However, current administrative pol-

icies are directed at making the basic message formats consis-

tent. Furthermore, although initially the existing terminals

w
|
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will serve primarily in their present roles, the evolving inte-
gration of the network will lead to terminals serving more gen-

eral functions. With these considerations in mind and with an

objective of developing a general and conservative portrait, it
appears that a common message length distribution for all ter-
minals is appropriate. To develop this distribution, consider-
ation was first given to the existing networks, then to
the integrated network.

The resulting distribution is a biased exponential
having an average message length of 110 characters, with a con-

stant component of 40 characters.

Sl 3812 Message Arrival Distribution

The arrival pattern of messages to either AFTN or i
Service B terminals is almost impossible to determine from the !
measured traffic statistics. However, in most communication sys- ;
tems messages arrive randomly and independently. These are the %
basic attributes of a Poisson process. The message arrival
distribution is primarily of interest in the performance ana- |
lysis of the multidrop lines. These lines are shown to be ap- .
propriately modeled as single server queues, with the arrival
pattern to each queue being the sum of the arrivals at the in-
dividual terminals on the line. It has been shown in many ana-
lyses for such queues that, if there are several inputs to the
server, the arrival distribution to the server can be ap-
proximated as a Poisson distribution regardless of the distri-
bution types of the individual inputs. Thus, with this consi-
deration and the preceding one, the arrival patteru of messages

to the terminals in NADIN was modeled as Poisson.

S5ed e Message Arrival Rates

A primary requirement for the NADIN network is ac-
ceptable response time under the traffic loads anticipated for

the next ten years. To appraise the performance of network

;\ﬁ
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designs in meeting this requirement, it is first necessary to

define and quantify the "acceptable response time" and "anti-
cipated traffic loads".

With a given message length distribution and arfi—
val pattern, the load may be defined as the average arrival
rate of messages from outside the network to the entry points
of the network. .

The NADIN, like most networks, will experience
periods of peak activity. The acceptability of a network de-
sign will be based in part on its performance during this peak
period. In NADIN, this period is appropriately selected as
an hour and the traffic load will then be expressed in terms
of the "busy hour". The data describing traffic levels in the
existing networks is usually expressed in characters per hour.
Knowing the message length distribution, this can easily be
related to messages per hour when necessary for analysis. Thus,
the traffic loads developed in this study are in terms of char-
acters per busy hour. To develop the load projections, data
available for the existing systems has been extensively used.
The development of the load projections is detailed in Appen-
dix C, and individual terminal projections are given in the

list in Appendix H.

5.3.4 Message Routing

Messages originating at a terminal may be destined
to:

j 288 A terminal on the same circuit,

2s A terminal on a different circuit served

by the same CF,
3. The NAS 9020 computer at the CF,

4. A terminal served by a different CF.
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The division of the traffic over these four cate~
gories affects the appropriate sizing of the channels between
CF's and SC's and between SC's, and the constraints for the
number of terminals on a circuit. However, accurate information
on the routing of the traffic is very hard to obtain, as noted
in MITRE Report MTR-1673, and furthermore, should be considered
as subject to change. Thus, for appropriate sizing of the
channels and development of circuit constraints, conservative
assumptions have been made coupled with sensitivity analysis.
These assumptions and the related analysis are the subject of
Appendix D.
5.4 PERFORMANCE~ RELATED CONSTRAINTS

In order to develop appropriate performance cri-
teria and constraints for the design process, considerable ana-
lysis has been developed in Appendix D. The analysis is based
upon first identifying the limitations on performance impcsed
by existing equipment usage and then the development of con-
sistent design constraints reflecting good engineering. These

constraints are listed below.
For polled Service B circuits with existing
equipment,
A < 19.0 - .6M KCHR/HR
For polled AFTN circuits using existing
equipment,
X < 20.0 - .2M KCHR/HR
For polled circuits using new 1200 bps

ANSI-consistent terminals,

A < 210 - 6M KCHR/HR

where A is the traffic level on the circuit during the peak

hour and M is the number of terminals on the circuit.
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Use of ICAO~recommended procedures for data inter-

change has been assumed for circuits between concentrators

and switches and use of the full CIDIN procedures has been

assumed between switches. The performance implications of

these assumptions have been analyzed in Appendix D, and are

found quite satisfactory.

549

discussed.

Appendix E.

RELIABILITY CONSIDERATIONS
Several aspects of reliability have already been
A detailed discussion and analysis 1is presented in

The conclusions drawn from the analysis are:
The use of concentrators in the network design
improves reliability significantly.

Concentrators which perform local switching im-
prove reliability insignificantly as compared

to concentrators which do not perform switching.

A line constraint of five terminals per line ensures
reliable service to all users with insignificant

cost impact when concentrators are used.

Reliability can be significantly improved with 1lit-

tle increase in cost by using a multiplexing dial-up redun-

dancy scheme.

5.6

COST CONSIDERATIONS

The equipment costs used in this study are detailed

in Appendix F, and are summarized here in Table 5-1.

The line tariffs used in the designs are based on

derived Telpak circuits, where the basic Telpak rate was in-

creased by 20% to reflect the fact that direct routing is not

always available and to account for IXC charages.
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TYPE PURCHASE AMORTIZED COST
(+1% maintenance)
($) ($/month) .
MODEMS
<1200 bps $ 500 S 13.323
1800 750 20.00
2400 1,780 47.45
3600 3,620 96.51
4800 4,800 127.97
7200 7,200 . 191.95
3 9600 9,; 750 259.94
4
MULTIPLEXERS
FDM $ 400/channel S 10.67/channel
TDM 2,500/station + 67.00/station +
150/channel 4.00/channel
CONCENTRATORS
$24,000 + $350/low speed S 640.00 + $9.33/
line low speed line
SWITCHES
CATEGORY 1
for network without
concentrators $700,000 S 18,662
f CATEGORY 2
3 for network with
3 concentrators 400,000 10,664
: CATEGORY 3
F for small subnet
(Alaska or Honolulu) 360,000 9,598
- TABLE 5-1: SUMMARY OF EQUIPMENT COST
3 5-11
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Line Cost

?

‘ Teletype $.25/mile
Voice Grade $.50/mile

Terminal Connect Cost

S 40/terminal

A basic tariff acquired from RCA Globecom Alaska for Alaska |

circuits is given below:

45 bps half-duplex 8 A.M. - 5 P.M. $.10/hour/mile/month
5 P.M. - 8 A.M. $.04/hour/mile/month
25% additioral for 75 bps half-duplex service

25% additional (over the 75 bps half-duplex) for |
75 bps full-duplex service

2000 type channel - half duplex

0 - 250 miles $3.50/mile/month
250 - 500 miles $3.15/mile/month
500 - miles $2.80/mile/month

25% additional for a 3000 type half-duplex channel

25% additional (over the 3000 type half-duplex) for
3000 type full-duplex service

This tariff yields the following cost structure for full-duplex

full-period leased circuits: 1
Alaska Line Cost
75 bps $2.35/mile
1200 bps
0 - 250 miles $5.47/mile
250 - 500 miles $4.92/mile
500 ~ $4.38/mile

In addition, connection of Anchorage to CONUS has been priced
by RCA Globecom Alaska as follows:

o=12

v O i R

e ’?’“,fm" B R O TR St NI L SR S Pt £ T TR




Anchorage - Seattle Line Cost

Voice Grade $3,100/month

Anchorage - Montana

Voice Grade $3,594/month
PP $2,542/month

The cost of a sub-voice grade line connecting Hawaii to the

mainland is $2,904/month, and the cost of a voice-grade line
is $6,600/month.

The costs described in the preceding paragraphs
were used in the network cost calculations in making the

evaluations of network architecture described in Section 6
following.

5-13/5-14
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SECTION 6

EVALUATION OF NETWORK ARCHITECTURES

Grs & INTRPODUCTION

The purpose of this section is to outline the process
which has led to a recommended architecture for NADIN and to
present the recommended architecture. The process of network
design, although immensely aided by computer analysis, is still
a human task. The analyst must develop reasonable constraints
for the network designs and conceive fundamentally sound stra-
tegies for a network architecture. The previous sections have
discussed the design constraints and architectural strategy.
This section outlines the steps taken in developing the strategy
into a network design consistent with the constraints.

The AFTN and Service B networks are located in the
four geographic regions previously mentioned: the CONUS,
Caribbean, Alaska, and Pacific regions.

The network topology appropriate for each region is
independent of the other regions. However, the network archi-
tectures on which the topologies are based may be affected by
the architecture within each region. Thus, the fact that
message switching capability in CONUS will be accessible from
other regions makes provision of local switching capability in
the other regions a question of benefit rather than a matter
of necessity.

The Alaska, Pacific, and Caribbean regions have clear
geographical justification for centralized topologies, with
centers at Anchorage, Honolulu, and San Juan, respectively.
Four basic architectural alternatives are then available:

a. Placing a multiplexer at the central location
and doing all switching elsewhere,

b. Placing a concentrator at the central location
and doing all switching elsewhere,




¢. Placing a concentrator at the central location

and doing all switching requiring
journaling elsewhere, but other
switching locally, or

d. Placing a switch at the central location

The situation for the CONUS is considerably more

complex. Even with a basic architecture established of two switch-
ing centers and the use of concentrators at ARTCC's substantial
questions of topology remain. In the next section, these

]

are resolved and the following section considers

guestlons
the alternatives for the other regions. The last section gives

the combined resultant network design.

62 CONUS

The evaluation of the architectural variations to be
considered for CONUS is almost entirely dependent on Area B
considerations. This is because of the relatively large num-
ber of Area B terminals, their geographic dispersion, and the
little impact on the topology of the other components of the
Service B and AFTN networks that result from the variations
considered. Consequently, in the discussion which follows,

consideration will be restricted to Area B.

(P 1 | Baseline System

The baseline design considered for CONUS is composed
of two switching centers geographically separated, but in the
immediate vicinity 6f Kansas City, and 20 concentrators, one
at each ARTCC, connected in a point-to-point manner with the
switching centers. For purposes of topological analysis, the
two centers are considered as one located at Kansas City.

The basic design for 1975 traffic is shown in Figure 6-1"and
its structure and cost are detailed in Table 6-1. Kansas City
was selected for the centers because of its proximity to the

geographic center of the country. For comparison purposes, a

*FPigures 6-1 through 6-9 and Figures 6-11 through 6-12 are maps
which may be found at the end of this Section

6-2

S, S e

.

R R N S . W T T e N T AR TR e b




I BV T T e S F B a1 v s

design composed of Kansas City located switches but no concen-
trators is shown in Figure 6-2; its structure and cost are
detailed in Table 6-2. Both designs were subject to the same
reliability and performance constraints. A comparison of the
two designs indicates that even at 1975 traffic loads with a
concentrator at every ARTCC, the use of concentrators is still
cost effective. A study is currently in progress to determine
the most efficient manner to evolve NADIN implementation, which
may result in procedures to use fewer concentrators in the
initial stages. However, in this study, concentrators are
assumed present at all ARTCC's, reflecting'the general stra-
tegy for NADIN and giving worst case cost results for evalua-

tion purposes.

6022 ARTCC Constraint
For administrative purposes, it appears attractive

for Area B circuits to be entirely contained within the region-
al domains of the ARTCC's at which they are terminated. This

: constraint somewhat restricts the topological variations that
can be achieved in the design process. However, no signifi-
cant cost effects result. A design with the area constraint

is shown in Figure 6-3 and, as can be seen from its corres-
ponding description table (Table 6-3), there is only about 1%
increase in network cost in comparison to the baseline design.

It is assumed that this minor increase in cost is warranted

Lok oo

by personnel considerations.

6.2.3 Multipoint Concentrators

It is apparent from examination of the baseline de-
sign that further savings could be achieved by staging the con-
centrators. 1In Figure 6-4 such a design is shown. As detailed
in Table 6-4, the resulting cost of the design is somewhat less

than that of the baseline design. The reduction in cost is

about 3.5%, sufficient to be worthwhile, yet insufficient to
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be of concern if traffic increases or new requirements cannot
be met without a point-to-point configuration. Within the
1984 timeframe, the projected requirements can all be satis- _
fied with such a staged configuration. Because of the multi-
plexing redundancy and dial-up backup provided for all concen-
trators, the reliability of the two designs is virtually
equai. The staging of the concentrators will introduce a new
delay component, but because of the line speeds specified for
the concentrator interconnect circuits, the additional delay

will be negligible.

GJ2.4 Switching Center Locations

In addition to the baseline switching center loca-
tion of Kansas City, two other alternatives were examined:
Kansas City and Washington, and Denver and Indianapolis. The
Kansas City and Washington locations reflect administrative
considerations for collocating the switches at major FAA facil-
ities involved with related network activity. The Denver and
Indianapolis locations are selected for a least-cost compari-
son. The resulting designs are shown in Figures 6-5 and 6-6,
and are detailed in Tables 6-5 and 6-6. As can be seen from
the tables, the cost differences are insignificant, differing
only by about .5%. Thhs, all of the three options are consid-
ered equally attractive.

60255 Growth Cost Analysis
In order to evaluate the network architecture evolved

above in terms of growth, designs based on the architecture

} were developed to satisfy 1977, 1980, and 1984 traffic require-
ments consistent with the performance and reliability constraints
developed earlier. These designs are shown in Figures 6-7, 6-~8,
4 and 6-9. The traffic levels on which the preceding design consi-

derations are based follow the flight plan volumes predicted in

A
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the DOT aviation forecast of 1973. These are shown in Figure
6-10, along with a plot of the projected cost of the new net-
work. The cost is normalized with respect to 1975 cost and
flight plan volume. What is actually plotted is the flight

plan volume that would be processed if the 1975 ratio of flight

plans to system costs remained constant. As the plot shows,

the rate of increase in the projected load, for which the system
is designed, is considerably greater than the rate for the 1975
unit-cost-related load, indicating an inc “easingly cost-effec-

tive network. The costs include increa.es in concentrator and

e ———— . e

switching computer core to meet projected increases in storage
requirements. The incremental costs are amortized at 10% over

the time remaining in the 1984 time frame of the eguipment.

6.3 ALASKA, PACIFIC, AND CARIBBEAN REGIONS

The question to be resolved is whether multiplexers,
concentrators, or switches should be used at the central locations
in the Pacific, Alaska, and Caribbean regions. The resolution
of the question depends upon the answer to an administrative
question: is journaling required of locally switched messages
in these regions? If the answer is no, concentrators which
perform local switching offer a cost-effective means of pro-
viding high reliabilility service within a region. If the
answer is yes, the requirement for reliable local operation
within the regions provided by a local minor switch with its
high costs ($350,000, or $9,600/month) must be weighed against
the lesser costs and reliability obtained from a concentrator
with remoted switching in CONUS. For the same reasons a con-
centrator is recommended at ARTCC's, it is recommended for
the Caribbean region. Therefore, if local switching can be
done without journaling, then switching concentrators should be
used. If local switching requires journaling, non-switching

concentrators are favored with remoted switching in CONUS unless
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local reliability is deemed worth the expense by FAA admini-

stration. Thus in Alaska, Hawaii and the Caribbean, concen-
trat<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>